4-12,3-Difluoro-6-(2-fluoro-4-nethyl-phenyl sul fanyl ) -phenyl ] - pi peri di ne
Field of the invention The present invention relates to the conpound

4-[ 2, 3- diwburoswm7696( 2- f | uor o- 4- net hyl phenyl sul fanyl ) - pheayipk200sa8030di ne,
phar maceuti cal conpositions conprising said conpound and therapeutic uses
of said conpound. Background Pain, and in particular chronic pain and
depression are often co-norbid di seases, wherefore the provision of
conpounds which are effective on both di seases would be beneficial to the

patient. Selective serofopi n (5-HT) reuptake inhibifors SﬁRI_ haye for
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such as depression and anxi ety because they are effective and have a safety

profile i i.s, favourabl e conpared to the previous generation of CNS
dr ugs, iﬁefﬂrﬂﬁéaleaﬁﬂ ¥ ricyclics. Nevertheless, SSRIs are hanpered by a
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SSRIs typically give ri'se to | ess adverse effects than tricyclics, the
adm nbst rad ilempefitiSeRs of ofid eambeumlgs about adverse effects, such as e.g.

sl eep disruption. It is known that a conbination of inhibition of the

ser ot oni rhé‘{’@'s&?ééer (SERT) and an activity on one or nmore 5-HT receptors
may resul a ger increase in the 5-HT |evel as conpared to SSRIs and

that this has Pbeen %i nked to faster ons(gt of action.and incg. se in
amn Flepresg 1& glg
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a serotonin reuptake inhibitor (SRI) gives rise to faster onset of effect
[ Psych. Reseficialgsthegptigy. 2004]. It has al so been found that the

conpigaton, B S b 3-8 PP A TSR SISt B
consi der phl€cinmcioe drardammérhef lremsl CNS dsehfs, sucli ey dépnassioaraad anastydeopaced t o
the SR %Illecgzna?é e&gct{\r%%ﬁ Elg\ge ail gaferpy%gg 1 ieij}vlh%/cili ig favourable compared to the previous
generation of CNS drugs, i.e. the so-called tricyclics. Nevertheless, SSRIs are hampered by a
significant fraction of non-responders, i.e. patients who do not or who do not fully respond to
15  the treatment. Moreover, typically an SSRI does not begin to show an effect until after weeks
of treatment. Finally, although SSRIs typically give rise to less adverse effects than tricyclics,
the administration of SSRIs often brings about adverse effects, such as e.g. sleep disruption.
It is known that a combination of inhibition of the serotonin transporter (SERT) and an
activity on one or more 5-HT receptors may result in a larger increase in the 5-HT level as
20  compared to SSRIs and that this has been linked to faster onset of action and increase in
efficacy as compared to SSRIs. It has for example been reported that the combination of
pindolol, which is a 5-HT) a receptor partial agonist, with a serotonin reuptake inhibitor (SRI)
gives rise to faster onset of effect [Psych. Res., 125, 81-86, 2004]. It has also been found that
the combination of an SRI with a 5-HT,¢ receptor antagonist or inverse agonist (compounds
25  having a negative efficacy at the 5-HT»¢ receptor) provides a considerable increase in the level
of 5-HT in terminal areas as compared to the SRI alone, as measured in microdialysis
experiments [WO 01/41701]. As the therapeutic effectiveness of SRIs is believed to be linked
to the increase in the 5-HT level, a combination of these activities would imply a shorter time
to therapeutic effect in the clinic and an augmentation or potentiation of the therapeutic effect

30  of'the SRI.



experinments [ WO 01/41701]. As the therapeutic effectiveness of SRIs is
believed to be linked to the increase in the 5-HT |l evel, a conbination of
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chronic pain, such as e.g. neuropathlc pain often responds poorly t
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and the eéé Beizatls et lin gvedv.vo4bel SEdioaB b 7by74, IzeOICorrbl ned i nhi b| tory effect
on the SERT and the noradrenaline (NA). transporter (NAT) [ .din Ther., 26,
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noradrenaline (NA) transporter (NAT) [ Clin Ther., 26, 951-979, 2004 ]. More recently, the
so-called dual action antidepressants having an inhibitory effect on both the 5-HT and the NA
reuptake have been used clinically for the treatment of neuropathic pain [Human

20 Psychopharm., 19, S21-S25, 2004]. Examples of dual acting antidepressants are venlafaxine
and duloxetine, and this class of antidepressants is often referred to as SNRIs.

Data on the use of SSRIs for treatment neuropathic pain are scarce, but generally
suggest a limited effect [Bas. Clin. Pharmacol., 96, 399-409, 2005]. In fact, it has been
hypothesised that SSRIs are only weakly antinociceptive by themselves but that inhibition of

25  the SERT augments the antinociceptive effect of NA reuptake inhibition. This notion is
supported by a review of 22 animal and five human studies showing that SNRIs have superior
antinociceptive effect compared to NA reuptake inhibitors, which again are superior to SSRIs
[Pain Med. 4, 310-316, 2000].

Thus, it would seem that compounds inhibiting the SERT and the 5-HT,¢ receptor and

30 which also inhibits the noradrenaline transporter would provide compounds effective in the

treatment of affective disorders and pain.



hypot hesi sed that SSRIs are only weakly antinociceptive by thensel ves but
that inhibition of the SERT augnents the antinociceptive effect of NA

reupt ake wohodd7sesmn. This notion is supported by a revi eeTaK288/@0s0mal and
five human studi es showi ng that SNRI's have superior antinociceptive effect
conpared to NA reuptake inhibitors, V\:hiCJ’I again are superior to SSRIs [Pain
Med. 4, 310-316, 2000] Thus, it would seemthat conpounds inhibiting the
SERT and t he 5-HT Creceptor and which also inhibits the noradrenaline
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t he conmpound di se¢l t, i cation. Sunmary of the invention
The preséﬂ?lpf’ﬁ*ﬁf{z&fg gﬁ%&f 23‘?’ BI?H% F‘ﬁ‘gr?y found that conmpound I, i.e.

4-12, 3-difiuoro-6- (2-fluoro-4-nethyl-phenyl sul fanyl)-phenyl]-pi peridi ne
and pharmaceutically acceptable acid addition salts thereof, are potent
inhibitors of the SERT, inhibits the 5-HT Aand 5- HT2c receptors and

i nhi bi t s YAMAry P&ﬁbﬁdﬂt’@ﬂt'@(ﬂﬂ) Thus, in one enbodi ment, the invention
relates to

4-12]18-difl uorTélﬁ@rf(szntme@s hayeetmgnsinghe fgund dhat saypuishle agl 4-1 9 g8 e and
h t,
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admi ni st raddition sadfs therbh@a&gmt&nt cdlibiyoredf tac ISERE, anhibitstthob-KhrpadbeHTt 0 a
the invention relates to a

Bﬁglr TRGetEBET @%E@ftﬁ ;@h&%ﬁ%ﬁ%ﬁ&@%@ww PN Aepoagimeah dfe igyention
phar maceytheald ¥ [R6SRRIREI6C2CARIdrb Al mAhy @bt dd§ Rl fany])-phenyl]-piperidine and
15  pharmaceutically acceptable acid addition salts thereof.

In one embodiment, the invention relates to a method of treatment comprising the
administration of a therapeutically effective amount of compound I to a patient in need
thereof.

In one embodiment, the invention relates to a pharmaceutical composition comprising

20  compound I and at least one pharmaceutically acceptable carrier or diluent.

In one embodiment, the invention relates to compound I for use in therapy.

In one embodiment, the invention relates to compound I for use in the treatment of
certain diseases.

In one embodiment, the invention relates to the use of compound I in the manufacture

25 of a medicament for the treatment of certain diseases.

Detailed description of the invention

The structure of 4-[2,3-difluoro-6-(2-fluoro-4-methyl-phenylsulfanyl)-phenyl]-

piperidine is



I n one enbodi ment, the invention relates to compound | for use in therapy.
I n one enbodi nent, the invention relates to conpound | for use in the

t r eat nentwofo@arrtswiin di seases. | n one enbodi nent, the i pcemK2008/05830at es to
the use of conpound | in the manufacture of a nedi canent for the treatnent
of certain diseases. Detail ed descriptiop of the invention The structure of
4-[ 2, 3-di fl uoro-6-(2-fluoro-4-nethyl -phehyl sul fanyl ) -phenyl ]- piperidine
isand the invention relates to conpound | which is defined as this conpound
and pharmaceutically acceptable acid addition = hereof. In one

enbodi nent, said acid addition are salt t are non-toxic. Said
salts include salts nade fron1orq§nic as maleic, fumaric,
benzoi c, ascorbic, succinic, oxality 4 pt'hyhengésal i cylic,

met hanesul foni ¢, ethanedi sul fonic, a propionic, tartaric, salicylic,
citric, gluconic, lactic, malic, malQ andel i ¢, cinnam c, citraconic,
aspartic, stearic, palmtic, itaconic, ycolg ¢, p-am nobenzoic, glutamc,
benzenesul foni c, theophylline acetic acids, ds well as the

8- hal ot heophyl I i nes, for exanple 8-bronothegphyllipe. Said salts may al so
be made frominorganic salts, such as hydrgchMewic, hydrobronic, sulfuric,
sul fam c, phosphoric and nitric acids. O ge fornms, and in particular
tabl ets and capsul es, are often preferred 2 patients and the nedi cal
practitioner due to the ease of adm nistratign and the consequently better
conpliance. For tablets and capsules, it is greferable that the active
ingredients are crystalline. In one enbodi nent, conpound |I is crystalline.

Grystal s 138 ildilf (LR RN oA NERY AHRYCENE (AR HOPYAIER | e crystals

wherein solvent nolecules formpart e crystal structure. The solvate
may be f phamdictutorallywatepiableacwhadtliticoasés theeecdol vates are often referred to

as hydrates. Alternatively, the solvates may be fornmed from other. solvents,
Such as e. g 4t RAnGRbodimsttid i _as_%{mfl a&%ﬁapﬁ&@%@@a&%ﬁ%ﬁen{a}%ral'ts
sol vate qfdieR ARPEALS 1B §rBni6 aRdL LS mhRle, FRSERNE&z0 Y HBHES sWhdihic,

typically | oose water as _ _ _ _ o _
oxalic, bis-methylenesalicylic, methanesulfonic, ethanedisulfonic, acetic, propionic, tartaric,

salicylic, citric, gluconic, lactic, malic, malonic, 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

10 may also be made from inorganic salts, such as hydrochloric, hydrobromic, sulfuric, sulfamic,
phosphoric and nitric acids.

Oral dosage forms, and in particular tablets and capsules, are often preferred by the
patients and the medical practitioner due to the ease of administration and the consequently
better compliance. For tablets and capsules, it is preferable that the active ingredients are

15  crystalline. In one embodiment, compound I is crystalline.

Crystals used in the present invention may exist as solvates, i.e. crystals wherein
solvent molecules form part of the crystal structure. The solvate may be formed 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

20  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. Compounds, which do
not change or which change only little when conditions, such as e.g. humidity change are

generally regarded as better suited for pharmaceutical formulations.



the tenperature is increased or as the relative humdity is decreased.
Conmpounds, whi ch do not change or which change only little when conditions,
such as ewg.2ouvswitt y change are generally regarded as lpetriparossaisbzaad f or
pharmaceutical fornul ations. Some conpounds are hygroscopic, i.e. they
absorb water when exposed to humdity. groscopicity is generally regarded
as an undesired property for conpounds, i ch are to be presented in a
pharmaceutical fornulation, in particular in y formul ation, such as
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t he exanpl es and may be summarised as fol [ ows. Cbnpound | inhibits the
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respect i \ﬁ@hupl ityAkte aa&wq pgeisat ’é)géP?rél%g%lk?NF‘g tqgl?ﬁﬂmieﬁe}abaﬁ thinetsassdhopior he
NA and DAykiely gﬁ? respectively, and 5-HT2Aand 5-HT2c receptor antagonists
will effect an increase in the NA and DA | evels, respectively. On this
background |tTMaphmmuhybguhbmmﬁkdﬁthaumﬁn¢mﬁﬁﬁndn5nﬂkﬁﬁﬁm@b3pm®nwybe
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depr essi GO TIRAd (RE 51HeF . 3&dePloYs. Thus, compound I may be useful in the treatment of
affective disorders, such as depression and anxiety, but its pharmacological profile may also
make it useful in the treatment of additional indications.
5-HT,4 and 5-HT,¢ receptors are located e.g. on NA and dopaminergic (DA) neurons,
20  respectively, where activation exerts a tonic inhibitory influence on the NA and DA release,
respectively, and 5-HT»4 and 5-HT»c receptor antagonists will effect an increase in the NA
and DA levels, respectively. On this background it may be hypothesized that 5-HT,a and 5-
HT,c receptor antagonists are particular well-suited for the treatment of depression which is
refractory to the treatment with SRIs (treatment resistant depression, TRD, or refractory
25  depression) [Psychopharmacol. Bull., 39, 147-166, 2006].
A segment of depressed patients will respond to treatment with e.g. SSRI in the sense
that they will improve on clinically relevant depression scales, such as MADRD (Montgomery
Aasberg Depression Rating scale) and HAMD (Hamilton Depression Rating Scale), but where
other symptoms, such as sleep disturbances and cognitive impairment remain. In the present
30  context, these patients are referred to as partial responders. Due to the 5-HT,a receptor and 5-
HT,c receptor antagonism of compound I, which is believed to be reflected in the effects on

sleep, compound I may be useful in the treatment of partial responders, or rephrased that



depression) [Psychopharmacol. Bull., 39, 147-166, 2006]. A segnent of
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?\Sﬂa;egl ma_l%n{a% Rblin Reyepihyat 113, 434.433-Foh2]. N98bdosd, Apbnl Mhitilorgpsiene, which
receptors and a weak inhibitor of the 5-HT and the NA reuptake, has in clinical trials been
shown to increase sleep continuity and total REM sleep time, and to reduce the number of
awakenings [Biol. Psychiatry, 44, 3-14, 1998]. Similarly, trazodone, which is a 5-HT»a
20  receptor antagonist and a moderate inhibitor of the 5-HT reuptake, has been shown to improve
the clinical scores HAS (sleep disorders) and HRSD (premature morning awakening, lack of
sound sleep and initiating sleep) [Psychiatr.Clin.Neurosci., 53, 193-194, 1999]. Sharpley in
Neuropharmacology, 33, 467-471, 1994 reports that 5-HT,4 and in particular 5-HT,¢ receptor
antagonists improve the slow-wave sleep.
25 The above findings and observations suggest that the identification of compounds
having an inhibitory effect of the 5-HT and/or NA reuptake in combination with a 5-HTa/c
receptor antagonistic activity would provide compounds suitable for the treatment of affective
disorders, such as e.g. depression and anxiety, without or with reduced adverse sleep effects.
Bipolar disorder was formerly known as manic-depressive illness and it is
30  characterised by recurrent episodes of mania and depression. A major challenge in the
treatment of bipolar depression (or the depression associated with bipolar disease) is to avoid

the manic shift, i.e. avoid that depressed patients develop manic episodes as a consequence of



receptor antagoni st and a noderate inhibitor of the 5-HT reuptake, has been
shown to i nprove the clinical scores HAS (sl eep disorders) and HRSD
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Attention deficit hyperactivity disorder (ADHD) is one of the most common
neurobehavioral disorders. ADHD is characterised by the presence of a triad of social and
communicative impairments with restricted, repetitive or stereotyped behaviours. ADHD

20  usually starts in childhood or adolescence, but symptoms may continue into adulthood.
Atomoxetine is currently the only nonstimulant approved by FDA for the treatment of ADHD
[Drugs, 64, 205-222, 2004]. Atomoxetine is a NA reuptake inhibitor, and this suggests that
compound I may be used in the treatment of ADHD. In addition, compounds that are
antagonists of the 5-HT»a/c receptor may have a sleep improving effect as discussed above,

25  which is beneficial in the treatment of ADHD.

The pharmacological profile of compound I and in particular the combined facilitation
of 5-HT and NA neurotransmission via inhibitory effect of the SERT and NAT and
antagonism of 5-HT»a and 5-HT,c receptors suggests that compound I may be particularly
useful in the treatment of pain and in particular chronic pain. Special mention is made of the

30 use of compound I in the treatment of pain and in particular chronic pain in patients who are

also suffering from an affective disorder, such as depression and anxiety.
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disease, multiple sclerosis or anxiety; general anxiety disorder; social anxiety disorder; panic
attacks; phobia; social phobia, obsessive compulsive disorder; post traumatic stress disorder;
acute stress; ADHD; and pain.

In one embodiment, the invention relates to the use of compound I in the manufacture

20  of a medicament for the treatment of a disease selected from major depressive disorder;
dysthymic disorder; mood disorder due to a general medical condition; atypical depression;
seasonal affective disorder; melancholia; treatment resistant depression; partial responders;
depression associated with bipolar disorder, pain, Alzheimer’s disease, psychosis, Parkinson’s
disease, Lewy body disease, Huntington’s disease, multiple sclerosis or anxiety; general

25  anxiety disorder; social anxiety disorder; panic attacks; phobia; social phobia, obsessive
compulsive disorder; post traumatic stress disorder; acute stress; ADHD; and pain.

In one embodiment, said pain is chronic pain which may further be selected from
phantom limb pain, neuropathic pain, diabetic neuropathy, post-herpetic neuralgia (PHN),
carpal tunnel syndrome (CTS), HIV neuropathy, complex regional pain syndrome (CPRS),

30  trigeminal neuralgia / trigeminus neuralgia / tic douloureux, surgical intervention (e.g. post-
operative analgesics), diabetic vasculopathy, capillary resistance or diabetic symptoms

associated with insulitis, pain associated with angina, pain associated with menstruation, pain
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A typical oral dosage for adults is in the range of 1-100 mg/day of a compound of the
present invention, such as 1-30 mg/day, or 5-25 mg/day. This may typically be achieved by

20  the administration of 0.1-50 mg, such as 1-25 mg, such as 1, 5, 10, 15, 20 or 25 mg of the
compound of the present invention once or twice daily.

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

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

30 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.
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formulated with pharmaceutically acceptable carriers or diluents as well as any other known
adjuvants and excipients in accordance with conventional techniques such as those disclosed
in Remington: The Science and Practice of Pharmacy, 19 Edition, Gennaro, Ed., Mack
Publishing Co., Easton, PA, 1995.

20 The pharmaceutical compositions may be specifically formulated for administration by
any suitable route such as the oral, rectal, nasal, pulmonary, topical (including buccal and
sublingual), transdermal, intracisternal, intraperitoneal, vaginal and parenteral (including
subcutaneous, intramuscular, intrathecal, intravenous and intradermal) route, the oral route
being preferred. It will be appreciated that the preferred route will depend on the general

25  condition and age of the subject to be treated, the nature of the condition to be treated and the
active ingredient chosen.

Pharmaceutical compositions for oral administration include solid dosage forms such
as capsules, tablets, dragees, pills, lozenges, powders and granules. Where appropriate, they
can be prepared with coatings.

30 Liquid dosage forms for oral administration include solutions, emulsions, suspensions,

syrups and elixirs.
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administration. The sterile aqueous media employed are all readily available by standard

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

Formulations of the present invention suitable for oral administration may be presented
as discrete units such as capsules or tablets, each containing a predetermined amount of the
active ingredient, and which may include a suitable excipient. Furthermore, the orally

30  available formulations may be in the form of a powder or granules, a solution or suspension in

an aqueous or non-aqueous liquid, or an oil-in-water or water-in-oil liquid emulsion.
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ol V?S ol Ip’owder comprising said compound with microcrystalline cellulose and magnesium stearate
and place said powder in a hard gelatine capsule. Optionally, said capsule may be coloured by
means of a suitable pigment. Typically, capsules will comprise 0.25-20% of a compound of
the present invention, such as 0.5-1.0%, 3.0-4.0%, 14.0-16.0% of a compound of the present
invention. These strengths can be used to conveniently deliver 1, 5, 10, 15, 20 and 25 mg of a
20  compound of the present invention in a unit dosage form.

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

25  agents, preservatives, antioxidants, etc.

Compound I may either be administered alone or in combination with another
therapeutically active compound, wherein the two compounds may either be administered
simultaneously or sequentially. Examples of therapeutically active compounds which may
advantageously be combined with compound I include sedatives or hypnotics, such as

30  benzodiazepines; anticonvulsants, such as lamotrigine, valproic acid, topiramate,

gabapentin, carbamazepine; mood stabilizers such as lithium; dopaminergic drugs, such as

dopamine agonists and L-Dopa; drugs to treat ADHD, such as atomoxetine;
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in its entirety herein (to the maximum extent permitted by law), regardless of any separately
provided incorporation of particular documents made elsewhere herein.
The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention are to be construed to cover both the singular and the plural, unless
20  otherwise indicated herein or clearly contradicted by context. For example, the phrase "the
compound" is to be understood as referring to various "compounds" of the invention or
particular described aspect, unless otherwise indicated.
Unless otherwise indicated, all exact values provided herein are representative of
corresponding approximate values (e.g., all exact exemplary values provided with respect to a
25  particular factor or measurement can be considered to also provide a corresponding
approximate measurement, modified by "about," where appropriate).
The description herein of any aspect or aspect of the invention using terms such as
“comprising”, “having,” “including,” or “containing” with reference to an element or elements
is intended to provide support for a similar aspect or aspect of the invention that “consists of”,

30 “consists essentially of”, or “substantially comprises” that particular element or elements,

unless otherwise stated or clearly contradicted by context (e.g., a composition described herein



i nvention. These strengths can be used to conveniently deliver 1, 5, 10,
15, 20 and 25 ng of a conpound of the present invention in a unit dosage
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ICso (nM) values Compound I inhibition of the reuptake in rat synaptosomes:

[*H]-serotonin: 2.4

[*H]-noradrenalin: 12

Affinity (Kj, nM) for compound I to human serotonin receptors calculated from the Cheng-
20 Prusoff equation

5-HTsa: 13

5-HT>c: 4.9

In a functional assay, compound I is shown to be an antagonist of the 5-HT»a receptor with a

Ky around 130 nM as measured in a FLIPR assay. Similarly, compound I is an antagonists of

25  the 5-HTyc receptor with a Ky, around 35 nM.



hereby incorporated by reference in their entirety and to the same extent
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context. For exanple, the phrase "the conmpound” is to be understood as

referring to various " nds" of the |nventr?a;@gxpartrcubﬁmigescrrbed
aspect, unless otherw se iyndi cated. Unliess ot herwi sg indicate exact
val ues provided herein are representative of correspgndi ng appr(oximte

val ues (e.g., all exact exegpl arytval u S prayided wirth ﬁﬁﬁ@ﬁct

parti gul aro or ' Nteflu€ ANC nsewered to alsampme i
correspondi -ppgp asur enent , dified by ,oout "
appropriate). The d%zcrrptroﬁ herein of aﬁy aspect or aspect of thé

i nvention using ter such as "conprising”, havrng, “including, " or
"containing" withyreference to apg ejenent or enengs is intended to

provi de support-for a simlar pect or aspect f the invention & hat
"consists of, "copSists essentral of , or "substga .iaIIy conpri'Ses" that
particul ar elgement._or el ement -ssWG@herwnse

cont r,adi ct ey, cont ext e Q & conposikET on ldescr

aIOarlrcuI%rﬁigMq @ FrP!@EghFV?é stood’s posi ti on
consi sting of that~elrenegt un?gs i' se~St at ed -r c e ontwr adi ct ed
by context). Exanples Unl/ess otherws di cated, LC/ M5 was run in the
follow ng set-up. LCIMS, general: Solvent system A = water/TFA (100:0.05)
and B = water/acetonitrile/ TFA (5:95:0.035) (TFA = trifiuoroacetic acid).
The retention time (RT) is expressed in mnutes. M5 instrunents are from
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maintaining the temperature below —70 °C. After 3h at —78 °C, 4-oxo-piperidine-1-carboxylic

acid tert-butyl ester (31.2g in 100 mL tetrahydrofuran) was added at such a rate that the
temperature was maintained below —65 °C. Next morning, the crude mixture was washed with
saturated aqueous ammonium chloride (200mL) and water (100mL). The organic layer was
20  dried over magnesium sulphate and concentrated in vacuo to afford the crude product. This
material was purified by chromatography on silica gel (eluent: ethyl acetate/heptane 1:1) to
afford the product (27.7g; contaminated with 4-oxo-piperidine-1-carboxylic acid tert-butyl
ester).
Step 2: The product from the previous step was refluxed in a mixture of 33% hydrogen
25  bromide in acetic acid (50mL) and 48% aqueous hydrogen bromide (50 mL) overnight. Next
morning, the mixture was cooled to room temperature and the precipitated solid (12.7g) was
collected by filtration and used in the next step.
Step 3: A portion of the product from the previous step (7.7g) was dissolved in ethanol
(150mL). Triethyl amine (3.8mL) was added followed by di-fert-butyl dicarbonate (5.8g) in
30  small portions over 5 minutes. The mixture was allowed to stir over the weekend at room
temperature (rt). The precipitated product was filtered off, and the filtrate was concentrated in

vacuo to produce a second crude product fraction. This material was partitioned between
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norning, the m xture was cooled to roomtenperature and the precipitated
solid (1% 7gg The crude mixture from the previous step was dissolved in N-N-dimethyl formamide
(20mL). Ethyl-di-iso-propyl amine (Hiinig’s base; 0.76g) and 4-dimethylamino-pyridine
(0.12g) were added followed by 1,1,2,2,3,3,4,4,4-nonafluoro-butane-1-sulfonyl fluoride (NfF;
15  1.62g). After 1h, the volatiles were removed in vacuo, and the crude product was purified by
chromatography on silica gel (eluent: ethyl acetate/heptane 1:4) to produce the desired product
(2.04g).
Step 6: The product from the previous step (2.04g) was added to a flask containing sodium
tert-butoxide (0.45g) and dry toluene (25mL). The mixture was degassed with argon before it
20  was added to a flask containing a degassed mixture of
tris(dibenzylideneacetone)dipalladium(0) (Pd»dbas; 166mg) and bis[(2-diphenyl-
phosphanyl)phenyl]ether (DPEphos; 195mg) in dry toluene (10mL). Finally, tri-iso-propyl-
silanethiol (0.78mL) was added, and the mixture was stirred under argon at 100 °C overnight.
After cooling to room temperature, the crude mixture was purified by chromatography on

25  silica gel (eluent ethyl acetate/heptane 1:9) to give the desired product (181mg).

Step 7: The product from the previous step was dissolved in dry toluene (8mL) under argon. A
portion of this stock solution (1mL) was added to a reaction-vial in a Mettler-Toledo Bohdan
block using an atmosphere of argon to exclude air. 2-Fluoro-1-iodo-4-methyl-benzene

30 (0.33mmol; prepared from 2-fluoro-4-methyl-phenylamine according to a general literature
procedure [S. E. Tunney and J. K. Stille, J. Org. Chem., 52, 748-53 (1987)]) was added as a
toluene solution (1mL) followed by 0.5mL of a freshly prepared toluene stock of solution of



collected by filtration and used in the next step. Step 3: A portion of the
product fromthe previous step (7.7g) was dissolved in ethanol (1501).
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off, and the fi Itrate vvas concentrat ed i'nh vacuo to produce a second crude
product fraction. i was partitioned betweendjethyl ether
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30  Step 1: 3,4-difluorophenol (100g) was dissolved in 3,4-dihydro-2H-pyran (DHP; 280mL). 0.5

R = CO,Et
R = H.HBr 33% HBIACOH

mL concentrated aqueous hydrogen chloride was added, and the mixture was stirred overnight

at room temperature. The crude mixture was extracted with saturated aqueous sodium



After cooling to roomtenperature, the crude m xture was purified by
chromat ography on silica gel (eluent ethyl acetate/ heptane 1:9) to give the
desi red pwocdueto76d681mg). Step 7: The product fromthe previpKesosstsem1was

di ssolved in dry toluene (8nL) under argon A portion of this stock
solution (InL) was added to a reaction- :i% in a Mettler-Tol edo Bohdan

bl ock using an at nosphere of argon to exclude air.
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amoni um fluoride (TBAF, 1.0Min THF, 80 microliter). The m xture was
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removed in vacuo. The residue was dissolved in nethanol (1.5nl) and 4M HC
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Steps 3+4: The product from the previous step was added to triethyl silane (160mL), and the

mixture was heated to 60°C. Trifluoro acetic acid (TFA; 250mL) was added followed by

20  additional triethyl silane (50mL). After 90 minutes, activated charcoal (25g) was added, and
the mixture was stirred at 70°C for 0.5h. Ethanol (500mL) was added, and the mixture was
stirred overnight at rt. Next morning, the mixture was heated to reflux for 1h, before it was
filtered while warm. The filtrate was concentrated in vacuo. The residue was stirred in ethanol
(100mL) at 0°C for 2.5h. The precipitated solid (7.7g) was collected by filtration. The filtrate

25  was stirred in ethyl aceteate (50mL) and heptane (300mL) to give a second portion of the
product as a hard off-white material (153.8g), which was isolated by filtration. The combined
product fractions were dissolved in tetrahydrofuran/ethanol (1:3; 1.5L) and treated with Pd/C
(5.4g) and hydrogen gas (3 bar) at room temperature using a Parr shaker. The catalyst was
filtered off, and the filtrate was concentrated in vacuo to give a solid material, which was

30  stirred in heptane (300mL) and then isolated by filtration to give a white solid (144.6g).



W th saturated aqueous sodium chloride (2001) and dried over magnesium
sul phate. Filtration and concentration in vacuo afforded the desired
conpound WwoGdw)o7esm1a pal e yellow oil. Step 2: A sol uti orcofdK206s/q303mduct
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acet eat e Y] eémdd%é?lalrfée PRIV Plep 3vagiadeedaio 98 deferqlest FSBRISN dhe pr oduct
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The conbl ne uct rac were di ss t et an/ e

(1:3; 1. Pbbl)zemn(ll2lrgé;ane(dmmz}li1dl@d¢a@et©ﬁe)dg>)allad1dm@c(f’dgkbm3 gég) gn8 W2 Mitenyloom

tenperature usi a The t was filter f., d. t he

1A e e ekt (BPEaforn 2 heusoeaiiid ald hedhRatmparetind fir-dh wie
crude mixture was cooled to room temperature and filtered through silica gel, and

concentrated in vacuo to give the crude product (240g).

Step 8: The product from the previous step was dissolved in 33% hydrogen bromide in
20  acetic acid (368mL; 3 equivalents HBr) and the solution was stirred at 110°C for ~4h. Then
additional 33% hydrogen bromide in acetic acid (~0.5 equivalents HBr) was added, and the
mixture was stirred at 110°C for 45 minutes before it was cooled to rt. Next morning, the
solution was cooled on an ice-bath, and diethyl ether (2.25L) was added. After 1.5h, the
precipitated solid was collected by filtration to give the desired product as the hydrobromide
25  salt (185g).

Example 4 Effect on neuropathic pain

There are several well validated animal models of neuropathic pain available for assess of
antinociceptive potential of drugs. Among the most frequently used model are chronic

30 constriction injury models (for example Bennett and Xie, Pain, 1988) and the capsaicin
(Gilchrist et al., Pain 1996) and formalin [ Neuropharm., 48, 252-263, 2005; Pain, 51, 5-17,

1992] models.To demonstrate an efficacy against neuropathic pain, compound I was tested in



stirred in heptane (300nL) and then isolated by filtration to give a white
solid (144. 69).Step 5: A suspension of the product fromthe previous step
(a differwotodatredsy 175g) in acetonitrile (1.5L) and tripermr2oemsomi(255m)
was treated with 1,1, 2,2, 3,3, 4,4, 4-nonafl uorobut ane- 1-sulfonyl fluoride
(NfF; 142.6nlL) at roomtenperature. Aft 25m n, the m xture was
concentrated in vacuo to afford the cru nonafl ate (405.2g). Step 6: The

product fromthe previous step was dissolved in toluene (3.4L). To this

sol ut i on WRSrEsHEmodeod S8Rt Biesgh AR H1i medelsgyce rechis FnipssLiph 8hlowHAL aci d
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degassed inditiduali glase peakerh@f /anpaditly) Waobsetitione Thoiratanibglbused b tha fotrmaalen was

cooled to .00C, and the precipitated spolid s filtered of nd, washed with

ol uene. (UGG IO CEuFuE ol - AF L iah Sogue. £ SUHEL G 18F GRouselp 7
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otassiumr -butoxide . in tol uene : over ~Z2Zh. en

|p- br ono- Znﬁatmmdmm@mwnb@%z@ﬁ@th@ Be¢agyl,(~20-30 minutes) is thought to represent pain of
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m xture wesrmsed hovn@d. NedsurihB thelditousit UHBmBIsynd ligkina SheCiir@Hpdvo il B8 Mo
tenperature and filtered through silica gel, and concentrated in vacuo to
gi ve t he PBpsgdassgpsstlthetel{couaypss ditesh compquils b9 endues the mewiopicplipagus st ep
was Cfbssg%ﬁ\égﬁlsei n 33% hydrogen brom de in acetic acid (368nlL; 3 equivalents
HBr) "and e solution was stirred at 1100C for ~4h. Then additional 33%
hydr ogen br omTdsle Inbdee tshewattic dn{ouft & teagispeatl Bekise HBri)juwdpaaddebk tvand t he
m xture vﬁ\;ﬁs stirred at 1100C for 45 mnutes before it _was cooI%g to rt.
Next rmor MOA%S: ich 8-S sad 83 0apivrisd pet (ammalindnisstion. TRa wire el meserHBr
(2.25L) ; ioi.tated solid was col |l ected by
fil trati\ggght@g?ggsﬁ%%eaégﬁgdng%?ﬁ%?& gBUp 2L hydr obr omi de salt (185g).
Exanmpl e 4, Fffiect on neuropathic pain There are several well validated

ani mal nodel s of neuropathic pain avail able for assess of antinociceptive

potenti g of drugs. [ ATOUg,EfIE P25 he eS| V1 ¥RgRe gade] 2% mgflE o0T|C
0-5 minutes 51 40 40 31
(sec)
20-30 minutes 66 48 21 7
(sec)

15
The data in table 1 shows that compound I has little effect in the first phase
representing direct chemical irritation and nociception. More notably, the data also show a
clear and dose-dependent decrease in the time spent licking the injured paw in the second
phase indicating an effect of the compound of the present invention in the treatment of

20  neuropathic pain.



constriction injury nodels (for exanple Bennett and Xie, Pain, 1988) and
the capsaicin (Glchrist et al, Pain 1996) and formalin [ Neuropharm,k 48,
252- 263, WOQBy9/Paiem, 51, 5-17, 1992] nodels. To denonst patrmi@oosaisizoaacy
agai nst neuropathic pain, conpound | was tested inthe formalin nodel of
neuropathic pain. In this nodel, mcer geive an injection of formalin (4.5
% 20 m) into the plantar surface of t | eft hind paw and are afterwards
pl aced into individual glass beakers (2 / capacity) for observation. The
irritati?ﬂ caused by the formalin injection elicits a characteristic

bi phasi ¢ ‘W@HRP oural response, as quantified by the amount of time spent

| i cki ng tihe i m§ coepoup@wiccoimgfto iatstpbase (-0-10 m nutes) represents direct
chemical irritation and nociception, whereas the second (-20-30 mnutes) is
t hought to represent pain of neuropaghi c origirn he two phases are
separated by a quiescent period in i ch behavi returns to nornal.
Measuring the anount of tinme spent licking|the ijnjured paw in the two
phases assesses the effectivenes ;
neuropat hi c-1i ke pain response. T3 bel ow shows the anount of tine
spent licking the injured paw in tk
m nutes post formalin injection. Ther€ werg eight mce in each of the dose
groups and 12 in the vehicle group. Table The data in table 1 shows that
conpound | has little effect in the first se Fepresenting direct

chem cal irritation and nociception. Moy bl y, the data al so show a

cl ear and dose-dependent decrease in the spent licking the injured paw
in the second phase indicating an effec e conmpound of the present
invention in the treatnment of neuropathic pain.Cains 1. A conpound
according to the structure and pharnmaceutically acceptable salts thereof.

2. A conpound according to claiml1l for use in therapy. 3. A pharnaceuti cal

conposition C%ﬁﬂbhﬁhﬁgmﬁgﬁﬁfﬁ&% b@%ﬁﬁggkﬁ%fto claim1l and at | east one
y ier or dilu

phar maceut i cal accept abl e car ent .
2. A compound according to claim 1 for use in therapy.
3. A pharmaceutical composition comprising a compound according to claim 1 and at

least one pharmaceutically acceptable carrier or diluent.

10
4. A method for the treatment of a disease selected from major depressive disorder;
dysthymic disorder; mood disorder due to a general medical condition; atypical depression;
seasonal affective disorder; melancholia; treatment resistant depression; partial responders;
depression associated with bipolar disorder, pain, Alzheimer’s disease, psychosis, Parkinson’s

15  disease, Lewy body disease, Huntington’s disease, multiple sclerosis or anxiety; general
anxiety disorder; social anxiety disorder; panic attacks; phobia; social phobia, obsessive
compulsive disorder; post traumatic stress disorder; acute stress; ADHD; and pain, said
method comprising the administration of a therapeutically effective amount of a compound d
according to claim 1 to a patient in need thereof.

20
5. A compound according to claim 1 for use in the treatment of a disease selected from
major depressive disorder; dysthymic disorder; mood disorder due to a general medical

condition; atypical depression; seasonal affective disorder; melancholia; treatment resistant



4. A nmethod for the treatnment of a disease selected from major depressive
di sorder; dysthym c disorder; nood disorder due to a general nedi cal

condi t i onwoavymi7ewh depressi on; seasonal affective di sordemko®/@osphol i a;
treatment resistant depression; partial responders; depression associated
wi t h bi pol ar di sorder, pain, Alzheiner'?zdisease, psychosi s, Parkinson's
di sease, Lewy body di sease, Huntington' §°di sease, nultiple sclerosis or
anxi ety; general anxiety disorder; social anxiety disorder; panic attacks;
phobi a;  slBicayion; paRiahrespenslesss epcssimmssagiajed m@@my&r .disosdar, pHBYNERGIRCES 1 ess
di sorder; t ARG s A R t
adnln|stﬁggg%hﬁaéhgﬁfﬁgﬁépeutlcal(ﬁﬁé eC?#ﬁw@%%gﬁﬂ?:g# a§§%%%86ﬂ§“8b
accor di ngclemsslaianxittyt gerergdankietyt disordore eetidlhexieof dis@derfpaoopioacke hobdbar di ng
toclaiml for use in the treatnent of a disease sel ected from mgjor

depr essi RSit RISPHePLSCEER FRRUSIYS GSPER PoMIBHTANS St MRSVl erter al
medi cal cghdpt LQpaigt YPi cal depression; seasonal affective disorder;

mel anchol i a; treatnent resistantdepression; partial responders: depression
associated with blpolar di sorder, pain, Al zheiner's disease, psychosis,

Par ki nson’ s di.sease y di sease,, Hunt.i ngt on' i seas mul ti ple
ol ot ool o CTRERRT o Eolta i as ar RIS ouh T I BRutagthd 5 S rlsaP g,
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traumati c stress disorder; acute stress; ADHD;, and pain. 6. The use of a

conpound diseedsr due@ 2 generahinradical epndiionyatynicabdapression: sasanel %;féewélﬁ@ dsgrdet:he

t reat pen j ym ¢
ai o Jor InHsfof: SEARG B BehE e B SRS B B S Gyt

depr essi Gijol&ahsoda] pad.fAehdiverd ldﬁseawéepsyclﬁmhsamﬂkﬁisbﬁ’,s diseeat ewl bbési st ant
depre55|on partial responders; depre55|on associated wth b| pol ar

di sor der digsaienHunjingien eiscascamikpiesclorasis poapicty reenriahanety &Pgd@asS@mLew
body dIS ner al
) ety dop Jueithbe e afuckl3RARG, O phBbie, GERNR TR AR, paE S
phobi a, otgssse vteessdmptdes;lacetecttressl; d&HDposltpaim. aumat i ¢ stress di sorder;
acute stress; ADHD, and pain.



