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SULFONAMIDE Nav1.7 INHIBITORS

The invention relates to suifonamide derivatives, to their use in medicine, to
compositions containing them, to processes for their preparation and to intermediates
used in such processes.

Voltage-gated sodium channels are found in all excitable cells including myocytes of
muscle and neurons of the central and peripheral nervous system. In neuronal cells,
sodium channels are primarily responsible for generating the rapid upstroke of the
action potential. In this manner sodium channels are essential to the initiation and
propagation of electrical signals in the nervous system. Proper and appropriate function
of sodium channels is therefore necessary for normal function of the neuron.
Consequently, aberrant sodium channel function i1s thought to underlie a variety of
medical disorders (see Hubner CA, Jentsch TJ, Hum. Mol. Genet.,, 11(20). 2435-45
(2002) for a general review of inherited ion channel disorders) including epilepsy
(Yogeeswari et al., Curr. Drug Targets, 5(7). 589-602 (2004)), arrhythmia (Noble D.,
Proc. Nall. Acad. Sct. USA, 99(9). 5755-6 (2002)) myotonia (Cannon, SC, Kidney Int.
57(3). 772-9 (2000)), and pain (Wood, JN et al., J. Neurobiol., 61(1): 55-71 (2004)).

There are currently at least nine known members of the family of voltage-gated sodium
channel (VGSC) alpha subunits. Names for this family include SCNx, SCNAX, and
Na.,x.x. The VGSC family has been phylogenetically divided into two subfamilies Na,1.x
(all but SCN6A) and Na,2.x (SCNBA). The Nav1.x subfamily can be functionally
subdivided into two groups, those which are sensitive 1o blocking by tetrodotoxin (TTX-

sensitive or TTX-s) and those which are resistant to blocking by tetrodotoxin (TTX-
resistant or TTX-r).

The Nay1.7 (PN1, SCN9A) VGSC is sensitive to blocking by tetrodotoxin and is
preferentially expressed in peripheral sympathetic and sensory neurons. The SCN9A
gene has been cloned from a number of species, including human, rat, and rabbit and

shows ~90 % amino acid identity between the human and rat genes (Toledo-Aral et al.,
Proc. Natl. Acad. Sci. USA, 94(4). 1527-1532 (1997})).
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An increasing body of evidence suggests that Na,1.7 may play a key role in various
pain states, including acute, inflammatory and/or neuropathic pain. Deletion of the
SCNY9A gene In nociceptive neurons of mice led to a reduction in mechanical and
thermal pain thresholds and reduction or abolition of inflammatory pain responses
(Nassar et al., Proc Natl Acad Sci USA, 101(34): 12706-11 (2004)). In humans, Na,1.7
protein has been shown to accumulate In neuromas, particularly painful neuromas
(Kretschmer et al., Acta. Neurochir. (Wien), 144(8). 803-10 (2002)). Gain of function
mutations of Na,1.7, both familial and sporadic, have been linked to primary
erythermalgia, a disease characterized by burning pain and inflammation of the
extremities (Yang et al., J. Med. Genet., 41(3): 171-4 (2004), and paroxysmal extreme
pain disorder (Waxman, SG Neurology. 7;69(6): 505-7 (2007)). Congruent with this
observation Is the report that the non-selective sodium channel blockers lidocaine and
mexiletine can provide symptomatic relief in cases of familial erythermalgia (Legroux-
Crepel et al., Ann. Dermatol Venereol., 130: 429-433) and carbamazepine Is effective
In reducing the number and severity of attacks in PEPD (Fertleman et al
Neuron.;92(5):767-74 (2006). Further evidence of the role of Nav1.7 in pain is found In
the phenotype of loss of function mutations of the SCN9A gene. Cox and colleagues
(Nature, 444(7121):894-8 (2000)) were the first to report an association between loss-
of-function mutations of SNCO9A and congenital indifference to pain (CIP), a rare
autosomal recessive disorder characterized by a complete indifference or insensitivity to
painful stimuli. Subsequent studies have revealed a number of different mutations that
result in a loss of function of the SCN9A gene and and the CIP phenotype (Goldberg et
al, Clin Genet.;71(4): 311-9 (2007), Ahmad et al, Hum Mol Genet. 1;16(17): 2114-21

(2007)).

Nav 1.7 inhibitors are therefore potentially useful in the treatment of a wide range of
disorders, particularly pain, including: acute pain; chronic pain; neuropathic pain;
iInflammatory pain; visceral pain; nociceptive pain including post-surgical pain; and
mixed pain types Involving the viscera, gastrointestinal tract, cranial structures,
musculoskeletal system, spine, urogenital system, cardiovascular system and CNS,

iIncluding cancer pain, back and orofacial pain.

Certain inhibitors of voltage gated sodium channels useful in the treatment of pain are

known. Thus WO-A-2005/013914 discloses heteroarylamino sulfonylphenyl derivatives,
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WO-A-2008/118758 aryl sulphonamides and WQO-A-2009/012242 N-thiazolyl
benzenesulfonamides.

There is, however, an ongoing need to provide new Na,1.7 inhibitors that are good drug
candidates.

Prefererably compounds are selective Nav1.7 channel inhibitors. That is, preferred
compounds show an affinity for the Nav1.7 channel over other Nav channels. In
particular, they should show an affinity for the Nav1.7 channel which is greater than
their affinity for Nav1.5 channels. Advantageously, compounds should show little or no
affinity for the Nav1.5 channel.

Selectivity for the Nav1.7 channel over Nav1.5 may potentially lead to one or more
improvements in side-effect profile. Without wishing to be bound by theory, such
selectivity is thought to reduce any cardiovascular side effects which may be associated
with affinity for the Nav1.5 channel. Preferably compounds demonstrate a selectivity of
10-fold, more preferably 30-fold, most preferably 100-fold, for the Nav 1.7 channel when
compared to their selectivity for the Nav1.5 channel whilst maintaining good potency for

the Nav1.7 channel.

Furthermore, preferred compounds should have one or more of the following properties:
be well absorbed from the gastrointestinal tract; be metabolically stable; have a good
metabolic profile, in particular with respect to the toxicity or allergenicity of any
metabolites formed; or possess favourable pharmacokinetic properties whilst still
retaining their activity profile as Nav1.7 channel inhibitors. They should be non-toxic
and demonstrate few side-effects. Ideal drug candidates should exist in a physical form

that is stable, non-hygroscopic and easily formuiated.

We have now found new sulphonamide Nav1.7 inhibitors.

According to a first aspect of the invention there is provided a compound selected from

the following list:

- 5-Chloro-4-[4-chloro-2-(2-piperazin-1-ylpyrimidin-4-yl)phenoxy]-2-fluoro-N-1,3-thiazol-4-

ylbenzenesulfonamide;
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5-Chloro-4-[4-chloro-2-(2-piperazin-1-ylpyrimidin-4-yl)phenoxy]-2-fluoro-N-1,3,4-
thiadiazol-2-ylbenzenesulfonamide;
5-Chloro-2-fluoro-4-[5-fluoro-2-pyridazin-4-yl-4-(trifluoromethyl)phenoxy]-N-1,3-thiazol-
4-ylbenzenesulfonamide;
5-Chloro-2-fluoro-4-[4-fluoro-2-pyridazin-4-yl-5-(trifluoromethyl)phenoxy]-N-1,3-thiazol-
4-ylbenzenesulfonamide;
4-[2-(2-Aminopyridin-4-yl)-4-chlorophenoxy]-5-chloro-2-fluoro-N-(5-fluoropyrimidin-2-
vh)benzenesulfonamide;
4-[2-(2-Aminopyridin-4-yl)-4-(trifluoromethyl)phenoxy]-5-chloro-2-fluoro-N-(5-
fluoropyrimidin-2-yl)benzenesulfonamide;
4-[2-(2-Aminopyridin-4-yl)-4-fluorophenoxy]-5-chloro-2-fluoro-N-1,3-thiazol-4-
vlIbenzenesulfonamide;
4-[2-(3-Amino-1H-pyrazol-4-yl)-4-(trifluoromethoxy)phenoxy]-5-chloro-2-fluoro-N-1,3-
thiazol-4-ylbenzenesulfonamide;
4-[2-(2-Aminopyridin-4-yl)-4-chlorophenoxy]-3-chloro-N-1,3,4-thiadiazol-2-
vibenzenesulfonamide,
4-[2-(2-Aminopyridin-4-yl)-4-chlorophenoxy]-5-chloro-2-fluoro-N-1,3-thiazol-4-
viIbenzenesulfonamide,
4-[2-(5-Amino-1H-pyrazol-4-yl)-4-fluorophenoxy]-5-chloro-2-fluoro-N-1,3-thiazol-4-
vlIbenzenesulfonamide;
5-Chloro-2-fluoro-4-[2-pyridazin-4-yl-4-(trifluoromethoxy)phenoxy]-N-1,3-thiazol-4-
vibenzenesulfonamide,
4-[2-(1-Azetidin-3-yl-1H-pyrazol-5-yl)-5-chloro-2-fluoro-4-(trifluoromethyl)phenoxy]-N-
1,3,4-thiadiazol-5-ylbenzenesulfonamide;
5-Chloro-2-fluoro-4-{4-trifluoromethyl-2-[1-(1-methylazetidin-3-yl)-1H-pyrazol-5-
vllphenoxy}- N-1,3,4-thiadiazol-ylbenzenesulfonamide;
3-Cyano-4-[2-(3-methylpyridazin-4-yl)-4-(trifluoromethyl)phenoxy]-N-1,2,4-thiadiazol-5-
vlIbenzenesulfonamide;
3-Methyl-4-[2-pyridazin-4-yl-4-(trifluoromethyl)phenoxy]-N-1,2,4-thiadiazol-5-
vibenzenesulfonamide,
4-[4-chloro-2-(2-piperazin-1-ylpyrimidin-4-yl)phenoxy]-2,5-difluoro-N-1,3-thiazol-4-
vibenzenesulfonamide,
4-[4-chloro-2-(2-piperazin-1-ylpyridin-4-yl)phenoxy]-2,5-difluoro-N-pyrimidin-2-

vlIbenzenesulfonamide;
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4-[4-chloro-2-(2-piperazin-1-ylpyridin-4-yl)phenoxy]-3-cyano-N-pyrimidin-2-
viIbenzenesulfonamide,
4-[4-chloro-2-(2-piperazin-1-ylpyrimidin-4-yl)phenoxy]-3-cyano-N-pyrimidin-2-
vlIbenzenesulfonamide;

4-[4-chloro-2-(2-piperazin-1-ylpyrimidin-4-yl)phenoxy]- 2,5-difluoro-N-pyrimidin-2-
vibenzenesulfonamide,

or a pharmaceutically acceptable salt thereof.

Hereinafter, all references to compounds of the invention include compounds of list (l)
or pharmaceutically acceptable salts, solvates, or multi-component complexes thereof,
or pharmaceutically acceptable solvates or multi-component complexes of
pharmaceutically acceptable salts of compounds of list (I), as discussed in more detall

below.

Preferred compounds of the invention are compounds of list (I) or pharmaceutically

acceptable salts thereof.

Suitable acid addition salts are formed from acids which form non-toxic salts. Examples
iInclude the acetate, adipate, aspartate, benzoate, besylate, bicarbonate/carbonate,
bisulphate/sulphate, borate, camsylate, citrate, cyclamate, edisylate, esylate, formate,
fumarate, gluceptate, gluconate, glucuronate, hexafluorophosphate, hibenzate,
hydrochloride/chloride, hydrobromide/bromide, hydroiodide/iodide, isethionate, lactate,
malate, maleate, malonate, mesylate, methylsulphate, naphthylate, 2-napsylate,
nicotinate, nitrate, orotate, oxalate, palmitate, pamoate, phosphate/hydrogen
phosphate/dinydrogen phosphate, pyroglutamate, saccharate, stearate, succinate,

tannate, tartrate, tosylate, trifluoroacetate and xinofoate salts.

Suitable base salts are formed from bases which form non-toxic salts. Examples
iInclude the aluminium, arginine, benzathine, calcium, choline, diethylamine, diolamine,
glycine, lysine, magnesium, meglumine, olamine, potassium, sodium, tromethamine and

ZINnc salts.

Hemisalts of acids and bases may also be formed, for example, hemisulphate and

hemicalcium salts.
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The skilled person will appreciate that the aforementioned salts include ones wherein
the counterion is optically active, for example d-lactate or I-lysine, or racemic, for

example dl-tartrate or dl-arginine.

For a review on suitable salts, see “Handbook of Pharmaceutical Salts: Properties,
Selection, and Use” by Stahl and Wermuth (Wiley-VCH, Weinheim, Germany, 2002).

Pharmaceutically acceptable salts of compounds of list (1) may be prepared by one or

more of three methods:

(i) by reacting the compound of list (I) with the desired acid or base;

(i) by removing an acid- or base-labile protecting group from a suitabie precursor of the
compound of list (I) using the desired acid or base; or

(iii) by converting one salt of the compound of list (l) to another by reaction with an
appropriate acid or base or by means of a suitable ion exchange column.

All three reactions are typically carried out in solution. The resulting salt may precipitate
out and be collected by filtration or may be recovered by evaporation of the solvent.

The degree of ionisation in the resulting salt may vary from completely ionised to almost

non-ionised.

The compounds of list (1) or pharmaceutically acceptable salts thereof may exist in both
unsolvated and solvated forms. The term ‘solvate’ is used herein to describe a
molecular complex comprising a compound of list (1) or a pharmaceutically acceptable

salt thereof and one or more pharmaceutically acceptable solvent molecules, for
example, ethanol. The term ‘hydrate’ is employed when said solvent is water.

Pharmaceutically acceptable solvates in accordance with the invention include those
wherein the solvent of crystallization may be isotopically substituted, e.g. D20, de-
acetone and ds-DMSO.

A currently accepted classification system for organic hydrates is one that defines
isolated site, channel, or metal-ion coordinated hydrates - see Polymorphism in

Pharmaceutical Solids by K. R. Morris (Ed. H. G. Brittain, Marcel Dekker, 19995).

Isolated site hydrates are ones in which the water
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molecules are isolated from direct contact with each other by intervening organic
molecules. In channel hydrates, the water molecules lie in lattice channels where they
are next to other water molecules. In metal-ion coordinated hydrates, the water

molecules are bonded to the metal ion.

Wwhen the solvent or water is tlightly bound, the complex will have a well-defined
stoichiometry independent of humidity. When, however, the solvent or water is weakly
bound, as in channel solvates and hygroscopic compounds, the water/solvent content
will be dependent on humidity and drying conditions. In such cases, non-stoichiometry
will be the norm.

The compounds of the invention may exist in a continuum of solid states ranging from
fully amorphous to fully crystalline. The term ‘amorphous’ refers to a state in which the
material lacks long range order at the molecular level and, depending upon
temperature, may exhibit the physical properties of a solid or a liquid. Typically such
materials do not give distinctive X-ray diffraction patterns and, while exhibiting the
properties of a solid, are more formally described as a liquid. Upon heating, a change
from solid to liquid properties occurs which is characterised by a change of state,
typically second order (‘glass transition’). The term ‘crystalline’ refers to a solid phase in
which the material has a regular ordered internal structure at the molecular ievel ang
gives a distinctive X-ray diffraction pattern with defined peaks. Such materials when
heated sufficiently will also exhibit the properties of a liquid, but the change from solid to
liquid is characterised by a phase change, typically first order ('melting point’).

Also included within the scope of the invention are multi-component complexes (other
than salts and solvates) of compounds of list (1) or pharmaceutically acceptable salfs
thereof wherein the drug and at least one other component are present in stoichiometric
or non-stoichiometric amounts. Complexes of this type include clathrates (drug-host
inclusion complexes) and co-crystals. The latter are typically defined as crystalline
complexes of neutral molecular constituents which are bound together through non-
covalent interactions, but could also be a complex of a neutral molecule with a sait. Co-
crystals may be prepared by melt crystallisation, by recrystallisation from solvents, or by
physically grinding the components together - see Chem Commun, 17, 1889-1896, by
O. Almarsson and M. J. Zaworotko (2004). For a
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general review of multi-component compiexes, see J Pharm Sci, 64 (8), 1269-1288, by
Haleblian (August 19795).

The compounds of the invention may also exist in a mesomorphic state (mesophase or
iquid crystal) when subjected to suitable conditions. The mesomorphic state is
intermediate between the true crystalline state and the true liquid state (either melt or
solution). Mesomorphism arising as the result of a change in temperature is described
as ‘thermotropic’ and that resulting from the addition of a second component, such as
water or another solvent, is described as ‘lyotropic’. Compounds that have the potential
to form lyotropic mesophases are described as ‘amphiphilic’ and consist of molecules
which possess an ionic (such as -COO'Na”*, -COOK", or -SO3s'Na*) or non-ionic (such
as -N'N'(CHs)3) polar head group. For more information, see Crystals and the
Polarizing Microscope by N. H. Hartshormne and A. Stuart, 4" Edition (Edward Arnold,
1970).

The compounds of the invention may be administered as prodrugs. Thus certain
derivatives of compounds of list () which may have little or no pharmacological activity
themselves can, when administered into or onto the body, be converted into compounds
of list (I) having the desired activity, for example, by hydrolytic cleavage. Such
derivatives are referred to as ‘prodrugs’. Further information on the use of prodrugs
may be found in ‘Pro-drugs as Novel Delivery Systems, Vol. 14, ACS Symposium
Series (T Higuchi and W Stella) and ‘Bioreversible Carriers in Drug Design’, Pergamon
Press, 1987 (ed. E B Roche, American Pharmaceutical Association).

Prodrugs can, for example, be produced by replacing appropriate functionalities present
in a compound of list (1) with certain moieties known to those skilled in the art as "pro-
moieties’ as described, for example, in "Design of Prodrugs” by H Bundgaard (Elsevier,
1085).

Examples of prodrugs include phosphate prodrugs, such as dihydrogen or dialkyl
(e.g. di-tert-butyl) phosphate prodrugs. Further examples of replacement groups in
accordance with the foregoing examples and examples of other prodrug types may be

found in the aforementioned references.
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Also included within the scope of the invention are metabolites of compounds of list (1),
that I1s, compounds formed in vivo upon administration of the drug. Some examples of
metabolites in accordance with the invention include, where the compound of list (I)

contains a phenyl (Ph) moiety, a phenol derivative thereof (-Ph > -PhOH);

The scope of the invention includes all crystal forms of the compounds of the invention,
iIncluding racemates and racemic mixtures (conglomerates) thereof. Stereoisomeric
conglomerates may also be separated by the conventional techniques described herein

just above.

The scope of the invention includes all pharmaceutically acceptable isotopically-labelled
compounds of the invention wherein one or more atoms are replaced by atoms having
the same atomic number, but an atomic mass or mass number different from the atomic

mass or mass number which predominates in nature.

Examples of isotopes suitable for inclusion in the compounds of the invention include
isotopes of hydrogen, such as °H and °H, carbon, such as ''C, '°C and '“C, chlorine,
such as “°Cl, fluorine, such as '°F, iodine, such as '“’I and "I, nitrogen, such as "°N
and "°N, oxygen, such as "0, 'O and '°0, phosphorus, such as **P, and sulphur, such

as °°S.

Certain isotopically-labelled compounds of the Invention, for example, those
iIncorporating a radioactive isotope, are useful In drug and/or substrate tissue
distribution studies. The radioactive isotopes tritium, i.e. °H, and carbon-14, i.e. '*C, are
particularly useful for this purpose In view of their ease of incorporation and ready
means of detection. Substitution with heavier isotopes such as deuterium, i.e. “H, may
afford certain therapeutic advantages resulting from greater metabolic stability, for
example, increased In vivo half-life or reduced dosage requirements, and hence may be
preferred in some circumstances. Substitution with positron emitting isotopes, such as
"¢, ®F, 0 and N, can be useful in Positron Emission Topography (PET) studies for

examining substrate receptor occupancy.

Isotopically-labeled compounds of list (I) can generally be prepared by conventional

techniques known to those skilled in the art or by processes analogous to those
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described In the accompanying Examples and Preparations using an appropriate

Isotopically-labeled reagent in place of the non-labeled reagent previously employed.

Also within the scope of the Invention are intermediate compounds as hereinafter
defined, all salts, solvates and complexes thereof and all solvates and complexes of
salts thereof as defined hereinbefore for compounds of list (I). The invention includes

all polymorphs of the aforementioned species and crystal habits thereof.

Compounds of the invention intended for pharmaceutical use may be administered as
crystalline or amorphous products or may exist in a continuum of solid states ranging
from fully amorphous to fully crystalline. They may be obtained, for example, as solid
plugs, powders, or films by methods such as precipitation, crystallization, freeze drying,
spray drying, or evaporative drying. Microwave or radio frequency drying may be used

for this purpose.

They may be administered alone or in combination with one or more other compounds
of the invention or in combination with one or more other drugs (or as any combination
thereof). Generally, they will be administered as a formulation in association with one or
more pharmaceutically acceptable excipients. The term ‘excipient’ is used herein to
describe any ingredient other than the compound(s) of the invention. The choice of
excipient will to a large extent depend on factors such as the particular mode of
administration, the effect of the excipient on solubility and stability, and the nature of the

dosage form.

In another aspect the invention provides a pharmaceutical composition comprising a
compound of the invention together with one or more pharmaceutically acceptable

excipients.

Pharmaceutical compositions suitable for the delivery of compounds of the present
iInvention and methods for their preparation will be readily apparent to those skilled In
the art. Such compositions and methods for their preparation may be found, for
example, in "Remington’s Pharmaceutical Sciences”, 19th Edition (Mack Publishing
Company, 1995).



10

15

20

25

30

CA 02804173 2012-12-31
WO 2012/004706 PCT/1IB2011/052840

11

Suitable modes of administration include oral, parenteral, topical, inhaled/intranasal,

rectal/intravaginal, and ocular/aural administration.

Formulations suitable for the aforementioned modes of administration may be
formulated to be immediate and/or modified release. Modified release formulations

include delayed-, sustained-, pulsed-, controlled-, targeted and programmed release.

The compounds of the invention may be administered orally. Oral administration may
iInvolve swallowing, so that the compound enters the gastrointestinal tract, or buccal or
sublingual administration may be employed by which the compound enters the blood
stream directly from the mouth. Formulations suitable for oral administration include
solid formulations such as tablets, capsules containing particulates, liquids, or powders,
lozenges (including liquid-filled), chews, multi- and nano-particulates, gels, solid
solution, liposome, films, ovules, sprays, liquid formulations and buccal/mucoadhesive

patches..

Liquid formulations Include suspensions, solutions, syrups and elixirs. Such
formulations may be employed as fillers in soft or hard capsules and typically comprise
a carrier, for example, water, ethanol, polyethylene glycol, propylene glycol,
methylcellulose, or a suitable oil, and one or more emulsifying agents and/or
suspending agents. Liquid formulations may also be prepared by the reconstitution of a

solid, for example, from a sachedt.

The compounds of the invention may also be used In fast-dissolving, fast-disintegrating
dosage forms such as those described in Expert Opinion in Therapeutic Patents, 11 (6),
981-986, by Liang and Chen (2001).

For tablet dosage forms, depending on dose, the drug may make up from 1 weight % to
80 weight % of the dosage form, more typically from 5 weight % to 60 weight % of the
dosage form. In addition to the drug, tablets generally contain a disintegrant. Examples
of disintegrants Iinclude sodium starch glycolate, sodium carboxymethyl cellulose,
calcium  carboxymethyl  cellulose, croscarmellose sodium, crospovidone,
polyvinylpyrrolidone, methyl cellulose, microcrystalline cellulose, lower alkyl-substituted

hydroxypropyl cellulose, starch, pregelatinised starch and sodium alginate. Generally,
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the disintegrant will comprise from 1 weight % to 25 weight %, preferably from 5 weight

% to 20 weight % of the dosage form.

Binders are generally used to impart cohesive qualities to a tablet formulation. Suitable
binders include microcrystalline cellulose, gelatin, sugars, polyethylene glycol, natural
and synthetic gums, polyvinylpyrrolidone, pregelatinised starch, hydroxypropyl cellulose
and hydroxypropyl methylcellulose. Tablets may also contain diluents, such as lactose
(monohydrate, spray-dried monohydrate, anhydrous and the like), mannitol, xylitol,
dextrose, sucrose, sorbitol, microcrystalline cellulose, starch and dibasic calcium

phosphate dihydrate.

Tablets may also optionally comprise surface active agents, such as sodium lauryl
sulfate and polysorbate 80, and glidants such as silicon dioxide and talc. When present,
surface active agents may comprise from 0.2 weight % to 5 weight % of the tablet, and

glidants may comprise from 0.2 weight % to 1 weight % of the tablet.

Tablets also generally contain lubricants such as magnesium stearate, calcium stearate,
zinc stearate, sodium stearyl fumarate, and mixtures of magnesium stearate with
sodium lauryl sulphate. Lubricants generally comprise from 0.25 weight % to 10 weight
%, preferably from 0.5 weight % to 3 weight % of the tablet. Other possible ingredients
iInclude anti-oxidants, colourants, flavouring agents, preservatives and taste-masking

agents.

Exemplary tablets contain up to about 80% drug, from about 10 weight % to about 90
weight % binder, from about 0 weight % to about 85 weight % diluent, from about 2
weight % to about 10 weight % disintegrant, and from about 0.25 weight % to about 10
weight % lubricant. Tablet blends may be compressed directly or by roller to form
tablets. Tablet blends or portions of blends may alternatively be wet-, dry-, or melt-
granulated, melt congealed, or extruded before tabletting. The final formulation may
comprise one or more layers and may be coated or uncoated; it may even be
encapsulated. The formulation of tablets Is discussed in "Pharmaceutical Dosage
Forms: Tablets”, Vol. 1, by H. Lieberman and L. Lachman (Marcel Dekker, New York,
1980).
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Suitable modified release formulations for the purposes of the invention are described In
US Patent No. 6,100,864. Detalls of other suitable release technologies such as high
energy dispersions and osmotic and coated particles are to be found in "Pharmaceutical
Technology On-line”, 25(2), 1-14, by Verma et al (2001). The use of chewing gum to

achieve controlled release 1s described in WQO 00/35298.

The compounds of the Iinvention may also be administered directly into the blood
stream, Into muscle, or Into an internal organ. Suitable means for parenteral
administration include Intravenous, Intraarterial, Intraperitoneal, intrathecal,
iIntraventricular, intraurethral, intrasternal, intracranial, intramuscular and subcutaneous.
Suitable devices for parenteral administration include needle (including mic<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>