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PYRIDAZINE DERIVATIVES FOR USE IN THE PREVENTION OR TREATMENT OF AN ATAXIC
DISORDER

The present invention relates to the use of certain inhibitors of the enzyme D-amino acid
oxidase in the prevention or treatment of ataxic disorders, particularly Friedreich's ataxia

and spinocerebellar ataxias.

Ataxia is a disorder of the central nervous system wherein the patient is unable to
coordinate muscles for the execution of voluntary movement. Typical symptoms of
ataxia are gait dysfunctions, imbalance, impaired limb co-ordination and altered
speech. In most ataxia disorders, the ataxia is due to damage or degeneration of the
cerebellar cortex and its afferent or efferent fibre connections; typical affected brain
regions are the cerebellum, posterior column, pyramidal tracts and basal ganglia.
Damage can occur as a result of injury or illness (as is the case with acquired ataxia) or

because the cerebellum or spinal cord degenerates (as is the case with hereditary ataxia).

Acquired ataxia can have a wide range of potential causes, including severe head

injury (for example, the type of injury that can occur during a car crash or a fall); bacterial
brain infection such as meningitis or encephalitis; viral infection; conditions that disrupt
the supply of blood to the brain such as a stroke, haemorrhage or a transient ischaemic
attack; cerebral palsy; multiple sclerosis; sustained long-term alcohol misuse; underactive

thyroid gland; and cancer.

Hereditary ataxia is caused by genetic abnormalities which may be autosomal recessive,
such as the mutations responsible for Friedreich's ataxia and ataxia-telangiectasia, or
autosomal dominant such as the mutations responsible for some cases of spinocerebellar

ataxia.

Spinocerebellar ataxias (SCAs) are a group of ataxias which result from damage to the
cerebellum (Duefias ef al., “Molecular pathogenesis of spinocerebellar ataxias”, Brain,
2006, 129, 1357-1370). The cerebellum controls balance and coordination. Therefore

individuals affected by SCA often experience a loss of balance and co-ordination and often
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first present with changes in movement or manner of walking (gait) (H. Y. Zoghbi,

“Spinocerebellar ataxias™, Neurobiology of Disease, 2000, 7(5), 523-527).

SCAs are genetically inherited. There are currently at least 31 known types of SCA. These
are known as SCA 1-8 and SCA 10-32 (there is currently no condition associated with
SCA9 but the name has been reserved). SCAs can be categorized into three main groups,
according to the type of mutation in the gene. The first of these is the expanded
polyglutamine ataxias (SCA 1, 2, 3, 6, 7 and 17). The second is the non-coding repeat
ataxias (SCA 8, 10 and 12). The third is the ataxias caused by other gene mutations (SCA
5,13, 14 and 27) (Soong & Paulson, “Spinocerebellar ataxias: an update”, Current

Opinion in Neurology, 2007, 20, 438-446).

In the group of expanded polyglutamine spinocerebellar ataxias, the abnormality in the
faulty gene relates to CAG sequences coding for the amino acid glutamine. In normal
genes, CAG sequences can be repeated from 6-35 times, however in SCA, these repeats
are expanded to include 40-100 repeats (Zoghbi, 2000). These repeats are found in the
coding regions of the genes resulting in proteins containing long stretches of the amino
acid glutamine. These proteins appear to have a ‘toxic effect’. The higher the number of
CAG repeats, the ealier the onset of SCA and the more severe that the SCA is (Soong &
Paulson, 2007).

In the group of non-coding repeat spinocerebellar ataxias, as with the previous group, there
are abnormal repeats of nucleotide sequences but the repeats are found in the non-coding

regions of the genes and it remains unclear how these abnormalities cause SCA.

Finally, in the third group of spinocerebellar ataxias including SCA 5, 13, 14 and 27, the
abnormality is caused by conventional gene mutations such as a deletion or insertion of a
nucleotide base or the exchange of one nucleotide base for another which results in the
production of the wrong amino acid for a specific protein (Soong & Paulson, 2007).

It has been suggested that N-methyl-D-aspartate type glutamate (NMDA) receptors and
impaired glutamate-mediated signalling are implicated in the pathogenesis and

progression of spinocerebellar ataxia in humans and in animal models. D-serine is an
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endogenous modulator of NMDA receptors and Saigoh er al. (“The stereo-specific effect
of D-serine ethylester and the D-cycloserine in ataxic mutant mice”, Brain Research,
1998, 808, 42-47) have shown that the D-serine derivatives, D-serine ethylester and D-
cycloserine, have an ameliorating effect on ataxia in mice carrying inherited or
chemically-induced ataxia mutations and that they elicit an increase in the concentration

of endogenous D-serine in the cerebellum.

D-Amino acid oxidase (DAAQ) was one of the first enzymes to be described and the
second flavoprotein to be discovered in the mid-1930s. DAAO converts D-amino
acids into the corresponding a-keto acids. Itdoes this by catalyzing the
dehydrogenation of D-amino acids to their imino counterparts and areduced flavin-
product complex. Thereduced flavin isthen (re)oxidized by dioxygen to yield FADox
and H>O,, whereas the imino acid spontaneously hydrolyzes to the keto acid and

NH4",

DAAQO is present in most organisms and mammalian tissues. One action of DAAQO is to
catabolise the neurotransmitter D-serine. By inhibiting the actions of this enzyme, it would
be expected that the concentration of endogenous D-serine would increase. In this regard,
Hashimoto et al. (“Mice lacking D-amino acid oxidase activity displayed marked
attenuation of stereotypy and ataxia induced by MK-801”, Brain Research, 2005, 1033(2),
210-215) have shown that mutant DAAO -/- mice treated with MK-801 (an NMDA
receptor antagonist that chemically induces behaviours including hyperlocomotion,
sterotypy and ataxia) display reduced ataxia compared to wild type DAAO +/+ mice

similarly treated.

Furthermore, although Published International Application No. WO 03/047558 (Genset
S.A)) suggests the use of certain DAAQO inhibitors in treating ataxia, the application
contains no test data confirming whether or not the inhibitors in question showed any such

efficacy.
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The present disclosure provides a compound of formula (I), or a pharmaceutically

acceptable salt thereof,

wherein
1 . .
R represents a hydrogen or fluorine atom or a trifluoromethyl group;
2 3
R represents a group —-X-Y-R;

X and Y each independently represent a bond, an oxygen atom or a group -

C(0), -S(0), -C(ONR", -s(0),NR?, -NR, X

b

or —CR4R5—, provided that X and Y cannot both simultaneously represent a bond and
provided that if X and Y are both other than a bond, then at least one of X and Y
represents —CR4R5—;

nis0, 1 or2;

each R4 independently represents a hydrogen atom or a C;-Cg alkyl or C1-Cg
haloalkyl group;

each R5 independently represents a hydrogen atom, a C1-Cg alkyl or C-Cg haloalkyl
group or =CH-;

R3 represents a 3- to 10-membered saturated or unsaturated carbocyclic or
heterocyclic ring system, the ring system itself being optionally substituted by at least one

substituent selected from halogen, hydroxyl, cyano, oxo, C-Cg alkyl, C»-Cg alkenyl,
C1-Cg haloalkyl, C-Cg hydroxyalkyl, C;-Cg alkoxy, C1-Cg haloalkoxy,

C1-Cg alkylthio, C1-Cg alkylsulphinyl, Ci-Cg alkylsulphonyl, C;-Cg alkylcarbonyl,
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C1-Cg alkylcarbonyloxy, C;-Cg alkoxycarbonyl, amino (-NH»), —CON(R6)2,
C1-Cg alkylamino, di-(C1-Cg alkyl)amino, C3-Cg cycloalkyl, C3-Cg cycloalkyloxy,
C3-Cg cycloalkylmethyl, —[O]p—(CHz)q—O—R7 and a 4- to 6-membered saturated or

unsaturated heterocyclic ring (optionally substituted with at least one substituent selected

from C1-C4 alkyl and C1-C4 alkoxy);

each R6 independently represents a hydrogen atom or a C1-Cg alkyl group;
pisOorl;
qis1,2,3 or4; and
R7 represents a C1-Cg alkyl group;
for use in the prevention or treatment of an ataxic disorder, in particular a spinocerebellar

ataxic disorder.

In one aspect of the present disclosure, there is provided a use of a compound of formula
(D), or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for

the prevention or treatment of an ataxic disorder,

wherein
1 . .
R represents a hydrogen or fluorine atom or a trifluoromethyl group;
2 3
R represents a group —X-Y-R;

X and Y each independently represent a bond, an oxygen atom or a group -

C(0), -S(0), -C(O)NR", -s(0),NR?, -NR, 1

b

4.5 . .
or -CR R -, provided that X and Y cannot both simultaneously represent a bond and
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provided that if X and Y are both other than a bond, then at least one of X and Y
represents —CR4R5—;

nis0, 1 or2;

each R4 independently represents a hydrogen atom or a C;-Cg alkyl or C1-Cg
haloalkyl group;

each R5 independently represents a hydrogen atom, a C1-Cg alkyl or C-Cg haloalkyl
group or =CH-;

R3 represents a 3- to 10-membered saturated or unsaturated carbocyclic or
heterocyclic ring system, the ring system itself being optionally substituted by at least one

substituent selected from halogen, hydroxyl, cyano, oxo, Cj-Cg alkyl, Cy-Cg alkenyl,
C1-Cg haloalkyl, C1-Cg hydroxyalkyl, C1-Cg alkoxy, C1-Cg haloalkoxy,

C1-Cg alkylthio, C1-Cg alkylsulphinyl, Ci-Cg alkylsulphonyl, C;-Cg alkylcarbonyl,
C1-Cg alkylcarbonyloxy, C1-Cg alkoxycarbonyl, amino, —CON(R6)2, C1-Cg alkylamino,
di-(C1-Cg alkyl)amino, C3-Cg cycloalkyl, C3-Cg cycloalkyloxy, C3-Cg
cycloalkylmethyl, —[O]p—(CHz)q—O—R7 and a 4- to 6-membered saturated or unsaturated
heterocyclic ring (optionally substituted with at least one substituent selected from C;-Cq
alkyl and C1-C4 alkoxy);

each R6 independently represents a hydrogen atom or a C1-Cg alkyl group;

pisOorl;
qis1,2,3 or4; and

R7 represents a C1-Cg alkyl group;

for use in the prevention or treatment of an ataxic disorder.

The present disclosure also provides the use of a compound of formula (I) or a
pharmaceutically acceptable salt thereof as hereinbefore defined in the manufacture of a

medicament for use in the prevention or treatment of an ataxic disorder.
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The present disclosure also provides a method of treating, or reducing the risk of, an ataxic
disorder comprising administering to a patient in need thereof a therapeutically effective
amount of a compound of formula (I) or a pharmaceutically acceptable salt thereof as

hereinbefore defined.

The compounds of formula (I) and pharmaceutically acceptable salts thereof are known

from WO 2013/027000, the entire contents of which are incorporated herein by reference.
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Compounds of formula (I) have been found from radio-imaging assays to be concentrated
in the cerebellar region of the brain and, consequently, to exert their effects primarily in the
cerebellum and spinal cord. Therefore, the compounds of formula (I) have the potential to

be useful in the treatment of ataxic disorders.

Pharmaceutically acceptable salts of the compounds of formula (I) include acid

addition salts which may be formed with inorganic acids and organic acids, e.g., acetate,
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aspartate, benzoate, besylate, bromide/hydrobromide, bicarbonate/carbonate,
bisulfate/sulfate, camphorsulfornate, chloride/hydrochloride, chlortheophyllonate, citrate,
ethandisulfonate, fumarate, gluceptate, gluconate, glucuronate, hippurate,
hydroiodide/iodide, isethionate, lactate, lactobionate, laurylsulfate, malate, maleate,
malonate, mandelate, mesylate, methylsulphate, naphthoate, napsylate, nicotinate, nitrate,
octadecanoate, oleate, oxalate, palmitate, pamoate, phosphate/hydrogen
phosphate/dihydrogen phosphate, polygalacturonate, propionate, stearate, succinate,

sulfosalicylate, tartrate, tosylate and trifluoroacetate salts.

As used herein, the term "treat", "treating” or "treatment” of any disorder refers in one
embodiment, to ameliorating the disorder (i.e., slowing or arresting or reducing the

development of the disorder or at least one of the clinical symptoms thereof).

In another embodiment "treat", "treating" or "treatment" refers to alleviating or
ameliorating at least one physical parameter including those which may not be

discernible by the patient.

In yet another embodiment, "treat", "treating" or "treatment" refers to modulating the
disorder, either physically, (e.g., stabilisation of a discernible symptom),

physiologically, (e.g., stabilisation of a physical parameter), or both.

Thus “treatment™ may comprise a reduction in the symptoms associated with an ataxic
disorder including, for example, an improvement of gait, balance, limb coordination
and/or speech; or an increased period of time between episodes of the ataxic disorder.
As used herein, the term "prevention”" of any particular disorder refers to the
administration of a compound of the present invention to a patient before any

symptoms of that disorder are apparent.

As used herein, a patient is "in need of" a treatment if such patient would benefit

biologically, medically or in quality of life from such treatment.
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The term "a therapeutically effective amount" of a compound of the present invention
refers to an amount of the compound of the present invention that will elicit the biological
or medical response of a patient, for example, the reduction or inhibition of enzyme
activity, or ameliorate symptoms, alleviate conditions, slow or delay progression of a

disorder, or prevent a disorder.

In an embodiment of the invention, the compound of formula (1) is selected from
4-Hydroxy-6-(2-phenylethyl)pyridazin-3(2H)-one;
6-[2-(4-Fluorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
4-Hydroxy-6-{2-[S-(trifluoromethyl)pyridin-2-yl]ethyl } pyridazin-3(2H)-one;
6-[(4-Chlorobenzyl)sulfanyl]-4-hydroxypyridazin-3(2H)-one;
4-Hydroxy-6-{2-[6-(trifluvoromethyl)pyridin-3-yl]ethyl} pyridazin-3(2H)-one;
6-[2-(3-Fluorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
6-[2-(2-Fluorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
6-[2-(3,5-Difluorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
6-[2-(3,4-Difluorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
4-Hydroxy-6-{2-[3-(trifluoromethoxy)phenyl]ethyl } pyridazin-3(2H)-one;
4-Hydroxy-6-{2-[3-(trifluoromethyl)phenyl]ethyl } pyridazin-3(2H)-one;
4-Hydroxy-6-{2-[5-(trifluoromethyl)pyridin-3-yljethyl} pyridazin-3(2H)-one;
6-(2-Cyclohexylethyl)-4-hydroxypyridazin-3(2H)-one;
6-(2-Cyclopropylethyl)-4-hydroxypyridazin-3(2H)-one;
6-(2-Cyclopentylethyl)-4-hydroxypyridazin-3(2H)-one;
4-Hydroxy-6-[2-(4-methoxycyclohexyl)ethyl|pyridazin-3(2H)-one;
6-[2-(2,4-Difluorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
6-{2-[3-(Difluoromethyl)phenyl]ethyl}-4-hydroxypyridazin-3(2H)-one;
6-Benzyl-4-hydroxypyridazin-3(2H)-one;
6-[2-(3-Chlorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
4-Hydroxy-6-(1-phenylcyclopropyl)pyridazin-3(2H)-one;
4-[2-(5-Hydroxy-6-oxo0-1,6-dihydropyridazin-3-yl)ethyl]benzonitrile;
6-[2-(3-Fluoro-4-methylphenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
6-[2-(4-Fluoro-3-methylphenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
6-[2-(3,4-Dimethoxyphenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;



20

25

30

WO 2015/132608 PCT/GB2015/050654

6-[2-(4-Chlorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
6-[2-(2-Chlorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
4-Hydroxy-6-{2-[2-(trifluoromethyl)phenyl]ethyl } pyridazin-3(2H)-one;
6-(4-(Difluoromethoxy)phenethyl)-4-hydroxypyridazin-3(2H)-one;
6-(4-(Trifluoromethoxy)phenethyl)-4-hydroxypyridazin-3(2H)-one;
6-(3-(Difluoromethoxy)phenethyl)-4-hydroxypyridazin-3(2H)-one;
6-[1-(4-Fluorophenyl)cyclopropyl]-4-hydroxypyridazin-3(2H)-one;
6-[1-(4-Fluorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
4-Hydroxy-6-{1-[3-(trifluoromethyl)phenyl]ethyl} pyridazin-3(2H)-one;
4-Hydroxy-6-{2-[4-(trifluoromethyl)phenyl]ethyl } pyridazin-3(2H)-one;
6-((Cyclopropylmethyl)(methyl)amino)-4-hydroxypyridazin-3(2H)-one;
6-((Cyclohexylmethyl)(methyl)amino)-4-hydroxypyridazin-3(2H)-one;
6-(3-Chlorobenzyl)-4-hydroxypyridazin-3(2H)-one;
6-(4-Chlorobenzyl)-4-hydroxypyridazin-3(2H)-one;
6-(Cyclohexylmethyl)-4-hydroxypyridazin-3(2H)-one;
6-(4-Fluorobenzyl)-4-hydroxypyridazin-3(2H)-one;
6-(2-Chloro-6-fluorobenzyl)-4-hydroxypyridazin-3(2H)-one;
6-(2-Chlorobenzyl)-4-hydroxypyridazin-3(2H)-one;
6-(3-Fluorobenzyl)-4-hydroxypyridazin-3(2H)-one;
6-(2-Fluorobenzyl)-4-hydroxypyridazin-3(2H)-one;
6-(4-Methylbenzyl)-4-hydroxypyridazin-3(2H)-one;
6-(3-Methylbenzyl)-4-hydroxypyridazin-3(2H)-one;
4-Hydroxy-6-(3-(trifluoromethyl)benzyl)pyridazin-3(2H)-one;
4-Hydroxy-6-[2-(oxan-4-yl)ethyl]pyridazin-3(2H)-one;
6-{[(4-Fluorophenyl)methyl](methyl)amino}-4-hydroxy-pyridazin-3(2H)-one;
6-[2-(2,6-Difluorophenyl)ethyl]-4-hydroxy-pyridazin-3(2H)-one;
6-[2-(2-Chloro-6-fluorophenyl)ethyl]-4-hydroxy-pyridazin-3(2H)-one;
6-{[3,5-bis(Trifluoromethyl)phenyl]methyl}-4-hydroxypyridazin-3(2H)-one;
6-(1-Phenylethyl)-4-hydroxypyridazin-3(2H)-one;
6-(Cyclopropylmethyl)-4-hydroxy-2,3-dihydropyridazin-3-one;
4-Hydroxy-6-{1-[4-(trifluoromethyl)phenyl]cyclopropyl}-2,3-dihydropyridazin-3-one;
6-{2-[2-Chloro-4-(trifluoromethyl)phenyl]ethyl } -4-hydroxy-2,3-dihydropyridazin-3-one;
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6-{2-[2-Fluoro-4-(trifluoromethyl)phenyl]ethyl } -4-hydroxy-2,3-dihydropyridazin-3-one;
6-{2-[3,5-bis(Trifluoromethyl)phenyljethyl } -4-hydroxy-2,3-dihydropyridazin-3-one;
6-{2-[2,4-bis(Trifluoromethyl)phenyl|ethyl }-4-hydroxy-2,3-dihydro-pyridazin-3-one;
6-{2-[3.4-bis(Trifluoromethyl)phenyl]ethyl}-4-hydroxy-2,3-dihydropyridazin-3-one;
4-Hydroxy-6-(3-methyl-4-(trifluoromethyl)phenethyl)pyridazin-3(2H)-one;
3,4-bis(Benzyloxy)-6-((3-chloro-4-(trifluoromethyl)phenyl)ethyl)-pyridazine;
4-Hydroxy-6-{2-[2-methyl-4-(trifluoromethyl)phenyl]ethyl}-2,3-dihydropyridazin-3-one;
6-{2-[3,5-Difluoro-4-(trifluoromethyl)phenyl]ethyl} -4-hydroxy-2,3-dihydropyridazin-3-
one; and

6-{2-[3-Fluoro-4-(trifluoromethyl)phenyl|ethyl}-4-hydroxy-2,3-dihydropyridazin-3-one.

In another embodiment of the invention, the compound of formula (I) is selected from
6-[2-(4-Fluorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
4-Hydroxy-6-{2-[4-(trifluoromethyl)phenyl]ethyl} pyridazin-3(2H)-one;
6-(4-Chlorobenzyl)-4-hydroxypyridazin-3(2H)-one; and
6-(2-Fluorobenzyl)-4-hydroxypyridazin-3(2H)-one.

The compounds of formula (I) and pharmaceutically acceptable salts thereof may be used
on their own but will generally be administered in the form of a pharmaceutical
composition in which the formula (I) compound/salt (active ingredient) is in association

with a pharmaceutically acceptable adjuvant, diluent or carrier.

Therefore, in a further aspect, the present invention provides a pharmaceutical composition
comprising a compound of formula (1) or a pharmaceutically acceptable salt thereof as
hereinbefore defined in association with a pharmaceutically acceptable adjuvant, diluent or

carrier, for use in the prevention or treatment of an ataxic disorder.

In another aspect, the present invention provides the use of a pharmaceutical composition
comprising a compound of formula (I) or a pharmaceutically acceptable salt thereof as

hereinbefore defined in association with a pharmaceutically acceptable adjuvant, diluent or
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carrier, in the manufacture of a medicament for use in the prevention or treatment of an

ataxic disorder.

In a still further aspect, the present invention provides a method of treating, or reducing the
risk of, an ataxic disorder comprising administering to a patient in need thereof a
therapeutically effective amount of a pharmaceutical composition comprising a compound
of formula (I) or a pharmaceutically acceptable salt thereof as hereinbefore defined in

association with a pharmaceutically acceptable adjuvant, diluent or carrier.

The compounds of the invention (that is, compounds of formula (I) and pharmaceutically
acceptable salts thereof) may also be administered in conjunction with other compounds

used for the prevention or treatment of an ataxic disorder.

The present invention therefore further relates to combination therapies wherein a
compound of the invention or a pharmaceutical composition comprising a compound of the
invention is administered with another therapeutic agent or agents, for the prevention or

treatment of an ataxic disorder.

Such therapeutic agents may be selected from D-serine, D-serine ethyl ester,
D-cycloserine, amantadine or amantadine hydrochloride (“Symmetrel”), buspirone
(“Buspar”), acetazolamide (“Diamox”), topiramate (“Topamax”), divalproex sodium
(“Depakote™), L-dopa (“Sinemet™), propranolol (“Inderal”), primidone (“Mysoline™),
clonazepam (“Klonopin™), levetiracetam (“Keppra™), carbamazepine (“Tegretol”),
gabapentin (“Neurontin™), baclofen (“Lioresal”), ondansetron (“Zofran”™), tizanidine

(“Zanaflex”) and pramipexole (“Mirapex™).

The combination therapy may comprise a fixed dose combination of a compound of the
invention and one or more other therapeutic agents. Alternatively, the combination therapy
may comprise a preparation of a first active ingredient which is a compound of the

invention and a preparation of a second active ingredient (for example, a therapeutic agent
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as previously described) for simultaneous, sequential or separate administration to a patient

in need thereof.

The pharmaceutical compositions and combinations according to the invention may be
administered systemically, e.g. by oral administration in the form of tablets, capsules,
syrups, powders or granules; or by parenteral administration in the form of a sterile
solution, suspension or emulsion for injection (including intravenous, subcutaneous,
intramuscular, intravascular or infusion); or by rectal administration in the form of

suppositories.

Preferably the pharmaceutical compositions and combinations are in unit dosage forms

such as tablets, pills and capsules.

For preparing solid compositions such as tablets, a compound of the invention is mixed
with a pharmaceutical carrier, e.g. conventional tableting ingredients such as corn starch,
lactose, sucrose, sorbitol, talc, stearic acid, magnesium stearate, dicalcium phosphate or
gums, and other pharmaceutical diluents, e.g. water, to form a solid pre-formulation
composition containing a homogeneous mixture of the compound of the invention. When
referring to these pre-formulation compositions as homogeneous , it is meant that the
compound of the invention (the principal active ingredient) is dispersed evenly throughout
the composition so that the composition may be readily sub-divided into equally effective
unit dosage forms such as tablets, pills and capsules. This solid pre-formulation
composition is then sub-divided into unit dosage forms of the type described above
containing from 0.1 to about 500 mg of the compound of the invention. Tablets or pills

may be either film-coated or enteric-coated according to methods known in the art.

Pharmaceutical compositions of the invention in liquid form for oral administration include
aqueous solutions, suitably flavoured syrups, aqueous or oil suspensions, and flavoured
emulsions with edible oils such as cottonseed oil, sesame oil, coconut oil, peanut oil or

soybean oil. Suitable dispersing or suspending agents for aqueous suspensions include
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synthetic and natural gums such as tragacanth, acacia, alginate, dextran, sodium

carboxymethylcellulose, methylcellulose, polyvinyl-pyrrolidone or gelatin.

Conventional procedures for the selection and preparation of suitable pharmaceutical
formulations are described in, for example, "Pharmaceutics - The Science of Dosage Form

Design", M. E. Aulton, Churchill Livingstone, 1988.

It will be appreciated that the amounts of the compound of the invention and, if present,
one or more other therapeutic agents required for use in the prevention or treatment of an
ataxic disorder will vary not only with the particular compound of the invention or other
therapeutic agent(s) selected but also with the route of administration, the nature of the
condition being treated, and the age and condition of the patient, and will ultimately be at
the discretion of the patient's physician or pharmacist. If administered orally, the daily
dosage of the compound of the invention may be in the range from 0.01 micrograms per

kilogram body weight (ng/kg) to 100 milligrams per kilogram body weight (mg/kg).

The present invention will now be further explained by reference to the following

illustrative example.

Example 1
Beam Walking Test

Friedreich ataxia (FRDA) is an autosomal recessive neurodegenerative disorder, caused by
a GAA repeat expansion mutation within intron 1 of the FXN gene, resulting in reduced
level of frataxin protein. Normal individuals have 5 to 40 GAA repeat sequences, whereas
affected individuals have approximately 70 to greater than 1000 GAA repeat sequences.
Frataxin is a mitochondrial protein involved in iron-sulphur cluster and heme biosynthesis.
The reduction in frataxin expression leads to oxidative stress, mitochondrial iron
accumulation and consequential cell death, primarily in the neurons of the dorsal root
ganglia and the dentate nucleus of the cerebellum. FRDA, which is the most commonly

inherited ataxia affecting 1:50,000 Caucasians is characterised by neurodegeneration,
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cardiomyopathy, diabetes mellitus and skeletal deformities (Pandolfo M., “Friedreich
Ataxia”, Arch Neurol., 2008, 10, 1296-1303).

Animal Model

To investigate FRDA molecular disease mechanisms and therapy, a human FXN YAC
transgenic mouse model was established: YG8sR, which was bred from YG8R (described
by Anjomani Virmouni, S., “Cellular, molecular and functional characterisation of YAC
transgenic mouse models of Friedreich ataxia”, PLoS One, 2014, 9, 1-13) to contain 120 to

220 GAA repeat sequences.

Use of a TagMan qPCR assay to determine the FXN transgene copy number in the YG8R
mouse line demonstrated that the YG8R line had two copies of the FXN transgene. The
YG8sR mouse line showed less than one copy of the FXN transgene, suggesting potential
deletion of one copy of the FXN transgene. Single integration sites of all transgenes were
confirmed by fluorescence in situ hybridisation (FISH) analysis of metaphase and
interphase chromosomes (see Anjomani Virmouni, S., 2013, Brunel University School of
Health Sciences and Social Care PhD Thesis “Genotype and phenotype characterisation of
Friedreich ataxia mouse models and cells”, http://bura.brunel.ac.uk/handle/2438/7831)

Method

Male and female mice were used and were 4-5 months old at the time of testing. The beam
walk test was carried out using a 90cm long, 22mm diameter, wooden beam. The beam
was placed horizontally 50cm above the bench surface with one end mounted on a narrow
support with a 60W lamp, while a darkened escape box was located at the other end of the
beam. Coordination ability was assessed by measuring the time taken for the mice to cross
the beam and enter the escape box. Mice received two initial training sessions and were
then assessed four times on their ability to traverse the beam (Test 1). The latency for the
mice to traverse the beam was recorded. Mice were then orally administered with vehicle
(an aqueous solution of 1% polyoxyethylenesorbitan monooleate (commercially sold under
the trade mark “Tween 807)/0.5% methyl cellulose at a dose volume of 10mL/kg) or with a
DAAQ inhibitor being a compound of formula (I) above (at a dosage of 0.3, 1.0 or 3.0

mg/kg suspended in the above vehicle and at a dose volume of 10 mL/kg) and returned to
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their home cages. Five hours later the mice were assessed again four times on their ability

to traverse the beam and the latency to traverse the beam was recorded (Test 2).

Four groups, each containing ten mice, were tested:
Group A was administered with vehicle alone and represented the control group.
Group B was administered the DAAO inhibitor at a dose of 0.3 mg/kg.
Group C was administered the DAAQ inhibitor at a dose of 1.0 mg/kg.
Group D was administered the DAAO inhibitor at a dose of 3.0 mg/kg.

The results obtained are shown in Table 1 following:

Table 1
Average latency to cross beam (seconds)
Test No.
Group A Group B Group C Group D
1 5.7 6.1 55 6.9
2 5.4 5.1 4.6 4.5

A statistical analysis of the results showed a significant improvement in performance of the
mice treated with the DAAO inhibitor of formula (I) compared to mice treated with vehicle
alone, at 3 mg/kg (p<0.05).

Example 2
Delaved Eveblink Conditioning Test

Eyeblink conditioning (EBC) is a form of classical conditioning that has been used
extensively to study neural structures and mechanisms that underlie learning and memory.
The procedure consists of pairing an auditory or visual stimulus (the conditioned stimulus
(CS)) with an eyeblink-eliciting unconditioned stimulus (US) (e.g. a mild puff of air to the
cornea or a mild shock), for example, as described by Weeks, A. ef al., “Eye-blink
classical conditioning is associated with changes in synaptic ultrastructure in the

interpositus nuclei of the rabbit cerebellum”, Learning & Memory, 2007, 14, 385-389.
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Naive animals initially produce a reflexive, unconditioned response (UR) (e.g. blink or
extension of nictitating membrane) that follows US onset. After many CS-US pairings, an
association is formed such that a learned blink, or conditioned response (CR), occurs and

precedes US onset.

There are two experimental EBC procedures; delay and trace. In delay EBC (dEBC), the
CS onset precedes the US onset and the two stimuli overlap and co-terminate. In the trace
EBC (tEBC), the CS precedes the US and there is a stimulus free period (trace interval)
between CS offset and US onset. While both of these procedures require the cerebellum,
the trace procedure also requires the hippocampus (see, for example, Takehara, K., “Time-
dependent reorganization of the brain components underlying memory retention in trace
eyeblink conditioning”, J. Neurosci., 2003, 23, 9896-9905 and Squire, L. R., “The medial
temporal lobe”, Annu. Rev. Neurosci., 2004, 27, 279-306).

The first evidence for the role of the cerebellum in EBC came from McCormick, D.A. et
al, “Cerebellum: essential involvement in the classically conditioned eyelid response”,
Science, 1984, 223, 296-299. They found that a unilateral cerebellar lesion which included
both cortex and deep nuclei permanently abolished CRs.

Impaired learning of conditioned eyeblink responses is a stable finding across multiple
sessions in patients with degenerative cerebellar disorders, including spinocerebellar ataxia
type 6 (SCAG), type 3 (SCA3), and Friedreich’s ataxia (FRDA) (see Timmann, D.,
“Eyeblink conditioning in patients with hereditary ataxia: a one-year follow-up study”, Exp

Brain Res, 2005, 162(3), 332-45).

dEBC Method

Three-month old, male C57B16 mice were implanted with recording electrodes in the
orbicularis oculi muscle and with stimulating electrodes on the supraorbital nerve. For
classical conditioning, animals were presented with a 350-ms tone as a conditioned
stimulus (CS) at the end of which received an electrical pulse in the supraorbital nerve as
unconditioned stimulus (US). Classical conditioning was achieved using a delay

paradigm. For this, a tone (350 ms, 2 kHz, 85-90 dB) was presented as CS. The US
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consisted of a paired pulse with 1 millisecond of inter-pulse interval. Each pulse lasted for
0.1 millisecond. The US was presented at the end of the CS. A total of two habituation,
ten conditioning, and five extinction sessions were carried out for each animal. Further
details of this method can be found in the article by Gruart A., “Involvement of the CA3-
CA1 synapse in the acquisition of associative learning in behaving mice”, J. Neurosci.,

2006, 26, 1077-1087.

The effects on associative learning of a DAAQO inhibitor compound of the invention were
compared against different control and scopolamine-administered groups. Scopolamine is
a non-selective muscarinic receptor antagonist shown to consistently produce impairment
of learning in rodents (see Klinkenberg, A., “The validity of scopolamine as a
pharmacological model for cognitive impairment: A review of animal behavioral studies”

Neuroscience and Biobehavioral Reviews, 2010, 34, 1307-1350.

Nine groups, each containing 15 mice except for the untreated control group which

contained 14 mice, were tested:

Group A was orally administered with Vehicle 1 (an aqueous solution of 0.5% methyl
cellulose);

Group B was orally administered with a solution of a DAAO inhibitor of formula (I) in
Vehicle 1 at a dose of 0.1 mg/kg (Solution 1);

Group C was orally administered with a solution of a DAAO inhibitor of formula (I) (the
same one as for Group B) in Vehicle 1 at a dose of 1.0 mg/kg (Solution 2);

Group D was administered subcutaneously with Vehicle 2 (distilled water);

Group E was administered subcutaneously with a solution of scopolamine in Vehicle 2 at
a dose of 0.3 mg/kg (Solution 3);

Group F was administered orally with Solution 1 and subcutaneously with Solution 3;
Group G was administered orally with Solution 2 and subcutaneously with Solution 3;
Group H was administered orally with Vehiclel and subcutaneously with Vehicle 2;

Group I was the untreated control group.

The results obtained are shown in Table 2 following.
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The data in Table 2 shows that administration of the DAAO inhibitor compound of
formula (I) at a dose of 1 mg/kg (Group C) improved the rate of acquisition of the
conditioned eyelid response relative to untreated and vehicle-treated control groups
(Groups A, D H and I). Furthermore, administration of the DAAO inhibitor of formula (I)
at a dose of 1 mg/kg significantly reversed the effects of scopolamine (0.3 mg/kg)
administration on the generation of conditioned eyelid responses (compare Groups E and G

with, for example, Group I).
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CLAIMS

1. Use of a compound of formula (I) or a pharmaceutically acceptable salt thereof in the

manufacture of a medicament for the prevention or treatment of an ataxic disorder,

W)

wherein
1 . .
R represents a hydrogen or fluorine atom or a trifluoromethyl group;
2 3
R represents a group —X-Y-R;

X and Y each independently represent a bond, an oxygen atom or a group -

C(0), -S(0)y, -C(ONR", -S(O)NR”, -NR”, X

or —CR4R5—, provided that X and Y cannot both simultaneously represent a bond and
provided that if X and Y are both other than a bond, then at least one of X and Y
represents —CR4R5—;

nis 0, 1 or2;

each R4 independently represents a hydrogen atom or a C1-Cg alkyl or C1-Cg haloalkyl
group;

each R5 independently represents a hydrogen atom, a C1-Cg alkyl or C{-Cg haloalkyl
group or =CH-;

R3 represents a 3- to 10-membered saturated or unsaturated carbocyclic or heterocyclic
ring system, the ring system itself being optionally substituted by at least one substituent
selected from halogen, hydroxyl, cyano, oxo, Cj-Cg alkyl, Cy-Cg alkenyl, C;-Cg haloalkyl,

C1-Cg hydroxyalkyl, C;-Cg alkoxy, C1-Cg haloalkoxy, C1-Cg alkylthio,

C1-Cg alkylsulphinyl, Cj-Cg alkylsulphonyl, C{-Cg alkylcarbonyl,
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C1-Cg alkylcarbonyloxy, C1-Cg alkoxycarbonyl, amino, —CON(R6)2, C1-Cg alkylamino,
di-(C-Cg alkyl)amino, C3-Cg cycloalkyl, C3-Cg cycloalkyloxy, C3-Cg cycloalkylmethyl, -
[O]p—(CHz)q—O—R7 and a 4- to 6-membered saturated or unsaturated heterocyclic ring

(optionally substituted with at least one substituent selected from C;-C4 alkyl and C1-C4
alkoxy);
each R6 independently represents a hydrogen atom or a C1-Cg alkyl group;

pisOorl;
qis1,2,3 or4; and

7
R represents a C1-Cg alkyl group.

2. Use of a compound of Formula (I) or a pharmaceutically acceptable salt thereof
according to claim 1, wherein the medicament is for the prevention or treatment of a

spinocerebellar ataxic disorder or Friedreich’s ataxia.

3. Use of a compound of Formula (I) according to claim 1 or claim 2, wherein the
compound of Formula (I) is selected from
4-Hydroxy-6-(2-phenylethyl)pyridazin-3(2H)-one;
6-[2-(4-Fluorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
4-Hydroxy-6-{2-[5-(trifluoromethyl)pyridin-2-yl]ethyl} pyridazin-3(2H)-one;
6-[(4-Chlorobenzyl)sulfanyl]-4-hydroxypyridazin-3(2H)-one;
4-Hydroxy-6-{2-[6-(trifluoromethyl)pyridin-3-yl]ethyl} pyridazin-3(2H)-one;
6-[2-(3-Fluorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
6-[2-(2-Fluorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
6-[2-(3,5-Difluorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
6-[2-(3,4-Difluorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
4-Hydroxy-6-{2-[3-(trifluoromethoxy)phenyl]ethyl} pyridazin-3(2H)-one;
4-Hydroxy-6-{2-[3-(trifluoromethyl)phenyl]ethyl} pyridazin-3(2H)-one;
4-Hydroxy-6-{2-[5-(trifluoromethyl)pyridin-3-yl]ethyl} pyridazin-3(2H)-one;
6-(2-Cyclohexylethyl)-4-hydroxypyridazin-3(2H)-one;
6-(2-Cyclopropylethyl)-4-hydroxypyridazin-3(2H)-one;
6-(2-Cyclopentylethyl)-4-hydroxypyridazin-3(2H)-one;
4-Hydroxy-6-[2-(4-methoxycyclohexyl)ethyl]pyridazin-3(2H)-one;
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6-(2-Cyclopentylethyl)-4-hydroxypyridazin-3(2H)-one;
4-Hydroxy-6-[2-(4-methoxycyclohexyl)ethyl]pyridazin-3(2H)-one;
6-[2-(2,4-Difluorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
6-{2-[3-(Difluoromethyl)phenyl]ethyl}-4-hydroxypyridazin-3(2H)-one;
6-Benzyl-4-hydroxypyridazin-3(2H)-one;
6-[2-(3-Chlorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
4-Hydroxy-6-(1-phenylcyclopropyl)pyridazin-3(2H)-one;
4-[2-(5-Hydroxy-6-ox0-1,6-dihydropyridazin-3-yl)ethyl|benzonitrile;
6-[2-(3-Fluoro-4-methylphenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
6-[2-(4-Fluoro-3-methylphenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
6-[2-(3,4-Dimethoxyphenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
6-[2-(4-Chlorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
6-[2-(2-Chlorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
4-Hydroxy-6-{2-[2-(trifluoromethyl)phenyl]ethyl } pyridazin-3(2H)-one;
6-(4-(Difluoromethoxy)phenethyl)-4-hydroxypyridazin-3(2H)-one;
6-(4-(Trifluoromethoxy)phenethyl)-4-hydroxypyridazin-3(2H)-one;
6-(3-(Difluoromethoxy)phenethyl)-4-hydroxypyridazin-3(2H)-one;
6-[1-(4-Fluorophenyl)cyclopropyl]-4-hydroxypyridazin-3(2H)-one;
6-[1-(4-Fluorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one;
4-Hydroxy-6-{1-[3-(trifluoromethyl)phenyl]ethyl} pyridazin-3(2H)-one;
4-Hydroxy-6-{2-[4-(trifluoromethyl)phenyl]ethyl } pyridazin-3(2H)-one;
6-((Cyclopropylmethyl)(methyl)amino)-4-hydroxypyridazin-3(2H)-one;
6-((Cyclohexylmethyl)(methyl)amino)-4-hydroxypyridazin-3(2H)-one;
6-(3-Chlorobenzyl)-4-hydroxypyridazin-3(2H)-one;
6-(4-Chlorobenzyl)-4-hydroxypyridazin-3(2H)-one;
6-(Cyclohexylmethyl)-4-hydroxypyridazin-3(2H)-one;
6-(4-Fluorobenzyl)-4-hydroxypyridazin-3(2H)-one;
6-(2-Chloro-6-fluorobenzyl)-4-hydroxypyridazin-3(2H)-one;
6-(2-Chlorobenzyl)-4-hydroxypyridazin-3(2H)-one;
6-(3-Fluorobenzyl)-4-hydroxypyridazin-3(2H)-one;
6-(2-Fluorobenzyl)-4-hydroxypyridazin-3(2H)-one;
6-(4-Methylbenzyl)-4-hydroxypyridazin-3(2H)-one;
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6-(3-Methylbenzyl)-4-hydroxypyridazin-3(2H)-one;
4-Hydroxy-6-(3-(trifluoromethyl)benzyl)pyridazin-3(2H)-one;
4-Hydroxy-6-[2-(oxan-4-yl)ethyl]pyridazin-3(2H)-one;
6-{[(4-Fluorophenyl)methyl](methyl)amino }-4-hydroxy-pyridazin-3(2H)-one;
6-[2-(2,6-Difluorophenyl)ethyl]-4-hydroxy-pyridazin-3(2H)-one;
6-[2-(2-Chloro-6-fluorophenyl)ethyl]-4-hydroxy-pyridazin-3(2H)-one;
6-{[3,5-bis(Trifluoromethyl)phenyl]methyl }-4-hydroxypyridazin-3(2H)-one;
6-(1-Phenylethyl)-4-hydroxypyridazin-3(2H)-one;
6-(Cyclopropylmethyl)-4-hydroxy-2,3-dihydropyridazin-3-one;

4-Hydroxy-6-{ 1-[4-(trifluoromethyl)phenyl]cyclopropyl}-2,3-dihydropyridazin-3-one;
6-{2-[2-Chloro-4-(trifluoromethyl)phenyl]ethyl }-4-hydroxy-2,3-dihydropyridazin-3-one;
6-{2-[2-Fluoro-4-(trifluoromethyl)phenyl]ethyl }-4-hydroxy-2,3-dihydropyridazin-3-one;
6-{2-[3,5-bis(Trifluoromethyl)phenyl]ethyl }-4-hydroxy-2,3-dihydropyridazin-3-one;
6-{2-[2,4-bis(Trifluoromethyl)phenyl]ethyl}-4-hydroxy-2,3-dihydro-pyridazin-3-one;
6-{2-[3,4-bis(Trifluoromethyl)phenyl]ethyl}-4-hydroxy-2,3-dihydropyridazin-3-one;
4-Hydroxy-6-(3-methyl-4-(trifluoromethyl)phenethyl)pyridazin-3(2H)-one;
3.,4-bis(Benzyloxy)-6-((3-chloro-4-(trifluoromethyl)phenyl)ethyl)-pyridazine;
4-Hydroxy-6-{2-[2-methyl-4-(trifluoromethyl)phenyl]ethyl}-2,3-dihydropyridazin-3-one;
6-{2-[3,5-Difluoro-4-(trifluoromethyl)phenyl]ethyl}-4-hydroxy-2,3-dihydropyridazin-3-one;
6-{2-[3-Fluoro-4-(trifluoromethyl)phenyl]ethyl }-4-hydroxy-2,3-dihydropyridazin-3-one;

and pharmaceutically acceptable salts thereof.

4. Use of a compound of formula (I) according to any one of claims 1 to 3, wherein the
compound of formula (I) is
6-[2-(4-Fluorophenyl)ethyl]-4-hydroxypyridazin-3(2H)-one or a pharmaceutially acceptable

salt thereof.

5. Use of a compound of formula (I) according to any one of claims 1 to 3, wherein the
compound of formula (I) is 4-Hydroxy-6-{2-[4-(trifluoromethyl)phenyl]ethyl} pyridazin-

3(2H)-one or a pharmaceutially acceptable salt thereof.

6. Use of a compound of formula (I) according to any one of claims 1 to 3, wherein the
compound of formula (I) is 6-(4-Chlorobenzyl)-4-hydroxypyridazin-3(2H)-one or a

pharmaceutially acceptable salt thereof.
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7. Use of a compound of formula (I) according to any one of claims 1 to 3, wherein the
compound of formula (I) is
6-(2-Fluorobenzyl)-4-hydroxypyridazin-3(2H)-one or a pharmaceutially acceptable salt

thereof.

8. Use of a compound of formula (I) or a pharmaceutically acceptable salt thereof
according to any preceding claim, wherein the medicament is for reducing the risk of an

ataxic disorder.
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9. Use of a compound of formula (I) or a pharmaceutically acceptable salt thereof
according to any one of claims 1 to 7, wherein the medicament is for the reduction of

symptoms associated with an ataxic disorder.

10. Use of a compound of formula (I) or a pharmaceutically acceptable salt thereof
according to claim 9, wherein the medicament is for improving gait, balance, limb

coordination and/or speech.

11. Use of a compound of formula (I) or a pharmaceutically acceptable salt thereof
according to any one of claims 1 to 7, wherein the medicament is for increasing the period of

time between episodes of the ataxic disorder.

12. Use of a pharmaceutical composition comprising a compound of formula (I) or a
pharmaceutically acceptable salt thereof as defined in any of claims 1 to 7 in association with
a pharmaceutically acceptable adjuvant, diluent or carrier, in the manufacture of a

medicament for the prevention or treatment of an ataxic disorder.

13. Use according to claim 12, wherein the pharmaceutical composition further comprises
D-serine, D-serine ethyl ester, D-cycloserine, amantadine, amantadine hydrochloride,
buspirone, acetazolamide, topiramate, divalproex sodium, L-dopa, propranolol, primidone,
clonazepam, levetiracetam, carbamazepine, gabapentin, baclofen, ondansetron, tizanidine or

pramipexole.

14. Use of a pharmaceutical composition according to claim 12 or claim 13, wherein the
medicament is for the prevention or treatment of a spinocerebellar ataxic disorder or

Friedreich’s ataxia.

15. Use of a pharmaceutical composition according to claim 12 or claim 13, wherein the

medicament is for reducing the risk of an ataxic disorder.

16. Use of a pharmaceutical composition according to claim 12 or claim 13, wherein the

medicament is for the reduction of the symptoms associated with an ataxic disorder.

17. Use of a pharmaceutical composition according to claim 16, wherein the medicament is

for improving gait, balance, limb coordination and/or speech.
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18. Use of a pharmaceutical composition according to claim 12 or claim 13, wherein the

medicament is for increasing the period of time between episodes of the ataxic disorder.



