1 Novel therapeutic uses of 442-(4-methylphenyisulfanyhphenyl]piperidine
Background The compound
4-[2-(4-methylphenylsulfanyl)phenylipiperidine is disclosed in the
international patent application WO 03/029232. The compound is said to
be an inhibitor of the serotonin transporter, to have affinity for the
scrotonin receptor 2C (5-HT2c), and as such be useful if the treatment of
mood disorders, such as major depression and anxiety. As shown in
the examples, however, said compound is endowed with a broader
Nophal ttasciggicalpraditss whis 2ngkesdbieydohpoyiduidefufip-the
pHeaajifet@ndiher diseases as well - treatments for which there is a
desire. This pharmacological profile is also disclosed in WO 07/144006
together with the use of said compound in the treatment of additional
diseases. Summary of the invention In one embodiment, the present
BafE8EetR%elates to a method for the treatment of ADHD, melancholia,
treathhervoresistethtdégressity pheasisuésympton drinadebredsidncitved in the
int@?ﬁéﬁ&%&ﬂ%ﬂ% g ihe adrinistanion of atheapeutically SecHvR amaHibior
of 4-[2- (4-methylphenylsulfanyl)phenylipiperidine and acid additions salts
of therssrEompotingiola i ipcled e psBrionin figsatoeribédibhbnt, and
as R PrEsent tisclosiurerralalas torthebgenafddd(4such as major depression and
methylphenylsulfanyl)phenylipiperidine and acid additions salts thereof
AXESmpound 1) in the manufacture of a medicament for the treatment of for
the gn@aitmw of &@Iéﬂnm%@m@rir@amawiﬁiat@&ﬁ&%@&ai@mQ{ broader
residual symptoms in depressjon. In one embodiment, the present
AT BEL o A5 m#a%ﬁ&%m%ysﬁgfﬁw@ﬁafpéﬁam@%a* other
disagiesaddittdins saltsithesdof (coiatpound ib) dafeuse. iMlitheptraatmenigdfal profile is
ADH elancholia,,t ent resistant depression. or residual symptom
o e G S SR R S SR YR e

of adéthytphdnytsulfanyl)phenylipiperidine and acid additions salts thereof
(compound 1) | a the manufacture of a medicament for the treatment of

SMQ;’)FWE% Fikse dngg-ray diffraction pattern of the H Br addition salt
of compound | Figure 2. X-ray diffraction pattern of the 1-1Br.addition salt .
R e S e T
AlLH¢R additiohodalt oésompoenidiakiglamessiXray diffichcticnmeitters iof dberession,
DL-lacti id addit . o Ei Y rav di : _
o S S AR B ey or o
(4-BrRibuiehen WsrdipeibrictioH pacedme kieaatpiddicip ashditioresalf (2om)psfund 1)

to £RMRAURG:LEIHER g7 X-ray diffraction pattern of the fumaric acid addition
salt (1:1) of compound Fi%ure 8: X-ray diffraction pattern of the glutaric

acid'BdeMfors EER{IIEof BSmpissed 19Eckigife BiXeraydiffiaction phttdrd-(4-
meffyihednalonisacishaddifiop.salhtlahl ot cosapaungd laa-fautdbiqueendBind 1) in
the guattiore o B meditamen: Tor e restment O Tor The texment 6 ADHD,
melancholia, treatment resistant depression or residual symptoms in depression.

In  one embodiment, the = present disclosure relates to  4-[2-(4-
methylphenylsulfanyl)phenyljpiperidine and acid additions salts thereof (compound 1) for
use in the treatment of ADHD, melancholia, treatment resistant depression or residual
symptoms in depression.

In  one aspect, there is  provided the use of  4-J2-(4-

methylphenylsulfanylyphenylipiperidine and acid additions saits thereof (compound I)



Figure 11: X-ray diffraction pattern of the oxalic acid addition salt (1:1) of
compound 151 Figure 12: X-ray diffraction pattern of the sebacoinic acid
addition salt (2:1) of compound 1 Figure 13: X-ray diffraction pattern of the
succinic acid addition salt (2:1) of compound | 20Figure 14: X-ray
diffraction pattern of the L-malic acid addition salt (1:1) of compound I,
a-form Figure 15: X-ray diffraction paftern of the L-malic acid addition salt
(1:1) of compound I, 13-form Figure 16: X-ray diffraction pattern of the
D-tartaric acid addition salt (1:1) of 25 compaoynd 1 Figure 17: X-ray
diffraction pattern of the L-aspart ¢ acid additjgn salt (1: 1) of compound 1
in mixture with L-aspartic acid Figure 18: X '
L-aspartic acid addition salt hydrate ( 1:1) pof comipound! in mixture with
L-aspartic acid 30Figure 19: X-ray diffraction pattern of the gtutamic acid
addition salt (1:1) of compound! in mlxttl;lre with glutamic acid monohydrate
Figure 20: X-ray diffraction 'i of the cific™a
compound 1 3 Figure 21: X-rg [ !
salt of compound | Figure 2Z: diffraction-pattern of the phosphoric
acid addition salt (1:1) of compound I  Figure 23: Dopamine levels in
i SRR e AR IR L ERTIPON Dl B ure 24
cetylcholine levels In prefrontal cortex upon administration of compound
Figure 25a+b: Acetylcholine levels in the prefrontal cortex and ventral
Figighseampus upon administration of compound 1. Figure 26: Effect of
Figompovndyl dffiattenti pacdefict shantbinagdisivityal :SH Boragsudd IDetailed
SCLipti f nvent he present. |nve |on re Iat s to the 0
rlgc”é?n%t%n ia {/%]al%{ﬁ j18224140Irrt;!é:tﬁil/%pheny ESOLIJ]Wga p enylﬁrﬂi&nl rlalr@imd
pharmaceutically acceptable salts thereof. The structure of
442-(4-methylphenykutfanyll-phenyl]piperidine is 15The pharmacological
profile of compound I is depicted in the examples, but can be summarised
as follows. The compound inhibits the serotonin and norepinephrine
reuptake; it inhibits the serotonin receptors 2A, 2C and 3; and it inhibits
the ch-1 adrenergic receptor. In one embodiment, said acid addition salts
are salts of acids that are non- 20toxic. Said salts include salts made from
organic acids, such as maleic, fumaric, benzoic, ascorbic, succinic, oxalic,
bis-methylenesalicylic, methancsulfonic, ethartedisulfonic, acetic,
propionic, tartaric, salicylic, citric, &conic, lactic, malic, malonic, mandelic,
cinnamic, citraconic, aspartic, stearic, palmitic, itaconic, glycolic,
p-arninobenzoic, glutamic, benzenesulfonic, theophylline acetic acids, as
well as the 25 8-halotheophyllines, for example 8-bromotheophylline. Said
salts may also be made from inorganic salts, such as hydrobromic,
sulfuric, sulfamic, phosphoric and nitric acids.
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4 In one embodiment, compound I is the HBr addition salt In one
embodiment, compound 1 is the DL-Eactic acid addition salt, and in
particular the 1:1 salt. In one embodiment, compound 1 is the
wh-zmpartissacid addition salt, and in particular the 1:1 salt. pCiDBD@S/H50064
embodiment, compound | is the glutamic acid addition salt, and in
particular the 1:1 salt. In one empodiment,compound | is the glutaric
acid addition salt, and in particular the 1:1 salt. 10In one embodiment,
FiSpbunay CHRCHANSATCEEH WadtEH Kate dadd parbnbrtreauaddar
Fibatis: fiung dorexisbinivenalymerphiamedifigatiansa andhpohwbish the

13 form.is believed.to be the t stable based.on a | r solubility. In
g Sreh R G e R

(dofhibisiintended to indicate that the compound is essentially free of other

compounds 150r other forms, i.e. polymorphs of. said ¢ paund, as the
S B R T e o8
Fiapsiles;raydidftertiprafeitead dytith &patients daditHenmadidal prictitipnerd
1 due to the case of administration and the consequently better compliance.

For tablets and capsules, it is preferable that the active ingredients are
Fgnistdllina 2y Hecambodiment, Bemipausdsisaddisaliind. 20C afsweirosed
1 in the present invention may exist as solvates, i.e. crystals wherein solvent

molecules form part of the crystal structure. The solvate may be formed
FRRUH watdryif iR 288 T S SN Atel At A6t ks seftbl 29 A araterund
1 Altesnatively, the solvates may be formed from other solvents, such as

e.g. nol, acetone, or ethyl acetate. The exact amount of solvate often
F@é%eei%?é R PEERRS A PSRt pleareuse!

Rwatar as the temperature is increased or as the relative humidity is

decreased. C ounds, which do not change or which change only little
F RN SR OTECR LG, MBAARS e LRy 1 GbErBa e
I better suited for pharmaceutical formulations. It is noted that thc HBr acid

QIO alt daes, nat ol Ayadrales when precipiat 1-%8%{‘1{@??&. whereas
compoungs such as the succinatc, malate and tatrate acid addition salts
cerapound Some compounds are hygroscopic, i.e. they absorb water when
F@@%%QWA%OH5&@[%%&%‘?'&!%%&%%@%&8&%@?zﬂt‘i‘% Aot
undesired property for 5 compounds, which are to be presented in a
cpRergdeutical formulation, in particular in a dry Mimulations, such as
Fightets ox Gapaiiese Brongiembogicnents thednventiapayides erystals
with low hygroscopicity. For oral_ dosage forms using crystalline active
CIRGRRL M98 %Is0 beneficial if 5said crystals are well-defined, In the
Figiesent Koniedtitheiter putiuel bdafiedndncnatticularinreans thatdhe
stoichi try is well-defined, i.e. that the ratio between the ions forming
C%’Q%ﬁ'@gfﬁ%’?gﬂo between small integers, such as 1:1, 1:2, 2:1, 1:1:1,
Friae IcoRergmbodicientyihercompo indstaidhe: presensinwention are
Ca/g{el(lj-de(ifiped crystals. 10The solubility of an active ingredient is also of
significance for the choice of dosage form as it may have a direct impact
Fignrbib’ a¥aikabilifiyaftomgreiciosdglecfbrmpard hightrdidlishikn)t¢f theolctive
Cd%gﬁq‘@phjsﬂgﬁgﬁr%@{h@,@%{%ﬁ%&g beneficial as it increases the

bio-availability. Some patients, e.g. elderly patients may have difficulties
Figiirs! bt g AaBiEsc ae navararolp olutienstin agibaddisaraplehatetsdtive
of compound T in mixture with L-aspartic acid
Figure 19: X-ray diffraction pattern of the glutamic acid addition salt (1:1) of

compound I in mixture with glutamic acid monohydrate

Figure 20: X-ray diffraction pattern of the citric acid addition salt (2:1) of compound 1
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15avoiding the need for swallowing tablets. In order to limit the volume of
an oral drop solution, it is necessary to have a high concentration of the
active ingredient in the solution, which again requires a high solubility of
wihessompessind. As shown in table 3, DL-lactic acid, L-asparte aea2008/656064
glutamic acid, glutaric acid and malonic acid addition salts have
exceptionally high solubility. 20Crystal forms impact the filtration and
processing properties of a compound. Needle formed crystals tend to be
Pt Al O HaRb PRUCHR S TRaibIT bR SAMETR S it tiBRYELdmes
Fiaeredifficuit and-iirmenconswinintheTheexact chistatdoma ofia(@ivenisalt
may de Fnd e.g. on the conditions under which the salt was precipitated.
cqiﬁégﬁ%[r) acid addition salt of compound 1 grows needle-shaped,
FhsoREtEdorysials when preoipitatedfronpethdnohiaceatic adidoaneund 1.
I ol non- e ' _ .
e e L T A B b e compound
Lproviding superior filtration properties. Table 3 also depicts the Resulting

PRI 85408 RELinithe sRtAIR SR of the sall Jhis arenaltyiscehpus

importance because moisture can never be completely 30avoided during
RS ARSI QECOMPRHEOA of moisture will give rise to a pH decrease
Fiomer 06 &tablelrcompising aleweResutingpHnsalhpnhichmayrdeagase
shell life. Moreover, a salt with a low resulting pH may give rise to

Dﬁ%ﬂ?@%@s ﬁ% %zﬁ%(gﬂ%om%%%@ lets are made by wet granulation.

ataint ggest that t r, HC1 and adipic acid addition
salts MPERS S JERBHHR {8 FadpER U5e ol rPBHE Eihbotintert, tmfound |
nisthiép By laddition-shadni jpiseystaliaedfphamrincpaiticiiarcigqpigified form.

g e anbeden el e s R e

and in particular said HBr salt has an XRPOas depicted in figure 1. In
one embodiment, compound 1 is the DL-}a acid addition salt (1:1) in a

embodiment, compound | is
crystalline form, in particula apurified forpr:
said Laspartic acid addition salt is unsolvated and has peaks in a XRPD at
approkimaterpasiaes! peik, doeopesdd2odanan pdhiceiansliy but

chr3SRAMIGSALIWD RIIXETWIED hrBSRATEERAdn DS ABXRRE as

depicted in figure 17. In one embodiment, said L-aspartic acid addition salt
NRERIRGRIFETS TrPPAFFet EHE LS R RS O T HRrthe PemBO dirthit said
ilkiBgpartieacidaaditionsafiihlydrate has peaks in a XRPD at

approximately, 7.80, 13.80, 14.10, 19.6320, and in particular said

L-as&ﬁrﬂ%%é%‘%ﬂ%ﬁ‘%éﬁ‘ﬁ%ﬁ% GRB A -A8E SRAhAL 2R A6 dORas
toate XRRRas thepidtedlin figuedrdth organic acids, such as naleic, fumaric,

benzoic, ascorbic, succinic, oxalic, bis~smethylenesalicylic, methanesulfonic,
ethanedisulfonic, acetic, propionic, tartaric, salicylic, citric, gluconic, lactic, malic,
mtalonic, mandelic, cinnamie, cifraconic, aspartic, stearic, palmitic, itaconic, glycolic,
p-aminobenzoic, ghitamic, benzenesulfonic, theophylline acetic acids, as well as the
8-halotheophyllines, for example 8-bromotheophylline. Said salts may also be made
from inorganic salts, such as hydrobromic, sulfuric, sulfamic, phosphoric and nitric

acids.
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In one embodiment, compound 1 is the glutamic acid addition salt (1:1) in
a crystalline form, in particular in a purified form. In a further embodiment,
said glutamic acid addition salt has peaks in a XRPD at approximately

W TgR430®, 2519.26, 22.5720, and in particular said glutanfi€CBeiE28adt)50664
when mixed with glutamic acid monohydrate, has an XRPD as depicted in
figure 19. In one embodiment, compgund 1 is the rnalonic acid addition

salt (1:1) in a crystalline form, in particular. in a purified form. In a further
b B AR ERE S O EE46rm and has peaks

in a XRBE2 ahdpfiroximatelyaodi. &ihd 6:720ad8: 981124140120 soit,said in
gt%gﬁirctﬁé:ﬁd asdﬂition salt is the 13-form and has peaks in a XRPD at

papproximaté}y 8.08, 10.11, 18.25, 20.2620 and in particular said malonic
acid ddditiordaiinastapoXRPDAES ddpictetbparfiguednddition splt, anthivne

pmgimg@ti cgimpound | is the glutaric acid addition salt (1:1) in a
~crystalline form, in particular in a purified form. In a further embodiment,
said gL é%hi@fﬁﬂf&ki@ﬁ%vﬁ%f i5 bk gl ineaneRAD WP XA N

o H4nE0,: 14285, and 14.5820, and in particular said giutaric acid
addition salt has an XRPD as 5depicted in figure 8. The unique .
phatufAEBIoGIAr Bréfite SrEsHiBoUR A HRREL  SitaBiE T e He dfment

paiidiseased baeyond those disclosed in WO 03/029232. 5-HT2c receptors
are located e.qg. on dopaminergic, neyrons where activation exerts.a tonic
bt G e RSBt e aitric s sk el Smehe i

paffectarhintieagelint 10{hendopariih &leve hDatepies entddiintexampiedE

how that campaound | does, in deed, bring about a dose dependent

o R e L RS R Ty o
this backgr eomddirmeay denpypothiesized ghafibdHdiac Ahtagonigisrdied

RRFIRACIEl-sulselpr e eaimentof dearession wOIdh STAGIR0AS:
the treatment with selective serotonin reuptakc inhIBitors

o GfRs yentphar iaespBiiof 3adiwmpegi00 6l THis Mypothesis finds
SUPPeftASeMRS ?Arﬁl@_‘&ﬁi sludigs shomingsa.c0 H&Bk‘ﬂt@é&o Qr@fom%ﬁtﬁ?é:@éﬁ%d
and SSRI to be superior to SSRI alone for the treatment of depressed

by Hifeitdepitihiing derstier RraHOaFTE4F 67 8o Greafheti TeisiEttpp and the

c6RPEassIBMLTRR ofip IR A REY %emeaﬁmmdﬁ@%qmwfe@y@hmqm, 75,
139-153, 2006]. Mirtazapinc, is also a 5-HT2 and a 5-HT3.antagonist,

S B RETE a L 0.008 B ErNE Ce P B M Bron
in corfibimatsarsadith tﬁd—ﬁ?@emmdzs_ehﬁ@mgmlsms@uet&gi»c_v:mnypmmd lis

WHEeid for the treaimeng of TRP, gl Ingrease thegemission rate for
patlents sufrering #om treapment resistant (5epreSS|on. Data pres nted in

fosxerh plepFamd2 Glstioesh tecoipba s (bingsleabeditcats DBiheease in

athe-sxtaceliar level phacrtyichelingin thePisiteplcerex apdyanlie!

hippocamﬁlgés. There is longstanding clinical evidence that incréasing the
A HSHHE T6tiafs ihth e BraameuR Ay Yy treaftpi Asernd ediease and
cERERIEHR PRitmeN hivigenskal shiheHaeef ReehichRling.gstenasss
. inhibitgrs in the treatment of Alzh imer‘s%(sbease. O this,ailgkground,
INETRSOURAS OF 5 BY8 SBAT VeI SR SOnRRBIRM b e/ LIS SR 9h (b ee
oitrebithehtnfcAlzlydinienghdiseaskt mnd, cogniivesirnpairiiig ohand atso
L10plisordere, syshas depression assonialed with Azheimers diseass.
an ngn‘mve |mpa|rmen‘f s%gment of depressed patients wi

Higrspohdddtireaiialeewith form hydrates when precipitated from water whereas
compounds such as the succinate, malate and tatrate acid addition saits do.

Some compounds are hygroscopic, i.e. they absorb water when exposed 1o

humidity. Hygroscopicity is generally regarded as an undesired property for



10

15

20

25

30

antidepressants, such as e.g. SSRI's in the sense that they will improve
on clinically relevant depression scales, such as MADRD and ELAMD, but
where other symptoms, such as sleep disturbances and cognitive

Winpet st remain. In the present context, 5these patients Bf& #efapisdieos
as partial responders. Due to the above-discussed effects on the
acetylcholine levels, the compoundssof the present invention are expected

to e uselul i he yeament of the copnitive Impaimentinaddiion o fhe
C()d’%%(%lé% Slb‘l’x{ |r?irca S UaleS ave sﬁgwn a?lfhe compoun pra 0osSIn,

inehichfisanlaidnadreriergishieceptoranteg dniste edibodsisiee the invention
disturbances [Riot, P i 928-934, 2007]. 10Moreover, the

prgyﬁéjﬁfr}é%%%éﬁ%r %“Zﬁgb%%}égr%%g? the compounds of the present o
inventiorreredatsecelivvading Rare inpaitkringiedisnimproviiig effedicial if

saeapharmnaenl 133 40 Tadifl pkoddlcvhetefare eamroundckis.yseful for

the treatment of partial responders, or rephrased that treatment of
PUEEES SBErTRtehtBaH-ESIREEUHY Y fFodaEe! thdhitalbE Al RranRer the
iorRSpendersiclhAtleioniefigi-kyperaativiyy gisosderLADHDY i ane:ofithe

most comm%éq neurobchavoioral disorders. ADHD is_characte{}z?sq%_mbgéthe

Ly L ARTE B A IS O S SRILP A & SR RSURCAHV BSD P AR Wi

cgstlicted, repetitive or stereotyped behaviours. ADHD usually starts in
childhood ar adolescence, but s toms, may-continue in ulthood.
o e S D SR e
dasegtrirent @f.immmqmag&%ﬂ%ﬂﬁ%@@@@@ﬂk@iﬂﬁmmw@l .@aage forlmsg
2 RYRRINSRRRESEHPHE NDIRENVRISE-AISA.PHNES AW BIREEASEN
_the dopannne level in the pre-frontal cortex. It has been suggested that
HeEBaSEonT Rt Al OB B HETOtPah SRS 3Rty thie
difeiapeutic.affect ofatemexeting n-dpedreatmantPbAPSRbIe alternative

[Eur.Neuropsychopharmacol., 12, suppl, 3, 418,.2002]. This 25supports
YRS HBR @6&%&%%‘?&6%% e e b AR o

scaadition, icampounds ahithe pigsenidamentionaiy haie &gedativéncfiect
ue to the al adrenergic receptor, and. 5-HT.2 antagoni iscussed,
S M B e e R AT D e
DR-dtadiemia, fatsshiowadiat dommpourmid ebdaveshypedavtiatye acid addition
Sé’ﬂg%@v&ggﬁﬁggﬂgg@ggﬂgﬁ{wts. 30Melancholia is a particular subtype
v . ()‘

of depres'sion often connected fo severe depression;, this type of
depressival a0 FERsEY {8 5 At A SRRSO HBH FEQRISYEME BFRIABARTS

Nasdegistachwithanxialy sad»t theifulvie Hasasia pahehéass of 9
appetite. Corggounds that inhibit both the serotonin and the

THAIIBIEHATHE AP RIGS "SicROLS LG UE M A RV BRe &M to
chepatisutdneffestivaimihedpeatnentof thatendsviedveredentession
and melanchali res. Anxjety, 12, 50-54, 2000]. As discussed abpve,
e b AR e S R R S B
sodieréforetslschhen rp:pgi_pﬁd@eivfmm Bhaoxpectdd toibersffctivadh the
c&%f%%tr%n%?@ﬁ&ﬁ@é%?\%}{%{)ﬁ@%t ?cléﬁ'le%%a‘%cdﬁ? W% ]%_%leidition salt
dditionally, the a-1 adrenergic receptor and 5-HT2 antagonism of the
iSqBRTHO IS MsaiTe SEATITHTE SHBH Y StpiéeadtePReipSnormalise sleep,
wherafgyge saidcappraundaramsepitindhadreatmeant afupelansnelis of

10In one embodiment, the invention provides a method for the treatment
thgrsl S RTGREAEHS IS, FPRAERH Tediata MU e SEbRe S RS R ctely
aRyiayatemhinstdepressivn:themeaihdoconmprising thg administatienlof a
therapeutically effective amountof . . , _
o e BT T ey SR e S Sh e ez
sitbid tdfof ¥bompound:d)itith pdtientsriiegbthareotitn oreiensbodionent,
said patient 15being treated for any of the above listed diseases has
initially been diagnosed with said disease. In an embodiment, the
compound of the invention is administered in an amount of about 0.001 to
about 100 mg/kg body weight per day. A typical oral dosage is in the
range of from about 0.001 to about 100 mg/kg 20body weight per day,
preferably from about 0.01 to about 50 mg/kg body weight per day,

administered in one or more dosages such as 1 to 3 dosages. The exact
Ancecane will denend 1inon the freariencyy and mode of adminicetratinn the
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general condition of the subject treated, the nature and severity of the
condition treated and any concomitant diseases to be treated and other
factors evident to those 25skilled in the art. A typical oral dosage for
wadultisispthe range of 1-100 mg/day of a compound of thé@FEHeHIe/ 050064
invention, such as 1-30 mg/day, 5-25 mg/day or 5-60 mg/day. This may
typically be achieved by the adminisgration of 0.1- 60 mg, such as 0.1-50

mg, 1-25 mg, 1-35.mg, such gs 1, 5, 10, 15, 20, 30, 35, 40, 45, 50, 55
PGF o TAGTBPSOBAGH A B8 W EEBRoD: TR e bt e
theffietivBramoLmnty af@icampaddidassusethhetei nuprernsahiamgut.

sufficjent o clirey alleyiate, or partially, auest he cliniaal manifestations of a

given Hiseage and its tg%ﬁ%a ions ina erapeutic intervention ’
ingomiorising theuri@-ddeninidtrationbef saicbdonspountd WA amolat imdstate
x10.8500mR isRdhin 5 A6 TRes BS A bsARSHIAlY eftectyg pmauni. T he

term also includes amounts sufficient to cure, alleviate or partially arest

2378 Chnival inanttestations bita gilidusdiBcaRBRAkE depicidpliditiend-in a
treatment.CompHsnG e Administatoal.said compaupgmEfestiven, o

amounts for each pté\;‘ﬁ)éose will depend on the severity of the disease or

CTYfaHinad GeH BPiRBceTgRean Geh Erar state Brthse SobpdinatiwitindL-

lebdgrsiondtbatdrteriningian ppropiiaiedasageimaydenehieyeds and
using routine experimentation; bg;_,con_structing a matrix of values and.

ledinG anfefertHoHHE 1Y agih R RISHRART T Sraihary SR bf

inaﬁtg@iaed physician. 10The term "treatment" and "treating" as used herein
means the management and care of a patient for the purpose of . ...
comtatG SRSHIRAN: SURRUE e SPAHi AT el D) n 2

cipeioeddoninelpdeithéfull spediitinioftréatrientefondgimencoadition

_from which the patient is sufferi h dmini ion, of the activ

RO ELNR AT Rt e peRC IS RIPR A SAONS

1 ph6Gragdioh .18, 15Wiieased disorderior sodditionatbcalidy ialsorstief

w'gheﬁ%gﬁ’ﬁ%”d%%”ﬂag%‘ﬁ P ‘G{’Jc?[nt?nr@&ifeeﬁf ‘iﬂ@ﬁ%ﬁ%ﬁ@&iﬂ&%@%

Isorder or condition as well as to prevent thie condition, wherein
Lpreveiviemdigdsiben et stdodrals. i maridgeima musihecciiaioinaparibat
dthe areaaq of pambating igidiseass & aRAiliop. A% isprderpnd

includes the administration of the active compounds to prevent the onset
AT HEEPRpToTHS O SBcolfigicalitns. Morrdria Badicplgpiddegepartic
adBREMEDIVE) RRd, theransulia (CativeliealingntAreh WRISSRIRIS Aspact
of the invention. The patient to be treated is preferably a mammal, in
ﬁ%‘é‘ﬁiéﬁrlar a human being. In one embodiment, the invention relates to
the usewk4hdddHmathydphenylsofany ihemitpidendiidandiacid ) in a
additions salts thereof, (compound 1).25in the manufa ure of :
o TR P e ST e IRt B ABHG e big o,
greatmentredistantsdk pregsidn or zesidliaksynpptamsicd@giéssibhi®.  In
e ypent, the inventi phel fanyl)-
e A e e
&thﬁmh?@ﬁtﬁohmﬁmlaﬁé@ﬁ@,dtmmﬂemt9esistant depression or
residyal, Sy AL ASREERTIPH the mABRIEATRUMESPLI1PIEREN

invention may be administered alone as a pure compound or in
crystbncaen iR PHarascsurEAly eEp R e RS RdEReNieats, in
nBithes singlpatimuliple desesohenphalpasauticakeampasiiggimately

according to the 11 invention may be formulated with pharmaceutically

13828 pHaBIE cHHidrs B Ahidenes sdvanlaiHGIRS RAGHR A e Palneing

hEXGIRIENES IR REEPEIANGS WithQQRVeRtiqpal teqyniguies) Sueheam thase
disclosed in Remington: The Science and Practice of Pharmacy, 19

PEHEGR, sad R IdMe Bk gICER MEL kP Isikd 1o g uesTher 10-
pharmaceutical compositions may be specifically formulated for
administration by any suitable route such as the oral, rectal, nasal,
pulmonary, topical (including buccal and sublingual), transdermat,
intracisternal, intraperitoneal, vaginal and parenteral (including
subcutaneous, intramuscular, intrathecal, intravenous and intradennal)

route, the oral route being preferred. It will be appreciated that the
10nreafarred rorite will denend on the aenaral condition and ane of the
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treated, the nature of the condition to be treated and the active ingredient
chosen. Pharmaceutical compositions for oral administration include
solid dosage forms such as capsules, tablets, dragees, pills, lozenges,
wpowdargsand granules. Where appropriate, they can be prepafFé&eiaaiia/o30064
coatings. 15Liquid dosage forms for oral administration include solutions,
emulsions, suspensions, syrups and7elixirs. Pharmaceutical
compositions for. parenteral administration include, sterile agyeous and
monat B AT RELEATb SRR Ao AL A S e s
crgsiatiglk dsrsteiil @ gpovuiters to hei fieddnstituted fim$terdeinjbctablesdlutions
o 21 YSRIRIONS BIIOLIO LS in . OB SUIIRRIS Admipistiaton fpgms
include suppositories, sp?ays, ointments, cremes, gels, inhalants, demial
1patches] irhpldits aotbin partColavenibatiyatheodmpburtsbiticiniétions

e.a r’r@i ISt r§d in a unit dosage form containing said compounds in an
gpicted 1 fp;ué .
fmount of-about 0.1 to 50 mg, such as 251 mg, 5 mg 10 mg, 15 mg, 20

mg, B30 ohamasglosieahnpoiln@ i compEpd Jarakiee iaFesaisieuts as
tr&m%@ld%e@ﬁ&%@(ggﬁ& iRtramYseulan ARSIk administatianeipicaty

doses are in the order of about half the dose employed for oral_ |
logaifish 518t 2t SPP AP B PR AR FRFstr A BHOR GRS S thiE BIPbuUNd of
idhe-Hventian daplasierilaageeads SolutionRguRaUs Premdene glyeek in

agueous vifamjn _E or sesame.or peanut Qil may be employed..Such .
RS Tl R T LSBT A R B TG i
delifl) erih firsgtaendéreddgatodict withesufficidntsatine brlglucpsmikhlevels in

aqueous solutions.are particularl i far intravenous, 12 v
S A R R e
a@m@me@agimwiw@lhm@é@a@arpaéaamwé@anwmm@hdm
JREOBIGYS T ERRUMER NosE Sidlied i theart rSiiiakle. iaggnaceutical

carriers include inert solid diluents or fillers, sterile 5aqueous solution and
[Rexrbrrd erganné Sokledts. \E%alfhId805H sbiFg BapAtsiardodiciBreordp several
CcIBMEAOSR dRYGIRGIeHIEIR, dehiaRiRiNg, mgaL: Hestind 5. PAgResiim
stearate, t?@r_ic acid and lower alléyl ethers Q{ ceIIquge. Exa IesI of
SREL WSS RSN, PESRTEEI BRI BAEIA RIS FAfH Hcids,
rdgity @qidcanine sepaiyoximethyieme BRO, watefraCheyphqosacai(iEgtciother.
compositions f ining 10the compo inventi
e 5 S
widshetylokte shgeformes siseisidi fgstheldistisspdro inbdsloadminisiagtng
WiRSTHBLORSOf NG RISSAREINVEAtN. SHikARIE ok rRkadminiskalen-May
be presented as discrete units such as capsules or tablets, each
TREhtbniMy nesspre detarmirdenditie i st g sefiFensdramerreEkatwhich
rd@yingtdasfoauitable excipient. Furthermore, the orally available
formulations may be in the form of a powder or granules, a solution or
Suusp AT AR L EEEE bt HoM A e a1 OB SH i TR EP -2
inyatet-in-oit iguiddmialsion b fasokittiosine irshisedfon ot abadministration,
the preparation may be tablet, 20 e.g, placed in a hard gelatine capsule in
ST oF pOTot o oh SR o Cotre A REIRE S o
agujittodmielcnsdyivdby butwilasenlly beafrdmbabout 28 wigtorabwenitiye

idfp@iliquid cartierls used. e AFERAVALRMD BG0i IR IRI; AR M Rrent
emulsion, soft gelatine capsule or Sterile injectable liquid such as an
o6 T8 Hbi§ 5 dat dEs SR atsiramBRd I dlGtRsRsent invention are
belicved to be useful in the treatment of Alzheimer’s disease and cognitive
impairment, and also mood disorders, such as depression associated with Alzhermer’s

disease and cognitive impairment.
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Tablets may be prepared by mixing the active ingredient with ordinary
adjuvants and/or diluents followed by the compression of the mixture in a
conventional tabletting machine. Examples of adjuvants or diluents
WQGmpHitBsCorn starch, potato starch, talcum, magnesium st&dyBIeL008/050064
gelatine, lactose, gums, and the 30 like. Any other adjuvants or additives
usually used for such purposes suclgas colourings, flavourings,
preservatives etc.. may be used provided that they are compatible with the
activéﬂl; iﬁeér%la%ﬁ s.e}fgs (gf:aE salﬁﬁ%nsib(:‘gﬁ:lﬁﬁs .%%%a“’c%’g%‘g%ﬁ‘%? of the present
aritidemtionnayube gsregaféd By mikinggespowdée goriprisimgvsaid donspbund
refil igkoeustallie celliians AR PaNPAI S SRIRI AL RIS AAlns.
powder n a hard gelatine capsule. Optionally, said capsule may be
sushlaupedibyisivsbans of A arablévpighRreRuTy sreeiy. Eapsunsssicontext,
th@&oﬁaﬂ&%@ Q22 of & camponnsheiidRepressnid %@%‘%‘Ebcﬁb_&la 8fccts
0.5-1,0%, 3.0- 4.0%, 14.0-16.0% of a compound of the_present invention.

onriesESriEheling learbdhasears s RIGaRtiTL IS 415, 18t e
uBimg Of acemanuithelthe preseninventioniigicnib desagadaion,
Salutions for injections may be prepared by dissolving the active .
IR BB 5 An G PORSIBR GG ULR A BEFDof A Cror Tt
repeaferablysstetilecwater s @ejustingbihesqlatian ko the:deseed yelarne? 0071.
terilising t lutio illing it in.suitable ampoules or.vials. An
S e s b e
intamidity @gehtsppiesatvatives pandigkidantsp etopCompelind | may either

e adminis lgne orqin inati | r ically
e R B imstered

tresmeranépush ersperdrsnitial ppEesrd phes Eiatmersdsesy aldments with

cGapRRundsinhich sy RdvRAtaapavalhesambined with compound |
include sedatives or hypnotics, such as benzodiazepines; anticonvulsants,

such ALIBHBIRIIRE VARSI S SRR RIADY Shanscpfiffe most common
n&AHPRMISRRINEIs0100d Staizersmishas D hmrdepaminetdic drgs,

such as dopamine agonists and L-Dopa; dr to treat ADHD, such as
SRR B T A S A e R i O S Rt
behethyiphaidateand amphetachifdcother aiidepres santarspiomasay
GRIHRZARO G MIANRCTOART BRI CPUBR OO Sh ARt uBRHREE Ry

and testosterone; atypical antipsy uch as olanzapine an
Farplpramotesatypioad hTIE) dRbues, @558Ha3, RASPeAtuncdrigs threat
ndiZhelmens dissasesmpuahas shelinesterassihibitarz 2R¢ memantine,

folatc;"S-Adenosyl-Methionine; immunmodulators, such as interferons;
deRsraEs ISTRANAEDRASrERBIHHHRE R bIBRPRh TrsgeptoRat Bsigbrstd (Rt
1caBtag oRistR)irAtHnMBROIS (SIaling: Anghp k] AMe e rgienaRttig o Msthe

such as prazosin. 30Compound | may be prepared as outlj i @)
SO AN 1 W WSO EAOBE Lrere SR oy e AUhle 0 by
siagditiohohaivapipropriapeacid teathie:fusel ra se: fotaveedt by SrEEIpitation.
ecipitation m brought about by e.g. cooling, remaoval of solven
TN o T O SR U AL ARG e o
1 imblerdingepubiicationt s gélenbagpticatidnsp ard gatentshoited bereiniare
oRSIEREIGIARIRS RY IRIRILOLEMIHES SABED AT (0 e pATS e |

as it each reference were individually and specifically indicated to be

rddieenlarpeesd i the ferewer arvdsiaferSettiortHIRGHS - entirety herein (to the
maxiqum,XLantPermitied Myaiaw), segardieasofmnysenRaiately severe
provided incorporation of particular documents made elsewhere herein.

deppiestieB: SRt R FhEeRIe i 1R ASA AL THE ARy BRARSPILFIENES i1 The

veoniexs of desesibing thetnventionianel ter te: constued tentoved bathothe
singular and the plural, unless otherwise indicated herein or clearly
contradicted by context. For
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10 example, the phrase "the compound" is to be understood as referring
to various "compounds” of the invention or particular described aspect,
unless otherwise indicated. Unless otherwise indicated, all exact
wWQaWes 13e6¥ided herein are representative of correspondingPAPFrERIE 064
values (e.g., all exact exemplary values provided with 15respect to a
particular factor or measurement cag be considered to also provide a
correspondin roximate.m urement, modified by "about,” wher
B Th e g RS e nS R OF A S oarrcating e
sutiventignwsingtemmsaseutivcassticom pribingtytivéai nffzctine udirgitearment of
paBORLANIRG-WILIlRIaBE S AR ARGIRMENY Pl plemants s injeadiad 9o
provide support for a similar aspect or aspect of the 20invention that
Avabsistelabovessisryeadentialiyof- TOF (st st CHRBrSs Soae
IcRArticHaL I MentoLBIRMANDUNIGSSRLIRINVIS 8 SIAQH AF BIe@! iteatment
contradicted by context é%% a com_glosnlon described herein as
iMe

olor\priol & puchelear ReshbintbBeRtle s tdiraal b deseribing a
a&%ﬂé&%&@&%p@&%ﬁé@lﬁﬂféﬂ@%&ﬁsﬁﬂ?@ﬁt%ﬂ@ﬁﬁa@&h@%ﬁﬁéﬁé@%pm@@ﬂﬁ

_contradicted by context). 25 Examples Analytical methods X-Ray powder
isREESgralRl BeRPEI TR nTESTIREE B4 PANAIHCP XiseH B

tréineay: Riffractemeter using CuKod radiation. The samples were measured
in reflection modg in the 20-range 5-400.usin ‘celcrator detectar.
OB R LR BEEIRaN (R b e AT o e e Oo e
AiNstiymehbiterh:EtementancAbout depngrotsampledwasuspdforieach

S ] liSi2 . ) Crape effective
SBESENEN A DS RSB BN

argtiereich Bivd Zs(iitiyhivécivety apisroxipds e piperidine and acid additions salts
&R h &Mﬁqz?‘}dmﬁl'ﬂiH@éiﬁiﬂ@z’ébi‘?%%Eﬁlﬁ@!ﬁn‘%‘éﬂwsﬁﬁi%ﬁé@n
oil was added 545 ml of 33 wt- 5% HBr in AcOH (53 M, 2.5 eqv.). This
beimingAitder 4708 BrehrThsEREIsAN dHaiiiathereactiB vsdurdlis
sheaieshie 80 C and left for 18 hours. A sample is withdrawn and analysed
by HPLC and if not completed more 33 wt-% HBr.in AcOH must be added.
Qe THBHIRHo T CEIRIHE 25 2 A e B0 i oo
athe(Zrpdiolytsu Itﬁam}l{p%nyf)iﬁ[pe@d&g@%dydbgbhpi@ei&y«prec_ipitate. After
one hour a1.2% & 4Ue sk sUsRERSIon (B Added P00 m) lsthYiaes e
r our be

Stirring i continue another ore the product is isolated by

bfiftyatioshivesker witfeubl fipdictnietHer Qridaried maksbady acadeper
averpighk dbe Dydrobramideaheompaund wasisalated s white soll

15Exam le Ib HBr salt of compound | 2-0-tglylsulfanyO-phenyl bromi e.In
walldrpeadrifton B Beveraey Ecterdq-shatmynisrdntohe SRV sishay
oHushedwdthoniroger o2l mindtes. daMethytbenzanetniol(OQQion
7.25mol) was added and.then 1,2-dibromobenzene (1709g, 7,.25mo1l).
T A SO BA5: D IEH S SONAS THBl Benr SR fae
skéhctanthd fre reaction was exothermic giving a temperature rise of the
reactign mixture to, 70C. The yeaction mixtur 3
7 3 T e e B e B

ohtistateseat nweier dechanid SGuspldsssdidrmetiorioeSsolmiarn gy 5his may

by HRemixiuie Was shFedanR0 pripyted Hheaaueoys Baase Was
SEe arated and extracted with another portion of ethyl acetate (2L). The
Tty e%i

SBhESE taks Sehritetlatd ftk HrghhitpAfsts We B Albined

C@ﬁgd(g%m@chghim@miyhloride solution (15%, 2.5L) The organic phase
was sepa{ated, dri?&\\év#h sodium sulphate and ev porat%%glteggduce

d
presstre 16 FEHBINRIER LS AT P! SO RV FRESIWSE dittteato
afudee: Hieivtlnne anith ahiethanot amddhe mibdute vias @0refhikathiMoref a

(Methanol was added ynil 2 clear red SOINIOR WA ARG, THE: e
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solution was cooled slowly to room temperature while seeded. The
product 16 crystallises as off white crystals, they were isolated by filtration
and washed with methanol and dried at 40C in a vacuum oven until
WOG8sAnsIGeight. Ethyl PCT/BK2008/050064
4-hytiroxy-4-(2-(4-tolylsulfanyl)phenyl)-piperidin-1-carboxylate 5In a stirred
reactor under nitrogen cover 2-(4- toly[ssulfanyl) phenyl bromide (600g,

.15mol). was.suspended i tane 4 At room temperature 10}
o A L Do S de AL A G E TIRTOS By e
ashialtgxothelim affasi votices inTh& by spenganivvagistiaedidas dufidtieatio
amb ntt er n
o A NS R e ehmn i
caDpliehswitia ddteafoeihstarthsing e rebetion témpel atfrewzmkept below

Eﬁé&@vé"éﬁ%ﬂ&@%@@ﬂ%ﬁ%&%ﬂﬁd@b&%ﬂ'%@&w& wassarmed i ¢
and 1M HC1 (IL) was added kee ing the temperature below 10C. The

gy Htidbirs phasieiiaseparateieiir Sambise it iEthyadatsrod hat

ddiberBanis @ﬁ@pﬁ%@f&%ﬁg% andeexirastedwithsedidmeianes by
solutlon (15%, IL). g organic has%ﬁ;as dried over 15sodium s %cl)hate

SO A T AT AP A1 PRIAL Shhitdaiith Bt dtndr
wibo malanmfylmm th Biied iphasoiacuum oven at 40C until constant

T .

20Tri uoroace c acl trlct yIS| ane
carasichpated fwmmcammﬂo@m:sudnemahw as a chsease ot a

A (ARl RNDRE NP e U bUAE 2

1.24mol) was added via a powder funnel in portions. The reaction was

camdiHay Bxstdiridhepitehp e Ritersuet 8 s I BT CAdMtSH Was
chnplised dhatcastion Mixipiewas waipnest n0QC Akl b apiSrcIftn of the

25reaction mixture was cooled down to room temperature Toluene
dispatsimit§ FHer WateR {50t PRt T hd Ry ERICTPhARS A ISaliety

a@ﬁ&ﬂ@&%@@ﬁ&ﬁh&ﬁ&%&@draﬁﬁ@dwﬁh anaitien pottanaefitoiuanert the
?%0 The o anic has s.were.comb na%q and washed Wltfa sodiu

oride Sofu |o gs% dime AR e e P et U Suiphate < fhe"
p&ardlufwmmmpeswaﬁddmbe@@fhﬂ@ﬁ@ate&d&pmratedm@@rwbm&s

H%r%?iﬂ{%&gﬁ%l{%%% WIHEh WAS RIREES Sﬁfé\f&ﬁhﬁ‘f < ndh P%t%&or]i% or

4-(2-61-tolylsulfanyl)phenyO-piperidin drobromlde e crude’ethy
cw@xeauwlmwﬁmﬁwp@mu@@@@ﬁb@kﬁa@ékﬁ‘é&a@w GHURESHYC)

EXABRIars Wasdpixad IR sthred raastaryithhysiehremic acidinacetic
amdﬂﬁO% 545mL, 3 IImoI) The mixture was heated at 80C for 18 hours.

PrPFREAR % GORPEAK r BAE RO B RAPHBWRTES room temperature. During the
cooling the @mddﬁm{ysteltmﬁ@uﬁ TAles hhﬁu nat dso@xmtem perature ethyl

meeEH? %%? %ﬁgbs% ety Oe%ih reaC Igig reﬁsagl ts t ﬁﬁ'ﬁnﬁﬁfﬁm 8!
Str (0] ano I’O UCt was f ere , Was

ingffvemamdaitied o %amah@mmmbn tae 5eametil Q:(dhsmnttmmghm 20ADHD,
m%fé%%%lﬁakir&%%t@é 5‘3}%{? He%f«éEL%'ﬁ' %1[ 1%@!&‘9?]‘1%%&%%%@;3%3sion.

In one embodiment, the invention relates to 4-[2-(4-methylphenylsulfanyl)-
phenyl]piperidine and acid additions salts thereof {compound I) for use in the
treatment of ADHD, melancholia, treatment resistant depression or residual symptoms
in depression.

The compounds of the present invention may be administered alone as a pure
compound or in combination with pharmaceutically acceptable carriers or excipients,

in either single or multiple doses. The pharmaceutical compositions according to the
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A mixture of 10.0 grams of the HBr salt of compound I, e.g. prepared as

above, was heated to reflux in 100 ml H20. The mixture became clear and

fully dissolved at 80- 90 C. To the clear solution was added 1 gram of
wohsseoadsand reflux was continued 15for 15 minutes before ¥ilt&iRge2 o s i@ fio4

to cool spontaneously to room temperature. During the cooling

precipitation of white solid took place and the suspension was stirred for 1

._hour at room temperature. Filtration and drying in vacuum at 40
R R N S ke S
webmpayndhtr SeomigdpesdnfoeXXRREp Edlene atabahalysis:i3@a%ehtjonal
9.36%C. 6.16%H (theqry: 20 3,85%N, 59.34%C, 6.09%H) Example Id
DT o otk S e TR et R B e
Plzgetate dAE200mGETGwasladded SOgrehig dfahEa9Br sBit. dP86mpound

1 proghcingaiuasRRATS sl s Sluny wasaddetiatcd for

25approximately 25 ml conc. NaOH that caused formation of a clear
U HEEEHRS I G BIE Vrade rishistirBs (5 Sepil. Thglsais Hadopical
(intired igRrraushy fem ERsminutes Aeshiheiarganic -pRasawaRs SRPAI I8 nal
The or%anic,phase was washed wijth 200 mI‘HZ,O Ejried over Na2S504,
g R SR (R PO PR R O S B EC PO UG b e B08 Tk
ingtAmsYiEld @A) aslatualrbeast gotdemies S oili 3BDigsalvingdlBgrams of
the oil, and adjusting the volume t0.150 ml using ethyl acetate produced a
P Bl LOTIRER o8 QUaT s A T A et T B 00
treagdftthefres bade) wadligeth bt 8rcated Disbtiviemy 1Oiggadswictewil and
adjusfing, e ¥ame 19,500JM H3BE MBmYasa-FHOH PIgFUCER:0s 303 M
stock-solution in EtOH from which aliquots of 1.0 ml (100 mg of the free
fopes ey ohars Gaps! @E%éiﬁ%ﬁléﬁ%%rﬂ%oﬁ%ﬁ@%ﬁé@%@Igf%-idﬁ%rw e
afPRfieRDARS hhe givemalickaiscwereplaced in test tubes and while

stirred the appropriate amount of acid was added as indicated in Table I. If
the abidhS SRR WSS SH MBS DR M LK RS ESTREE T the
sgheriselveptupsiaideiadsition. After mixing and precipitation stirring was

conti%ed overnic%ﬂ and the preci itate collec ed b¥ ]tOfiItra jon. Bef?re
. armaceul] sitigns I renteral administration 1my e sterile
drying in vacuum at SORE* A Sialt BfETERCe samp}e Was withdrawn and

acgttbedsatnmma@maraﬂan@wahohﬂ@asudispﬂfﬁmsspsomqmwasemglﬂidﬁad
o] nda%rstt&%sésé%é%'Y@g%%é&m&%ﬁt{l{%@@ﬁfg@&g@%ﬂuﬁéﬁﬁ%- MUD

diffractograms are shown in figures 1-22, an ected peak positions are
diistimiesdifT HIW2. Table 3 shows the solubilities of compounds of the

presentHaveRtion inwalRiiagsthenwith ladhidipthesesuliing.sathrated
solution. The column "Precipitate” shows whether the precipitate isolated

Crﬁff@?»tﬁ%l%é‘l@ﬁ]Wsdéﬁ?ﬂﬁéﬁgﬁsiéri&é%a?% the compound dissolved,

whicltisningicativent toarfeimalion ol hydneiasatallaidiAaiei (BaseiAcid)
dé\gé/g\;/e o%ig %gnf\aqg;?rlljgnga? éocrlrgpgt?r%s,o {npaatl') %%'XSP ctJfCa g)\illt(g)inlg 50 mg, such as
1 mg, 5mg 10 mg, 15 mg, 20 mg, 25 mg, 30 or 35 mg of compound L.

For parenteral routes such as intravenous, intrathecal, intramuscular and
similar administration, typically doses are in the order of about half the dose
employed for oral administration.

For parenteral administration, solutions of the compound of the invention in
sterile aqueous solution, aqueous propylene glycol, aqueous vitaniin E or sesame or
peanut oil may be employed. Such aqueous solutions should be suitably buffered if
necessary and the liquid diluent first rendered isotonic with sufficient saline or

glucose. The aqueous solutions are particularly suitable for intravenous,
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CHN (theory) Palmitic acid, hexadecanoic acid 1:1 256.42 90.5 EtOAe
75.36 9.77 2.46 75.64 9.9 2.6 ILL-Lactic acid, DL-2- hydroxypropionic acid
1:1 90.1 31.8 EtOACc 66.88 7.26 3.52 67.53 7.29 3.75 Adipicacid,

wW¢ Bieraredioic acid 1:1 146.14 51.6 EtOAc 66.08 7.23 2.98CT/BK2608/050064

12
intramuscular, subcutaneous and intraperitoneal administration. The sterile aqueous
media emploved are all readily available by standard techniques known to those
skilled in the art.

Suitable pharmaccutical carriers include inert solid diluents or fillers, sterile
aqueous solution and various organic solvents. Examples of solid carriers are lactose,
terra alba, sucrose, cyclodextrin, talc, gelatine, agar, pectin, acacia, magnesium
stearate, stearic acid and lower alkyl ethers of cellulose. Examples of liquid carriers
are syrup, peanut oil, olive oil, phospho lipids, fatty acids, fatty acid amines,
polyoxyethylene and water. The pharmaceutical compositions formed by combining
the compound of the invention and the pharmaceutical acceptable carriers are then
readily administered in a variety of dosage forms suitable for the disclosed routes of
administration.

Formulations of the present invention suitable for oral administration may be
presented as discrete units such as capsules or tablets, each containing a
predetermined amount of the active ingredient, and which may include a suitable
excipient. Furthermore, the orally available formulations may be in the form of a
powder or granules, a solution or suspension in an agueous or non-aqueous liquid, or
an oil-in-water or water-in-oil liquid emulsion.

If a solid carrier is used for oral administration, the preparation may be tablet,
¢.g. placed in a hard gelatine capsule in powder or pellet form or in the form of'a
troche or lozenge, The amount of solid carrier may vary but will usually be from
about 25 mg to about 1 g.

I a liguid carrier 1s used, the preparation may be in the form of a syrup,
emulsion, soft gelatine capsule or sterilte injectable liquid such as an aqueous or non-
aqueous liquid suspension or solution.

Tablets may be prepared by mixing the active ingredient with ordinary
adjuvants and/or diluents followed by the compression of the mixture in a
conventional tabletting machine. Examples of adjuvants or diluents comprise: Corn
starch, potato starch, talcum, magnesium stearate, gelatine, lactose, gums, and the
like, Any other adjuvants or additives usually used for such purposes such as
colourings, flavourings, preservatives ctc, may be used provided that they are

compatible with the active mgredients.
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67.17.27 3.26 Adipicacid, 1,6-hexanedioic acid 2:1 146.14 25.8 EtOAc

70.66 7.32 3.82 70.75 7.35 3.93 Fumarie acid 1:1 116.01 40.9 EtOFI 65.71

6.41 3.35 66.14 6.31 3.51 Glutaric acid, 1,5- pentanedioie acid I:| 132.12
wHe8EHt0Re» 66.09 6.97 PCT/DE2008/050064

13

Capsules comprising a compound of the present invention may be prepared by
mixing a powder comprising said corpound with microcrystailine cellulose and
magnesium stearate and place said powder 11 a hard gelatine capsule. Optionally, said
capsule may be coloured by means of a suitable pigment, Typically, capsules will
comprise 0.25-20% of a compound of the present invention, such as 0.5-1.0%, 3.0-
4.0%, 14.0-16.0% ol a compound of the present invention, These strengths can be
used to conveniently deliver 1, 5, 10, 15, 20 and 25 mg of a compound of the present
invention in a unit dosage form,

Solutions for injections may be prepared by dissolving the active ingredient
and possible additives in a part of the solvent for injection, preferably sterile water,
adjusting the solution to the desired volume, sterilising the sohtion and filling it in
suitable ampoules or vials. Any suitable additive conventionally used in the art may
be added, such as tonicity agents, preservatives, antioxidants, etc.

Compound I may either be administered alone or in combination with another
therapeutically active compound, wherein the two compounds may either be
administered simultanecusly or sequentially. Examples of therapeutically active
compounds which may advantagcously be combined with compound 1 include
sedatives or hypnotics, such as benzodiazepines; anticonvulsants, such as lamotrigine,
valproic acid, topiramate, gabapentin, carbamazepine; mood stabilizers such as
lithium; dopaminergic drugs, such as doparnine agonists and L-Dopa; drugs to treat
ADHD, such as atomoxetine; psychostimulants, such as modafinil, ketamine,
methylphenidate and amphetamine; other antidepressants, such as mirtazapine,
mianserin and buproprion; hormones, such as T3, estrogen, DHEA and iestosterone;
atypical antipsychotics, such as olanzapine and aripiprazole; typical antipsychotics,
such as haloperidol; drugs to treat Alzheimer's diseases, such as cholinesterase
inhibitors and memantine, folate; S-Adenosyl-Methionine; immunmodulators, such as
miterferons; opiates, such as buprenorphins; angiotensin Il receptor 1 antagonists (AT
antagonists); ACE inhibitors; statins; and alphal adrenergic antagonist , such as
pPrazosin.

Compound I may be prepared as outlined in WO 2003/029232 or in WO
2007/144006. Different salts may be achieved by addition of an appropriate acid to
the free base followed by precipitation. Precipitation may be brought about by e.g.

cooling, removal of solvent, addition of another solvent or a mixture thereof,
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3.2 66.48 7.03 3.37 Malonic acid 1:1 104.1 36.7 EtOAc 65.04 6.53 3.54
65.09 6.5 3.62 Oxalic acid 1:1 90.1 31.8 EtOH 64.28 6.41 3.61 64.32 6.21

3.75 19 Acid (Base:Acid) MW (ghnol) Amount
WO 2008/113360 PCT/DER2068/050064

i4

All references, inchiding publications, patent applications, and patents, cited
herein are hereby incorporated by reference in their entirety and to the same extent as
if each reference were individually and specifically indicated to be incorporated by
reference and were set forth in its entirety herein (to the maximum extent permitted by
law), regardless of any separately provided incorporation of particular docurments
made elsewhere herem.

The use of the terms “a” and “an” and “the” and similar referents in the
context of describing the invention are to be construed to cover both the singular and
the phural, unless otherwise indicated herein or clearly contradicted by context. For
example, the phrase "the compound” is to be understood as referring to various
"compounds” of the invention or particular described aspect, unless otherwise
indicated.

Unless otherwise indicated, all exact values provided herein are representaiive
of corresponding approximate values (e.g., all exact exemplary values provided with
respect to a particular factor or measurement can be considered (o also provide a
corresponding approximate measurement, modified by "about,” where appropriate).

The description herein of any aspect or aspect of the invention using terms
such as “comprising”, “having,” “including,” or “containing” with reference to an
element or elements is intended to provide support for a similar aspect or aspect of the
invention that “consists of”, “consists essentially of”, or “substantially comprises” that
particular element or elements, unless otherwise stated or clearly contradicted by
context (e.g., a composition described herein as comprising a particular element
should be understood as also describing a composition consisting of that element,

unless otherwise stated or clearly contradicted by context).

Examples

Analvtical methods

X-Ray powder diffractograms (XRPD) were measured on a PANalytical X’ Pert PRO
X-Ray Diffractometer using Culy; radiation. The samples were measured in
reflection mode in the 28-range 5-40° using an X’ celerator detector.

Elemental composition (CHN) was measured on an Elementar Vario EL instrument
from Elementar. About 4 mg of sample was used for each measurement, and the

results are given as mean values of two measurements,
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of Acid (mg or ill) Solvent C1119 (exp.) CHN (theory) Sebacoinic acid, 1,8-
octanedioic acid 2:1 202.02 35.6 EtOAc 71.797.863.58 71.837.863.64
Succinic acid,4 butanedioic acid, 2:1 118.1 20.8 EtOAc 65.656.863.4

W@B088617813.49 (1:1 salt formed) 14-malic acid, L-2-hydroxyPblitaiétffcoves
acid 1:1, a 134.1 47.3 Et0OAc 62.876.203.22 63.296.523.36 L-malic acid,
L-2-hydroxy butanedioic acid 1:1,131534.1 47.3 EtOH

Fxample ta HBr salt of compound 1

To 442 grams of stirred and slightly heated (approx. 45 °C) 4-(2-p-Tolylsulfanyl-
phenyl)-piperidine- 1 -carboxylic acid ethyl ester as an oil was added 545 ml of 33 wt-
% HBrin AcOH (5.7 M, 2.5 eqv.). This mixing gives a 10 °C exotherm. After final
addition the reaction mixture is heated to 80 °C and left for 18 hours. A sample is
withdrawn and analysed by HPLC and if not completed more 33 wt-% HBr in AcOH
must be added. Otherwise the mixture is cooled to 25 °C making the product 4-(2-p-
Tolylsulfanyl-phenyl)-piperidine hydrobromide to precipitate. After one hour at 25 °C
the thick suspension is added 800 ml diethylether. Stirring is continued for another
hour before the product is isolated by {iliration, washed with 400 ml diethylether and
dried in vacuum at 40 °C overnight, The hydrobromide of compound I was isolated

as white sohid.

Example 1b HBr salt of compound 1
2-(4-tolylsulfanyl)-phenyl bromide

In a stirred nitrogen covered reactor N-methyl-pyrrolidone, NMP (4.5L) was flushed
with nitrogen for 20 minutes. 4-Methylbenzenethiol (300g, 7.25mol) was added and
then 1,2-dibromobenzene (1709g, 7.25mol). Potassium tert-butoxide (813g, 7.25mol)
was finally added as the last reactant. The reaction was exothermic giving a
ternperature rise of the reaction mixture to 70°C. The reaction mixture was then
heated to 120°C for 2 — 3 hours. The reaction mixiure was cooled 1o room
tenmerature. Bihyl acetate (4L) was added and agueous sodium chloride solution
(15%, 2.5L). The mixture was stirred for 20 minutes. The aqueous phase was
separated and extracted with another portion of ethyl acetate (2L). The aqueous phase
was separated and the organic phases were combined and washed with sodium
chloride solution (15%, 2.5L) The organic phase was separated, dried with sodium
sulphate and evaporated at reduced pressure to a red oil which contains 20 - 30%
NMP. The oil was diluted to twice the volume with methanol and the mixture was
refluxed. More methanol was added until a clear red solution was obtained. The

solution was cooled slowly to room temperature while seeded. The product
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62.996.663.13 63.296.523.36 D-tartaric acid, D-2,3- dihydroxy buianedioic
acid 1:1 150.1 53.0 Et011 60.676.43.07 60.956.283.23 Leaspartic acid 1:1
133.1 47.0 EtOI-1 59.316.77.1 (contains excess of acid) 63.436.786.73

wEkRaniEsecid 1:1 165.15 58.3 EtOH 56.386.887.35 (contaif$-éledigitstocs
acid) 56.466.947.06 (for 1:1-salt and acid-monohydrate 1:1) Citric acid 2:1
192.13 33.9 EtOAC 65.936.723.44 66466.643.69

crystallises as off white crystals, they were isolated by filtration and washed with

methanol and dried at 40°C in a vacuum oven until constant weight.

Ethyl 4-hydroxy-4-(2-(4-tolvisulfanyl)phenyl)-piperidin-1-carboxylaie

In a stirred reactor under nitrogen cover 2-(4-tolylsulfanyl)-phenyl bromide (600g,
2.15mol) was suspended in heptane (4.5L). At room temperature 10M Buli in hexane
(235mL, 2.36mol) was added over 10 minutes. Only a small exotherm was noticed.
The suspension was stirred for 1 hour at ambient temperature and then cooled down to
~40°C. 1-Carbethoxy-4-piperidone (368g, 2.15 mol) disselved in THF (1.5L) was
added at a rate not faster than the reaction temperature was kept below -40°C. When
the reaction has gone to completion, it was warmed to 0°C and 1M HCI (1L.) was
added keeping the temperature below 10°C. The acid aqueous phase was separated
and extracted with ethyl acetate (11}, The organic phases were combined and
extracted with sodium chloride solution (15%, 1L). The organic phase was dried over
sodium sulphate and evaporated to a semi crystalline mass. It was slurried with ethyl
ether (250 mL) and filtered off. Dried in an vacuum oven at 40°C until constant

weight,

Eihyl 4-(2-(4-tolylsulfanvl)phenyl)-piperidin-1-carboxylate

Trifluoroacetic acid (2.8kg, 24.9mol) and triethylsilane (362g, 3.1mol) was charged in
a reactor with an efficient stirrer. Ethyl 4-hydroxy-4-(2-(4-tolylsulfanyljphenyl)-
piperidin-1-carboxylate (462g, 1.24mol) was added via a powder funnel in portions.
The reaction was slightly exothermic. The temperature rose to 50°C. After the
addition was finalised the reaction mixture was warmed to 60°C for 18 hours. The
reaction mixture was cooled down to room temperature, Toluene (750mL) and water
(750mL) was added. The organic phase was isolated and the aqueous phase was
extracted with another portion of toluene (750mL.). The organic phases were
combined and washed with sodium chloride solution (15%, 500mL) and dried over
sodium sulphate . The sodium sulphate was filtered off, the filtrate evaporated at

reduced pressure to a red oil which was processed further in the next step.
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HCFEEO I:1 2 M 176.4 DOH Phosphoric acid 1:1 14.7 M 24.0 EtOAc

55.796.47143 56.686.343.67 Table 2: Selected X-ray peak positions (20),

2:1 means 2 bases to 1 acid. All values +-OA  Palmitate 7.00 16.34
WwQ20¥8128& Steate 6.70 15.52 21.81 28.91 PCT/DE2048/050064

17
4-(2-(4-tolylsulfanylphenyl)-piperidin hydrobromide
The crude ethyl 4-(2-(4-tolylsullanyl)phenyl}-piperidin-1-carboxylate as a red
oil from example 3 was mixed in a stirred reactor with hydrobromic acid in acetic acid
{40%, 545mL, 3.11mol). The mixture was heated at 80°C for 18 hours. The reaction
mixture was cooled down to room temperature. During the cooling the product
crystallises out. Afier 1 hour at room temperature cthyl ether (800mL) was added to
the reaction mixture, and the mixture was stirred for another hour. The product was
filtered off, washed with ethyl ether and dried in a vacuum oven at 50°C until constant

weight.

Example 1¢ Recrystailisation of the HBr sali of compound 1

A mixture of 10.0 grams of the HBr sall of compound 1, e.g. prepared as above, was
heated to reflux in 100 m] H>O. The mixture became clear and fully dissolved at 80-
50 °C. To the clear solution was added 1 gram of charcoal and reflux was continued
for 15 minutes before filtered and left to cool spontaneously to room temperature.
During the cooling precipitation of white solid took place and the suspension was
stirred for 1 hour at room temperature. Filtration and drying in vacuum at 40 °C
overnight produced 6.9 grams (69 %) of the HBr acid addition salt of compound 1.
See Figure 1 for XRPD. Elemental analysis: 3.92%N, 59.36%C, 6.16%H (theory:
3.85%MN, 59.34%C, 6.09%!)

Example 1d Preparation of stock-solutions of free base

A mixture of 500 ml ethy! aceiate and 200 ml H>O was added 50 grams of the HBr

salt of compound 1 producing a two-phased siurry. To this sturry was added
approximately 25 ml conc. NaOH that caused formation of a clear two-phased
solution (pH was measured to 13-14). The solution was stirred vigorously for 15
minutes and the organic phase was separated. The organic phase was washed with 200
ml H,O, dried over Na;SO., filtered and evaporated in vacuum at 60 °C producing the
free base in 38 grams yield (99 %) as an almost colourless oil.

Dissolving 10 grams of the oil and adjusting the volume to 150 mi using ethyl
acetate produced a 0.235 M stock-solution in ethyl acetate from which aliquots of 1.5

ml {100 mg of the free base) was used.
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Lactate 5.30 8.18 9.44 17.24 Lactate hydrate 11.67 16.70 18.25 21.76
hydroxyl-isobutyrate 5.09 16.60 20.38 27.37 Sehacoin acid salt 7.18 12.53
21.11 24.19 Adipinic acid salt 2:1 8.03 13.52 17.90 24.60 Adipinic acid
WEalamBRs4.01 18.72 PCT/DER2008/050064
18
Dissolving 10 grams of the oil and adjusting the volume to 100 ml using 96-

voi% EtOH produced a 0.353 M stock-solution in EtOH from which aliquots of' 1.0

ml (100 mg of the free base) was used.

Example le Formation of salis using stock-solutions of the free base

The given aliquots were placed in test tubes and while stirred the appropriate amount
of acid was added as indicated in Table I, If the acid was a liquid it was added neat
otherwise it was dissolved in the given solvent prior to addition. After mixing and
precipitation stirring was continued overnight and the precipitate collected by
filtration. Before drying in vacuum at 30 °C a small reference sample was withdrawn
and dried at room temperature without vacuum. This procedure was inchuded in order
to test for solvates. Some results are presented in Table 1. XRPD diffractograms are
shown in figures 1-22, and selected peak positions are tabulated in Table 2. Table 3
shows the solubilities of compounds of the present invention in water together with
pH in the resulting saturated solution. The column “Precipitate” shows whether the
precipitate isolated after the solubility determination is identical to the compound

dissolved, which is indicative of the formation of hydrates.

Table 1
Acid (Base Acid) MW Amount Selvent | CHN (exp.} LH]\ {theory)

{g/mol} of Acid

{mg or pkI}

Painitic acid, hexadecanoic | 2356.42 90.5 RO Ac 75.36 977 246 T5.64 99 2.6
acid 1:1
DL-Lactic acid, DL-2- 90.1 318 EtCAc 66.88 726 3.52 6753 129 375
hydroxypropicnic acid :1
Adipicacid, 1,6-hexanedioic § 146.14 51.6 FtOAc 66.08 723 258 [N 727 326
acid 1:1
Adipicacid, 1,6-hexanedioic | 146.14 258 EtOAc 066 732 382 7075 735 393
acig 2:1
Fumaric acid 1:1 116.01 409 EtOH 6571 641 335 66.14 631 3.51
Glutaric acid, 1,5- 13212 46.6 EtQAC 66.09 697 3.2 6648 703 337
pentanedieic acid 1:1
Malomic acid 1:1 104.1 367 FtOac 65.04 653 354 85.0% 635 362
Oxalic acid 111 50.1 318 ErOH 6428 641 3.6l 6432 621 395




20.63 Adipinic acid salt 1:1 p 15.69 21.53 25.81 31.18 Glutarate 1:1 9.39
11.70 14.05 14.58 Succmate I:1 11.74 14.33 17.75 26.84 Fumarate 1:1
8.9011.47 19.25 22.33 Fumarate 2:1 8.49 12.48 17.78 23.97 Maleal

Wl 2008/ 115651 PCT/DK2008/050064
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Acid {(Base:Acid) MW Amount Solvent | CHN {exp.) CIN (ibeory}
(g/maly | of Acid
{mg or 1)
Sebacoinic acid, 1,8~ 202.02 33.6 EtOAc 7179  7.86 3.58 7183 7.80 3.64
octanedioic actd 2:1
Suceinic acid, 1,4+ 118.1 20.8 Fiac 65.65 686 34 65.80 6.78 3.49
butanediole acid, 2:1 (1:1 salt formed)
E-malic acid, L-2-hydroxy 134.1 47.3 LtOAc 62.87 620 3.22 63.29  6.52 336
butanedioic acid 1:1, @
L-malic acid, L-2-hydroxy 134.1 47.3 EtQH 6299 606 313 63.29 6.52 336
butanedioic acid 1:1, B
D-tartaric acid, P-2,3- 150.1 530 EiO1 G067 64 307 4095 628 323
dihydroxy butanedioic acid
1:1
L-aspartic acid 1:1 133.1 47.0 BtOH 5931 67 11 6343 6.78 673
{contains excess of
acid)
Ghstamie acid 1:1 165.15 383 EtOH 5638 6.88 735 5646 694 706
{contains excess of {for 1:1-salt and acid-
acid} maonolydrate 1:1)
Citric acid 2:1 192.13 33.9 EiOAc 6593 672 344 6646 6.64 3.69
HCVELO §:1 26 1764 E1OTT
Phosphoric acid 1:1 147M 240 EtOAc 5579 647 343 5668 6034 3.67

Table 2: Selected X-ray peak positions (°2@), 2:1 means 2 bases to 1 acid. All values +f}.1°

Palmitate 7.60 1634 22.73 2821
Stearate 6.70 15.52 21.81 2891
Lactate 5.30 8.18 9.44 i7.24
Lactate hydrate 11.67 16.70 18.25 21.76
hydroxyl-isobutyrate 5.09 16.60 20.38 27.37
Sebacoin acid salt TR 12.53 2131 24.19
Adipiaic acid salt 2:1 8.03 13.52 17.90 2460
Adipinic acid salt 1:1 & 9.33 14.01 18.72 2063
Adipinic acid salt 1:1 § 15.69 21.53 25.8] 3118
Gilutarate 1:1 9.39 11.70 14.05 14.58
Suscinate 1:1 11.74 14.33 17.75 26.84
Fumarate 1:1 8.90 11.47 19.25 2233
FFumaraie 2:1 B.49 12.48 i7.78 23.97
Maleate 1:1 12.11 15.51 17.48 22.53
Maleate 1:1 hydrate 12.81 18.76 20.53 2731
Mzionate ¢ 10.77 16.70 1993 24.01
Malonate 6.08 10.11 18.25 20.26




17.48 22.53 Maleate 1:1 hydrate 12.81 18.76 20.53 27.31 Malonate a
10.77 16.70 19.93 24.01 Malonate 1 6.08 10.11 18.25 20.26 20 Aspartate
11.05 20.1 20.60 25.00 Aspartate hydrate 7.80 13.80 14.10 19.63

WO 2008/113360 PCT/BEI008/650064
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Aspartate 11.05 20.1 20.60 25.00
Aspartate hydrate 7.80 1280 14.10 19.63
Glutamate 7.71 14.01 19.26 22.57
Oualate 14.68 17.45 19.50 23.90
Malate 111 o 8.30 12.04 17.23 20,67
Malate 1:1 B 10,81 12.87 14.14 26.16
Malate hiydrate 12.30 15.56 16.56 2330
D-tartrate (from BOH) 508 17.18 19.42 22.10
Hydrochloride 12.44 16.72 19.45 25.02
Hydrebromide 608 14.81 19.26 2538
Hydrobromide 1-PrO¥ solvate 6.57 13.12 19.07 2477
Table 3
Acid (Base:Acid) Sojubility Resulting pH | Precipitate
(mg/mi)
Palmitic acid, hexadecanoic | 0.4 5.6 =gtart
acid 1:1
DL-Lactic acid, D1.-2- =150 6.1 =start (after
hydroxypropionic acid 1:1 evaporation}
Adipicacid, 1,6-hexanadioic | 2.5 4.0 Partly 2:1 salt
agid 111
Adipicacid, 1,6-hexapedioic | 1.0 7.8 =gtart
acid 2:1
Fumaric agid 111 0.2 33 =start
Glutaric acid, 1,5- 13 4.6 =gtart
pentanedioic acid 1:1
Malonic acid 1:1 {@) 5.2 4.0 =new forn: {§)
Oxalic acid 111 il 27 =Start
Sebacoinic acid, 1,8+ 4.7 5.5 =S tart
octanediote acid 2:1
Sugcinic acid, 1 4- 20 4.0 Hydrate
butanedioic acid, 2:1
L~malic acid, L-2-hydroxy 2.8 4.0 Hydrate
butanedioic acid 1:1,
D-tartaric acid, I>-2,3- 1.8 35 Hydrate
dihydroxy butanedicic acid
1:1
I-agpartic acid 1:1 39 43 Hydrate
Glutamic acid 1:1 =35 4.6 -
Citric acid 2:1 0.3 4.7 =Start
Phosphoric acid 1:} 6.0 29 7
HCl 4.5 6.8 =8tart
HBr 2.4 7.0 =Start
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Glutamate 7.71 14.01 19.26 22.57 Oxalate 14.68 17.45 19.50 23.90
Malate 8.30 12,04 17.23 20.67 Malate 1:1 p 10.91 12.87 14.14 26.16

Malate hydrate 12.30 15.56 19.56 23.30 D-tartrate ((ruin Et01-1) 5.08
WQ 700811942 PCT/BK2008/050064

21

Fxample 2A Serotonin (5-HT) and norepinephrine (NE} reuptake inhibition

Aliquots of fest compound and rat cortical synaptosome preparation were pre-
incubated for 10 min/37°C, and then added ["HINE or [*H]5-HT (final concentration
10 nM). Non-specific uptake was determined in the presence of 10pM talsupram or
citalopram and the total uptake was determined in the presence of buffer. Aliquots
were incubated for 15 minutes at 37 °C. Afier the incubation ["HINE or ["H]5-HT
taken up by synaptosomes was separated by filtration through Unifilter GF/C,
presoaked in 0.1 % PEI for 30 minutes, using a Tomiec Cell Harvester program.
Filters were washed and counted in a Wallac MicroBeta counter.

At NET compound I displays an ICse value of 23 nM. At SERT compound 1
displays an 1Csp value of & nM.

Example 2B 5-HTa4 antagonism

Compound 1 was tested for affinities towards serotonin receptors and was found to
exhibit an antagonistic profile with aflinity at 5-HT24 receptors (K; 54 nM). The
affinity is calculated from Y = 100/(1+ 10%08IC, 0y where Y denotes % binding and X
denotes the concentration of compound. 5 concentrations of compound (1, 10, 30,
100, 1000 nM) were used to calculate the IC30 value. Ki was calculated from the
Cheng Prusoff equation Ki = (ICs/(1+ ([LVKd)) Affitiny was determined at MDL
Pharmaservices catalogue number 271650,

In mammalian cells expressing human 5-HT24 receptors compound I displays
competitive antagonistic properties, The compounds bind to 5-HTz4 receptors with a
Ki of < 100 nM and in a functional assay the compounds antagonise 5-HT evoked
release of Ca®* from intracellular stores with a Kb of 67 nM. A schild analysis
revealed competitive antagonism with a Kb of 100 nM,

The experiment was carried out as follows. 2 or 3 days before the experiment
CHO cells expressing 250 fmol/mg human 5-HT4 receptors are plated at a density
sulficient to yield a mono-confluent layer on the day of the experiment. The cells are
dye loaded (Ca’"-kit from Molecular Devices) for 60 minutes at 37° C ina 5% CO»
incubator at 95% humidity. Basal fluorescence was monitored in a fluorometric
imaging plate reader or FLIPR™ from Molecular Devices (Sunmyvale, CA) with an
excitation wavelength of 488 nm and an emission range of 500 to 560 nm. Lacer

intensity was set to a suitable level to obtain basal values of approximately 8000-
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22.10 Hydrochloride 12.44 16.72 19.45 25.02 Hydrobromide 6.08 14.81
19.26 25.38 Hydrobromale 1-PrOli solvate 0.57 13.12 19.07 24.77 Table
3 Acid (Base:Acid) Solubility (mg/nil) Resulting pH Precipitate Palmitic

wacidshe¥atiecanoic acid 1:1 0.4 8.6 =start DL-Lactic acid, FETAK2008/656364

hydroxypropionic acid 1:1 >150 6.1
22

10000 fluorescence units. The variation in basal fluorescence should be less than
10%. ECsq values are assessed using increasing concentrations of test compound
covering at least 3 decades. pA2 values are assessed challenging full dose response
curves of 5-HT with four different concentrations of compound (150, 400 1500 and
4000 nM). Kb values were also assessed challenging 2 decades of concentrations of
test substances with ECgs of 3-HT, Test substances are added to the cells 5 minutes

before the 5-HT. K, values are calculated using Cheng-Prusoff equation.

Example 2C 5-HT3, receptor antagonism

In oocytes expressing human-homomeric 5-HTs4 receptors 5-HT activates currents
with an ECs0 of 2600 nM. This current can be antagonised with classical 5-HT;
antagonists such as ondansetron. Ondansetron displays a Ki value below 1 nM in this
system. Compounds of the present invention exhibit potent antagonism in low
concentrations (0.1 nM — 100 nM) (ICso ~ 10 nM/ Kb ~ 2 nM) and agonistic
properties when applied in higher concentrations (100 — 160000 nM) (ECso ~ 2600
M) reaching a maximal current of approximately 70-80 % of the maximal current
elicited by 5-HT itself. In oocytes expressing rat-homomerie 5-HTs4 receptors 5-HT
activates currents with an BECsq of 3.3 uM. The experiments were carried out as
follows. Qocytes were surgically removed from mature female Xenepus laevis
anacsthetized in 0.4 % MS-222 for 10 — 15 min. The oocytes were then digested at
room temperature for 2-3 hours with 0.5 mg/m! collagenase (type IA Sigma-Aldrich)
in OR2 buffer (82.5 mN NaCl, 2.0 mM K, 1.0 mM MgCl2 and 5.0 mM HEPES, pH
7.6). Qocytes avoid of the follicle layer were selected and incubated for 24 hours in
Modified Barth's Saline buffer [88 mM NaCl, 1 mM KCI, 15 mM HEPES, 2.4 mM
NallCO;, 0.41 mM CaCly, 0.82 mM MgSO,, 0.3 mM Ca(NO;3),] supplemented with 2
mM sodium pyruvate, 0.1 U/l penicillin and 0.1 pg/l streptomycin. Stage IV-1V
oocytes were identified and injected with 12-48 n] of nuclease free water containing
14 - 50 pg of cRNA coding for human 5-HT3A receptors receplors and incubated at
18°C until they were used for electrophysiological recordings (1 — 7 days after
injection). Oocytes with expression of human 5-HT3 receptors were placed in a 1 ml
bath and perfused with Ringer buffer (115 mM NaCl, 2.5 mM KCl, 10 mM HEPES,
1.8 mM CaClz, 0.1 mM MgCl, pH 7.5). Cells were impaled with agar plugged 0.5-1
MG electrodes containing 3 M KCl and voltage clamped at =90 mV by a GeneClamp
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=start (after evaporation) Adipicacid, 1,6-hexanedioic acid 1:1 2.5 4.0
Partly 2:1 salt Adipicacid, 1,6-hexanedioic acid 2:1 1.0 7.8 -start Fumaric
acid 1:1 0.2 3.3 =start (Butane acid, 1,5- pentanedioic acid 111 13 4.6
wegtastiMgadoni acidl:1 (a) 5.2 4.0 -new form (p) Oxalic acid RETIPEFE/050664
-Start Sebaceinic acid, 1,8- octanedioic acid 2:1 0.7 5.5 -Start
23

500B amplifier. The oocytes were continuously perfused with Ringer buffer and the
drugs were applied in the perfusate. 5-HT agonist-solutions were applied for 10 - 30
sec. The potencies of 3-HT; receptor antagonists were examined by measuring

concentration-response against 10 pM 5-HT stimulation.

Example 2D oy receptor antagonism

Compound I was tested for affinities towards the o4 receptor and was found o
exhibit ar antagonistic profile with medium affinity for ¢,a receptors (Ki = 34 nM).

On the day of the experiments membrancs (see below for deseription of
membrane preparation) are thawed and homogenized in buffer using an ultra turrax
and difuted to the desired concentration (5 pg / well ~ 5 ug /900 pl, store on ice until
use).

The experiment is initiated by mixing of 50 pl test compound, 50ul [PHI-
Prazosin and 900ul membranes, and the mixture is incubated for 20 minutes at 23 °C.
Non-specific binding is determined in the presence of 10uM WB-410] and the total
binding is determined in the presence of buffer. Afler the incubation, bound ligand is
separated from unbound by filtration through Unifilter GF/B, presoalked in 0.1 % PEI
for 30 minutes, using a Tomtec Cell Harvester program (D4.2,.4). 96 well. Filters are
washed 3 times with 1 ml ice-cold buffer, dried at 50 °C and 35ui scintillation
liquid/well is added to the filters. Bound radioactivity is counted in a Wallac OY 1450
MicroBeta. The affinity is calculated from Y = 100/(1+ 1O{X'l”g§c_sg}) where Y denotes
% binding and X denotes the concentration of compound. Concentrations of
compound covering 2 decades were used to calculate the 1C50 value. Ki was
calculated from the Cheng Prusoff equation Ki = (ICso/(1+ ([L}/Kd))

In a functional assay compound I antagonises adrenaline evoked release of
Ca®* from intracellular stores and a functional assay revealed that compounds were
antagonists.

These experiments were carried out essentially as described below.

All cells were cultured in DMEM medium supplemented with 10% BCS, 4
mM L-glutamine (or 2 mM in the case of COS-7), and 100 units/ml penicillin plus
100 ug/ml streptomycin, at 37 oC, in 5% COZ.
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Succinic acid, 1,4- butanedioic acid, 2:1 2.0 4.0 Hydrate L-malic acid,
L-2-hydroxy butanedioic acid | :1,13 2.8 4.0 Hydrate D-tartaric acid, D-2,3-
dihydroxy butanedioic acid 1:1 1.8 3.5 Hydrate 1.-aspatrtic acid 1:1 39 4.3

wWolyRaE Biutaid 1:1 >35 4.6 Citnid 2:1 0.5 4.7 =Start Phosphéfitaeqd/ esopcs
6.02.09 I-ICI

24

Twenty-four hours prior to assays, CHO cells expressing the human alpha) s
receptors were seeded into 384-well black wall microtiter plates coated with poly-D-
lysine. Culture medium was aspirated and cells were dye-loaded with 1.5 uM Fluo-4
in assay buffer composed of Hank’s Balanced Salt Solution (138 mM NaCl, 5 mM
KCL, 1.3 mM CaCly, 0.5 mM MgCly, 0.4 mM MgS0Oy, 0.3 mM KIPO,, 0.3 mM
NapyHPO,, 5.6 mM glucose) plus 20 mM HEPES pH 7.4, 0.05% BSA and 2.5 mM
probenicid (50 pl/well) for 1 hour in 5% CO; at 37 °C. After excess dye was
discarded, cells were washed in assay buffer and layered with a final volume equal to
45 ul/well (or 39 ul/well for antagonist assay). In the case of antagonist evaluation,
antagonist or vehicle was added at this point as a 13 pl aliquot i 4% DMSO-
containing buffer at 4x the final concentration (final DMSO = 1%, followed by a 20
min incubation. Basal fluorescence was monitored in a fluorometric imaging plate
reader or FLIPR™ from Molecular Devices (Sunnyvale, CA) with an excitation
wavelength of 488 nm and an emission range of 500 to 560 nm. Laser excitation
energy was adjusted so that basal fluorescence readings were approximately 8,000
relative fluorescent units (RFU). Cells were then stimulated at room temperature with
agonists diluted in assay buffer (15 pl), and RFU were measured at 1.5 second
intervals over a period of 2.5 min. Maximum change in fluorescence was calculated
for each well. Concentration-response curves derived from the maximum change n
fluorescence were analyzed by nonlinear regression (Hill equation). For antagonistic
determinations, after 20 min of compound incubation {as above)}, fixed concentrations

of standard agonist serotonin were added.

Example 2E Increase in dopamine

A single injection of compound I dose-dependently increased extracellular DA levels
in the rat frontal cortex. The compound of the present invention at 8.9mg/kg and
18mg/kg s.c., enhanced the DA levels by approximately 100% and 150%,
respectively, above baseline levels as depicted in figure 23. Amounts are calculated as

the free base.
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4.5 6.8 FIBr 2.4 7.0 =Start 21 Example 2A Serotonin (5-HT) and
norepinephrine (NE) reuptake inhibition Aliquots of test compound and rat
cortical synaptosome preparation were pre-incubated for 10 min/37C, and
wehansadeed [3HINE or [31-1]5-HT (final concentration 10 nMY. INBR2}5EEHR64
uptake was detei['lined in the presence of 101xM talsupram or 5citalopram
and the total uptake was determinedzin the presence of buffer. Aliquots
were incubated for 15 minutes at 37 C. After the incubation [SFHNIE or
<HT taken up by synaptosomes was separated by filtration through
MdhitlitegGlDGy prescaked diyOxk BhRE L Tor BB mimgtesisudiifasfiomiec
Cell Harvester pr Eilter, d »
e R S R Bt
dmMisAPSERT CompBUrrikidisplaly an1C50 valbdwtigriaExaiviplsapble

PR Aiagonism sGompeund Lwas tested fanatfiinjies fowards.,

scrotonin receptors and was found to 15exhibit an antagonistic profile with
2effihity e 5spAT TRorBeepiors i e pRebEfiPriylis e enhisg s v =
09/ FerNeas0 BN deRatass% Binding anfXideprtestha out

concentration of compound. 5 concentrations of compound (1, 10, 30,
B BB W B S FIS EhtEtIAkE thE TOBO VAR R WAL Rl Tt
cSraradie Gheng.Pyusoif fauatian Kis &R0 kve(Fhd WIKH)) Afiitinynias
deteiniined at MDL 20Pharmaservices catalogue number 271650. In
mammalian cells expressing human 5-HT2A receptors compound 1
Sdigplaysdcainpditive antpgonistic properties. The compounds bind to

5-HT.2A receptors Wi i of < ' i SAY.
AT LSRRI A0 B M A s A s,
geibresnwilhsd (Y 18T wivE tesuhiin calial jioipl 2B vatl dir dopRpetitives,

pERARRISE m%% KROE S0 ventral REEXPEHME R MRGiRAIICY QULARS

follows. 2 or 3 days before the experiment CHO cells expressing 250
anABYY OSSR B9 oA YdeRp b P TR A W y eh e iR RA¥Sield
(@ anasaniiant Bienandhe.day ohthel experimento The cellsahie dye).

loaded (Ca2--Kit fro Molecylar Deviizsl) 'for t60 mgw%t__es 37C iP a o
ABDY SOIRELBALSIR Y508 REUTHILTY. WS AT ST ALL N C8 BAS i8RSO FEd T a
bildorometrcrimating platdsreac eronitbictPiR 384t gm v alet ulainBevit es

S vale, CA) with an excitation wavelength of,488 ri an% an emission

g o T b e P L o R
coluaiirbasalkyallids okppprerimatelo8006is probe (CMA/1Z, 0,5 mm
diameter, 3 mm length) was inserted through the guide cannula. The probes were
connected via a dual channel swivel to a microinjection pump. Perfusion of the
microdialysis probe with filtered Ringer solution (145 mm NaCl, 3 mM KCI, 1 mM
MgClh, 1,2 mM CaCly) was begun shortly before insertion of the probe into the brain
and continued for the duration of the experirnent at a constant flow rate of 1 (1,3)
uL/min. After 180 min of stabilisation, the experiments were initiated. Dialysates
were collected every 20 (30) min.

After the experiments the rats were sacrificed by decapitation, their brains removed,

frozen and sliced for probe placement verification.

Analysis of dialysates.
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22 10000 fluorescence units. The variation in basal fluorescence should
be less than 10%. ECal values are assessed using increasing
concentrations of test compound covering at least 3 decades. pA2 values
warm@ases®ed challenging full dose response curves of 5-HPGUithYs/056064
different concentrations of compound (150, 400 1500 and 5 4000 nM). Kb
values were also assessed challengiiig 2 decades of concentrations of

test substances with EC85 of 5-HT. Test suhstances are adc the
OB ACUBETRS (IS S a8 A A R
elGheneRiusalf eqimti e bxama2 @ bs MTreecetior @niaomisme Iinoboyids

expressing h -homomeric.5-HI)A receptors,5-HT activates currer
ST D oDt v e st B gl e s BT
mBAEE Ahtadomistsssdotrasiain dhcrpirodniahsectrorrdisplaysia. KY vafue

EBFRWnE AV I Lhis Sustemy Hampaindsoldhe ResantHReplipxhibit
potent antagonism in [ow concentrations (0.1 nM - 100 nM) (1050 - 10 nM/

degstion Ay arrPagbrst e I8P rofR e WRER PP iFPHId R at 250 mV
(LQRCENITAtIBINS{100c 40000V EE2G313- 2600 nM) reaching a maximal
current of approximately 70-80 % of the maximal current elicited by 5-HT
itself In oocytes expressing rat-homomeric 5-HT3A receptors 5-HT
Fagtiveies ausentswdtk@itipGhO of 3.3 uM. The experiments were carried
ut as follows. Ogcytes were surgically removed from mature femal
R L e s TR B IS T e T TS T
leodsytesweieichion idigestedatdarrtiemp&aivrerfor 2 Batrours with 0.5
mo/MAeRIRGENase (as 18 iamartdrich) i ORZRUIEHES 2 M NAE e
2.0 MM KC, 1.0 mM"MgC12 and 5.0 mM HEPES, pH 7.6). Oocytes avoid
exsfetHeoicletiayeie ety idepdotbguipd ihplaphteader 4 Kolrs 19 mMorfidd
nBans Raine-bufferids mihwMagel, 1 mM 'CCU 15 mM HEPES, 2.4 mM
25NaHCO3, 0.41 mM CacCl2, 0.82 mM MgS0O4, 0.3 131M Ca§N§’g)7]
LR RGTe

supBrEFeRRGtr SZsr LB R ate: 600 TH BB N
Leisegiomy einmbipgas Ve M@yt swehesidentitiedname! mpaciedatithid 2-48

nl of nuclease free water contaiping.14 - 50 pg of A coding for human
SR e T S S
Agledtropihysiotodicahregerdihgs {dee) daymsited 3adrjectiod)zQodesivith
expression,of human.a-HT3 | €, J es
B e L b S e
for eaiv CHE REOIYAMMGCIA DR TG éits Wetamnpared Kitiadae

pRIMOGediR-R-4MGA slegtiadesirantaining 3 MdiG and Maliage ¢lampred
at -90 mV by a GeneCtamp 23 500B amplifier. The oocytes were

5. & AR5t 88 B APRAGE BaIEFSnd the drugs were applied in the
perfusaR il agonisirselusiansiwe i appliad ford; - G Heciahe the

otencies of 5-HT3 receptor antagonist e examined by measuring
R S SRS S 16 IR B AP R S B iR
(20/0¢08) reckftodiahtagonibny Gompotimdd withs:tBsted forfaffinitiegning

wargds. t A (o} und, t ibit jstic. profil
S R P an e oo et
LiékpiariMﬁ-ﬁﬁﬁﬁ?&h@b%mwﬁwt@r@é@cﬁimiﬁﬁ%*fa_i@m@rﬁﬁﬁéﬁéﬂs
BRIl aed AN e RegeRIEAH RIS LSRR RAL MAHex

ted'to the desired concentration (5 jig / well - 5 jig / 900 al, store
weTE ieellepiar sen automfédef%aém*ﬁéﬁlﬂﬂrgtﬂﬁi@é{} 6§}?r}ai;<mggﬂf@f@oaﬁr¥8%€
ufGMRAYRdh 208l LHbIRiszosinan 90044 MemlRprRS8nddhe Thixture

is_incubated for 20 minutes at 25 C. 15 Non-specific biqdin is determined
DA Bie bR SO SHCHE DA IICHR 4604 Biltding T dételfined in
pthripiesancad huffer Afterithe! iheubationpawnddigandrisxeepanated
fromu nd by filtration through Unifilter OF/B, presoaked in 0.1 % PEI
v\%{rs% @?lr%h’e%f ll)gl‘sai{r%%1 Brom g%e%a?wgﬁ\ggs g?%rogram (D4.2..4). 96 well.
Filters are washed 3 times with 1 ml ice-cold buffer, dried at 50 C and 35al
scintillation 20liquid/well is added to the filters. Bound radioactivity is
counted in a VVallac OY 1450 MicroBeta. The affinity is calculated from Y
= 100/0+ 10fx-1"gic50)) where Y denotes % binding and X denotes the

concentration of compound. Concentrations of compound covering 2
Aecadec waere 1iced to calerilate the 1050 valiie Kiwace ecalerilated from
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Ca2s from intracellular stores and a functional assay revealed that
compounds were antagonists. These experiments were carried out
essentially as described below. All cells were cultured in DMEM medium

waupplemaitted with 10% BCS, 4 30mM L-glutamine for 2 mREFRK0EHEE064
of COS-7), and 100 units/mi. penicillin plus 100 pg/m1 streptomycin, at 37
oC, in5% CO2. 4 Twenty-four bpurs prior to assays, CHO cells

expressing the human alpha, A-7 recept seeded into 384-well

olack D CRGHHE AT LA e oy LGP e oy b
adaspiratechand-oaitd wesebdyexioaded)witiek. 5 MuElg-dolinrags ay dolitfent
doqgomposed of Hank's Balanced Salt Solution (138 mM NaCl, 5 mM 5 KC1,
T3 mMm CaCl2, 0.5 mM MgC12, 0.4 mM MgSO4, 0.3 inM K1-IsPO4, 0.3
mM Na2etRodiosse ikt hstobey plus doomnrHEPES bH 7ilh 61059 BSA
S@@Q&@@W@mrﬁg{gc@g_pliwell) for 1 hour in 5% CO, at 37C. After

excess dye was discarded, cells were washed in assay buffer and layered

with AHABrGERinte eyt wer b e e F36 bImime Pastaydnrtsdsay).
sakﬂﬁmrg@&@rqmmaigg?@tlgmw@m )sd0ategp @ﬁ%cﬁﬁé&?f@iﬁiﬁmﬁl@@%a%deﬂl at

this point as a 15 pl aliquot in 4% 0- containing buffer at 4x the fina
WEOATEPHTAH GiFFAPERIZESE Tohy I?c’)}? @W@bgﬁyig%%gﬁﬁ#&%‘ﬁgn. Basal
(Hiuaresern B weas MOniored iracfiuaramettibyimagirigplategreadieslomn

LIPRTM from Mo vices.(Sugnyval ith an excitati o

R FE T Sl o S o POl s eI o
CeXbitationid femergyowascadjusiedsof thiarpashedvoies CdRbereiatings

(AYats appiaximaely.R.090 relalye fugreseant L_ulﬂé@.é% E.Td.-a@%b%@f@f«f RIS

stimulated at room temperature with agonists diluted in assay buffer (15

plisiye &g REGrivesl hreastraabl 15 sakorld M vdidavdh2pédd-orons

(PR Maimium changedndueressencamgs calculated for each well.
Concentration-response curves derived from the m@ iWan ein 70
|

fluoreS¥ehte\veterbnlyYEE B HBRIMEL ereEs s AT For
cataganistic/dateootinatios, ddfierCun Dirbormposind,incuhatioh es from

above), fixed concentrations of standard agonist serotonin were d,
A S8 T AL b e AT Yt o S BaFe
iotdseidependently incrpasedbxgacstiab BX, lieaishntite gas frostate at 50

cortex, d pf. th inventi _
P B S e oA

opessttiveiytmlove Bisseneaiievar AARMpreds friirelios Anssuieaclie
ghaleated @s ﬁg}g?&ﬁ%ﬁ basaya2oriviethodioMale Sprague-Hawlgyarats,

initially weighing 275-300 g, were used. The animals were housed under a
calbsp gmge%@”%ﬁ%a@rwm%wc@ﬁcﬁtm?%%aa%?ihﬁogﬁtﬂ were
cinppeiaine(2dd6@ndhumidity: (58 FakM) with-faod aniddap watemn,
available 5ad libitum. For the three-day treatment experiments osmotic
YHilipurips (Alzet, 2ML1) were used. The pumps were filled under aseptic
condifienscansdimplantedogithcutaneplslyithdess skuvo il rdneeiation were

«anaesthesia The experiments wore-gartied; out wishthe minipumpsan

Gotnesia. é@’#ﬁ
oard. Blood samples for measuring plasma levels of the test compound

wafterPigases of eaehiedtwsiaeofideeth asame gdcst the experiments, 10

TRUKRENYaRd mica-talysis experiments. Animals were anaesthetised with
hypnorrniclormicum (2 ml/kg) and intracerebral guide cannulas (CMA/12)
were stercotaxically implanted into the hippocarnpus, positioning the

Ediahysisonr ohe digeith the veshsahBippocampus (co-ordinates: 5,6 mm 15

nterior.to“bregﬁm?, lateral -5,0 mm, 7.0 %m] ventral to gl%irg or in the frontal

8 TR B TR ASE B S R ArtErior 16 breg-ma 1ateral 3.0 mm: 4,0'mm

lawebtre] dce Qluia) lnehibe steéwistd ndrierylid eemehbippreasyed fififirbtion

m%fvtige g‘%’de cannutas. The body temperature of the animals was
monftored by rectal probe and maintained at 37C. The rats were allowed
to recover from surgery for 2 days, housed singly in
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20cages. On the day of the experiment a microdialysis probe (CMA/12,
0,5 mm diameter, 3 mm length) was inserted through the guide cannula.
The probes were connected via a dual channel swivel to a microinjection

W etpas1 Parusion of the microdialysis probe with filtered RinBeF/SEiaf§{=0004
(145 mm NaC1, 3 mM KC1, 1 inM MgC12, 1,2 mM CaC12) was begun
shortly before insertion of the probe #8to the brain 25 and continued for the

tion of |ment a consta ate of / er
i§0§ RS 6T staf) ﬁa |tc’m1 i xwgﬁrgl n’rlts%v(\igyr)é5 Mitiate ég% }Lﬂeadtnﬁeg’l\r@e
weol leoted eue¢yQméﬁomghwﬂaﬁi{t@dh@@d@@nmmh@tt@éﬁﬁméﬁé wgetficed
eca itation, .t A 0z [
d'C’Oféace € a%t%r %%%oér?b ?6“ ,ilhng sis gi? d?ﬁ/i%%zﬂ%ig%%%%{eﬁ%?ﬁ%ﬁ%%b%
adddpamine in the dialysates was analysed by means of HPLC with
electrochemical detection. The monoamines were separated by reverse
phase |IUId chromatography (ODS 150 x 3 mm, 3 uM). Dopamine: Mobile
SUTEASARAYRIGH NMERGEME PO4, 50 mM sodium citrate, 367 mg/1
R&Q%fé‘ allagrﬁaeéalmmg&ré@dt%ﬁﬁmmmg&%caﬁﬁmrmrmare0)

at a flow rate of 0.5 ml/min. Electrochemlc%I det ctr%n was accom IJshed

GG A YO TR ESRAB U A B A B8 B U PRITAPP LR P A 55

pdﬁM@r{@M@@j’r@ﬁpﬂ@e E@&} iexample Rfpinerepse(in -acthdehofit M6The
errm nt was desi to eva ate the eff of com

PC@ Figd rergfn\fegfi ac yiimh'olrhemrihenprraeﬁfon?af 86#?2‘3 %?I%n% cortex

(oﬁeﬁdyﬂma‘mﬁlg rats anteribtatebviste tetg {283 350; §;Hararc2eldy die).

@r%g %Sgnvr% %%%%J%BE%FJ&%H%Q%&%M% indivigat. The

oused in plastic cages (30 x 30 x 40 cm) and had ad libitum access to
b@dﬁ@marwarepfim@rwéréaamerr usHR) reht At aebhat

3 Pak/rpiR N2, 400 mmin PRk J-idasain £HQ%,mivh WaS Ussddetiagalin

anesthesia. Each animal was placed into a stercotaxic frame IgKo pf

capetr (i dmday sihe 18 REMBL a4t P e 8 PP BE S (oS pEP A6
mﬁmréqﬁm%ﬂgm}%m@mfwﬁ@e@gum gjﬂﬁﬁ%@lﬂﬂt@ the medial

prefrontal cortex (MPFC) usrng the ra tlas of Paxinps and Watson
(1982)"TIBRGINEHES SHIEF e o é bt WA P EC AP0 m, L
paEng. Sdffmsm‘vf &ioka ﬁmmba“ﬂa@mqbehuaetthﬁmﬁe@amgm eadkidhnv{itihs demtal
NS T RN S RS SR AR IRS B was

Ve ana ges Xperimehts were garrr ut 24 48 ours

be@tmr@orge fyef@n itvertlay of Iﬁtrepe&]p;erimeh@ trais wekecssnnedied thith
f'eX oFt%E&éBngnpam'859&%&“1?%‘@%&@@? ABLGMA A3k PR the

y5|s probes were perfused with a Ringer buffer containing 147 mM
qtmramra@o VKOS - WRIECRIER e nBi L v KA st ranT afe B

Ah& the cMiGtadinlysis Samples wetasnlleaterkat3fimmiteniaitolnioand
mini-vials containing 55 4, 0.02 M formic acid for determination of

slgsSAeronPeP BamEEY HHttBllected by an automated fraction collector
(CMA 142), and stored at -80 C 30until analyzed. After completion of the

experime tsi the rats were, sacrificed. The brains were removed and cured
1181 V518 1alven el
%ﬁwﬁehy&%@% m/v). The positioning of each probe was
Cuerifiechhistologicalishaboofdifi to Pt ssaked Watsehy 62982 mbynmelking
H NG SRR ING AR it using 1 RRIRSIAARIRAHAC HES ChBRAhR In

H-propyl-beta-cyclodextrin and administration occurred b%/h |
3/‘ -

dsedsurdnaiioecijbetibaeof 8 MM gietuES R Hitfefondddagame
ammonium chloride and 0.005% MB (ESA), pH 8.0. A pre-column enzyme reaclor

(ESA) containing immobilised choline oxidase eliminated choline from the injected

sample (10 ul) prior to separation of ACh on the analytical column (ESA ACH-250);
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Concentrations of acetylcholine were determined by HPLC with tandem
mass 5spectrometry (MS/MS) detection. Aliquots (25 tit) were injected
onto the HPLC column by an automated sample injector (PerkinElmer
wrpstitimaits, series 200). Chromatographic separation wasHSSiferias t5p064
a reverse-phase 150 x 2.00 mm (4 itm) analytical column (Phenomenex
Synergy MAX-RP, Bester) protected?by a 4 x 2.0 mm guard column 10
(Phenomenex Synergy MAX-RP_AJO-6073, Bester), bath held at a
figwripefhtard oF4o ETPREHIGHIR ph 1’(}7%8?“3{?’&55&%%1%%% f sample
padir@pnifigs wakercain aceigmbiicreAGN ) Fand titluonbacetioddit¢dEA)

UP:ACN:TEA = 95.0:0.5:0.1 v/v/v% obile phase was run h,the
oA HOT AL S B0 R By LS BHTep (Pl ay e
ankhsttsments}ysaride2@0atioro punhhi)1 TEh&ILEMS danalises were

rfo meda in s%API 9 S/ M. i ': | P .
T e o Aapicd
Biosystcms, the Netherlands). The acquisitions were performed in positive

D&%‘jﬁ§%ﬂb‘?ﬂe’ with ion spray voltage set at 5.5 kV, the nebulizer gas
pressure a psig (on a SCIEX scale 0-90) with a probe temperature of

Ingrte MirsGREFIRRERSHALISOBHE AALeEiAlm GRS HCGSAL A8 g
infMEM)l-mede famdetaatiomahacatyichaline dpreciy sor 4. la faregict

86.8 Da). The collision energy was 21.0 eV, and collision gas. . .
Sk b S PR
vatadibratedliand quadtitatathusing shepiralisbid Atgusy Stenmn@@pilied

Biosystem, version 1.2). 25Two consecutive microdialysis samples with

less then 50 % variation were taken as baseline levels and set at 100 %.
Tightugpsiensskiy Cliotinddctnee naationtsdatorsdprissegtaehpbredards (see
e. %ﬁl@ﬁg?%ﬂ%ﬁ%%ﬁﬂ‘i&ﬁ%@l%k{m%ﬁfmi@ﬁe&%&‘é{%% RiQHR 2 hental

OExample 2G Increase in acetylcholine The ex%%riment was designed to

usgaiiate Pecerte belofesasoling o alrAcHIt R oSS atsyAénline

ddeetheprafraniataeraxandvanitalbippecanpunilae - mowaghratss 28
Male Sprague-Dawley r}aésr, initia“% wej hin%}275-300 g, were .lleed. The
PR AT WA S IR SERFEIRTLT HoES* Fﬁ%}f?t?&d‘ PEYERE thdBreghtrsitéd
ciaonditiaisdoseagular indeordemperafuliec(i2@pant tremhigity (5558%F with
. food and tap,water ayailable ad libitum. 5 r ' ialvsis
R A Sk e A
ingrrdrmeracérebral guide cannulas (CMA/12) were stereotaxically implanted
into the hippocampus, aiming to position the dialysis probe tip in the
Eventral hippocampus (co-ordinates: 5,6 mm 10posterior to bregma, Ialteral
~AHB apteperio bregma; lateral, 0,8 mm; 4,0 mm ventral to dura). Anchor
screws and acrylic_ cement were u g@dﬁ fixation of the %léide c%nrtulas.

TR b TS5 HEL o ALty RESHHEIBHY PSR Bhobe and
inmpalptained. a3 Encthelyatgwerssbitowe dIHRe cave nfndmssuigedyniod for

ays, housed singly.in.15cages. On day.of the experimenta., . . .
B B S T SNSRI By o o
S psterethroughiile ifiid & oahivtta. 57, 1Th-Probil véreasiandeted via a
Avashannelswivel to avpictoiniection PHBRESIHSIQNREING measure

microdialysis probc with filtered Ringér solution (145 mm NacCl, 3 triM
atfeption: AN MBS TS FRRIAS deP e SR HIREO S LS HEBSHy RIS RhES
imefbegunshartivbefonensadion ohthe probe inte thpdraisnandveantinued
for the duration of the experiment at a canstant flow rate c&l fg(fmitnt Aft%r ¢
IER R AT A B e P ShAREH TS WRFE R S Dty Shte ¥ et
seollestaciiava e 2R nwAfterih depetimenis theranimalswetesaonficad;
their brains removed, frozen and sliced for probe placement verification.
25
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Analysis of dialysate acetylcholine Concentration of acetylcholine (ACh)
in the dialysates was analysed by means of HPLC with electrochemical
detection using a mobile phase consisting of 100 rnM disodium
whythvgsaghosphate, 2.0 mM octane sulfonic acid, 0.5 mM ARSI 09664
ammonium chloride and 0.005% MB (ESA), pH 8.0. A pre-column enzyme
reactor (ESA) containing immobilisetcholine oxidase eliminated cho line

from_ the injected sample (10 up prior to separation of ACh.on the
S e g S S i S

cagbC. After the analytical column the sample passed through a

PoSt oI, SO, PRaSE ERCIOY (AL EORRInIAG Immglisehe

acetylcholineesteras ine oxidase. The latter reactor converted
FisBhrterchoimivaridiselo sees i SERd ameid Betkirr e sizoztihe Jagier

cHasdaleciR pelachoshamicalyusing a-niatinum-electode thnalytisatd.

cell: ESA, model 5040). Data presentation In single injection experiments
SkHertearale o B GHsB NS ke KEampIdS r%/ﬁ%@ai%gfﬁ?&edmg
IEOMpRYad administeationservediasHie hasphleyel foveseh Hoexperimedt
and data were onve%ed to Percentage of basal (mean basal pre-injection
I pEIEE AR5 48096) The data are presented in Figure 25a and
25b. The gatapresentad iof Figune Rdoshows unexpecte ddrgps:inahechicle-

acetychgline levels (see.e.g9. 8 ma/ka)Awhi iffi in and
oS AR AR S o e At A Rl feor
SHB exgmpleRF rand 26rshiwanes ssonpsi.ena dose depeRdentitcrease

&P&H&ﬁ%%ﬁl%ﬁ%ﬁ&%m@QIQ&émi_krg the:raipniliia pegsClinical
finding is expected to translate into an improvement in cognition in a
merikaldigenm it aBRIs of SithairaatisaHy drdisd adlsonatdridedss
2PN A IMRAIBRENT, such as e.g. Alzheimer's patients, partial
responders, cognitive 20impairment etc. Ex Hr:%e 3 Effects ofﬁt;'li(i)mpoun(]rjIL
1 in SSRGS AT rsaul Br AT Cre
béhavipteras:ef AiHDoke attendiadjdeficits hyperkotivity andhincgased lefl
25impulsiveness.. Spontaneously: hypertensiv SH S
S ol e e A e S e
fliGdotas s (i aibot stiamndiSHR JesEngethas stohtidle [Ridr egariatey: 57,
1239-47, 2005]. To assess these symptoms, an operant task involving a
delayed food-reward was used to measure attention- and
ApApisise Rk (erisapaPameters. Attention deficits were measured as
(B0increRse inthenumbar pideverprresasiandieoweongnsidiht). Each lever
Impulsiveness was, measured as lever E_)ress&eg and reé{var, chgmbefr:
inspechiis tHing tR@OBE SR FT RS UEEs s MIHS IR f&iAVEE Peward
and duging:thenaelay indentiall invtheitest Bessidiihwith 30 delayed
ewardjng. Hyperactiyity was monitored_by circadian.recording. in.infra-k
@ages.ﬁge g% ﬁxgﬁﬁ% E?Wr&ocygfswéf d%&ol?r ?n%igg%%gi égl%r‘f qat{%urﬁgrilngg
the taskv&Emitheeriotbrtirettwoniéhitis grddpsraftSHER arignwibeht kgetged
rats sh%\évggntm Same 5general motivation of food seeking, reflected by
an equal number of rewards obtained. SHR rats exhibited a slight
(Brtentidrikgdhbicrsmighrethed sesr he ste satsdenpti sridpretnaety 20
markedly. ingtgaseddnoatdR campanediwith Wistas i yatosatsaodkide
hyperactivity was observed as We@est %ré)fu)ps: one group of Wistar
Kyoto rAHCASEaHE Ondyah GiVahidle10treated SHR (negative

control), two groups of intermittently methylphenidate-treated
Test phase (during freatment}

(1) Like Acquisition (3)
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SHR (2 mg/kg and 5 mg/kg i.p, reference groups), one group of SHR
treated chronically with methylphenidate via the drinking water (achieved
dose: -10 mg/kg/day) and two groups of SHR intermittently treated with
woampounehl (5 mg/kg and 10 mg/kg free base). 15Method= e ang/050064
testing was performed in 20 hours sessions, each in operant behaviour
cages with two levers and adjacent rgward chambers on the right and left
side of the lever panel. The animals had access to food only via lever
(%pressddkahbl-MiceAd8araley AlrAitaBrEs THaiTiAG BN dTESHg BorErsiée opt
the followingcphasesti2QrAcauisition phage(pe dreatmenth(t) Bathdenars

were continuously active. (indicated b ign |.",d[‘,t . Each lever press
resulted EH? Fr%‘%éi éﬁ%@%@é@%ﬁ%ﬁ@f%g %&; ?ﬁ%‘gagdfaé%zﬁ:t reéward
(hambeksighalled iy adsinglatouse flighte(2hdike (1), except that only
ne leyer agtiv_ at a given tune itching,in a 25five minute rhythm
VL HIEY G
(dgetwe}el‘ﬁk?h %Isgﬁ a‘f\{nlg1 t?ig% r|g h%“é?&“e. g%&aﬁ I?é%% indicated the correct side.
(3) Like (2), except that the lever on the correct side was set inactive

every 20, se6anfs: %R RREOLQLPE S8aands . Ahe FionAllisheenihserore

correct side indicated the state of the lever (ON or OFF). 30 Test phase
teggimhptreiatisy qjfare metRsinbn Thysae eyt e 19) EkeL e tRaTdrn
ofieVRINTesSaf.amastivesleverotas dawar hwaspaifraspaiednd

immediately, but afte%% dela%‘E %;(gf 5 seconds. During this.time, the

. : interv. lime,

I R ST ARG ARCORE HHB BNBTEGEY Was SRTTIARHIRI S ik (2)

dbutavithacdalayentanedl aihQ secatistsad(@lyike (Bpbing With ddelaythout
interval of 20 seconds. . .. Compeund 1 at both.doses test: nd 10

PG 8 D ) B ST S P

attensoThiefei sffadtintidivivtatfe St eascquisnisieditiewsRor general
motim%%%&%é%@%m atteniion deficts Aap-LOIMBHISHERERSr.

were reduced together with hyperactivity - locomotor activity was = | .
webBR - GepE ISR} SR 668 R LircSaRES. ARGHN B SREHRG B op of
alRONIWiIthaWRIRIQegs dheffests. Areressalive graph.shpwingine effects

of compound 1 on att_ention-defi‘gits and imp_ulsiv,ignic? SHR f]S‘[ats is Provided
SIhRfighdte 2B MRSHAB AiBRHE Bkl A EGT LR AL B o &Pt

chehayiautivthere 15was no reduction of attention deficit or impulsiveness.

Intermijttent inistration of me, enidate mar, v and o

oo B B e B MO A0 iy g
awginynﬁwtsiimn mmmmtmbmgwlmbﬁwdem%ﬁ tekcgurseltsfict of
m%nﬁgxu}lsxe&ﬁsamﬁ@ fromythisiedglindigare hah Gompaund L £HEE!S veen

sivity and 20attention by a different mechanism than
shpethifplatieritss Thadplescattabrerecd irtiyioréartsia ehemBeg)
19@}12551 Pe dyedgothe fact that methylphenidate has been shown to be
effective in adolescent, but not adult rats [Psychopharmaco/ogy (Bee),
193(2), 215-23, 2007]. 25
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Claims 1.The use of 4-12-(4-methylphenylsulfanyl)phenylipiperidine and
acid additions salts thereof (compound 1) in the manufacture of a
medicament for the treatment of ADHD. The use according to claim 1,
wherein compound | is the HBr addition salt. 3.The use according to claim
2, wherein compound 1 is charactetised by peaks in an XRPD at
approximately 6:08, 14.81, 19.26 and 25.3800. 104.The use according to
claims S. wherein compound 1 is characterised by an XRPD as depicted
in figure 1. 5.The use according to any of claims1-4, wherein said
ClalfaSlicament is intended for administration at 5-60 mg/day.

1. The use of 4-[2-(4-methyviphenylsulfanyl)phenvl|piperidine and acid additions

salts thereof (compound I}

A\
/

\

9%

in the manufacture of a medicament for the treatiment of ADHD.

2

The use according 1o claim 1, wherein compound 1 i1s the HBr addition salx.

3. The use according to claim 2, wherein compound I is characterised by peaks in

an XRPD at approximately 6.08. 14.81, 19.26 and 25.38°20.

4. The use according to claims 3, wherein compound 1 is characterised by an

XRPD as depicted in figure 1.

5. The use according to any of claims1-4. wherein said medicament is intended

for administration at 5-60 mg/day.



