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in the international patent application WO 03/029232. The compound is
said to be an inhibitor of the serotonin transporter and to have affinity for
the serotonin receptor 2C (5-HT2c), and as such be useful in the
treatment of mood disorders, such as depression and anxiety. As
shown in the examples, however, the compound has a broader
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been disclosed in the international patent application WO 2007/144005
Bagigrourith the use of said compound for the treatment of additional

diSGaSﬁ}é-c_:ompl%fﬁ%iQQ?QQM@E@iBH?mﬁH@M&@lﬁﬂﬁH&Bi%di;rect
BSOS TP T TG o L2 4TS ST o

sthve tinpuryn Rathiesr déthagedope iphaatttissubtahdvinpifinty fieries may

sSAyse altera 'Or'?c'”st-'illegzccgf‘é%a& Desral slriciineg %B%’.?Jééﬁ%éﬂt%"i"&ogd
perception affecting subseéguent pain sensitivity. This neuroplasticity may

disondrabeuhacdenredssangitizatior ¥n response to longer lasting noxious

stimuliy WRich ey MAani e disel AR £ -Ge CRRPIGRARS harthatihe

perception of pain remains even after the noxious stimulus has stopped,
gicaprsile whigh mkendsrrausundaseid Witheitratpenenfigther
d%%%&@”a\éh a%in@%%mﬁbfmg@rﬁmr?rimﬁaa@@iﬁﬂi?u&w%mmes of (;his
Jis the "phantom limh syndrome?®, i.e. t rsistence qf pain that existed in
PR R R Ao Bl AN A5 DA RE G Bty
nhEain freehdetzackmeblhintiionslNiséafksad. Sci., 933, 157-174, 2001.
Chronic, pain. sueh s nstropaliic panmaniiests el differanty fnan
other typ elEﬁﬁBam, e.§"'Somatic or viscera pain. The pain Is often
spsdsibethas stwetmgrinithinbopine smdifecdierorumbobraiabisidgvherein
OB LAVSER BE %%Hatm%%mdg&'M&@C@ﬂﬂ@n@{/ﬁ%u@&%ue
back, leg and hip problems, chemotherapy, diabetes, HIV, multiple )
g anpsis S prRES DIgersu s liieHons Fobferntiab TRsdibpcipres inyplyed in
FERFAICHPRANRBLLR Sy QuiccRAHAIN Y EXPIRINTIRILSIPNMEHRAN nBlyaiHias
e.g. neuropathic pain often responds poorl;i to.classical analgé?ﬁic , such
EU Q%Pgiﬁ%ﬁﬁﬁﬁﬁhﬁ%‘i%ﬁ}s&ﬁ&d@@&é&%ré?ﬁ‘b"BE)Fé‘iﬁl atgesi &8sy
migyelideniidepre shantis PREA) ctyifide byrespitoylivfpdiaverthésomen after
tandard for. the treatment of neurqpatic pain, and the effect.is believed to
B O SRR s BRSBTS e et s Wanapsrter
sinoithe whidpinephmislly pamépo Merdf GlinTiiemy261 1084 0AGra0@4c]). More

LeGEPIN IP& S s crleghdhalrsliansoniidarressans Raviichan dppii e

effect on both the serotonin and the norepinephrine reuptake have been
SEaCIdimY fiome e anariatior fEurdpAtR aeRLuheapiral neuroplasticity
BRysherbanmizhe §211826m2804 4 Bxasmples nfigualactioo:

antidepressants are venlafaxine and duloxeti,r}e, and this class, of

IS
antidePrESRIRETs B8 arRRG TR Epap ests el grentlydhgp other
sekechivea BE L0 BiReitie uptakecinhihito rBHS BRI jsfofinedrapittdapsiindtng,

carce, but generally suggest a limited effect [Bas. Clin. .Pharmacol.. 96,
eSO S A T L e
inelakllyadevindsioeptivetatiam daokthegrodibastyobiteg. ichwibitibarafithdiabetes,
B P IRNINAA0SPRNE SenecnistheaniancicontyGiaflatiQlion.
norépinephrine reuptake inhibition. This notion is supported by a review of
22 animal and five human studies showing that SNRI's have superior
antinociceptive effect compared to norepinephrine reuptake inhibitors,
which again are superior to SSRI [Pain Med. 4. 310-316, 2000]. The
use of tricyclic antidepressants is, however, associated with known,
anticholinergic side effects, such as e.g. drowsiness, anxiety,
restlessness, and cognitive and memory difficulties. Hence, there is a
need in the art to find alternative ways of treating pain. Depressed

patients receiving antidepressants, such as e.g. SSR1's often respond
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Summary of the invention In one embodiment, the present disclosure
relates to a method of treating pain or residual symptoms in depression,
the method comprising the administration of a 3 therapeutically effective
amount of 112-(2,4-dimethylphenylsulfanyl)phenyl]piperazine and a
pharmaceutically acceptable acid addition salt thereof (compound 1) to a
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antidepressants are venlafaxine and duloxetine, and this class of antidepressants is often

referred to as SNRIL

Data on the use of selective serotonine reuptake inhibitors (SSR1) for neuropathic
pain is scarce, but generally suggest a limited effect [Bas. Clin. Pharmacol., 96, 399-409,
2005]). In fact, it has been hypothesised that SSRI’s are only weakly antinociceptive in
and of themselves but that inhibition of the serotonin transporter augments the
antinociceptive effect of norepinephrine reuptake inhibition. This notion is supported by a
review of 22 amimal and five human studies showing that SNRI’s have superior
antinociceptive effect compared to norepinephrine reuptake inhibitors, which again are
superior to SSRI [Pain Med. 4, 310-316, 2000].

The use of tricyclic antidepressants is, however, associated with known,
anticholinergic side effects, such as e.g. drowsiness, anxiety, restlessness, and cognitive
and memory difficulties. Hence, there is a need in the art to find alternative ways of
treating pain.

Depressed patients receiving antidepressants, such as e.g. SSRI’s often respond
only partially to the treatment in the sense that symptoms, in particular relating to sleep
and cognition, remain [J Psychopharmacol., 20(3), 29-34, 2006]. These residual

symptoms increase the risk of relapse and is of general disturbance to the patient.

Summary of the invention

In one embodiment, the present disciosure relates to a method of treating pain or

residual symptoms in depression, the method comprising the administration of a



Figure 7: XRPD of hydrochloride salt of compound | Figure 8: XRPD of
monohydrate of hydrochloride salt of compound | Figure 9: XRPD of
mesylate salt of compound 1 Figure 10: XRPD of fumarate salt of
compound | Figure 11: XRPD of maleate salt of compound 1 Figure 12:
XRPD of meso-tatrate salt of compogind | Figure 13: XRPD of L-(+)-tatrate
salt of compound 1 Figure 14: XRPD of D-(-)-tatrate salt of compound I
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Figure 25: Change in the HAM-D rating item 6 (Insomnia Late) for
placebo, 5 mg and 10 mg compound | (HBr salt) over 6 weeks. There was
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compound! on withdrawal threshold in a rat chronic constriction injury

model Detailed description of the invention The invention relates to the
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contextual fear conditioning in Sprague-Dawley 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).

Figure 23: Change in the HAM-D rating item 4 (Insomnia Early) for placebo, 5 mg
and 10 mg compound I (HBr salt) over 6 weeks. There was approximately 100
patients in each group

Figure 24: Change in the HAM-D rating item 5 (Insomnia Middle) for placebo, 5 mg
and 10 mg compound I (HBr salt) over 6 weeks. There was approximately 100
patients in each group

Figure 25: Change in the HAM-D rating item 6 (Insomnia Late) for placebo, 5 mg and
10 mg compound [ (HBr salt} over 6 weeks. There was approximately 100 patients in

each group.



In one embodiment, the compound | is an unsolvated crystal. Some
compounds are hygroscopic, i.e. the absorb water when exposed to

wBUoMslitsskbygroscopicity is generally regarded as an undespgegpkonsii¥eoss
for compounds that are to be presented in a pharmaceutical formulation,

in particular in a dry foimulation, such as tablets. In one embodiment, the
invention provides the use of crystals with low hygroscopicity. For oral
dosage foims using crystalline active ingredients it is also beneficial if said
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etveen the ions forming the salt is the ratio between small integers, such
as 1:1, 1:2, 2:1, 1:1:1, etc. In one embodiment, the compound | forms
well-defined crystals. The crystalline compound | may exist in more than
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"purified form" is intended to indicate that the compound is essentially free

f other compounds or other forms of the same compound, as the case
may be. In one embodiment, the invention provides the use of
crystalline salts of compound | with XRDP a$ shown in Figures 1-17, and
in particular figures 2, 3, 4 amft'/S.\?SNe\‘e\cte X-ray peak positions '20 All
values +-OA N

In one embodiment, said pharmaceutically acceptable acid addition salts are
acid addition salts of acids that are non-toxic. Said salts include salts made from
organic acids, such as maleic, fumaric, benzoic, ascorbic, succinic, oxalic, bis-
methylenesalicylic, methanesulfonic, ethanedisulfonic, acetic, propionic, tartaric,
salicylic, citric, ghiconic, lactic, malic, mandelic, cinnamic, citraconic, aspartic,
stearic, palmitic, itaconic, glycolic, p-aminobenzoic, glutamic, benzenesulfonic,
theophylline acetic acids, as well as the 8-halotheophyllines, for example 8-
bromotheophyliline. Said salts may also be made from inorganic salts, such as
hydrochlorie, hydrobromic, sulfuric, sulfamic, phosphoric and nitric acids. Particular
mentioning is made of salts made from methanesulfonic acid, maleic acid, fumaric
acid, meso-tartaric acid, (+)-tartaric acid, (-)-tartaric acid, hydrochloric acid,
hydrobromic acid, sulphuric acid, phosphorous acid and nitric acid, Distinct
mentioning is made of the hydrobromide salt.

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



Crystalline base 11.10 16.88 17.42 22.23 -hydrobromide (a) 5.85 9.30
17.49 18.58 -hydrobrode (p)
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better compliance. For tablets, it is preferable that the active ingredients are
crystalline. In one embodiment, the compound 1 is crystalline.

In one embodiment the crystals used in the present invention are solvates, i.e.
crystals wherein solvent molecules from part of the crystal structure. The solvate may
be formed from water, in which case the solvates are often referred to as hydrates.
Alternatively, the solvates may be formed from other solvents, such as e.g. ethanol,
acetone, or ethyl acetate. The exact amount of solvate often depends on the
conditions. For instance, hydrates will typically loose water as the temperature is
increased or as the relative humidity is decreased.

In one embodiment, the compound I is an unsolvated crystal.

Some compounds are hygroscopic, i.e. the absorb water when exposed to
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 the use of
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 “well-defined” in particular means that the stoichiometry is well-defined, i.c.
that the ratio between the ions forming the salt is the ratio between small integers,
such as 1:1, 1.2, 2:1, 1:1:1, etc. In one embodiment, the compound 1 forms well-
defined crystals.

The crystalline compound I may exist in more than one form, i.e. they may
exist in polymorphic forms. Polymorphic forms exist if a compound can erystallize in
more than one form. The present invention is intended to encompass all such
polymorphic forms, either as pure compounds or as mixtures thereof.

In one embodiment, the compounds of the present invention are in a purified
form. The term “purified form” is intended to indicate that the compound is
essentially free of other compounds or other forms of the same compound, as the case
may be.

In one embodiment, the invention provides the use of crystalline salts of
compound I with XRDP as shown in Figures 1-17, and in particular figures 2, 3, 4 and
5.

The table below shows the major XRDP reflections for compound 1.



6.899.73 13.78 14.62 -hydrobromide (y) 11.82 16.01 17.22 18.84
-hydrobromide (hydrate) 10.69 11.66
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Selected X-ray peak positions (°26), All values +-0.1°

Crystalline base 11.10 ] 16.88 1 17.42 2223
-hydrobromide (Q) 585 [9.30 |17.49 {18.58
-hydrobromide (B) 689 1973 |13.78 |14.62
-hydrobromide (V) 11.82116.01]17.22 | 18.84
-hydrobromide (hydrate) 10.69 | 11.66 ] 15,40 | 17.86
-hydrobromide (ethylacetate solvate) { 8.29 113.01 | 13.39 | 16.62
-hydrochloride 941 |12.37]19.66 |22.55
-hydrochloride (monohydrate) 772 | 134511539 117.10
-mesylate 893 | 13391522 ]117.09
-hydrogenfumarate 508 | 11.32117.12 118.04
-hydrogenmaleate 9.72 113.19]14.72 |17.88
-mesohydrogentartraie 951 110.17]16.10 |25.58
-L-(+)-hydrogentartrate 13321 13.65] 14.41 | 15.80
-D-{-)-hydrogentartrate 13.3213.65{14.41 |15.80
-hydrogen sulphate 11.82117.22117.72 |20.13
-dihydrogenphosphate 791 | 11.83]15.69 17.24
-nitrate 12.50| 17.41118.12 {1847

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
polymorphic forms have different properties as shown in the examples. The beta form
of the hydrobromide salt is the more stable as demonstrated by the higher DSC
melting point and the lower solubility. Moreover, the beta form has an attractive
combination of low hygroscopicity and solubility, which makes this compound
particular suited for making tablets. Hence, in one embodiment, the invention
provides the hydrobromide salt of 1-{2-(2,4-dimethylphenylsulphany!)-
phenyl]piperazine with XRDP reflections at approximately 6.89, 9.73, 13,78 and
14.62 (°26), and in particular with an XRPD as shown in figure 3.

The solubility of an active ingredient is also of significance for the choice of
dosage form as it may have a direct impact on bio-availability. For oral dosage forms,
a higher solubility of the active ingredient is generally believed to be beneficial as it
increases the bio-availability.

The pharmacological profile of compound 1 is provided in the examples, but

may be summarised as follows. Compound I is an inhibitor of the serotonin
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transporter, it antagonises the serotonin receptor 3 (5-HT3) and it is a partial agonist of
the serotonin receptor 1A (5-HT14).

The data reported in examples 14 and 17 show that compound ! is useful in the
treatment of pain, and that they may even have an analgesic effect.

In one embodiment said pain is chronic pain including phantom limb pain,
neuropathic pain, diabetic neuropathy, post-herpetic neuralgia (PHN), carpal tunnel
syndrome (CTS), HIV neuropathy, complex regional pain syndrome (CPRS),
trigeminus neuralgia, tic douloureux, surgical intervention (e.g. post-operative
analgesics), diabetic vasculopathy, capillary resistance, diabetic symptoms associated
with insulitis, pain associated with menstruation, pain associated with cancer, dental
pain, headache, migraine, tension-type headache, trigeminal neuralgia,
temporomandibular joint syndrome, myofascial pain, muscular injury, fibromyalgia
syndrome, bone and joint pain (osteoarthritis), rheumatoid arthritis, rheumatoid
arthritis and cdema resulting from trauma associated with burns, strains or fracture
bone pain due to osteoarthritis, osteoporosis, bone metastases or unknown reasons,
gout, fibrositis, myofascial pain, thoracic outlet 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 (SCT)-associated pain, central post-stroke pain, cancer neuropathy, AIDS
pain, sickle cell pain or geriatric pain. In one embodiment, pain is irritable bowl
syndrome (IBS).

A fraction of patients with major depressive disorder will respond to treatment
with e.g. SSRI in the sense that they will improve on clinically relevant scales, such as
HAMD or MADRS, but where other symptoms, such as cognitive and/or sleep
symptoms remain. In the present context, these patient are referred to as suffering
from depression with residual symptoms.

Cognitive symptoms include a decline in cognitive functions or cognitive
domains, e.g. working memory, attention and vigilance, verbal learning and memory,
visual learing and memory, reasoning and problem solving e.g. executive function,
speed of processing and/or social cognition. In particular, cognitive symptorms may
indicate deficits in attention, disorganized thinking, slow thinking, difficulty in

understanding, poor concentration, impairment of problem solving, poor memory,



-hydrochloride (monohydrate) 7.72 13.45 15.39 17.10 -mesylate 8.93
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difficulties in expressing thoughts and/or difficulties in integrating thoughts, feelings
and behaviour, or difficulties in extinction of wrelevant thoughts.

As shown in example 15, compound 1 gives rise to an increase in the extra-
cellular level of acetylcholine in the prefrontal cortex and the ventral hippocampus in
rats. These pre-clinical findings are expected to translate into a ciinical effect in the
treatment of cognitive impairments, cf. the use of acetylcholine esterase inhibitors in
the treatment of cognitive impairments, e.g. in Alzheimer’s disease. Further support to
this position can be found in example 16, wherein data show that compound 1
enhances contextual memory in rats. All in ail, the effects on acetyicholine ievels and
memory in rats strongly suggest that compound I has a beneficial effect on cognitive
impairment. Hence, compound | is believed to be particularly useful in the treatment
of depression with residual symptoms, in particular with residual symptoms related to
cognition.

Compound I has been tested in clinical trials i patients using HAM-D
(Hamilton Rating Scale for Depression} as clinical end-point. The HAM-D scale may
be used to assess the severity of depression in patients by means of a 24 items
questionnaire. Item 4, 5 and 6 of the scale relate to how the patients sleep, i.e. is it
easy to fall asleep (insomnia Early), does the patient wake up during the night
(Insomnia Middle), and does the patient wake up early in the morning (Insomnia
Late). The compound was tested at 5 and 10 mg daily against placebo with
approximately 100 patients per arm. The data in Figures 23-25 clearly show that
compound I gives rise to a large and dose dependent improvement of the sleep pattern
which is superior to that provided by placebo. Hence, compound I is believed to be
particularly useful in the treatment of depression with residual symptoms, in particular
residual symptoms related to sleep.

It is well-known that sleep disturbances is a general adverse affect of most
antidepressants. In particular SSRI’s and compounds which inhibit the noradrenaline
transporter are reported to give rise to problems with sleep initiation and maintenance
and problems with insomnia are also often reported {Int. Clin. Psychpharm., 21 (suppl
1), 825-829, 2006]. Others report that such compounds give rise to suppressed REM
sleep, increased sleep latency, less efficient sleep, increase in nocturnal awakenings,

and fragmentation of sleep [Hum. Psychopharm.Clin Exp., 20, 533-559, 2005]. It is
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therefore a surprising result that the administration of compound I 1s not associated
with adverse sleep effects, but in fact provides an improvement of the sleep pattern.

1t is well know that treatment with anti-depressants in general and SSRI’s in
particular may be associated with sexual dysfunction, which frequently leads to
discontinuation of the treatment. As much as 30-70 % of patients on SSR1s report
deficits in sexual function [J. Clin. Psych., 66, 844-848, 2005], which deficits include
decreased libido, delayed, reduced or absent orgasms, diminished arousal, and erectile
dysfunction.

A total of 114 healthy subjects have been exposed to compound I in clinical
trials; of these 114 subjects, only one subject reported sexual dysfunction. These data
suggest that clinical intervention using compound 1 is associated with surprisingly few
deficits in sexual functioning.

This notion was further supported by chinical trials conducted in patients. The
above mentioned clinical trial in patients also captured sexual adverse cffects reported
by the patients. The table below shows the number of patients reporting the specified

types of sexually related adverse effects.

Adverse effect reported Placebo 5 mg 10 mg
Anorgasmia 0 0 0
Ejaculation delayed 0 0 0
Erectile dysfunction 0 0 0
Libido decreased 0 I 1
Orgasm abnormal 2 0 0
Loss of libido 0 1 0
Orgasmic sensation 0 0 0
decreased

The above results which show that the sexual adverse effect of compound 1 is
similar to placebo and thus much better than what would normally be expected from a
antidepressant, and in particular an SSRI. Hence, a clinical intervention comprising

the administration of compound I is believed to be particular beneficial to the patient
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in that sexually related adverse events are diminished (or even absent) compared to a
clinical intervention comprising the administration of an SSR1.

In one embodiment, the invention relates to a method for the treatment of pain
or residual symptoms in depression, the method comprising the administration of a
therapeutically effective amount of 1-[2~(2,4-dimethylphenylsulfanyl)phenyl]-
piperazine and pharmaceutically acceptable acid addition salts thereof (compound 1)
to a patient in need thereof, In one embodiment, said patient has been diagnosed with
the above mentioned diseases.

A "therapeutically effective amount" of a compound as used herein means an
amount sufficient to cure, alleviate or partially arrest the clinical manifestations of a
given disease and its complications in a therapeutic intervention comprising the
administration of said compound. An amount adequate to accomplish this is defined
as "a therapeutically effective amount"”. Effective amounts for each purpose will
depend on the severity of the discase or injury as well as the weight and general state
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
different points in the matrix, which is all within the ordinary skills of a trained
physician.

The term "treatment” and "treating” as used herein means the management and
care of a patient for the purpose of combating a condition, such as a disease ora
disorder. The term is intended to include the full spectrum of treatments 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 progression of the
disease, disorder or condition, to alleviate or relief the symptoms and complications,
and/or to cure or eliminate the disease, disorder or condition as well as to prevent the
condition, wherein prevention is to be understood as the management and care of 2
patient for the purpose of combating the disease, condition, or disorder and includes
the administration of the active compounds to prevent the 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

preferably a mammal, in particular a human being.
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Typically, the treatment of the present invention will mvolve daily
administration of compound 1. This may involve once daily administration, or
administration twice a day or even more frequently.

In one embodiment, the invention relates to the use of 1-[2-(2,4-
dimethylphenylsulfanyl)phenyl]piperazine and pharmaceutically acceptable acid
addition salts thereof (compound I} in the manufacture of a medicament for the
treatment of pain or residual symptoms in depression.

In one embodiment, the invention relates to 1-[2-(2,4-dimethylphenyl-
sulfanyl)phenyl]piperazine and pharmaceutically acceptable acid addition salts thereof
(compound T) for use in the treatment of pain or residual symptoms in depression.

The pharmaceutical formulations of the invention may be prepared by
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
starch, mannitol, potato starch, talcum, magnesium stearate, gelatine, lactose, gums,
and the like. Any other adjuvants or additives usually used for such purposes such as
colourings, flavourings, preservatives etc. may be used provided that they are
compatible with the active ingredients.

Solutions for injections may be prepared by dissolving the active mgredient
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
suitable ampules or vials. Any suitable additive conventionally used in the art may be
added, such as tonicity agents, preservatives, antioxidants, etc.

The pharmaceutical compositions of this invention or those which are
manufactured in accordance with this invention may be admimisiered by any suitable
route, for example orally in the form of tablets, capsules, powders, syrups, etc., or
parenterally in the form of solutions for injection. For preparing such compositions,
miethods well known in the art may be used, and any pharmaceutically acceptable

carriers, diluents, excipients or other additives normally used in the art may be used.
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The free base of the compound I may be prepared as disclosed in WO

2003/029232. Salts of the present invention may be prepared by dissolving the free
base in an appropriate solvent, adding the relevant acid, followed by precipitation.
Precipitation may be accomplished either by the addition of a second solvent, and/or
evaporation, and/or cooling. Alternatively, the free base of the present invention and
ultimately the compounds of the present invention may be synthesised in a palladium

catalysed reaction as described WO 2007/144005.
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The melting points are measured using Differential Scanning Calorimetry (DSC). The
equipment is a TA-Instruments DSC-Q1000 calibrated at 5°/min to give the melting
point as onset value. About 2 mg of sample is heated 5°/min in a loosely closed pan

under nitrogen {low.

Thermo gravimetric analvsis (FGA) used for estimation of solvent/water content of

dried material is performed using a TA-instruments TGA-QS500. 1-10 mg sample is
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.g; radiation. The samples were measured in reflection mode

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

Example 1 In vitro receptor pharmacology

Rat serotonin transporter: ICsp 5.3 nM (blockade of 5-HT uptake)

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

Human 5-HT; 4 receptor: K; 40 nM with partial agonism {(efficacy 85%)

Rat 5-HTj; receptor: 1Cso 0.2 nM (antagonism in functional assay)

Human 5-HT14 receptor: 1Cso around 20 nM (antagonism in functional assay). At
higher concentration, the compound exhibits agonistic activity with an EDsg of 2.1
M. The compound of the invention also showed high affinity for the human SHT3

receptor in an in vitro binding assay (Ki 4.5nM).

Example 2a  Preparation of the free base of compound I

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

NMR complies with structure.

Example 2b  Preparation of crystalline base of compound [
3.0 gram of 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine colouriess oil was

treated with 70 mli acetonitrile and heated to reflux, The almost clear solution was



0 O Libido decreased 0 1 1 Orgasm abnormal 2 0 0 Loss of libido 0 1 0

WO 2008/113359 PCT/DK2008/050063

16

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 hours and the product was isolated by filtration and dried in vacuum (40 °C)
overnight. The crystalline base was isolated as a white solid in 2.7 gram (90 %). NMR
complies with structure. Elemental analysis: 72.40%C, 9.28%N, 7.58%H (theory:
72.26%C, 9.36%N, 7.42%H)

Example 2¢ Characterisation of crystalline base of compound |

The base, as prepared in example 2b, is crystalline (XRPD) — see Figure 1. Ithasa
melting point of ~117°C. It is not hygroscopic and has a solubility of 0.] mg/ml in

waler.

Example 38 Preparation of the alpha (orm of the hvdrobromide salt of compound 1

2.0 gram of 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine was dissolved in
hot 30 m! ethyl acetate and added 0.73 ml 48 %-wt HBr (aq). This addition caused
formation of a thick slurry and additional 10 ml ethyl acetate was added in order fo
have proper stirring. The slurry was stirred at room temperature for one hour.
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%IH (Theory for 1:1 salt: 56.99%C, 7.39%N, 6.11%lH)

Example 3b  Characterisation of the alpha form of the hvdrobromide of compound [

The alpha form of the hydrobromide, as prepared in example 3a, is crystalline
(XRPD}) - see Figure 2. It has a melting point of ~226°C. It absorbs about 0.3% of
water when exposed to high relative hurmidity and has a solubility of 2 mg/ml in

walter.

Example 3¢ Preparation of the beta form of the hvdrobromide sall of compound 1

49.5 gram of 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine colourless oil was
dissolved in 500 ml ethyl acetate and added 18.5 ml 48 %-wt HBr (aq). This addition

caused formation of a thick slurry which was stirred over night at room temperature.
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Example 3g Preparation of the hydrobromide hydrate of compound 1

1.4 gram of 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine oil was added 20
ml water, and heated to 60°C. pH was adjusted to 1 using 48% HBr. The solution was
cooled to room temperature and dried. NMR complies with structure. Elemental
analysis: 55.21%C, 7.16%N, 6.34%H (Theory for 1:1 salt hemihydrate: 55.68%C,
7.21%N, 6.23%H)
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for example orally in the form of tablets, capsules, powders, syrups, etc.,
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: . 5 RUBO LI LSO Do S5 on the granulated

pmgmm i dﬂeqzQdmpethmblhesy;sptﬁaim)mhmdl\]mﬁctametmmscu}mta@é in
28”‘ 1A and copovidone ea% Qh?o&*&‘iawm?ft ! IRIFUIE Hwéaéﬁtamed a
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Fation ranu ates ese granulates may be sieved in a
sibuiowith2aM ikl Grtlnd sibes warkddrstslandy reill iy vesisRPEra iz -
arg e mbediniih punmcysialing eallass, sroscarmeliessradinmiand
magnesium stearate, following which the tablets are pressed.
Alternatively, wet granulation of compound | 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 invention may be achieved by using anhydrous

calcium hydrogen phosphate, corn starch and copovidone, which
arantilatee are mived with microervetalline calliilnee ecodinim otarch




All references, including publications, patent applications, and patents,
cited herein are hereby incorporated by reference in their entirety and to
whhesaingextent as if each reference were individually and BpeaMicatigros0063
indicated to be incorporated by reference and were set forth in its entirety

herein (to the maximum extent permitted by law), regardless of any

separately provided incorporation of articular documents made

elsewhere herein. The use of the terms "a" and "an" and "the" and
tgimispensforentssinrtideloohtour b fes thibiviy tthersaipasatonarsalsisd by
rERNRIIUGT tRicoYRLRat e Siogu\ApSt the PluralDiRIGsSI SRBRANISRNYT)-

indicated herein or clearly contradicted by context, For example, the
pheiredeirerzias ysBartendevBe isHahindd L8Ny to various
NMAROROMPAS: fithedaventianhdetiswu i Resa ilBerCasEaeLNIf o8 H

otherwise indicated. UnIes; oéhgr i?ﬁ indicateél,iall exagc"g v?l &S
(BREQTIARS fihrshY AL PESTERirAR0E: B Cott QLU B 15 EPBPS Kifate Values
6e19%:all exareesaplany values provided with respect to a particular

factor or measurement can be considered to also provide a corresponding
approximate measurement, modified by "about,” where appropriate).
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heivni e i E OIS 04 sBAET O b saths sH thAP 6 S eis when gppsigdo high
EESRRtRIMAT, Md'ssbstRntiallycamprises ithabRarticular element or
elements, unless otherwise stated or clearly contradicted by context (e.g.,
a composition described herein as comprising a particular element should

hemprerstordepsainn deserthingehiorporitiony donsisfirpnpbtinstl
element, ynless rwise stated.or.clearly contradi b n ,
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wale

sapteatied shiestmatesiar ) pestaiphed Ui 4 DitnddstipineyitaT@A)Q500.
-10 sample is.heated 10/min in.an o under nitrogen flow.

éﬁ?g B%W&é‘lg i#;g:%bsrbsr(#g \E;velﬁleg;rll rﬁ?&?‘r’y a PANalytical X'Pert PRO

MaRay@iffiactonetenusingCulciitrhdiation: The Safiplesl fodle/ he'aslired
ﬁgé'%%%?@-Ws%ﬂen{gn%%&gzéa@a%%@ ysifgany X gelgiator detector.

xample 1 [n vitro receptor pharmacology Rat serotonin transporter: IC50

BV {hIRckpde g SkdfiWnLRKSD tHlUMAR SildiidR talle oft Sonlontith
E_éaéla agonism (efficacy 85%) Rat 5-H T3 receptor; G50 0.2 nM
gwﬁ%qﬁqmwgrggs%ﬁ@mpared in example 4c, 1s crystalline (XRPD) -

see Figure 8. It dehydrates starting at about 50°C. Some thermal events, probably

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

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



Human 5-HT3A receptor: IC50 around 20 nM (antagonism in functional
assay). At higher concentration, the compound exhibits agonistic activity
wiih@an BBso of 2.1 1.1M. The compound of the invention @cu/pReMWeN50063
high affinity for the human 51113 receptor in an in vitro binding assay (Ki

4.5nM). Example 2a Preparation of the free base of compound | 10
grams of 1-12-(2,4-Dimethylphenyls@ffanyl)-phenylipiperazine
hydrobromide was treated with a stirred mixture of 2100 ml 3 M NaOH and
100 ml ethyl acetate for 10 minutes. The organic phase was separated,
EWAShEc Wit 400 1615 Pt NAGL e drisshauer MgSO4, filtered and

concentrated In vacuum producin gram (98 %) of compound | base

| fezrmlebr daréddimsiimen st é@wﬂkﬁ%ﬂ%ﬁﬁ@%ﬁ%&ﬁe%ﬁ&omd in
2bisramstienalcrysialting taseof wasouss: ﬁ)ﬁtg:nama@fobtamed 0.35 gram

142-(2,4-Dimethylphenylsulfany1)-p SS 0|I Lwas
Ofr@ﬁféﬂlmplf’@“rﬁlaé&g ﬂlﬁﬂ% )a?fﬂsﬁgg?é}/cf@b&%ﬂéﬁefﬁ rfJ\ Lo s
sSRlitiowWasok6 &Iit&rednanﬁiethﬁ elbar fittsatdiebs coyleghsipgritaneously
hICh eC| n shortl after f||t IXEUR
Pg%) ?nFEe %ﬁf ;1?0 JQ %hﬂﬁ% B‘Bl EQ G5 the

room '[ mperature OUFS an e product was

wmm@ipwﬁﬁmmmaddneﬁlwm audvitied @)vaoenRidhe e veysediine

(ferh lies yyith
B e i el

(F2 9B ITIRRIBHINS WitlpSHHYETRaRlpReDE ERakT R b RHGT of &yalliline

QReLIPl EmRoUPd 1 Therbase Re prapssrd dxexample 2b, is crystalline
(XRPD) - see Figure 1. It has a melting point of -117C. It is not

hygroscopic and has a solubility of 0.1 mg/ml in water. Example 3a
EReppacagion Qﬁhb@g@ﬁﬁdawﬂ méﬂneshmobm_mﬁmmaﬁ of compound | 2.0

ram of 142 2.,4-Dimgth I ulfan azme

RS e R et e b D TR
aTrhStmngqu mugédeohmahm@cameabmmmhm &%mﬁmxmhw ethyl
& acetate was added In order 10 hayeprapet stitineh AR W Hydwas srred

room temperature for oné hour. Filtration and drying in vacuum (20 C)
”ﬁmaﬁu §hit ?frémiéarbeé yrsFhisNE &gt skl BeFRiE SIS ¥45. ‘Nmé

femalien m@%%@%&g sElemepiahanalysismdabvC, 7.18%N, 6.16%H
(Theory for 1:1 salt: 56.99%C, 7.39%N, 6.11%H) Example 3b

Characterisation of the alpha form of the hydrobromide of compound | The

Blahfosmn obissamdiobl dimide;aseepsredin example 3a, is crystalline
X.RPD) ure It has a melti om of -226C. It. g%gnipa apout
%%agjf g{é?\%/#elﬁneetxﬁgse%ytl TE g%ﬁi U ergztif/l%no has a sglubéliljlty

efiZ:nigmmhixwaté30 ml methanol and 50 ml ethy! acetate. The solution was left to

cool slightly before addition of 2.1 gram fumaric acid took place causing an
exothermic reaction and precipitation of a white solid. The suspension was stirred
while being allowed to cool to room temperature followed by 2 hours in the freezer at
—18 °C. The white solid was collected by filtration and washed with 20 mi cold ethyi
acetate before drying in vacuum (50 °C) over night. The product was isolated in 3.1
gram (44 %).

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 3c Preparation of the beta form of the hydrobromide salt of
compound | 49.5 gram of
wé4datAdRimethylphenylsulfanyl)-phenylipiperazine colounegsneibweassooss

dissolved in 500 ml ethyl acetate and added 18.5 mt. 48 %-wt HBr (aq).
This addition caused formation of a thick slurry which was stirred over
night at room temperature. 17 Fitt ratio and drying in vacuum (50 C) over
nlght produced the product in 29 6 gram as Whrte solid (47 %). NMR

% ghiofff et arsgd A8 E, 7.35%N, 6.24%H

T%z . Yo 4 %g gﬁ%f%gt Ye gWMs&ﬁﬂqypl‘éequigure 10. It has
%araCte F

rlsat e beta orm of the hydrobromide of compound | The
ab@éﬁemmﬁﬁa%&%ﬁ#&ﬁ%@l@pﬁéﬁﬁ?@dﬁﬂ SRPle 3c, is crystalline
(XRPD) see Figure 3. It has a melting point of-231C. It absorbs about
O 6% of Water When exposed to hrgh reIatlve humidity and has a solubility

n of the gamma form of the
2*5)’@:’%@9 CO[E1-@23@@kﬁﬁtﬁﬁmﬁyﬁdﬁaﬂyg-@ﬁenﬁ]p1perazme oil was dissolved in

4 Dimethyl | drab
S T B A B el B0 g B o A eid
mlunmmwaaeamm mg,earroﬂtudmofunﬁ mitraesofnd Bifintadeoltie ey HBr
tgvn%%r% eq.ntiLglond pol &taﬁrg/@rtc Thesaluianvassealeadezed

m temperature and dne MR complies with structure. Elemental

barfahpsis: iB6he Soweer1-1894N, Bhe 1ol (SPH@O’V%G?HLG%@&W raigonand

\Jaé%d%@Md)eglw@ameb%t&@arﬁgggrmad@f(ﬁwgammatgrmmﬁahe
hydrobromide of co ound The h drobrom de as preﬁ ared in, ex%rﬂl;i)eate

pg@dqgeértétgrﬁiﬁwsé 163 4-Dim P@ezrytsﬁ A PSRV IRRE TR Y
(dzermal e veRteal aboiwtd 0P CeprahablitchangeinyCaystalfanhs tien it

melts at about It absorbs about4 fwat r when expose
R ’?8 o n%%? glear SUNLRT AR ] r(§1/o%r?1rtoeorrr}t1 eralfulraemagout 2‘&3 y2

hNﬁtermsiﬁh‘madoediER@mb@ § 1 Rreparadi m@iem@vtvpdwdbrﬁhﬂd@qfiﬁmfbté
of ¢ und.l. 1. o (7 4-

afﬁ'f?frggﬁ ‘Tﬁtde (%ﬁn%r% létlr]‘]r){/kl 5%heny'i)lzpﬁ‘r’)vgrg&i|rsleloflzv%/za;i added 20 m|
m:atahymmé«at&@mm@nﬁ]ﬂxmazm WMileats wasdiagiedon ABermd 69 %)

SRIRIOINES Qﬂﬁt%%&ﬁf@@éﬁfé}%@ﬁuffs@néﬂtﬁﬂcW@%ﬂntm'@%wﬂh
structure. Elemental analysis: 55. 21%C 7.16%N, 6.34%H (Theory for 1:1
@étt’%rfﬁh@/draﬁ“lt‘sé%wg@ & 500N 06 é’%ﬁ) 18 Example 3h

Characterisation of the hemr hydrate of the hvdrobromide of compound 1
mle 31% |%co¥§talllndeI(XRPD) see figure

T T ' Ongty © ative humidity. At room
mmﬁﬁtadtﬂasaptd;ﬁwé EH:tkmpbtaTer isengstatlisaBoRPB) 79%scDEayratiol has

STl b}!oﬁat}“ 9 §85&b%’% %(Ql%gihty in water is ~1 mg/ml.

Example 82 Preparation of meso-tarirate of compound |

11.1 mi of a 0.30 M solution of 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyljpiperazine
in acetone was treated with 0.5 gram meso-tartaric acid dissolved in 5 ml acetone. The
mixture waé;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
produced the product as a white solid that was dried in vacuum (50 °C) over night, 1-

[2-(2.4-Dimethylphenylsulfanyl)-pbenyl]piperazine meso-tartaric acid was isolated in



Exdmple 3i Preparation of the ethyl acetate solvate of the hydrobromide
salt of compound | 0.9 gram of
wadokdfsizémethylphenylsulfanyl)-phenylipiperazine oil wagdigsaboagiisnoes
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 room
temperature. Filtration and washing with 30 ml diethyl ether followed by
drying in vacuum (50 C) over night produced
1:144@@ EPYnehyIRremyBedfarth kjrptiery T ireratairmasiBsEIS A8 $6lvate in
AR SR OrINRsOmRIcaISh StHENE S FiRmeRalgalysls:
%C 6.60%N;, 6.56%H (Theory for 1:1 sait when corrected for 8% of
Ethyl acetate and 0. 5% water as determined by TGA and KF: 56.51%C,
FRaf851eNi6 - 3804k ExamR© ShE hrsaciatis ﬁé'@ﬂ’b@frﬁb’tﬁlﬂhw acetate

solvate of the hydrobromide of compound The ethyl acetate solvate, ag
6&@5?%&%‘(@9% ,Brspgfefgle@gaemﬁéwﬁi@satﬂ&a% R 6 576 BN

ICRRtaRSIaIR i eod-iiFa 0| Vates clnditive ial phefasmioof emapound |,
probably because the drying has caused partly desolvation. The
desolvatlon starts at -75C When heated 10/m|n After desolvation the

aigidpachlimidity, the ethyl

‘ibﬁ?ltSﬂﬁb : %ﬁ%@i@t\{ %Eeﬁ[!" @CJP ﬂﬁ&% ﬁ@ﬁ@‘!ﬁﬁﬁaﬁﬁ)%% ¥1perazme

subsequently is Iowere Theresulting solidis hygroscopic and absorb
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ThrpEiQres salt &f AQBNRORhdratdr BFYB Binutes during which
142-(2,4- Dlmetglph ghlit/lsulfanyl) phenylipiperazine oil was dissolved in
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was a rin ition s taneous itation
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wolisdiefalenthe wihaite( precip R wes pbiokate th syriittratidil amahidtienhipsis:
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complies with structure. Elemental analysis: 64.18%C, 8.25%N, 6.96%H
shapdetermined by
Characterisation_of the
ﬂgfdko%ﬂr&métefaémaﬁﬁdq ewal@a%oerﬂafwéh%% (RpRei Eigiphd
8.4 eryRiaflipeiiXRRRD)1°seenkigiidifiyihasednelingmpeint. of --236C. It
absorbs about 1.5% of water when exposed to high relative humidity and
has a solubility of 3 mg/m1 in water. Example 4c Preparation of the
ydnpthldeid @ mmnaivrdeéie-6i-conmeuficbinpound 1

11.1 ml of 2 0.30 M solution of 1-[2-(2,4-Dimethylphenyisulfanyl)-phenyljpiperazine

in acetone was treated with 0.5 gram D-(-)-tartaric acid dissolved in 5 ml acetone. The
mixture was stirred at room temperature for 30 minutes during which precipitation
took place. Filtration and washing first with 5 mi 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)-phenylipiperazine D-(-)-tartaric acid was isolated in
1.0 gram (68 %). NMR complies with structure. Elemental analysis: 58.90%C,
6.26%N, 6.35%H (Theory for a 1:1 salt: 58.91%C, 6.25%N, 6.29%H)



11.9 gram of 142-(2,4-Dimethylphenylsulfanyl)-phenyl11piperazine oil
was dissolved in 100 ml ethanol using heating. When a homogenous

wePibip 1@s obtained addition of 3.5 ml conc. HC1 (aq) tookcal@i&oos/ 056063
causing the immediately precipitation of a white solid. The suspension
was stirred for 5 minutes at first and then on ice-bath another hour before
filtration. The white solid was washegd3using 100 ml of fresh cool ethanol
(placed |n freezer at - 18 C for 2 hours) 50 mI acetone and finally 50 ml

r%é%@rﬁ}&j@%%ﬁ&%&%@ﬁ%@?é{&&éoh?af‘lfi][? &m@?ﬁ@byvaeeﬁ aLedin

5.1 gra complies with structufe. Elemental analysis:
lgmpamdtmgosN of7-16666 Fhsselybidiin Salemioribfyerare: 61.26%C,
7.94%N, 7.14%H) Example 4d Characterisation of the hydrochloride
monohydrate of compound 1 The hydrochlorlde monohydrate, as
-t : f Fethi PH - see Figure 8. It
]dell‘t)(ﬁifﬂ‘t@B soaw @@@t@hﬁut 520@ Spmetthesiralevents) ppababipiperazine

t, rth d t 230C
"fr‘gar?(‘rf:t/?gg%glleg Ogt(gl'llsa%é)%&ar?r rr?ﬁ:g(guaanabolﬁgé%ga qﬁb(f(#es noqlrebsorb
stirrtiden asnouehpbwaterforiEnmexrpos edd dbigtn rekabets emadityead dobes

gecrgﬁ?e?g %%dt&it%f 004 (IS RFGH HAERG SGIRINE Y %k% with 5

ase elow 109 RH at room temperature. It has a solubility of

ralsatoraghtiendvizhdietind dtheapioucd Hre peadurdmor Watssatil saat pRs

&%@M&n -ﬂ)@ Rt night. 1-[2- (2,4-Dimethylphenylsulfanyl)-
‘W}ﬁz 4- Dlmethylphenylsu fany ("m; phe IIprperazrne oil was dissolved in
RRTZER S BY hE ARG g Gear 5B W iShidiRed

saqﬁﬁlﬁr.aereef@m@maﬂgs&:Iﬁmsmmai%ﬂr,@ysymsmé&@dr@r@wly.séatter
final addition lution was cooled on ice and diethyl ether was added
A Z@r@& u@?#ﬁéwé"g@itation of the product. The suspension was stirred

for 2 hours on ice before the Whrte precipitate was isolated by filtration and

Tﬁelsm@lmm f(sar%)trwmwwmtmééwweﬁt@@wmenﬁﬁr gmﬂé It
1@.@ B S8 IHN-6 GBYHHT RRHi TN A TateSHILPT RLMAE, 7-10%N,

6.64%H) Example 5b Characterisation of the mesvlate of compound |
The mesylate, as prepared in example 5a, is crystalline (XRPD)- see

Eignkee9 i hes saraeding prigh e b83Gmpoismyigroscopic (absorbs about

‘8% of water when ose 80% relative hymidjt

D B R e b oS R R e Bgraeine
naiceetaased wedibtheiteativel 661 ditP (S, belovT AHOS R tMasstarvdny Rigin
qub|I| >45m /mD. Ie6 Prepa te qf
R R R RS e
witshiag Asteitht6 @rmmammmsommmm@mmw@w as a

ARt SlviPRdRSeflin Gaole alibnhaforeradsliion of 2.1 gram

fumaric acid took p ace causrng an exothermic reaction and preC| itation

Bf%%i@%l&llﬁ%%@éﬁ%@&%%@%mwmlé’%%‘ﬁﬁﬂ%ﬂfb\ﬁédz |
sopRNgMReiisie ol awed by Bibasiaindhefieazenatcld Gofheswbita]

e vl Sr%?g'J kot 8o £ S0Sh AP Hhe product was isolated in 5.1
gram (44 %). NMR complies with structure. Elemental analysis: 63.42%C,
B4y 84230 TSR0 Bl SR O3 TG RPN 6:32%H) 21
The phosphate, as prepared in example 12a, is crystalline (XRPD) see Figure 16. It
has a melting point of ~224°C. The solubility in water is ~1 mg/ml.



Example 6b Characterisation of the fumarate of compound I The
fumarate, as prepared in example 6a, is crystalline (CRPD) - see Figure

wiDolishass@ melting point of -194C. The solubility in water isp@#mgai0slosoos3
Example 7a Preparation of maleate of compound | 2.5 gram

142-(2,4-Dimethylphenylsulfanyl1)-phenylipiperazine oil was dissolved in
50 ml ethyl acetate and heated to 63 followed by addition of 1.1 gram
maleic acid. The mixture was heated again to reflux for 5 minutes and left
to cool to room temperature while stirring. During the cooling precipitation

Eﬁ&f%@g {3; %{@aﬁﬁﬁl{{-gﬁl@ a{%%@%@g&' thg freezer (-18 C). The white solid
"Wa ecie iftration and washed with 50 ml diethyl ether before

lérymgqﬁa\&éﬁ%ﬁmmy Aviet gt Dinetripgreau fnybapheppiperazine
il 4 dRinetndrivenysuliesyiophenwibinetszing Maleaietiddekdhat

was recrystallised by treatment with 40 ml ethyl acetate and 5 ml
OB ARFE AR & Aundes ALHRFSH hR CIRNEHTD RS IRSFbFEtie and
v&@émgeﬂr&maﬂn@uﬁs decibeefine zem(3181 Q)casfDecfitpridgean chwpsied: as a

ice with,10 m on eth | acetate followed b r Aacuum (50 C) for
V@%f? 8%&/ ety me%ﬁnhzgﬁygh ﬂanyti Yr%g ]gll’perazme Maleate
mmtwmmlmy@cam@wmmmam@m withusthuc UBe. gEleni@hta).
% 1 4%
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Characterisation of the maleafe of
(Ebrapofid | : TrEthTAI8ateCak! grEplndtidih’glample 7a, is crystalline
(XRPD) - see Figure 11. It has a melting point of --152C. The solubility in
Water is - 1 m/mI Example 8a Preparation of meso-tartrate of compound |
| N on of the nitrate of compound [
meax(tzaér asmﬁtﬁaf%@reﬂauﬁwwa) RhenylinipeZPDN-ase®RerwHE It docs

treated with 0.5 gram meso-tartaric acid dissolved jn e
RS S Sl T (e

B a]]-uqnhty

uring w

ipresipitatidrt togkagdlace. Filtration and washing first with 5 ml acetone and
then 3 ml diethyl ether produced the product as a white solid that was
drled in vacuum (50 C) over nlght 1-

raddlmpb fapedinieso-tartaric acid was

ﬂé%tﬁ%&al %%ée %95@%&9?&%)1&1%&&9@9{'@@ Withstiur e o Rmental
analysis: 58.58%C, 6.29%N, 6.40%H (Theory for a 1:1 salt: 58,91%C,

RS STEN, B ISGE-PRESEE Fé"a%‘éﬁ&l”d&@ﬁé‘&h&lﬂ%ﬁ ﬁm@“ﬁﬁ%ﬁ“&iﬁr@@ﬁﬁc

mm&( h‘) Bﬁés%@d%%ﬁﬁﬁ@d&:y&&@léﬁmmd)le?&adgﬁiébhaﬁmlg t(liéyéiaﬁaud:ﬂe
XRP see F e 12. It has a meltin int of -164C, The solubility in
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nociception, whereas the second (~20-30 minutes) is thought to represent pain of

neuropathic origin. The two phases are separated by a quiescent period in which
behaviour returns to normal. The effectiveness of test compounds to reduce the
painful stimuli is assessed by counting the amount of time spent licking the injured
paw in the two phases.

Compound I showed a significant reduction in second phase pain scores
(Figure 18b), indicating efficacy against pain of neuropathic origin. Furthermore, the
compounds of the present invention showed a significant reduction in the first phase
scores (Figure 18a), indicating a more analgesic action at the highest dose. In
summary, these results indicate that compounds of the present invention are likely to

be effective in the treatment of pain disorders.



11.1 ml of a 0.30 M solution of
1-12-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine in acetone was
wireaiedh yeh 0.5 gram L-(+)-tartaric acid dissolved in 5 m| a®eEOMK2Ti8®50063
mixture was stirred at room temperature for 30 minutes during which
precipitation took place. Filtration and washing first with 5 ml acetone and

then 3 ml diethyl ether achieved the froduct as a white solid that was
dried in vacuum (50 C) over night.

1.42-(2,4-Dimethylphenylsulfanyl1)-phenylThiperazine (+)-tartaric acid was
eEAed itfre A B NhWNMB cRUPLEs A Sl st e vhiabental
analysisT58.86%C, 6.30%N, 6.38%H (Theory for a 1:1 salt: 58.91%C,
NP YELARLS 6.29%H) Example 9b Characterisation of the L-(+)-tartrate of
MiQraeound | The L-(+)-tartrate, as prepared in example 9a, is crystalline

XRPD) - see Figure 13. | |tin int of -171C. The sglubility.in
prti Rt R
Hmsgiound | 11.1 ml of a 0.30 M solution of
A142-§2,4-DimethylphenylsuIfanyl)-phenylipiperazine in acetone was
tr&4ted with 0.5 gram D-(-)-tartaric acid dissolved in 5 ml acetone. The
MuaixtSpegrasBtiviexiratsr sotatymsighing 8 15380 snivereysadriRepwhirsals

SGipitatiapderk paga; ftation ard.weshing fshwitlirisrk asetona.and
then 3 ml diethyl ether produced thesproduct as a white solid that was
dgrewipeatuai? {30°C) @fbhtmgqiﬁy (55+£5%) with food and tap water available

M3nkg. & Dimethylphenylsulfanyl)-phenyl]piperazine D-(-)-tartaric acid was
isolated in 1.0 gram (68 %). NMR complies with structure. Elemental
analysis: 58.90%C, 6.26%N, 6.35%H (Theory for a 1:1 salt: 58.91%C,

SudetpWnBriidfblia23 BxymnleA0b Characterisation of the D-(-)-tartrate

of compound | The D-(+)-tartrate, as pre din example 10a,is, .
e M R R e R T
catubilittOnwamnierdstemgaxikHyamphaitd Rre s diivn, eisilphate of
compaound, | 11.1 ml of.a 0.30 M soluti f PN TR

R T R LA i ol hEpocampus (co-ordinates: 5.6 mn
fioetiet withezrRagihtsial 35 sohfidhror FERg@l4qdyyaTeidhibeareivag!
Slired Atsopmtenperatiie i 30 BinesachiheR AMiceR {@htral 1o

another 4 hours before precipitation took place and was finalized.

duirea e henaaRrESHIAG PSR TR 1RE IRdHAEANCHIPGIHHR campas.
Produgedthe pIgAUS @8 whilewaligdhntwas driethiprobeumtnaii@hed at

over night. 1-12-(2.4-Dimethylphenylsulfany1)- phenylipiperazjne sulphate
FI2G 4B 17 SHOQR R HOLST KRR LESRISISS (il SRS e B dntad

analysis: (h4dadWind 23hhehit 28 Mdo(Thearpfoba(C i s4l2, BE5266C,

7.07%N, 6.10%H) Example 1 Ib Characterisation of the sulphate of
‘é’&}ﬂﬂg{;ﬁc{qﬂﬁ{ﬁ%g |BW§[%§%%6§ tgrou %%c e a

repal%d in %xam(fﬁgnf a, is crystalline
(XRPDijhe geebBiguires tomittiad daneltidgipointicfvivebO . aThisToutisiiep in

PEE! FRrflelo M9l FAIONPIR € R-BEERATR O 0h RIRSR B Rl gt
NaCl, 3 mM KC1, 1 mM MgCls, 1,2 mM CaCl; containing 0.5 pM neostigmine) was
begun shortly before insertion of the probe into the brain and continued for the
duration of the experiment at a constant {low rate of 1 pl/min. After 180 min of
stabilisation, the experiments were initiated. Dialysates were collected every 20 min.
After the experiments the animals were sacrificed, their brains removed, frozen and

sliced for probe placement verification.



11.1 ml of a 0.30 M solution of
142-(2,4-Dimethylphenylsulfanyl1)-phenyl]piperazine in acetone was
wheaediih 0.2 ml 65 % 1-13P0O4 (aq). The mixture was StrCabaR200LI86063
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 wadried in vacuum (50 C) over night.
14242 ,4- Dimethylphenylsulfanyl)-phenyllpiperazine phosphate was
isolat&heinolpBugdadisi@dtoin NMR dBmpide anchinircledsebamlapaesly (2.5
alysis: %C, %N, 9 Y, 15 2423 %0 5%,
I s B s
administnertin antduskosphatel&8 prepared in example 12a, is crystalline
(XRPD) see Figure 16. It has a melting point of -224C. The solubility in
water is -1 mg/ml. 24 Example 13a Preparation of nitrate of compound 1
Apalpsineiofia b e Medurhindinor
Chadebeib mribyipbesids uhay - preiyifpiparazingilyact toneemesol

treated with 0.2 ml of 16,5 M HNO3 (aq). The mixture was stirr rgom
ﬂgﬁgfﬁﬁléc%?cglﬁ%ﬁ%]u %t§ Qo r}lﬁ Iﬁéﬂ%)%‘% %%#pﬁ?gﬁgﬁﬁ%%in%lé@g% tration
disod iwea $lyiivgdirgthwitiaBayil Saebd metamdsthfonis wnidd @ty Mitssamasbiviced
the pro i i t kiR v, I i
B e B e ch o e
(S8 BRyrmngismbliMmR definsies dbtusaiid chbtehipar HrRisrcd
s 4;?19%/?6: %Jpx@gr%ﬁ\!se%aﬂ%ﬁ%fm%ft% anhi}1RAlcSRHRA (S ATAEIYAN);
6.41%H) Examp!e 13b Characterisation of the nitrate of compound | The
floitraess A3 praygaredsmRsTaRse’ 2 de, A EHEAMAR{SaRES e SGE 17.
ot npbMelRULSRGRMPRSEAIndaAR GOIhebnisiRactianciiakaut

160C. The solubility in water is -0.8 mg/ml. Example 14 Pain cts in the
SSRGS o DO RS SEREE B L OF

dedraakingbmlp ROlRY intethiedefid ihdpahe THuerivisateraedised by the
formaljn injection elicits a characteristic bijphasic hehaviqural res as
L A R e e R
phase (-0-10 minutes) represents direct chemical irritation and

A9 ai%gfpstfig%pdn\é/@ereas the second (-20-30 minutes) is thought to represent
pain‘of neuropathic origin. The two phases are separated by a quiescent
Inesiiegiei Aniopiion BEIAEHIS BRIRC ABERED TRRsEHERa N SEH fest
ﬁ%&%ag?s&m@%_ vRRuhsiienalids asseasadiaysauing theach
amount of time spent licking the injured paw in the t{zvo hglse  reimiecti
CBRRBRSHhATY S P CCRTEAIR PEERGEIRSA 1 BERSONE R h Bl Lty
{Higrarect@hlizbadicatiog efficacy against pain of neuropathic origin.
Furthermore, the compounds of the present invention showed a significant
reduction in the first phase scores (Figure 18a), indicating a more
Raalfgesic action at the highest dose. In summary, these results indicate

ﬁ%t %%fg 8@8;&5&% resentivention migdikalie g Effective.dp the
aln

reatment of p Isoraers.
prefrontal cortex and the ventral hippocampus — see figure 192 and 19b.

Example 16 Contextual fear conditioning in rats

The compound administered in the present experiment was 1-{2-(2,4-
dimethyliphenylsulfanyl)phenyl]piperazine HBr salt.
We have studied the effect of the compound on acquisition, consolidation and

recall of contextual fear conditioning in rats. In the fear conditioning paradigm animals



25 Example 15 Effects on extracellular levels of acetylcholine in the brain
of freely moving rats Methods The animals were administered 1-[2-(2,4-d

wbthghgaysulfanyl)phenyllpiparazine, HBr salt. Animals Mgl€r/pk2008/050063
Sprague-Dawley rats, initially weighing 275-300 g, were used. The
animals were housed under a 12-hr light/dark cycle under controlled
conditions for regular indoor temperature (212C) and humidity (55+5%)
with food and tap water available ad libitum. Surgery and microdialysis
lexperimenistRatewet emnanstheticedtwwitiy pacing dombeurt$ 2 witlila)
TS gReieiel gulle FIUES SNV WsIR Sereplatieab TRl
into the rain, aiming at positioning thé dialysis p%obet In the ventral
chippiseaanipuds(experdin esimg dehevipwstahichts hegmng diteshmspup i the
e PUR Y SR AL OF I SN ATefsontal 205t {op-ORd RAIRAnBSPBY

anterior to bregma, lateral, 0,8 mm, 4,0 mm ventral to dura). Anchor

cepiexibisar seRfidceRsdit RRsre e sBh XA YR S datvling dave
dheheakdenparatirsoeiiiRanimais wasmetemchby foe chal foreadcans this

maintajned at 37C. The rat -allgyved to reco r rgery for 2
TR N Sl e NN R G 2
Nuierocialy®isXIrbbgs(TRMA]12, 0,5 mm diameter, 3 mm length) was

inserted through the guide cannula. The probes were connected via a

dual channel swivel to a microinjection pump. Perfusion of the
Anivdddiatysissprobe with filtered Ringer solution (145 mm NaC1, 3 mM

KC1, AduimvalsCipragie-RvrBagasdmeiiiing 6 MW sedstiepnhEping)
Regensnariy. beforinseriontheRs pbednie the-Praintanshoamtiniest for

the duration of the experiment at a constant flow rate of 1 p11mm,. After
WHO Wi SosthBifsaih WFfe Sxilehinardamiers Ttiabere ist/sures /e
SAVectesbevaihodRdain: AliIbEeXoeYiAebisabP animadsiaere sacrificed,

their brains removed, frozen and sliced for probe nt verification.
i b TR T T e e

subcutaneously (2.5 - 10 mg/kg). Doses are expressed as mg salt/kg body
%ﬁ)l{g{ﬁ% The compound was administered in a volume of 2.5 ml/kg.
a

Vete. af il A8 AESNISNRIRG ted in & soundproof chamber (30 x 20 x 40

cm) housed in an isolated room and connected to a ventilation system. Hlumination
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.

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

environment for a 1 min habituation period, which co-terminated with one
inescapable foot-shock (unconditioned stimulus, US) through the electrifiable grid
floor. The foot shock had a duration of 2 s and an intensity of 0.75 mA. Animals
remained i the conditioning chamber for another 60 s afier the US. Freezing
behaviour was scored during the first 58 s (pre-shock acquisition; experimenter
blinded to groups) io determine baseline-freezing responses to the context. At the end

of the acquisition animals were gently removed and placed into their home cages.



Concentration of acetylcholine (ACh) in the dialysates was analysed by
means of HPLC with electrochemical detection using a mobile phase

weRhsisiingsef 100 inM disodium hydrogenphosphate, 2.0 mivcagha8os/ 056063
sulfonic acid, 0.5 mM tetramethylammonium chloride and 0.005% MB

(ESA), pH 8.0. A pre-column enzyme reactor (ESA) containing

immobilised choline oxidase eliminagl choline from the injected sample

(10 al) prior to separation of ACh on the analytical column (ESA
ARESHP b Ohe Hame ratenB] 8% end/roimty dentpe ato tbe 35@ingftonttre Haalytical
c§§@gﬂiﬁ CRAMRIS hasPeshibiua s RASVERIPR LA BOARE e Blod

containing immobilised acetylcholineesterase and cho Tine oxidase.

9 eolghe el wete eppinib ridgcAes Reheke Hinwainacsebdudie Mnrddaise to
pPRIAING R BRAmERRARAWAS dRigriarieleGRchamicRIRY HfSifna! Rest

platinum electrode (Analytical cell: ESA, model 5040). Data presentation
PRithgle injection experiments the mean value of 3 consecutive ACh
samples immediately preceding compound administration served as the
F%as | leve] for egch experiment and data were converted to percentage of
SE4 (Heaf B4E4 pre-injection values normalized to 100%). Results The

Efﬁmpifuhdcmigptﬁmmtydmmasédfegmmﬁmm feksel; of ACh in the rat
prefro*i‘fx%' i?é%%%f‘%ﬂedc ¥ER4 8L NIRROGAMPYS carf e A 9AeRd S8ed Gi)
Example ontextual fear conditioning in rats Thecompound

cacherinisitére dinghepiesbefoegrenmidionwiagura 24 @b on memory recall (drug
a&}ﬂl@&h&é@?@@él?#l?ﬂé@ﬁ’ﬁ@r&b@ﬁ%%%ild@ﬁ lrug aM¥ReBaVEnSHiAlad afier

e effect of the compound on acquisition, consolidation and recall of
ihpAtauitiHPTe A RBR Ao MbrifEaAst of BrecdmeRS it GAMRy Wt & digrnd 10
rﬁ%‘ﬂf@@éﬁa@idiﬁﬁﬁﬁkﬁﬁh@ﬁpﬁﬁiﬁt@tﬁ@ﬁ&@iiﬁﬂ@!ﬁ@@ﬁlmﬁi Kc%t?wﬁdﬁﬁm '?g
chamber, wit aversive experience, (an electric ot-shock, U
aﬁﬂmﬂ&wgfﬁ%@&ﬂ% AW NI ST A ARSI e 09 31 ?ﬁg the
ibehavious; WhidkisTiakénlasiagdimiihpieasurebedried: fear-related memory
[Pavlov .1 Blot Sci., 15, 177-182, 1980]. The neuroanatomy of contextual

fear conditioning has been thoroughly investigated and several studies
have démormsirentad dhett nhieahifpp desehip Senaehabsfguiler dedoretissary

for the formation of Hisspemosy IHiRpacampysy 11, 8-17, 2001; J.
Neurosci., 19, 1106-1114, 1999; Behav. Neurosci., 106, 274-285, 1992].

Animalha ferenerys Adt P atsd s Sgderoatn sy ress (Relipfmy s sy
at timeififEaiRin@lention test, 24 h after the acquisition (39.24 + 13.76 %, n= 6,

versus 24.30 & 4.40 %, n= 16, in the vehicle-treated animals).

- The compound at 10 mg/kg significantly increases the time spent freezimg
during the retention fest, 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 in the literature for the investigation of learning and memory. In
order to further elucidate the acute effects of this drug on memory recall, the
compound (5, 10 and 20 mg/kg) was applied 1 h prior to the retention test. It was
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
vehicle-treated animals, p< 0.05) (Figure 21).



from Charles River Laboratories, housed two per cage under a 12h

light/dark cycle, were used. Food and water were available ad libitum.
whategnessseised 1 week after arrival. The compound was digegiwactiosb8os3

)/0 HPbetaCD and injected subcutaneously. The drug was administered

in a volume of 2.5 ml/kg. Apparatus Training and testing were conducted

in a soundproof chamber (30 x 20 x 2® cm) housed in an isolated room

and connected to a ventilation system. Illumination was provided by a

white Aiglde{8ihuatiyv T Hbeflooroitebstitnibdesomsisttas tokschnsticgriog

bBHRSHEDIPANRIGEHIE SNOEkgENR ORI HRINIng BRAghinddhe

chamber was cleaned with a 70 % ethanol solution. A video camera
thatdbreebserved RECO 1B ITBEE RAtRotHS dharvarsriily sffese TRameRidLasdn
femefingsanalysis: Meatisitianaod-retRapomstankDyFag JRERCNPEaTs
animals were allowed to freely explore the novel environment for a 1 min
RIS HEVRRL FHER ot FIRSREPTH AT BRE RS, B IE SBRLH
sfvacenddipbetstinus; &) thaoughidheieleficitableigticddaoe. dbhikdfyahat
.Shock had a.dur%tion of}2 S ar%ban intensity of %'735%“&'1"3‘{‘@,?1%!35 mpound
e e%%%scg%iﬁonlﬁugmc amber [6F akother 60 s after the US: P '
Freezingfiehavioemgiias duotbd cumipmuidasinst 58 & gonec-dhbbiars pro-
RS eRRSHNERIEE NS A ArOUREL IR GETRTMINS) me/kg after the

eline-freezing responses to the context. At the end of the acquisition
agaREisnverEQje ROy RSB B A pIacetEime menth g suapREd X8 fter
AN AR QBRI RIS RIS the dainibd centaxic(fRatas

conditioning chamber) and a 2 min retention test was perfomied. During
QPRETHH R R RTRAAA /B SRt R AR RR VTP o R e
drrpgHhRale testperiotkywits ibeutsiperisessiter Birded46@loups&and

rese as. percent of tatal test period. Results and Di ion Effect of
s e bl s Relsranca s R 2 POSTIRN Seet e
afainpeopant Geozirgextir fleacconditommgsinedes has stydidddjonmeasure
i F%'g@fatéﬁf ?ﬁgﬁgﬁw%mi%nlﬂ%ﬁ 200 RMEMA ced

recall (drug appli re test, Figure'21j and (iii) on consolidation (drug
insptenpindricgiatantafbenkenpyakitoshrigreaes) s fiiguesetdpand
EXPSHBL S AS, SRRAURS nA BRIR DA WaR Admiisteietdnidry.

prior to the acquisition session. Figure 20 depicts the acquisition o
[ I hey glaro LTS QLI

retentiopdpshad 1alter e il awingcfinditgonetetobsaivedndde [Pain, 33,
ompoyp S not fe(f:t baseliqle freezin ehaf}{iour efare the. )
 Hrlndish SPin A0 Ss e Re L PR S GGG Sppcation offour foos
ligations around one sciatic nerve of the rat over a period of time to develop both
hyperalgesia and allodynia. The effect of test compounds in this test is measured as
the time to withdraw the paw upon a thermal stimuli. Compound I (HBr salt} at 7.9
mg/kg s.c. 60 minutes) produced a significant and dose-dependant withdrawal latency
following a thermal stimuli. These data (see figure 26) demonstrate that compound I

has an analgesic-like effect.



The compound at 5 mg/kg has a tendency to increase the time spent
freezing during the retention test, 24h after the acquisition (39.24 13.76
%, n= 6, versus 24.30 4.40 %, n-- 16, in the vehicle-treated animals). The
compound at 10 mg/kg significantly increases the time spent freezing
during the retention test, 24 h after the acquisition (52.15 5.68 %, n= 10,
versus 24.30 4.40 %, n= 16, in the vehicle-treated animals, p< 0.01).
The fear conditioning model, as described in Figure 20, is a standard
cldifpeedure described in the literature for the investigation of learning and
memory. In order to further elucidate the acute effects of this drug on

L Lo ARl R AR T e R RO LB P the

phagxatessian phireeribi: hetibaidiiat Smatkgeddiagnipeumemeonytiest
ﬁ‘,ﬁ? 3. 7?6%.: 9, vergus 3.61 4.29%, n= 13, in the yehicle-treated
m e pEFES) RIS )i bgarme lO4BBHBLE SRR ABund

depbassisall does not affect baseline freezing behaviour before the onset of
US (Figure 20), thus the most plausible hypothesis is that the observed

2. ?ffe%la”u'é'eg%ceoﬁx{e%%”éﬁé{’ A .%%é'r%%@o%iﬁ&&hé?%%ﬁg%i r”%%i@c?&ﬂ%
is assessed via fre€zing behaviour, a response that is reduced by

saltcompounds with potential anxiolytic effects. This experiment demonstrates
that the compound given acutely before memory recall has anxiolytic

3. efficpRy J3 BSHEIR) S LIKRTY, IRAEIBH SEREANELAN SQUH s ik Q& 2fhne

is due to an anxiogenic effect of the compound. In order to strengthen

witthERHP celfapdeiioaisontit, Snidoderit and barks(p?8cognitive potential, the
compound was administered at 5, 10 and 20 mg/kg after the acquisition

4. sesggpa ugé)_ibi%ﬂ&'i%@%’ dmi%,%hafe%ﬁemmﬁcm%@&mpmg WaSin
onboard neither during the acquisition nor throughout the retention test.

XRPBras depistedisdiisictiat the compound at 5 mg/kg significantly
enhances the time spent freezing during the retention test, 24 h after the

5. acqdibiinse aecsidnhgd0.bSy 4{alatmstr—= Switerslissahl 6udid ntended 18 in

g the vehicle-tr aﬁeHddanimais p< 3p%§) The percentage of time spent

a ‘Wé‘é’?}fﬁac’m% SRk AP 56Y P& has been described as a measure
of a fear-related memory [Pavlov J. Biol. Sci, 15, 177-182, 1980], which is
enhanced in compound-treated rats when compared to vehicle-treated
animals (Figure 20 and 21). Taken together, the data show that the
compound enhances contextual memory. Example 17 Effect of compound
Tin the chronic constriction nerve iniurv model Compound | was
evaluated in the chronic constriction injury model [Pain, 33, 87-107, 1988].
This model of neuropathic pain involves the application of four loose
ligations around one sciatic nerve of the rat over a period of time to
develop both hyperalgesia and allodynia. The effect of test compounds in
this test is measured as the time to withdraw the paw upon a thermal
stimuli. Compound I (HBr salt) at 7.9 mg/kg s.c. 60 minutes) produced a
significant and dose-dependant withdrawal latency following a thermal
stimuli. These data (see figure 26) demonstrate that compound | has an
analgesic-like effect. Claims I.The use of
1-12-(2,4-dimethylphenylsulfanyl)phenylThiperazine and pharmaceutically
acceptable acid addition salts thereof (compound D in the manufacture of
a medicament for the treatment of pain or residual symptoms in
depression. 2. The use according to claim 1, wherein compound 1 is the
HBr acid addition salt. 3. The use according to claim 2, wherein said HBr
acid addition salt is crystalline with XRPD reflections at 6.89, 9.73, 13.78
and 14.64 (20).



4. The use according to claim 3, wherein said HBr acid addition salts has
an XRPD as depicted in Figure 3. 81 The use according to any of
claims1-4, wherein said drug is intended for administration in daily doses
of about 1-20 mg. 31 6.
142-(2,4-dimethylphenylsulfanyl)phenyllpiperazine and pharmaceutically
acceptable acid addition salts thereof (compound I) for use in the
treatment of pain or residual symptoms in depression. 7. The compound
according to claim6, wherein compound | is the HBr acid addition salt. 8.
The c ound accarding to claim.7, wherein said HBr acid addition salt is
e Bk St T B R e
accafratto mid addihen eatinthépeolajcoBpovingr B feaidet i thedict anbditiost palts or
has an XRPD as depicted in Figure 3. 10. The compound according to
8?15}8}%’%%-13, Srensaid compound is administered in daily doses of

about 1-20 mg.
7. The compound according to claim6, wherein compound I is the HBr acid

res

addition salt.

8. The compound according to claim 7, wherein said HBr acid addition salt is

crystalline with XRPD reflections at 6.89, 9.73, 13.78 and 14.64 (°20).

9. The compound according to claim 8, wherein said HBr acid addition salts has

an XRPD as depicted in Figure 3.

10.  The compound according to any of claims6-9, wherein said compound is

administered in daily doses of about 1-20 mg.



