1-[2- ( 2, 4-D METHYLPHENYLSULFANYL) -PHENYL] PIPERAZI NE AS A COVPOUND
W TH COVBI NED SEROTONI N REUPTAKE, 5-HT3 AND 5- HT1A ACTIVITY FOR THE

TREATMENWORo63 @0 VE | MPAI RVENT Fi el d of the inventi opcTigoniaseds
invention relates to conpounds, which exhibit serotonin reuptake inhibition
activity conbined with an activity on the serotonin receptor 1A (5-HT I A
and the serotonin receptor 3 (5-HT ), and which as such are useful in
treatment of CNS rel ated di seases. Background of the invention Selective
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parti CEP%IT&XE)Fggé?%WFTanXi ety and soci al phobias because they are
effective, well tolerated and have a favourable safety profile as conpared
to previo sl](¥ ﬁ@ﬂ%d corq)ounds, i.e. the classical tri-cyclic conpounds.
Nonet hel eS¥% PhEFAPERY? treat nent using SSRI is hanpered by a significant

fraction of nomh¢ pep@IGBELion refatePBIdoRIPOENINAhIEA SRBIbItI SRRl raiptaRBl Y
respond to a limted extend to the SSRI treatnment. Mreover, tﬁpl cally an
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treatnent, psyc ri st e use ation rat egi es.
Augnent at C$ efataindiscdegr essants nmay be achi eved e.g. by conbination with
nood stabilisers, such as lithiumcarbonate or triiodothyronin, or by the
paral l el use of electroshock. It is known that a conbination of inhibition

of the SeBQEIg%’oHn&rof‘ﬂﬁpﬂ% ork SERT) with an activity on one or nore

serotonin receptors nmay be beneficial. It has previously been found that
t he ctirbi nat i ofcloftive ssertatio néuptake uptibikes ( $ER D hbor fonlyedrs beanahpbictd havi ng

B b e DL e STl S S AR g 7, nogat e
depression, anxiety and social phobias because they are effective, well tolerated and
have a favourable safety profile as compared to previously used compounds, i.e. the
classical tri-cyclic compounds.

15 Nonetheless, therapeutic treatment using SSRI is hampered by a significant
fraction of non-responders, i.e. patients who do not respond or only respond to a
limited extend to the SSRI treatment. Moreover, typically an SSRI treatment does not
begin to show an effect until after several weeks of treatment.

In order to circumvent some of these shortcomings of SSRI treatment,

20  psychiatrists sometimes make use of augmentation strategies. Augmentation of
antidepressants may be achieved e.g. by combination with mood stabilisers, such as
lithium carbonate or triiodothyronin, or by the parallel use of electroshock.

It is known that a combination of inhibition of the serotonin transporter
(SERT) with an activity on one or more serotonin receptors may be beneficial. It has

25  previously been found that the combination of a serotonin reuptake inhibitor with a
compound having 5-HT,¢ antagonistic or inverse agonistic effect (compounds having
a negative efficacy at the 5-HT»¢ receptor) provides a considerable increase in the
level of 5-HT (serotonin) in terminal areas, as measured in microdialysis experiments
(WO 01/41701). This would imply a shorter onset of antidepressant effect in the clinic

30  and an augmentation or potentiation of the therapeutic effect of the serotonin reuptake

inhibitor (SRI).



| evel of 5-HT (serotonin) in termnal areas, as neasured in mcrodialysis
experinments (WD 01/41701). This would inply a shorter onset of

ant i depr esoané7/@ifosct in the clinic and an augnent ati onpor/mpevenisi@si on of
the therapeutic effect of the serotonin reuptake inhibitor (SRI).Simlarly,
it has been reported that the conbingtion of pindolol, which is a 5- HTi A
partial agonist, with a serotonin reuptake inhibitor gives rise to fast
onset of effect [Psych. Res., 125, 81-86, 2004]. CNS rel ated di seases, such
as e.g. depr es8intarlyaibhhiaebsengaporggihsidhhewnbinatameoigindstolcwhiebriht 8- wi t h

ot her dis ers._.or dysfungionalities uch cognitive . deficits or
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neuronal events regulating cognition. In particular, the cholinergic system
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such be useful _in the treatnment of cognitive .inpaifnmenpt. Hence, a conpound
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of the invention The present inventors have surprisingly found that
| - [ 2- (2, 4sucHibentspipl mﬁgny‘ﬁ@meﬂhﬁyﬂogpﬁie’ﬁympﬁihp@ﬁazi ne exerts a conbination of
SERT LB Ol TSRl AR 2ol SRSl Rl B Sppdecr o 0y
| - [ 2- (2, 4etficort iy bphasmylis thd @enyhdnt of cognitive impairment. A compound which
15  moreover also exerts SERT activity would be particular useful for the treatment of
cognitive impairment in depressed patients as such compound would also provide a
fast onset of the treatment of the depression.
WO 03/029232 discloses e.g. the compound 1-[2-(2,4-dimethylphenyl-
sulfanyl)phenyl]piperazine (example 1e) as a compound having SERT activity.
20
Summary of the invention
The present inventors have surprisingly found that 1-[2-(2,4-
dimethylphenylsulfanyl)phenyl]piperazine exerts a combination of SERT inhibition,
5-HTj5 antagonism and 5-HT; A partial agonism. Accordingly, in one embodiment the
25  present invention provides compound I which is 1-[2-(2,4-dimethylphenylsulfanyl)-
phenyl]piperazine and pharmaceutically acceptable salts thereof, provided said
compound is not the free base in a non-crystalline form.
In one embodiment, the invention provides the use of compound I in therapy.
In one embodiment, the invention provides a pharmaceutical composition
30  comprising compound I.

In one embodiment, the invention provides therapeutic methods comprising

the administration of an effective amount of compound I to a patient in need thereof.



phenyl ] pi perazi ne and pharmaceutically acceptable salts thereof, provided
said conpound is not the free base in a non-crystalline form In one

enbodi nenvo 2bémi4iovsent i on provi des the use of conpound lpcrmKr2b€er®EpPY’s | N one
enbodi nent, the invention provides a pharnmaceutical conposition conprising
conpound | . I n one enbodinent, the invention provides therapeutic nethods
conprising the adm nistration of an effective amount of conpound | to a
patient in need thereof.ln one enbodi ment, the invention provides the use
of conpound | [moncumbrsliménictha iy cofiomproptics theant of Fdmpeund [Fpghere 1: XRPD of
crystallin% qigﬁﬁfi W%%ﬁ%i XRPD of al pha form of hydrobrom de salt Figure
3: " XRPD of “Befa for OF ﬁﬁﬁ?obronide salt Figure 4: XRPD of ganma form of
hydr obrom de salt Figure 5: XRPD of hem hydrate of hydrobrom de salt
Figure 6: XRPD of the mxture of the ethyl acetate solvate and the al pha
form of t KEBWYIr obromi de salt Figure 7: XRPD of hydrochloride salt Figure
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12: XRPD bigurexXRBDodhkphs &brin & lgdrebrd@ideXBPD of L-(+)-tatrate salt Figure

T R bR bt fy 0,0, sy prte salt Fowre'le

Figure 4: XRPD of gamma form of hydrobromide salt
Figure 5: XRPD of hemi hydrate of hydrobromide salt

10 Figure 6: XRPD of the mixture of the ethyl acetate solvate and the alpha form of the
hydrobromide salt
Figure 7: XRPD of hydrochloride salt
Figure 8: XRPD of monohydrate of hydrochloride salt
Figure 9: XRPD of mesylate salt

15  Figure 10: XRPD of fumarate salt
Figure 11: XRPD of maleate salt
Figure 12: XRPD of meso-tatrate salt
Figure 13: XRPD of L-(+)-tatrate salt
Figure 14: XRPD of D-(-)-tatrate salt

20 Figure 15: XRPD of sulphate salt
Figure 16: XRPD of phosphate salt
Figure 17: XRPD of nitrate salt
Figure 18: Effect of compounds of the present invention in the intradermal formalin
test. X-axis shows the amount of compound administred; Y-axis shows the amount of

25  time (sec) spent licking the paw. Figure 18a: Response in the 0-5 minutes period;
Figure 18b: Response in the 20-30 minutes period
Figure 19a: Extra-cellular acetylcholine levels in prefrontal cortex in freely moving
rats upon administration of 1-[2-(2,4-dimethylphenylsulfanyl)phenyl]piperazine HBr
salt.

30  Figure 19b: Extra-cellular acetylcholine levels in ventral hippocampus in freely
moving rats upon administration of 1-[2-(2,4-dimethylphenyl-

sulfanyl)phenyl]piperazine HBr salt.



Figure 18: Effect of conpounds of the present invention in the intradernal
formalin test. X-axis shows the anmpbunt of conpound adm nistred; Y-axis
shows t hewermemts4@b ti me (sec) spent |icking the paw. Fipgumxk208ais0/38sponse
in the 0-5 mnutes period; Figure 18b: Response in the 20-30 m nutes period
Figure 19a: Extra-cellular acetylcholine levels in prefrontal cortex in
freely noving rats upon adm nistrati of
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Detailed description of the invention

The invention relates to compound I, 1-[2-(2,4-dimethylphenylsulfanyl)-

phenyl]piperazine, the structure of which is

o
T
é/

20

and pharmaceutically acceptable salts thereof provided compound I is not the free
base in a non-crystalline form.
In one embodiment, said pharmaceutically acceptable salts are acid addition
salts of acids that are non-toxic. Said salts include salts made from organic acids, such
25  as maleic, fumaric, benzoic, ascorbic, succinic, oxalic, bis-methylenesalicylic,

methanesulfonic, ethanedisulfonic, acetic, propionic, tartaric, salicylic, citric,



base in a non-crystalline form In one enbodi nent, said pharmaceutically
acceptable salts are acid addition salts of acids that are non-toxic. Said
sal ts i novodeomakdos nade from organi c aci ds, such as naler@k2bemzoiTs,
benzoi c, ascorbic, succinic, oxalic, bis-nethylenesalicylic,

met hanesul f oni ¢, ethanedi sul fonic, acetic, propionic, tartaric, salicylic,
citric,gluconic, lactic, malic, mandel i ¢, cinnamic, citraconic, aspartic,
stearic, palmtic, itaconic, glyqoliq, p- am nobenzoi c, glutamc,
benzenesuluoenie, lactiveophyl mindsligcamnamiaeitersonigsaspettic, geartchpalmitic,
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present ihvention are crystalline. In one enbodi ment the crystals of the
present isalention are solvates, i.e. crystals wherein solvent nolecul es

frompart of the cryst structure, The sol vate_.na e faornmed from water
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Al ternati ¥ the niddfcal plavdli®iRr BBY tohfe ERLBAdMIRMObhand &Rl vagSentsuch as e. g.
et hanol , acetone, or ethyl acetate. The exact anobunt of solvate often

depends ohettaigomphaticei lordableterit isrpselarable, thiyytbe aetes ingredicatygrecal |y | oose
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decr eased. TH one enpodiment. tHe co%%ounas of” T He présent invention are
unsol vat edrystalimeal s.

15 In one embodiment the crystals of the present invention are solvates, i.e.
crystals wherein solvent molecules from part of the crystal structure. The solvate may
be formed from water, in which case the solvates are often referred to as hydrates.
Alternatively, the solvates may be formed from other solvents, such as e.g. ethanol,
acetone, or ethyl acetate. The exact amount of solvate often depends on the

20  conditions. For instance, hydrates will typically loose water as the temperature is
increased or as the relative humidity is decreased.

In one embodiment, the compounds of the present invention are unsolvated
crystals.
Some compounds are hygroscopic, i.e. the absorb water when exposed to

25  humidity. Hygroscopicity is generally regarded as an undesired property for
compounds that are to be presented in a pharmaceutical formulation, in particular in a
dry formulation, such as tablets. In one embodiment, the invention provides crystals
with low hygroscopicity. For oral dosage forms using crystalline active ingredients it
is also beneficial if said crystals are well-defined. In the present context, the term

30  “well-defined” in particular means that the stoichiometry is well-defined, i.e. that the

ratio between the ions forming the salt is the ratio between small integers, such as 1:1,



Some conpounds are hygroscopic, i.e. the absorb water when exposed to

hum dity. Hygroscopicity is generally regarded as an undesired property for
conpoundswohas7/an@mst o be presented in a pharnmaceutical fPormi2067/@0075i N
particular in a dry formulation, such as tablets. In one enbodi nent, the
invention provides crystals with | ow hygroscopicity. For oral dosage forns
using crystalline active ingredients‘it is also beneficial if said crystals
are well-defined. In the present context, the term"well-defined" in

parti cul at:2p@dné:1thate. rmenesanahogdientethe gomgownsls jof thefiressdt inverdiontanat t he
rati o between the ions formng the salt is the ratio between snall
integers,“’uéﬁ as Y% 2, 2:1, 1:1:1, etc. In one enbodinent, the
conpounds of tTRe Prye@RIM cbMpeidsQT ey Brevedl Imeidnnasly exivsh adre thhhe
crystalline conpounds of the present invention nmay exist in nore than one
form i.eongfoay. henyheynay cxist ipopymsHpHE éormsr Relympaihyoiorphreeisfibpns exi st i f
a comoung 3l (IR LANAIER ih thdTPlifin HARANGAE Bl HAGAREF RERIenliGBNL T ON 1 S
i ntended to enconpass all such polynorphi ¢ torns, elther as pure conpounds
or as m xtnoagpatdwdl @eh polymwmplec ésdasdeitents pikeompopalsndas afixtidee pr esent
invention are in a purified form The term"purified fornf is intended to
i ndi cate tNEOLt he conpound is essentially free of other conmpounds or ot her
forms of the Sﬁ{f&q&&m&ﬂﬂ%@ @8 cbABoGRR S TRYpr&nt hleRRG a‘?@ﬁf)&'fgﬁﬁ’i@dz the

i nvention provides crystalline salts of co&%ounds of the present invention
wi t h XRDPfaas1. $hovwmmi ‘ipufifiglifees” 1s hfgndad b indicp@rthatdld eompdugdies 2, 3, 4 and

5. The,tabl e bel ow sho t he nmj.or reflections for conpoynds of the
oresehl | ROSHATSICCSbOMET SRS op SR (5505 of Birsams gympayidl Daligeaser. 0. T As
evi dencednfiy@e. by figures 2-5, conpounds of the present invention, in casu

t he hydrobrom de salt, may exist in several forns, i.e. be polynorphic.
Thepol ynor phi clif gromnbysiractdi the érventioppiopeics cestallmedalisolstoomounds exanpl e 4d.

The beta f.orm of,.the hydr. i de salt.is.the e st abl s denopnstrat ed
by the hi Iglﬁ é)rrengdnventm% wﬁlbf(ﬁﬁPdas shwh it I§1gures lr-TPf, and it pa fefia igures
2,3, 4 and 5.
15 The table below shows the major XRDP reflections for compounds of the

present invention.

Selected X-ray peak positions (°26), All values +-0.1°

Crystalline base 11.10 [ 16.88 [ 17.42 | 22.23
-hydrobromide (o) 585 [9.30 | 17.49 | 18.58
-hydrobromide () 6.89 19.73 |13.78 | 14.62
-hydrobromide () 11.82 [ 16.01 | 17.22 | 18.84
-hydrobromide (hydrate) 10.69 [ 11.66 | 15.40 | 17.86
-hydrobromide (ethylacetate solvate) [ 8.29 | 13.01 | 13.39 | 16.62
-hydrochloride 9.41 |[12.37]19.66 | 22.55
-hydrochloride (monohydrate) 7.72 113.45]15.39 | 17.10
-mesylate 8.93 |13.39]15.22 | 17.09
-hydrogenfumarate 5.08 [11.32[17.12 | 18.04
-hydrogenmaleate 9.72 [13.19 | 14.72 | 17.88
-mesohydrogentartrate 9.51 [10.17 [ 16.10 | 25.58
-L-(+)-hydrogentartrate 13.32 [ 13.65 [ 14.41 | 15.80
-D-(-)-hydrogentartrate 13.32 [ 13.65 [ 14.41 | 15.80
-hydrogen sulphate 11.82 [ 17.22 [ 17.72 ] 20.13
-dihydrogenphosphate 791 |11.83]15.69 |17.24
-nitrate 12.50 [ 17.41 [ 18.12 | 18.47
20 As evidenced e.g. by figures 2-5, compounds of the present invention, in casu

the hydrobromide salt, may exist in several forms, i.e. be polymorphic. The



melting point and the | ower solubility. Mreover, the beta form has an
attractive conbination of |ow hygroscopicity and solubility, which nakes

t hi s conpwondopandoscul ar suited for nmaking tablets. Heneer/nkroemsoors

enbodi nent, the invention provides the hydrobrom de salt of

| -[2- (2, 4-di et hyl phenyl sul phanyl ) - phenyl | pi perazine with XRDP refl ections
at approxinmately 6.89, 9.73, 13,78 and 14.62 (2Q, and in particular with
an XRPD as shown in figure 3. The solubility of an active incFJlredi ent is
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fromthe pawvidex tleid dopeackrplsf i 421 24sdimkthygphesglsuiphanyl)t he 5-HT | A

ant agoni st. WAY-, 100635 i s able of elimnatin he effect of BAYX3702
showi ng ta%%HYﬁH@e@?¥%&lt%¥ GRISOBS &L PR B BVt ASTERBar of studi es
have repo ap\e f ogni tive inpairnment.

A I\/bnesegﬁ'lg% (l\%bgf %r[)aleigltp.aﬁ C&ﬁ%be%%?ﬁﬁ?h%%ﬁ%{}e%% reports that the
partial 5-HT | Ahagdobitity ¢f)anSetiyelingxadient (stilsone fjxi @pfid¢anne foo)hd eoialdn, HC

( 8- OH- DPAT) fa%; litates the cg,nsol i dation of |learning in normal rats and
nor mal 9 se80%8 MM a3d! 1aR ARYoheirch IBRAgh PR Vewﬂalﬁ{s%ﬁ- Fegorphdesageripsye,
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Sum yoshi i Psych., 158, 1722-172 2001 reports a study wherein

pati ent s mecesasdbic bippverabibiyt i - psychotics, such as hal operidol, sul pride
and pi nozi de, ich all .lack 5- A activity in conmbinagtion with placebo
or tandospi Fonbonii %fﬁ”}lgpoga%lpﬁ?mp n%rgﬁmegfqt%ﬁamssﬂ?érer &&i ng

tandospi r gRgor@fcd AR cOnitite Al hinuRHYEHOlEAInSRPWBEr@fions point to the

15  importance of the serotonin receptor 1A (5-HT;4) for this system. T. Koyama in
Neurosci.Lett., 265, 33-36, 1999 reports that the 5-HT; 4 agonists BAYX3702
increases the acetylcholin efflux from the cortex and hippocampus in rats.
Interestingly, the 5-HT, 4 antagonist WAY-100635 is capable of eliminating the effect
of BAYX3702 showing that the effect of BAYX3702 is 5-HT,; 4 mediated.

20 A number of studies have reported an effect of modulators of 5-HT;4 on
cognitive impairment. A. Meneses in Neurobiol. Learn.Memory, 71, 207-218, 1999
reports that the partial 5-HT 4 agonist ()-8-hydroxy-2-(di-n-propylamino)-tetralin,
HCI1 (8-OH-DPAT) facilitates the consolidation of learning in normal rats and
normalises cognitive functions in cognitively impaired rats.

25 These pre-clinical observations seem to be reflected in the clinic, too. T
Sumiyoshi in Am.J.Psych., 158, 1722-1725, 2001 reports a study wherein patients
received typical anti-psychotics, such as haloperidol, sulpride and pimozide, which all
lack 5-HT4 activity in combination with placebo or tandospirone, which is a 5-HT 4
agonist. Patients receiving tandospirone on top of the anti-psychotic showed an

30  improvement in their cognitive performance whereas patients receiving placebo did
not. Similarly, atypical anti-psychotics, such as clozapine, which are also 5-HT;a

agonists enhance cognition in schizophrenic patients, whereas typical anti-psychotics,



i nprovenent in their cognitive performance whereas patients receiving

pl acebo did not. Simlarly, atypical anti-psychotics, such as cl ozapine,

whi ch ar ewel2s@/fa4dd% | A agoni sts enhance cogni tion in sclirczexweniscors
patients, whereas typical anti-psychotics,such as hal operidol which have no
5-HT 1A activity, do not, Y. Chung, Brain Res., 1023, 54-63, 2004. As

nment i oned above, the cholinergic systgem is believed to be involved in the
neuronal events regul ating cognition, and the cholinergic system may be
subj ect t suchrisihaleppiidad mhidolve slo ol Ti hactisdy odcomitnY r €ewngs Braig Res, HT )

[(G ovannilﬁgi3 2&@200] Pharmacol Exp Ther 1998, 285:1219-1225; Costall and
Nayl or, Curfent U 4I'argets - CNS & Neurobiol Disord 2004, 3: 27-37)]. In

a habi tuation nesientiondd &@wve,ithe eholmdBAEsysindfsdetieetdab beimalvednn tigsk in
rats, and in an object discrimnation and reversal learning task in the

nar noset , NYHORM SEHHIPEEIBHNE seRNRN, jaRg Hicrchpheergig sy gampyat bresuRiest eramni ¢

¢ . . . - ¢ . g h .

From the MHATEEECHERBF IR oo TahRREeDloy SRR B PR EPKE B, S

955-962; Eap Eyercl998] 28 PHvaIN26] CRitdteliNBaba\C1kRA2 Drd@ Targbes83) NS Boast et al
Neur obi ol Learn Me o L1 259- 271 d MK-801, titi

(Neur obi o W%%{QZ@ m %&8&@%%?@7?} ) use a nonconpetitive

ant agoni st¥e to disrupt the cognitive performance of

rats trained ofy @héﬂ&duabf&@te?@g@ﬁ?%qmﬁgma& RATPEd hRGhAlonBAEntAs K-

Ondansetron was shown to b e cognitive Inpairnent. Mreover, in a

st udy on tikinsamrédgict detfimoiation aet feamehl leanmgpagksinviee mwonaance task in mce,
this esic effect of ethanol wa artially restored to.normal by

ondankibt r BRUAREP A e B Ce St PR C e SReiRlool 2000, 14:
125-131) . scpdRmih@&H Ibdib@t dfQRe BlfolinBRiCHAhWARS @BhGginb RIS SublRuPYasatidTT
antagoni sm after inpairment of the cholinergic systemin preclinical nodels
(Di ez- Ari fRerees cdlal, Hegywiasp Béachrein dlebay | PB035: WeP6236arky et &, PhPeaicet al |

Neur ophar ptol 2 : 5:232) 1 .S s a,basis f.or ! this treatnent
T the « nBFat a9 A ot SupaRl BTN Bp R T ol 0B 81T g
crossover 23hudyd MK-888a| 4 toncomp&itbubinegbsist dbe NMMBAtrsceplorv@rdialpaned spati al

et 5 ango gnlft?éea;ie?%gmg‘rﬁgeeo?treiug gaglgg?)rr: ?ltdrelaa‘ltygéfI nérﬂg}a‘[ching to sample radial
maze task. Ondansetron was shown to block the cognitive impairment. Moreover, in a
study on the amnesic effect of ethanol in a passive avoidance task in mice, this
amnesic effect of ethanol was partially restored to normal by ondansetron
(Napiorkowska-Pawlak et al, Fundam Clin pharmacol 2000, 14: 125-131). Thus,

20  facilitation of the cholinergic transmission by 5-HTs antagonism after impairment of
the cholinergic system in preclinical models (Diez-Ariza et al, Psychopharmacology
2003, 169: 35-41; Gil-Bea et al, Neuropharmcol 2004, 47: 225-232), suggests a basis
for using this treatment in the therapy of cognitive disorders.

In a randomised double blind crossover study in healthy male subjects,

25  assessments of verbal and spatial memory and sustained attention demonstrated that
the 5-HT; antagonist, alosetron attenuated scopolamine induced deficits in verbal and
spatial memory (Preston, Recent Advances in the treatment of Neurodegenerative
disorders and cognitive function, 1994, (eds.) Racagni and Langer, Basel Karger, p.
89-93).

30 In conclusion, compounds exerting 5-HT)  partial agonistic activity in
combination with 5-HT; antagonistic activity are believed to be particular useful for

the treatment of cognitive impairment. Compounds which moreover exert serotonin



t he 5-HT3 antagoni st, al osetron attenuated scopol am ne induced deficits in
verbal and spatial nmenory (Preston, Recent Advances in the treatnent of
Neur odegewerasimaeoodi sorders and cogni tivefunction, 1994 pcrad0)7/Ragagni and
Langer, Basel Karger, p. 89-93). In conclusion, compounds exerting 5-HT I A
partial agonistic activity in conbingtion with 5-HT3 antagonistic activity
are believed to be particul ar useful %or the treatment of cognitive

i mpai rment. Conpounds whi ch noreover exert serotoninreuptake inhibition
woul d be paptake inhabitior sfoyld Hegpartidwdartuselat fosthe fatmermil cpgmtivepai r nent i n
associ ati gn, i th, depresalan, ARqthesertoniaLeuRtas JihbRlGien in

conbi nati Ot the %q?—tlllo I'A pg?R| Al a&onl ST OTERY T8 °a 48t er onset of
the effectofbinbiish WitRaic®HIT, PpartifleagdeRMESHI 104 toASTaSIBOYRbC oF X 3ffltef 1, the
conpounds of the present invention are potent inhibitors of the human

ser ot oni nthertepd8pst bhe depiessighey i nhi bit serotonin reuptake. Moreover, the
conmpounds ar e Rg:sﬁ%% ﬁﬂ%x%gl%msf}_tﬁe %m}g&%dér%@? grr]ées tin?%h'ti'&ﬁ%re‘)%ogerﬁnd cani ne

5-HT receptor. receptor, In oocyt t he
conpoundsinhierd ethd htuaalb ecratohageanspdrser Ate. oy inlabi eerotamin @nptaké.C O appr ox.

30 nM, whjlst at higher concentrations.the conpounds di.splay agonistic
proper t i eMoresh the %%P‘HMCIS. argpg@ggngst%gﬁﬁ? E@P?%Fﬁto%m’&%r%ga s of the

present ipyent 5'-%3"1‘1&?&3’%02.*‘%%9 RERLA @Ttﬁme@ég@o_rn%n&hﬂv& Wg@&ﬁ@i stic

response, which cou ue to rapid desenitisation or direct antagonism
i n vitro. cathpaindsveteofvuod rckenintagonotrsat dowponmed satodnst(Heso ppeeem0 nvyent i on

di spl a rked. ant agoni sm at .t he huma -HT3 receptor as erved on the
5. T3 ecuBores Miebin GORE L e SomeaBO P cAEo R AL BRBSERS (Rgent { on bl nd
wi th very2l1quwiafA subsédichOapphiBatRmISF cbMpbBERRIfhe prasdak aivenitanmgemat e of both
rats and m ce. However, the conpounds of the present invention bind to the

human 5- Hioricantrapaskidnotehow 2ay lKgeistagrespansyvoryagvequld bedes fogapid dat a show
e, SSRRUIYS BlyEBAOR e 3 PR RRSRBF,L
that the aetpradehtyin®éntion&ligplBSembrkied el drism at thShRian 3=HT Srecediths
15  observed on the 5-HT; receptor from other species.
Compounds of the present invention bind with very low affinity to the 5-HT;a
receptor in brain homogenate of both rats and mice. However, the compounds of the
present invention bind to the human 5-HT) a receptor with a K; of 40 nM. Moreover,
functional data show that the compounds of the present invention are partial agonists
20  at the human 5-HT)4 receptor, displaying an efficacy of 85%.
It is anticipated that the activity of the present invention at SERT, 5-HTj3-, and
5-HTa receptors contribute to the in vivo profile of the compound in humans.
As shown in example 26 the compounds of the present invention give rise to
an increase in the extra-cellular level of acetylcholine in the prefrontal cortex and the
25  wventral hippocampus in rats. These pre-clinical findings are expected to translate into
a clinical effect in the treatment of cognitive impairments, cf. the use of acetylcholine
esterase inhibitors in the treatment of cognitive impairments, e.g. in Alzheimer’s
disease. Further support to this position can be found in example 27, wherein data
show that compounds of the present invention enhances contextual memory in rats.
30  Allin all, the pharmacological profile of the compounds of the present invention

combined with the effects on acetylcholine levels and memory in rats strongly



5-HT 1A receptors contribute to the in vivo profile of the conpound in
humans. As shown in exanple 26 the conpounds of the present invention give
rise to awoizoemaams in the extra-cellular |evel of acetycehaiomsoerst he
prefrontal cortex and the ventral hippocanpus in rats. These pre-clinical
findings are expected to translate into a clinical effect in the treatnent
of cognitive inpairnents, cf. the use Yof acetyl choline esterase inhibitors
in the treatnment of cognitive inpairnents, e.g. in Al zheiner's disease.
Furt her ssyggostithat sha ¢ringpauods of the preaentiveventomdrei usclk sntbe sre@tmenipler ei n dat a
show t hat cquounds.of t he present invention enhances contextual nenory in
rats. AIIC?%?Hﬁqlﬁm?ﬁgwgharnacological profile of the conpounds of the

present i nvent imhCBidNacht\ht Prdsbig igfdneioh sclfbs RCL¥hel b the trtauehs and
menory in rats_ strongl ysuggest that the conpounds of the present invention

are usef uPf ¢agnitiye defigiht eresenigive EvpHIMenfesaidwyaihpdspmprising §%e enbodi nent, the
prese i : . f Bt jtive
defic?%s %%ﬁ@%%%ﬁg%§£§ﬁ%%%%@#%ﬁ9§h§§§gz%%?%ggf%g |S|56%%H%8§ﬂ%inistration
of a t her apemtorciald patiefitfieetéd/éemotiunt of a conpound of the present
invention to a paLLenégjn need thereof, nitive deficits aqr. cognitive

Co
i npai rment i nclQERLAC At 98 CoFPIRBIMATENE AL BHSCIYIC IR 68#ItY e domai ns,
e 9. wor KgsRGheniBlL A0LOY Ad okl ey, HRARSL aﬂc?@éﬂ‘éﬂ%g, Rk menory,

vi sual |earning andgnennry, reasoni ng and probl emsolving e.g. executive
funct i on, lespeegarsf mpmoge ssiuadeands end swoi@y, reogningiaod prablerpaevingul ar
cognii've defic”;sﬁﬁr cognitivE i npai r me nqﬁ i ndi cate def%cits in

at t ent on® S SEHYEAMIEP HSHRPhBIOSIBR AHHRRYAY, o8P c T PFirHar

under st an%%?ﬁdva%ﬁ'&it&@rn&%ﬂftfv%tﬂn%‘irmkm}f meRhteQfefiBii Rl LB A, Vi ng, poor
menory, difficulties in expressing thoughts and/or difficulties in

i nt egr at i Aigonghnigehthénkifgslovndienkangl df@heliy vunderstandinf pear|lconesntraforext i ncti on

of irrel evant. t hought The terns "coqgniti. eficits" and, "cognitive
O T e AT i b s S el e S e AN
In one enbatlbrdMcultaii ifdeirhtemnt thosehad, Selidbagupsdviout, br airatnass ENS

di sorder, such as affective disorders, such _as depression; generalised
depr ek oFXLINgHPD pf irrelevant thoughts. The terms “cognitive deficits” and “cognifive
impairment” are intended to indicate the same and are used interchangeably.

In one embodiment, said patient is also diagnosed with another CNS disorder,
such as affective disorders, such as depression; generalised depression; major
depressive disorder; anxiety disorders including general anxiety disorder and panic

20  disorder; obsessive compulsive disorder; schizophrenia; Parkinson’s; dementia; AIDS
dementia; ADHD; age associated memory impairment; or Alzheimer’s.

Cognitive impairment is among the classic features of depression, such as e.g.
major depressive disorder. Cognitive disorders may to some extend be secondary to
depression in the sense that an improvement in the depressive state will also lead to an

25  improvement of the cognitive impairment. However, there is also clear evidence that
cognitive disorders are, indeed, independent from depression. For instance, studies
have shown persistent cognitive impairment upon recovery from depression
[J.Nervous Mental Disease, 185, 748-754, 197]. Morcover, the differential effect of
antidepressants on depression and cognitive impairments lends further support to the

30  notion that depression and cognitive impairment are independent, albeit often co-
morbid conditions. While serotonin and noradrenalin medicaments provide

comparable improvements in depressive symptoms, several studies have shown that



depressive disorder; anxiety disorders including general anxiety disorder
and pani ¢ di sorder; obsessive conpul sive disorder; schizophreni a;

Par ki nsonwe;2o@ermeonsi a; Al DS denentia; ADHD, age associ aPetd/DrRenwnos007s

i mpai rment; or Al zheinmer's. Cognitive inpairnent is anong the classic
features of depression, such as e.g. major depressive disorder. Cognitive
di sorders nay to sone extend be secoﬂdary to depression in the sense that
an i nprovenent in the depressive state will also |lead to an inprovenent of
t he cogni tmodelatippal thawaradraaouges estem Hegsanol gnprosothelcoanitisy (uhstors ashat

cognitive_disqgrders are, . inde i ngde e ession. For instance,
st udi es hg%%ﬁ%%%ﬁﬁoﬁgfg?%%%HPﬁggﬁﬁ?%?véﬂﬁﬁ%%?%%égqg%@%ﬁﬁ?%covery from
depr essi opsfcdoNeiness vantal 19933ease, 185, 748-754, 197]. Moreover, the

p 5 8) | 19933

differential effect of antidepressants on depression and cognitive
i mpai rment s | ehBatreaimehier! cogpibize imparmens imdenreyed pattentsdpirtesi on and

coani t4 Ve, ARALIEND AL Lol USRR AN pre BhPEL L@l e FRIRIPhI, £ANHL | ONS.

Whi | e serotonin and nora I canents provi de conpar
i mpr oveneadwaniageaspTessiult Fasyaipihamacod@yerfahe adrmishuads bfithe psdsomn

t hat rodul ati on of the noradrenergi ¢ system does not inproye the cognitive
f unct i ons TSR BEUSHRGRBRER ISt Ul Ron 1 Br SN RESSXPEEIFY (o bl 10345- 350,
2002; Hu mrﬁl?rﬁgaﬂgﬁriﬁ@&ﬁlliﬁve&hnéﬂdnﬂ?g injc%%roblnati_-gﬁ Gvift £ALMRRL tf%faﬁﬁé?ﬂ Rrtive

i mpai rment 1 n depressed patients by the adm nistration of the conpounds of
t he presetite depresseddistate.i s bel i eved to be particul ar advant ageous. The

nultiL ceted pharnacol o of the conpounds of the present jnvention, in
par 1 07 ar “t heCoRRTY© BMIaRY R A Rpr ey <GBt By SRS 1 o
i mpr overre@bgmﬂv@ ifnhQh@ nb AR/ iREYbAgs With G@EnA aLitiRR Wit depRestidfit onset
treatment of the depressed state. Cognitive inpairment is a particularly
i mpor t ant Heoess inderrcaambndiments the pelieié e he treaserhior cogniiivpampamerent sor mal | y
increases wi th age. and further wth depression. Hence, in one enbodi nent,
the pati eft i Bt PRUTU YT oulhEh T8 hpai rment 1's el derl'y, and in
particul ar el debgwyitive fithcdeRr£8 Sk @ienticaGNiHolv Y, 6o ficd nEiphiddiSinatBizoptgerient i oned
above, often ingaired in schizophrenic . o ) )
15~ patients. Studies have also concluded that cognitive functioning is associated with
vocational functioning in schizophrenia [Scizophrenia Res., 45, 175-184, 2000]. In
one embodiment, the patient to be treated for cognitive impairment is schizophrenic.
5-HTj3 receptor antagonists have additionally been suggested for the treatment
of diseases such as emesis, chemotherapy-induced emesis, craving, substance abuse,
20  pain, irritable bowl syndrome (IBS), schizophrenia, and eating disorders, [Eur. J.
Pharmacol., 560, 1-8, 2007; Pharmacol. Therapeut., 111, 855-876, 2006; Alimentary
Pharmacol.Ther., 24, 183-205, 2006]
Clinical studies show that a combination of mirtazipine and an SSRI are
superior to SSRIs alone for the treatment of depressed patients with an inadequate
25  clinical response (treatment resistant depression, TRD, or refractory depression)
[Psychother. Psychosom., 75, 139-153, 2006]. Mirtazapine is a 5-HT, and a 5-HT;
antagonist, which lends support to the notion that compounds of the present invention
are useful for the treatment of TRD.
Hot flushes are a symptom associated with the menopausal transition. Some
30  women may suffer from this to an extent where it interferes with sleep or activities in

general, and where treatment is necessary. Hormone replacement therapy with

oestrogen has been established practice for decades, however, recently concerns have



pati ents. Studies have al so concluded that cognitive functioning is

associ ated with vocational functioning in schizophrenia [ Scizophrenia Res.,
45, 175- d86,2080Q0Jos | n one enbodi ment, the patient to bectmaaiensbers
cognitive inpairnment is schizophrenic. 5-HT receptor antagonists have
additionally been suggested for the treatnent of diseases such as enesis,
chenot her apy- induced enesis, cravin subst ance abuse, pain, irritable
bow syndrone (IBS), schlzophrenla and eating disorders, [Eur. J.

Phar macol beeBo®iced-o® sideodiectsPhughmabisiast cRhesrapégardiacievents. Clirggb1gts, 2006:

Al'i ment ar Ther 24, 183- 2006 n t udi, es,show t hat
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the treat mﬁtfomesd@@ngsmmamsgnz% ®osNh2am lzoaqemtbatrﬁerﬁ lf RbtdlshéLsponse
(treatnment resistant ressi on, TRD, or refract2%£ depr essi on)

[ Psychot h#iith cpepepsisnhi m?lg serpsf@nq%lpta B3 COMPPURESAPitRPIESeIS 5- HT and a

5- HI3 ant t I of the
pr esent |ﬁ%§%®o%oug¢ggﬁg$§8€§ tfvte trt%% n?o‘?(\)a% %W@Wusﬁ’gg are a
synpt om asstoctait edstwdgbh t he nenopausal transition. Sone wonen nmay suffer

fromthis to 3§ ext ent MMeﬁf it gterferes with slee ct|V|t|es in
general , and wRKFR 2P1AS3 ORENYIUCHYGEeRsPAPSA- hYRANGR R dr ?af: £ti¥her apy with

oestrogen 1@%%@&%&&%&%&1 Wd@&ﬁ?ﬁ fo?@zhﬁéﬁrand&f‘e@ﬁ'@é haRANEN drap ef ecently
have

concerns een voi ced o fects, such as east canc and cardi ac
events. Crdnmiicsato beridealtisichd $dve1$SRudleh&vzeni1$1hbv\hDW¢vat sug@sethabiﬂbﬁunds have an
effect.on hot flushes, alb ess t han %@r oestrQ%%: 295,

Ass. ,
2057- 2712 BIBYS: S EFTRY &TGSFPUEH o s 88&%@% HEBMhg

ser ot oni Nof @URL AE@sesES/Bep, QanUfKL'}SlQS‘S tshep g, @yend7si py@nt i on coul d, however,
be an alternative treatnent for wonen who can not or will not accept

oestrogen. Sl eérpormmiwhmntotbgtlrr\{mtwweel@t%tegt ragh@@af %W@g@ah@ymﬁ ome or

obstructiyv di orde ed ,breat is.a |sor n effective
o oot H PR Seta &b SRR n, oy S aiee s L

however, &¢gesin, tértssontdEs@iapeith d1pdlar @i®rdce ONRBHARS s @ise&siega pr esent

! nven%Sl Onpsn}?: ost}se cgrflgesczfgle \(/)? P!drrlln;[sgr? stdlisggstengr?glety, general anxiety disorder, social
anxiety disorder, obsessive compulsive disorder, panic disorder, panic attacks, phobia,
social phobia, agoraphobia, stress urinary incontinence, emesis, IBS, eating disorders,
chronic pain, partial responders, treatment resistant depression, Alzheimer’s disease,
cognitive impairment, ADHD, melancholia, PTSD, hot flushes, sleep apnoea, alcohol,

20  nicotine or carbohydrate craving, substance abuse and alcohol or drug abuse, the
method comprising the administration of a therapeutically effective amount of a
compound of the present invention to a patient in need thereof. In one embodiment,
said patient being treated for any of the above listed diseases has initially been
diagnosed with said disease.

25 It is well know that treatment with anti-depressants in general and SSRI’s in
particular may be associated with sexual dysfunction and which frequently leads to
discontinuation of the treatment. As much as 30-70 % of patients on SSRIs report
deficits in sexual function [J.Clin. Psych., 66, 844-848, 2005] , which deficits include
decreased libido, delayed, reduced or absent orgasms, diminished arousal, and erectile

30  dysfunction. A total of 114 subjects have been exposed to compounds of the present

invention in clinical trials; of these 114 subjects, only one subject reported sexual



of these di seases[S7ee/>, 21, 131-136, 1998; Sleep, 8, 871, 878, 2001]. In
one enbodi nent, the invention relates to a nethod of treating a di sease
sel ect ed woemfdimst i ve di sorders, depression, nmajor depcessize/desr der,
post nat al depressi on, depression associated with bipolar disorder,

Al zhei ner' s di sease, psychosis, cancer, age or Parkinson's disease,

anxi ety, general anxiety disorder, s&élal anxi ety di sorder, obsessive
conpul si ve di sorder, panic dlsorder pani ¢ attacks, phobia, social phobia,
agor aphobdwfu@ﬁweslih%ib atasygdontcibal qlmmbmterém@msusmmsmpeamdsng” thii sor ders,
chronic pa| res si.on,

Al zhei ner P eSéci“sevzae%l{é"“ ¢ a&%0%?at?/“EWﬁPﬁ6‘é‘P“%e%]ty%‘Xﬂe‘iﬁC1§s %ﬁi? ﬁonlﬂ%SD hot

flushes, sl eepAspn@€ancEdoOldompduedtdMBe @res@mrb@ﬂu&f at @agicamtipgvellsubst ance
abuse and al cohol or drug abuse, the nethod conprising the admnistration
e

of a t her &pEdifprcilr Hpaigien t ¢hyenia paiinE hignicaain msbdptingfcations syelzaent
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di agnosed(RHINY) CS@aﬁtudneslgmc&omlet(Ci[S) \bHIVI ndungpatityh admp e e adgieni pwnt h

anti - depressants ener al. nd R's. in, artic l.ar be associated with
sexual dy SRR 6¢1P%§> Uigerung e @é@n{ frige SevigIit LUORRYIRRIE I-on of the
treat nment S%I?Qalniﬂfé?ve%ﬁor%@e F’% 33 odf- %erzﬂ%' B8, &%t§ Ja?&@(gﬂaﬂgfef:éﬁf

sexual function [J.din 6, 844-848, 2005] whi'ch def|6£?s i ncl ude
decreasedﬁhwbmd@ordehﬁye@nmkmduw&dnm£dambemmhuBgmsna$odMnﬂMm®hegmarousal

and erectile d ction tal of 114 s cts hayve, been expo ed to

e ompolthasPyf attrSuuhReniRbTarT s B4R bl traD P g

subj ect s, nfgthiic OREsiSHRR Hea d-RRO i EEMBEX AL AYiaf t@ﬂl@bfdﬁﬁbndm@a‘i?mﬂﬁt a suggest
t hat cllnlcal i ntervention using conpounds of present invention is

associ at esyngrarhe, suygdadesl painymdsewat wjuryi ﬁlsromyamsmﬂrqmm bonoaridigint As

ment i oned_abov ds o h sent .in lon artigcularly wel
suited foPmPE %?nggﬁé 63¥MC<§gﬁ¥§ paFHﬁmkh mil%“ﬁ?] Hﬁcﬁmaﬁmglndlcatlons

such as phaft @dtinkd &0oq@bdwithSUFRPIriine opﬁaauredioa@ phih Qub edloDERAEtAML s,
post - herpetic neuralgia (PHN), carpal tunnel ndrone (CTS),. HV

neur opat h9ste<m9ﬁ?ﬂlsek01ﬂ%@?@ﬁta$esﬁaﬂlﬂkrwﬁarﬁawsmm dybrositis, gaieiasaial PG al gi a /
trigem nug, nedr algt QyI{drcEIhgs, gﬁfrgr %Hékef)%n or lower back pain (wherein the back pain

results from systematic, regional, or primary spine disease (radiculopathy), pelvic
pain, cardiac chest pain, non-cardiac chest pain, spinal cord injury (SCI)-associated
pain, central post-stroke pain, cancer neuropathy, AIDS pain, sickle cell pain or

20  geriatric pain.

Data presented in example 16 shows that compounds of the present invention
are useful in the treatment of pain, and that they may even have an analgesic effect,
additionally studies in an animal model of neuropathic pain confirm this observation.

A "therapeutically effective amount” of a compound as used herein means an

25  amount sufficient to cure, alleviate or partially arrest the clinical manifestations of a
given disease and its complications in a therapeutic intervention comprising the
administration of said compound. An amount adequate to accomplish this is defined
as "a therapeutically effective amount". Effective amounts for each purpose will
depend on the severity of the disease or injury as well as the weight and general state

30  ofthe subject. It will be understood that determining an appropriate dosage may be

achieved using routine experimentation, by constructing a matrix of values and testing



surgical intervention (e.g. post-operative anal gesics), diabetic

vascul opathy, capillary resistance or diabetic synptons associated with

i nsul itiswopadmm4amsoci ated with angi na, pain associ at ed pgirinK20€nsHo78at i on,
pai n associated with cancer, dental pain, headache, mgraine, tension-type
headache, trigem nal neural gia, tenporomandi bular joint syndrone,

nmyof asci al pain muscular injury, fibrdnyal gia syndronme, bone and joint pain
(osteoarthritis), rheumatoid arthritis, rheumatoid arthritis and edema

r esul t i ngditfcoant peiatsna tasweixavahus alh withrmidie ogdinary nkillsof & tragicdr e bone pai n
due to ostﬁoanthritis, ost eopor osi s, bone netastases or unknown reasons,
gout , fi bPOSTEY, nmyof asci al pain, thoracic outlet syndrones, upper back

pain or |ower baglkrpai@atwneredntitgbasksdadicrein afdhd e himnpsyst enat i c,
regional, or primary spine disease %radiculopathy), pel vic pain, cardiac
chest pai fare Rba patigndfache pegesendicambaiygma pondiian. Bighuasye issasg otssoci at ed
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of “neur opa?fHPQ}mgé? ﬁﬁl%ﬁf’ eIy pls Rl tcpidens. ?23 Cfeﬁ%‘ﬁaa&%%&% |0$ﬂe§=r fective

amount”  ofjjs@.s€ URRHAD RS HBEH tg'%ﬂ@xiiﬂ_e%f??&?%fﬁﬁs_ ga@w?ﬁs sif oohilieMonko cure,

alleviate or partially arrest the clinical manffestations of a given
di sease amal/pitte coonpldlicanito s discase, diverdep eutanditiomt asrwedktsitopravontghe si ng t he

adm njstration of .sai.d conpound, An amount, adequate to acconplish this is
def 1 nblh acondlionn st ReaR Ry i BouRrB S e o be 08 okt s for each
pur pose WhittenflRReMdp@PodeltE coRBRINd the AfschREcHIERAS 6r @Eori®Y ddMnd@sddsel | as the
wei ght and general state of the subject. It will be understood that

det er mi ni Hy adminipiprtopraf sheactive agaperngs bepreeitdheensaselibe sooptone or
exper | men'&at il(i)CrE]lti rtljsy Nl te eusct iror]% Elctrirc?{p%‘i:\;(enﬁf c Va%l Sagiific kcesrtt.ivrégdi fferent
points in TR DT X, FER PEPAY T W AT HQ 09 inary s 118 “5f a trained

physi ci antrediient &€ 06 bdpasdidBIpects dNthe b veddibh Mhe Rsichlae Be heked is means t he
managenent and care of a_patient for the purpose of conbating a condition,
such s argiaalxa mygmmal, in particular a human being.

Typically, the treatment of the present invention will involve daily
administration of the compounds of the present invention. This may involve once
daily administration, or administration twice a day or even more frequently.

In one embodiment, the invention relates to the use of a compound of the

20  present invention for the manufacture of a medicament for the treatment of affective
disorders, depression, major depressive disorder, postnatal depression, depression
associated with bipolar disorder, Alzheimer’s disease, psychosis, cancer, age or
Parkinson’s disease, anxiety, general anxiety disorder, social anxiety disorder,
obsessive compulsive disorder, panic disorder, panic attacks, phobia, social phobia,

25  agoraphobia, stress urinary incontinence, emesis, IBS, eating disorders, chronic pain,
partial responders, treatment resistant depression, Alzheimer’s disease, cognitive
impairment, ADHD, melancholia, PTSD, hot flushes, sleep apnoea, alcohol, nicotine
or carbohydrate craving substance abuse, or alcohol or drug abuse.

In one embodiment, the invention relates to compounds of the present

30 inventions for use in the treatment of a disease selected from affective disorders,
depression, major depressive disorder, postnatal depression, depression associated

with bipolar disorder, Alzheimer’s disease, psychosis, cancer, age or Parkinson’s



di sorder. The termis intended to include the full spectrumof treatnents
for a given condition fromwhich the patient is suffering, such as

adm ni st rwbi2eer/@ficoshe active conpound to alleviate the P¢IHK0®/0B0075
conplications, to delay the progression of the disease, disorder or
condition, to alleviate or relief the synptons and conplications, and/or to
cure or elimnate the disease, di sorder or condition as well as to pr event
the condition, wherein prevention is to be understood as the nanagenent and
care of adiseast.amiictnrgendrel grrghpdisomsier, soerblaanixivyy diserddr, sbsessive condi ti on, or

di sorder ggd quéégeée%h%nqu&Q'§tngﬁiﬂglﬁg qﬁaactkyqxﬁggpounds to prevent
the onset “OFPtHe fﬂp oSO e 1 oRs> P &t Rereldy prophyl acti c
(prevent i ¥@yraHolid, Bedsa pabiryGndontih@iceVénesiy, 8BS NRhg aiserdemOclsBRirmale aspect s
of the invention. The patient to be treated is preferably a nammal, in
parti cul aPardaligrrenders; tRpmastspdsintyleptehydon, Adghaimat’s BBcasRecosPERENt i nvent i on
will igsvo dai Ly ] i sfratio r
invent?onhmﬁwgghhéygﬁgboﬁéﬁw%%%3@3§?¥%gggﬁﬁg?gggggvg%iﬁggmgéﬁﬁﬁﬁgpgation
tw ce a dearbdliydeate oranimgesidbsaaereatiuksy,.antl aloohel awihiond set., the invention
relates to the_use_of conmpound. of  t he present .invention for the

manuf act ur e of THS AleR. CRMEROMPERIGSRY s BSHGHS FIVCBHOTLT SRR IBiPSBRER 5,

depr essi O&a%%t@iﬁeggug@@ {@éﬁﬁlﬁﬁergjefr%%guefhe PRS{ A& g& cHERIESRI tQQ%wﬁ&@frFSSi on

associ at ed I pol ar di sor zhei mer' s” di sease, psychosis, cancer,
age or Pahéalthgonlustatisaasdmninsixice the, coggoend follmeddlyya easoredent okthei al

anxi e di sor.der bsessi.ve conpul sive di sorder, ..panic disorder, ni c
20t acky, BIBURG pesRRRER N SRR B b - eob Ul YRR T et nence,
enesi s, | BSVLERWREorliSOaAEoing NEe WE ST ¢ subidfnkd aliediBponder s, treat ment
resi stant depression, Al zheiner's disease, cognitive inpairnment, ADHD,

nel anchol [Zsycaprgbnadedt 160l Ldhé k), 200 veliate &linaNeohell., 6Wi Bott. 280Q)

car bohydrate gravin ubst ance abuse, .or_.al cohgl .or.drug abuse. In one
rbod rent PR IRISIRPERE 257 Be 840G ebhaiBnRalfisr®d pEHReBINE: Lent  ons

for use i mpdindnt @eihgettsamk sartdif $BRS AlSRhECH L Lokhidne alddektrhajebdissor der s,

depression, mmjor depressive disorder, postnatal depression, depression

associat e&/’herein cognitive impairment 1s induced in healthy volunteers and wherein a
restorative effect of the compounds of the present invention is measured. Cognitive
impairment may be induced by e.g. scopolamine, sleep deprivation, alcohol, and
tryptophane depletion.

The pharmaceutical formulations of the invention may be prepared by
20  conventional methods in the art. Particular mentioning is made of tablets, which may
be prepared by mixing the active ingredient with ordinary adjuvants and/or diluents
and subsequently compressing the mixture in a conventional tabletting machine.
Examples of adjuvants or diluents comprise: anhydrous calcium hydrogen phosphate,
PVP, PVP-VA co-polymers, microcrystalline cellulose, sodium starch glycolate, corn
25  starch, mannitol, 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 etc. may be used provided that they are
compatible with the active ingredients.
Solutions for injections may be prepared by dissolving the active ingredient
30  and possible additives in a part of the solvent for injection, preferably sterile water,

adjusting the solution to desired volume, sterilising the solution and filling it in



wi th bipol ar disorder, Al zheiner's disease, psychosis, cancer, age or
Par ki nson' sdi sease, anxiety, general anxiety disorder, social anxiety

di sor der ,wohsessioos conmpul sive di sorder, panic disorder pcpak200maist@sks,
phobi a, social phobia, agoraphobia, stress urinary incontinence, enesis,
| BS, eating disorders, chronic pain, partial responders, treatnent

resi stant depression, Al zheiner's di§éase, cognitive inpairmnment, ADHD,
mel anchol i a, PTSD, hot flushes, sl|leep apnea, al cohol, nicotine or

car bohydr sti@blsraaviuigs, or yifds tenycwitale sdditizg domiesiadroilly anetl rthgambusde The

effect of %Pg qgﬁgg&pq§tqi Epe]T&Fs?R%singgqa&Rne(p cognition in humans may
be eval uaf®d“t WA hutoer &F \%)alg/ . 8 B ect mﬁi ¢ evaluated in tests

wher ei n heal t hYhy phdthfaeartisaladoenpaditioni st @Isafvdniion &0 e Mdlichalkd owed by a
measurenent of the cognitive performance in recognised tests, such as e.g.

Audi t ory WepBartureddp afeagdanss withalps myyentips sy dierpdmanisersd by any swgahle (\WCST) |

or susfai I B 0 02:. Psychiatry
Qi Reulil P SRyl YGRRAR SRR Gl htos fiidrd by e, BBV
assessed parcpatallgrih shesfofrh f algtidnsdon m@gtio.iRoe prappang sehtcouposigotdie same
sort of tests. Alternatively, cognitive npdels may be used wherein

cogni ti ve™°Ho4? iRTRIONS 1F e B e HIR AV GIEY SPUCAINGCHIRE S n a
restorat | verigh! @hlenfl oldiic O BPOMBISIARE v 'aenmsl@rg%gﬁﬁ il (Y GAthBNL Sefeasur ed.

Cogni tive 1 npal rnent may be induced by e.g. am ne, sleep deprivation,
al cohol , and t €ypranpméyethd epmeoimsis.of Theenpérdromaceatmiosierébmmulitatosages of t he

i ' be . d b went i onal .met in t t. Particul
ront 1 Bhi ng o8P S i P A RH o585 AR by R act  ve
i ngr edi enbelvbd tdPBAIN BY YheddinbdAAtidn aépihaénc?idfm-ﬂwa&i@gbsmu@m ly

conpressing the mxture in a conventional tabletting machine. Exanples of
adj uvant sdaky disk iseyruslle onipe range ohabardrl 0?9 malsorluas #bpdt b ) pisogphat e, PVP,

PVP- VA cozpgl yer s, ocrystallj cel Ul ose, sodi starch gl ycol at e,
corn st ar 410 HEARP M AL B PR, | OEs SR S e A T b PePae el at ne,

| act ose, puiBuladmentiditng iskfadeATYIaidy Bedes adf unams sr 20 nigddi tives usual |y used
for such purposes such as col ourings, flavourings, preservatives etc. may
be uskd provi déablety SPMPHEPE arcempound of the present invention may conveniently be

prepared by wet granulation. Using this method, the dry solids (active ingredients,
filler, binder etc.) are blended and moistened with water or another wetting agent (e.g.
an alcohol) and agglomerates or granules are built up of the moistened solids. Wet
massing is continued until a desired homogenous particle size has been achieved

20  whereupon the granulated product is dried. The compounds of the present invention
are typically mixed with lactose monohydrate, corn starch and copovidone in a high
shear mixer together with water. Following formation of granulates, these granulates
may be sieved in a sieve with a suitable sieve size, and dried. The resulting, dried
granulates are then mixed with microcrystalline cellulose, croscarmellose sodium and

25  magnesium stearate, following which the tablets are pressed. Alternatively, wet
granulation of the compounds of the present invention may be achieved using
mannitol, corn starch and copovidone, which granulates are mixed with
microcrystalline cellulose, sodium starch glycolate and magnesium stearate before
tablets are pressed. Alternatively, wet granulation of the compounds of the present

30  invention may be achieved by using anhydrous calcium hydrogen phosphate, corn

starch and copovidone, which granulates are mixed with microcrystalline cellulose,



conpatible wwth the active ingredients. Solutions for injections may be
prepared by dissolving the active ingredient and possible additives in a
part of twew@lmMems for injection, preferably sterile watemkzagjossisng t he
solution to desired volune, sterilising the solution and filling it

i nsui tabl e anpules or vials. Any suitable additive conventionally used in
the art nay be added, such as tonicity agents, preservatives, antioxidants,
etc. The pharmaceuti cal conpositions of this invention or those which are
manuf act upesdiuh stazehcgy cdaie tyne 1), telsiaad inmagaptivorstaaraje befomdablaissrer ed by any
sui tabl e rout ,Cgorh§%%q$393959lh% in the formof tablets, capsules,
powders, gfﬁﬁ 5 RPN p ren@ErQ?by I'n the formof solutions for

i njection. ForIpsepaibdignsiiCihc composid ¢ QRS preh@it MBAatiyvelslth&aiemide t he art
may be used, and any pharmaceutically acceptable carriers, diluents,

exci pi ent acigpalbergein he bicteifown, and sratly tahlegsgmay, be pempgesed gajpllsasused.
Cbnvengen?&¥mﬁ£ %n&H&R&Pﬁgﬁin%ﬁhe invention are admnistered in unit
dosage form containing sald conpounds in an anount of about 1 to 50 ng. An
upper |i nHBrisslt bel i eved to be22®8, by the concentrati on dependency of the
5-HT activity. The taqtal dail¥ d§§e is usually in the range of about 1 - 20
mg, such h&Btsguenohyeie o ny, S48 5-10 ng, about 10-20 ng, or about 10-15
mg of theggemgpound of the inveakpon. Particular nmentioning is made of daily
doses of 5, 10, 15 or 20 ny. Tablets conprising a conpound of the present

i nvent i onCopgviderveni ently be3pfepared by wet granul ation. Using this

nmet ho t dry sqolids (active_i,ngredients, filler, binder etc.) are
bIendﬂﬁ a&ﬁmT %@?@H@&e“ﬁPﬁimai%Pg%T anot her wetting agent (e.g. an al cohol)
and aggl opressaigl0te faam! es ars,built up of the npistened solids. Wt
massing is continued until a desired honogenous particle size has been

achi eved WMeettearpion t he granul 8eoproduct is dried. The conmpounds of the
present invention are typically m.xed wth | ose nonohydrate, corn starch
and copovidoneh} mﬁ@h?@ﬁggﬁggﬁ%“‘}@#”938§¥H%38@2Y% wat er. Fol | owi ng

f or mat i onHBr sgt anul ates, thesg-4gtanul ates may be sieved in a sieve with a

suitabl e sieve size, and dried. The resulting, dried granulates are then
mi xedl i t hagipEerBensfydits i ne cétVose, croscarmel | ose sodi um and

Starch 22-23%
Copovidone 3-4%
Microcrystalline cellulose ~ 20-22%
Croscarmellose sodium 3-3.5%
20 Mg stearate 0.5-1%
or
HBr salt 15-16%
Lactose monohydrate 35-38%
25  Starch 18-20%
Copovidone 3-4%
Microcrystalline cellulose ~ 20-22%
Croscarmellose sodium 3-3.5%
Mg stearate 0.5-1%

30
or

HBr salt 1-2%



magnesi um stearate, follow ng which the tablets are pressed. Alternatively,
wet granul ation of the conpounds of the present invention may be achieved
usi ng manmobt087/14¢msn st arch and copovi done, whi ch granulpatraskasmsse7sed with
m crocrystalline cellul ose, sodiumstarch glycol ate and nmagnesi um st earat e
before tablets are pressed. Alternatively, wet granulation of the conpounds
of the present invention nay be achi efed by usi ng anhydrous cal ci um

hydr ogen phosphate, corn starch and copovi done, which granul ates are m xed
Wit h mi cr beetgsstrapndhydrage| | ul 04€46%di um starch glycolate (type A, talc and
magnesi umst ear at e bef ore tabkﬁ%ﬁ(yare pressed. Copovi done is a PVP-VA

copol yner: YA one enbodi nent, e conpound of the present invention is the
hydrom decagbddsl t, e.g. in ghe,beta form and suitable tablets may be
conposed as fol |l ows - ﬁ)er cent ages indicated are ww % HBr salt 2-20%

Lact ose niHemeyesatimesglieloss st 322A4%15- 30% Copovi done 3-5% M crocrystal | i ne
cel l ul pse - 25% | | oggos0di um 2-5% My stearate 0.5-5%1In

parti cﬁl arc?'(%fﬁge?%ﬁo%%g{ngy b§aé§ salt 3-4% Lact ose nonohydrate 44-46%
Starch 22M3&%edcmpovi done 3- 4%k wocrystal i ne cel |l ul ose 20-22%

Croscarnel | ose sodium 3-3.5% My stearate 0.5-1% or

In one embodiment, the compound of the present invention is the hydromide

acid salt, e.g. in the beta form, and suitable tablets may be composed as follows

10  HBrsalt 2-30%
Mannitol 25-45%
Corn starch 10-20%
Copovidone 2-4%

Microcrystalline cellulose  22-27%
15  Sodium starch glycolate 4-5%
Mg stearate 0.25-5%, such as 0.25-2%

In particular, the tablets may be composed as follows

20  HBrsalt 20-22%
Mannitol 35-36%
Corn starch 10-12%
Copovidone 2.5-3%

Microcrystalline cellulose  24-25%
25  Sodium starch glycolate 3-4%

Mg stearate 0.25-1%

or

HBr salt 12-13%
30  Mannitol 36-37%

Corn starch 18-19%

Copovidone 3-4%



HBr salt 15-16% Lactose nonohydrate 35-38% Starch 18-20% Copovi done 3-4%

M crocrystalline cellul ose 20-22% Croscarnel |l ose sodium 3-3.5% My stearate
0. 5- 1% orwbiBno@akdos 1- 2% .act ose nonohydrate 44-46% St ar clirc2®12400@Go@evi done
3-4% M crocrystalline cellul ose 22-24% Croscarnel | ose sodi um 3-4% My
stearate 0.5-1% I n one enbodi nent, the conpound of the present invention is
the hydrom de acid salt, e.g. in the Bet a form and suitable tablets may be
conposed as follows HBr salt 2-30% Mannitol 25-45% Corn starch 10-20%
Copovi donMigrogoystdlinesetylosal | Ph@5%el | ul ose 22-27% Sodi um starch gl ycol ate
4-5% My s§§ r at arghgﬁ'gﬁ‘i{ such as 0.25-2% In particular, the tablets may be

conposed 101700 Salt 20-22% Mannitol 35-36% Corn starch 10-12%
Mg stearate 0.25-1%
5 or
HBr salt 25-27%
Mannitol 27-29%
Corn starch 13-15%
Copovidone 3-4%

10 Microcrystalline cellulose  24-25%
Sodium starch glycolate 3-5%

Mg stearate 0.25-1%
or

15 HBrsalt 3-4%
Mannitol 40-42%
Corn starch 20-22%
Copovidone 3-4%

Microcrystalline cellulose  26-28%
20  Sodium starch glycolate 3-5%
Mg stearate 0.5%

In one embodiment, the compound of the present invention is the hydromide acid salt

and suitable tablets may be composed as follows

25 HBrsalt 3-8%
Anhydrous calcium hydrogen phosphate 35-45%
Corn starch 15-25%
Copovidone 2-6%
Microcrystalline cellulose 20-30%

30  Sodium starch glycolate 1-3%
Talc 2-6%

Magnesium stearate 0.5-2%



Copovi done 2.5-3% M crocrystal line cellul ose 24-25% Sodi um starch gl ycol ate
3-4% My stearate 0.25-1%or HBr salt 12-13% Mannitol 36-37% Corn starch

18- 19% Cowovianngod- 4%V crocrystal l i ne cel | ul ose 24- 25%p8wdik20073isa076 h
glycolate 3-4% My stearate 0.25-1% or HBr salt 25-27% Mannitol 27-29% Corn
starch 13-15% Copovi done 3-4% M crocrystalline cellul ose 24-25% Sodi um
starch glycolate 3-5% My stearate 0.25-1% or HBr salt 3-4% Mannitol 40-42%
Corn starch 20-22% Copovi done 3-4% M crocrystalline cellul ose 26-28% Sodi um
starch glycolate 3-5% My stearate 0.5%

In particular, the tablets may be composed as follows

HBr salt approximately 5%
Anhydrous calcium hydrogen phosphate approximately 39%
5  Corn starch approximately 20%
Copovidone approximately 3%
Microcrystalline cellulose approximately 25%
Sodium starch glycolate approximately 3%
Talc approximately 4%
10 Magnesium stearate approximately 1%

Tablets with different amounts of active compound, such as corresponding to e.g. 2.5,
5, 10, 20, 25, 30, 40, 50, 60 or 80 mg of the free base may be obtained by choosing
the right amount of the compound of the present invention in combination with a

15  tablet of an appropriate size.

The size of the crystals used for preparing tablets comprising compounds of
the present invention are of significance. If the crystals are too small they may stick to
the plunger in the tablet machines. On the other hand, they cannot be too large either.
The dissolution rate in the intestines decrease when crystal size increases. Hence, if

20  the crystals are too large it may compromise the bioavailability of the compounds.
Particle size distribution may be described using quantiles, e.g. D5%, D10%, D50%,
D90%, D95% and D98%. As used herein, "particle size distribution” means the
cumulative volume size distribution of equivalent spherical diameters as determined
by laser diffraction at 1 bar dispersive pressure in a Sympatec Helos equipment.

25 In one embodiment, the crystals of the compound of the present invention, and
in particular the beta from of the hydromide acid salt have a particle size distribution
corresponding to D98%:650-680 pm; D50%: 230-250 um; and D5%: 40-60 pm. In a
further embodiment, the particle size distribution corresponds to D98%: 370-390;
d50%: 100-120um; D5%: 5-15 um. In a still further embodiment, the particle size

30  distribution corresponds to D98%: 100-125 um; D50%: 15-25 um; and D5%: 1-3 um.
In an even further embodiment, the particle size distribution corresponds to D98%:

50-70 um; D50%: 3-7 um; and D5%: 0.5-2.



I n one enbodi nent, the conpound of the present invention is the hydrom de
acid salt and suitable tablets nmay be conposed as follows HBr salt 3-8%
Anhydr ouswoabeiumosydr ogen phosphat e 35-45% Corn st ar ch pt313&%0Bpersi done
2-6% M crocrystal line cellul ose 20-30% Sodi um starch glycol ate 1-3% Tal c

2- 6% Magnesi um stearate 0.5-2% n partjcular, the tablets nmay be conposed as
follows HBr salt approximtely 5% Anr%}drous cal ci um hydrogen phosphate
approxi mately 39% Corn starch approxi mately 20% Copovi done approxi mately 3%
M crocryst al | i hbe Ge¢ base@s theappreokinventainmasbs Bediradrs diaelosedgh WQl at e

appr oxi ma 0 approxi matel v 4% Magnesi um st egrat.e. approximately 1%
D xRl T s SRR TR R S AR bR BB B T S Y

€. 9. 2.5, bixe id@n agftophe s@l0ent4Adifplthe 6cvaint &9d,nB 118k cd B!@]f:)lfeb'%ﬁatb@ﬁe may be
obt ai ned by choosing the right anount of the conpound of the present

i nvent i onPiasindtatien Way beacwinimished eiiceby 8t additiapf eppeaadesobinieandiple si ze of
the crystalolssl fidloRLERAL WIRLLABLE! heSRMMLLSIMG. FOTRRURAR Q! yle present
i nvention are of significarte. t crystal's are too snal ey may stick
to the pl ulngeitely thet doenfoabdedf thapleksne snvetion hnay bt kedthésased in b pejadi@nnot be
too large either. The dissol uéjbon rate in the intestines decrease when
crystal sf¥alypldpaciiongds depcribed belpWi he crystals are too large it may

conpromi se t hepfi0aMaior akinhdt foYeaffonl G rGANRYIAES may be achieved by

nucleophilic aromatic substitution or copper-mediated Ullman reactions. More
10 recently, palladium has been shown to be a powerful catalyst for the formation of such
bonds, and in particular the formation of C-N and C-S bonds, see e.g. US 5,573,460.

In one embodiment, the invention provides a process for the preparation of

)
fene

15  the process comprising reacting compound II

(1]

wherein R’ represents hydrogen or a mono-valent metal ion, with a compound of

formula 11



Particle size distribution nmay be described using quantiles, e.g. D5%
D10% D50% D90% D95% and D98% As used herein, "particle size

di stri butwortomaans the cunul ative vol une size distri buricemborgwsal ent
spherical dianeters as determ ned by laser diffraction at 1 bar dispersive
pressure in a Synpatec Hel os equi pnent. In one enbodi nent, the crystals of
t he conpound of the present inventioﬁ? and in particular the beta from of
the hydrom de acid salt have a particle size distribution corresponding to
D98% 650- 680 mm D50% 230-250 mm and 5% 40-60 mm In a further

enbodi ment, the particle size distyibutjon corresponds to D98% 370-390;
d50% 100-120m D5% 5-15 nm In d further enbodinent, the particle
size distribution corresponds to D98¢ 0-125 mm D50% 15-25 mm and D5%
1-3 mm In an even further enbodi nent e particle size distribution
corresponds to D98% 50-70 mm D50% 3-7 mm and D5% O0.5-2. The free base
of the present invention nmay be preparl¢t] as di scl osed in WO 2003/ 029232.
Salts of the present invention nay be prepared by dissolving the free base

in an appropriate solyent, adding the rel evant acid, followed

preci pi b at VBenR ot %%‘f‘?ﬂ‘fﬁgﬁﬁ[}’ rsarea%%ﬁﬁlag?% A aéPIElH%‘Fndb‘iﬂ(Ee’ﬂ’é‘%éﬁi tion of
a second sol vent, and/or evaporation, and/or cooling. Alternatively, the
free base of the present invention angqultinmately the conmpounds of the
present invention may be synthesised iln a pall adi um catal ysed reaction as

descri bed bel ow. Formation of aronati-®-carbon- het eroat om bonds may be
%; ifution or copper-nediated U | man

achi eved by nucl eophilic aromatic subst
reactions. Mre recently, palladi umbas been shown to be a powerful

catal yst for the formation of such bofds, and in particular the formation
of CN and G S bonds, see e.g. US 5,§| ,460. In one enbodi nent, the

i nvention provides a process for the "preparation of the process conprising
reacting conpound Il [H wherein R represents hydrogen or a nono-val ent

met al i onwhitelR @epreddRBWIArdgtn bOA Pritectink lovhigy, & the Presamd ofaisodependent |y
represent hal ogen, and a conpound of fornula IV o
5  base and a palladium catalyst consisting of a palladium source and a phosphine ligand
at a temperature between 60°C and 130°C.
In one embodiment, the process is divided in sub-processes wherein compound 11

and compound III are reacted in a first reaction to provide a compound of the formula

&0

10 This compound is then optionally purified to a suitable degree before being reacted

with compound IV to provide 4-[2-(2,4-dimethyl-phenylsulfanyl)-phenyl]-piperazine.
One-pot syntheses, i.e. syntheses wherein all reactants are mixed together at

the start of the reaction or process, are particularly useful due to their inherent
simplicity. On the other hand, the number of possible unwanted side-reactions is

15  dramatically increased, which again means that the number and/or the amount of
unwanted side products may increase and the yield of the desired product decrease
correspondingly. For the present process in particular, it may be observed that
piperazine has two nitrogens each of which could potentially participate in the

formation of a C-N bond. It has surprisingly been found that the present process may



wherein R represents hydrogen or a protecting group, in the presence of a
sol vent, a base and a pal | adi um catal yst consi sting of a palladi um source
and a phosphoemishiogand at a tenperature between 600C anegctBRQ07/dsn078Nn€
enbodi ment, the process is divided in sub-processes wherein conpound Il and
conpound 11 are reacted in a first reaction to provide a conpound of the
formula This conmpound is then optlonéqu purified to a suitable degree
before being reacted with conpound IV to provide

4-[ 2- ( 2, Abdiumgastayincios ﬁ)pntlwtss aowi groqzm@Wm]enpmm}vcamdﬂb comeur;doltﬂ aint heses,

i.e. syntheses §Nﬁre| nts.are m xe start of the
reaction oF % Peese glruéedp%?l??@eu %]sehflle g ntamg}g %ﬁl Y 16@1 ¥ BAE
S|an|C|tymn§nmhhe ot her hand, the nunber of possible unmanted

side-reactions is dranatlcally i ncreased, which again neans that the nunber
and/ or the anoGafPerndHantéel osithrecqsrcspriw tﬂmlatﬁ palAseecHpiionple yiel d of

the desi rﬁé’ahfﬁ p%ﬁsé‘é&b\%‘?%@%gi\%/ ggﬂ{tk%ﬁl‘?@ﬁ% B fate Eh E{‘ﬁlelﬁﬂeﬁxﬁ‘aﬂ% rRFOCESS i n

parti cul ar, plpera2|ne WO ni'trogens each of
whi ch coutldolpt@tteatmdltheyodmar ptoblemstzsscbdmtémﬁltﬁdtm’ﬁtNonibthlefleﬁ @-ddebond. It has
surprising g %een fQund that the present process maybe run as a one- pot
synt hesi s7™P? megt, B 4 ekog@¥er ei n compound 11, compound 111 and conmpound Vi

are nixed fromd, oaﬁ‘cgnm'angz cmmdér% Hﬁt‘m%&! BinDCheRartl @B hilo g{;& iy & pure

conmpound. Conpoun Is a thiol e corresponding thiolate.” Froma
occupati oamt ofEélaBr hncpbrls pecticilag compmayd Bes bébnahe-Ciiadlo-benagseoml 2hi ol at e,
such E@ Li+, Na+ or K+ thiolate to avoid the odour problens associ ated
with thi o OrOREREM4TBFess, in one enbodiment, R is hydrogen. Conpound I |

is a 1, 2-di hal ggetolasitiniat BdhdpREERF tl?é"bieslehﬁmbéit%&ﬂa%z basiRedarmof O, Br
and | . In particular, conpound Il is |-brono-2-iodo-benzene or 1, 2-

di br ono- bméﬁergaméolwnv@nmmtgw af ﬁuthﬁ@h@mwelﬁsa bmlmgéenp)peé@tem i nvent i on
ey, e ookt OB BN i sl oL o
60- 1300C. fréynectgsytoliche x30dne etficthlys ardleegib@dyl amine, dioxan, N-
15  methylpyrrolidone, or from any mixture thereof. Particular mentioning is made of
toluene as solvent.

Central to the present process is the use of a palladium catalyst without which
the reactions do not take place. The palladium catalyst consists of a palladium source
and a phosphine ligand. Useful palladium sources include palladium in different

20  oxidations states, such as e.g. 0 and II. Examples of palladium sources which may be
used in the process of the present invention are Pd,dbas, Pddba, and Pd(OAc),. dba
abbreviates dibenzylideneacetone. Particular mentioning is made of Pddba, and
Pd,dbas. The palladium source is typically applied in an amount of 0.1-10 mole-%,
such as 1-10 mole-%, such as 1-5 mole-%. Throughout this application, mole-% is

25  calculated with respect to the limiting reactant.

Numerous phosphine ligands are known, both monedentate and bidentate.
Useful phosphine ligands include racemic 2,2’-bis-diphenylphosphanyl-
[1,1’]binaphtalenyl (rac-BINAP), 1,1’-bis(diphenylphosphino)ferrocene (DPPF), bis-
(2-diphenylphosphinophenyl)ether (DPEphos), tri-z-butyl phosphine (Fu’s salt),

30  biphenyl-2-yl-di-#-butyl-phosphine, biphenyl-2-yl-dicyclohexyl-phosphine,
(2’-dicyclohexylphosphanyl-biphenyl-2-yl)-dimethyl-amine,
[2’-(di-#-butyl-phosphanyl)-biphenyl-2-yl]-dimethyl-amine, and



from anongst toluene, xylene, triethyl amne, tributyl am ne, dioxan,

Nmet hyl pyrrol i done, or fromany m xture thereof. Particular nentioning is
made of twbuewmi4amssol vent. Central to the present process/poésoarse of a
pal | adi um cat al yst wi thout which the reactions do not take place. The

pal | adi um cat al yst consists of a palladi um source and a phosphi ne |igand.
Usef ul pal |l adi um sources include pal 124di um in different oxidations stat es,
such as e.g. 0 and |I1. Exanples of palladium sources which may be used in
t he procedsydphexyé(Priedetti-propyéhinhonylat-gl)Phosibans. Metdpec?, canbnPd( OAc) . dba
abbrevi at gs_di benzyl i. de cetone, . Particyl ar t I .ani is e ,of Pddba2
2nd Pazablr e b Al e BkispEoby MRy L spRt i TRty o

0.1-10 nohRy%e uSéTid ségd bf HBo ir@-lf’gar_l@suﬁhor@exﬂb&mﬁah,eﬂl%’?haiyhmgtg@ﬂa this
application, nole-%is calculated with respect to the [imting reactant.

Numer ous PHASBRNAE, PPEE 8 HPAPBOS dBdHN PHBeHaBerEdNAPal Be ahesphinddigand e.
Usef ul z ph ' i.gands. i ¢ 202" - hios-di | -
1 b S RPAREa O A (PRI Pe2f BT g e B8, LR IETMLE S RRRORY

(DPPF), Dbiypicallf-attiypidrymple®phi nophenyl ) et her (DPEphos), tri- -butyl
Dyl 2 v - Btk el REC it st o indreade i 12 Hamchfi bases

(2'-dicyc osRhamy e di. < | )2 di et - an ' (-
“but yl - ph%)ég%ﬁ%{g@?- bi pﬁ%%ﬁ (?ﬂZ?eI%?q/giS%e%h%f ggérinﬁhg?léaél%a{g%y&ﬂ%haesxly (2 4
, 6' -t ri - pdopaticywighhdi\indReyl-gneddH Hrradd..4-NMardowetq[2 2arbame (DARBGAS, such as

e.g. 3-bis-(2,6-di-isopropyl-phenyl).-3Himd | <1 -] | ori de may be
ised | sPast apPssRh e uab RER o g han Bt aracih B FhLREHEELT ne 11 gand
i s rac- Bl NhicalBPf Kike RREABO K andmtbunNalahd | SWqalvaleats; BINAR.1-3rThe phosphi ne
ligand is usually applied in an anount between 0.1 and 10 nole-% such as 1

and 5 nol equyalentpisoell 432-3rcquivalents? nol e-% Base is added to the reaction

e 0 TheEegRtuy L SRRV ke Rt S G AR oy KB

di azabi cyehodBwhicR]sogdaaicipatne thdBUN bafdl (drmdtich.dE abt exbbdidn®. 2] oct ane

( DABClOg formation of bonds to the second nitrogen is avoided by using a mono-protected

piperazine, i.e. an embodiment wherein R is a protective group. Many protective

groups are known in the art, and useful examples include boc, Bn, Cbz, C(=0)O and

Me, and in particular boc. Bn abbreviates benzyl; boc abbreviates t-butyloxycarbonyl;

and cbz abbreviates benzyloxycarbonyl. If a protected piperazine is used in the

20  reactions, the protecting group has to be removed in a subsequent step, typically by
the addition of aqueous acid. If methyl is used a the protecting group, the methyl may
be removed in a reaction with carbamate and subsequent removal of this group.

It has surprisingly been found that unprotected piperazine may be used as well

without the formation of unwanted bonds to the second nitrogen. Protected and

25  unprotected piperazine have different solubilities in different solvents; as an example,
piperazine is practically insoluble in toluene whereas boc protected piperazine is
highly soluble in toluene. Normally it would be expected that it is a requirement for a
successful reaction that all reactants are readily soluble in the applied solvent.
Nevertheless, it has been found that the process of the present invention runs with a

30 high yield with toluene as solvent and with unprotected piperazine, i.e. in an

embodiment wherein R is hydrogen. Hence, in one embodiment, the solvent is toluene



may be applied as well. Particular nentioning is made of NaQ(t-Bu) and
KQ(t-Bu). Typically, the base is added is an anmount around 1-5 equival ents,
such as w8 equisv@bsents, such as 2-3 equival ents. Conpowrod/DRZ007058075

pi perazi ne conpound. Piperazine has two nitrogens, only one of whichis to
participate in the CGN bond formation, In one enbodi nent, formation of
bonds to the second nitrogen is avoi ded by using a nono-protected

pi perazine, i.e. an enbodi nent wherein Ris a protective group. Mny

prot ect i vendeaupsndd¥ ik nparizing. nrpelugther, crabpdlimesf dis eoxabvpitios ofncl ude boc,

Bn, Cbz, chn:c@(r)ls?ndse&ﬂa%ng- ionsy%lrt.iscul ar boc. Bn abbreviates benzyl; boc
abbr evi at &% fbut§?o ycarBoRyﬁ; and cbz abbr evi at es benzyl oxycarbonyl. If a

protected pi perd@id@nbodlidefdiht ferhfi@atiRAgdeORBich th RO Pr@etd WY group has to
be renoved in a subsequent step, typically by the addition of aqueous acid.
| f net hyl appoxiguilnde —pﬁm®é%n$ﬂ@189%%p, the methyl may be renpved in a

i ith b . f t.hi up. It.h
Carpri St ngl y baEhRs AR, PR e TR Db Phiy T8 Baant i Vel
wi t hout t pephred iah bRtefcodipraine@re Rddend Qcgshe second nitrogen. Protected

and unprotected piperazine have different solubilities in different
sol vents; as afr ldspdyng or dispapiagilnkS pquiprlarts pEegmyounds Hi Ubped \hin of uene

wher eas boc ect ed . pi Ane is highly soluble in toluene. Normally it
woul d be exﬁgégga%fﬁg?ghﬁﬁég%é’requirenent for a successful reaction that

al | react antts Aaldigrle2idly-Ysof Rialbe, amdl I-Dencdppd b Ldc-BINENogetheveitli P&l ess, it
has been found that the process of the present inventjon runs with a high

yi el dIi th tea}lwég@ts _h@&?x)%hppawlwdmeﬁﬁ_ Pofist ey %i%ﬁ&f Hetolieng, i n an

embodi ment pesighe R b SpBKCRBAGE B, HERGFis HbAlpPREYEAROHIER iy L he sol vent s
t ol ueneand conpound IV Is piperazine. In a further enbodinent, this

conbi nat i on compoumtilItand il arsfullyednvarnted, typealhpd-1dhoutsesi s. I n one

enbodi et e, Leper aLure Nder i ch L0 LN LOLBT BESSRuAT 1P 0K Tt el y

|- [2-(2, 4- diysgit EthpRi@ny!is @lifyamk dibie Rypidatipi1BEAuRE ah$ Prepared in a
process conprising the follow ng steps
15 d. Optionally removing the protecting group by the addition of aqueous acid if
compound III is a protected piperazine.
Optionally, purifications steps may be included in the above sequence of
reaction steps.

In one embodiment, 1-1.5 equivalents of 2,4-dimethyl-thiol, 1-bromo-2-iodo

20  benzene (or 1,2-dibromo-benzene) and piperazine is dispersed in toluene followed by
the addition of 2-5, such as 3 equivalents NaOt-Bu and 1-2 Mole-% Pd,dbas and rac-
BINAP dispersed in toluene to obtain a mixture which is refluxed for 2-10 hours,
typically 3-5 hours to obtain 1-[2-(2,4-dimethyl-phenylsulfanyl)-phenyl]-piperazine.
Optionally, this product may be further reacted with aqueous HBr to achieve the

25  corresponding hydrobromic acid addition salt.

In one embodiment, 2-5 equivalents of NaOt-Bu, 2-5 equivalents piperazine,
0.2-0.6 mole-% Pddba,, and 0.6-1 mole-% rac-BINAP is dispersed in toluene to
obtain mixture A’, to which mixture approximately 1 equivalent 2-bromo-iodobezene
is added to obtain mixture B’, to which mixture 1 equivalent 2,4-dimethylthiophenol

30  is added and the resulting mixture is heated to reflux for 3-7 hours, such as 4-6 hours

to obtain 1-[2-(2,4-dimethyl-phenylsulfanyl)-phenyl]-piperazine. Optionally, this



a . Dissolving or dispersing 1-1.5 equival ents of conpounds IIl, IIl and IV
in toluene to obtain mxture A, b. Adding 1-2 nvol e-% of Pddba2 and 1-2

nmol e- % ofwoa0eBl4INAP t oget her with 2-3 equival ents of Na@cTBik20epishesal |y

di spersed or dissolved or dispersed in toluene, to mxture A to obtain

m xture B, which is heated to around 1000C until conpound Il and IIl are
fully converted, typically 5-10 hoursz,6 c . Increasing the tenperature of
the m xture obtained in step b to around 1200C until conmpound IV is fully
conver t edprodyglineay bg/futideaRatiodiwith agnepud HRD3o inomiavd e cemesppnding he pr ot ecti ng
group by th ddi.tion of..aqueous acid if conmpound Ill is a protected

pi per azi n}é}.’(?r rt"%%%‘flf‘?i%blﬁ??q?cati ons steps nmay be included in the above

sequence of reaCtiIndsiSheRNs. it by 6P desiibRAL FBRIn anlacld BdEden v.al &MLR-of
2, 4-di et Eg/l -thiol, |-brono-2-1odo benzene (or 1, 2-dibrono-benzene) and

pi per azi n&.#+Dinrtykpharisuland)-nkew I mpsadaerater tha e dice baw- 8£1d2-5, such as
3 i yal ent: ) 1. _ . e
ol ver t Sgor b oy WU &y Y B EERE @Pfh RG] RETRELSPESR0N 1Y -5

hours to obhaecd id rep@ed ith-adtloeiryutidphenyk sigl fimmyic)acph enlphirigagigr azi ne.
Optional ly, this.produc be further reacted W th. aqueous HBr to achieve
t he correﬁwﬂ&l%g P Pb&%@%@n&%ﬁd-ﬂﬁmdﬁ%%% AIGAL CrBbarReR , 25
equi val en Nat - Blin e R~ i i ine, 5 % Pddba2,
and 0. 6- 1B§rr)§)tﬁlfee-% raeg%ive Pﬁlieg&gib\égée@;%ge P{rllﬁtq% uea%g "to bgeb?%g?%é@t)%l re A, to
whi ch m xbefoe sphsieri Irdtedlrge thsebas heah esvfat @l v odny -coogotiel; eneay ke added to
obtain mxture B, to V\{'li ch n‘i(i(‘tt,[lrg.l ﬁggjv | ent 2 Af-di meth¥lthi ophenol is
added’ and" fHEFLEUHE ARG VAT XEOFET 'S HAEd™T Befselyign piioy hdurs, such as
4-6 hour srdagti@Plvth thd acid 14 dnderdbsBinbi, a0y hydtbbranyé dci®efbd - pi per azi ne.

Optionally, thisproduct may be further reacted with aqueous HBr to achi eve
t he cor r edientlyitaghepaetvbrmoniuse adthoutzasiinilislhpusdication of Bemiec brscuat i ons it may
be desirable tg ;(?r%%é“siser]s W nergi%iadprgt%c Ly ip%%rasz?nletha(s)foeelrf &s%a, the protecting
group has to be removed by the addition of an aqueous acid as explained above. In
15  one embodiment, said aqueous acid may be selected to achieve two transformations,
i.e. the de-protection of the protected piperazine and the formation of an acid addition
salt. In particular, aqueous hydrobromic acid may be used to de-protect protected
piperazine and to obtain the hydrobromic acid addition salt in one process step.
It goes for all the reactions and reaction mixtures mentioned here that it may
20  be an advantage to purge them with an inert gas or run them under a blanket of inert
gas. Nitrogen is a cheap and readily available example of an inert gas
All references, including 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
25  reference and were set forth in its entirety herein (to the maximum extent permitted by
law), regardless of any separately provided incorporation of particular documents
made elsewhere herein.
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
30  the plural, 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.



(2, 4- D nmet hyl - phenyl sul f anyl ) - phenyl ] - pi perazi ne rather than the free base.
Acid addition salts nay be achieved in a further process step in which the
free basewohv@memsi s reacted with a rel evant acid, suclrcamogrosborsaric
acid, sul phuric acid, hydrochloric acid or hydrobrom c acid. The acid may
be added directly to the reaction mxture or, alternatively, the free base
may be purified to any suitable degré@ initially before such step. If the
free base has been isolated as a dry conmpound, it may be necessary to use a
sol vent in or dbnlespotheivise mdwateded! beasbvalmsopreved hasgingrd wprasentativeeact i on
with the gl dee hdhgne,sabodhenl .. aduequs. fydrobnom.g, achd. | . iadded
directly P o T HEPYERE PER MR Eue M thioli ar?y PRt aly &3? P |VcatdiV(V)n of the
free baserespétt iy HAHEES MORF 6f Medsupség chieBe RirRRIcAE tBalsbdsoagen used, the
protecting group has to be renpbved by the addition of an aquequs acid as
expl ai nedCe¥shendinghapniexigigisonrasaramens aneflided en iabonc| whersrpePseickct ed t o
achieve two tr r YRt | o - I . cted
piperéfine and%ﬁﬁg&¥§§%%f@%%néﬁgg%a gggﬁg, |%?§%kggfﬁﬁoﬁﬁﬁ%§%%@gular,
aqueous hyuthabrosmprigeg’ d “mayndyé“iuslading® déepitamnaet’ vathokcéetred tpaper azi ne and
to obtain the hydrobrom ¢ acid addition salt in_. one process ste It goes
for all tREMFRY tqlwt%ﬁdnt%%gﬁp BFPHSRP AR Tofe M NP R B A11RSE O e may be
an advant ggenidh tﬂb!(‘%néi&%l’*{“‘édﬁs@ﬁ QARG5S &_r“sﬁrgé@a&daﬁpﬂcy& files 1Rk anket  of
inert gas. Nitrogen is a cheap and readi I’y avail able exanple of an inert
gas Al | r pirc@dacdsmentreicledionty, pulbss @hdrivosessfatghomenitarypphirediticd s, and
patents, cited herein are.hereby incorporated.by reference in their

bt Frily SN En g BaRb Ut AGr el R BaE RO aalte hBuTRERESemirl Gual 1y and
speci fi cakfonld PhinkRE@6bA R AR dBEHiIROA abBFoddor &fn@i@_ﬁﬁ%@f @npckiwaER, set forth
inits entirety herein (to the maximumextent permtted by |aw), regardl ess
of any sepalesstahgrwiseoldaterber dlerslorqeoiradivied byfcoplaxti cul ar docunents nade

el sewhere herein. The use of the terns "a" and "an" and "the" and simlar
referents in the context of describing the invention are to be construed to
cover bot Exhmglesi ngul ar and the plural, unless otherw se indicated herein

or clearly contradicted by context. For
5  Analytical methods

'"H NMR spectra are recorded at 500.13 MHz on a Bruker Avance DRX500

instrument. Dimethyl sulfoxide (99.8%D) is used as solvent, and tetramethylsilane
(TMS) is used as internal reference standard.

The melting points are measured using Differential Scanning Calorimetry (DSC). The

20  equipment is a TA-Instruments DSC-Q1000 calibrated at 5°/min to give the melting
point as onset value. About 2 mg of sample is heated 5°/min in a loosely closed pan
under nitrogen flow.

Thermo gravimetric analysis (TGA) used for estimation of solvent/water content of

dried material is performed using a TA-instruments TGA-Q500. 1-10 mg sample is
25  heated 10°/min in an open pan under nitrogen flow.

X-Ray powder diffractograms were measured on a PANalytical X’Pert PRO X-Ray

Diffractometer using CuKy,; radiation. The samples were measured in reflection mode

in the 20-range 5-40° using an X’celerator detector.

30 Example 1 In vitro receptor pharmacology

Rat serotonin transporter: 1Cso 5.3 nM (blockade of 5-HT uptake)
Human serotonin transporter: ICso 40 nM (blockade of 5-HT uptake)



exanpl e, the phrase "the conpound” is to be understood as referring to

vari ous conpounds of the invention or particular described aspect, unless
ot her wi sewondizatmd. Unl ess ot herwi se indicated, all exaetrwateesspisvi ded
herein are representative of correspondi ng approxi mate values (e.g., all
exact exenplary values provided with respect to a particular factor or
measur enent can be considered to al s@gprovi de a correspondi ng approxi mate
measurenent, nodified by "about,"” where appropriate). The description

her ei n of Haman@sih& ot reespters Bed® niyf with paitinlagonison(efiséasy 86%¥0ns such as
"conprisiBg's having, " ARl uding. " or “containing' .wth reference to an
el ement oggte?'gnéﬁ?csepg)g' TGat Q’%&%{g@tﬂgﬁ%ﬁ%l gﬁrécﬁl Bglratsgafy&r a simlar aspect or
aspect of HuffnisONE{N de@eptdh 8Cs) afsund 28t KdntagobBASInThsctRBsREAy Ay of , or
"substantially conprises” that particular el enent or elenents, unless

ot her wi sehighet wacyiragpedhe gorpepnd gahibite depysticostisiky with ag EDsg o 3dposi ti on
described Hel G th S| i R 8l : e erstood as
al so dﬁscP%iTﬁg%ggl 8rrposith§g{r%g%tgor¥£‘fq%}t %h%geg#llgtqlhagﬁﬁ@ goﬁque;’ll}lﬂﬂn 5eILstggjot herw se
st at ed or recbgar inyancanitr@abiindingdsday (Kodtsekt)) . Exanpl es Anal yti cal net hods 1H
NMR spectra are recorded at 500.13 MHz on a Bruker Avance DRX500
instrunment. D nethyl sulfoxide (99.8%) is used as solvent, and

tetrameth cffsctyised as internal reference standard. The nelti ng

O
poi nts ar i i i.ng: Cal or . DSC). The
equi pnent %Is;ﬁ'r’s gﬁ#i@ n&sb??@rgrgﬁgtnégﬁgg% E]It%§%glpwﬁfg%twe h%tuc n‘%h )rﬁh{o gi ve the
mel ti g pohdiineasc onsai, avdlitveouldbo dkpce2tedgo odec asfficein enchreat@doblfhki n i n a

| oosel y clggsed pan under nitrogen flow Therno gravinetric analysis (TGA)
used for &dlomieg fodveomoddi-vent /wat er content of dried material is perforned

using a TA_i'nSF{VB%?ﬁtcg\?vJ%:r%{}&bgﬁf é‘%t Q%JFER ,'ﬁhikﬁishﬁ@fu‘??orm/ mn in an open

pan under nitrogen y ract ograns were neasured on a
PANal yti cal X BendtnsBRohgaRaffedDoh comatvonebtemtiosi ng CuKai radi ati on. The
sanpl es wer % msagaf‘tﬂrl Se(dmilzne ‘[rese‘[]c JNEI%L iisol?segﬁ %gr demonstrating effects on short, long-
15 term and working memory
¢ Attentional set shifting model, which is useful for demonstrating effects on

executive functioning, i.e. reasoning and problem solving

Example 3a  Preparation of the free base of compound 1

20 10 grams of 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine hydrobromide
was treated with a stirred mixture of 100 ml 3 M NaOH and 100 ml ethyl acetate for
10 minutes. The organic phase was separated, washed with 100 ml 15 %-wt NaCl
(aq), dried over MgSO,, filtered and concentrated in vacuum producing 7.7 gram (98
%) of compound I base as a clear colourless oil.

25  NMR complies with structure.

Example 3b  Preparation of crystalline base of compound I

3.0 gram of 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine colourless oil was
treated with 70 ml acetonitrile and heated to reflux. The almost clear solution was

30  filtered and the clear filtrate was cooled spontancously upon which precipitation
began shortly after filtration. The mixture was stirred at room temperature (22 °C) for

2 hours and the product was isolated by filtration and dried in vacuum (40 °C)



in the 2g-range 5-40 using an X celerator detector. Exanple 1 In vitro
recept or pharmacol ogy Rat serotonin transporter: 1C50 5.3 nM (bl ockade of
5- HT upt akeyosmamwsser ot oni n transporter: |1 C50 40 nM ( bipozhaceomfsodysHT

upt ake) Human 5-HT | A receptor: K140 nMwi th partial agonism (efficacy 85%
Rat 5-HT receptor: 1C50 0.2 nM (antaggonismin functional assay) Human 5-HT
Areceptor: |1 C50 around 20 nM (antagom’smin functional assay). At higher
concentration, the conpound exhibits agonistic activity with an ED50 of 2.1
mM The comymghbl Tae crysallingvhase wenisalatd ashiovkitt seilighn 2f7fgramt(§0 Por NMRe hunan
S5HT3 recept or n vi tyo Dbi d|n | IeZCognltlve
effects %Plleéﬁ%lgle%mc 5?/eélelpﬁmgl Sﬁhzz’sjlx%%E %68%?\}6\{’5795@% VENti on interact
with the ahgb%@eggg%my&u@,{;ﬂ) and it would be expected to see an effect in
one or nore of the following in vivo nodels. Five choice serial reaction
time test (5-CSRT), which is useful for denonstrating an effect on

ot | oL BRI e TR o eriTRAfind SRE or WGy uSeful ot

denonstra menory Attentional
set shi ft Thgbasedsd preputecin dxampieitylis drpsrtaldiﬁer(NBPDastgF@ﬁlfeelcﬂtsha@ra executive

functionin .and probl em sol |n | e 3a Preparation of
the free BALBEIOEATROLAG. It 0ogRaACan: and has Esos of o gt

| -[2-(2, 4;Riet hyl phenyl sul fanyl ) - phenyl | pi per azi ne hydrobrom de was
treated with a stirred m xture of 100 M 3 M NaOH and 100 m ethyl acetate
for 10 m nutes. The organi ¢ phase was separated, washed with 100 nl 15 % w

f(gq) n vacuum ﬁ)rodum ng
7 79 conpl i es

with str ugtoug@m Emn[m(@ @blxﬁétﬁﬂ@ﬁe%iyusmfa@ﬁ) 91&6@1]@ ﬂetd}ﬁlebalﬁ@ d@sfsole@drﬁﬂund I
hot 30 ml ethyl acetate and added 0.73 ml 48 %-wt HBr (aq). This addition caused

formation of a thick slurry and additional 10 ml ethyl acetate was added in order to
have proper stirring. The slurry was stirred at room temperature for one hour.

15  Filtration and drying in vacuum (20 °C) over night produced 2.0 gram of the product
as a white solid (80 %). NMR complies with structure. Elemental analysis: 57.05%C,
7.18%N, 6.16%H (Theory for 1:1 salt: 56.99%C, 7.39%N, 6.11%H)

Example 4b  Characterisation of the alpha form of the hydrobromide of compound 1

20  The alpha form of the hydrobromide, as prepared in example 4a, is crystalline
(XRPD) - see Figure 2. It has a melting point of ~226°C. It absorbs about 0.3% of
water when exposed to high relative humidity and has a solubility of 2 mg/ml in

water.

25  Example 4¢  Preparation of the beta form of the hydrobromide salt of compound I

49.5 gram of 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine colourless oil was

dissolved in 500 ml ethyl acetate and added 18.5 ml 48 %-wt HBr (aq). This addition

caused formation of a thick slurry which was stirred over night at room temperature.

Filtration and drying in vacuum (50 °C) over night produced the product in 29.6 gram
30  as white solid (47 %).

NMR complies with structure. Elemental analysis: 56.86%C, 7.35%N, 6.24%H

(Theory for 1:1 salt: 56.99%C, 7.39%N, 6.11%H)



3.0 gramof |-[2-(2, 4-Di net hyl phenyl sul fanyl ) - phenyl ] pi perazi ne col ourl ess
oil was treated with 70 ml acetonitrile and heated to reflux. The al nost

cl ear solwbi2oev/mamsfiltered and the clear filtrate was egelpacospsadaneous! y
upon which precipitation began shortly after filtration. The m xture was
stirred at roomtenperature (22 0C) for 2 hours and the product was
isolated by filtration and dried in veuum (40 0C)overnight. The
crystalline base was isolated as a white solid in 2.7 gram (90 %9. NWR
conplies with structure. Elenental analysis: 72.40%C, 9.28%\, 7.58%
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gram of | efmps¢dtodigi rﬁéétthﬂylhph@diw&milHaaﬁyﬂpbubrmﬁnﬁﬂ]zpngféﬂQZWﬁ@rwas di ssol ved
in hot 30 M ethyl acetate and added 0.73 nl 48 %w HBr (aq). This
addition caused formation of a thick slurry and additional 10 ml et hyl

acet at e wgsaragideld PiepAtE&! oft e Emmaﬂbﬂjpefth%thiyﬂfdbﬂgmd&'@ﬁt sf ¢onipou@s stirred
at roomtenperature for one hour. Filtration and drying in vacuum (20 0C

over ni ght gfdddc@d- 1?lroetbylah?rwﬁsuifﬁ@/lbpb@wé]plpggazalevhffdf@r@a}clws( 80 % . NMWR
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(Theory f@fr b%} ?Hsg’?attnl:[ﬂlg%? g&%&d@gﬁgéﬁ}ﬁ?&ég@ﬂ%d%ﬁgﬁqZrh%%{%lgggéatger| sation
of thio al plheost dean atiditibe olﬁ\ldllr@;basﬁHBdmadé itcapdiBidwvis atlded ahmimbolfdor m of the
hydr obr om de as prepared i n exanp is crystalline (XRPD) - see Figure
2. It hasPAnHERY Phsgrv5ei The wiuuossee Copkeﬁé%mgenavﬁmre@né%leé I%Mﬂ?er when
exposed t Qorgrbl% Wil @hdcHfe. @Qﬂlgﬁtﬁlyan%@glshgé6§%@0|7lf§%ll\! l6¥219fH 4T or' n water.
Exanpl e eparation of the beta form of theé hvdrobrom de sal

conpound [1:1401t55@9¥MCo7.39%PN26(127%4H)Di met hyl phenyl sul f anyl ) - phenyl ] p| per azi ne
colourless oil was dissolved in 500 mM ethyl acetate and added 18.5 m 48
%w HBr (aq). This addition

15  Example 4f Characterisation of the gamma form of the hydrobromide of compound I

The hydrobromide, as prepared in example 6e, is crystalline (XRPD) — see Figure 4.
The DSC curve shows some thermal events at about 100°C; probably change in
crystal form. Then it melts at about 220°C. It absorbs about 4.5% of water when
exposed to high relative humidity and at 30%RH at room temperature about 2% of

20  water is absorbed.

Example 4¢ Preparation of the hydrobromide hydrate of compound I

1.4 gram of 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine oil was added 20
ml water, and heated to 60°C. pH was adjusted to 1 using 48% HBr. The solution was

25  cooled to room temperature and dried. NMR complies with structure. Elemental
analysis: 55.21%C, 7.16%N, 6.34%H (Theory for 1:1 salt hemihydrate: 55.68%C,
7.21%N, 6.23%H)

Example 4h Characterisation of the hemi hydrate of the hydrobromide of compound I

30 The hydrate as prepared in Example 4g is crystalline (XRPD) — see figure 5.
The water content depends strongly on the relative humidity. At room temperature
and 95%RH the water content is about 3.7%. Dehydration occurs by heating to about
100°C.



caused formation of a thick slurry which was stirred over night at room
tenperature. Filtration and drying in vacuum (50 0C) over ni ght produced

t he produwd 200713908 gram as white solid (47 % . NVR compCras2001d30075
structure. Elemental analysis: 56.86%C, 7.35%\, 6.24%d1 (Theory for 1:1
salt: 56.99%C, 7.39%\, 6.1 1% Exarrple 4d Characterisation of the beta form
of the hydrobrom de of conpound I Thellbeta form of the hydr obr om de, as
prepared in exanple 4c, is crystalline (XRPD) see Figure 3. It has a
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compound |
15  The ethyl acetate solvate, as prepared in example 4i, is crystalline (XRPD) — see

Figure 6. The batch contains a mixture of the solvate and the alpha form of compound

I, probably because the drying has caused partly desolvation. The desolvation starts at

~75°C when heated 10°/min. After desolvation the alpha form is formed.

If exposed to high relative humidity, the ethyl acetate is replaced by water, which is
20  released when the humidity subsequently is lowered. The resulting solid is

hygroscopic and absorbs 3.2% of water at high relative humidity.

Example 5a  Preparation of hydrochloride salt of compound 1

1.0 gram of 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine oil was dissolved in
25 20 ml ethyl acetate using gentle heating (30 °C). When a clear solution was obtained a

solution of 2 M HCl in diethyl ether was added slowly until pH was approximately 1-

2. During the addition spontaneous precipitation was observed. After final addition

the suspension was stirred for 1 hour before the white precipitate was isolated by

filtration and dried in vacuum (40 °C) overnight. 1-[2-(2,4-Dimethylphenylsulfanyl)-
30  phenyl]piperazine hydrochloride was isolated in 1.1 gram (99 %).



Exanpl e 4h Characterisation of the hem hydrate of the hvdrobrom de of
conpound | The hydrate as prepared in Exanple 4g is crystalline (XRPD) -
see figurwo2o007fhsvopat er content depends strongly on thepcaatnymoshersi dity.
At room tenperature and 95%RH the water content is about 3.7% Dehydration
occurs by heating to about 1000C. Exasvrgpél e 4i Preparation of the ethyl
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the drying has caused partly desolvation. The desolvation starts at -75 0C

when heated 10/ nmin. After desolvation the alpha formis formed. If exposed

to hig(g relative hugidity. et hyl catat e IS rteplfaced by, water, which is
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was appr oxdlitairae Yuspension was stirred for 5 minutes at first and then on ice-bath another
15 hour before filtration. The white solid was washed using 100 ml of fresh cool ethanol
(placed in freezer at —18 °C for 2 hours), 50 ml acetone and finally 50 ml diethyl ether
before dried in vacuum (50 °C) overnight. 1-[2-(2,4-Dimethylphenylsulfanyl)-
phenyl]piperazine HCI was isolated in 5.1 gram (38 %).
NMR complies with structure. Elemental analysis: 61.23%C, 7.91%N, 7.16%H
20 (Theory for 1:1 salt monohydrate: 61.26%C, 7.94%N, 7.14%H)

Example 5d  Characterisation of the hydrochloride monohvydrate of compound 1

The hydrochloride monohydrate, as prepared in example 5c, is crystalline (XRPD) —
see Figure 8. It dehydrates starting at about 50°C. Some thermal events, probably

25  rearrangement, occur by further heating, and it melts at about 230°C followed by
recrystallisation and melting at about 236°C. It does not absorb further amount of
water when exposed to high relative humidity and the hydrate bounded water is not
released until the relative humidity is decreased to below 10%RH at room

temperature. It has a solubility of about 2 mg/ml in water.
30



2. During the addition spontaneous precipitation was observed. After final
addition the suspension was stirred for 1 hour before the white precipitate
was i sol avedobyidhdost rati on and dried in vacuum (40 0C) e¢@mK296m050075

| -[2- (2, 4- D net hyl phenyl sul fanyl )- phenyl j pi perazi ne hydrochl ori de was
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Char act er Examplaaof Proparatign obmiabydate delt of camepaundihd | The hydrochl ori de, as

d i I " | L -, . Fi . h
el ting o prr1gded pin Ry bt PRk A diselist B8 5 i gn

rel ative bomildityya@tde BRocAIngqr0BC). IWernof cldar@lufion whs \WBlagled 0B36gRME SC
Preparation of the hydrochl oride nonohvdrate of conpound | 11.9 gram of

| - [ 2- (2, 40Dmpideng subphoma acigd flahgay) ) wresideq plopdy. ¥fitaiding] addigen $essol ved in
100 nm. et ' ] | Ut j bt ai ned

addi 115n S AR g ) R S oy M A G st el y

pr eci pi t apteoipitafioraofwhe perdact THe supenstarspensgirmd fvas heirk bn égt Bedsre Bhani nut es  at

first and then on.ice-bath another hour before filtration. The white solid
was vvashe&’E‘U%PF‘FﬁlpitG@ s 1 qateﬂgg%?%&n KRG N (apﬂua@e@bi () PraBEhl lar - 18 0C
for 2 houps), 4. il . j . . be dried in
vacuam (50 e PhmCin, BHEAAAR AN ARG e Rindhad 8L Wy JOLARI indre] ghin

phenyl j pi (#6r%2ziNMRHOmphas witholrattec:. Etentental gnapsi§: 36 . 94P0C,NVR %6bnpl i es with

| anal ysis; o, o, 7. 169 (Th for 1:1
Sl WonohpBral Erheay a5 o0k %0 TANN Sl 50 Crar act et i sat i on of

t he hydrochl ori de nonohydrate of conpound | The hydrochl ori de nonohydr at e,
as prepared in exanple 5c, is crystalli nehf(ﬂXRPD) - see Figure 8. It
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exposed to 80% relative humidity and is thereby transformed into a hydrated form.

The last 6% of the absorbed water is not released until the relative humidity is below

10%RH. It has a very high solubility in water (>45mg/ml).



rel eased until the relative humdity is decreased to bel ow 10%RH at room
tenperature. It has a solubility of about 2 ng/m in water.Exanple 6a

Pr epar at iwo 2067/ 1emyl at e salt of conpound | 1.0 gram of PCT/DK2007/050075
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The suspension was stirred while being allowed to cool to roomtenperature
followed by 2 hours in the freezer at -18 0C. The white solid was col |l ected

by filtration a hed with 20 .m.cold ethyl acetate before drying in
vacuun1(5uxuvﬂezgcr%ﬁﬁgﬁfgs|3n&9ﬂw e 8 cipl in 3.1 gram (44 % . NMWR
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(Theory for a 1:1 salt: 63.74%C, 6.76%N, 6.32%)
1 a melting point of ~194°C. The solubility in water is 0.4 mg/ml.

Example 8a  Preparation of maleate of compound

2.5 gram 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine oil was dissolved in
50 ml ethyl acetate and heated to 60 °C followed by addition of 1.1 gram maleic acid.

20  The mixture was heated again to reflux for 5 minutes and left to cool to room
temperature while stirring. During the cooling precipitation started and was finalized
by 4 hours in the freezer (-18 °C). The white solid was collected by filtration and
washed with 50 ml diethyl ether before drying in vacuum (50 °C) over night. This
produced 1.3 gram of 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine Maleate

25 (38 %) that was recrystallised by treatment with 40 ml ethyl acetate and 5 ml
methanol at reflux. The clear solution was cooled to room temperature followed by 2
hours in the freezer (-18 °C) before filtering and washed twice with 10 ml cold ethyl
acetate followed by drying in vacuum (50 °C) for two days. 1-[2-(2,4-
Dimethylphenylsulfanyl)-phenyl]piperazine Maleate was isolated in 0.9 gram (69 %).

30 NMR complies with structure. Elemental analysis: 63.57%C, 6.79%N, 6.39%H
(Theory for a 1:1 salt: 63.74%C, 6.76%N, 6.32%H)



Exanpl e 7b Characterisation of the fumarate of conpound | The fumarate, as
prepared in exanple 7a, is crystalline (XRPD) - see Figure 10. It has a

mel ti ng pwonbomifs400494C. The solubility in water is 0.4 prghmkeExsoapse 8a
Preparation of maleate of conpound | 2.5 gram

| -[2- (2, 4- D met hyl phenyl sul fanyl) - phenyl ] pi perazine oil was dissolved in 50
m ethyl acetate and heated to 60 0C ¥ol | owed by addition of 1.1 gram

mal ei ¢ acid. The m xture was heated again to reflux for 5 mnutes and | eft
to cool tExatm*mlm&bprrﬁharactnmsatMMIfﬁleqnalcatte efcompeundd t he cool i ng

f )
breci Pi{ 3k 00 BLAT LGBy MRS LIAC] T e IOUED) LGt P T PeTs (- 18, 0O

et her bef piglgoyioig JfA 18200 UM 6AbNIG) irowWeter Ri-ghhg/mIhi s produced 1.3 gram of
| -[2- (2, 4- D et hyl phenyl sul f anyl ) - phenyl ] pi per a2| ne Maleate (38 % that was
recrystallised by treatnment with 40 m ethyl acetate and 5 m nethanol at
el TREwRLEd SPlhl 00, WRCGLOMER, PSRRIk TRer al ure ol oned by 2
hour s shed twice with 10 m
cold et hyll 1.&edtcdtae). 300M m\mamby ld2yRrgDimetiraphienyl sufBnydSphdmyit |pipstaziay s .

i [o ke St e e L pleny Bl ne M LS e o e
63. 579K, ﬁm?tgr@\lvas@*tl%%g[ﬂéit fobRAERefRlre %r]%()]mﬁﬁkets duﬁﬁ%?v @c%@d&n

6. 32%) Exanpl e 8b Characterisation of the nal eate
mal eat e, awkplaspalrichtion agst awmphieg Sast wig 5:n1i/3¢ea<bﬂe|amdtl(1®(i:83m)l dretks}éethlér gure 11.

Ecanpl e oBroepisiaBBtoghedh ot udas ded indhstita 50 50 w5 30
sol ution pf.(d4 f[ﬁmé% %&ﬁﬁhﬂ)ﬁ&]}%@ﬁ(ﬁﬁﬂﬁé‘r@ﬁﬁ{é I RRYtE BEBSF82d0MRed th acet one
0.5 gr

was treated Wi th am neso-tartaric acid dissolved in 5 nl acetone. The
m xture waé mmr(%%)aNbemmplmmﬂmtwém drlepontai angtysis: 8%P8%E . whi ch

fna-then” 32 elteh S8Ry Rypolodl FRA RSN LC Zoll o Thar was

dried in vacuum (50 0C) over night. 1-

[2-(2, 4-D et hyI henyl sul fanyl ) - phenyl ] pi perazi ne neso-tartaric acid was
i sol aﬁed Example 9 Characterisation of the méso-tartrate of compound I

The meso-tartrate, as prepared in example 9a, is crystalline (XRPD) — see Figure 12.
It has a melting point of ~164°C. The solubility in water is ~0.7 mg/ml.

Example 10a Preparation of L-(+)-tartrate of compound I

20  11.1 ml of a 0.30 M solution of 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine
in acetone was treated with 0.5 gram L-(+)-tartaric acid dissolved in 5 ml acetone.
The mixture was stirred at room temperature for 30 minutes during which
precipitation took place. Filtration and washing first with 5 ml acetone and then 3 ml
diethyl ether achieved the product as a white solid that was dried in vacuum (50 °C)

25  over night. 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine (+)-tartaric acid
was isolated in 1.2 gram (81 %). NMR complies with structure. Elemental analysis:

58.86%C, 6.30%N, 6.38%H (Theory for a 1:1 salt: 58.91%C, 6.25%N, 6.29%H)

Example 10b Characterisation of the L-(+)-tartrate of compound I

30  The L-(+)-tartrate, as prepared in example 10a, is crystalline (XRPD) — see Figure 13.
It has a melting point of ~171°C. The solubility in water is ~0.4 mg/ml.
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The L-(+)-tartrate, pr.epar e e 1 s crystalline RPD) - see
Fi gure 13[2 244 Pé’%‘e'élyﬁ’z‘%ﬁﬁg%ﬁ%ﬁ Tp—ﬁ%@le %@é%ﬁ%.amdﬂyaﬁ 1%9% is -0.4
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0.30 M sol ut7 on of (2 | phenyl sul Y- phenyl ] pr perazine in
acet one wé§6f/di\é@t§d/ol\i&n(flhﬁo®y Bargir]alnszm I, téali%Na@iZ@%tﬂi)ssol ved in5n
acetone. The m xture was stirred at roomtenperature for 30 m nutes during
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acetone apduhien 18 Chadi@filion S HRIDANASHGRb dshppuATCt as a white sol i d
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6.29%1) Exanple | ib Characterisation of the D-(-)- tartrate of corrpound I

The D-(+)-tartrate, as prepared in exanple | la, is crystalline (XRPD) -
see Flyur Example 12a Preparation of sulphate of compound I

11.1 ml of a 0.30 M solution of 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine
in acetone was treated with 2.2 ml of a 3 M solution of H,SO, (aq). The mixture was
stirred at room temperature for 30 minutes and then on ice-bath for another 4 hours
before precipitation took place and was finalized. Filtration and washing first with 5

20  ml acetone and then 3 ml diethyl ether produced the product as a white solid that was
dried in vacuum (50 °C) over night. 1-[2-(2,4-Dimethylphenylsulfanyl)-
phenyl]piperazine sulphate was isolated in 0.51 gram (39 %). NMR complies with
structure. Elemental analysis: 54.53%C, 7.22%N, 6.28%H (Theory for a 1:1 salt:
54.52%C, 7.07%N, 6.10%H)

25

Example 12b Characterisation of the sulphate of compound I

The sulphate, as prepared in example 12a, is crystalline (XRPD) — see Figure 15. It
has a melting point of ~166°C. The solubility in water is ~0.1 mg/ml.

30 Example 13a Preparation of phosphate of compound I

11.1 ml of a 0.30 M solution of 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine

in acetone was treated with 0.2 ml 65 % H3;PO, (aq). The mixture was stirred at room



It has a nelting point of ~175C. The solubility in water is -0.4 ng/n.
Exanpl e 12a Preparation of sul phate of conmpound I 11.1 m of a 0.30 M

sol ut i on wb 20071248, 4- Di net hyl phenyl sul f anyl ) - phenyl ] pi peraaioerism7acet one
was treated with 2.2 m of a 3 Msolution OH SO (aq). The m xture was
stirred at roomtenperature for 30 mnutes and then on ice-bath for another
4 hours before precipitation took pl ade and was finalized. Filtration and
washing first with 5 ml acetone and then 3 m diethyl ether produced the
product atempepgtire dosy) inghutdsaturing svideh prdcipriaticadaaloples® Fl@ptiovard ni ght .

| -[2-(2, 4- Di;net hyl ph | sul fanyl ) - nyl.j pi perazi ne syl phate was _isol ated
oo 52 ol B SRR PR A in RN o B P EREA SRS RO iS4l o
54. 53C,  hA2%id hal@iHiciNaenyuho[s (Y obesabht, 134(53%C, 7. 07OM, 6. 10%)

Exanpl e 12b Characterisation of the sul phate of compound | The sul phate, as
prepar ed Pimethulphewylanianyl)-pherstpirerazinge phogrbip wasdeodateq ful-@3 gmm (K has a
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| -[ 2- (2, 4¢Dicost foy hdhleswt: S458%aY 7)07pderoy3q%pHper azi ne i n acetone was treated

with 0.2 mM 65 % H3PO4 (agq). The m xture was stirred at roontenperature for
30 m nutes during which precipitation took place. Filtration and washing

first witp gl 136etARGRAL LA 1R SHostHa6! B¥onfiolsd 1 Produced the product as

a white soliTd that was dried I n vacuum (50 0C) over night. |-[2-(2,4-

Di net hyl phbayhssphitemsiprepaheingickpinplerlda; in eryphadsphaRP Wase Fapkat@dt i n 1. 23
gram (94 99 . NVR conplies w.th strycture. Elenmental analysis: 54.2 1%,

7. 15%N] e%ﬂgﬁ?ﬁé’%o?a’rﬂakﬂ e%"gﬁ%lﬁ{yslﬁ.%aé‘%? ”Sintﬁf@)& 6. 36%1) Exanple 13b
Characterisation of the phosphate of conpound I The phosphate, as prepared

in exanple 13a, is crystalline (XRPD) see Figure 16. It has a nelting point
of ~224C. ExtimpledtahPidpasatipm ofwaitrate dfcompoundyl i . Exanpl e 14a Preparati on of
nitrate o o] 11. 1. m .qf 0, R0 ol ut i on. of : :
12702, &) BT AR tudicRat RO P B -pheny iperacine

in acetone was treated with 0.2 ml of 16.5 M HNOs (aq). The mixture was stirred at

15  room temperature for 30 minutes during which precipitation took place. Filtration and
washing first with 5 ml acetone and then 3 ml diethyl ether produced the product as a
white solid that was dried in vacuum (50 °C) over night. 1-[2-(2,4-
Dimethylphenylsulfanyl)-phenyl]piperazine nitrate was isolated in 0.87 gram (73 %).
NMR complies with structure. Elemental analysis: 59.80%C, 11.67%N, 6.51%H

20  (Theory for a 1:1 salt: 59.81%C, 11.63%N, 6.41%H)

Example 14b Characterisation of the nitrate of compound I

The nitrate, as prepared in example 14a, is crystalline (XRPD) — see Figure 17. It does
not melt but decomposes under an exothermic reaction at about 160°C. The solubility

25  in water is ~0.8 mg/ml.

Example 15 Tablet

The examples below show representative examples of how tablets comprising
compounds of the present invention may be prepared. The beta form of the hydromide

30  salt has been used in all examples.



in acetone was treated with 0.2 m of 16.5 MFNO (aq). The m xture was
stirred at roomtenperature for 30 m nutes during which precipitation took
pl ace. Fiwonasiamoand washing first with 5 nl acetone ardtiheoo@sm7sdi et hyl
et her produced the product as a white solid that was dried in vacuum (50
0C) over night. I-[2-(2,4- D nethyl phenyl sul fanyl)-phenyl ] pi perazi ne
nitrate was isolated in 0.87 gram (73% . NWVR conplies with structure.

El emental anal ysis: 59.80%C, 11.67%N, 6.5 1%1 (Theory for a 1:1 salt: 59.8
1%C, 11. 6Bsawple 1421944) Exanpl e 14b Characterisation of the nitrate of
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Example 15b
15  317.75 g of the hydrobromide salt, 754.15 g Lactosum 350M, 377.1 g corn starch and

76.0 g Kollidon VA64 were mixed for 2 minutes in an Diosna PP1 high shear mixer
at an impeller speed of 1000 rpm. Next, the speed of the impeller was lowered to 800
rpm and 210 g water was added during the course of a minute. Massing was
performed for 7 minutes and the resulting granules were passed through a sieve, size
20 4000 um. The granules were dried and passed through a sieve, size 710 pm. 1386.2 g
of the resulting granules were mixed with 400 g Avicel PH200 and 60 g Ac-Di-Sol.
Following lubrication of the blend by mixing with 15 g magnesium stearate the
powder blend was transferred to a tablet press. Tablets having a target core weight of
200 mg and a diameter of 8 mm were prepared to obtain tablets with a target content

25  corresponding to 25 mg of the free base.

Example 15¢
32.2 g of the hydrobromide salt, 944.82 g Lactosum 350M, 472.4 g corn starch and

76.0 g Kollidon VA64 were mixed for 2 minutes in an Diosna PP1 high shear mixer
30  at an impeller speed of 1000 rpm. Next, the speed of the impeller was lowered to 800
rpm and 220 g water was added during the course of a minute. Massing was

performed for 7 minutes and the resulting granules were passed through a sieve, size



317.75 g of the hydrobrom de salt, 754.15 g Lactosum 350M 377.1 g corn
starch and 76.0 g Kol lidon VA64 were m xed for 2 mnutes in an D osna PPl

hi gh sheaworoens@s an i npel | er speed of 1000 rpm Next pctrrhxepmsdef the
inmpeller was | owered to 800 rpm and 210 g water was added during the course
of a mnute. Massing was performed for. 7 mnutes and the resulting granul es
wer e passed through a sieve, size 4000 nm The granul es were dried and
passed t hrough a sieve, size 710 nm 1386.2 of the resulting granul es
wer e mi xedOW pi. Hooggnwles wete driqdod pasted thrgughca fivessize 7Hbkmows higg of
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hi gh shear m xer at an I npe rpm e speed of the

i mpel | er wascshovdned 1.6 nBO4 thpfre dad. 220 g wat er was added during the course
of a mnute. Massing was performed for 7 mnutes and the resulting granul es
wer e passed through a sieve, size4000 mm The granules were dried and

passed thggﬁgl%w‘e%gi eve, size 710 nm 1317 g of the resulting granules were
m xed wt vi cel PH200 and 60 g Ac-Di -Sol. Follow ng |ubrication of

t he bl end5#¥8Hixi thy hydtdbrdibidg sata 8 DougPsirlgal 1@ 20082 poate statshemd  was

t t .t abl et . Tabl et s havi t : i ght of 208
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content Cochempendi Mink 11 %eé@opfomhﬁmf. mxémge@@mé anfdildr 949. 85 g of
t he hydrobrom de salt, 953.00 g Pearlitol 50C, 296.22 g corn starch and

70.5 g Koloweteshtio\3R84pmend 2l Bé ¢ water wasddad deringithggomse ofratiieuti el der PMVA
MO, AR AR RS L 900 R BB PR 11
course of agiehd,RUWe000 um. The granules were dried and passed through a sieve, size 710
15  um. 1500 g of the resulting granules were mixed with 531.91 g Avicel PH200 and
85.11 g Primojel. Following lubrication of the blend by mixing with 10.64 g
magnesium stearate the powder blend was transferred to a tablet press. Tablets having
a target core weight of 125 mg and a diameter of 6 mm were prepared to obtain tablets
with a target content corresponding to 25 mg of the free base.
20
Example 15¢
270.45 g of the hydrobromide salt, 772.0 g Pearlitol 50C, 386.41 g corn starch and
70.5 g Kollidon VA64 were mixed for 2 minutes in an Aeromatic-Fielder PMA1 high
shear mixer at an impeller speed of 1000 rpm. Next, the speed of the impeller was
25  lowered to 800 rpm and 195 g water was added during the course of a minute.
Massing was performed for 5.5 minutes and the resulting granules were passed
through a sieve, size 4000 um. The granules were dried and passed through a sieve,
size 710 um. 1200.3 g of the resulting granules were mixed with 425.5 g Avicel
PH200 and 68.09 g Primojel. Following lubrication of the blend by mixing with 8.8 g
30  magnesium stearate the powder blend was transferred to a tablet press. Tablets having
a target core weight of 100 and a diameter of 6 mm were prepared to obtain tablets

with a target content corresponding to 10 mg of the free base.



Massing was perfornmed for 7 mnutes and the resulting granul es were passed
through a sieve, size 4000 mm The granules were dried and passed through a
si eve, siwe 2d0umus 1500 g of the resulting granul es werermreeerosod7s 531. 91
g Avicel PH200 and 85.11 g Prinmpjel. Follow ng |ubrication of the blend by
m xing with 10.64 g nmagnesium stearate the powder blend was transferred to
a tablet press. Tablets having a tar core weight of 125 ng and a
dianeter of 6 nmwere prepared to obtain tablets with a target content
corresponding to 25 ng of the free base. Exanple 15e 270.45 g of the
hydrobrongde %aHﬁf 772.0 g Pearlitol 50C, 386.41 g corn starch and 70.5 g
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t ar get content corresponding to free base. Exanpl e 15f 504.85 g
of the freéthbawltu@@arﬁﬁesgﬁ/@eanmdwithQGXJSIEZAGVJ&S Pg12006rand §0&rech and 65.7 ¢

Kol I'i don A64 m. xe n_an Aer c-Fi el der PMAI high
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and passed thro a _sjeyv 710 50 7 g of the resulting granules
were m xegr‘%\»t Cﬂ%%ﬁfogfsmn%nlgg(éﬁﬁ 8 g Prinmojel. Follow ng

| ubrication of the blend by m xi ng mnth 8.92 g magnesi um

15 Example 15¢
135.23 g of the hydrobromide salt, 863.2 g Pearlitol 50C, 432.69 g corn starch and
70.66 g Kollidon VA64 were mixed for 2 minutes in an Aeromatic-Fielder PMA1
high shear mixer at an impeller speed of 1000 rpm. Next, the speed of the impeller
was lowered to 800 rpm and 195 g water was added during the course of a minute.

20  Massing was performed for 5.5 minutes and the resulting granules were passed
through a sieve, size 4000 um. The granules were dried and passed through a sieve,
size 710 pm. 1200 g of the resulting granules were mixed with 425.28 g Avicel
PH200 and 68.2 g Primojel. Following lubrication of the blend by mixing with 8.58 g
magnesium stearate the powder blend was transferred to a tablet press. Tablets having

25  atarget core weight of 100 mg and a diameter of 6 mm were prepared to obtain tablets

with a target content of corresponding to 5 mg of the free base.

Example 15h
67.6 g of the hydrobromide salt, 908.0 g Pearlitol 50C, 453.9 g corn starch and 70.51

30 g Kollidon VA64 were mixed for 2 minutes in an Diosna PP1 high shear mixer at an
impeller speed of 1000 rpm. Next, the speed of the impeller was lowered to 800 rpm

and 195 g water was added during the course of a minute. Massing was performed for



stearate the powder blend was transferred to a tablet press. Tablets having
a target core weight of 250 ng and a dianeter of 8 mMm were prepared to

obt ai n t abebs/mikdoB a target content corresponding to 5@cmprebotdseoskr ee
base. Exanple 15g 135.23 g of the hydrobrom de salt, 863.2 g Pearlitol 5CC,
432.69 g corn starch and 70.66 g Kolljdon VA64 were m xed for 2 mnutes in
an Aeronmatic-Fi el der PMAI hi gh shear i xer at an i npel | er speed of 1000
rpm Next, the speed of the inpeller was | owered to 800 rpm and 195 g wat er
was addedSduninnigs eheétheaesudienggrasuled wercoassvl skriongh swisvep ez dpdnt. or 5.5

m nutes and the resultin r.anul wer.e passed throu si eye, size 4000
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nmagnesi unfeleangdebricadonelihe blopr dydnixig Wity he b gmeagneduy stapttethepr ess.

Tabl ets hayi I I I nmm wer e
proparod 1o SR AT nf g A7 oy Bloct ¥ApliR BRtheR: BLATELE M MEITO 5 g
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Pearlitol 5CC, 4(%%%. 9n§ cor n]}ﬁs arch and 70.51 g Kol lidon VA64 were m xed for
2 ni nut esSPFFSAAN RS OAMBMI ¢ ft@‘?‘? ®ar mixer at an inpeller speed of 1000
rpm Next, the speed of the inpeller was | owered to 800 rpmand 195 g wat er
was added during the course of a mnute. Massing was perfornmed for5.5

m nut es ahBdarnple 16esul ti ng granul es were passed through a sieve, size 4000

mm The ¢ ul es re dried. an d through a.siev sizeg 710 mm 1325 ¢
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magnesi um st earate the powder blend was transferred to a tablet press.

Tabl et s haviomgptig-TieldgefMAdPe hight-ghiger wixep etangmpgllertgeed ofi 200apex Nekt, 7 mm wer e
prepar ed Loy PPl RIS Mk T At SRS oF HhfFEPTh B9 4 5 0 of
rpm. Massing was performed for 15 minutes and the resulting granules were passed
15  through a cone mill operating at about 2700 rpm with a screen, size 9.525 mm. The
granules were dried and passed through cone mill operating at about 1500 rpm with a
screen, size 2.388 mm. 28747 g of the resulting granules were mixed with 11250 g
microcrystalline cellulose, 1350 g sodium starch glycolate (type A) and 1800 g talc.
Following lubrication of the blend by mixing with 450 g magnesium stearate the
20  powder blend was transferred to a tablet press. Tablets having a target core weight of
125 mg and a diameter of 6 mm were prepared to obtain tablets with a target content
of the hydrobromide salt corresponding to 5 mg of the free base. In addition, tablets
having a target core weight of 250 mg and a diameter of 8§ mm were prepared to

obtain tablets with a target content of the hydrobromide salt corresponding to 10 mg

25  of'the free base.

Example 16 Pain Effects in the mouse intradermal formalin test

In this model, mice receive an injection of formalin (4.5%, 20 pl) into the left hind

paw. The irritation caused by the formalin injection elicits a characteristic biphasic
30  behavioural response, as quantified by the amount of time spent licking the injured

paw. The first phase (~0-10 minutes) represents direct chemical irritation and

nociception, whereas the second (~20-30 minutes) is thought to represent pain of



2290.1 g of the hydrobrom de salt, 17568 g anhydrous cal ci um hydr ogen
phosphate and 8783 g of corn stach and 1510 g copovi done were m xed for 3
m nut es iwoano7Aaumsat i c- Fi el der PMAI OO hi gh- shear m xer patr/pacoimpedrser
speed of 200 rpm Next, 5130 g water was added during the course of 2
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noci cepti on, whereas the second (-20-30 mnutes) is thought to represent
pai n of neuropathic origin. The two phases are separated by a qui escent

peri od i nExtmple ldehavi our returns to normal. The effectiveness of test
conmpounds to reduce the pai nfuIBrsti muli is assessed by counting the anount

of time spent

Iicggng the injured pawdon; the two phases.

present inve howed a 0 I caEPhedduction in op
scores (Fig 8b), indicati f rcacy agar st pai ne
origin. KOBu

Toluene

100 °C
20 g 2-bromoiodobenzene (71 mmol) and 9.8 g 2,4-dimethylthiophenol (71 mmol)

15 were dissolved in 100 ml toluene. The solution was purged with nitrogen before 324
mg Pd,dbas (0.35 mmol; 1 mol-%) and 381 mg DPEPhos (0.71 mmol; 1 mol-%). The
reaction mixture was stirred 5 min during which the colour changes from dark-red to
orange. Addition of 8.7 g KOBu' (78 mmol) took place and a heterogeneous mixture
was formed instantly. The suspension was heated to 100 °C under nitrogen. After 1

20 hour the mixture was cooled to 0 °C and stirred for 2 hours before filtering the
mixture though a pad of celite. The filter cake was washed with 2 x 50 ml toluene and
the combined filtrates evaporated to 21 g of a orange-reddish oil (99 % yield) that
proved > 96 % pure on HPLC and GC-MS.

25  Example 18

B pddba, Br
SH ' DPEPhos S
+ -
KOBU!

Toluene
100 °C




Furthernore, the conmpounds of the present invention showed a significant
reduction in the first phase scores (Figure 18a), indicating a nore

anal gesi cwechemnq@t t he hi ghest dose. In sunmary, thesepcemke/isngiscat e

t hat conpounds of the present invention are likely to be effective in the
treatnment of pain disorders. Exanple 17 100 0C 20 g 2- bronoi odobenzene (71
nmml ) and 9.8 g 2, 4-di net hyl thi ophencf‘l (71 nmmol ) were dissolved in 100 mi
tol uene. The sol ution was purged with nitrogen before 324 ng Pd2dba3 (0. 35
mmol ; 1 nol-% and 381 nmg DPEPhos (0.71 mmol; 1 m)l-% The reaction

m xture ur| which,the c nges.,fr.o ark red to
or ange. Adth T IEGE B P ekt 2 3L Ay P B SR AR T e e ous
m xture wagd 4dledR03 nipStEbh) co 35T1hﬁlo$u]spﬁmry9mnwso A@ADRHPE® (1@%&61 under
nitrogen. After 1 hour the m xture was cooled to 0 OC and stirred for 2

hours bef BAengl%o). é'iher?@rl‘tf?ésﬁﬁb@?ﬂﬂ@sﬁ)mﬁ?éwwﬁl HHagwr fog 8npipites refar | t er cake
Was Wasshegdd’*ﬁ&bo@l eggglbgi}]méﬁ{i&%ggen%?gﬁt%&fﬂ‘ﬁ(@ﬁf%@ dtrates evaporated to

of a orange-r ved > 96 % pure on HPLC
and GC— VBdintexlaytihliphtfol 883 Gndd) twbk phlceletdlitiasopilae e KOBu'438dmhtolee necked

round bottle with a nmechanical stirrer and added. 20 Pddha2 (0.35 mmol ;
0.1 ol %%ﬁfﬁ‘a B IR MPERHEY ingreasingihe teppeatys rog 20 %ﬁetogg %zred sol uti on

was purge r f
2- br onoi o%gig%ttﬁgeedri:%ﬁ]ﬁ%ﬂle f%na%o 8@%@1%‘%@@%)%%%%@%9?&5@? En&ﬁ@no? (353 nmol)

t ook pl acbeatbidi ltODc?ﬂ Lufdemﬁtrﬁgfgl KOBu 7 h@Bﬁthtylreowwdledmo é)?thmér mc
reactjon incre erat 20 0C t C | taneously with
e 1 Pt 181 2 RS i BBER s ik bR apaiio-ahs T ABE ™ 5 Y00 oc
under ni t ;Q9QAshedWig 2 % 200WiiSolubfe MAPths ESmb@MSd ﬁﬁﬁdt&dwés%v@p&@cea%ilm irred
for 2 hours before filtering the m xture though a pad of celite. The filter

cake was @@fhedrapge il 2100 %0oaeld) thaigirgessed aYacburdren ERIS] anddNMR ¢andarers was

evapor at ego &esnélp ﬁructure. The oil solidified during standing at room temperature.
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A solution of 10 gram 1-(2-Bromo-phenylsulfanyl)-2,4-dimethyl-benzene (34 mmol)

in 50 ml dry toluene was added 7 gram boc-piperazine (38 mmol), degassed with

nitrogen for 5 minutes, added 312 mg Pd,dba; (2 mol-%) and 637 mg rac-BINAP (3



g of an orange oil (105 %yield) that proved 97 % pure on HPLC and NMR
confornms to desired structure. The oil solidified during standing at room
t enper at we.2o&xawpke 19 A solution of 10 gram PCT/DK2007/050075

| - (2- Brono- phenyl sul fanyl ) -2, 4-di net hyl - benzene (34 mmol) in 50 M dry

t ol uene was added 7 gram boc- pi perazinhe (38 mml ), degassed with nitrogen
for 5 mnutes, added 312 ng Pd dba3 (4ﬁ nol -% and 637 ng r ac- Bl NAP

(3mol -9, assed for another 5 mnutes before addi ng 3.9 gram Bu ONa (41
mol ) andmé%t)edbgassegdomﬁl@r 5 minhies beforeTvlalingsh @ raom BriONad mmsl)cool ed t o

] b e g dded
RT and exr (f‘l?eia?egi ta\@p(z% f"“%ﬁ%h%urP elr]% (it/ltonrml E;%r%\g{e}égﬁo oG’ Eot%f\lgncgm 0or

charcoal , ere evaporated to

14. 2 gr a%ﬂfackHdQWUe&hlﬂDJZ(b mll 45 % brine, dried over Na;SO, added charcoal, refluxed
[ 2-(2, 4- Di_nmet hyl - hlél sul fanyl ) - phenyl ] - BOC- pi per azi ne haV| ng a purity of
95 9% det efoFilAapinyizs.Ni g erdiee ¥1d Svgberagide bt detiom 9f byoviigh vEGH and 20

m 6M CI f P ful |

depr ot bt Foie - REyE ﬁ%%n?ﬁgf*%%%ﬂw"ﬁﬁ%n%?- R B e B PSS M i on &

r ?t ary Wﬁvaaemahert by tBI(MRri Tlceone(tie Mh@g{s (isdd [ vamisin dﬁaﬁurmdilggmfrlfo gﬂ)&\ms Tﬁdded
ter i m X s, stirre i es W e

gr gani ¢ p%g‘é ‘ﬁ)a@dc%ﬁ @ﬁgﬁ Eﬂ‘éf adlef PNM é\n E%W%fglﬂ dgpraigetion, ‘@'ﬁﬁrl ne,

dried oveg,Mg3PR: %%ﬁoﬁwgs @nioNORbY Qa&ﬁlh{jor( é%t?&‘%‘vr %A%Qtoﬁ@o%l MeOH.

Buring heating to re | ux a honmpbgenous sol ution which a rapid
preci pi tatwr@nNa@lEb@PbWai:meautddeo 1dtird) mgs ddadhedier bathi thgmoxtutepeas cool i ng.

-(Ij_?? eg{(? | gt I\é?f\s}ll‘[e%&!lllgleg(soglgléﬁ@gheﬂle orgtgar%uczp aréde ngag %?ec%gdan%%xm actg' etone,
| -[2- (2, 4tiaceptitny30-mRIhey, siief didd ovePRamsd,] andi Jaeédz b eruhianBhaligad 22 mol ) as

a white powder in 66 %overail yield having a purity of 99.5 % by LC M.
Exanpl e 20mrdiingd® mhdleiiArringdBatimologefiex a homogenous solution forms from

which a rapid precipitation takes place either during further heating or upon cooling.
The precipitate was collected, washed with 20 ml EtOAc and 20 ml acetone, dried in

15  vacuum giving 9.3 gram of 1-[2-(2,4-Dimethyl-phenylsulfanyl)-phenyl]-piperazine
fumarate (22 mmol) as a white powder in 66 % overall yield having a purity of 99.5
% by LC-MS.
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100 g 1,2-dibromobenzene (424 mmol) and 58.6 g 2,4-dimethylthiophenol (424

20

mmol) are dissolved in 800 ml toluene. The solution is purged with nitrogen before
4.6 g Pddba, (8 mmol; 2 mol-%) and 13.1 g rac-BINAP (21 mmol; 5 mol-%). The
reaction mixture is stirred 5 min during which the colour changes from dark-red to

25  orange. Addition of 61 g NaOBu' (636 mmol) and 200 ml toluene took place and a
heterogeneous mixture was formed instantly. The suspension was heated to 80 °C
under nitrogen. After 10 hours the mixture is cooled to 60 °C before adding a slurry of

102.6 g boc-piperazine (551 mmol) and another 61 g NaOBu' (636 mmol) in 500 ml



100 g 1, 2-di bronobenzene (424 mmol) and 58.6 g 2, 4-di net hyl t hi ophenol (424
nmol ) are dissolved in 800 m toluene. The solution is purged with nitrogen
before 4.WwogorPddb@® (8 mml; 2 nol-% and 13.1 g rac- Bl R&P/DIb0M050075 5

mol -% . The reaction mxture is stirred 5 mn during which the col our
changes fromdark-red to orange. Addition of 6 1 g NaOBu' (636 mml) and
200 mM toluene took place and a heter‘@geneous m xture was forned instantly.
The suspension was heated to 80 OC under nitrogen. After 10 hours the

m xt ure i ®lewel Bek teact®n Oigtuse frgs eumddhwn@l Iatr@ganbeﬁoréfad@()g agotheripwetigrn per azi ne

(551 nmol 6 ol ue e The
reaction é’lfﬁg da&és&mmaéngwaﬂ% r%g rmﬁ%‘?‘ng nog %no;ﬂh@ port| on of
4.6 ¢ Pddﬁﬂﬁu{e&NMﬁedZO raThux%his ainek (130 1cgfo'raﬁotaéﬂ%l?m(r%r WRIHPIEC nol - %) . The
m xture was heated to reflux this time ( 110 0C) for another 6 hours or

unti | HPLEhostsdWE cpaiyarsiebrkherrsachian niK@re waseqobid of iee dore? hays beferced on ice

for 2 he filt
O o2 SO B Syl hd AEl00 PO MoHIAif LGRS & RADAL o oy Tne 111 ter
evapor at ethlicne 242 tlg coinbied filirhtes 'e“impomtéd Mzcg «god vddlicoill@d) m MeOH and
lowly added 115 ni_48-wt % HB | flyx for 2
ﬁoﬁrsya?t gsmdclﬁ lpgpml%égtaréégﬁ 9\%@%‘1 \éve t‘%ywb?%l_(gﬂ)%ﬂ & Xurgrwas
cool ed, afdeg 8%99&11&150@ s aﬂgr mgh m%ﬁé@éa{ﬂ%fs%&yedm@w

Addition of 1 O caused a precipitation. Stirring was conti nued at
roomt errpenmm:r\easfamnleﬁ indsled 4 00@ md EeOAeand thg Mb@Hsmsrrmylowd bshe freezer

t h 200 Ml Et . O d d
oy ol ciparngh addilipd 8 ARURE PRI S i noSitioR ol cBinel Sor s g
was tr eat 8ctowhttBmp&aRrdTor tZQidutsrlg:féi@ Ravag the bR 1ﬁ)ﬁfe%&z§ﬂﬁjeﬁﬁ 0 room

tenperature for another 2 hours. Filtering and dry g in vacuum at 40 OC
over ni ght (-pBYduEidigata® agdofashing 2wicg with 200 ml Et,O produce 172 g brownish

D net hyl - sul f.an) hen iper.azine, h obr om.d o0q . Exanple 2
1 Pddba?2 r(glcd %‘ Hl%é?;)acgum aﬂl(l o AR @6 ikh gldc[ B¢ &P w{tﬁ:llSO@ il
boiling H>O for 1 hour before cooled to room temperature for another 2 hours.
15  Filtering and drying in vacuum at 40 °C overnight produced 98 g of 4-[2-(2,4-

Dimethyl-phenylsulfanyl)-phenyl]-piperazine hydrobromide (61 %).

Example 21

ZT

Pddba,
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20 102 g 2-bromo-iodobenzene (362 mmol) and 50 g 2,4-dimethylthiophenol (362

mmol) are dissolved in 1000 ml toluene. To this solution was added 81 g BOC-
piperazine (434 mmol) followed by 2.08 g Pddba, (1 mol%) and 4.51 g rac-BINAP (2
mol%). The mixture was purged with nitrogen for 5 minutes before adding a slurry of
87 g NaOBu' (905 mmol) in 300 ml toluene. The suspension was heated to 100 °C

25  under nitrogen overnight. A GCMS analysis showed full conversion into the
intermediate product (1-(2-Bromo-phenylsulfanyl)-2,4-dimethyl-benzene) and the
temperature was increased to reflux (120 °C) for another 24 hours. A HPLC analysis
showed full conversion into the intermediate (1-BOC-4-[2-(2,4-Dimethyl-



Tol uene 102 g 2- brono-i odobenzene (362 nmmol) and 50 g

2, 4-di met hyl t hi ophenol (362 nmol) are dissolved in 1000 M toluene. To this
sol uti on weoendemds8 1 g BOCpi perazi ne (434 mmol ) fol | owed/Dreo®/B3807g Pddba2
( 1 nmol% and 4.51 g rac-BINAP (2 nmol %9 . The m xture was purged with
nitrogen for 5 mnutes before adding a slurry of 87 g NaOBu' (905 nmmol) in
300 mM toluene. The suspensi on was hé¥t ed to 100 0OC under nitrogen
overnight. A GCM5S anal ysis showed full conversion into the internedi ate
product ( bhgnylsBHemd)-phenyliizpérizing)l Thoreaciimmixtye W s2elae pn agedot hec
tenperatuye Lncreased t.o reflu 12Q 0C) f.or. anot her, .2 urs. A HPLC
analys: s SiRirE BPERERG b SIS L Riketihar i iR o ot

(1 - BOC- 4- bkt {odhdcéhbmtd il tRieydssdtiéagy )l 48RanyHBr plgeoadweeby hddimgr eact i on
m xture was cool ed on ice for one hour before filteringg}he m xture. The

filter cakereflygx{Resi¥tpuiii afier vhichololl deprofestior s detacted by RPL&ofBEned filtrates
was adged 8- Wt % . ol i . X 18 hours
after dﬂhi gﬁ}g}l{ﬁ Vlve{gcfeo\é%(é)(toeﬁgg § %ﬁav%l)él isdgédgz}ﬁgtag'aﬂéﬁg{i@gq'%@m[m‘%% %lléseol‘aﬁireclls cool ed
on ice foin MO0t ibapdHIO fdrr laie@d togBier brithwictisdicd ciarebalhiXs g)i SBatded i n 1000
m boiling H O for 1 hour together with activated. charcoal,K (25.9), filtered
whi | e hot W&Ha%fe%n@ 1?%t%wl-.1ohﬁrme%leléaéff Pt el by od BYEit rati on and
dryi ng i nyyReHunagtecAR AR Yesfic8ito BToPdY6 88 443intk tRfl-phenylsulfanyl)-
4-12- (2, 4 Di met hyl -pher?&lg%u?bf i e R 8 FoR A EEY S de (36 %
as a whi t phawl]imperiExnerpy do@2nBdO(301%} @l arehée wasl. pl aced in a | L three-necked
r ound (?ottle with a nmechanical stirrer and added 809 ng Pd2dba3 (0.88 nmol ;
0.5 nb -9% and 952 ng DPEPhos (1.77 mmol; 0.5 nmol-% . The dark-red solution
was pur gegxwhpig 2ni trogen for 5 minutes before addition of 100 g

2- br onoi odobenzene (353 mmol ) and 48.9 g 2, 4- dinethylthiophenol (353 mmuol)
took place. Addition of 43.6 g KOBu' (389 mmol) caused an exothermc
reaction increasing the tenperatyure from20 OCto 42 0OC sinultaneously with

the formation |of a_ heterogeneous m xtRargbaand t he col our | changed®f r om
dark-red int / browni d SUIAERNSS ON was heat t 0510 C under
+ -
KOBut

Toluene
100 °C

H
N

Pd,dba, [ j

B
r boc L c-BINAP N
S\© N NaOBut S
o
N Toluene
H

80 °C, 18 hr.

15 500 ml toluene was placed in a 1L three-necked round bottle with a mechanical stirrer
and added 809 mg Pd,dbas (0.88 mmol; 0.5 mol-%) and 952 mg DPEPhos (1.77
mmol; 0.5 mol-%). The dark-red solution was purged with nitrogen for 5 minutes
before addition of 100 g 2-bromoiodobenzene (353 mmol) and 48.9 g 2,4-
dimethylthiophenol (353 mmol) took place. Addition of 43.6 g KOBu' (389 mmol)

20 caused an exothermic reaction increasing the temperature from 20 °C to 42 °C
simultaneously with the formation of a heterogeneous mixture and the colour changed
from dark-red into orange/brownish. The suspension was heated to 100 °C under
nitrogen. After only 20 minutes a HPLC showed full conversion into 1-(2-Bromo-

phenylsulfanyl)-2,4-dimethyl-benzene. The mixture was cooled to 40 °C, added 600



nitrogen. After only 20 m nutes a HPLC showed full conversion into

| - (2- Bronophenyl sul fanyl )- 2, 4-di net hyl - benzene. The m xture was cooled to
40 0C, adweco®@Quwdos15-w % NaCl and stirred for 5 m nut epcThoon@avsc phase
was separated and the agueous phase was washed with 2 x 100 m toluene. The
conbi ned organi c phases were washed wth 100 Ml 2M HO (aq.), 100 m 15-wt %
NaCl, dried over Na2SO4, refiuxed for*’15 minutes with activated charcoal

(10 g), filtered twice and evaporated to 107.3 orange-red oil (103 %

t hat was fbuhdvivoNbel 98! Yiedder DinwesCThaorgehigtphase wis @pargiedndthet he

orange-red oil (,307 r:TYD|% i.n 50 dry tol uene was. added 57.gram
boc- pi per AF{NE é%?wf%ﬁa I}Gdd’élglagéegovﬂﬂttﬂluﬁ?‘%r oaéﬂmﬁmeg@r%%“ﬁi}%‘%%e,s added 1.4

or

g Pd2dba3weie washearlith 100mImNI+2Q1 (@Qsl 120 Iid StRe45 RlakihRir{ed.odeNBISO,1. 5 Mol -9,
degassed for another 2 m nutes before adding 35.4 gram Bu ONa (368 nmol)

and heat etFflugegprdé migptes githagvatedphaccagholles). filigred yise and PAROERE t he

ti ] : i 4 i Kk hed
win 2 Bol i EpbRBeRErmROsee il PRMERRCE (il 1BLCES TuiTe win 2
X 15t0 m ].:L_Sl-\t/vt%dga{ﬁopamb%ghmmémemaar@a@&?daiiligiglﬁ?mimt)dﬂa]poéﬂleﬁ-jz_tm;‘mief Ior 30
m nut es, | e W ce and evapo e (0] . ram o rowni sn ol
(4-[2-(2, Wﬁbﬁfﬁ[@fw |g-rﬁﬁivﬁ91pwr%zg%ﬁr3§§ gt RSVt sy %) ™¥HESer ude oi |
was di SSOM&Q_l‘.zﬂgaQ%igglsg'.\%%ﬁm)l@%l-?%&aWz r&caAfﬁmA?@%Gﬁ{lblwf%d for 1

hour after which™HP owed full” deprotectio ter cooling to RT the
net hanol wat%)edezasstd fiyr anathen inoinutas bofber addengalfot gtaor Bu'20G: @HS cona) NaOH

H t -14 ft ich th 1, Xt A ti d 15
(Pt DT WRREHGEG A B s hes PG shev ol bof i BB AL e diRafB® ext 1 et oo
with 300 HixthR-Ws%oBlddne RTAFIe’d AMe theNAZPuaWaadasdd Wetha $obatd on of 46. 3

g fumaric acid (399 mmol) in 300 M MeOH The m xture was heated to refl ux,
cool ed t otalenm Tlengertanes leltrated wah entraaddc twige wite 2fxr B@zak 1 oweorlNagit (- 18 00).
e B e Bl e KB G B Her ISR gL, PR AP0 - acet one
| - [ 2- (2, 4elporiidtyio-1abgrythmWibaswiish pinenpl-{2,4-pipethazpiayfsutadyag-e (249 mol )
as a white powder in 8 1 %overall yield having a purity of 99 % by LC M.
The f bhar BREYHAEBOERiPRrERe); Fhgcrudeof pag disselacd n J09-mbMgOH and 200 ml

6M HCI (aq.) and refluxed for 1 hour after which HPLC showed full deprotection.
After cooling to RT the methanol was removed by vacuum on a rotary-evaporator,
200 ml conc. NaOH (pH was measured to 13-14) was added after which the mixture
was stirred 15 minutes with 1000 ml EtOAc. The organic phase was collected and
20  extracted with 300 ml 15-wt% brine, dried over Na,SO, and added to a solution of
46.3 g fumaric acid (399 mmol) in 300 ml MeOH. The mixture was heated to reflux,
cooled to room temperature and then left in the freezer overnight (-18 °C). The
precipitate was collected, washed with 100 ml EtOAc and 100 ml acetone, dried in
vacuum (50 °C) producing 103.2 g of 1-[2-(2,4-Dimethyl-phenylsulfanyl)-phenyl]-
25  piperazine fumarate (249 mmol) as a white powder in 81 % overall yield having a
purity of 99 % by LC-MS. The fumarate was transfer into the free base (1-[2-(2,4-
Dimethyl-phenylsulfanyl)-phenyl]-piperazine) using EtOAc/H,O/conc. NaOH, the
organic phase was washed with brine, dried using Na,SQOy, filtered and to the filtrate
was added 34 ml 48-wt% HBr (aq.) causing a precipitation of a white solid. The solid
30  was collected, treated with 1000 ml boiling H>O, which upon cooling to room
temperature formed a slurry. The final product (1-[2-(2,4-Dimethyl-phenylsulfanyl)-

phenyl]-piperazine hydrobromide) was collected by filtration and dried in vacuum (50



D net hyl - phenyl sul fanyl ) - phenyl ] - pi perazi ne) using Et OAc/ H2O conc. NaCH,

t he organi c phase was washed with brine, dried using Na2SO, filtered and
to the fiwonaimswms added 34 m 48-wt % HBr (aq.) causi ngca/pK20€i/Bd7at i on of
a white solid. The solid was collected, treated with 1000 m boiling H2QO
whi ch upon cooling to roomtenperature formed a slurry. The final product
(I-12-(2, 4- D et hyl - phenyl sul fanyl ) - ﬂ§heny|j-piperazine hydr obr om de) was
collected by filtration and dried in vacuum (500C) producing 83 g of white
powder ( 7iCpprpileding 8% goémhjte pomNer({&4do yickbowsall)6CHNI(tea7) F899:@HN: (f ound)
57.1 1; 6 g NaOBu (8,48 nol), 844 g Piperazine
(9,8 mo|)7]-"§ %IZINS@%‘{@??H; %5’178% mmol ) and 13,6 g rac-BlI NAP (21, 84 nmol)
were stirred with 4 L toluene for 50 m nutes. 840 g 2-brono-i odobenzene
(2,97 nDIZ was then added along with 1,5 L Tol uene and stirring continued

for 30 m gxd 289 2, 4- dlnethylthlophenol (2,83 mol) was finally added with
1,5 L toluene. The suspension was heated to reflux and reflux ontinued for
5 hours. The reaction m xturepsygs cool ed domm over night. 2 ter was

added and stirred foe 1 hqur Q@§@¢ t he nlxt was filtrate rough

filter aid. i .te S tdven shed wi x I L brln- conbi ned
wat er phase EEE'@ t rlact ed mnth -t cdgﬁzred t ol uene
phases were then heafed t§ 7OOC ?oll.v«. |t|on 0 ﬂ 48- wt % HBr

(ag.) mnd 164,6 m water. The m xture was cool dto roon1tenperature over

Mo per azi R Bostosht BFaebuikd e bieiems D s o e Re bl B 45 BETS & acuum

(60 00) pr@Huxh ggaﬁgﬁmp(@ﬂg%ﬁﬁ} drre JoxRARYith 28 Hia&RUbr 40 nviButgs. NaOBU
(424,11 no Pddba2 (0,57 nmol) and O, 68 rac- BINAP (1,09 Mol ) were

St rreg m%fﬂthgzdnomp -ipditbgmerac (397 gop) wasoien pésed éésze)a@ndhlg 54
2, 4- T
guspens:gﬁhﬁéé%ﬁggﬁ%§@@%%&§36 %g Pﬁﬂﬁﬂ g?lnug%§%9£$)&%ﬁﬁﬁm§A HPﬁC

anal ys0 s added with 1,5 L toluene. The suspension was heated to reflux and reflux continued

for 5 hours. The reaction mixture was cooled down over night. 2 L water was added
and stirred for 1 hour before the mixture was filtrated through filter aid. The filtrate
was then washed with 3x 1L brine. The combined water phases were then extracted
with 600 ml toluene. The combined toluene phases were then heated to 70°C followed

15 by addition of 329,2 ml 48-wt% HBr (aq.) and 164,6 ml water. The mixture was
cooled to room temperature over night. The final product (1-[2-(2,4-Dimethyl-
phenylsulfanyl)-phenyl]-piperazine hydrobromide) was collected by filtration and
dried in vacuum (60 °C) producing 895 g (84 % yield).

20  Example 24

H
N

H
N
Pd(dba), [ j [ j
Br
rac-BINAP N N
NaOBut S H
R S
Toluene Pd(dba),
rac-BINAP
NaOBut

40,76 g NaOBu' (424,1mol), 0,33 g Pddba, (0,57 mmol) and 0,68 g rac-BINAP (1,09
mmol) were stirred with 200 ml toluene. 42 g 2-bromo-iodobenzene (362 mmol) and
19,54 g 2,4-dimethylthiophenol (362 mmol) were added with 50 ml toluene. The

25  suspension was heated to reflux and reflux continued over night. A HPLC analysis

showed full conversion into the intermediate product (1-(2-Bromo-phenylsulfanyl)-



showed full conversion into the internedi ate product

(I-(2-Brono-phenyl sul fanyl) -2, 4-di net hyl - benzene). The reaction m xture was
cool ed t owBBo@md4dos! t ered through filter aid. The filtratepssoadoed to a
m xture of 40,76 g NaOBu' (424,1 mmol), 42,2 g piperazine (489,9 mol),
0,33 g Pddba2 (0,57 mmol) and 0,68 g rac-BINAP (1,09 mmol ) and heated to
reflux for 2 hours. The reaction m xt4fre was cool ed down over ni ght. 100 mi
wat er was added and the water phase separated off. The organi ¢ phase was
filtered 2HrdmgHyl-benzenc)albe madtianhaixtir twagiceolgdto Rhend witsteddhigugh 3x 80

brine. Theg,conbine ter phases were th tr d y 50 ol uene.
The. conbi HAG 151 15086 HasBIRFR ARlink SEFudd e0® 0L B mifu Dtz
addi ti on pipeBin®g (#39,%8md1900083 ¢ Padba) (BFUnBacdParid 0,685 @4c-BIMAP I BOUr € was
cooled to roomtenperature over night. The final product

(I |_ I[ 2- ( 2amm1?ﬁdﬁgﬂate§rs@ Fflusr aRgwp- Preisgetionpnigeirapian e0ngdAoBR BriTde) wafs
oFt i ¢ entabt 0 b3 G AORC WO, RKERHAT SR ARLADTREYEHAD e § 55

Pddba2 ( Owad fitrerel Yhramgh OliGSidjandaibe Bl NAPwa4 (H28 washdd witkBe 88l brieel Wi t h 200
m toluene 42 g 2-brono-iodobenzene (148, 5 |) and 19,54 g .

2, 4- di met Ry £ BpRLRBIST PASSES ¥oribr) evé?gteédﬂ%% tplegrond he arg@ﬂ%d. The
suspens oRIYAS pREAL rd Bieh BLIUKIARACTRA OGN DURBIVAG MO wifh HPLC

anal ysi s showe conversion into the inter late pro
(I - ( 2- Br ohib¥plienyirsil8,2 amy water 2Tk wlixtet wds-cbeled éneom Rempetaton ogaalight. t o 500C
and 42 2 i.perazi ne, (48 o s added.along,;wi.th 100 m toluen. The
m xt uf% nggﬁgatpéﬁélfcg(#’@F&’JZEDF@F&&L%Vgp&%{w&'?léegg{]fpdlﬁer?ﬁl% ure was cool ed
to RT ovehydibBididd)MhstolivatEry nast A ded daddint VagulB 260 *Oprillading € was
filtered t%rough filter aid. The filter cake was then washed with 50 m
t ol uen. TH@ldatodollprbisepaveder£&ptryelddl of f and the organi c phase was then
washed with 3x 25 mM brine and 25 m water. The conbi ned wat er phases was
then extracted with 30 m toluene. The conbi ned tol uene phases was then
heat ed t oEX&glea@sd fol | owed by addition of 16,46 ml 48-w % HBr (ag.) and
8,23 m water. The m xturewas cool ed to roomtenperature over night. The
final product (I-[2-(2,4-D methyl phenyl sul famﬁﬁ - [Nj

uj \

5 Pdiba),
i © g sk

15
40,76 g NaOBu' (424,1mmol), 0,33 g Pddba, (0,57 mmol) and 0,68 g rac-BINAP
(1,09 mmol) were stirred with 200 ml toluene. 42 g 2-bromo-iodobenzene (148,5
mmol) and 19,54 g 2,4-dimethylthiophenol (141,4 mmol) was added with 50 ml
toluene. The suspension was heated to reflux and reflux continued over night. A

20  HPLC analysis showed full conversion into the intermediate product (1-(2-Bromo-
phenylsulfanyl)-2,4-dimethyl-benzene). Reaction cooled to 50°C and 42,2 g
piperazine (489,9 mmol) was added along with 100 ml toluen. The mixture was
heated to reflux for 4 hours. The reaction mixture was cooled to RT over night. 100
ml water was added and the reaction mixture was filtered through filter aid. The filter

25  cake was then washed with 50 ml toluen.

The water phase was separated off and the organic phase was then washed

with 3x 25 ml brine and 25 ml water. The combined water phases was then extracted
with 30 ml toluene. The combined toluene phases was then heated to 70°C and

followed by addition of 16,46 ml 48-wt% HBr (aq.) and 8,23 ml water. The mixture



phenyl ] - pi perazi ne hydrobrom de) was collected by filtration and dried in
vacuum (60 0C) producing 46,8 g (87 %yield). Exanple 26 Effects on

ext racel Iwbanoiav®mss of acetylcholine in the brain of freelpkoemisagsrats
Met hods The animal s were adm ni stered

| -[2- (2, 4-di net hyl phenyl sul f anyl ) phenyl ] pi parazine, HBr salt. Animals Mle
Sprague-Dawl ey rats, initially wei ghisﬁ)g 275-300 g, were used. The ani mal s
wer e housed under a 12-hr |ight/dark cycle under controlled conditions for
regul ar i wasleenled enpemdempera(upa oGy naghd Fherfingl pypdpgs39g-(dtt Pinfetid- and t ap
wat er avail abl e .ad.|libitum. Sur.ge and m, grodi a IS, experinments Rats were
anaest het PSS SH R KR g E A WorpB e a Qo A BRLBR R o de
cannul as (£dn vb2)uiesE Gl RbeRimx468k|(37 vopkrint ed into the brain, aimng at
positioning the dialysis probe tip in the ventral hippocanpus
(co-ordinates: 5,6 mmposterior to bregma, lateral -5 0 mm 7,0 nmventral
to durg) BlahflebRS:RCR! ARt Ake iR i GUas HhBRER nepa T Aer i Or 10
bregma; l|aterat, 0,8 nmr 4,0 mmventrat to duraj. Anchor screws and acrylic
cement wenmvingadtsf or fi xation of the guide cannulas. The body tenperature
of the animals was nonitored by rectal probe and nmaintained at 37C. The
rats were allowed to recover fromsurgery for 2 days, housed singly in
cages. Onpidag,day of the experinent a mcrodialysis probe (CVV 12, 0,5 nm
dianeter, 3 nmmlength) was inserted through the guide cannula. The probes
wer e connéb¢ emimalsawere ddmlinisthizd A ell2-@vi-dislethydplenmisclif miyh)pbertyil prp apanme,
Perfuﬁgo%ﬁ%fE tlpe m crodi al ysis probe wth filtered Ri nger solution (145 nm
NaCl , & 1nmM Mgd , 1,2 mM Cad containing 0.5 nM neostigm ne) was
begun shoyylyubefore insertion of the probe into the brain and continued
for the

Male Sprague-Dawley rats, initially weighing 275-300 g, were used. The animals

were housed under a 12-hr light/dark cycle under controlled conditions for regular in-

door temperature (21£2°C) and humidity (55+5%) with food and tap water available
15 ad libitum.

Surgery and microdialysis experiments
Rats were anaesthetised with hypnorm/dormicum (2 ml/kg) and intracerebral guide
cannulas (CMA/12) were stereotaxically implanted into the brain, aiming at

20  positioning the dialysis probe tip in the ventral hippocampus (co-ordinates: 5,6 mm
posterior to bregma, lateral —5,0 mm, 7,0 mm ventral to dura) or in the prefrontal
cortex (co-ordinates: 3,2 mm anterior to bregma; lateral, 0,8 mm; 4,0 mm ventral to
dura). Anchor screws and acrylic cement were used for fixation of the guide cannulas.
The body temperature of the animals was monitored by rectal probe and maintained at

25  37°C. The rats were allowed to recover from surgery for 2 days, housed singly in
cages. 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

pump. Perfusion of the microdialysis probe with filtered Ringer solution (145 mm

30 NaCl, 3 mM KCI, 1 mM MgCl,, 1,2 mM CaCl, containing 0.5 pM neostigmine) was
begun shortly before insertion of the probe into the brain and continued for the

duration of the experiment at a constant flow rate of 1 pl/min. After 180 min of



duration of the experinent at a constant flowrate of 1 m/mn. After 180
mn ofstabilisation, the experinments were initiated. D al ysates were

col | ect edwevesyi42®dsm n. After the experinents the ani malpsTwa2007%36075f i ced,
their brains renoved, frozen and sliced for probe placenment verification.
The conpound di ssolved in 10 % HPbet aCD and i nj ected subcutaneously (2.5 -
10 ng/ kg). Doses are expressed as ng551al t/ kg body wei ght. The conpound was
adm nistered in a volunme of 2.5 m/kg. Analysis of dialysate acetyl choline
Concent r astRtisafonadeteyperintrithecicAgtiptednDidheats aveys eallestedssersRniged by
means of KRLGWAB.ehes! nachemical., del e6Lion HS)Ags BnTRBL! £ RhaR

consi sting of hf(?éch}} sodi'um Ehyglllﬁoge(ﬁp ogp ate v rﬂ\V/Ie%?c{aﬁe sul foni c
aci d, 0. 5sligditret prapeplaydnacnrosiificiatiehl ori de and 0. 005% MB (ESA), pH 8.0. A
pre-colum enzyme reactor (ESA) containing inmmobilised choline oxidase

elimnated cho h%omp@mdtqiéOEVﬁfléti%% HEhgreD@and injpgtedpubsptapepusifdriat i on of
ACh th i : in,
t enpgpsat u(r_ael:ﬁrh%%éi)l' %?%eesr 9% %gﬂ?%sgngféétlﬁg% l%gg?jaﬁﬁl}v? '?glel{' zfglrgrﬁp%lsg%@sé¥ '? hr ough a

post - col uasimsditéred phasdumeat 2orml/ESA) cont ai ni ng i mmobi | i sed

acetyl chol i neesterase and choline oxidase. The |atter reactor converted ACh
to choline and subsequently choline to betaine and H O . The latter was

detected g;lg,%;ig gf@%?'s&glacgylcygﬁ&g a platinumelectrode (Analytical cell:
ESA, nodel 5040). ta presentation In single injection experinents the

mean val u€ondenBagensiexatyilche iIkCA Slanpltesdinlyssdi waeinalysedbe dieags alonpound

adm nj strati erved as the . basal |evel fo ach experi a data were
conveld ea PPt peRE ekt arci adBR otk metle HRSE rBlnk SR M0 PRLs

nor mal i zedisb@uhORMogchedihhsic, PNEn0® BRAHOS fne i did, @i\ tdiRaicassed
extra-cellular |l evels of ACh in the rat prefrontal cortex and the ventral

hi ppocanpésmonggeclilpyde end1®80%%aMB 98BS £ arrb8.-8. A Preepiventonayme eetor

condi | ot el Hife FRoSATRPNTR SRS el BndE PSSRy cger | mont

sample (10 pl) prior to separation of ACh on the analytical column (ESA ACH-250);

15 flow rate 0.35 ml/min, temperature: 35°C. After the analytical column the sample
passed through a post-column solid phase reactor (ESA) containing immobilised
acetylcholineesterase and choline oxidase. The latter reactor converted ACh to choline
and subsequently choline to betaine and H>O,. The latter was detected
electrochemical by using a platinum electrode (Analytical cell: ESA, model 5040).

20
Data presentation
In single injection experiments the mean value of 3 consecutive ACh samples
immediately preceding compound administration served as the basal level for each
experiment and data were converted to percentage of basal (mean basal pre-injection

25  values normalized to 100%).

Results
The compound significantly increased extra-cellular levels of ACh in the rat

prefrontal cortex and the ventral hippocampus — see figure 19a and 19b.
30



di met hyl phenyl sul f anyl ) phenyl ] pi perazine HBr salt. W have studied the
effect of the conpound on acquisition, consolidation and recall of

cont ext uavofe@ri4emedi tioning in rats. In the fear condi tconmkgopso@di gm
animals learn to associate a neutral environment (context, the training
chanber, CS) with an aversive experience (an electrical foot-shock, US).
During re-exposure to the training chanber, animals express a freezing
behavi our, which is taken as a direct neasure of the fear-related nmenory

[ Pavl ov JExBiple 27@9ntextmaﬁl;fea1¢(mdm@nmﬂ Qﬂrats The neuroanat ony of cont ext ual
fear conditi ongﬂg has b e thoro nve§t pgat ed and Zf}é;fr al studi es have

denonstrated t C?Iﬁ%mh 816%1?7'8{? cfpr?ﬁ?n rlglregt Wate ry for the

formati Ond@ietﬁﬁpl&nﬁﬁﬁﬁﬁﬂ&dp&ibﬂnﬁﬁ@‘ﬁmﬁe HB%salB-17, 2001; J Neurosci., 19,
1106-1 114, 1999; Behav. Neurosci., 106, 274-285, 1992]. Animals and drugs
Adult mele SpraUEvpsmdig th%@@ewéth@rﬁomowbogwugslt&n £P1He 1@#“0Eﬂra§ﬁn| ng)
from Char jsght/ dark
cycl eque%eg&%?y ! 00 ?%% Bhds gnmgere?sg\l}g af%? @ﬂﬁnﬁégg g%]d%ﬁ;%h Wesre used
1 week af tearn tarassocdte aﬂ[@lﬁraﬂ:eﬂmpﬂmmknmﬁﬁ)ntéks slad vadling chdiib& EFpeitaGd and

i nj ected subcutaneously e dru nistered in a volune of 2.5
m/kg. ApPYrsYTS<PRFSNGs (ﬁa ﬁ@wﬁle’%P% gﬁ@ OBHAE EE-EXPISHIeA0 SUFIBIS of
chanber (%n&&%nﬁnﬁ%) %F}nssgfgiéegzﬁl H%h%ohrSQJh?éhqgtakaR Qﬂge&m%%%@tﬂeo a

ventilation system n-was provid ite light (60 Watt).
The f1 oor feaf-r¢lied nh:atdnﬁfPQMnsl SddSaf Ié, et B2, g%éd ‘B moihedatomyart el ectric

shock enerat Prior . .t.o tr nd testin s .cl eaned
o 70cRtetyl e <Sstionsh Rerb G aBEO LR iy el S r e iR
observat i g@agsondict e figH Kig &ﬂ‘an{ph@aﬁd b dath Eﬁ@%@ée@é’hrfl &dr tl@é forimhiien an@lsysi s.
Acqui sition and retention It)est Duri ng e acquisition aninmals were all owed

to freel ymsrprotiépporampoyell, 8nivi R%ndnbfebfrgmal% nioA-1Hahi 1998t iBshaperi od,
whi ch co-hermnatgd Wtiks0nG)

15 Animals and drugs
Adult male Sprague—Dawley rats (weighing 250-300 g at time of training)

from Charles River Laboratories, housed two per cage under a 12h light/dark cycle,
were used. Food and water were available ad libitum. Rats were used 1 week after
arrival. The compound was dissolved in 10 % HPbetaCD and injected

20  subcutaneously. The drug was administered in a volume of 2.5 ml/kg.

Apparatus
Training and testing were conducted in a soundproof chamber (30 x 20 x 40

cm) housed in an isolated room and connected to a ventilation system. Illumination
25  was provided by a white light (60 Watt). The floor of the chamber consisted of a

metal grid attached to an electric shock generator. Prior to training and testing, the

chamber was cleaned with a 70 % ethanol solution. A video camera allowed for

behavioral observations and recording of the training session for off-line analysis.

30  Acquisition and retention test
During the acquisition animals were allowed to freely explore the novel

environment for a 1 min habituation period, which co-terminated with one

inescapable foot-shock (unconditioned stimulus, US) through the electrifiable grid



i nescapabl e foot-shock (unconditioned stinulus, US) through the
electrifiable gridfloor. The foot shock had a duration of 2 s and an

i nt ensi t ywof0@/14%08M. Ani nal s remai ned in the conditi onipog/paraeinsvo7sor
another 60 s after the US. Freezing behavi our was scored during the first
58 s (pre-shock acquisition; experinenter blinded to groups) to determ ne
basel i ne-freezing responses to the c ext. At the end of the acquisition

animals were gently renoved and placed into their hone cag;s. After 24 h
t he sane Haomahe ek pleookdiad ardytrivad! i2rtandtanentensaliyrifi g/ Soont atmgls ear

condi ti oni ng.chanber da2mnpretentjon.te formed. During this
por 0d no e aR o batie s BERRLRTY Sle RS WS e dur i ng

t he whol ebéRstoup@hb abrid diltidghee EXPERIsTBRIBbIDAIIGARRGNE ex@iowpgrand present ed
as percent of total test geriod. Results and Di scussion Effect of the
conpound bBlindedrie axqups) tofdegrmpng dasalingrirdeaing aesporrses tethesenteyt At Hie @dnpound on
cont ex¢ ua : I §1-0ni I i (] Lsi.tion (drug
appl 1 64 pef SESa A b ook Behid) B3 AN PRES WP RBEIMER, g appl | ed
bef or e t eaiffter B4 fuiicesadik)ananals fickd feirdrodacmisiata tHatmmimg amtgt gl | ed

i mredi at el fter the acquisition, Figure 22). |n the first. set. of
exper | rrep‘ﬁ‘_é}d?tﬂq{‘én%:ﬁ}?ﬁ%% N £, 2 BILiEign ) W@% P‘?Klgf%m&_gnl?m%%é‘iseﬂfﬂfgh prior to
the acqui § FdRBHGKS Vefa pﬁb@.uﬁ&e%ﬁ%@%v%& v&a?‘%‘c&@&%!h&ﬁ theW e fef€ezi ng
behavior during training (58 s prior to the food shoc and the retention
test 24 aperayd wilhehefespéromemigr Hlinddd mgsronps andairsenteddis pFiveniogripeliess does not
affec} basel i ne freezing behavi our before the presentation of the foot
shock!%t BiPdiose tested. The compound at 5 my/kg has a tendency to
increase the time spent freezing during the retention test, 24 h after the
acquisiti ogaéSQ. 24 13.76 % n= 6, versus 24.30 4.40 % n= 16, in the
vehi cl e- t ReatisdndMlisrabsyn  The conpound at 10 ng/ kg significantly increases
the tine t freezin uring the retention.test, 24 h after the

ncau i 01 B SR ih Rte1 0 G SR BER, 55 0, "h%T6. in the
vehi cl e- t r eat etthasife@bos theonipoldd on contextual fear conditioning in rats was studied (i)

15  onacquisition (drug applied before acquisition, Figure 20), (ii) on memory recall (drug
applied before test, Figure 21) and (iii) on consolidation (drug applied immediately after
the acquisition, Figure 22). In the first set of experiments, the compound (1, 5 and 10
mg/kg) was administered 1 h prior to the acquisition session. Figure 20 depicts the
acquisition of freezing behavior during training (58 s prior to the food shock) and the

20  retention test 24 after. The following findings were observed:

- The compound does not affect baseline freezing behaviour before the
presentation of the foot shock at any dose tested.
- The compound at 5 mg/kg has a tendency to increase the time spent freezing
25 during the retention test, 24 h after the acquisition (39.24 + 13.76 %, n= 6,
versus 24.30 = 4.40 %, n= 16, in the vehicle-treated animals).
- The compound at 10 mg/kg significantly increases the time spent freezing
during the retention test, 24 h after the acquisition (52.15 £ 5.68 %, n= 10,
versus 24.30 = 4.40 %, n= 16, in the vehicle-treated animals, p< 0.01).
30
The fear conditioning model, as described in Figure 20, is a standard

procedure described in the literature for the investigation of learning and memory. In



The fear conditioning nodel, as described in Figure 20, is a standard
procedure described in the literature for the investigation of |earning and
menory. |worderisimsfurther elucidate the acute effects eCTK2807IsKG5ON
menory recall, the compound (5, 10 and 20 ng/kg) was applied 1 h prior to
the retention test. It was observed that t he conpound inhibits the
expression of freezing behavi our at 4 ng/ kg during the menmory test (12.86
3.57 % n=9, versus 33.61 4.29 % n= 13, in the vehicle-treated ani nal s,
p< 0. 05) eltdbgwrI@rthqr)elucdéat@é@caﬁut@@ﬁfeatb@télis divg coonpoemdedyl, thesel f does not

af fect baseline .f eh Vi our the onset. o ( ure 20), thus
the nost - pravargi G REBOGEEERY 4 st SRS IRG eRbarit I fghr e 2 1 1

due to anobsRiealthidtitiee @fnﬁ;ﬁﬁhd inthiit O Gkﬁrb@[tﬁ‘ﬁbﬂm&lg beBavdG QS S @th/Nd a
freezing behaviour, a res&pnse that is reduced bY qyounds with potential
anxi ol yt i Buiate e meemoryifest epir AeAte.dendrststas ! ¢1hid Yna=ddmsdhnd gi ven

acut el y t%ﬁlgtﬁgﬁﬁ Xnﬁ Ih)@ﬁgFgﬂﬁngytlc efficacy, it is therefore

unl i ke increased Treezi in Figure 20 is due to an anxiogenic
effect of the denpauiddd abavepthdeobmpoust byengd s hbwedifdchbaselbmpbesathgl s not

anxi ogeni ¢ but bears procogni{ive, potential, the c d was .adm ni stered
at 5, 10 Aifdvior E@fforsgtﬁapwgo f»té (ﬁ P g thsemast gl %@aﬁ]@ﬁﬁ iy, in this
set of expar {HIRBlGved &?ec?ﬁmgﬁt%‘élvi@au@{&biﬂaén%d‘ﬁté ct. A4 cBfitibfcacqui siti on
nor throughout the retention“test. Her it was observed that the conpound

at 5 ng/kgwsugmwﬁwﬁamﬁﬂwaéﬂhampb@wvhmrwnm@osggmmt$m@h@¢¢@ydmnpmg@the
reten@ on t ul sition ,session 0,% n= 8,

4 h aft
er Suld SawgE Poienfil st FER Sl dBER B Rk i R i200’ 08) . Ve

per cent aggiveh akitd® b%ﬂﬁ@heﬁfo%e?écﬂlg h@tlaﬂxnﬂyttdt@fﬁ@w % theRFESRARKEIR tiAs been
described as a neasure of a fear-related nmenory [Pavlov J. Biol. Sci, 15,

177- 182, wgswped Nigrizotg &hgwenrhﬁrg@lw(i 1% deo i o ek o gomin dlbbct aﬁ@e\@h@nowdrrpar ed to
|nal

vehi cl e-treat eijn %ria%rntﬁ gtg%th tt%o C(g‘lﬁllg%tén%ﬁ no%n%?o&%%%%%bgeafrs %)rr(])? data show

t hat the conpoun con
1-12-(2, 4C@’gﬂmemdt@ﬂﬁﬂyﬁéwnﬁp&ﬂhﬂ)N‘a@mﬂinﬁlét@de@af sziongdaodnghaanacaut i cal |y

B oo Lons B 2H 0 2L ORI, 5,708, 5 e Do 1
onboard neither during the acquisition nor throughout the retention test. Here, it was
observed that the compound at 5 mg/kg significantly enhances the time spent freezing
during the retention test, 24 h after the acquisition session (45.58 £ 4.50 %, n= 8,
versus 25.26 = 3.57 %, n= 19, in the vehicle-treated animals, p< 0.05). The percentage
20  of time spent freezing during the context re-exposure has been described as a measure
of a fear-related memory [Paviov J. Biol. Sci, 15, 177-182, 1980], which is enhanced

in compound-treated rats when compared to vehicle-treated animals (Figure 20 and

21). Taken together, the data show that the compound enhances contextual memory.

25

30



2. A conpound according to claim1, which conpound is the hydrobrom de,
hydr ochl ori de, nesylate, funerate, naleate, neso-tatrate, L-(+)-tatrate,
D-(-)- tawoaveyaswsphate, phosphate or nitrate salt. 3. pCmor2oompEwTe
according to claim1 or 2, which compound is crystalline. 4. The conpound
according to claim 3, which conpound has an XRDP as shown in any of figures
1-17. 5. The conpound according to cl®im1l which is

| - [ 2- (2, 4-di et hyl phenyl sul fanyl )- phenyl | pi perazi ne hydrobrom de salt in a
crystallifdaimsrm 6. The conpound according to claim5, which conpound has
XRPD refl ections at approximately 6.89, 9.73, 13.78 and 14.64 (2Q 7. The

conpound accordjng to claimbs, which conpound. has apn XRDP as, shown in
Frgure 3. o e EotaubiBh R Buk P TP RE R it A PBH EoRGaRY has o
particle sizgcditsl¢ s thREoCHoN RISAAUEIcHEpbEndIBYE B0 PreE BAsiiTa 1d0% 230- 250
mm and D5% 40-60 nm D98% 370-390; d50% 100-120nmm D5% 5-15 nm D98%

100- 125 mm dptdinel 5 nm and D5% 1-3 mm or D98% 50-70 nmm D50% 3-7
nm and D5% 0.5-2. 9. The conpound according to any of clainms 1-8 for use

i n therapy. t.ical Gco it I 8i ound

accordi ngz't o&g%%}é\%mgcgfa Eriigll.‘éltb %Paﬂn&getwﬁg"?l Cv?nhﬁaug(?%ﬁ[éér’ ﬁ%d(}glﬂrt%fngg ‘l'y acceptabl e
exci pi ent . 1lhydideRloeidepasdyldtgfudeds, diakgtd, emesd-aitratd, Q.-clonmedtsimg)a conpound
according to claim5 or 6. 12. The conposition according to claim 10, said
conposi t i on BERGUPhatspPlasP e paridgiesyinvet granul ati on and conpri sing
anhydr ous cal ci um hydrogen phosphate, corn starch, PVP-VA copol ymner,

i ot 0cr ysaltinentBLAhSRInS REUME PHALAMEN KiRbakR s bALGIARD magnesi um

stearate. 13. e conposition according to claim 12 conpri sing

10 4. The compound according to claim 3, which compound has an XRDP as shown in

any of figures 1-17.

5. The compound according to claim 1 which is 1-[2-(2,4-dimethylphenylsulfanyl)-

phenyl]piperazine hydrobromide salt in a crystalline form.

6. The compound according to claim 5, which compound has XRPD reflections at

15 approximately 6.89, 9.73, 13.78 and 14.64 (°26)

7. The compound according to claim 5, which compound has an XRDP as shown in

figure 3.

8. The compound according to claim 6, which compound has a particle size

distribution corresponding to

20 D98%:650-680 um; D50%: 230-250 um; and D5%: 40-60 um;
D98%: 370-390; d50%: 100-120pum; D5%: 5-15 um;
D98%: 100-125 pm; D50%: 15-25 pm; and D5%: 1-3 pm; or
D98%: 50-70 um; D50%: 3-7 pm; and D5%: 0.5-2.

9. The compound according to any of claims 1-8 for use in therapy.

25  10. A pharmaceutical composition comprising a compound according to any of claims

1-8 together with a pharmaceutically acceptable excipient.



HBr salt 3-8% Anhydrous cal ci um hydrogen phosphate 35-45% Corn starch

15- 25% PVP- VA copol yner 2-6% M crocrystalline cellul ose 20-30% Sodi um
starch glwoab@tasds3% Tal ¢ 2- 6% Magnesi um st ear at e 0. 5- 2¥rDK200MB0075
conposition according to claim12 conprising HBr salt approximately 5%
Anhydr ous cal ci um hydrogen phosphate approxi mately 39% Corn starch
approxi mately 20% PVP- VA copol yner apProxi mately 3% M crocrystalline
cel l ul ose approxi mately 25% Sodi um starch gl ycol ate approxi mately 3% Tal c
appr oxi mat bl Kheavgpisifies perprding & eleien A peoRilsiag elcgmpogntisicegrdmgtthod of
treating a dhﬁgl e;gelected fromaffective disorders, depression, major
depressi ve di S0raer post nat al depressi on, depression associated with

bi pol ar di sorder, Alzheimer's disease, psychosis, cancer, age or

Par ki nson'l3, THeseapesitianxt@tding gedleinal 0,aaxi @mpoditisn bk ,a tsisiel gbpaaki ety

di sorder, obsessive conpul sivedisorder, panic disorder, panjc attacks,
phobi a, socit¥ WsHIWatios 8 spMeHsES 2alydsaus qalqiya hydiogenRRosABHE SO mesi s,

| BS, ting gi.somades s, i j 1 1 r t

ros) stant  aeoraberan W RBRME, ARy RS QRS POUARS Surch e v

mel anchol i a,talPRSDmalgo¢sidrh yehmss. sl eep apnoea, al cohol, nicotine or

car bohydrate cravi ng, substance abuse and al cohol or drug abuse, the nethod

conprisin m ni ster.ing a therapeutically.effective amount of a conpound
ochr di ng do gap S ferdg (BRI F Bt eod t hereof

HBr salt 3-8%
Anhydrous calcium hydrogen phosphate 35-45%
10 Corn starch 15-25%
PVP-VA copolymer 2-6%
Microcrystalline cellulose 20-30%
Sodium starch glycolate 1-3%
Talc 2-6%
15 Magnesium stearate 0.5-2%

14. The composition according to claim 12 comprising

HBr salt approximately 5%
Anhydrous calcium hydrogen phosphate approximately 39%
20 Corn starch approximately 20%
PVP-VA copolymer approximately 3%
Microcrystalline cellulose approximately 25%
Sodium starch glycolate approximately 3%
Talc approximately 4%
25 Magnesium stearate approximately 1%

15. A method of treating a disease selected from affective disorders, depression, major
depressive disorder, postnatal depression, depression associated with bipolar
disorder, Alzheimer’s disease, psychosis, cancer, age or Parkinson’s disease,

30 anxiety, general anxiety disorder, social anxiety disorder, obsessive compulsive



16. The use of a compound according to any of clainms 1-8 for the
preparation of a nedicanment for the treatnent of affective disorders,

depr essi omo 20@jamoodepr essi ve di sorder, postnatal depresecomKk0esessi on
associated wth bipolar disorder, Al zheinmer's disease, psychosis, cancer,
age or Parkinson's disease, anxiety, general anxiety disorder, social

anxi ety di sorder, obsessive conpul si di sorder, panic disorder, panic
attacks, phobia, social phobia, agoraphobia, stress urinary |ncont|nence
emesi s, | BS,dissaddrnppandi @mrderr, Qam@ hﬁ@kﬁxplphlansoqﬁmhplaa, ag@w«bnbn@r gresg r eat nent

resi st ant de&ﬁ%dnc%ﬂt%neﬁ g]ﬁl s1s I%Fe%a%ng de Sor(? pa1 m%)%lr TEnt ADHD,

mel anchol i a nea, alco o i ne or

car bohydr at &egﬁoﬁmr@greaﬁﬂ@ﬁtr@smzﬁnabp&%morpmg{e@ﬁmd digasel rdégm@belse 17. A
conpound according to alg of clains 1-8 for use in the treatment of a

di sease sel é@lﬂ)@l@mﬁnt@w apelpgehodpsBF e rhot ﬂe&fﬁﬁe%%eip@@nompl@@ Aepr essi ve
di sor gsg 1 qatal cﬂ%gﬁﬁﬁﬁb %’v1n%y8;]b%§aﬁbé’£b£§ ﬁR&M@B&q 0 I-Lg polar

di sorder, AIz el ner I'sease , cancer, age or ﬁson S
di sease, anxh&hyd cgeprediad adnmixisetingdi thﬁnpianmalgoeﬁfa:ltwaambeﬁtwfdj sor der,

obsessi ve conpul si i sorder [ isorder, panic attacks phobla
soci al phobﬁ§n¢€6%¥ Hﬁ?%“’%ﬁ?g§gﬂﬂ§?ﬁ%?yWFﬁEbWﬂWﬁé %en95|s | BS,
eating disorders, chronic pain, partial responders, treatnent resi st ant

depfess'oméTﬁk&ﬂ@bﬁ@EoémQMﬁﬁﬁé&ﬁn@ﬂg@hfbF&amﬂpﬁBm&ﬂﬂépm@Qﬁ@an?&a“Ch0|'a
PTSD, hot flushes, sleep apnea, alcoho ni cotine or carbohydrate craving,

subst ance abuesbcaait éqrctbmmd:atmﬁntcnf@ﬁeqms@sord_@s dappeseiomgrajpodepréseive

et olont _ny BB B G AoHaeva SHroar o R bl of f or ml o

|11 wher ei n Mizh@mdr Xdisbse pRYSsi, YardceRhes 6nbarkiak@0 e tiscabankigpmpound of
formula IV [IV]wherein R represent hydrogen or a protecting group, in the

presence of ggn&el ity d&Otﬁ@@éO@ﬁkﬂﬂél%ﬁéﬂlS@@ﬁwawp9@mp@lélwg|d§pr4¢g, of a
pal I adi um S%"Hu%ed@o%jer% Oﬁ%@k@%hbl‘)lgas%glal phobia, agoraphobia, stress urinary

incontinence, emesis, IBS, eating disorders, chronic pain, partial responders,
15 treatment resistant depression, Alzheimer’s disease, cognitive impairment,
ADHD, melancholia, PTSD, hot flushes, sleep apnea, alcohol, nicotine or

carbohydrate craving, substance abuse, or alcohol or drug abuse.

17. A compound according to any of claims 1-8 for use in the treatment of a disease

selected from affective disorders, depression, major depressive disorder, postnatal

20 depression, depression associated with bipolar disorder, Alzheimer’s disease,
psychosis, cancer, age or Parkinson’s disease, anxiety, general anxiety disorder,
social anxiety disorder, obsessive compulsive disorder, panic disorder, panic
attacks, phobia, social phobia, agoraphobia, stress urinary incontinence, emesis,
IBS, eating disorders, chronic pain, partial responders, treatment resistant

25 depression, Alzheimer’s disease, cognitive impairment, ADHD, melancholia,
PTSD, hot flushes, sleep apnea, alcohol, nicotine or carbohydrate craving,

substance abuse and alcohol or drug abuse.

18. A process for the preparation of



at a tenperature between 600C and 1300C. 19. The process according to claim
18, wherein conpound Il and conpound |1l are reacted in a first reaction,
and wher ewo 20ére4a@act i on product for said first reacti orcro2péiBMESsl Y

i solated and purified, foll owed by a subsequent reaction with the conpound

| V. 20. The process according to claim 18, wherein conmpound II, conpound

11 and conpound IV are m xed togethéﬁ at the start of the process. 21. The
process according to any of clainms 18-20 wherein Xi and X i ndependently

represent Br or | . 22. The process accor N to claim 21, wherein Xi
represents Br and X represents | . 23. Tﬁg Efocess according to any of
clains 18-22, wherein said solvent is an aprotic solvent. 24. The process
according to any of clainms 18-23, erein the solvent in selected from

t ol uene, xylene, triethyl am ne, t ¥ ne, dioxin or

Nmet hyl pyrrol i done. 25. The proce ccor g to claim24, wherein the

solvent is toluene. 26. The proces$ accordirng to any of clainms 18-25,
wherein the palladium source is selected from Pddba2, Pd(OAc)2 and Pd2dba3.

27. The p I - ¢l ai wherein said pall adium source is
Pddba?2 orﬂ%ﬁ%ﬁ%ﬁ%&%ﬁ@%##%ﬁ%gg%éggqgég%Pding to any of claim 18-27, wherein
sai d phosphine ligand is selected from 2, 2' - bi s-di phenyl phosphanyl -[ 1,

" Jbi napht al enyl (rac-BINAP), 1,1'-bis(diphenyl phosphino)ferrocene (DPPF),
bi s- (2-di phenyl phosphi nophenyl ) et her DPE@&QS), tri- -butyl phsophine (Fu'
s salt), biphenyl-2-yl-di- -butyl-phosphine,

bi phenyl - 2-yl - di cycl ohexyl - phosph
(2' -di cycl ohexyl phosphanyl - bi phen

) - di net hyl -am ne

(1]

wherein R’ represent hydrogen or a mono-valent metal ion,

5  with a compound of formula III

[

wherein X; and X, independently represent halogen, and a compound of formula IV

8

[IV]

10



[2'-(di- -butyl-phosphanyl)-bi phenyl -2-yl]-di net hyl -am ne, and

di cycl ohexyl-(2 ' ,4 " ,6'-tri-propyl-bi phenyl -2-yl)-phosphane. 29. The
process awoauelingoso cl aim 28, wherein sai d phosphi ne | ipgamk206 /056658l NAP
30. The process according to any of claim 18-28, wherein said base is
selected from NaQ(t-Bu), KQ(t-Bu), Cs2C03, DBU and DABCO. 31. The process
according to claim30, wherein said bdse is NaQ(t-Bu). 32. The process
according to any of clainms 18-31, wherein R represents hydrogen 33. The
process according to any of clains 18-31, wherein R represents a protecting
group selected fromBoc, Bn, Cbz, C(=0) Cet and Me. 34. The process

accordi ng | - 33, F e ] e e process
accordi ng“%greg{r.% g re%kﬁ%l@o%? 310%% , pr gtﬁng %} 0@1 elf1 ?1 & H%g%eg%u&ea %Ev%lgg ween

appr oxi mabs&kyin@@ellatidmapplyskcdBisahy ol 298G dIEH6 sourbeamt Dpesphiac tighwt ng to
claim 20, conprising the steps of a . Dissolving or dispersing 1-1.5

equi val entlst sPpeEips bedset 607G andhBO°C) i n tol uene to obtain mxture A b.
Addi ng 1-2 nol e-% of Pddba2 and 1-2 nol e-% of rac-BI NAP together with 2-3
equi vad ents 1o NOQLL aRuddih Pt BlAHTE whickn EBhAbIRITY ¥AdESnBuntiGhe i s heat ed
to around 1000C unti|l conpound Il and |1l are fully converted;c .

| ncr easi ng trhectedempeliat ieadionf atdreheremtthe sacirapnodacti n step b to around
1200C until conmpound IV is fully converted;)gnd d. Optionally renoving the
protecting group by the addition of aqueous‘acid if conpound IV is a
protected piperazine. 37. The pr ihg to claim 20, wherein 1-1.5
equi val ents of 2, 4-dinethylthiol o- benzene (or

1, 2-di brono- benzene), and pi pera ef sed in toluene foll owed by
the addition of 2-5 equival ent 1- 2 nole-% Pd dba3 and
rac- Bl NAP di spersed in toluene to obtain a mxture which is heated to

100- 130 ocC flior saxd fippt Frgiien sepepradiyriselped prépuyelicd, followed by a subsequent

l’[2’(2’4’Dr&ﬁ%ﬁX%ﬂﬁﬁﬂgk&ﬂb&ﬁ@ﬁk)’ phenyl ] - pi per azi ne.

10 20. The process according to claim 18, wherein compound II, compound III and

compound IV are mixed together at the start of the process.

21. The process according to any of claims 18-20 wherein X; and X, independently

represent Br or 1.
22. The process according to claim 21, wherein X; represents Br and X, represents 1.

15  23. The process according to any of claims 18-22, wherein said solvent is an aprotic

solvent.

24. The process according to any of claims 18-23, wherein the solvent in selected
from toluene, xylene, triethyl amine, tributyl amine, dioxin or N-

methylpyrrolidone.
20 25. The process according to claim 24, wherein the solvent is toluene.

26. The process according to any of claims 18-25, wherein the palladium source is

selected from Pddba,, Pd(OAc), and Pd,dbas.

27. The process according to claim 26, wherein said palladium source is Pddba, or

szdba3.



38. The process according to claim37, wherein said mxture is heated to
reflux for 3-5 hours, and which process is followed by a subsequent step in
whi ch t hewokbveimemspr oduct is further reacted wth agueegs/piBootGo@st ai n

t he correspondi ng hydrobrom c acid addition salt. 39. The process according
to claim20, wherein 2-5 equivalents of NaQ(t-Bu), 2-5 equivalents

pi perazi ne, 0.2-0.6 nol e-% Pddba2, arf 0.6-1 nol e-% rac-BI NAP are di sper sed
in toluene to obtain mxture A, to which m xture approximately 1

equi val en28.2lhsrnpaesss angotsbneiocny ol glided 3t%, viheeimsand thlQ}PbinB'ligall(giSV\hi ch

m xture 1 equjval,ent 2,4-dinmenthylthiophenol is added and the resultin

m xture is %Sfaeftgg%ioglrefl ux for 3-7 hours to obtain °

I-[2-(2, 4-dizrmtm-u'rpmb@ywﬂmphi@wi,lgpih@ﬁmhlknqum@eamm,e. 40. The process
according to claim39, wherein said resulting mxture is heated to reflux
for 4-6 hourls!-Ripdinkemdphgspbeesferrpeene gPPBed by a subsequent step in which

t he ob{ ai ned.,; pfp I . i aqueous HBr to obtain the
corresfti)ondi ﬁ)ésoﬁé;%?g%nr)}é@ﬁofé%%%eg g‘iqﬁ%rgﬁp\sgg%s)ﬂl. The process according to
any of cl ai mE-r8t3 phwepthine (fe’sasdt),t i onal step of addi ng aqueous HBr to the

product said . product tjonal | eing in a purified form to obtain the
cor r espondi W@ﬂ"gﬂ'g"buté{@lﬂ&}ggar‘?a 42. A process for the manufacturing of

| -[2-(2, 4- digmihvilioRhapvlishbfanybdsnaienyl | - pi perazi ne hydrobromc acid
addi tion salb{ﬁ%iE nyv\h-?chmgr ocegzlﬁl-glo. 5 equi val ents of 2, 4-di methyl -thiol,

1- br ono- | - i d@bdiseelzkngphosphbngl-biphenyhB- e dmentie)l;anane pi per azi ne are

di spersed in,tol.uene . foll owe th itio f 2-5 equival ents NaQ(t - Bu)
and 1{(2 nol 2-2 0754-*"(5%6@6\??‘8?? a?‘gé'géhﬁwa'%?ﬂ'ﬁétpggﬁﬁflﬂmfOar”@ene to obtain a

m Xt ure whi GlieyicfohBAt@d4t@ kBP0 BpRendauns) bidsplini n the product

| -[2-(2,4- di r?et hylg};ap%enyl suileé aggf/ll )Pphgnyl}?)-%i pgr azine, which is further
reacted with agueous hydrobrom c acid. 43. A process for the manufacturing

of 1-12- (3¢ 4l p%aéerslgl heBhanylsulis ,lv‘)lfeperllr? 0Xk ]pflosphine ligand is rac-BINAP.

30. The process according to any of claim 18-28, wherein said base is selected from

15 NaO(t-Bu), KO(t-Bu), Cs,CO3, DBU and DABCO.
31. The process according to claim 30, wherein said base is NaO(t-Bu).
32. The process according to any of claims 18-31, wherein R represents hydrogen

33. The process according to any of claims 18-31, wherein R represents a protecting

group selected from Boc, Bn, Cbz, C(=0)Oet and Me.
20 34. The process according to any of claims 18-33, wherein R’ is hydrogen.

35. The process according to any of claims 18-34, wherein the temperature is between

approximately 80°C and approximately 120°C.
36. The process according to claim 20, comprising the steps of

a. Dissolving or dispersing 1-1.5 equivalents of compounds I, II and III in toluene
25 to obtain mixture A;

b. Adding 1-2 mole-% of Pddba, and 1-2 mole-% of rac-BINAP together with 2-3

equivalents of NaO(t-Bu) to mixture A to obtain mixture B, which is heated to

around 100°C until compound II and III are fully converted;



pi perazi ne hydrobrom c acid addition salt in which process 2-5 equival ents
of NaQ(t-Bu), 2-5 equival ents piperazine, 0.2-0.6 nole-% Pddba2, and 0.6-1
nmol e- % r awoBbMAR4@se di spersed in toluene to obtain m xParmrA097/dse078hi ch
m xture approximately 1 equival ent 2-bronp-i odobezene is added to obtain
m xture B', to which mxture 1 equivalent 2,4-dinenthylthiophenol is added
and the resulting mxture is heated td reflux for 4-6 hours to obtain

| -[2- (2, 4-di net hyl phenyl sul fanyl) - phenyl] -piperazine, which is further
react ed wit te. fposeung thy @mpgragure of theimdixture obtained in step b to around 120°C

until compound IV is fully converted; and

d. Optionally removing the protecting group by the addition of aqueous acid if

compound IV is a protected piperazine.

5 37. The process according to claim 20, wherein 1-1.5 equivalents of 2,4-dimethyl-
thiol, 1-bromo-1-iodo-benzene (or 1,2-dibromo-benzene), and piperazine are
dispersed in toluene followed by the addition of 2-5 equivalents NaO(t-Bu) and 1-
2 mole-% Pd,dba; and rac-BINAP dispersed in toluene to obtain a mixture which
is heated to 100-130 °C for 2-10 hours to obtain the product 1-[2-(2,4-Dimethyl-

10 phenylsulfanyl)-phenyl]-piperazine.

38. The process according to claim 37, wherein said mixture is heated to reflux for 3-5
hours, and which process is followed by a subsequent step in which the obtained
product is further reacted with aqueous HBr to obtain the corresponding

hydrobromic acid addition salt.

15 39. The process according to claim 20, wherein 2-5 equivalents of NaO(t-Bu), 2-5
equivalents piperazine, 0.2-0.6 mole-% Pddba,, and 0.6-1 mole-% rac-BINAP are
dispersed in toluene to obtain mixture A’, to which mixture approximately 1
equivalent 2-bromo-iodobezene is added to obtain mixture B’, to which mixture 1
equivalent 2,4-dimenthylthiophenol is added and the resulting mixture is heated to

20 reflux for 3-7 hours to obtain 1-[2-(2,4-dimethyl-phenylsulfanyl)-phenyl]-

piperazine.

40. The process according to claim 39, wherein said resulting mixture is heated to
reflux for 4-6 hours, and which process is followed by a subsequent step in which
the obtained product is further reacted with aqueous HBr to obtain the

25 corresponding hydrobromic acid addition salt.
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41. The process according to any of claims 18-37 with the additional step of adding
aqueous HBr to the product

()
O

said product optionally being in a purified form, to obtain the corresponding

hydrobromic acid salt.

42. A process for the manufacturing of 1-[2-(2,4-dimethyl-phenylsulfanyl)-phenyl]-
piperazine hydrobromic acid addition salt in which process 1-1.5 equivalents of
2,4-dimethyl-thiol, 1-bromo-1-iodo-benzene (or 1,2-dibromo-benzene), and
piperazine are dispersed in toluene followed by the addition of 2-5 equivalents
NaO(t-Bu) and 1-2 mole-% Pd,dbas; and rac-BINAP dispersed in toluene to obtain
a mixture which is heated to reflux 3-5 hours to obtain the product 1-[2-(2,4-
dimethyl-phenylsulfanyl)-phenyl]-piperazine, which is further reacted with

aqueous hydrobromic acid.

43. A process for the manufacturing of 1-[2-(2,4-dimethyl-phenylsulfanyl)-phenyl]-
piperazine hydrobromic acid addition salt in which process 2-5 equivalents of
NaO(t-Bu), 2-5 equivalents piperazine, 0.2-0.6 mole-% Pddba,, and 0.6-1 mole-%
rac-BINAP are dispersed in toluene to obtain mixture A’, to which mixture
approximately 1 equivalent 2-bromo-iodobezene is added to obtain mixture B’, to
which mixture 1 equivalent 2,4-dimenthylthiophenol is added and the resulting
mixture is heated to reflux for 4-6 hours to obtain 1-[2-(2,4-dimethyl-
phenylsulfanyl)-phenyl]-piperazine, which is further reacted with aqueous

hydrobromic acid.



