WO 20071144005 PCT/DK2007/050075 1 1-[2-(2,4-DIMETHYLPHENYLSULFANYL)-PHENYL)
PIPERAZINE AS A COMPOUND WITH COMBINED SEROTONIN REUPTAKE, 5-HT3 AND 5-HT1A

ACTIVITY F\Owg ;I'I6|7 ILI(?(}EATMENT OF COGNITIVE IMPAIRMENT Field of the invention The present
invention relates to comp%unds, which exhibit serotonin reuptake 5 inhibiti}c))?lT%W”(%%’b’ined with an

activity on the serotonin receptor IA (5-HTIA) and the serotonin receptor 3 (5-HT,), and which as such
are useful in treatment of CNS related diseases. Background of the invention 10 Selective serotonin
reuptake inhibitors (SSRQHQLave for years been the first choice therapeutics for the treatment of certain

CNS i P B (St AT sl ey p e

well toleratpganghave. e rable safety profile as compared to previous 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 theFSSRetbatineerttiMoreover, typically an SSRI treatment does not begin to show an effect

unti after several wegks,aldeainuant./Roarerda e aame gl incsk RiRiteamings of SSRI

treatment, 20 psychiatrists sometimes make use of augmentation strategies. Augmentation of
antidepréssalrﬁ\t%bﬁw et wERisoadiasy. wlcohisirdatiopnith serostistatsitisirs! UEHES slithium

carbonate or friiadothyrenin, Rthydhe Barals! tse of eleslroshock s knawnthata combination of

inhibition of the serotonin transporter (SERT) with an activity on one or more serotonin receptors may
be beneficial“ R hagl288 fisAssly been found that the combination of a serotonin reuptake inhibitor
with a compound having 5-HTzc antagonistic or inverse agonistic effect (compounds having a
negative efficacy at the 5-HT2c receptor) provides a considerable increase in the level of 5-11T
(serotonin) iﬁ%&ﬁ%ﬁ%’ﬁi@é&‘%‘ Wred in microdialysis experiments (WO 01/41701). This would.
imply aighorter onsétrt:antidapressantpiectnnitiealifBSRT) have for years been the first

choice therapeutics for the treatment of certain CNS related diseases, in particular
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 treatrnent 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 aclivity 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 efflicacy af the 5-HT,¢ receptor) provides a considerable increase in the
level of 5-HT (serotonin) in terminal areﬁs, 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).



30 and an augmentation or potentiation of the therapeutic effect of the serotonin reuptake inhibitor
(SRI). 1 Similarly, it has been reported that the combination of pindolol, which is a 5 HT1A patrtial
agonist, with a serotonin reuptake inhibitor gives rise to fast onset of effect [Psych. Res., 125, 81-86,
2004]. CNS related diseases, such as e.g. depression, anxiety and schizophrenia are 5 often
co-morbid with other disorders or dysfuntionalities, such as cognitive deficits or impairment
[Scand.J.Psych., 43, 239-251, 2002; Am.JPsychg, 158, 1722-1725, 2001]. Several neurotransmitters
are presumed to be involved in the neuronal events regulating cognition. In particular, the cholinergic
system plays a prdininkulyraldin beeymitoricdtitcbmponhisadfeeting detoshvlisergie System are thus

potentially uslil A ipLiBRilIeRimanklisaantive naimentLemaQUAda-elipcing the S HTIA

receptor an e 5 receptor are known to affect the chclinergic system, and they may as such
be useful inafiectreAtrabrit&t.cognitiverySaithent. Hence, a compound exerting 5-HTIA and/or 5-HT3

receptor activity weyld he,exnastedohe usely! infhadsatmentohsedaitivsyimpainnent. A compound
which 15 moreover also exerts SERT activity would be particular useful. for the treatment of cognitive

impairnient fitefe praBsskich RHe U AEHEACED A SEEHENRBBIH Sis SIS AR GRS ISHELE 6F the treatment
of the depresgiamdiP[93/0292324isaloses e githmepmponnd, 142 (24 1dimethyiphenyl:

sulfanyl)phenyl]piperazine (example le) as a compound having SERT activity. 20 Summary of the
invention The preseRtSiantEs Wt?ﬂ?ﬁﬁ%ﬁéﬁy%‘?ﬁ:@ E?aﬁ%[li?glﬂ-t%e neuon ooty

dim.ethylphesysuifardiphenylipipatazing exestmarearhbinatonyof:SERToinhikitiesle B-HT3 antagonism
and S-HTIApaal agorsm, Accordingly,n gne aspect (here s 20 iovided copoung | nich
. yllpperazine ara pharmaceuticalty acceptable salts thereof
provided saidrabepeang:is sfatcheifreenipasenima Gonzonystaliffecforgthincalidtheregpact. there is
provided th%&eﬂ'@ﬂﬁe‘:‘ ggl—ﬁsj %'c?ofé{:}%‘%'- a‘:ir% V%&%rtg%%fé%t the cholinergic system, and they may as
such be useful in the treatment of cognitive mmpairment.
Hence, a compound exerting 5-HT) 4 and/or 5-HT3 receptor activity would be
expected to be useful in the treatment of cognitive impairment. A compound which
15 moreover also exerts SERT activity would be particular useful for the treatment of -
cognilive 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-
sulfanyi)pheny!lpiperazine (example 1) as a compound having SERT activity,
20
Summary of the invention
The present inventors have surprisingly found that 1-[2-(2,4-
dimethylphenylsulfanyl)phenyilpiperazine exerts a combination of SERT inhibition,
5-HT; antagonism and 3-HT . partial agonism. Accordingly, in one aspect, there 13
25  provided compound I which is I-[2-(2.4-dimethyiphenylsulfanyl}- phenyl|piperazine
and pharmaceutically acceptable salts thereof, provided said compound is not the free

base in a non-crystalline form.

in another aspect, there is provided the compound as defined above for use in

| therapy.
30

In another aspect, there is provided a pharmaceutical composition compirisug a

compound as defined above together with a pharmaceutically acceptable excipient.



therapy. 30 In another aspect, there is provided a pharmaceutical composition compirisng a
compound as defined above together with a pharmaceutically acceptable excipient. 2a in another
aspect. there is provided the use of a compound as defined above for the preparation of a medicament
for the treatment of affective disorders, depression, major depressive disorder, postnatal depression,
depression associated with bipolar disorder. Alzhgimer's disease, psychosis, cancer, age or
Parkinson's disease, anxiety, general anxiety disorder, social anxiety disorder, obsessive compulsive

disorder, panic disorﬂg&n&ﬁgi%s%ggphé,@@%p@idggcial phobia, agoraphobia, stress urinary
incontinence, emesis, IBS, eating disorders, chronic pain, partial responders, treatment resistant

depression, AlFeiRse > FeBRssndsfialiastibaymERTHRBEAAT#HEMAEAClia, PTSD, hot flushes, sleep
apnea, alcohokmaitiofimernrfcathe byedratenterbafiftgrisuhiitanderalispes wicalcaheralegragsabuse. In
another aspect .theée IS rovid?%a compound as defined abO\C/ie fogbuse In the treatment of a disease

selected from gf?é’& Ve RSB ers,egae@flﬁés%ioﬁ?]f%%ﬁ%)f] oaesﬁ?glsastﬁ/e fe 3 ,366%%?1% S depression,
depression assuciadeaewithkitbipetapaishuder, cAlicbeimer'srdisddaeonpsycrasis anarcer, age or
Parkinson's disease, anxiety, general anxiety disorder, social anxiety disorder, obsessive compulsive
Cisorder, paniCaTHED Bk Py G BTG S SO S e ry
incontinence, emesidisdéRsr . qating aisdrdersoiclareodpahoipartabrespondesseteatment resistant

depression, Alzheimer's disease. c% ve img%{me t. AI%IljD melancgg(%jlliag.E PTS&), hot flushes, sleep
nd al

apnea, alcoholl,nr"?f&‘}ﬁ}%l or 85%%%%3/ rgtg&élr%?/mé?rsﬁ ystance abuse B ‘OROror 1Eii*ug abuse. In

another aspectrtherens-psovite dappooes Aiahthe gr e pavedian wiohiS hepioress. cadnififising reacting
compound I| Z%eiancholia, PTSD, hot flushes, sleep apneza, alcohol, nicotine or carbohydrate

craving, substance abuse, or alcohol or drug abuse.

In another aspect, there is provided

a compound as defined above 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,
psvchosis, cancer, age or Parkinson’s disease, anxiety, general anxiety disorder,
social anxiety disorder, obsessive compulsive disorder, panic disorder, panic
attacks, phobia, social phobia, agoraphobiza, stress urinary incontinence, emesis,
IBS, eating disorders, chronic pain, partial responders, treatment resistant
depression, Alzhermer’s disease, cognitive impairment, ADHD, melancholia,
PTSD, hot flushes, sleep apnea, alcchol, nicotine or carbohvdrate craving,
substance abuse and alcoho} or drug abuse.

In another aspect, there is provided a process for the preparation of

)

the process comptising reacting compound I



SR wherein R' represent hydrogen or a mono-valent metal ion, 5 with a compound of formula 111 X2
X1v | fill] wherein X1 and X, independently represent halogen, and a compound of formula IV R [IV]
wherein R represent hydrogen or a protecting group, in the presence of a solvent, a base and a _
palladium catalyst consisting of a palladium source and a phosphine ligand at a temperature between
60C and 130C. In another aspect, there is providgd 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, I -bromo- | -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-% Pd2dba3 and rac-BINAP dispersed i St3 obtain a mixture which is heated to reflux
3-5 hours to obtain the product 1-[2-(2,4 2c imeth i-phenylsulfanyl)-phenyl]-piperazine, which is
further reacted with aqueous hydrobromic nother aspect, there is provided 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), 215 equivalents piperazine, 0.2-0.6 mole-% Pddbaz2,
and 0.6-1 mole-% rac-BINAP are dispersed in toluene to obtain mixture A', to which mixture
approxmately le valent 2-&@{&10 iodobezene is added t obtain mixture B', to which mixture |

equivalent ¥, ”ﬁ'ﬁ‘h PR I TREH Eluﬁ?i §Tmixture is heated to reflux for 4-6 hours
to obtain 1-&2&%4{@1@1&&1&”& formula ITI

FHI]
wherein X, and X, independentiy represent halogen, and & compound of formula IV
R

g

y
-
\_/

N
[IV]

wherein R represent hydrogen or a protecting group, in the presence of a solvent, a
base and a paliadium catalyst consisting of a palladium source and a phosphine ligand
at a temperature between 60°C and 130°C.

In another aspéct, there is provided
g process for the manufacturing of 1-[2-(2,4-dimethy1-phenyisulfanyi}-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-% Pd2dba3 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-



phenylsulfanyl)-phenyl]-piperazine, which is further reacted with agueous hydrobromic acid. In one
embodiment, there is provided the use of compound 1 in therapy, in one embodiment. there is
provided a pharmaceutical composition comprising compound 1. In one embodiment, there is
provided therapeutic methods comprising the administration of an effective amount of compound | to a
patient in need thereof. 3 In one embodiment, thege is provided the use of compound | in the
manufacture of a medicament. Figures 5 Figure 1: XRPD of crystalline base Figure 2: XRPD of alpha

form of hydr_ogro%ntéd?_sg% Ei e %g_)(ﬁPD ﬁf beta form (:%%dr(ﬁf[eagjde salg Figure 4: XRPD of
gamma form olfnﬁy robromde sar Bi u?gyé. RRPE O hémi yl& f ﬁ?ﬁﬁ% romide salt 10 Figure 6:
XRPD of the aamx¢ors bfdbebeiinit 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 Figufe2bomRREPesh MsTaaeiifetigure 11: XRPD of maleate salt Figure 12: XRPD
of meso-tatrate saltefidureénd 3nxRRENofe f)-taliate Sdlmiureidn KRB o DHeptHtrate salt 20
Figure 15: XRPD ofi%lélghgggbsalt. Fé%ﬁﬁea&d%ansP .of%%%atesssa;t_fei u@éﬂl?: XRPD of nitrate salt

Figure 18: Efftt of compounds of the presen? invention 1 tha tradernial ToFmalin° test. X-axis shows

the amount ohNeOHipdund -admmmsiceds Yisxizsiohs-the mviettit Bddba2, and 0.6-1 moie-%
rac-BINAP are dispersed in toluene to obtain mixture A’, to which mixture
approximately 1 equivalent .?.-bromo—iodobezené 1s-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-
phenyisulfanyl}-phényl}-piperazine, which 1s further reacted with aqueous
hydrobromic acid.

in one embodiment, there is provided the use of compound 1 in therapy.
in one embodiment, there is provided & pharmaceutical composition
comprising compound L.

In one embodiment. there is provided therapeutic methods comprising the

administration of an effective amount of compound 1 1o a patient in need thereof.



25 time (see) 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. WO
2007/144005 PCT/DK2007/050075 4 Figure 20; Effect of
1-[2-(2,4-dimethylphenylsulfanyl)phenyl]piperazine HBr salt on contextual fear conditioning in
Sprague-Dawley rats when given 60 minutes before acqujsition. Fr Wingﬁbeha\giour was scored.
during 58-s habitudficREHEY BIiSH (BeS RSB EHER EF&Tpre” Oouég alyUisTany tihite bars). Freezing
behaviour wassmeaistied: 5 24 h after the training (retention test) (black bars). Figure 21: Effect of
1-[2-(2,4-dimethylphenylsulfanyl)phenyl]piperazine HBr salt on contextual fear conditioning in
Sprague-Dawley rats when given | h prior to the retention test. Freezing behaviour was scored during
58-s, prior t&Figerfeot shock US (acquisition) (white bars). Freezing behaviour was measured 24 It

after the traipl:?%ejlq 5{%@3@%@%}1&?4?%@&5). Figure 22: Effect of AA21004 on contextual fear

- conditioning i Sprague-Dawley rats when given immediately after the acquisition. Freezing behaviour
was scored Bigtirays 8RS Prbriphthefacridhserusagesabek acquisition) (white bars). Freezing

behaviour wg u@%@ﬁ?ﬁ) %@%@f%{&h&%@%@g&g@@gn test) (black bars). 15 Detailed description of

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

phenyl]pipefagite 4heFstid efugersnavfien & gyrqbrppride 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 hydrochioride salt
Figure &: XRPD of monchydrate 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 [3: XRPD of L-(+)-tatrate salt
Figure 14: XRPD of D-(~)-tatrate salt
20 Figure 15: XRPD of sulphate salt
Figure 16: XRPD cof phosphate salt
Figure 17: XRPD of nitrate salt
Figure 18: Effect of compounds of the present invention in the mtradermal formalin
test. X-axis shows the amount of compound administred; Y-axis shows the amount of

time (sec) spent licking the paw, Figure 18a: Response mn the 0-5 minutes period; \

b
L

Figure 18b: Response in the 20-30 minutes period
Figure 192: Extra-cellular acetylcholine levels in prefrontal cortex in freely moving
rats upon administration of 1-[2-(2,4-dimethylphenylsulfan}sfl)phenyi]piperazine HBr
salt.

30  Figure 19b: Extra-cellular acetylcholine levels in ventral hippocampus in freely
moving rats upon administration of 1-[2-(2,4-dimethylphenyi-
sulfanyl)phenyl]piperazine HBr salt.



and pharmaceutically acceptable salts thereof provided compound | is not the free base in a
non-crystalline form. In one embodiment, said pharmaceutically acceptable salts are acid addition
salts Qf acid%vtg%(%ﬁﬂ@g-toxic. .S.aid sal'gs inc;lude salts madg frqm organi%gi;} PG {0(}2[@ as malejc,
fumaric, benzoic, ascorbic, succinic, oxalic, bis-methylenesalicylic, methanesuilfonic, ethanedisulfonic,
acetic, propionic, tartaric, salicylic, citric, WO 2007/144005 PCT/DK2007/050075 5 gluconic, lactic,
mal.ic, mandelic, cinnamic, citraconic, aspartic, stearic, palmitic, itaconic, glycolic, p-aminobenzoic,
glutamic, benzenesulfonic, theoPh lline acetic acids, as well as the 8-halotheophyllines, for example
8-bromotheobHHa St e  ialP st B PHRer s o JaRE AN St S&HyeHbeloric,
hydrobromic csufuric] Tevlfamigihosphis.an nifkgAcids Rasicklasmpnioning issmade of salts
made from methanesulfonic acid, maleic acid, fumaric acid, meso-tartaric acid, (-)-tartaric acid,
(-)-tartaric aclIHHIRHIGHE AR H)APIBIRSH it At JStiRhaRe 28R HHESBRASRS 2cia HRd nitric acid.
Distinct mentigsingotskroadeefdhehycioRiasive. satsd@)\Oral dosapentaims, wadhinparicular tablets,
are ofter% preéerﬁe%bggheﬁatien s and the meg}c% ractitioner due to the ease of administration and
the consequént  BEREF IR LS o Taibtd 2/ gfléf rable that the active ingredients are
crystalline. IFgnecehhbbifimiertt] {:(Compouiddphttytpiesenpinvelifigrarmchtalinen 15 In one
embodiment the crystals of the present invention are solvates, i.e. .crysfals wherein solvent molecules
from part of the crystaal 'structUre.O‘thsolv%’iegmay Pe f)érm”egl?ro water, i Which Case the solvates
are often refertention asshydeatess baltermatively sthecdclatesihaybeforteddronhothérSsolvents, such
as e.g. etha . or.ethyl . £ Iyate often, depsg on the 20
conditions. I%Eﬁ%%g%%e(ﬁ%%ggg ﬁ%&%ﬁf ?%ﬁioiﬁﬁﬁ%&é?%g%%ﬁtgﬁ gea(?z{a%%{r%gzp&?nﬁcgr%ased or as the
relativelRumiditipisieletagheddcArbene embodiment, the compounds of the present invention are

unsolvated qrﬁé'%ﬁ%'%ﬁ: Effect of AA21004 on contextual fear conditioning in Sprague-Dawiey rats
when given immediately after the acquisition. Freezing behaviour was scored during 58-
s, prior to the foot shock US (pre-sock acquisition) (white bars). Freezing behaviour was

measured 24 h after the training (retention test) (black bars).

15
Detailed description of the invention
The invention relates to compound 1, 1-[2-(2,4-dimethylphenyisulfanyl)-
phenyllpiperazine, the structure of which is
7w
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20

and pharmaceutically acceptable salts thercof 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, succinie, oxalic, bis-methylenesalicylic,

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



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 ir\@(ﬁogggwﬂggytical formulation, in particular in a dry formulatiopﬁf}éqg‘% /B%)A%S. 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 méans 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, WO

2007/144005 BeoRi¢1 ROH PEBO0TE € Hopcppmiq Allragen|f GHPEIRbMTe REBHE ©ompounds of the

present inventiesnases wellrglefinecherysials, Thesaiustalinecompaunds:ofthe; prasent invention may
exist in more than one form, i.e. they may exist in polymorg]lic forms, Polymorphic forms exist if a 5

compound cﬁﬁ‘%ﬁﬂ?ﬁé‘ﬁﬁ%grgaﬁﬁ 1O RARRS: FRETIBRENT TR SRRIRR A Basaifs i compass all

such polymonphicafermsnattberoas pureasRragioysashok asdnisiuses, ierepfomignraiambodiment, the

compougds of]tg?n%re ergﬁ}l%venti nare ig] ad%:)lf’@;jted fgrm. Ihe.terméﬁarig?gaf‘?rm"és intended to
indicate that the comﬁjoﬁ" |§1i5nessie?1ﬁaﬁi/ fed’o! 8%?16?]%%1 68%183 Sf other TSrE sf the same

compound, asdhergasercnudiyine.andneembodinientrtheday emtioR pranidesdcystallinasalts of
compounds I;Iih  present inventign with XR s.shown.in Figures 1-17, and in particular figures 2,
3,4 and 5. 1!?l é’e?t)e?é §%§|§S&‘§ﬁ8§&§%}§?ﬁaﬁ§§ >fﬁ/%§ rré}ﬁtla]ct%ﬁ%s’ ggagggﬁ%%ﬂ%ijs of the present
invention. Satbetelioxeraypeakduisittorsd 20t mlvakntsning is Geystaflihe lpakebtdniide16.88 17.42
22.23 -hydrqbfomide (a) 5.85 9.30 17.49 18.58 -hydrobromide (0) 6.89 9.73 13.78 14.62

-hydrobromide (y) 11.82 16.01 17.22 18.84
10 Oral dosage forms, and in particular tablets, are often preferred by the patients

and the medical practitioner due to the ease of administration and the consequent
better compliance. For tablets, it is preferable that the active ingredients are
crystalline. In one embodiment, the compounds of the present invention are
crystalline.

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



-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 (monoh drate) 7.72 13.45 15.39
17.10 -mes 39 15.22 17.09 -hydrogenfumarate 5.08 11.32 17,12 18.04 _
-hydrogenma e%@ﬁ%%ﬁ%.m 14.72 17.88 -mesohydrogentartrate 9.51 1071770647858
-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 -dilydrogenphosphate 7.91 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
case the hydrdbfoidd: saie iagisdatindiesarall o EeEpPElbeop SR htHsRICITHBIYY@'R007/144005
PCTIIDK2004/8500/ k-4 B@hynorphic forms have different properties, and as shown in example 4d.
The beta form of the hydrobromide salt is the more stable as demonstrated by the higher DSC
melting point and thE &P EBILH AR ISIEL VRS HEBBtL FOFRIRAL Y SHFEROTedMBination of low
hygroscopicipnamstsoliuhilityy whichxisakes thiseprpeund Spaticuwarsiited farsmaking tablets.

Hence, ig] one embodjment, the jnvention provides '&he hydrobromide salt.of . . ,
1-(2-(2. =l RV AGLABRANYE BBRSTIOBL A Rt SIS TEARERGS S 85pediMately 6,80,
9.73, 13,78 amdoi6R {RQ)candiympaphictfarmitkidrod: P as shawndindigu midiufhe solubility of an

active ingredgb n,teg%also of significance for the choice of 10 dosage form as it may have a direct impact
on bio-availa |‘ﬁ1ty. For oral dosage forms, a higher solubility of the active ingredient is generally
believed to be bendificiakasiitomoressts thenbin-adadatitify:cSarticatanchhippacampéikdholinergic

gg;Jnrfttﬁgsémi%mnﬁ%et%gﬂs%d@a&%ﬁﬁn§sei£9gn%%gqi}i%m@9tﬁa?w@%gﬁlgws%mica' observations

10 essentially free of other compounds or other forms of the same compound, as the case
may be.
In one embodiment, the invention provides crystalline salts of compounds of
the present invention with XRDP as shown in Figures 1-17, and in particular figures
2,3, 4and 5.
15 The table below shows the major XRDP refiections for compounds of the

present mvention,

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

Crystalline base 11.10 | 16.88 | 17,42 | 2223
-hydrobromide (o) 5.85 [ 930 | 1749 [18.58
~hydrobromide (B) 6.89 1973 | 13.78 |14.62
-hydrobromide () 11.8211601 1722 |18.84
-hydrobromide (hydrate) 10.69]11.66 | 1540 | 17.86
-hydrobromide {ethylacetate solvate) { 8.29 | 13.01 | 13.39 | 16.62
-hydrochloride 941 | 123711966 | 2255
-hydrochloride (monohydrate) 7.72 | 13.45115.39 |17.10
-mesylate 8.93 13391522 |17.09
-hydrogenfumarate ' 508 | 11.32]17.12 | 18.04
-hydrogenmaleate 972 13,19 14.72 | 17.88
-mesohydrogentartrate 9.51 110.17]16.10 | 25,58
-L-(+)-hydrogentartrate 13.32 | 13.65 | 1441 | 15.80
-D-(-)-hydrogentarirate 13.32 | 13.65 | 14.41 {15.80
-hydrogen sulphate 11.82 1 17.22117.72 | 20.13
-dihydrogenphosphate 791 111,83 115,69 11724
-nitrate ' 12,50 | 17.41 | 18.12 {1847

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



15 importance of the serotonin receptor IA (5-HTIA) for this system. T. Koyanu in Neurosci.Lett., 265,
33-36, 1999 reports that the 5-HTIA agonists BAYX3702 increases the acetylcholin efflux from the
cortex and h{ggocgw&)ys inrats. Interestingly, the 5-HTIA antagonist WAYﬁ1%06354§ é:sagable of
eliminating the eHtect of BAYX3702 showing that the effect of BAYX3702 I8 SIFAR S Hed. 20 A
number of studies have reported an effect of modulators of 5-HTIA on cognitive impairment. A.
Meneses in Neurobiol. Learn.Meniorv, 71, 207-218, 1999 reports that the partial 5-HTIA agonist
()-8-hydroxy-2-(di-n-propylaniino)-tetralin, HC1(8-OH-DPAT) facilitates the consolidation of learning in
normal rats diftyiHeFRafisesedyridETIRtGARIHIBbGAIvERPIMpaRcdvarle 28 TRsdEBre-clinical

observationsfgﬁgr@ﬁ@lpgy@ggggggd@ sﬁ]?i&&ﬁli%&?@ sfﬁb§%@&é%§$ﬁ§ﬁaﬁ¥@ b%Pt%)éq{lgh%?@)S@ZZ'1725’_
2001 reports a study wherein patients received typical anti-psychotics, such as haloperidot, sulpride

and pimoziddTWHREPaIRIARK SeHTYA skl WAL With (e SBD Br t&iHdBEpirone, which is a
S-HTIA agom&alﬁfﬁ&lﬂiﬁ%fﬁ@ﬁmmd@l@g&&@if@fﬂ&%&ﬂﬁﬂ@ﬁ%ﬁﬁl@ﬁiﬁ&%ﬁﬁﬁ?&&%&%ﬁfd an 30 ar
improvement in thejr cognitive performance whereas patients receiving placebo did not. Similarly,
atypical §nti-B%Vb‘i%%?fc%%ﬁﬁfc}l[‘?rdgﬂiﬁ’i%t&ﬁ{‘é?v&'ﬁ?&ﬁeaPé %&@Wﬁ?&mﬁgﬁ}%&g B¥Ence cognition in
schizophrenig:palientsevlereastypicaliamti: yCchotiis W OnteavI4d0e51RCT/DK2007/050075 8

such as haloperidal which have o s bTIAactivi da ot ¥, Chung.Balp Res, 123, 54-63, 2004
As mentioned a ,tnecC 0I|nerg|c system s eliev 0 be involved in'the "heuronal events
regulating cophitivri; z8id dineichatinergicvayisteny Rizly besdubjedt theare 5 inhibitory control by the
serotonin receptor 3%%'5_('3[[1 ﬂKGio _vaanni_.ireg alfe‘gili:?y rgnﬁgoié[%%gheﬁ 1998 2(_)83:12%9- 225; Costall
and Naylor, Current Drug Targets “CRIS & Retrobiol Digor 1eange [\ 8 Eapituation test in
mice, in@ T-mhsager éinfonsetnadiehnationitaskimpatsonand-avahiebjecFdisorimioatgoricand, reversal
learning task ) 12 ENASe", A9, ondanselian ediced dhe mpnien’ gaused by the gusearinic
antagonist, scopolamine or-lesions of the ¢holinergi¢’ pathways emerging from the nucleus basalis
increases the bio-availability,
Cortical and hippocampal cholinergic neurotransmission are of great
tmportance for cognition, and a number of preclinical observations point to the
15 importance of the serotonin receptor 1A (5-HT4) for this system. T. Koyama in
Neurosci.Lett., 265, 33-36, 1999 reports that the 5-HT 4 agonists BAYX3702
increases the acetylcholin eflfux 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-HT4 mediated.
20 A number of studies have reported an effect of modulators of 5-HTy 4 on
cognitive impairment. A. Meneses in Newrobiol. Learn.Memory, 71, 207-218, 1999
reports that the partial 5-HT;4 agonist (£)-8-hydroxy-2-(di-n-propylamino)-tetralin,
HCI (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 4m.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-HT) 4 activity m 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, 4

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



(Barnes et al, Pharamcol Biochem Behav 1990, 35: 955-962; Carey et al, Pharamcol Biochem Behav
1992, 42: 75-83). Boast et al (Neurobiol Learn. Hein 1999, 71: 259- 271) used MK-801, a

noncompetigjﬁg nist of the NMDA receptor, to disrupt the 1.5 cogniti e pce of rats
trained on a §I§§/B§dgﬁ§égmatching to sample radial maze task. Ondanset?grﬁvl\)/{azg@?@av%?o block the

cognitive impairment. Moreover, in a study on the anmesic 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, Fundarn Clin pharmacol2000, 14: 125-13 1). Thus, 20 facilitation of the
cholinergic trEATEEREIS IFhE RGNS ArerHIpHIrde R oY thé ehdIfisigi@%ystem in preclinical
models (Diez+#wiza£%3l,28sychopharnnacolog)r 2003, 169: 35-41; Gil-Bea et al, Neuropharrncol2004,
47: 225-232), suggests a basis_for using this treatment in the therapy of cognitive disorders. In a

randomised doublebliftFigREDGaP Gy FRHEMEEY Sl ibfelie sgnie dsshedi sk erbal and

spatial memernand! sustaineguadtentir demonstiated Hbahctae: 55ktES anfageriscalasatron attenuated
scopolamine.in%%ed deficits, in %%rbal and spati ston, Recent A
r

_ spatial (Pr _ dvances in the
treatment of NAUIGHSGEREPAT i%%?&oé}glé%cﬁ%8§ré}fﬁl}£%ﬁﬁ§fﬂ‘]f§@ﬁl} féﬁ%.{é%@gﬁ?ﬁognd Langer,
Basel KargeZyp. 789330 3Q 46 EdHEIUEIONC cantpaunNséxerting b:H Ay pantiatagonstie activity in

combination with 5-HT3.ant stic.actjvity are believed to be particular useful for the treatment of
Wi 5‘9&% HEALYY

cognitive impalrmefﬁf’ groﬁﬂpoun §Which moreover exert serotonin WO 2007/144005

ECT{DKZOO?/OSOOEELQ&’@EJ@@'\@@ mmgu@mouﬂa beapaﬁﬁwkan-useﬁ;tmgﬁ@ea@dmmm of cognitive
mpaiment 19 ARRORIRRN IR AeRiEssionasaspTolanin cptake IRMIRQIn combination with the

5-HTIA partial agonism'will lead to a faster onset of the efféct of the treatment of the depression. 5 As

shown Y exarfiestt e ebiefsoladeBsTmsHressepd v Eistionarspetaredeibitors of the human
serotonin transpRILEK:iEn Y iRl seIRIPRRIEYRIRKS sMoreaYer ihie 6MPQURdS,af6potent
antagonists at the mouse, rat, guinea pig and. canine 5-HT3 receptor. At the human 5-HT3 receptor,
cloned into 0%{@,%, Pharamcol Biochem Behav 1990, 35: 955-962; Carey et al, Pharamcol
Biochem Behav 1992, 42: 75-83). Boast et al (Neurobiol Learn Mem 1999, 71: 259-
271) used MK-801, a noncompetitive antagonist of the NMDA receptor, to disrupt the
15 cognitive performance of rats {rained on a delayed non-matching to sample radial
maze task. Ondanseiron was shown 1o 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 ethano! 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-HT; 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 cressover study in healthy male subjects,
25 assessments of verbal and spatial memory and sustained attention demonstrated that
the 3-HT; antagonist, alosetron attenuated scopolamine induced deficits in verbal and
spatial memory (Preston, Recent Advances in the trearment of Neurodegenerative
disorders and cognitive function, 1994, (eds.) Racagni and Langer, Basel Karger, p.
89-93).
30 In concluston, compounds cxerting 5-HT, 4 partial agonistic activity in
combination with 5-H T3 antagonistic activity are believed to be particular useful for

the treatment of cognitive impairment. Compounds which moreover exert serotonin



compounds were found to be antagonists at low concentrations (IC50 approx. 30 nM), 10 whilst at
higher concentrations the compounds display agonistic properties (ED50 = 2.1 gM). A subsequent

application %8%1}9%95@% of the present invention at high concentration d@c%ilgb V\//ﬁg.@@ésagonistic
response, which could be due to rapid desenitisation or direct antagonism in vitro. Thus, at low

concentrations compounds of the present invention display a marked antagonism at the human 5-HT3
receptor as 15 observed on the 5-HT3 receptor frdm other species. Compounds of the present
invention bind with very low affinity to the 5-HTIA receptor in brain homogenate of both rats and mice.
However, thé%?ﬁbf‘olﬂg&%%’éo feepiirBttios BiHa e e iRTahS 99N R ceptor with a K; of 40

nM. Moreovafpiinstional data shanitrtithe-compaundsobihaPresantdnvemtion.are partial agonists
20 at the human 5-HTIA rece%o_r, displaying, an efficacy of 85%. It is anticipated that the activity of the

present invefifiBIY AR SERFISIS Pt Bnd IR PER TSR PR bRt ! RNV IVO HRSHRY of the
compound iniumanseAs Sthewspr 8kample 26 the compounds of the present invention give rise to
an incres]se in the egtrgh-cellula( level oflaﬁt(?f’tylcholine in tf% refrontal cortex and the 25 ventral
hippocampus in rats THSEE BHEXAMR fifki SR RIS SE RS PIE HAHBISH R8s BRFRG effect in the
treatment of codritvedfipairmmentsecftdthie usespbaeetyichalinahésteraseinhibiiptsiin the treatment of

cognitive imp@}irments, haé%oin Alz?ffimer's di§gatse thrth%a[hséu gort to }his .Pogition can be found in

example 27,1W%1§Pgienr’(fata shbw that cc Of:)egun' Sotthe %resen vention enhances contextual

memory in rgi:sﬁ@@i&lﬁm edhemherphathozdtm@giéaﬂiﬁmﬁwm@m@@mmumds&mfsthhepresent invention
combined withihe llRGis nAsRcRORe JBXRIS ANAMEMORIMAIS SN WO RA144005

PCT/PK2007/050075 10 suggest that the Compounds of the present invention are us ul in the
treatmelft of VebhitiVashepairasenitalipohibie pabouivienithep resart inpeenivherc|Biés fo a method for

the tre,atme,ni.pmpmt&\&%fs@sﬂ&msaggwmﬁi\s@ émﬁgmgpgﬁﬁ%%m\%m@ ngpihe 5
administration of a therapeutically effective amount of a compound of the present invention to a
patient in ne&enfiseegien did not show any agonistic response, which could be due to rapid
desenitisation or direct antagonism in virro. Thus, at low concentrations compounds of
the present invention display a marked antagonism at the human 5-HT5 receptor as
15 observed on the 5-HT; receptor from other species.

Compounds of the present invention bind with very low alfinity to the 5-HT;4
receptor int brain homogenate of both rats and mice. However, the compounds of the
present invention bind to the human 5-HT, 4 receptor with a K; of 40 nM. Morcover,
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 83%,

It is anticipated that the activity of the present invention at SERT, 5-HT5-, and
5-HT4 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 ventrai 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 Alzheilﬁer’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



Cognitive deficits or cognitive impairment include a decline in cognitive functions or cognitive
domains, e.g. working memory, attention and vigilance, verbal learning and memory, visual learning
and memory, r ning and problem solving 10 e.g, executive function, speed of processing and/or
social cogné%ﬁ.?@gﬁlal;%gﬁlar, cognitive deficits or cognitive impairment m&’ﬁﬁ?&g%‘é"’a‘é‘%?éﬁs in
attention, disorganized thinking, slow thinking, difficulty in understanding, poor concentration,
impairment of problem solving, poor memory, diffidulties in expressing thoughts and/or difficulties in
integrating thoughts, feelings and. behaviour, or difficulties in 15 extinction of irrelevant thoughts. The
terms "cognifive2EEfErShaaMEeY Rt T PATETE MY IR IS deEd indisdteatiesathe and are used
interchangeablynifengampediment, said patient is also diagnosed with another CNS disorder, such
as affective disorders, such as depression; generalised depression; major depressive disorder;
anxiety disorders inGlGEMEFRIERIRNRREI RIS IHEF RN Frintes o digsirt fopdedsvEreampulsive
disorder; schizephreniadPaekinsorcsndarpanianiiliSsdementia ARHR; agmassociated memory
impairment; or Alzheimer's. Cognitive impairment is among the classic features of depression, such as
e.g. major d&BTRESNAIATs B de P EBGHitR Yﬁgﬁ?ﬁ%’&%ﬁg%&ﬁ@%&%ﬂﬁ Y UeRiHEry to depression
in the sense thananimproeenent metdetdepessive state will also lead to an 25 improvement of the

cognitive impairmeral. Howevdar, thre is also clear evidence }hgt cg&nitive disorders are, indeed,
. Ognm\ze SHACILS Or COOHIHV? 1818&1‘%16111: meiude a de Imf-: n, cogFnilve . .
independent from dépression. For instarce, studies have shown persistent cognitive impairment upon

recovery frorﬁid@mﬁsstmmgb]tNer@mmgiMemtal@iéégge;@%ﬂdﬁeﬁ'ﬁm 187}iManeoverntiie differential
effect of antidepreasants,andePessinand coaniive mPAIMANS Isnds Hiher supgort to the 30

notion that depression an cg’ nitive impairment are in pendent, albe £6ften co- morbid conditions.
While sétotonif axtworadresialin edicimeess previaé ocenspdraigelinprévemeniéin depressive

symptoms, sgygrahstidies NaveShRWE 13k WR,2007/444005 PETDK2007(50075 11 modulation of

the noradrenergic system does not improve the cognitive functions as much as serotonin modulation
[Brain Res. BUiPI 8234 5b3800 2000 M imsydhshiniaassicrgaudingy pagog]ncentration,
impairment of problem solving, poor memory, difficulties in expressing thoughts
and/or difficulties in integrating thoughts, feelings and behaviour, or difficulties in
15 extinction of irrelevant thoughts. The terms “cognitive deficits” and “cognitive
impairment” are intended to indicate the same and are used interchangeably.

In one embediment, 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 amoeng 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]. Moreover, 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



The treatment of cognitive impairment in depressed patients by the 5 administration of the compounds
of the present invention is believed to be particular advantageous. The multifaceted pharmacology of
the compourf,gs ofoq?ﬁﬂ}l(r)esent invention, in particular the SERT, 5-HT3 and 5-HTIA activity is
expected to 2ad o |mpr%vement in cognitive functioning in combination whth @A EH Beatment of
the depressed state. 10 Cognitive impairment is a particularly important consideration in the elderly.
Cognitive impairment normally increases with agé,land further with depression. Hence, in one
embodiment, the patient to be treated for cognitive impairment is elderly, and in particular elderly with
depression. CW§HIAVETGHEROM HHEIaEiR artioHelp sbeidnBRerEihpar s iivsEhigoptrenic 15 patients,

Studies havealsp sonehisiad m@a&mwmmag.}% gssecigtadyiin Mpeational functioning in
schizophrenia [Scizophrenia Res., 45, 175-184, 2000]. In one embodiment, the patient to be treated

for cognitive MpARATEHESScRiZdphtehid >$-HT3 receptor antagonists have additionally been

suggested for the tregtmeninafidiseasas sUghRseMesisiGhematharapysinduged emesis, craving,
substance abyse, .20 g%ig%,tjgtable bowl syndrome (IBS), schizophrenia, and eating disorders, [Eur. J

p
Pharmadcol., 86574582 RAPTRELIMT R AP T1T ¥ BEEB 750D b8 AliRfettdisr ar
Pharmacol. Thiran 24: 48320512006 Gihjtal studieg showdhahd cambitatiopeidnirtazipine and an

SSRI are su]p%rior. to SSRI? al ncaéog trgﬂ@ento ressed patients wiﬁggﬂa)f%eigadequate 25

clinical respoﬁs%n&%laf{rh}éaﬁ" resistERt depredsion, aFE{é of et ACTSHy HEprEle Vehother,

Psychosom. jinp;dk38:xdi83n 2086]1 Miftazapinesisaditii2tandvath-HES @ntagenistewhbith lends support

to the notiontMa&,%gQgP% S of the present invention are useful for the treatment of TRD. Hot flushes
Cpl & &, - .

are a symptom associated with the menopausal transition. Some 30 women may suffer from this to an

extent Where it inteffegs withngteapior agtivitss iade nepatiand whidreatieatm gt é8indeessary.

Hormone repiacement therapy,withestrgen.has been.established practice for decades, however,
recently concerns have WO 2007/144005 PCT/11K2007/050075 12
Hence, in one embodiment, the patient to be treated for cognitive impairment is

elderly, and in particular elderly with depression.
Cognitive functions are, as mentioned above, often impaired in schizophrenic
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.
3-HT; 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 SSR] are
superior to SSR1s 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 inferferes 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



been voiced on side effects, such as breast cancer and cardiac events. Clinical trials with SSRIs have
shown that these compounds have an effect on hot flushes, albeit less than for oestrogen [J.Ain.
Med.Ass., 2%?0%9(%714249521 2006]. Treatment of hot flushes with compounlqlg |nh|b|t|n% scrotonin

reuptake, e.g. compounds of the present 5 invention could, however, be an Sltermnative reatment for

women who can not or will not accept oestrogen. Sleep apnoea or obstructive sleep apnoea-hyponea
syndrome or obstructive sleep-disordered breathi¥g is a disorder for which an effective
pharmacotherapy remains to be identified. Several studies in animals, however, suggest that 5-HT3
10 antagonistEc Y EShiPoTRIR G the e S8 RESAVISIHIGH Alal BEIBRSYEVE if thectldamsent of these
diseases[Sleapnds i3 11361308 S/2RR: 8o B duRHSh00h Lia-pBs Bihadimentdigavention

relates to a method of treating a disease selected from affective disorders, depression, major
depressive diSBPdEF o8as5tat depidedibiy -depredSion B5sodiddd RTEpbIrdidhihs® Alzheimer's
disease, 15 psyehosisocancehiBge Orladdnsansdiscasec anyiaiidgeng@panuiety disorder, social
anxiety disorder, obsessive compulsjve disorder, panic disorder, panic atﬁaclgs, phobia, social phobia,
agoraphobia S ELETFRLR BESN el L s B e SrEh S OB SR Parta
responders, treaimept sesistant depression, Alzheimer's disease, cognitive impairment, ADHD,

melancholia, PTSD b fshes, sieep apnas alcefiol, 20 nicotine or carbonydrate craving,
substance abuse and aicohol or drug %use, ﬁep hetho mprlé?/ng the administration of a
therapeuticalticeffdctivécas buritiohg icontipouled fof thelgreserftdcentiontaapatient in need thereof.

in one embodiment (>3 paptLRa At ian anet e Akoue Usled flipeasgphas iniially been

diagnosed with said disease. 25 It is well know that treatment with ant-depressants in general and
SSRI'sifi pattitgiaiistiay becomdooidediiithrsesaiaiaystuncion aed Windhefie duenetieads to

discontinuatigpgfdhe; treatmnent, Asimuahag 390 glpeg,gnpgatégnlgss%l SRfR|s report deficits in sexual
function [J.Clin.Psych., 66, 844-848, 2005] , which deficits include decreased libido, delayed, reduced

or absent orgasms, dififhRRREFS IS Al cdRtcarseTel dosdy srurvition oAlistEnsrrisE4isbjects have been
exposed to cQRpRUNETOL theRiesrBtdnyeRipRdnLlinical tialsQfibase4d4 sibigcts, only one
subject rEpoﬁggrgsgg(oun?ldepressiorz associated with bipolar disorder, Alzheimer’s disease,

15 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, cating disorders,
chronic pain, partial responders, treatment resistant depression, Alzheimer’s discase,
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 adnunistration 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 1t 1s 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. Psvch., 66, 844-848, 2005] , which deficits include
decreased libido, delayed, reduced or absent orgasms, diminished arousal, and erectile

30 dysfunction, A tfotal of 114 subjects have been exposed to compounds of the present

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



WO 2007/144005 PCT/DK2007/050075 13 dysfunction. These data suggest that clinical intervention
using compounds of the present invention is associated with surprisingly few deficits in sexual
functioning. @8 5“&7%%?;9(?-(1 above, compounds of the present invention are_particularly well suited for
the treatment of chronic 6ain. Chronic pain includes indications such as 5 RS ain,
neuropathic pain, diabetic neuropathy, post-herpetic neuralgia (PHN), carpal tunnel syndrome (CTS),
HIV neuropathy, complex regional pain syndromé {CPRS), trigeminal neuralgia / trigeminus neuralgia
/ tic douloureux, surgical intervention (e.g. post-operative analgesics), diabetic vasculopathy, capillary
resistance or’iidHetiO8y At assaeratdpvitinipgunty vpriiv asste stsapaitiangiha, 10 pain

associated withmanstiyaions Rinassesiated Withinancak dental Pait.neadache pugraine,

tension-type headache, trigeminal neuralgia, temporomandibular joint syndrome, myofascial pain
muscular injury, fibrofmaBIaRsFShe BEERHP iR Ihaiff{deteBEpmAtRYarhadmktsidarthritis,

rheumatoid astitttisanEcesemafesoling.iromirapnaiassackataguith RUinsspiains or fracture bone
pain due_to osteoarthr@tgi?é 15 osteoporosis, bone metastases or unknown reasons, gout, fibrositis,

myofascial pAH ™ HBrAGR et Sy R e R D PR PIRPST BRBR S iR Erein the back
pain results fromNgysigaiatisnsegiotaker oMhanIspiraerdiserse:tagiculepathy)pgelvic pain, cardiac

chest pain, non- ardiaggﬁ t pain, spinal cord.injury (SCl)-associated . pain, central post-stroke pain,

cancer neurosgg' 1”30/,1/1}& ;% hgls%%ﬁ}lé?%%ffb%f I%r)gﬁy%%]ﬁ% Aid %%F%?Bf%égpg elggpﬁ%lﬁiin example 16

shows that cemposinds-ofethieprlese ptirprtian cane igssfud), idithet treatmdnp af paiapidiag that they may
ap

even have an gnalgests effgch. addilionallisiudies Inan animal madel el neyronathic pain confirm this
: peutically effective’amount” of a compoundas used herein means an 25 amount
sufficient'to duve, satlesiied oriipangali sitrest tha chnicaltedanife statiensioftal piverhdidedse and its
Comp'icationﬁﬁ@g@iﬁ@?fé}%ﬁi@ig%\éa%ﬁ%? &%&Bfﬁﬂ%ﬁ?ﬁgﬁﬁ@&mﬁ@ﬁﬁ%ﬂﬁ%' gigmpound. An
amount adequate to accomplish this is defined as "a therapeutically eftective amount". Effective
amounts for 8gtHPugpBse Wiliadeparsusauiae isaverifipsrivel giseand onmjrycasdelings the weight
and general §tat€ osicoarthritis), theumatoid arthritis, rheumatoid arthritis and edema resulting
from trauma associated with burns, sprains or fracture bone pain due to osteoarthritis,
15 osteoporosis, bone metastases or unknown reasons, gout, {ibrositis, myofascial pain,
thoracic outlel syndromes, upper back pain 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
-adminisiration 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



30 of the subject. It will be understood that determining an appropriate dosage may be achieved using
routine experimentation, by constructing a matrix of values and testing WO 2007/144005
PCT/DK2007/050075 14 different points in the matrix, which. is all. within the ordinary skills of a
trained phys‘?c?azno.eﬁ‘g?g?m "treatment” and "treating" as used herein meah§ HHEHE gﬁ]@?ﬁent and
care of a patient for the purpose of combating a condition, such as a disease or a 5 disorder, The term
is intended to include the full spectrum of treatmenfs for a given condition from which the patient is
suffering, such as administration of the active compound to alleviate the symptoms or complications,
to delay the Ho§reBsioinsT théicdisdasevdlisbrdetlor donditordioalelidteodr fefistthe symptoms and
complicationg,angiar to cure or eliminate the disease, disorder or condition as well as to prevent the
10 condition, wherein prevention is to be understood as the management and care of a patient for the
purpose of combatidgtieisEas8 1 EntidoreHus SrdercaigTivielamess the mampsnratiorof the active

compounds tg.Rreyent.ie onsetohine SyPIRIGNRA cuBRlisatiors. Nanethelass,prophylactic
(preventive) and therapeutic (curative) treatment are two separate aspects of the invention. The

patient to be HEAHE id S Prafs PG hiamaiciH p A QRS B M HRBERYG FYHEARE the treatment
of the presenicindeidtioiowi himvalve gaiiynaidrinstiaticocaldhedwampedngs.oiibadrasent invention.
This may involve oncgtdaw adimi' kistrati?n, or adminilstration tw(;ge a (é?%/ or even more frequently. In
one embodinT8RE TR A AREDA TG AL T8 HBS e BPR SH BB Ut SIS BB RESS M &hiion for the
manufacture dfasneticadeent fontecticatniieniat affediie.disongderssdepressiditatiajgr depressive
disorder, postng}al deé)ressjop deﬁrq'_}slsi n_ass ciatéad with bipolar d\isoWer, AIzheimefﬁ's disease,

. ang/or 1o CUre or ¢ 1ﬁ1m C [ne gdiscase, disordct or condiiion as. we § 10 prevent ? .
psychosis, cancer, age or Parkinson's diseas€, anxiety, general anxiety iSorder, socia anxiety
disordet{ obsesditiercorhpiisipectisticers pamicuisovder, pahicrattagks; phebibgsociak phobia, 25
agoraphobia, sERSHIANIBGONUPEARa EDSR SRR AN Al ofare. SV BRIF Palb Parta
responders, treatment resistant depression, Alzheimer's disease, cognitive impairment, ADHD,
melancholia, tPrSbripist fiiehes isiasp apwormralbolatrieatihe onset of the symptoms or

complications. Nonetheless, prophylactic (preventive) and therapeutic {curative)

treatment are two separate aspects of the invention. The patient to be treated is
15 preferably a mammal, 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 mvention relates to the use of a compound of the

20 present invention for the manufacture of a medicament for the freatment 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 anxicty 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 mventions for use in the treatment of a discase selected from affective disorders,
depression, major depressive disorder, postnatal depression, depression associated

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



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 disqrde pression, major depressive disorder, postnatal depression, depression
associated %%%?Egég%sorder, Alzheimer's disease, psychosis, cancer, 5&3’ 85&3@??}%@3&5 e
2007/144005 PCT/DK2007/050075 15 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, fr8atieATTSSIstafcid pradsiv AIsaTdreirreies disiasd loseits s sipairment, ADHD,

melancholia, BhpRsheldiishes palaerianaea palaehah Mcolingor ssaghygrate craving, substance
abuse, and alcohol and drug abuse. The effect of the c_omﬁounds of the present invention on cognition

in humans &) BREVHIHIET H 4L HERY BNy STRE St CHitY B SVaThetBEHr tBail wherein
healthy volurjeess ﬁ@@dmmi&@@%Hﬂ@e@@fﬂﬂ%&@ﬂa@i%ﬁ%ﬁ&iﬁéﬂ@@%m@?gﬂfiﬂ%e 10 cognitive ;
performance.in recognis ts, such as e itory Verbal Learning Test (AVLT), Wisconsin Car
Sorting Test W“ﬁ?“br%% 'rrpé(c"‘jl?ﬂ%ﬂﬁﬁ[@g%%bﬁ%ﬁgﬁ%é&?ﬂé@?%%i A LIBEF B L chiahy Clin.
Neurosci., 6Q@aintrn6ir2@06)vitheeitectonayof, codrse @isbdne assessed.in patients suffering from

cognitive impairment g_gt?&tt%?t ame sogﬂ% tes Alterpgltlll\%%co nitive models% n}% be used 15

) ] om e prese 101 O COoemilion i utx
wherein cognitive impairmentis in ucé-) In healthy P/oﬁun]teers and w erén aO reStOTafivR effect of the

compounqls m&h@qotes@gteitth_mmm1®nméa@y$&1@@&hmmjmpgwmmyem wtehnemd by e.qg. ‘
scopolamine, sifigp diapralion. alsanpl.and domiendane dapletion, Thephaumageyigal formulations

of the invention. may be prepared by 20 conventional methods in the art. Particular mentioning is

made oftableegnilhic Raraymiecpie pegeenbydiixingtss axtive MighidudieNewith lordinagy Tadjuvants andlor

diluents and suaseueniycameressingdhe mdvssimacanvaniianalahigtting machine. Examples
of adjuvants or diluents comprise: anfgldrous calcium hydrogen phosphate, PVP, PVP-VA

co-polymers /| friiiaigstitfite LeliliBse, | odilin Sturdriagtyédladyesrct. 60, 70-76, 2006].

The effect may of course also be assessed in patients suffering from cognitive
impairment using the same sort of tests, Alternatively, cognitive models may be used
15 wherein cognitive impairment is 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, com
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 ete. may be used provided that they are
compatibie 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



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,
preservativeaﬂgtgﬂ ?'J)f% ‘Rg used provided that they are compatible with the %ctive ingredients.

Solutions for Injéctions may be prepared by dissolving the active ingredien? AT %ggg%fe 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 WO 2007/144005 PCT/11S2007/050075 16 suitable ampules or
vials. Any suitable additive conventionally used in the art may be added, such as tonicity agents,

preservativeSUBHtISiaRtes steiathe' st e dddal corpyaHitmalbf waes im/damsntenthese which are

manufacturegqim-acepidaneswith 1his N ventienmay, herdminiatergd by any suitable 5 route, for
example orally in the form of tablets, capsules, powders, syrups, etc., or parenterally in the form of

solutions for injectiot FPREsEHHE SERPesp S dRE, I RtHOBS WRHSR oW i the art may be used,

and any pharmaceuiicatlyacceptaile Canias dluets nexchientsipkeibehadditives.prrmally used in
the art may be used. Coacr%ﬁ?ien ,.th%_cri}gfﬁo%n’d%_of the in\{gntion are administered in unit dosage
10 form tontAiRifig Safd EBrp SRS AR SUA BF bt £ BEHIG AW IpSer fimitis believed to be
set by the copentredibnidepehdend\saiitihe S TR activityof hectokabedaidy dosedsitisually in the range
of about 1 - 20,fng, such ps.Aboul 410,10 ma. about, 2,10 md, aboult 10:20 nld g gbot 10-15 mg of
the compound 0 %e invention. 'Par icular mentionihg 1s mrade of al|1)1/}8%5 scoF , 10, 15 or 20 mg. 15
Tablets compeisiag.aldoenpoandottheprdsantddvertionmalycordenignthrtbeaptepared by wet
granulation. Using tajs metad, te 95%958&9’(% - %‘é%i@@ﬁ?ghﬁﬁlfaﬁ'ﬁﬁﬁs@}%ﬁ% GIG) Alglended and
moistened with water or another wetting agent (e.g. an alcohol) and agglomerates or g%“anules are
built upléf thécrpistaisadnsoiidd covatownds sirg iseontmiedamtl| @ desirediompeditalissparticle size

has been achigyed 20 wherewpan the Qranuiaied pradiet isdred. I he.campounds ahfhe present

invention are typically mixed with lactose monohydrate, corn starch and copovidone in a high shear
mixer togeth&RWidPTaters RONOWig forasaichotigrarliatessipese Dramdizeed) me, about

5-10 mg, about 10-20 mg, or about 10-15 mg of the compound of the invention.
Particular mentioning 1s made of daily doses of 5, 10, 15 or 20 mg.

15 Tablets comprising a compound 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 meistened with water or another wetting agent (e.g.
an alcohol) and agglomerates or granules are built up of the moistened solids. Wet
massing 1s 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 granulateé, 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. Altematively, wet
granulation of the compounds of the present mnvention 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 ivention may be achieved by using anhydrous calcium hydrogen phosphate, corn

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



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 tat%!? tsio%,rye &%%ssed. Alternatively, wet granulation of the compounds of the present
invention may bé Ahiated using mannitol, cone starch and copovidone, vmy?&?g% até& are mixed
with microcrystalline cellulose, sodium starch glycolate and magnesium stearate before tablets are
pressed. Alternatively, wet granulation of the compbunds of the present 30 invention may be achieved
by using anhydrous calcium hydrogen phosphate, corn starch and copovidone, which granulates are
mixed with mieféeR/sening xaliale sePnd. 200 ZndaggsRiaT)BX2go HUso0Rbiet72spdium starch

glycolate (tyRgAdedaic.ahd JDRINESIID SigaY gfore tablets are pressed, Copovidone is aPVP-VA
copolymer. In one embodiment, the compound of the present invention is the hydromide acid salt, e.g.

in the beta form, anll STRSHIRAITSHE 8y HERBIHOSEY RECRSHOWE R vErSdhtdyesamiieated are wiw-%
HBr salt 2-20044kagtese iﬁﬂﬂﬁ%’%ﬂ@Iﬁ}?&l@@%&@@[@ﬂ@%ﬁﬁw/@eQ&ﬂ?%@@%@ 212%<L0 Microcrystalline

cellulose 15-25% Croscamsellose sodium 2-5% Mg stearate 0.5-5% In particular, the tablets may be
composed aFEIBFE HBIEAIES U848 A ctose monohydrate 44-46% Starch 22-23% Copovidone
3-4% Microanystadline cellulose 20-22% -Eascarmellose sodium 3-3.5% 20 Mg stearate 0.5-1%

Lactose monohydrate 30-50%
Starch 15-30%
Copovidone 3-5%
10 Microcrystalline cellulose  15-25%
Croscarmellose sodium 2-5%
Mg stearate 0.5-5%
In particular, the tablets may be composed as follows
HBr salt 3-4%
15 Lactose monohydrate 44-46%
Starch 22-23%
Copovidone 3-4%

Microcrystalline cellulose  20-22%

Croscarmelicose 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%
Microcrystaliine celiulose  20-22%
Croscarmellose sodium 3-3.5%
Mg stearate 0.5-1%

30
or

HBr salt 1-29%



or HBr salt 15-16% Lactose monohydrate 35-38% 25 Starch 18-20% Copovidone 3-4%
Microcrystallin.e cellulose 20-22% Crosearmellose sodium 3-3.5% Mg stearate 0.5-1% 30 or HBr
salt 1-2% WQ 2007/144005 PCT/DK2007/050075 18 Lactose monohydrate 44-46% Starch 20-24%
Copovidone%-43}3>07l<}lf398i’:rystatline cellulose 22-24% 5 Croscarmellose solfulP3295’ Gf\’/?&@tearate
0.5-1% 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 HBr salt 2-30% Mannitol 25-45%
Corn starch 10-20% Copovidone 2-4% Microciystalline cellulose 22-27% 15 Sodium starch glycolate
4-5% Mg stehP&teso Pesby dstieh as 0.28+8954n particular, the tablets may be composed as follows 20
HBr salt 20-22%pVlannitol 35-36% 20-24%,

Copovidone 3-4%
Microcrystalline cellulose  22-24%
5 Croscarmellose sodium 3-4%

Mg stearate 0.5-1%

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 foilows

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

Microcrystaliine 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 18-16%

Copovidone 3-4%



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%—4? o) %07/144005 PCTIDK2007/050075 19 Microcrystalline cellulose 24-25%
Sodium starc Og i’;%\i)yf%eg“ -4% Mg stearate 0.25-1% 5 or HBr salt 25-27%})'1{%51?1%&%7@?9%’% Corn
starch 13-15% Copovidone 3-4% 10 Microcrystalline cellulose 24-25% Sodium starch glycolate 3-5%
Mg stearate 0.25-1% or 15 HBr salt 3-4% Mannit8l 40-42% Corn starch 20-22% Copovidone 3-4%

Microcrystalline cellulose 26-28% 20 Sodium starch glycolate 3-5% Mg stearatc 0.5%
Microcrystalline celluiose  24-25%

Sodium starch glycolate 3-4%

Mg stearate 0.25-1%
5 or

HBr salt 25-27%

Mannitol 27-29%

Corn starch 13-15%

Copovidone 3-4%

10 Microcrystaliine 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 celiulose 20-30%

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

Magnesiun stearate 0.5-2%



In one embodiment, the compound of the present invention is the hydromide acid salt and suitable
tablets may be composed as follows 25 HBr salt 3-8% Anhydrous calcium hydrogen phosphate
35-45% Co rch 15-25% Copovidone 2-6% Microcrystalline cellulose_20-30% 30 Sodium starch
glycolaate 1- @%Pz’ﬂc di"é’% Magnesium stearate 0.5-2% WO 2007/144005%@?%’&%’897650075 20
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, SHCH.AfGRHSBPAIMERIELE cdpoRedLih 2PodR, 30, 40, 50, 60 or 80 mg of the free base
may be obtained b){ choosing the right amount of the compound ofnthe present invention in
combination Wi 4145 tablet of an appropriate size. TRESEE3IE Chystals used for preparing tablets
comprising camperdscalciie preserhipregianare gisigaifiganceolithe crystals are too small they
may sticlé to ghe plunger in the tablet machines. On the other h_alnd, they cannot be too large either.
The dissoluti 'ﬂr&féaﬂglthe intestines decrease when SEEI8HE ndléases. Hence, if 20 the crystals
are too largeGiopaydoampromise the bioavailability ofafipecsengeiyits. Particle size distribution may be
described usm%r uanl&iellﬁs e.ngRS%, D10%, D50%,

crystalline ¢eTluldse approximately 25%
Sodium starch glycolate approximately 3%
Tale approximately 4%
10 Magnesium stearate approximately 1%

Tablets with different amounts of active compound, such as correspending 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 fo
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, il

20 the crystals are too large it may compromise the bioavailability of the compounds.
Particle size distribution may be described using quantiles, e.g. D3%, D1G%, D30%,
DY0%, 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 um; D50%: 230-250 pm; and D5%: 40-60 ym. In a
further embodiment, the particle size distribution corresponds to D98%: 370-390;
d50%: 100-120pum; D5%: 5-15 um. In a still further embodiment, the particle size

30 distribution corresponds to D98%: 100-125 pum; D30%: 15-25 um; and D3%: 1-3 pm.
In an even further embodiment, the particle size distribution corresponds to D98%:

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



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 | bar dispersive
pressure in %%}/{H(%%tjeﬁwljelos equipment. 25 In one embodiment, the crystals of the cqmepund of the
present invention, an |n°particular the beta from of the hydromide acid saﬁ%@@‘ﬂ%ﬁ’@le’ size
distribution corresponding to D98%:650-680 m; D50%: 230-250 n1; and D5%: 40-60 m. In a further
embodiment, the particle size distribution correspdhds to D98%: 370-390; d50%: 100-120m; D5%:
5-15 m. In a still further embodiment, the particle size 30 distribution corresponds to D98%: 100-125
m; D50%: 15-25 m; Biscdosb8sa08 e PRssant eyt figtienebalivaitref e gestdla $iZ8 distribution
corresponds soR9BYrs S0 by SRR a0 REVEA B2, WA 200TIA00E e |
PCT/11K2007/050075 21 The free base of the present invention may be prepared as disclosed in WO
2003/029232?@%%86?%H@”‘ﬁ%%@ﬁpiﬁ%ﬁaﬁéﬁ%ﬁ%@lﬁ‘t’é@a@éﬂy@w\hﬁglﬁ@ﬂ@@mase in an
appropriate salvapladding;the selevantacitefalpwes byissipiatian. Riasipiatiqnanay be
accomplished either by the addition of a second solvent, and/or 5 evaporation, and/or cooling.

Alternatively THEFEEBaZMI6 (P PrésenEMIENESn AR d hIRRSa i e PBIRSBAe present

invention maylbs:syhthiesisechinadpalfadiyre seatalysedsieaciion asdrsssied belawdfmarmation of
aromatic carbon-hetﬁroatom bonds r ay % %:hieved by nucleophilic aromatic substitution or

.catalysed reaction &5 .
copper-medla?eéyﬁcf Man reac %odr?s.c ore 10 récently, palladium has been shown to be a powerful

catalyst for the formationiafrsuthrobonds;abehihqparitcutabthelformeationchfC=MNgnd C-S bonds, see
20 LS oo eaR SMbodment e invenlon ioIdes A RIPLGSRRL (R Rreparation of CND

N S 15 the process comprising reacting co
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

[ Nj
N
S ' x
|
)
15 the process comprising reacting compound II

SR

]

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

formmula 11T



wherein R' represents hydrogen or a mono-valent metal ion, with a. compound of formula 11l WO
2007/144005 PCT/DK2007/050075 22 X2 X1 [lll] wherein Xi and X2 independently represent
halogen, and a compound of formula TV R | (N) N [IV] wherein R represents hydrogen or a
protecting gr8tp? I tHé {¥fesence of a solvent, a 5 base and a palladium ca‘fgl?/é}‘%@ﬁﬁi‘éﬂt‘?ﬂésof a
palladium source and a phosphine ligand at a temperature between 60C and 130C. In one
embodiment, the process is divided in sub-procesg2s wherein compound Ti and compound Il are
reacted in a first reaction to provide a compound of the formula S 10 This compound is then optionally
purified to a suitable degree before being reacted with compound IV to provide
4-[2-(2,4-dimethyl-phenylsuIfanyt)-phenyl]-pip%azin One-pot syntheses, i.e. syntheses wherein ail
reactants are mixed together at the start of the réaction-or process, are particularly useful due to their
inherent simplicity, On the other hand, the numbssible unwanted side-reactions is 15
dramatically increased, which again means that thewtimber and/or the amount of unwanted side
products may increase and the yield of the desired.;grpduct 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'HE) WASot7 IARsoS PG TS oSty 819 3 compound of formula TV

X
)
N
[V

wherein R represents hydrogen or a protecting group, in the presence of a solvent, a

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 [l

and compound 111 are reacted in a first reaction to provide a compound of the formula

Cr

10 This compound 1s then optionaily purified to a suitable degree before being reacted

X,

with compound IV to provide 4-[2-(2,4-dimethyl-phenylsulfanyl)-phenyll-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
correspendingly. For the present process in particular, it may be observed that
piperazine has two nitrogens cach of which could potentially participate in the

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



be run as a one-pot synthesis, i.e. a process wherein compound Il, compound Il and compound VI
are mixed from the beginning, while maintaining a high yield of a pure compound. Compound Il is a
thiol or the corresponding thiolate. From a occupational 5 health perspective is may be beneficial to
use a thiolatg‘f%t’](f"r'?%féz4 e Li+, Na' or K> thiolate to avoid the odour probleﬁ“&%ﬂ?@'ﬂ’%ith thiols.
Nonetheless, in one embodiment, R' is hydrogen. Compound 11l is a |,2-dihalogen activated benzene,
and the halogens may be any of Cl, Br and I. In garticular, compound Il is 1-bromo-2-iodo-benzene or
1,2 10 dibromo-benzene. The solvent used in the process of the present invention may be selected

- from aproticlorganis solvets exnlixtisrés. of wuchssaiverais withzobollidgetenmoendtlileandithin the

reaction teMpELALEIANAE. b6 x 09 AN HRICRLY, tissolventisselected, frem m%‘&gét toluene,

xylene, triethyl amine, tributyl amine, dioxan, N 15 methylpyrrolidone, or from any mixture thereof.
Particular meniitiRecis made of toluene as solvent. Central to the present process is the use of a

- palladium catalyst withautwshighs theraagtians de-notiake H@ﬁ@t@ﬁﬁ;ﬂ%‘@éﬂ%&t%ﬁ'yﬁ consists of a
palladium source_and a phosphine ligand. Useful palladium sources include palladium in different 20
oxidations stifeSNFEP S NSy S AN AT PR ARM &R Brsaiiieitif LstireSskichNhay Be used in the
process of thepiesaptvgntionaie Rdidhadksdhad aid RHLANRUbRsabbiates
dibenzylideneacetone. Particular mentioning is made of Pddba2 and Pd2dba3. The palladium source
is typically aﬁﬁh%ﬁﬂﬂl%m-‘ SURNBPER-10 mole-%, such as 1-10 mole-%, such as 1-5 mole-%.
Throughout this aplieation: dnoles% i 26healgelatedvaith sespeae! tadhedimitiagneaciasd. Numerous

rospine et Mo e DEpacetl gt g, Lschipiopti s
1,1'-bis{dliphemyiphosphinmiderrocene (DPPF), bis- (2-diphenylphosphinophenyl)ether (DPEphos),
o e L A PN o 5 i
aprotic organic solvents or mixtures of such solvents with a boiling temperature
within the reaction temperature range, i.c. 60-130°C. Typically, the solvent is selected
from amongst toluene, xylene, triethyl amine, tributyl 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 phesphine ligand. Useful palladium sources include palladium in different
20 oxidations states, such as e.g. 0 and . Examples of palladium sources which may be
used in the process of the present invention are Pdadbas, Pddba, and Pd(QAc),. dba
abbreviates dibenzylidencacetone. Particular mentioning is made of Pddba, and
Pdadbas. The palladium source is typically applied i 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-diphenylphosphanyi-
1,1 Toinaphtalenyl (rac-BINAP), 1,1°-big(diphenylphosphinc)ferrocene (DPPF), bis-
(2—diphenykphosphinopheny[)ethgr {DPEphos), tri-+-butyl phosphine (Fu’s salt},
30 biphenyl-2-yl-di-&-butyl-phosphine, biphenyl-2-yl-dicyclohexyl-phosphine,
(2’-dicyclohexyiphosphanyl-biphenyl-2-yl)-dimethyl-amine,
[27-(di-r-butyl-phosphanyl}-biphenyl-2-vi]-dimethyl-amine, and



[2'-(di-t-butyl-phosphazyl)-biphenyl-2-yl]-dimethyl-amine, and WO 2007/144005 PCT/DK2007/050075
24 dicyclohexyl-(2',4',6'-tri-propyl-biphenyl-2-yl)-phosphane. Moreover, carbene ligands, such as e.g.
1,3-bis-(2,6-di-isopropyl-phenyl)-3H-imidazol-I-ium; chloride may be used in stead of/pbosphine
ligands. In_o??éoeﬁfﬁ%%ﬁ?{%nt, the phosphine ligand is rac-BINAP, DPPF or BSBEBHSS7 47 particular
rac-BINAP. The phosphine ligand 5 is usually applied in an amount between 0.1 and 10 mole-%, such
as | and 5 mole-%, typically around 1-2 mole-%. Base is added to the reaction mixture to increase pH.
In particular bases selected from NaOt-Bu, KOt-Bu and Cs2CO3 are useful. Organic bases, such as
1,8- diazabicyelpfBhellrided-Hene (DB aid iy 42eidzabispblof2. X2twones(DaBCO) 10 may be
applied as Well RAGHIRLMANTONIR Io MAUR ALNARUSE AR IR Typlcllysdhe base is
added is an amount around 1-5 equivalents, such as 1-3 equivalents, such as 2-3 equivalents.

Compound VR plpseraizinieabmpbariimpesadindrhers tvabaiiogehshonhpsohiaokigaith is to
participate injtha CspgndiormatisnEhene.eMRediment: ﬂaifgrmﬂﬁ?@rééfﬁ%gﬁﬁg theecond

nitrogen is avoided by using a mono-protected pégfrazme, i.e. an embodiment wherein R is a
protective gréuSURhIPBHARENGR *FHItP ek Gviriid tHrapieaasueras exanpradsnélude boc, Bn,
Chz, C(=0)O@ichi Merand in2pasiicylar boc. Bn abbreviates benzyl; boc abbreviates

t-butyloxycarbonyl; E%%d cbz bCEreviatgs benzyloxyeabonyl. If a protected piperazine is used in the 20
reactions, the prote aléﬁﬁfi% G AR GV @ SBsaudht SepISHRERFBY the addition of
aqueous acidelésratiynsNisediuheoprptesiinggradpstheserethylsagy teckesioned inga reaction with

carbamate and subsequent remaval.of thi . It has surprisingly heen found that rotected
piperazine m%%%iﬁg%q @é %P%v%?fﬁg% etﬁ%%@ri%ﬁéoﬂ%#ﬂ ‘\1)% cﬁi%%ﬁggrég%%g])s@g@p nitrogen.
Protectéd anth@5temproted tadrpibetazing ravendiffenens solubilifita(rdifterent KoleRis; as an

example, pi ing isRractically, insoluble in toluene whereas boc protected piperazine is highly
soluble in tollzﬁﬁeé. I@r’m]?a ysiét %/%vgl/c}%%les g&g&%%‘éﬁ?ﬁ%ﬁﬁ@ é F uﬁ‘i?g:nzgtéh?%}} Y risf%ccessful reaction that
all reactants egeivelsdity sothlsleZis thpiaplstied solvent.

Compound [V isa piperazine compound. Piperazine has two nitrogens, only
one of which is to participate in the C-N bond formation. In one embodiment,

15 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 inciude boc, Bn, Cbz, C(=0)0 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 foluene. Normally it would be expected that it is a requirement for a
successful reaction that al 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 yicld 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



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 WO 2007/144005 PCT/1K2007/050075 25 and

compound IV BIpéH4e. In a further embodiment, this combination of cBREMEALTLHEES in a
one-pot synthesis. In one embodiment, the temperature under which to run to process is

approximately 80C - approximately 120C. 5 In onémbodiment,
1-[2-(2,4-dimethyl-phenylsulfanyl)phenyl]-piperazine is prepared in a process comprising the following
steps a. Dissoiingrapdisp éFsingipetaiey bivalentsotoboboentshis Hhahohdtfom ofoluene to obtain

mixture A; b. Adging,1:2 1598_1%0/2 glggggp%@l@gqlz mole-% ofrac-BINAP together with 2-3 10

equivalents of NaOt-Bu, optionally disperSed or dissolved or dispersed in toluene, to mixture A to
obtain mixture B, whichrischeadianesiatbeifanpoocsrntidomping thard ibess fally converted, typically

5-10 hours; ¢, Jncraasing the-temperaiurg.ofithe fabxture obtained in step b to around 120C until

compound IV is fully converted, typically 16-32 hours; and 15 d. Optionally removing the protecting

group by’the additidfi BFaguibedsssld ifl Tothomriinisheprote ted pivasdEinecBptionally,

purifications stepsdnay pﬁ&g&%gj@igﬁ%qp@yﬁlggw%gsof 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 disper%gal?‘ﬁot‘(yl’tﬁér% fotRsiare dy! thesatiaiar of osmrgien el 31égud/Brets Naot-Bu and
1-2 Mole-% Pd2dha3anrd.memBiNAR-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 prodtitl inky BRoftirthf Fadhtedith aBosods Bt HREVRaHE 8 EBResponding
hydrobramic acidaddiitat salti0oBe, eptbadimeni?sbaesuivalants oiNaQER id-Rrgpédvalents
piperazine, to mixture A to obtain mixture B, which is heated to around 100°C until
compound II and HI are fully converted, typically 5-10 hours;
¢. Increasing the temperature of the mixture obtained in step b 1o around 120°C
until compound IV 1s fully converted, typically 16-32 hours; and
i5 d. Optionally removing the profecting group by the addition ol aqueous acid if
compound [1I is a protected piperazine.
Optionally, purtfications steps may be inctuded 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-phenylsuifanyl)-phenyl]-piperazine.
Optionally, this product may be further reacted with agueous 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-% Pddbay, and 0.6-1 mole-% rac-BINAP is dispel'séd in toluene to
obtain mixture A’, to which mixture approximately 1 equivalent 2-bromo-icdobezene
is added to obtain mixture B’, to which mixturc 1 equivalent 2,4-dimethylthiophens]
30 is added and the resulting mixture is heated to reflux for 3-7 hours, such as 4-6 hours

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



0.2-0.6 mole-% Pddbac, 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 | eq%valz%n,gfzdéf-(t)iimethyithiophenol. 30 is added and the resulting mixture is heated to reflux
for 3-7 hours, JER'EE 9% hours to obtain ]-[2-(2,4-dimethyl-phenyisulfanyﬁg[}ﬁ%lhf)ffjﬁ?ﬁ(&gzine.
Optionally, this WO 2007/144005 PCT/DK2007/050075 26 product may be further reacted with
aqueous HBr to achieve the corresponding hydrafromic acid addition salt. In some situations it may
be desirable to obtain an acid addition salt of 1-[2- (2,4-Dimethyl-phenylsulfanyl)-phenyl]-piperazine
rather than théofiee BagebaeidhsragentisheSitaaray e B Hiavset s Beueissprediass step in which the

free base ohfainggiskeactedwitha sglevant acid, such as e.g. fumaric acid, sulphuric acid,
hydrochloric acid or hydrobromic acid. The acid 'mﬁ be added directly to the reaction mixture or,
yauft

alternatively, the fref® bRiSe FHEYHIHiiMay o & ROy e tittiRdRi BB fRSYE Wuchistep. If the free
base has been iSpiaiethAS BRI COMBOHPRLY B Ha-ALNSIRESRIY IRUSE daelvenkin order to bring

the free base into solution prior to a reaction with the acid. In one embodiment, aqueous hydrobromic
acid is added OGRS ThE et il WHtRb BEOSASS it b Ut 5F (Fs%ree base. In
processes whergind@iproieciee piperarinahasdeart useds. thempratectingugiane hag to be removed by

the addiion gt ah aueous acid a5 explalned abave, I 15 one enbodimert, said agueous acid may

be selected t&’achieve two ranstorma I0Ns, I.e. the de-protection
formation of anxacid adeditiomtsalty, | thpéirtichdas, ragueo pertfya obramic aditt raydeenissdyto dc-protect
protected pipefazine and to.ohtain the hydrobromic acid,addition salt in one process step. It goes for
all the reactiggg%n??gggﬂ%%?%gtﬁ?gss ﬁ%ﬂ%ﬁon%eg hsé}?%% ?ﬁéatsi? %%ycoiﬂjggngh%g\%ﬁjt%ge to purge them
with anlifert gsormu thiern trider anbiladiket Ofingrhedas: Nisrogensiswiehesprand readily available

example of an jpert, gas, ML Leferenses cm}aﬁmteu&&s&imdxggr@ﬁ@gaﬂmaﬁ& and patents, cited

herein are hereby incorporated by reference in their entirety and to the same extent as if each
reference wetBdidiviel sl Rpami@spasfieanytingicatsdriv Be mdorpsraedisyfree base.

In processes wherein a protected piperazine has been used, the protecting
group has to be removed by the addition of an agucous acid as explained above. In
15 one embodiment, said aqueous acid may be selected to achieve two transformations,
1.e. the de-protection of the protected piperazine and the {ormation of an acid addition
salt. In particular, agueous 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
taw), 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 0 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.



25 reference and were set forth in its entirety herein (to the maximum extent periitted 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't3 b& coftattued to cover both the singular and 30 the pIuraI,PLﬁTé%zgm@F\Rﬂg’e indicated
herein or clearly contradicted by context. For example, the phrase "the compound” is to be understood
as referring to various compounds of the inventio#Vor particular described aspect, unless otherwise
indicated. WO 2007/144005 PCT/DK2007/050075 27 Unless otherwise indicated, all exact values
provided herein arelfelsre séhwative ioficaitéspbatingvabpraxinvatediziis (& gepalbanactexemplary

values providgd withpsespectin-gpaticviardeatyr onmeaswementcaniRg coRsigered;fo also provide

a corresponding approximate measurement, modified by "about,” where appropriate). 5 The
description hE@Hf o FRPEE b %‘P%ﬁé@ﬁ%]ﬁﬂﬁ@iﬁ%?ﬁb%?@ﬁij@ﬁﬁéo slietPeyy ¢onprising”, "having,”
"including,” afoieaipHBIRG A Wpthriaference e AnRlemantonslements ig intended, tei prgvide support for
a similar aspect or aspect of the invention that "consists of', "consists essentially of. or "substantially
comprises” that partitufsr EIBRIEISTRIBRIBRESHTAICES BIENIEY SIAFSHSH wE i 8bntradicted by 10
context (e.g. sacE@BMOSIHON; dgscriket heraitrgiaomprisidg @iRadicwia fipmant shauld be
understood aﬁ_also deSf[:rlbln a cotm}%o?eltlon_cor%]astm&g o:#hat element, unless otherwise stated or
clearly contr&ditteld BYCORtERS EXEHISIEY B ANARREAT HEtAGHE TRMPES 8h THECEPE Pscorded at
500.13 MHz onreatBrukert Avarices DRX5Q0siststrsmmentDifiethylssuHiaxite (39:8eisstised as solvent,

and tetramethylsilane (TMS) is ysed as internal rgrt%re_nsc&g(tla&dgrgﬂlhe me tiqg oints are measured
using Differehtial canning a]Iorlmeﬁy’(B é).oﬁwe %equmen?lsa AUty ts DSC-Q 1000
calibrattdl at Gfmintte give thiemesitiog dpsinbesonsetwakmepAboptd migeofasabpienis heated 5/min in a

loosely closeg, paR bHngxﬁéﬂg{-g&gg@zﬂ&wdcscribing a composition consisting of that element,

unless otherwise stated or clearly contradicted by context),

Examples
15 Analytical methods
"H NMR spectra are recorded at 506.13 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 {o 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 CuK; radiation. The samples were measured in refiection mode

in the 28-range 5-40° using an X’celerator detector.

30  Example 1 In vitro recentor pharmacolooy

Rat serotonin transporter: ICsy 3.3 nM (blockade of 5-HT uptake)
Human serotonin transporter: 1Csg 40 nM (blockade of 5-HT uptake)



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 nitrogep flow. X-Ray powder diffractograms were measured on a PANalytical X'Pert PRO X-Ray
Diffractomet&%%?ﬁaléﬁ aj radiation. The samples were measured in refle&GdAPHBNE "M Re 20-range
5-40 using an X'celerator detector, 30 Example | In vitro receptor pharmacology Rat serotonin
transporter: ICS() 5.3 nM (blockade of 5-HT uptak&y Human serotonin transporter: IC50 40 nM
(blockade of 5-HT uptake) WO 2007/144005 PCT/IK2007/050075 28 Human 5-HTIA receptor: K; 40
nM with partigltagfenishhl (effiegeips 586 f oRad suidTereeeionrivg sel02nM {Entagonism in functional
assay) Humag.b HTBALESRRBIoIC1CH9 afayng20.0M, (Rigaqnism Jafynctional assay). At higher

concentration, the compound exhibits agonistic activity with an ED50 of 2.1 5 M. The compound of the
invention alsé 8RBed Highr SERiEy-fEr e Rihal B TatreeapstBrimisre v asBinibiAg assay (Ki

4.5nM). Example.2 cognitive affertshs sliscussacabavmitiie sampoundsof the Riesent invention
interact with the 10 cholinergic system, and it would be expected to see an effect in one or more of the

following’in vivY mMBaERTRERTE ARG BetarrealsichaRS kst piesries Ui adékdl for
demonstrating apteffeciom continualisaitention: Spatnl Y maze test, which is useful for demonstrating
effects on short, long- 15 term and working memory Attentional. set shifting model, which is useful for

demonstrati effe(ftszon execut'%ze Iunctioning, i.e. reasoning and problem solving Example 3a
. XAINTHE ognitive erlects
Preparation r;gfbrﬁey{'ree*%a%e—oﬁmmpound | 20 10 grams of
1-[2-(2,4-Dimethijtpheaylstlfan yhe phemyipieri ingtycroromite nwastteaitdiwith a stirred mixture
of 100 1 3 MNARHLANA00 il 1Yl A6iRle (8.0 DIRUES IS Sr9ans pllae g separated.
washed with 100 m Yo-wt NaCl
following in vivo models.
# Five choice serial reaction time test (5-CSRT), which is useful for
demonstrating an effect on continuous atiention
e Spatial Y maze test, which is useful for demonstrating effects on short, long-
5 term and working memory

* Attentional sct shifting model, which is useful for demonstrating effects on

executive functioning, i.c. reasoning and problem solving

Example 3a Preparation of the free hase of compound |

20 10 grams of 1-[2-(2,4-Dimethyiphenylsulfanyl)-phenyi]piperazine hydrobromide
was treated with a stirred mixture of 100 ml 3 M NaOH and 100 ml ethyl acetate for
10 minutes, The organic phasc was separated, washed with 100 mi 135 %-wt Na(l
(aq), dried over MgSQ., filtered and concentrated in vacuum producing 7.7 gram (98
%) of compound T base as a clear colourless oil.

25 NMR complies with structure.

Example 3b  Preparation of crystalline base of compound |

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 spontaneously upon which precipitation
began shortly after filtration. The mixture was stirred at room temperature (22 °C) for

2 h_ours and the product was isolated by filtration and dried in vacuum (40 °C}



(aq), dried over MgSO4, filtered and concentrated in vacuum producing 7.7 gram (98 %) of compound
| base as a clear colourless oil, 25 NMR complies with structure. Example 3b Preparation of crystalline
base of compound | 3.0 gram of 1-[2-(2,4-Dimethylphenylsulfanyt)-phenyl]piperazine colourless oil was
treated with g‘tﬂﬁ? a@ef‘é’gﬁrlle and heated to reftux. The almost clear solutlgﬁmgzg‘ﬁ/ﬂﬂw@d and the
clear filtrate was cooled spontaneously upon which precipitation began shortly after filtration. The
mixture was stirred at room temperature (22 C) fo£92 hours and the product was isolated by filtration
and dried in vacuum (40 C) WO 20071144005 PCT/DK2007/050075 29 overnight. The crystalline
base was isofétedightalhiterselithinbasy yrans(Bo:96)s NMRtccomplies Wighastr96ttse Ni8inental
analysis: 72.4095:e9-2BY N %3870 (BRRIV o 2:26%G0936 YN NI ZPRX S, Frample 3¢
Characterisation of crystalllne base of compound | The base, as prepared in example 3b, is crystalline
(XRPD) - see’ Figfié 1211 tvadla’ -feeftihly point of -117C. It is not hygroscopic and has a solubility of 0.1
mg/ml in water. 10 Example 4a Preparation of the alpha form of the hydrobromide salt of compound |
2.0 gram of 1- [2 (2,4 Dlmethyl hen Isulfanyl) phen I]plperazme was dissolved in hot 30 nil ethyl
acetate and 464 CHLHLHRY A 38 ¥HEBEYY tormation of a thick slurry and
additional 10mhem)—él Mﬁaﬁ@rm aﬂﬂﬁglwefd@%@tilﬁﬁ@ @W)ﬁlgéwglgﬁrtelsmr}msvyas stirred at
room temperat re for ane F|Itrat|on and drying i vacuum‘ﬁﬁ_ﬂzo C) ove r i ht produced 2.0
gram of the p%ecmg Podnh hx 7;§ id (8] R AP, e@%ﬁﬁ% EhiR Elefeftaianalysis:
57.05%C, 788N, 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 hvdrobronude of compound I 20 The alpha form of the
hydrobromlde as prepared in example 4a is crystalllne (XRPD) see Figure 2. It has a melting point
of - 2260. It dbsorbis At ) afhies getktbshighuetativediuniidityraaddias a solubility

of 2 mg/ml 'n2\(yaé9c[m of 1-[2-(2,4- Dxmuhylphcnylsulfanyl) phenyl]piperazine was dissolved in
hot 30 ml ethyl acetate and added 0.73 ml 48 %-wt HBr (aq). This addition caused

formation of a thick shurry 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  Charagcterisation of the alpha form of the hvdrobromide of compound I

20 The alpha form of the hydrobromide, as prepared in cxample 4a, is crystalline
(XRPD) - see Figure 2. Tt 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

waler,

25  Example 4¢  Preparation of the beta form of the hvdrobromide salt of comnound T

49.5 gram of 1-[2-(2,4-Dimethylphenylsulfanyl)-phenylpiperazine colouriess oil was

dissolved in 500 mi ethyt acetate and added 18.5 ml 48 %-wt HBr (ag). 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 sait: 56.99%C, 7.39%N, 6.11%H)



25 Example 4c Preparation of the beta form of the hvdrobromide salt of compound | 49.5 gram of
1-[2-(2,4-Dimethylphenylsutfanyl)-phenyl]piperazine colourless oil was dissolved in 500 nil ethyl
acetate and added 18.5 m148 %-wt H'Br (aq). This addition caused formation of a thick slurry which
was stirred o\Yé’r’ﬁ’.‘Er’& At%bom temperature. Filtration and drying in vacuumy ?gﬁ)@}%\/@?%@ht
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 for3?:1 salt: 56.99%C, 7.39%N, 6.11%H) WO
2007/144005 PCTIDK2007/050075 30 Example 4d Characterisation of the beta form of the
hydrobromlde of compound I The beta form of the hydrobromlde as prepared in example 4c, is

' &1 AR GhBlf 3 896 Of water when

5 exposed to ghilele rmmrrm%mgeagqr%rra«dqwa@aﬁqw AT — A

of the gamma form of the hydrobromide salt of compound I

1-[2-(2,4- Dmﬁéﬁmk}rgwerﬁ/rgl}rﬁém%myﬂbrbﬁai% ﬁyamgﬁeb% Otedreatin eRample 4a was
added 2@ ml wateeanshgaier {9 3amidipe sluHoR Was 4R RISt sleal Additign of | drop of HBr
made it clear. HBr was added until cloud point was observed. The solution was cooled to room
temperature and dried. NMR complies with structure, Elemental analysis: 56.63%C, 7,18%N, 6.21
%H (Theory f@)farhﬂlesﬁét w&%& c?f&%"@@alﬂo%| bribeExaropledfdeharagtesisatigniaf the gamma
form of the hydrohr. dl. T robromide, as. in example 6e, is crystalline
(XRPD) - seef IglgEre ﬁé) B&E%ﬁg%é%‘g%%c rgﬁﬁ’flr g?ﬁg' Eﬁﬁﬁfdfoﬁc probably change
in crystal formcﬁdneahm memhtdabmst RRBC 2t mbsarbs allduta5% B waté}rewhﬁm]oﬁxpased to high
relatlve umi t 30%RH a m te ratur ut 2 f 20 water | orbed. Example 4g
Preparag)on ﬁ%g{;@/ﬁ 06%&@%#86 Ryd%teP o?%%&%%dl ﬁ)(} r am of e tﬁl ‘?

1-[2-(2,4- Dlmethylphenirmmhﬁlmrémwprpmamw@@vma&dd@d@@rmwmmﬁwﬁeated to 60C.
pri was adjusiaghip. Waing A LB NRPHON.YS 635, L9 RN IROITSIARIAN R AN dried.

NMR complies Wlth structure. Element
1:1 salt: 56.99%C, 7.39%N, 6.11%H)

15 Example 4f Characferisation of the gamma form of the hvdrobromide of compound |

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 4.53% of water when
exposed to high relative humidity and at 30%RH at room temperature about 2% of

20 water is absorbed,

Example 4o Preparation of the hvdrobromide hyvdrate of compound 1

1.4 gram of 1-[2-(2,4-Dimethylphenylsulfany!)-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: 35.68%C,
7.21%N, 6.23%H)

Example 4h Characterisation of the hemi hvydrate of the hvdrobromide of compound 1

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.



analysis: 55.21%C, 7.16%N, 6.34%H (Theory for 1:1 salt hemihydrate: 55.68%C, 7,210/,N, 6.23%H)
Example 4h Characterisation of the hemi hydrate of the hydrobromide of compound 1 30 The hydrate
as prepared in Example 4q is crystalline (XRPD) - see figure 5. The water content depends strongly on
the relative %fﬂm?c?ﬂg/ KPP5om temperature and 95%RH the water content %Cg&ﬁ%@ﬁ%ﬂ.oﬁehydration
occurs by heating to about 100C. WO 2007/144005 PCT/DI{2007/050075 31 Example 4i Preparation
of the ethyl acetate solvate of the hydrobromide salt of con op and 1 0.9 gram of
1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazinc oil was dissolved in 5 35 ml ethyl acetate and
added 0.5 ml 48 %-wt HBr (aq), This addition caused formation of an thick slurry which was stirred
over night at ggom-femperajiue Gillrationand.washing.with, 30,0l digthvl g iiet fellowed by drying in
vacuum (50 over night produced I-[Z- -Dimethylphenylsultanyl)-phenyl]piperazine HBr EtOAc
solvate in 1.&@@&&@%). NMR complies with structure. Elemental analysis: 10 56.19%C, 6.60%N,

6.56%H (Thapwydfamlet hepcaugaied for8Ha.af Fiaxh faAnd - 3% WalerRg determined by
TGA and KF: 56%1%C,%?%L6%3N, é.BS‘%?ﬁ?lgg(gmpl}g f 15Chajr”ggl}g::tﬁel!}%sationoof the ethyl acetate solvate of

the hydrobromid®! S ELHRPBGHRY 280968 Ry rEcarttet Sanate; Rhiprddiinstreshmple 4i, is
crystalline (XBRE) nse€ akigivke SuFhe hirichcontansamixiie.ofdbe salyataand the alpha form of
compound rohably hecause the drying has caused partly desolvation. The desolvation starts at
-75C when r%gﬁ@é’ﬂ‘b%% W%ﬁglrgd%g%I%/éﬂ%rglt‘f‘]tgyilﬁ%gfﬁiﬁ%e Pnd el pasEtd tigh relative
humidity, thestiniabetatelisaepliten L inatdr pHichisif20 felgased whenihe hBmidity subsequently
is lowered. T sulting solid js _h Gopi absarbs 3.2% of water at high relative humidity.
Example 5a r?%)rf)%:r%?i&gn %f%?/ﬁgéﬁ%i(?§e%2§o compoting 1 ].6tbur(étﬁﬁeo%lenlergg iy
1-[2-(2,AGDi_nﬁéth§)PpiﬁeM§&1ﬁén§'l§qahﬁrﬁlﬂaptper&zirhd eﬂlwmedisenhmdiifbrm{%r iiihethyl acetate using
gentle heating, (30.G): RN B.Lleal SAUHANWRS QRIANGT RE: 56.51%C, 6.76%N, 6.38%H)

Example 41 Characterisation of the ethvl acetfate solvate of the hydrobromide of

compound [
I5  The ethyl acetate solvate, as prepared in example 4i, is crystaliine (XRPD) - see
Figure 6. The batch contains a mixture of the solvate and the alpha form of compound
1, probably because the drying has caused partly desolvation. The desolvation starts at
~75°C when heated 10°/min. After desolvation the aipha form is formed.
If exposed to high relative humidity, the ethy! acetate is replaced by water, which is
20 released when the humidity subs'equentiy 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 I

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 sofution 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 %).



solution of 2I M HCI 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 C) overnight.
I-[2-(2,4- D.m‘é’%’ﬁﬂ{éﬁ&ﬂ%m fanyt) 30 phenyl]piperazine hydrochloride was f)s%fé‘? 9?1 /fifoéi’am (99 %).
WO 2007/144005 PCTIIDK2007/050075 32 NMR complies with structure. Elemental analysis:
64.18%C, 8.25%N, 6.96%H (Theory for 1:1 salt when corrected for 0.66% of water as determined by
TGA.: 64.13%C, 8.31%N, 6.95%H) 5 Example 5b Characterisation of the hydrochloride of compound
| The hydrochidfitieoay preparieshincerantitesaizisierstallivh (XRPB)25888, Bigarey. It has a melting
point of -236¢/{ 3hsarbs 1 A0eU fen . AkuaeL WG L3PAse 1 highy [elative pemidity and has a
solubility of 3 mg/nil in water. 10 Example 5c¢ Preparation of the hydrochloride monohvdrate of
compound | £4: &Qﬁﬂ'%&ﬂ% [2.- @9 Bithethylphcnylsulfanyl)-phenyl]piperazine oil was dissolved in 100
nil ethanol using heating. When a homogenous solution was obtained addition of 3.5 ml cone. HCI
(aq) took place causm the |mmed|ately preC|p|tat|on of a white solid. The suspension was stirred for
5 minutes at firstad eR-Of a7 nedrochiatide el aapRRRdhe white solid was washed

using 100 n"ﬂféﬁ@@ﬁ(ﬁ@ﬁhﬁlh%@i&(ﬁﬁm Mmﬁlz:esaatsé%@dmﬁ@dmw@b 5Q.piFagetongand finally 50
ml diethyl ethe re dried in va 50.C ight. % [2-(2,4-Dimethylphenylsulfanyl)-
phenyl]piper q—%f%fé”@b?g g‘%?g % gﬁg&%{) H\ﬁ\/l‘F?Eé"r?\'ﬁ iR B Flemental
analysis: 61.2@%@3 Huﬁﬂ:@’oﬂ}l,aﬁdﬁ%klsca%@me@m fap/mlisaltanionohydrate: 61.26%C, 7.94%N,
7.14%H) Example 5d Characterisation of the hydrochloride monohydrate of compound | The
hydrochloride monohydrate as prepared in example 5c, is crystalllne (XRPD) - see Figure S. It
dehydrates sExeing thieydatigvent yoly2'5 feamrangehient, occur by further
heating, and jt; ?n%?l? @3{)&@%@\@% 141ﬁ E{Pfslt atlrf&%nda melting adstnﬁom 123FC. It does

58
not absorb furthe amount f water w umidity an %y&rate bounded
water is not in 100 ml ethanol using heating. When a homogcnous solution was obiamed addition

of 3.5 ml conc. HCI (aq) took place causing the immediately precipitation of a white
solicl. The suspension 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 (nally 50 ml diethyl ether
before dried in vacuum (50 °C) overnight. 1-{2-(2,4-Dimethylphenyisulfanyi)-
phenylipiperazine 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 sali monohydrate: 61.26%C, 7.94%N, 7.14%H)

Example 5d  Characterisation of the hydrochloride monchvdrate of compound |

The hydrochloride monohydrate, as prepared in example 5c¢, is crystalline (XRPD) -
see Figure 8. It dehydrates starting at about 50°C. Some therma! 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 fo 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,



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 WO 20071144005 PCT/DK2007/050075 33 Example 6a
Preparation of mesylate salt of compound | 1.0 gram of
1-[2-(2,4-Di W?)ﬁieﬁy%ulfanyl) phenyllpiperazine oil was dissolved in 285 %PHMQ% by
heating (70 C). When a clear solution was obtained 0.35 gram of methane sulphonic acid (1.1 eqv.)
was added slowly. After final addition the 5 solutici3 was cooled on ice and diethyl ether was added
slowly causing the preC|p|tat|on of the product. The suspension was stirred for 2 hours on ice before

pigate O geadion dllmeiviaiane driagirpesndiim (40 C) overnight. 1-
[2-(2,4- D'methM'QH%MSP zllﬂm ”PQ‘ L@@fm%y ate ] /Eéﬂa%ﬁ}edo in.d.1 gram, ($%,%)- NMR

0

complies with structure. ementa ana SIS 7.81%C, 6.8 10 6.68%H (Theory for a 1:1 salt:

57.81%C, 7. F09sAcB B 4061a5e eyézﬁwlﬁ@géﬁ%ﬁ?ér%feﬂeaﬁéﬁepkﬁeomeﬁla*@éﬂmeéd}ﬁécgm@t| The

mesylate, as reparad .pRaMPIe%11S srySialinedXRRIBN seekiawa Qudihasya melting point of
-163C. It is hy roscopic (absorbs about 8% of water when 1 exposed to 80% relative humidity and is

thereby transTOHHER D AN RGtder fiflicind siharevnsoridrd shuvrpedsiagdhss not released until the

relative humigityiisitaglone r109eRddudt. hﬁ&adsgéﬁmmluhﬂw mm&teﬁi@%m@ﬂaﬁrm 2007/144005
PCT/11K200719050075 34 Examp %ﬁ aratlon fﬁi\‘/ (zrate of co ound I 5.5
1 [2-(2.4 Dim SRS BHSIRRLOAY RSy ol DBPAS AT FRES FAKHES (o AHRRLIE of 50 il

methanol an¢?5Q, mlImhylk@Mat@'isﬁtfm@@]qﬂQmWaﬁakeﬁzme a8l sHightlys hefaredaddition-a2.1 gram
fumaric acid Ig ausm an 5 exotherml eactlo & recipit ite solid. The
suspension gags s? ?\ﬁg’[ w%OPe“‘pbé’?n‘é"% otvrvué:él]l o} coo %Hr%oartrlfl %Spgrlfe l?%/é%?() 08\,?,%{)3, 2 hours in the
freezer Ht -18 @ qth¢ Mubiter sotid vasatolféctéth Oy Tiltbatisncadrtwiished with 20 ml cold ethyl acetate
before drying in vacuum (50 C) over night. The product was isolated in 3.1

Example 6b  Characterisation of the mesviate of comnound I

The mesylate, as prepared in example 7a, is crystalline (XRPD) ~ see Figure 9. 1t has
a melting point of ~163°C, 1t is hygroscopic (absorbs about 8% of water when

15 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).



gram (44 %). 10 NMR complies with structure. Elemental analysis: 63.42%C, 6.64%N, 6.42%H
(Theory for a 1:1 salt: 63.74%C, 6.76/,N, 6.32%H) Example 7b Characterisation of the fumarate of
compound | The fumarate, as prepared in example 7a, is crystalline (XRPD) - see Figure 10. It has 15
a melting po?ﬁ?&f-’%)%df“?he solubility in water is 0.4 mg/ml. Example 8a Eﬁﬁ)rgﬁ 'B'faleate of
compound 1 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 additibn 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 precigita fartes feis dinziardiehyt aonmaeni the freezer (-18 C). The white solid was

collected by filtsafion and washed z_ﬁ&]?ﬂéﬂ@@ﬂ-ﬁﬂaﬁ&ﬁ?ﬁ%&ﬂ%”&ﬂ%@ﬁé&{@a (30 C) over night.
This produced 1.3 gram of 1-[2-(2,4-Dimeth

] _ e ylphenylsulfany ?-phenyllplpera2|ne Maleate 25 (38 %)
that was recripstaniset By tisathehtiiie bone arhy b eis avaisnill knstheiol aesefiliio The clear

solution was gogladkoyaRm temasiatuefollawadiby.d . herrsitbe frestshi 18 C) before filtering and
washed twice with 10 nil cold ethyl acetate followed by drying in vacuum (50 C) for two days. 1-[2-(2,4

Diniethyiphe Sy RBREHS I BREN ARG IR A R4S SelihareBrisUoPs i B YeI30 NMR
complies withygiteetire JElereanial @nalysisnbdmidetrs %N G 3% r{ Thaaryiera 1c1 salt:
63.74%C, 6.76%)N, 6,32%H) WO 2007/144005 PCT/DK2 0 0 710,50 0.75_35 Example 8b
Characterisaﬁiﬁg}'t %erﬁ'gféga@ B WBh 16&‘845%%1%1%%{%%%8&?&8 i BYANIIE'8Y, is crystalline
(XRPD) - seakigureclireltihasg snmsdting: pairiCofodh 2C:hT e setlaility whwiaterisl 14 mp/ml. 5 Example
9a Preparation of 23 -tartrate of compound | 11.1 nil of a 0.30 M solution of

1-[2-(2,4-Din%%ﬁ1§/gher°1 /Isulfanyl)-phenyl]piperazine in acetone was treated with 0.5 gram
meso-taftaridaditl disgolved it Smitacetbhenchi amiktsire Gab $titkaddt sbomaitiderature for 30

minutes duri I recipitatio I oiltratio d washing first with. 5 nil acetone and then
3 m diethyl g%lgr@?%?a eipitatiops tekPlacg.Hitrauen, an

[}

Example 7b  Characterisation of the fumarate of compound 1

The fumarate, as prepared in example 7a, is crystalline (XRPD) — see Figure 10, It has
15 amelting 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-Dimethyiphenylsulfanyl}-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-Dimethylphenylsulfany!)-phenyl]piperazine Maleate

25 (38 %) that was recrystallised by treatment with 40 ml ethyl acetate and 5 ml
methanot 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 cthyl
acetate followed by drying in vacuum (50 °C) for two days, 1-[2-(2,4-
Dimethylphenylsulfanyl)-phenyljpiperazine 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)



10 produced the product as a white solid that was dried in vacuum (50 C) over night. 1-
[2-(2,4-Dimethylphenylsulfanyl)-phcnyl]piperazine meso-tartaric acid was isolated in 1.4 gram (93 %).
NMR complles with structure. Elemental analysis: 58.58%C, 6.29%N, 6.40%H (Theory for a 1:1 salt:
58.91%C, 6 ’%}’/ZP\? é%@%H) 15 Example 9b Characterisation of the meso- RaARYY ¢ GPﬂEﬁ)und | The
meso-tartrate, as prepared in example 9a, is crystalline (XRPD) - see Figure 12. It has a melting point
of -164C. The solubility in water is -0.7 mg/ml. Exdample 10a Preparation of L-(+)-tartrate of compound
20 11.1 nil of a 0. 30 M solution of 1-[2- (2 4 Dlmethylphenylsulfanyl) phenyl]piperazine in acetone
was treated EERNIDE giam Cheractarisa pipagedane. The mixture was stirred at
room tempergu e, far20 e{pwﬁ%@iqﬂ @gawlg;femao ee&%@ﬁmte@mhé}cesé@hﬂ@wﬁnﬂ yiashing first
with 5 nil acetone and then'3 nil diethyl ether achievéd the product as a white solid that was dried in
vacuum (50 Gy Eiggatomgat 1112 2 AhoirpbinibhanyisenianyopHeRy I 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 I0b Characterisation of the
L-(+)-tartrate‘o¥edt Y cponateaiaetoomuponndd example 10a, is crystalline (XRPD) -
see Figure 131 1tﬂaa5fa medtmgspmn@@fafﬂmﬁhg@wu@dgudﬁwamﬁags)@tfélwg{ﬁyeMQeZOOWIMOOS
PCT/DK2007/050075 36 Exam 1:1' reparatlon of D- (;ﬂﬁ rate of co End 1 11.1 nil of a 0.30 M
solution of 1-f2 ﬂ&%.ﬁf’étﬁyfﬁ% L?a ARSI BT tohestohe WasEkfed With 0.5 gram
D-(-)-tartaric adidueissadveidrid bt mzlmaiﬁmel alire (idlunemes giiried ﬁhr@opﬂetemeﬁatu re for 30
inmates durln hich p itation to k pI ce. Filtratio and wa (gl f|r$ cetone and then
3 ml diethyl et e%g %ngﬁelc?égt e an %rsvtﬁléﬁs% Ov%?algn |n vacuu ng @) over night. 1-
[2-(2,4- D]memytbheﬁylmmdyt)t phemn]pﬂpemlztﬂnfe Dag-Yutartamic aoichwa$ iKolated mglt.d gram (68 %).
NMR compli § Y&'Q‘ﬁ e %ﬂghﬁl?m&‘&‘}ﬁ%‘é@ﬁpﬁs&%ﬁ( mc%bz ?z%)yfc ag’ g%% gsotlgt(n):@/irflor a1:1 salt

58.91%C, 6. 5%N 6.29%
1.4 gram (93 %). NMR complies with structure. Elemental analysis: 58.58%C,

6.29%N, 6.40%H (Theory for a 1:1 salt: 58.91%C, 6.25%N, 6.29%H)

15 Example 9 Characterisation of the meso-tartrate of compound ]

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-{H)-tartrate of compound |

20 11.1mlofa0.30 M solution of 1-[2-(2,4-Dimethyiphenylsulfanyl)-phenyl |piperazine
in acetone was treated with 0.5 gram L-(-+)-tartaric acid dissolved in 5 ml acetone,
The mixfure 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 mght. 1-[2-(2,4-Dimethylphenylsulfanyl}-phenyl|piperazine (+)-tartaric acid
was 1solated in 1.2 gram (81 %). NMR compiies with structure. Elemental analysis:
38.86%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 1

30 The L-{+)-tartrate, as prepared in example 10a, is crystalline (XRPD) ~ see Figure 13,
It has a meiting point of ~171°C. The solubility in water is ~0.4 mg/ml.



Example Il b Characterisation of the D-(-)-tartrate of compound | The D-(+)-tartrate, as prepared in
example | la, is crystalline (XRPD) - see Figure 14. It has a melting point of -175C. The squbiIity in
water is -0.4 n;)q/n(t)l /15ﬂ%xample 12a Preparation of sulphate of compound | 11.1 ml| of a

solution of 1- &’ 4510 ’thylphenylsulfanyl) -phenyl]pipera.zine in acetone)wag]ﬁzé'gzédﬁwm 2. 2 ml of
a 3 M solution of H2S0O4 (aq). The mixture was stirred at room temperature for 30 minutes and then
on ice-bath for another 4 hours before precipitatiéf took place and was finalized. Filtration and
washing first with 5 20 mi acetone and then 3 ml d|ethyI ether produced the product as a white solid
that was driegki : 413 NpetHYIbhenylsulfanyl)- phenyl]piperazine
sulphate wasw@lﬁtte(ptw&ﬁw@mﬁ%‘tfot Al M»&Q@me @’q‘}pwgt?ett%t @Jaaﬁe'yS's
54.53%C, 7.22%N, 6.28%H (Theory for a 1:1 salt; 54.5 07% 1 0% Example 12b
CharacterisatioH e i s prites afigb?rﬁpadﬁa@-tﬁé@éﬂﬁﬁ&eﬁ gisprasdrad |ﬁ1@(3§t‘ﬁﬁf‘e by, is

crystalline (XRRI}e weeskigura: kook tBﬁ@@rdﬂ@&Uﬁﬁ mﬂmteétaﬁﬁﬁagT\k}ﬁlaptq’@Htg{thater is -0.1
mg/ml. 30 Example 13a Preparation of phosphate of compound | 11.1 m] of a 0.30 M solution of

1-[2-(2, 4 Dint M RTE STV AR D R UTSip TR iR 5|H156%%W€ s b Wikl 265 9% HaPO4
(aqg). The mlm@wastat@teduat 19amMmMIO:300 1144008 RETH 1K20017 (350QT 2varigmperature for 30

minutes dun tlon t a ratlon and hing first with 5 ml acetone and then 3
ml diethyl et (ﬁi@eaﬁ?ﬁ ddsucgmﬁga efgd’f:daﬁta wa ?jﬁq‘éi it ac%lg K (l)mé Gver night.
1-[2-(2,4- Dlm@th;dphwspﬂ‘am)ephmgdﬂpmﬁranrwmm&ﬁplﬁnateammtaﬁd%“/&(% gram (94 5 %).

NMR compli ggl}\lnqggég ﬁ@g{;ﬁg ng % 5%6%%&&2?/%&0/%'\599‘% %H (Theory for a 1:1 salt:

54.53%C, 7. aracterisation of the phosp te of compound | The
phosphHte, as prepared in example 13a, is crystalline (XRPD) see Figure 16. It 10 has a melting point

of -224C. Th%}éﬂ%@d”ﬁﬂ” MRGE IS HLMIABE the D-(-)-tartrate of compound [

The D-(+)-tartrate, as prepared in example 11a, is crystalline (XRPD) — see Figure 14,

It has a melting point of ~175°C, The solubility in water is ~0.4 mg/ml.

15 Example 12a Preparation of sulphate of commpound I

11,1 mlofa0.30 M solution of 1-[2-(2,4-Dimethyiphenylsulfanyl)-phenyl]piperazine
in acetone was treated with 2.2 ml of a 3 M solution of H>804 (ag). 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 |

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 mlofa0.30 M solution of 1-[2-(2,4-Dimethylphenylsulfanyl}-phenyl]piperazine

in acetone was treated with 0.2 ml 65 % H;PO. (ag). The mixture was stirred at room



Example 14a Preparation of nitrate of compound | 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 of 16.5 M
HNO3 (aq).l_}ﬁtga E}B%EHES was stirred at 15 room temperature for 30 minutes durinz Whigh{ﬂ?_recipitation
took place. Mration an ‘washing first with 5 ml acetone and then 3 ml diet‘ﬁ%@ﬂ% ?“6’:‘?'88 Ced the
product as a white solid that was dried in vacuum (50 C) over night. 1-[2-(2,4-
Dirnethylphenylsulfanyl)-phenyl]piperazine nitrate3¥as 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, 6.43U6RPIERRIpIR T ChavaeR HdedbRA oFitia inttdes o Plspdtiatiammné nitrate, as
prepared in examiple ddawisnctystaling RE Bkn SSR1IFGHE Ll flogs.aotnpib Bt degomposes
under an exothermic reaction at about 160C. The solubility 25 in water is -0.8 mg/ml. Example 15
Tablet The eXaWpHRed HEIBIWERSHEEBrEaefEiAY skampiedighhdu ibiéts comprising compounds of
the present inualiipn iRy Relprepaieda Fhsiketaifermiethedvdromide. 8% saithasheen used in all
examples. W( 2]%%[7‘5&44005” PCT/11K2007/050075 38 Example 15a 63.55 g of the hydrobromide
salt, 92365 fﬂ B BB G C P60 § Klon VA WEAS Hrked for 2
minutes in arThiasyad R I highitshean tmixer.0aan, iogreten speed of 1000 rpm. Next, the speed of the
impeller was lowered to 800 5 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
4000 pm. Thexgrapiglé3hwérbadrigdisateb passed threpigicaSievepsiznd 710 m. 1383.5 g of the resulting
granules werg,mj ith igel PH200 ¢ 6 - .i-Sgk g)wi lubrication of the blend
by mixing wit h%%g%%ﬁ’\géq%e%?&# Q}é%%ré%ée ?ﬁ%ﬁ@ﬁa g%%l er A??edr%ﬂvev sIt{r%?\ éeﬁ:gq Scaf ag?et press.
Tablets! Ravirigse taxeng orenveigREatC20bamglaindita diaretersof 8wamwere prepared to obtain
tablets with a target content corresponding to 5 rug of the free base.

Example 14a_Preparation of nitrate of compound 1
11.1 ml of & 0.30 M solution of ]—[2—(2,4-Diméthy1phenylsulfany])»phenyl]piperazinc
in acetone was treated with 0.2 ml of 16.5 M HNQO; (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 salt: 59.81%C, 11.63%N, 6.41%H)

Example 14b  Characierisation of the nitrate of compound 1

The nitrate, as prepared in example 14a, is crystalline (XRPD) — see Figure 17. It does
not meit but decomposes under an exothermic reaction at about [60°C. The solubility

25  inwater 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.



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 PPI high shear mixer at an impeller
speed of 10%) rgm,?}}l%a,ithe speed of the impeller was lowered to 800 rpm_and 210 gswager was

. S 5

added during t?1e CorSe of a minute. Massing was performed for 7 minuted aHd THE ¥ Bmﬁg granules

were passed through a sieve, size 20 4000 pm. The granules were dried and passed through a sieve,
size 710 pm. 1386.2 g of the resulting granules wire 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 trdBsfeied 83 a tablet press. Tablets having a target core weight of 200 mg and a diameter

of 8 nun. wergsprepajedda abiain taplelsWish-adaroel SoRIeN 40 Lo PORAINGe-R 3 of the free
base. Example 15e 32.2 g of the hydrobromide salt, 944.82 g Lactosum 350M, 472.4 g corn starch

and 76.0 g KObdA VRSP Weta hiiketisres fRintiteeieainppsiaspPALhilisRrBsH HiXEF 30 at an
impeller speed af R0 Eppdiext, e spaesofthe:impeller wasiuered 1018QQ:pm angd 220 g water

was added during the course of a minyte. Massing was performed for 7 minutes and the resulting
cranulos werd BAEEb T FoLGH  SeUE S 2N GO ERADOS PCHONEDEHO8007S 36 4000 m. The

granules wergetideciaindpassedhiodgheasieiingsizandlto werd i@l ahrthgiresidtinggeanules were
mixed with 490, Avicel 11200, and. 00 0, Ac-Di Sol._Ellowing lubrication gf the blepd by mixing with

15 g magnesium stearaté fhe powder ransferred to a tablet press. ving a target
core weight eff5h208smyrangt andimmete mofk 8dnwithwidke gprepareBHotobtadnstaplats iithoa target content

correspondi ; f the fire- hase, 15d 5 of t %h robromide salt, 953.00 g
Pearlitol Soc?l,g%ﬁg%a./zﬁzégg(:bgr%g@z}rgiR‘a%hsg%i%x %T]glgl&%%ggg iggﬁi %\I/%%e rrlr%/i%g #)%r gminutes in an
Aeromatic-FiptdeteP Mat Mightrehdarredises sabéet mq@el@@p@é@‘dﬁa@ompmpmm,ightaoﬁpc_eed of the
impeller was s {gyygred, 0, 3PMAM Ang A LRf LNpIetES RAdedtling dhe Goutse af.a minute.

corresponding to 5 mg of the free base.

Example 15b
I35 317.75 g of the hydrobromide salt, 754.15 g Lactosum 350M, 377.1 g comn starch and

76.0 g Kollidon VA64 were mixed [or 2 minutes in an Diosna PP1 high shear mixer
at an impeller speed of 1000 rpm. Next, the speed of the impeller was lowerad 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 pm. The granules were dried and passed through a sieve, size 710 um, 1386.2 ¢
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 mim were prepared to obtain tablets with a target content

25 corresponding to 25 mg of the free base.

Examp_lé 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



Massing was performed for 7 minutes and the resulting granules were passed through a sieve, size
4000 m. The granules were dried and passed through a sieve, size 710 15 m. 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 mix‘ﬂn% WA 1t 6a g magnesium stearate the powder blend was A< Y Biblet 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 #fig 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 minutesHpan meldmaticurpsderrivizd anigpasshe dirmigbraaiois.inpelled Bpedd 6f4000 rpm. Next,

the speed of fheimpallerWamneoenered 10.8904mm %%a-ﬁﬁfgzwﬁ;ﬁawg addsggyring the course of

a minute. Massing was performed for 5.5 minutes and the resulting granules were passed through a
sieve, size 46083 B Yisttiffe S (Herdline P urtpassad thrcLa s &isve stepec7the m. 1200.3 g of the

resulting grapgles.weke mixed:with-A28 & 9 AMicehrRE208 1rRd 68,099 Rrimaisl. Faliewing lubrication
of the blend t?sg mixing with 8.8 g 30 magnesium stearate the powder blend was transferred to a tablet

press. TabletPRAWLedigatEore HamInt o T0ePaFd L ARMHEEPEIS i AR HFelaRd to obtain

tablets with adiasgei:epntantcorresfandingiesd 0 mg of the free base. WO 20071144005
PCTJDK2007JO50075 40 Exam Ip e 15f 504.85 g of the free base, 552.95 g Pearlitol 50C, 276.53 g
corn starch and 65.7 g Kollidon VA64 were mixed for 2 minutes in an Aeromatic-Fielder PMAL1 high
shear 5 mixékatraiiifdeller speed of 1000 rpm. Next, the speed of the impeller was lowered to 800

o e 182 QU IR D S LA S e bt 5
dried and pag8ddatKralighna\sidvey sizen?kd for 226007y iofath& casultingFgrainu e e tégmixed with
ﬁqujﬁés?uﬁ:/ig@aﬁ? H20Q and, (A e ELMpIRb b AlRwvIag [upicglion & dhe Blend Ry ixing with 8.92 g
lowered to 800 rpm and 241.87 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 4000 um. The granules were dried and passed through a sieve, size 710
15 pm. 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 biend was transferred to a tablet press. Tablets having
a target core weight of 125 mg and a diameter of 6 mum 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 PMAT high
shear mixer at an impelier 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 mirutes 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.



stearate the powder blend was transferred to a tablet press. Tablets having a target core weight of
250 mg and a diameter of 8 mm were prepared to obtain tablets with a target content corresponding
to 50 mg of the free base, 15 Example 152 135.23 g of the hydrobromide salt, 863.2 g Pearlitol 50C,
432.69 g corlf S AHE" 70.66 g Kollidon VAG4 were mixed for 2 minute ST AHARI T4 -Fielder
PMAI 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 diffing the course of a minute. 20 Massing was
performed for 5.5 minutes and the resulting granules were passed through a sieve, size 4000 m. The
granules were dried and passed through a sieve, size 710 m. 1200 g of the resulting granules were
mixed with 4?8';%%2%4\5i@el 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

a target core Weéigheost 100 g kaie 4-didhetBewsh® niitwere preparedstordbiaihtablets with a target

content of COeRRAAAINELIARBGHAINE fres base: FXAMRR HaNSF84.0h 8 Nygipbiomide 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 PPI Hijkcsear iivelidisarcdApee? spaetiort1boongsih odrinmelipess srseimpeller was

lowered to 800 gpmMpanehio D aken was atdeddwingihe saurse: oh aminuigMassing was
performed for WO 2007/144005 PCT/DK2007/050075 41 5.5 minutes and the resulting granules were

passed throui ATBIEVdsiye BEBERANT HE GratHURsserdaned St radhe b ot Siéve, size 710
m. 1325 g of4he0 [esuitingegranuiessvedaamixedpaite G3tA2igaAWee] #4200 and 854F g Primojel.

Following lubrication o, Ihge blend by mixing with 10.64 g magnesi earate the 5 powder blend was
transferred t6 %5’%36%’%1 prag &y ?(%t%;vcﬁ%\l}?h%e\%%t é‘ff %gaegmgélé%jgf%%ﬁl@%% rid a diameter of 7 mm
were preparatitocpditdinitabletsiwitivaitargéticomtent bgoriesponding.fa b mg:ofdhe:free base. Example
151 10 2290.,0,of the usligRimice, 521358 9 81EIaus caloimvsirogen phgsphate

core weight of 250 mg and a diameter of 8 mm were prepared to obtain tablets with a

target content corresponding to 50 mg of the free base.

I5  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 PMAI
high shear mixer at an impeller speed of 1000 rpm. Next, the speed of the impelier
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 granuies were passed
through a sieve, size 4000 un1, 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 ¢
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 a2 minute. Massing was performed for



and 8783 g of corn stach and 1510 g copovidone were mixed for 3 minutes in an Aeromatic-Fielder
PMAIOO high-shear mixer at an impeller speed of 200 rpm. Next, 5130 g water was added during the
course of 2 n‘gjn%%%lahggjmpeller speed of 150 rpm. Massing was performed for 15 minutes and the
resulting granlﬂes were paassed 15 through a cone mill operating at about ff&énﬂﬁ%ﬂﬂwm‘g%creen, 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 gtanules 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-2B0y AisgadBiits stdagatenhle DopoREierbibrsles icansterdddd amablet press.
Tablets having, a jargatcareveight ok dpld?sém&ug@h a diameter of § i wese, prgpared to obtain

r

tablets with a tar?et content of the hydrobromide salt corresponding to 5 mg of the free base. In

addition, tablEtE HAZEGRIET Jer e S SHeg it O 2Boawy b didhiet? di 8 aitfiwmiee prepared to

obtain tabletg-yitiwatarast centent oktbraydyabramide salbcoriesponding e dmgn5 of the free
base. Example 16 Pain Effects in the mouse jntradermal formalin_test In this model, mice receive an

injection-bf FAMRAIRR (BB BRI thiS R HRE Haw! PR et LH9SEErBy YRR fialin injection
elicits a charaotesistic ip haisien 36 behawiaurals paperseBsHiianitied hythetamawohehktime spent
licking the injurlerd av%_ The -r%()p@%g -0-.10 minutes) represents direct chemical irritation and

nociception, Whereasthe S&adha %l%‘?ﬁ'es) is thought to represent pain of WO 20071144005

PCT/DK2007/050075 42 neuropathic origin. The two phases are separated by a quiescent period in
which behawi Uy retuyas to normal. The effectiveness of test compounds to reduce the painful stimuli
is assessed %'co%mmg the amount of time spent licking the injured paw in the two phases. 5
Compolfhds $t%he presdntiindahtionishowed & signifidantroadgetitmirzécgand phhagegain scores

(Figure 18D) ;inpicaling #iliGacy A0aNsY B’%”gﬁﬁ&%%%@&@ﬁﬁ%d Rirthgrmere fheg compounds of the

present invention showed a significant reduction in the first phase scores (Figure 18a), indicating a
more analgesieraeios-atelderighese0 high-shear mixer at an impeller speed of 200 rpm. Next,

5130 g water was added during the course of 2 minutes at an impeller speed of 150
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
screer, size 2.388 mm. 28747 g of the resulting granules were mixed with 11250 g
microcrystalline celluiose, 1350 g sodium starch glycolate (type A) and 1800 g talc.
Following lubrication of the biend 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 {ree 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 ofthe free base.

Example 16 Pain Effects in the mouse intradermal formalin test

In this model, mice receive an injection of formalin (4.5%, 20 ul} 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 injurcd

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



dose. In summary, these results indicate that compounds of the present invention are 10 likely to be
effective in the treatment of pain disorders. Example 17 Br Pd2dba3 Br SH DPEPhos S + KOBut
Toluene 100 C 20 g 2-bromoiodobenzene (71 mmol) and 9.8 g 2,4-dimethylthiophenol (71 mmol) 15
were dissolvE& it 106 #itoluene. The solution was purged with nitrogen bg/ﬁT@)g%@7H‘ﬁ§(5ﬂ2dba3
(0.35 mmol; I mol-%) and 381 mg DPEPhos (0.71 mrnol; | mol-%). The reaction mixture was stirred 5
min during which the colour changes from. dark-réd to orange. Addition of 8.7 gKOBu" (78 mmol) took
place and a heterogeneous mixture was formed instantly. The suspension was heated to 100 C under
nitrogen. Aftéclr2parvtietienmikie fe was sy cled to02Ghhd stinestfof Pehiodns béfote filtering the
mixture thoughya.pad ofGRilte, Thsderrakpuaswasheduith 2 xa04nldqlugne and the combined
filtrates evaporated to 21. g of a orange-reddish oil (99 % yield) that proved > 96 % pure on HPLC
and GC-MS. IZ5E%afiplel 18Bicrsdhar SinSH hrEmiss & tukopy! Tislienée1io0redvo
2007/144005.RCTH K200 ¢0R0075 43 500 ml toluene was placed in a IL three necked round bottle
with a mechanical stirrer and added 203 mg Pddba2 (0.35 mmol; 0.1 mol-%) and 760 mg DPEPhos
(1.5 mmoal; 0.4 mol‘BYPPHEGAkPEdSSfHiGH WAS HHGEAHENtHSGRI fFaR S AMAEES Wéfore 5 addition
of 100 g 2-brpragigdabenzene (323 nymothaineh #8.9r8cdc4-against pain of neuropathic origin.

Furthermore, the compounds of the present invention showed a significant reduction
in the first phase scores (Figure 182}, indicating a more analgesic action at the highest
dose. In summary, these results indicate that compounds of the present invention are

10 likely to be effective in the treatment of pain disorders.

Exampie 17
o % padoa, ar
‘ DPEPhos S
...{.... e
KOBut
Toluene
106 °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 Pdadbasy (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 |

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 o0il (99 % yictd) that
proved > 96 % pure on HPLC and GC-MS.

25  Example i8

B pddba, Br

SH % DPEPhos S

KOBU!

Toluene
100 °C



dimethylthiophenol (353 nm2ol) took place. Addition of 43.6 g KOBu" (389 nvnol) caused an
exothermic reaction increasing the temperature from 20 C to 36 C simultaneously with the formation
of heterogeneous mixture. The suspension was heated to 100 C under nitrogen. After 7 hours the
mixture was Sobied th' '€ and 10 stirred for 2 hours before filtering the miﬁﬁ%%Qﬁﬁwﬁ%{”Béd of celite.
The filter cake was washed with 2 x 200 ml toluene and the combined filtrates was evaporated to 104
g of an orange oil (105 % vyield) that proved 97 % $ture on HPLC and NMR conforms to desired
structure. The oil solidified during standing at room temperature. 15 Example 19 boc I N Br OC
Pdzdba3 CN rac-BINAP CN NaOBut N Toluene H 80 C, 15 hr. HCI (aq) MeOH 60CHCND S A

solution of 10;g5af #(giRreRAPanyisiamlAd:Aimeihyliasazens (34, mmal i aQ.ml dry toluene

was added 7 gram boc-piperazine (38 mmol), degassed with nitrogen for 5 minutes, added 312 mg

Pd2dba3 (2 riiul-o8sehdlé 3mehgdbie-BiRAPS WO pod 7 48008 Pag MTKPbov(d50075 144 mot-%),
degassed forcanathiers misuias hefarmeddings39rgramBLaathm nob,apdhgated to 80 C for 15

hours. The reaction mixture was cooled to RT and extracted twice with 20 ml 15 % brine, dried over
Na2SO 4§ ad&gé%ﬂ%ﬁ,folag? I%ﬁ-LBEQH}modobenzene (353 mmol) and 48.9 g 2 ,4-

dimethylthiopheno! (353 mmol) took place. Addition of 43.6 ¢ KOBu' (389 mmol)
caused an exothermic reaction increasing the temperature from 20 °C to 36 °C
simultaneously with the formation of heterogeneous mixture. The suspension was
heated to 100 °C under nitrogen. After 7 hours the mixture was cooled to 0 °C and

10 stirred for 2 hours before filtering the mixture though a pad of celite. The filter cake
was washed with 2 x 200 ml toluene and the combined filtrates was evaporated to 104
g of an orange o0il (105 % yicld) that proved 97 % pure on HPLC and NMR conforms

to desired structure. The oil solidified during standing at room temperature.

15 Example 19

tlaoc:
N
o L. Pdaba, [ j
9% Lac-BINAP .
S N NaOBu! _
+ [ j . S
N Toluene
b 80 °C. 15 hr.
HCI (aq)
MeOH
60 °C
H

N

.
Joge

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 nunutes, added 312 mg Pdadbas (2 mol-%) and 637 mg rac-BINAP (3



for 15 minutes, filtered though celite and evaporated to 14.2 gram of brownish oil. (4 5
[2-(2,4-Dimethyl-phenylsulfanyl)-phenyl]-BOC-piperazine) having a purity of 95 % determined by
NMR. The crude_ oil was dissolved in 200 nil MeOH and 20 ml 6M HCI (aq.) and refluxed for 1 hour
after which HEP 'SHBHA funl deprotection. After cooling to RT the metha ST WHEPABIEE by vacuum
on a rotary-evaporator, 20 ml conc. NaOH (pH was measured to 13-14) was added after which the
mixture was 10 stirred 15 minutes with 100 ml Et@Ac. The organic phase was collected and extracted
twice with 30 ml 15 % brine, dried over Na7S0O4 and added 5.2 g fumaric acid (44 mmol) in 30 nil
McOH. Duringiieatiréy tosrefldrramhso Jensuscs bieftionatbling 3r8mrawhiciNea@itl precipitation takes

place either duying furtherheating of Lneo %@'@@9@%&&%@&@%@%@8'#@?@% washed with 20 nil

EtOAc and 20 nil acetone, dried in 15 vacuum giving 9.3 gram o
1-[2-(2,4-Dirrféftﬁwiﬁﬁémq%&{fﬁh%Iﬁh%%]hm@réﬁﬁgeo‘fw%@(zédﬁ%@bm'a@h whiteepowder in 66 %

overall yield hgvirst:aRARERR iR LG M Exprrpie 20 H Brhee Rdibag GNR (SHBrNTE +1
N/ (\f\20H 1006g 1,2-dibromobenzene %424 nmnol) and 58.6 g 2,4-dimethylthiophenol (424 nmiol)

are dissolved T 800 RCIBY @hen R LB ItBRIRYD U WA TS0 &4 HRtsreur!s of Béidbar (8 nmiol; 2
mot-%) and 1Brahiiae BINAPR2ih8enal: DimekX)ksbhedreantiom mikore isstirad eynin during which
the colour chﬁlrggzs f&om daék-r%? _ oj orange. A}?)&dég%%}%% g _Ngﬁ,@ut (636 mniol) and 200 rat
toluene took Piacs and™s REHRYSHISH hiixtare U HSANntY (PR SALNRHSIGR was heated to
80 C under ritrogerto Affethd bours theampiurecishsoalecitn 60 L-hefore adding aslury of 102.6 g
boc-piperazing (534, NPh AN ANOIELE 9 NER T, (RSNIMRA0Q.MLING 20971144005
16 stirred 135 miinutes with 100 mi EtOAc. The organic phase was collected and extracted
twice with 30 ml 15 % brine, dried over Na;SO: and added 5.2 g fumaric acid (44
mmol) in 36 ml MeOH. During heating to reflux 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 BtOAc and 20 mi acetone, dried in
13 vacuum giving 9.3 gram of 1-[2-(2,4-Dimethyl-phenylisulfanyl)-phenyl]-piperazine
fumarate (22 mmol) as a white powder in 66 % overall yield having a purity of 99.5
% by LC-MS.

Example 20
H
N

Pddba,
Br ?OC rac-BINAP
A SH B N NaOBu! N
i! 4 + [ j 8 :
= N Totuene \©
H
100 g 1.2-dibromobenzene (424 mmol) and 58.6 g 2,4-dimethylthiophenol (424

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

20

reaction mixture is stirred 5 min during which the colour changes from dark-red (o

25  orange. Addition of 61 g NaOBu' (636 mmol) and 200 ml toluene took placé 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



toluene. The reaction mixture was purged with nitrogen before adding another portion of 4.6 g Pddba2
(8 nimol; 2 mot-%) and 13.1 g rac-BINAP (21 nunol; 5 mol-%). The mixture was heated to reflux this
time (110 C)\{% %r}oftlrﬁgoﬁ hours or until HPLC shows full conversion. The reaction mixture was
cooled on icé'for 2 hours before 5 filtering the mixture though a pad of celitBE YREFHIIEMUKE is washed
with 2 x 200 ml toluene and the combined filtrates evaporated to 242 g of red oil. The oil was
dissolved in 1000 ml MeOH and slowly added 113l 48-wt% HBr (aq.) followed by heating to reflux
for 2 hours after which full deprotection was detected by HPLC. The mixture was cooled, added 1000
ml EtOAc anéPii i OH sheiioremishied hosto esrtpsrbtioho st hidpronddion b eedivsed a
precipitation. ptirdncowas. contiuad: atdeomtemperatuse fongpqurshefare legving the.slurry in the
freezer overnight (-18C). Filtration and wag;hinz twice with 200 nil Et20 produced 172 g brownish

solid after drfHEfHeVERLRERA S Yo st 5 sGiidawagerberadovith a380 AT b6iling H20 for 1
hour before gpeled gl rear-tampeanatuadosPRotnet 2hows ko Rilteringans Arying:dn vacuum at 40 C
overnight produced 98 g of 4-[2-(2,4- Dimethyl-phenylsulfanyl)-phenyl]-piperazine hydrobromide (61
%). Exampld'Bi e BIPOBE BrdBaue RiE PhEBINAR S TIgas T el 8194 NP4 Blliene H '~& 20
102 g 2-bromohietobenien@fdtz-omieland Hbaddimethithianiienol(3t2vanmol) are dissolved in

1000 nil toluene. To this soluti adde 819 - pipe ing 4 mal).f Ilowggby 2.08¢g
Pddba2 (1 mc({)] /o(}héendlﬁ.@ﬁ %l}a@f}%% 1%2(; o %&%&%&}@é\‘fvg& é@rﬁl@&%ﬂﬁ%‘i‘f?g en for 5
minutes beforezadditgrallstufny dh@ispNa@Buth( 905damobcii30tmidieluehty HIE Suspension was
heated to 10 r ndtr verniaht -A-GCMS analysis,showed full conversion into the
intermediate%’%o@&%%S%ércé?%%@%%éﬁﬁgﬁaﬁy -(i,a %ﬁﬁ%ﬁﬁ%ﬁ%@h&e (Qir‘fg e

10 evaporation. Addition of 1000 mi Et,O caused a precipitation. Stirring was continued

at room temperature for 2 hours before leaving the shurry in the freczer overnight
(-18°C}. Filtration and washing twice with 200 ml Et,O produced 172 g brownish
solid after drying in vacuura at 40 °C., The brownish solid was treated with 1500 ml
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-
Dimethyi-phenylsulfanyl)-phenyl]-piperazine hydrobromide (61 %).

Example 21

H
N
Pddba,
Br BOC L ac-BINAP
SH | N NaOBu! N
- - S
N Toluane
H

20 102 g Z-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 mi 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-



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 WO 2007/144005 PCT/0K2007/050075
46 phenylsu -ph ]-piperazine). The reaction mixture was cooled on ice for one _hour before
filtering the m%!r?%ﬂ 4I@%Iter cake is washed with 2 x 200 ml toluene and]%é¥ TECOMIBNET filtrates
was added 80 ml 48-wt% HBr (ag.) followed by heating to reflux for 18 hours after which full
deprotection was detected by HPLC. The 5 mixtuf®was cooled on ice for 2 hours and filtrated. The
brownish solid was dissolved in 1000 nil boiling H2O for 1 hour together with activated charcoal (25
g), filtered whEHGHERE IeR e eboP THe BrcibiateafiHy: airdBta avBy et on dsdergifg in vacuum

at 40 C overnightireduead 49 tohd:lR:2 frPimethukphe pylsidianyhophenylpipgragine
hydrobromide (36 %) as a white solid. 10 Examﬁfle 22 Br Pdzdba3 Br DPEPhos oSH / KOBul

Toluene 10G°E4iP Nie pehissd Biraiss T4e-HINEABINTS ERY 1B (AN 13l0eRe br @218 hr. 15 500
nil toluene was plageehin 8 Hduthrgeerkadinueg-betipnvith aineshapicalrtirern.and added 809 mg

Pd2dba%v(0.88,nutiol; 0.5 mol-% ,ang 9éﬁhm DrP&Ehos %1.77 mmol; 0.5 mol-%), The dark-red
colution wras BURER Vit AASEN 108 AL BB Sk PP T G AR ioHh BEhrene (353
mmol) and 48:9% @08 4 boiling H»O for 1 hour fogether with activated charcoal (25 g), filtered

while hot and left to cool. The precipitate was collected by filtration and drying in

vacuum at 40 °C overnight produced 49 g of 4-[2-(2,4-Dimethyl-phenylsulfanyl)-

phenyl]-piperazine hydrobromide (36 %) as a white solid.

10
Example 22
| o B p,dba, Br
| BN f DPEPhos S
..;,..

= KOBu
Toluene
100 °C

Pd.dbay ( j

Br
boC e BINAP N
| RN S\© [N] NaOBut g
i - oo
o
N Toluene
H

8C °C, 18 hr.

15 500 ml toluene was placed i a 1L three-necked round bottle with a mechanical stirrer
and added 809 mg Pd»dbas (0.88 mmol; 0.5 moI‘%).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 KORu' (389 mmol)

20 caused an exothermic reaction increasing the temperature from 20 °C to 42 °C
stmultaneously 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-

phenylsuifanyl)-2.4-dimethyl-benzene. The mixture was cooled to 40 °C, added 600



dimethylthiophenol (353 mmol) took place. Addition of 43.6 g KOBut (389 mmol) 20 caused an
exothermic reaction increasing the temperature from 20 C to 42 C simultaneously with the formation
of a heterogw&ous mixture and the colour changed from dark-red into oranﬁgf/brownish. The

i CRHBHE

suspension was eAted'’s 100 ¢ under nitrogen. After only 20 minutes a i
conversion into 1-(2-Bromo- phenylsu Ifanyl)-2,4-dimethyl-benzene. The mixture was cooled to 40 C,
added 600 WO 2007/144005 PCT/11K2007/05007Y6 47 ml 15-wt% NaCl and stirred for 5 minutes.
The organic phase was separated and the aqueous phase was washed with 2 x 100 nil toluene. The
combined or@énlié“ﬁfﬁ%@@&/@?ﬁé WasHder Withingesmi mvig@i¢atsscroesrresiadossN e, dried over

Na7S04, reflyxed.fosmla-minuesithagtivateshcherooal {101 Jiteirditwics, ansavaporated 5 to
107.3 g orange-red oil (103 W;{@that was found to be 98 % pure by HPLC. Asolution of 90 grain of the

orange-red ol (0¥ HHABIVIHISH6 Ml e TRl G3k)- L BS mbdéavb BEHECANETAANE Y307 mmol),

degassed withmikegesn for dimirvtesn addetd 4 aRdrdipz)(hhdmmablpdpelithand 2.9 9
rac-BINAP (4.6 r¢1miol; 1.5 mol-%) dep%assed for another 2 minutes before adding 35.4 gram Bu ONa

(368 nurtol) 18 & e Afae 80 LI 8P Stivs BB PE L R R d%hih RUVEr&b and the reaction

mixture was cooled AosRlsifittereh andribe fileraakervwas washadhwith2 50000 ail teluere. The
combined filtrates Af/ga tracted twice V\(ith]g(a 50 ml 15-wt% NaCl, dtriediovker a,504, added
charcoal, reflixed for mlf%rﬁlteg?ﬁﬂi’%?%élflv%i e aﬁgn%\)a%e %stsecg {0 4?6.1?06?5&95 BREWIEN oil
(4-[2-(2,4-Dirndthy 1t phe byiisiifany 3Lmmphety) :BOC pipdragine)z-FAENKRAE. 6ihvas: digsolved in 300 ml
McOH and 2 6 ).an( uxed for. 1 hour after which HPLC (. full deproteetion.
After cooling%()%E#%h%#%&@r%Ia\%v%%gr%%néglgéew ?/%:%%(r%hg %g?rig Trﬁ%e%%%\tﬁ{% 288ml conc. NaOH
(pH wasineasdrbektod8-34 Y why d8dedraftd vihidlethd Mmiknme apasnstiviebiciSariinutes with 1000 ml

EtOAc. The organic phass.uas seesirganthaddeiactedth %’ﬁ@h%&zﬁvﬁ"@ bpfGydried over
Na2S04 and added to a solution of 46.3 g fumaric acid (399 nimol) in 300 nil McOH. The mixture was

heated to reff@lecodibe conbositEliperaareaierthibivisr ithe frééfenloVemiyhtieds C). The
precipitate wagcolegted, washedwith, 109 MLEQAGANH 109 mkasaione ndiied.n

evaporaied to 140.7 gram of brownish oil (4-[2-(2,4-Dimethyl-phenylsulfanyl)-
15 phenyl]-BOC-piperazine). The crude oil was dissolved in 300 ml MeOH and 200 ml
6M HCl (aq.) and refluxed for ! hour after which HPLC showed {uli 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 mi 15-wit% 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
vacuurm (50 °C) producing 103.2 g of 1-{2-(2,4-Dimethyl-phenylsulfanyl)-phenyi]-
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)-phenyi]-piperazine} using EtOAc/HaO/conc, NaOH, the
organic phase was washed with brine, dried using Na;SOy, filtered and to the filtrate
was added 34 mi 48-wt% HBr (ag.) 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 sturry. The final product (1-[2-(2,4-Dimethyl-phenylsulfanyl)-

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



vacuum (50 C) producing 103.2 g of 1-[2-(2,4-Dimethyl-phenylsulfanyl)-phenyl] 25 piperazine fumarate
(249 nnnol) as a white powder in 81 % overall yield having a purity of 99 % by LC-MS. The fumarate
was transfer, intq the free base (1-[2-(2,4- Dimethyl-phenylsulfanyl)-phenyl]% iperazine) using
EtOAc/HZO/é‘o%(%?N/al&(—}ﬂDthe organic phase was washed with brine, dried %ﬁﬁ%gﬂg Q10,71"“|"Itered 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 H20, Which upon cooling to room temperature formed a
slurry. The final product (1-[2-(2,4-Dimethyl-phenylsulfanyl)- phenyl]-piperazine hydrobromide) was
collected by fiftratied st dherohwhikupew ¢s0(WO 2007 2uapls PEIF/(w0T7AI50075 48 C)

producing 83;g6f white RRWEEI ({1 % pietthgverall), CHN (teo.) 56.99; 6.11; 7.39; CHN (found) 57.11;
6,15; 7.35. Example 23 H Pd(dba)2 /) Br H 100-BINAP N gr SH I N11 Nouene N Toluene H5815¢g

NaOBut (8,48 mol), 844 g Piperazine (9,8 mol), 6,6 g Pd(dba)2 (11,48 mmol) and 13,6 g rac-BINAP
(21,84 mmolgwergistirsed with 4 L toluene for 50 minutes. 840 g 2-bromo-iodobenzene (2,97 mot)
was then added along with 1,5 L Toluene and stirring continued for 30 min. 390,8g,
2,4-dimethylthiophenol (2,83 mot) was gg]%Ial 10 added with 1,5 L toluene. The sr@ nsion was heated
myhe eaction mixture was cooled down.gyer night. 2 L water

to reflux and reflyx continued for § hours.s
was added and-stirréd f ou orethle m|xturg was filttated through filter aid. [The filtrate was
then washed \A@fw?@ The combined wat as e tﬁeméd 600 ml toluene.
The comeined toluene phases were then heated1o~70C follswed

815 g NaOBu' (8,48 mol), 844 g Piperazine (9,8 mol), 6,6 g Pd(dba), (11,48 mmol)
and 13,6 g rac-BINAP (21,84 mmol) were stirred with 4 L toluene for 50 minutes,
840 g 2-bromo-iodobenzene (2,97 mol) was then added along with 1,5 L Toluene and
stirring continued for 30 min. 390.8g 2 4-dimethylthiophenol (2,83 mol) was finally

16 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 1. 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 mi 48-wt% HBr (aq.) and 164,6 mi 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
o, Pddba, [ ] ( ]
o rac-BINAP Br N N
‘ E\,@ N2OBu! ) 4
+ e —— —_— 8
Toluene Pd{dba),

rac-BINAP
NaOBuw

40,76 g NaOBu' (424,1mel), 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)-



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 % vyield). 20
Example 24 MH "B ¥t{8ba), Br N C1J c-BINAP ra N* SH | NaOBUA S B?Q—Tl’%{‘%"‘fﬁ‘fa%‘ﬁé Pd(dba)z
rac-BINAP NaOBU" 40,76 g NaOBut (424,Ilmol), 0,33 g Pddba2 (0,57 mmol) and 0,68 g rac-BINAP
(1,09 mmol) were stirred with 200 ml toluene. 42 §2-bromo-iodobenzene (362 nimol) and 19,54 g
2,4-dimethylthiophenol (362 mmol) were added with 50 ml toluene. The 25 suspension was heated to
reflux and reflkdpitindedevrac hihe. TariPD Orinaly sigs sholvddofBiT codvidision hteutte intermediate

product (1-(2qgepma-RhemIsuiamd LIMQ LD A4400pBGE/PRZORLOP0Y ), 42 2 o

2,4-dimethyl-benzene). The reaction mixture was cooled to RT and filtered through filferg’aid. The

filtrate was aBi#§Ee8a (HikidraBe 2ol s § ReOBU (22 amahrsty, BoSxegasiBErdAir{d £489,9 mmol), 0,33
g Pddba2 (0&48yRal aoe0.68-aracBINARE, 09 usnal) and heateddesetivaionheurs. The

reaction mixture was cooled down over 5 night. 100 ml water was added and the water phase
separated off! §He 'GryBhit Brales dfks ittt atRASEGRMifte P e it the it Y& WitsAHER washed with
3x 80ml brinevasThrecambisech witieraphasehweredberexitrciednyiha0 sl dolereselhe combined

i g
toluene pha were }hg \QEE%;% 1;%’ 70C and folltgwedgg%%?g%tlg}rfﬁ%%%? #?148%%?" Olglrjé?q.) and

8,25 ml water. The mixture was cooted” ?cr)er%lg}he eﬁ%tg
(1-[2-(2,4-Dimédibyd- pheeay Isattatiryl eyl |70t radifidiowed by addition of 16,5 ml 48-wt%

HBr (ag.) and 8,25 ml water, The mixture was cooled to room temperature over night.
10 The final product (1-[2-(2,4-Dimethyl-phenylsulfanyl)-phenyl}-piperazine
hydrobromide) was collected by filtration and dried in vacuum (60 °C) producing

40,18 g of off-white powder (75 % vield)

Example 25
H y

N
Pd(dha)
Br (dbai, B E j [ j
. rac-BINAP r N N
SHo NaOBu! s 5
N - —- S
Tokiene Toiuene

40,76 g NaOBu' (424,1mmol), 0,33 g Pddbay (0,57 mmol) and 0,68 g rac-BINAP

15

(1,09 mmol) were stirred with 200 ml toluene. 42 g 2-bromo-iodobenzene (148,53
mmol) and 19,54 ¢ 2 4-dimethylthiophenol (141,4 mumol) 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 ¢
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 mi toluen.
The waler 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 mi 48-wt% HBr (ag.) and 8,23 ml water. The mixture



hydrobromide) was collected by filtration and dried in vacuum (60 C) producing 40,18 g of off-white
powder (75 % yield) Example 25 H HN Br Orra- C CND rac-B IN AP SH I NaDIBu~S H S Toluene
e Toluene 1%6%7(9},/94]\4@08& (424,immol), 0,33 g Pddba- (0,57 nmsol) anPd %98 ra}c;BlNAP (1,09
mmol) were stirre With 200 nil toluene. 42 g 2-bromo-iodobenzene (148,5 ﬁwméﬁ’%é’ﬁ&%fa 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 HPLG#nalysis showed full conversion into the

intermediate product (1-(2-Bromo- phenylsulfanyl)-2,4-dimethyl-benzene). Reaction cooled to 50C and
42,2 g piperaZineMsbio I9eHbITHRAE WHGY dloHE Withe 1w hitttslued 1 -ihel mikinretivds heated to

reflux for 4 hausy i the-reaciamppdis-yvas eoaled: 1ok Qver HiabtoQ, miwaigLwas added and the
reaction mixture was filtered through filter aid. The filter 25 cake was then washed with 50 ml toluen.
The water pHa&& Waeeepae doruling dpghnid phagéifas 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 | _ d ml 48-wt% HBr (ag.) and
8,23 ml WaterE* FRR Rl et a8 asg g £ EIEEES OhES-Eoordto room
temperature pweimigit The final product (1-[2-(2,4-Dimethyl- phenylsulfanyl)-phenyl]-piperazine
hydrobromide) was collected by filtration and dried in vacuum (60 C) producing 46,8 g (87 % yield).

Methods

The animals were administered 1-[2-(2,4-dimethylphenylsulfanyl)phenyl]piparazine,
10 HBr salt.

Animals

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

were housed under a 12-hr hight/dark cycle under controlied 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 hypnornvdormicum (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 mum
posterior te bregma, lateral —5,0 mm, 7,0 mum 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 i length) was inserted through the guide cannula.

The probes were connected via a dual channel swivel (o a microinjection

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

30 NaCl 3 mM KCL, | mM MgCly, 1,2 mM CaCl, containing 0.5 uM 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



5 Example 26 Effects on extracellular levels of acetylcholine in the brain of freely moving rats Methods
The animals were administered 1-[2-(2,4-dimethylphenylsulfanyl)phenyl]piparazine, 10 HBr salt.
Animals Male S ra%]ue}-ODawley rats, initially weighing 275-300 g, were used. The animals were
housed undet 212, 4rd’hg‘]"lt/dark cycle under controlled conditions for regu%ﬂﬁql&%}(%/?é%ﬁerature
(212C) and humidity (555%) with food and tap water available 15 ad libitum. Surger; and microdialysis
experiments Rats were anaesthetised with hypno?m/dormicum (2 mi/kg) and intracerebral guide
eannulas (CMA/12) were stereotaxically implanted into the brain, aiming at 20 positioning the dialysis
probe tip in tHERERHSIThIBP SERrRE e OO rdimatsed S8t asoeterior teckhe grar, PAaral -5,0 mm, 7,0

min ventral to, dura) O ipha REe HIUAIn cRrEX (CORIHIRALes: B G0 NSRS ihipgme; lateral, 0,8
mni; 4,0 mnn ventral to dura). Anchor screws and acrylic cement were used for fixation of the guide

cannulas. THEBHAY tivRseptrE BT HESRMYRls was monitored by rectal probe and maintained at 25

37C. The rats wereg{loysaehtRiie cRvRIFEanh Surgerpion - deyss housed §iBslyain«aege3. On the day of
the experiment a microdialysis probe (CMA/12, 0,5 mm_diameter, 3 mm length) was inserted through

the guide canni& K& proBesersPtoiht etdua 4 LR A BhaRRSE WIS EPIBRY Wt Pihjection pump.
Perfusion of gdenmiaroetialysisqiobeonitls filleked Ringer solution (145 mm 30 NaCl, 3 mM KCI, 1 mM
MgClz, 1,2 mM CaCl2 containing 0.5 M 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 W 2067 /il 4400& 1 CIdDKRODZ/050075 51 stabilisation, the experiments were initiated.

Dialysates wers (:ce%llpagltgg in, Af nts the anlm%l% 3\]/vne]‘r_i%nsgaocfr|f|ced, their

brains removed, frozen ar?%@%ﬁé&q‘f%ﬁnﬁg%‘@ rﬁqﬁéf‘%‘gr%&%ﬁ ica |So£r111.1alySe

10 HPLC with electrochemical detection using a mobile phase consisting of 100 mM
disodium hydrogenphosphate, 2.0 mM octane sulfonic acid, 0.5 mM tetramethyl-
ammonium chloride and 0.005% MB (ESA), pH 8.0. A pre-column enzyme reactor
(ESA) containing immobilised choline oxidase eliminated choline from the injected
sample (10 pl) prior to separation of ACh on the analytical column (ESA ACH-250);

15 flow rate .35 ml/mun, 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
clectrochemical 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
expertment and data were converted to percentage of basal (mean basal pre-injection

25  values normalized to 100%%).

Results
The compound significantly increased exira-cellular levels of ACh in the rat
prefrontal cortex and the ventral hippocampus ~ see figure 19a and 19b.

30



The compound dissolved in 10 % HPbetaCD and injected subcutaneously (2.5 5 - 10 mg/kg). Doses
are expressed as mg salt’kg body weight. The compound was administered in a volume of 2.5 nil/kg.
Analysis of djalv cetylcholine Concentration of acetylcholine (ACh) in the dialysates was
analysed by%gor?ﬁﬁ 5 4(1%5 HPLC with electrochemical detection using a mg&%%#a%mé’g(ﬁ@sting of
100 mM disodium hydrogenphosphate, 2.0 mM octane sulfonic acid, 0.5 mM tetramethyl-
amnmonium chloride and 0.005% MB (ESA), pH 8. A pre-column enzyme reactor (ESA) containing
immobilised choline oxidase eliminated choline from the injected sample (10 I) prior to separation of
ACh on the apERRBaKCHIHANES ACNCPROTIONING Hid@lrate 0.35 ml/min, temperature: 35C. After the
analytical column thg,sampiR RAsABHhrauahaRoskealumpRselid Rhasg sqacior (ESA) containing
immobilised acetylcholineesterase and choline oxidase. The latter reactor converted ACh to choline
and subsequéfth i Bt shd Inpepzirrd 1Btiet vas detected electrochemical by using a

platinum electrode (#aabticaaalli &S posehsRid20Data:piesaniatiamstnigingle dnjection
experiments the mean valueﬂg 3 consgcutive ACh Samﬁ'ﬁylﬁefﬁ immediately preceding compound

administratiofr e r9d§ WLCHHE S8 A OV R lh a8 B PR RSB E Y percentage
of basal (me&nbasalspserinjaciianra? sivatuesdornalized e 100% ) Reswts, Thewdigound

significantly increased extra-cellular levels of ACh in tiﬁ% refrontal cortex and the ventral
ippocampud S 55 WLEIBR 0 0 3000 o0 B T BRBOu 080075 B Example 27
Contextual fearobrditionial ixpatss BHecconypbeindiacmidistkiedalncthes présentrexpertméritawvas 1-[2-(2
& dimethylphenyiehlBRYIRREDY ARIRRI9ZIAG T 57Ut 12 e sl 9 de S ghhgycompound on
acquisition, consolidation an

10 contextual fear conditioning has been thoroughly investigated and several studies have

demonstrated that the hippocampus and amygdala arc necessary for the formation of this
memaory | Hippocampus, 11, 8-17, 2001; J. Neurosci., 19, 1106-1114, 1999, Behav.
Neurosci., 106, 274-285, 1992].

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 subcutanecously, 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. Ilumination
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 frecly explore the novel

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

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



5 recall of contextual fear conditioning in rats. In the fear conditioning paradigm animals learn to
associate a neutral environment (context, the training chamber, CS) with an aversive experience (an

electrical fo%a%gl;ﬂ 4§35 During re-exposure to the training chamber, ani%gﬁl\%g%(%w@%ﬁ\yfrgezing

behaviour, which is taken as a direct measure of the fear-related memory ci., 15,
177-182, 1980]. The neuroanatomy of 10 contextual fear conditioning has been thoroughly
investigated and several studies have demonstratéd that the hippocampus and amygdala are

necessary for the formation of this memory [HP pocampus, 11, 8-17, 2001, J. Neurosci., 19,
1106-1114, 1555; B! Nedrdadia ‘i@é??‘?ﬂ-%‘sﬂ‘é@?}?‘f’&sﬂﬁiﬁféﬂg%ﬁbl“’dr%@‘énﬁléuIt male
Sprague-Dawiessfials fveighingidsinhmaldime afdnaining) dremiehatlesRives Laboratories,
housed two R\),egr cage unrder alzh Iight/%ar_k cchIe, were used. Food an'd water were available ad
libitum. Rats WEPEHEREH FHOEH AHEF St TS THe ‘ORTPOGRK WHL HISSBIGEREI T 98 HPbetaCD and
injected 20 subadtdneguslysilibel deuginabadministerst:ircgvatdme ok2o,mmiko: Appraratus Training
and testigug W(zr? conduc%ed ina si)undlproofi?hamber 30{@) X 40 cn %.h%used in an isolated room
and connectéd 16 & VERIA f%o%nglﬁé e fiIGRTmation vs wa FLSSfldié‘bo tﬂ}] [ WhitE ﬁW(GO Watt). The
floor of the chdimb24 bohsisted ofimahetalrgrid msattached itoatheledtricestackxgeirerator. Prior to training

and testing, the, ghambenwas cleanedwith .70, 6 efhanol solufion. 4 Mdeo,camera allowed for
behavioral observations and recording o the training Session for off-ine anaﬁ/5|s.p§8 cquisition and
retention testiDivingthekavquisitiohednimate e kslalicwedvio freetyl dxplyeltheindvedsenvironment for

i apatanaer o Ul SRUPURIRIER W s JIpscananie nlaraetyfiinggnaioned
stimulus, US) through the electrifiable grid WO 2007/144005 PCT/DK2007/05007/5 53 floor. The foot

shock H&d. aP§tifstion of 2 s and an intensity of 0.75 mA. Animals remained in the conditioning
chamber for another 60 s after the US. Freezing behaviour was scored during the first 58 s (pre-shock

acquisition; experimenter
Results and Discussion

Effect of the compound on contextual fear cognition in rats
The effect of the compound on contextual fear conditioning in rats was studied (i)
15 on acquisition (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 yehicie—treated animals}.

- The compound at 10 mg/kg significantly increases the time spent freezing
during the refention 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).

The fear conditioning model, as described in Figure 20, is a standard

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



blinded to groups) to determine baseline-freezing responses to the context. At the end 5 of the
acquisition animals were gently removed and placed into their home cages. After 24 h the same

animals Wer%@%gr,ﬁ Jg%d mtp the f(ralnlng context (fear condlthnlng chanﬂjg%r,é%?{%%gﬂmgn retention
test was performed. During this period no foot shocks were applied. Freezing behaviour was scored

during the whole test period with the experimenter blinded to groups and presented as percent of total
test 10 period. Results and Discussion Effect of th& compound on contextual fear cognition in rats The
effect of the compound on contextual fear conditioning in rats was studied (i) 15 on acquisition (drug
applied beford &EdaiSitiaT Higidaoty W@rﬁ%ﬁﬁé}gﬂ%@c@w&%@%ﬁm@@ jeJhe test, Figure 21) and
(iii) on consoligatienn@{s91apRict mmediataly after ﬁh@dﬁm@m%a@%@t@@ 1iRythe first set of
experiments, the compound (1, 5 and 10 mg/kg) was administered 1 It prior to the acquisition session.
Figure 20 deﬁ?%%ﬁ%t%ﬁgﬂﬁﬁﬂ@ﬁﬁlﬁé@ﬁ%6@%8%%%@&%% pshagBOR S BE¥80d shock) and
the 20 retentianitesth2maftery the following findings wererahserved: 4 Thecampoundidoes not affect
baseline freezig% behaviqur bef%re th %gigr?@entatig of the foot shock at any dose tested. - The

&

compou%d at’® 1@/&5‘?’%5 PLi&deRc réase time spent freezing 25 during the retention test,
24 h after the acquisitidas(39£alb3 el Gh%o; a6 nnveEbsus 34 BRs 440 Fec nEaddini oesirghicle-treated

animals), - The compound at;10 mag/kg si '_jgantg/ increases the time spent freezing. during the
retention testg%ﬁvﬁcé'%teﬁ 6 %ahgqﬁg%ggli?gﬁ%uge g)%?h %%ﬁi%?]esetr%lﬁgi}ﬂ%@ péf).t ]886}?,1%: 16, in the
vehicle-treatéehaihipnals:; rpedGiiddt BFFEhecfehiscdmitieniagagdel cisadeBoribedlindriglre 20, is a

sonda, fEIS ST D s e yeonien s R and gt n o
memorytecatittheotepmpaiinal (5c ot Puinigigivvas dppiiedraksghot the ¢ranmtendion test. It was
given acutely before memory recall has anxiolytic efficacy, it is therefore unlikely that
increased freezing shown in Figure 20 is due to an anxiogenic effect of the compound.
In order to strengthen that the compound is not anxiogenic but bears pro-
cognitive potential, the cempound was administered at 5, 10 and 20 mg/kg afler the
15 acquisition session. Consequently, in this sel of experiments, the compound was
onboard neither during the acquisition nor throughout the retention test, Here, il 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, 19807, which is enhanced
in compound-ireated rats when compared to vehicle-treated animals (Figure 20 and

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

30



observed that the compound inhibits the expression of freezing behaviour at 5 mg/kg during the
memory test (12.86 3.57 %, n=9, versus 33.61 4.29 %, n= 13, in the 5 vehicle-treated animals, p<
0.05) (Figure, jescribed above, the compound by itself does not a ine.freezing
behaviour bgféigﬂ ﬁé%ﬁi‘it of US (Figure 20), thus the most plausible hypot e’@%ﬁ%ﬁ%ﬁﬁﬁe observed
effect in Figure 21 is due to an anxio tytic effect. The conditioned memory is assessed via freezing
behaviour, a response that is reduced by compoutids 10 with potential anxiolytic effects. This
experiment demonstrates that the compound given acutely before memory recall has anxiolytic
efficacy, it is Gavafore unlikely that increased freezing shown in Figure 20 is due to an anxiogenic
effect of the compound. In order to strengthen that the compound is not anxiogenic but bears pro-
cognitive potentiafotie campaunghagsatuminisierad apbetliandreOmghkgaftenthe 15 acquisition
session, Consequently, in this set of experiments, the compound was onboard neither during the
~caquisition nor (HGTSHIECEHS PR ESE LRBIS R WAL B R (e cBhigling at 5 molk
significaftly enhagealihkeltinge spent freezing during the retention test, 24 h after the acquisition
session (45.58 4.50 %, n=8, versus 25.26 f 3.57 %, n= 19, in the vehicle-treated animals, p< 0.05).
The percentage 20 0f Hime sReRt deeaing.firing He CaNBXL A8 RXROs YRR, RgeN described as a

measure of a fear-related memory {Pavlov J. Biol. Sci, 15, 177-182, 1980], which is enhanced in
compound-treateriracsiphén ewmpiteditecvdhiclalgeatd snimels(Figtéasotana-(2t), Taken
together, the dafg.show.ibaithe campeupd-erhanggs contextual memory. 25 30 WO 20071144005
PCT/DK20 0 7105 0 075 55 Claims 1. 1-[2-(2,4-dimethylphenylsulfanyl)-phenyl]piperazine and
pharmaceuti allﬁ acceptable salts her%aof1 roxfide szﬂﬁ ﬁ}?m]gouno(liis not Ehﬁ“ free base in a non- 5
crystalline form. 2 A CORPOGHTRECORING T8 Slaith T, Which Compound B the Rdrobromide,
hydrochloride, mesylate, famerate, maleate, meso-tatrate, L-(+)-tatrate, D-(-)-

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

any of figures 1-17.

v

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

phenyllpiperazine hydrobromide salt in a erystalline form.

6. The compound according to claim 3, which compound has XRPD reflections at

15 approximately 6.89, 9,73, 13.78 and 14.64 (°20)

7. The compound according to ¢laim 5, which compound has an XRIDP as shown mn

figure 3.

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

distribution corresponding to

20 DO8Y%%:650-680 um; D30%: 230-250 poy; and D5%: 40-60 um;
D98%: 37G-390; d50%: 100-120um; D5%: 5-15 pm;
D98%: 100-125 pm; D50%: 15-25 pm; and D5%: 1-3 pm; or
D98%: 50-70 um; D50%: 3-7 um; and D5%: 0.5-2.

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

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

1-8 together with a pharmaceutically acceptable excipient.



tatrate, sulphate, phosphate or nitrate salt, 3. The compound according to claim | or 2, which
compound is crystalline. 10 4. The compound acc 5ding 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.compoeund RPD reflections roximately 6.89,
9.73, 13. 81 and 14764 1&% SJ;?QII %g%%rr%%g&%é?aggc%r |%§E[)§ %‘f%ﬁ’ré %%gﬁ?cgﬁécécr%(gzgﬁ}r%{( as an XRDP as
shown in figure @aBnPhe 6ompound according to claim 6, which compound has a particle size
distribution corresponding to 20 D98%:650-680 m; D50%: 230-250 m; and D5%: 40-60 gm; D98%:
370-390; d50%: 100-120m; D5%: 5-15 m; D98%: 100-125 m; D50%: 15-25 m; and D5%: 1-3 m; or
D98%: 50-Z0 m;hse%m Be7inenarddDEeg ©.5k010! Theidompparid acbordiyitblanyefakaims 1-8 for

use in therapy. iC )sition i any of
claims 1-8 toget eWﬁ%%}gﬁgﬁrﬁgﬁgu%éﬁagy g&gﬁgg@%&%ﬁ%@l%%@ﬁ%%%ﬁég%g%g%ﬁggn according
to claim 10 comptigidy R\dorMpoemeh biceordinigres: wiailiis oelbuios:. Fheicompositigiicadderding to claim

10, said composﬁiﬁr}lggi@g@é@g@t%gﬁ%ed by wet granulation and comprising anhydrous calcium
hydrogen phosphate, corn “starch, PVP-VA copolymer, microcrystalline cellulose, sodium starch

glycolate, talc and magnesium stearate. 13. The composition according to claim 12 comprising HBr

salt 3-8%1ﬁnhyqugéjéog%%igq%Qyéggggc%ﬂg&oaggqtﬁ%%ﬁg%h%orn starch 15-25% PVP-VA copolymer

2-6%

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

14, The composition according to claim 12 comprising
HBr salt approximately 5%
Anhydrous calcium hydrogen phosphate  approximately 39%
Corn starch approximately 20%
PVP-VA copolymer approximately 3%
Microcrystalline celiulose approximately 25%
Sodium starch glycolate approximately 3%
Talc approximately 4%

Magnesium stearate approximately 1%



Microcrystalline cellulose 20-30% Sodium starch glycolate 1-3% Talc 2-6% Magnesium stearate
0.5-2% 14. The composition according to claim 125 omprising HBr salt approximately 5% Anhydrous
calcium hydrogen phosphate approximately 39% Corn starch approximately 20% PVP-VA copolymer
approximately 3% Microcrystalline cellulose approximately 25% Sodium starch glycolate
approximately 3% Talc approximately 4% Magnesium stearate approximately 1% 57 15. The use of
a compound according to any of claims 1-8 for the preparation of a medicament for the treatment of
affective disorders, depression, major depressive disorder, postnatal depression, depression

associatedwith bipolar disorder, Algheimers disease psyahosis,canger, age o barkinson's discase,

) . € US ép € br 1011 0 .
anxiety, géneral anme?y disord r, social anxiety disorder, obsessive comBu ive &sordaer, panic
disorder, panic attatkspphobie, sotied phobiel, dtoraphdiviadstre ssurirary. ingontieerseivemesis, I1BS,
eating disorders,,chrgnic pain, partial responders, treatment resis depression, Alzheimer's
disease, cognitivﬁelsl%%%ir Oésﬁ%apﬁ%%ge %r%% éngﬁlo ?3];0 %?%C%})%tgﬂﬁﬁgéjslp ﬁg(?e%%%%ﬁﬁee%, alcohol, nicotine
or carbohydrate AdrdwiimgsrSubstaasceraieissiocatcohclgerarbigrbinase’ skBsedscommpotind according to

any of claims 1-§If05%ise in.the tre _engofﬁg;?g 2, ged ctgg ,Lrorg a@ferg 'VF IS {geqre,rdepression,

major depressivéeéllslorcfélﬁf 1E’)gstrllsaota ldép%assﬁonj; giplrseés%h associated mﬁ%h%uﬁc%a? : ISOrder,

Alzheimer's disepsss PsyohusizicanterkagaobiRakinsgiisldisegserdkietysigenaralaanxiety disorder,

social andety disguefyeRee sl cameulsive.cirarer. paplg sprer.Ranic gk, phobia, socia

phobia, agorapho]bla, stress’ urinary incontinerice, emesis, IBS, eating disorders, chrdnic pain, partial

responders, treatrersnterggistiatnt 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.

16. A compound according to any of claims 1-8 for use in the treatment of a discase
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, anxiety, general anxiety disorder,
social anxiety disorder, obsessive compulsive disorder, panic disorder, panic
attacks, phobia, social phobia, agoraphobia, siress urinary incontinence, emesis,
IBS, eating disorders, chronic pain, partial responders, treatment resistant
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.

17. A process for the preparation of



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. 17. A

process for t‘%%pr%%{ﬂi)gn of WO 2007/144005 PCT/DK2007/050075 58 CND s the process
comprising reacﬁong comf)ound Il SR" [ll] wherein R' represent hydrogen of ST RSHEVAR Fmetal ion, 5

with a compound of formula Il XZ x1 [lll] wherein Xi and X2 independently represent halogen, and a
compound of formula IV R I CN) N [IV] 10 59 Wherein R represent hydrogen or a protecting group,
in the presence of a solvent, a base and a palladium catalyst consisting of a palladium source and a
phosphine ligand at a temperature between 60C and Be, 18. The process according to claim 17,
wherein compound Il and compound Il are reacted in|a first reaction, and wherein the reaction
product 6 "& S for said first reaction is optionally isolated¥and purified, followed by a subsequent

8

the process comprising reacting compound 11

SR’

[

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

5  with a compound of formula III

[i11]

wherein X; and X; independently represent halogen, and a compound of formula IV
?
[Nj
N
[V]

i0



reaction with the-compound V. 19. The process according to claim 17, wherein compound ll,
compound Il and compound IV are mixed togethey, at the start of the process. 20. The process
according to any of claims 17-19 wherein X1 and independently represent Br or I. 21. The process
according to claim 20, wherein X1 represents Br and X2 represents |. 22. The process according to
any of claims 17-21, wherein said solvent is an aprotic solvent. 23. The process according to any of
claims 17 P%TQRTSHPIPRE EIIVEF SRSl adiedf FPERE BHIIPnE) MAdnasapiatvylsaipineltdutyl amine,
dioxin or Nagsethylpyrinlitones 24y ihe pRcegoaageitiogio eaire 230 whersishihe sehvant is toluene.
25. The p I 424, wherein the palladium source is selected from
Pddba2, %%Eﬁ@ %?F]Egé g%g@ %%6 62)? %I%%r;]r%éss according to claim 25, wherein said palladium
source is Pddba2 or Pd2dba3. 60 27. The process according to any of claim 17-26, wherein said
phosphiné figand'is: selectescfraniz; 26 bisidiphie mtiptros phamddnd, I ‘ibihaphiadenyli{iaceBINAP),

L.1-bisdipheny phegphingfetrecans (R bisx(@sciahempherabinophenyether (DPEphos)
tri-t-butyl phsophine (Fu's salt), biphenyl-2-yl-di-t-butyl-phgsphine,
biphenyl-2-yl-dicyclohexyl-phosphine, (2'-dic cIohex Iphoﬁhanyl -biphenyl-2-yl)-dimethyl-amine
[2'-(di-t-butyl-phosphanyl)-biphenyl-2-yl]-dimethyl-ani 0
dieyclohexyl-(2',4",6'-tri-propyl-biphenyl-2-y e process according to claim 27,
wherein said phosphine ligand is rac-BINA ess according to any of claims 1.7-27,
wherein said base is selected from NaO(t-Bu), KO(t Bu) Cs2CO3, DBU and DABCO. 30. The

process according, g, ¢lain: 28, WRR'RI B RIHDISSIBNRUE-BWified, followed by a subsequent

reaction with the compound IV.

19. The process according to claim 17, wherein compound I, compound III and

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

20. The process according to any of claims 17-19 wherein X, and X; independently

represent Br or 1.

21. The process according to claim 20, wherein X represents Br and X, represents 1.

22, The process according to any of claims 17-21, wherein said solvent is an aprotic
solvent,

23, The process according to any of claims 17-22, wherein the solvent in selected from

toluene, xylene, triethyl amine, tributyl amine, dioxin or N-methylpyrrolidone.

24, The process according to claim 23, wherein the solvent is toluene.

AR The process according to any of claims 17-24, wherein the palladium source is
selected from Pddba,y, PA(OAc),; and Pdydbas.

26. The process according to claim 25, wherein said palladium source is Pddba; or
Pd.zdba:g.



31. The process according to any of claims 17-30, wherein R represents hydrogen. 32. The process
according to any of claims 17-30, wherein R repregsnts a protecting group selected from Boc, Bn,
Cbz, C(=0)Oet and Me. 33. The process according to any of claims 17-32, wherein R' is hydrogen. 34.
The process according to any of claims 17-33, wherein the temperature is between approximately
80C and approximately 120C. 35. The process according to claim 19, comprising the steps of a.
Dissolvinqu£ disaélﬁsﬂﬁaCESi@%‘dwa@ﬁ@bfﬂéé}wﬁb&ﬁﬂs% ViPgrfam 9 tmaaﬂén?gréw@éwmixture A; .
Adding 1-2 mole<#esfdeddba2 and 1-2 mole -% of rac-BINAP together with 2-3 equivalents of
NaO(t-Bu) to mixturestaiphiaingmixine 8- whichisapraledtoacoundai0C until compound Il and I
are fully converted; 6. .¢4: [ rﬁﬁ;};, mixture obtained in step b to around 120C
VA Sl B R

until compound IV is 1ully tionally removing the protecting group by the addition of
aqueous acid if EWB@&W&BWI@QSB%‘?QE{F@ il5ERE I H8iOFhe process according to claim 19,
wherein 1-1.5 eqjuiivaleits mfsephidintEthyisafilol, 1-bromo-l-iodo-benzene (or 1,2-dibromo-benzene),
and piperazine angpldisperseiddinitbluensghiadidiied by the addition of 2-5 equivalents NaO(t-Bu) and 1-
2 mole-% Pd2dbg3and rac;BINAE disparsaddpHigiene to obtain a mixture which is heated to
100-130 C for 2-1Q | ours tP[_obEaJhn thg Br?_%u 1-5_— 214;_ ime hﬁ{l_-%ﬁ)henylsuIfanyl)-phenyl]-piperazine.
37. The process dccording 1o CIaim 86 whersin said mixtule is heatdd o reflux for 3-5 hours, and
which process islfoliivéd By PEotEgyEnb S -wiidt s Bistardee. pitluct is further reacted with
aqueous HBr to dbtaiiotiredeize&spohdingrbydrdipbenicl-2eid additicimsalt. 38. The process according to
claim 19, wherein 2-5 equivalents of NaO(t-Bu), 2-5 equivalents piperazine, 0.2-0.6 mole-% Pddba2,
and 0.6-1ygole-9%ag;BINAE. arc,disperaadh'a jolyene. (o ANAIn TR A Jguhich e

approximately i equivalent 2-bromo=iodobezené is a mix , to which mixture |

29, The process according to any of claims 17-27, wherein said base is selected from
NaO(t-Bu), KO(t-Bu), Cs,CO;, DBU and DABCO.

30. The process according to claim 29, wherein said base is NaO(t-Bu).
31. The process according to any of claims 17-30, wherein R represents hydrogen.
32 The process according to any of claims 17-30, wherein R represents a protecting

group selected from Boce, Bn, Cbz, C(=0)0et and Me.
33.  The process according to any of claims 17-32, wherein R is hydrogen.

34 The process according to any of claims 17-33, wherein the temperature is between
approximately 80°C and approximately 120°C.

(8]
L

The process according to claim 19, comprising the steps of

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

b. Adding 1-2 mole-% of Pddba, and -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 IT and T are fully converted,;



equivalent 2,4-dimenthylthiophenol is added and the resulting mixture is heated to reflux for 3-7 hours
to obtain 1-[2-(2,4-dimethyl-phenylsulfanyl)-pheny 1 piperazine. 39. The process according to claim
38, 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

corresponding hde%%%@%d?ﬁé%%gagé%ﬁré%'{P-rﬁ@ nﬁgt@%é%?ﬁgéﬁl%?&fﬁdm%%ﬁw Qfglaims 17-36

with the additional step o ing aqueous lIBr to the product CND said product optionally being in a
purified form, to uhtdierthpotoré¥peddihvgedmadrétskomit acid salt. 41. 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, I-bromo-Il-iodo-benzene (or I,2-dibromo-benzene), and
piperazine are didpgepseadih totmendrolbwed by the giddiibl dleadlgtuivdienisoNa®@Bu) and 1-2

mole% Pd2dba3 gg{% 5%};&8[!@?% gi‘%Pe%rt%S E?e}%gge to obtain a mixture which is heated to re$ux 3-5
oduct 1-[2-(

hours to obtain tl(%e ,4- dimethyl-phenylsulfanyl)-phenyl]-piperazine, which is further
reacted with aqueous hydrobromi.c acid. 42. A process for the manufacturing of

1-[2-(2’4-%'g“eth%gﬁ@g%tégg'&@%lAsz%&xqﬁlaiH@E_%'{%%Mr?%f@{famgiﬂsa&ditmﬁ%{ﬂ%..which process

2-5 equivalents o ‘ u), 2-5 equivalents piperazine, 0.2-0.6 mole-% Pddba}Z, and 0.6-1 mole-%
rac-BINAP are dibp8rsebrimiolleriotbeabeain(minttdréiromonisickevikiuré Pippreiimarely 1 equivalent

2-bromo-iodobezene is.dded [0, QBAR DR @B 2 daiRIER MR, 1 SAUNAIBALBuY) and 1- _
2,4-dimenthylthiophenol is added and the resulting mixture is heated to reffux for 4-6 hours to obtain |
-[2-(2,4-dimethyl2 prdeytsBidats)-pibragiEdidaradinperagelch isifirmkde rbaiiod Withuae véves
hydrobromic ac"i‘s heated to 100-130 °C for 2-10 hours to obtain the product 1-[2-(2,4-Dimethyl-

phenylsulfanyl)-phenyl}-piperazine.

37. The process according to claim 36, 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.

38. The process according to claim 19, wherein 2-5 equivalents of NaO(t-Bu), 2-5
equivalents piperazine, (1.2-0.6 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 3-7 hours to obtain 1-{2-(2,4-dimethyl-phenylsulfanyl)}-phenyl]-

piperazine.

39. The process according to claim 38, 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

corresponding hydrobromic acid addition salt.
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40, The process according to any of claims 17-36 with the additional step of adding

aqueous HBr to the product

N

.

S i! 2

N

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

hydrobromic acid salt.

41. A process for the manufacturing of 1-[2-(2,4-dimethyl-phenylsulfanyl)-phenyl}-
piperazine hydrobromic acid addition salf 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
NaQ(t-Bu) and 1-2 mole-% Pd2dba3 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.

42, 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-% Pddba2, 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 18 heated to reflux for 4-6 hours to obtain 1-[2-(2,4-dimethyi-
phenylsulfanyl)-phenyl]-piperazine, which is further reacted with aqueous

hydrobromic acid.



