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di sclosed in the international patent application W
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the serotonin transporter and to have affinity for the
serotonin receptor 2C (5-HT C), and as such be useful
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manifest itself as e.g. chronic pain, i.e. that the perception of pain remains even after
the noxious stimulus has stopped, or as hyperalgesia, i.e. an increased response to a
stimulus, which is normally painful. On of the more mysterious and dramatic
examples of this is the “phantom limb syndrome”, i.e. the persistence of pain that
existed in a limb prior to its amputation. For a recent review of central neuroplasticity
and pain see Melzack et al in Ann. N.Y. Acad. Sci., 933, 157-174, 2001.

Chronic pain, such as neuropathic pain manifests itself differently than other
types of pain, e.g. somatic or visceral pain. The pain is often described as shooting,
burning, pins and needles, numb or stabbing. Common causes of neuropathic pain
include alcoholism, amputation, back, leg and hip problems, chemotherapy, diabetes,

HIV, multiple sclerosis, spine surgery, and herpes zoster virus infection.
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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 invention relates to a method of treating pain or

residual symptoms in depression, the method comprising the administration of a
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Figure 6: XRPD of the mixture of the ethyl acetate solvate and the alpha form of the
hydrobromide salt of compound I

Figure 7: XRPD of hydrochloride salt of compound 1

Figure 8: XRPD of monohydrate of hydrochloride salt of compound 1

Figure 9: XRPD of mesylate salt of compound I

Figure 10: XRPD of fumarate salt of compound I

Figure 11: XRPD of maleate salt of compound |

Figure 12: XRPD of meso-tatrate salt of compound I

Figure 13: XRPD of L-(+)-tatrate salt of compound I

Figure 14: XRPD of D-(-)-tatrate salt of compound I

Figure 15: XRPD of sulphate salt of compound I

Figure 16: XRPD of phosphate salt of compound I

Figure 17: XRPD of nitrate salt of compound |

Figure 18: Effect of compound I in the intradermal formalin test. X-axis shows the

amount of compound administred; Y-axis shows the amount of time (sec) spent
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Figure 22: Effect of 1-[2-(2,4-dimethylphenylsulfanyl)phenyl]piperazine HBr salt on
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 I (HBr salt) over 6 weeks. There was approximately 100 patients in

each group.
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In one enbodi nent, sai ) ngggg%ically accept abl e
acid addition salts a ¢id addition salts of acids
that are non-toxic. Saind salts include salts nade from
organi ¢ acids, such as nal eisc, fumaric, benzoic,
ascorbic, succinic, oxalic, blsnethylenesallcyllc

met hanesul foni ¢, et haned;i oni c, acetic, propionic,
tartaric, salicylic, cit gluconlc Iactlc mal i c,
mandel i c, cinnamc, citraconic, aspartic, stearic,

pal mtic, itaconic, glycolic, p-am nobenzoic,

gl utam c, benzenesul fonic, theophylline acetic acids,
as well as the 8-hal ot heophyl i nes, for exanple 8-
bronot heophyl | ine. Said salts may al so be made from

i norlélé’ﬁP @n@gﬂlgrsent §g]@lrph§gnaceut1cally 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, gluconic, 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-
bromotheophylline. Said salts may also be made from inorganic salts, such as
hydrochloric, 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
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exist in polymorphic forms. Polymorphic forms exist if a compound can crystallize 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 I.
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particular suited for making tablets. Hence, in one embodiment, the invention

provides the hydrobromide salt of 1-[2-(2,4-dimethylphenylsulphanyl)-
phenyl]piperazine with XRDP reflections at approximately 6.89, 9.73, 13,78 and
14.62 (°20), 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 I is provided in the examples, but

may be summarised as follows. Compound I is an inhibitor of the serotonin
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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 learning and memory, reasoning and problem solving e.g. executive function,
speed of processing and/or social cognition. In particular, cognitive symptoms may

indicate deficits in attention, disorganized thinking, slow thinking, difficulty in

understanding, poor concentration, impairment of problem solving, poor memory,
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wiRieh & s‘ﬁBEr%r 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 [/nt. Clin. Psychpharm., 21 (suppl
1), S25-529, 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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The above results which show that the sexual adverse effect of compound I 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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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 a
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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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 administered 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,

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

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

(TMS) is used as internal reference standard.
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uM. 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 1

10 grams of 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine hydrobromide
was treated with a stirred mixture of 100 ml 3 M NaOH and 100 ml ethyl acetate for
10 minutes. The organic phase was separated, washed with 100 ml 15 %-wt NaCl
(aq), dried over MgSOQ., 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 I

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

treated with 70 ml acetonitrile and heated to reflux. The almost clear solution was
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Example 3b  Characterisation of the alpha form of the hydrobromide of compound 1

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 humidity and has a solubility of 2 mg/ml in

water.

Example 3¢ Preparation of the beta form of the hydrobromide salt of compound I

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

caused formation of a thick slurry which was stirred over night at room temperature.
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crystal form. Then it melts at about 220°C. It absorbs about 4.5% of water when

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

water is absorbed.

Example 3¢ Preparation of the hydrobromide hydrate of compound I

1.4 gram of 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine oil was added 20
ml water, and heated to 60°C. pH was adjusted to 1 using 48% HBr. The solution was
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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The € hyl acea[ate solvate, as prepared in example 31, is crystalline (XRPD) — see

Figure 6. The batch contains a mixture of the solvate and the alpha form of compound
I, probably because the drying has caused partly desolvation. The desolvation starts at
~75°C when heated 10°/min. After desolvation the alpha form is formed.

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

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

Example 4a  Preparation of hydrochloride salt of compound 1

1.0 gram of 1-[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine oil was dissolved in
20 ml ethyl acetate using gentle heating (30 °C). When a clear solution was obtained a
solution of 2 M HCl in diethyl ether was added slowly until pH was approximately 1-

2. During the addition spontaneous precipitation was observed. After final addition
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Example 4d  Characterisation of the hydrochloride monohvdrate of compound |

The hydrochloride monohydrate, as prepared in example 4c, is 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.
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reflux in a mixture of 50 ml methanol and 50 ml ethyl 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 ml cold ethyl
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)
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Ex@ple  7“bhdhacraation bShb ntileadd oft oenpvahéat e of conpound

I
The maleate, as prepared in example 7a, is crystalline (XRPD) — see Figure 11. It has

a melting point of ~152°C. The solubility in water is ~1 mg/ml.

Example 8a  Preparation of meso-tartrate of compound 1

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

[2-(2,4-Dimethylphenylsulfanyl)-phenyl]piperazine meso-tartaric acid was isolated in
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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 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 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)
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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 phosphate was isolated in 1.23 gram (94
%). NMR complies with structure. Elemental analysis: 54.21%C, 7.15%N, 6.43%H
(Theory for a 1:1 salt: 54.53%C, 7.07%N, 6.36%H)

Example 12b Characterisation of the phosphate of compound I

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.
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to reduce the
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.
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MAYIBBFHSr 5. Exanpl e 15 Effects on extracel lul ar |evels
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RafpwRisr angesthapisedwith éwpmmédm@m G/ égw@dnvwre)bral guide
e A%, SUNIERAID R T SRR A
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co(r%ol-gvdngtte%. 9 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
37°C. The rats were allowed to recover from surgery for 2 days, housed singly in
cages. On the day of the experiment a microdialysis probe (CMA/12, 0,5 mm
diameter, 3 mm length) was inserted through the guide cannula.

The probes were connected via a dual channel swivel to a microinjection
pump. Perfusion of the microdialysis probe with filtered Ringer solution (145 mm
NaCl, 3 mM KCI, 1 mM MgCl,, 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
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.
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Results
The compound significantly increased extra-cellular levels of ACh in the rat

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

Example 16 Contextual fear conditioning in rats

The compound administered in the present experiment was 1-[2-(2,4-
dimethylphenylsulfanyl)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
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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 in the conditioning chamber for another 60 s after the US. Freezing
behaviour was scored during the first 58 s (pre-shock acquisition; experimenter
blinded to groups) to determine baseline-freezing responses to the context. At the end

of the acquisition animals were gently removed and placed into their home cages.
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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
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).
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_menory [Pavlov J. Biol. Sci, 15, 177-182, 1980], which
ligagiops#rapedsene 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.
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manufacture of a medicament for the treatment of pain or residual symptoms in

depression.

7. The use according to claim 6, wherein compound I is the HBr acid addition
salt.

8. The use 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 (°26).

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

XRPD as depicted in Figure 3.

10. The use according to any of claims 6-9, wherein said drug is intended for

administration in daily doses of about 1-20 mg.
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