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DESCRIPTION

Title of the Invention: THERAPEUTIC AGENT FOR FRONTAL LOBE
DYSFUNCTION
Technical Field |
[0001]
The present invention relates to a therapeutic and/or
prophylactic agent for, for example, frontal lobe dysfunction

(for example, cognitive impaifment.(for example, cognitive

impairment in Parkinson’s disease (for example, executive

dysfunction, memory disorder (particularly short term memory
disorder), impairment in visual spatiai cognition, smell
disturbance and the like), cognitive impairment caused by
chronic stress, dementia with~leWy bodies, progressive |
supraﬁﬁclear palsy, frontotemporal dementia and the like) and
the like),‘Lewy body disease (for example, cognitive impairment

in Parkinson’s disease, diffuse Lewy body disease, dementia

~ with lewy bodies, movement disorder associated with Lewy body

disease and the like) and the like.
Background Art
[0002]

The prefrontal cortex of the frontal lobe of the brain is
responsible for cognitive functions (for example, comprehension,
judgment, calculation ability, Qrientation, é*ecutive function
andvfhe like). Neurotransmitters such as dopamine, serotonin,
norepinephrine, gamma-aminobutyric acid. and the like are
involved in the function of prefrontal cortex, and shortage -of
these substances causes cbgnitive impairment. For example, it
has been reported that decline in dopamine function and décline
in cognitive function are correléted in elderly people

(American Journal of Psychiatry 155:3, p.344 (1998)). It has

-also been reported that decline in dopamine function in the

prefrontal cortex is possibly related to cognitive impairment
in Parkinson’s disease and cognitive impairment caused by .
chronic stress (Archives of Neurology, 57, p.470 (2000); The
Journal of Neuroscience, 20(4), p.1568 (2000)). Tt has been
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reported that dopamine is deficient in the prefrontal cortex of
Parkinson’s disease patients with dementia and dementia with
lewy bodies patients (Neurology, 74, p.885 (2010)).

[0003] ’ |

a-Synuclein is a protein present in large amounts in the
intracerebral presynaptic_termihal, and involved in synaptic
plaéticity and neurotransmissioh (Journal of Chemical
Neuroanatomy, 42, p.242 (2011)). oa-Synucleinopathy is a
generic term for neurodegenerative diseases characterized by
accumulation and formatioh of aggregation of a-synuclein, and
examples thereof comprise Lewy body diseases (for example,
Parkinson’s disease dementia, diffuse Lewy body disease,
dementia with lewy bodies, movement disorder associated with
Lewy body disease and the like), multiple system atrophy (for
example, olivopontocerebellar atrophy, striatonigral
degeneration, Shy-Drager syndrbme and the like) and the like.
[0004] |

In Lewy body disease, Lewy bodies containing a-synuclein
aggregates as a ﬁain component are found in nerve cells and, in
multiple system atrophy, o-synuclein-positive inclusions body
are found in glial cells. Various symptoms such as
parkinsonism, cognitive impairment, autonomic symptom,
cerebellar ataxia and the like manifest themselves depending on
the level ofrdistribution of these pathologies (Earkinsonism
and related disorders, 20S1, p.S62 (2014)).

" [0005]

The cognitive impairment in Lewy body diseases is
considered to involve dopaminergic and cholinergic
hypofunctions in the frontal lobe (Brain, 137, p.2493 (2014);
Neurology, 74, p.885 (2010)). The prefrontal cortex of the
frontal lobe in the brain is a region responsible for cognitive
fﬁnctions (for example, comprehension, jﬁdgment, calculation
ability, orientation, executive function and the like).
Neurotransmitters such as dopamine, serotonin,:norepinephrine,

gamma-aminobutyric acid and the like are involved in the
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- function of prefrontal cortex, and shortage of these substances

causes cognitive impairment.
[0006] o

On the other hand, as regards the relationship between
adenosine A,y receptor and cognitive function, it is known that»
adenosine Ay receptor deficient mice show increased working |
memory (non-patent document 1). A triazolotriazine derivative
having an adenosine Amyreceptor antagonistic activity is known
to improve short-term social memory disorderé in hypertension
rafs (non-patent document 2). Furthefmore, an adéhosine Boa
receptor antagonist, istradefylline, is knoWn to have a
suppressive activity on neurodegeneration (for example, patent
document 1), an improving efféct on cognitive impairment in
Parkinson’s disease (non—patent'document 3) and the like.
[0007]

- A compound represented by the formula (I) is known to
have affinity for adenosine Am receptors and has a therapeutic
effect on Parkihson’é disease (patent document 2). Also, this
compound-is known to be useful as a therapeutic and/or
prophylactic agent for movement disorders (patent document 3).

[0008]
/-0

NN
0) | O>—=NH =— '
S },-—C}—(:He,
o o) N
[
tPrior Art Documents]
patent documents
[0009]
[patent document 1] WO 99/12546
[patent document 2] WO 2005/063743
[patent document 3] WO 2010/126082
non~patent documents 7

[0010]
[non-patent document 1] “Brain Research”, 2009, vol. 1303, p.74
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[non-patent ddcument 2] “Behavioural Brain Research”; 2005, wvol.
159, p.197 _

[non-patent document 3] “Psychopharmacology", 2013, vol. 230,
p.345

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

0011] |

An object of the present invention is to provide a

therapeutic and/or prophylactic agent for, for example, frontal
lobe dysfunction (for example, cognitive impairment (for
example, cognitive impairment in Parkinson's.disease (for
example, executive dysfunction, memory disorder (particularly
short term memory disorder), impairment in visual spatial
cognition, smell disturbance and the like), cognitive
impairment caused gy chronic stress, dementia with lewyibodies,
progressive supranuclear palsy, frontotemporal.dementia and the
like) and the like), Lewy body disease (for example, cognitive
impairmént in Parkinson’s disease, diffuse Lewy body disease,
dementia with lewy bodies, movement disorder associated with
Lewy body disease and the liké) and the like.

Means. of Solving the Pfoblems

(0012}

The present invention relates to the following (1) - (52).

(1) A therapeutic and/or prophylactic agent for frontal lobe

dysfunction, comprising a compound represented by the formula

[0014]

or a pharmaceutically acceptable salt thereof, as an active

ingredient.
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(2) The agent according to (1), wherein the frontal lobe
dysfunction is cognitive impairment. '

(3) The agent .according to (2), wherein the cognitive
impairment is cognitive impairment in Parkinson’s disease,
cognitive impairment caused by chrenic stress, dementia with
lewy bodies, progressive supranuclear palsy or frontotemporal
dementia.

(4) The ageht-according to (2), wherein the cognitive
impairment is cognitive impairment in Parkinson’s disease.
(5) The agent-according to (4), wherein the cognitive
impairment in Parkiﬁsen’s disease is executive dysfunction,
memory disorder, impairment‘in visual "spatial cognition or
smeil disturbance.

(06) The agent according to (2), wherein the cognitive
impairment is cognitive impairment caused by chronic stress.
(7) The agent according to (2), wherein the cognitive |
impairmeht is dementia with lewy bodies.

(8) The agent according to (1), wherein the frontal lobe
dysfunction is cognitive impairment due to a decline in
dopamine function in the medial prefrontal cortex.

(9) A,therapeutic and/or prophylactic agent for Lewy body

'disease, comprising a compound represented by the formula (I):

[0015]

[(0016]

or a pharmaceutically acceptable salt thereof, as an active
ingredient. »

(10) The-agent according to (9), wherein the Lewy body disease
is cognitive impairment in Parkinson’s disease.

(11)»The agent according to (9), wherein the'Lewy body disease

is diffuse Lewy body disease.
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(12) The agent accordingAto‘(9), wherein the Lewy body disease
is dementia with lewy bodies.

(13) The agent accdrding to (9), wherein the Lewy body disease
is movement disorder associated with Lewy body disease.
(14) A method for the treatment and/or prophylaxis of”frontal

lobe dysfunction, comprisihg a step of administering an

effective amount of a compound represented by the formula (I):

[0017]

[0018]

or a pharmaceutically acceptable salt thereof.

(15) The method according to (14), wherein the frontal lobe
dysfunction is cognitivé impairment. _

(16) The method according to (15), wherein the cognitive
impairment is cognitive impairment in Parkinson’s disease,
cognitive impairment caused by chronic stress, dementia with
lewy bodies, progresSive supranuclear palsy or frontotemporal
dementia.

(17) The method according to (15), wherein the cognitive
impairment is cognitive impairment in Parkinson’s disease.
(18) The method according to (17), wherein the cognitive
" impairment in Parkinson’s disease is executive dysfunction,
memory disorder, impairment in visual spatial cognition or .
smell disturbance. H

(19) The method according to (15), wherein the cognitive
impairment is cognitive impairment caused by chronic.stresé.
(20) The method according to (15), wherein the cogniﬁive
impairment is dementia with lewy bodies.

(21) The method according to (14), wherein the frontal lobe
30 dysfunction is cognitive impairment due to a decline in

dopamine function in the medial prefrontal cortex.’
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(22) A method for the treatment and/or prophylaxis of Lewy body

disease, comprising a step of administering an effective amount
of a compound represented by the formula (I):

[0019]

[0020]

or a pharmaceutically acceptable salt thereof. _

(23) The agent according to (22), wherein the Lewy body disease
is cognitive impairment in Parkinson’s disease.

(24) The agent according to (22),‘wherein the Lewy body disease
is diffuse Lewy body disease. | |

(25) The ageht/according to (22), wherein the Lewy body disease
is dementia with lewy bodies. _

(26) The agent according to (22), wherein the Lewy body disease
is movement disorder associated with Lewy body disease.

(27) A compound represented by the formula (I):

[0021] - |

[0022]

or a pharmaceutically acceptable salt thereof, for use in the
treatment and/or prophylaxis of frontal lobe dysfunction.

(28) The;compoﬁnd or the'pharmaceutically acceptable salt
thereof according to (27), wherein the frontal lobe dysfunction .
is cognitive impairment. .

(29) The compound or the pharmaceutically acceptable salt
thereof according to (28), wherein the cognitiVe impairment is

cognitive impairment in Parkinson’s disease, cognitive
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impairment caused by chronic stress, dementia with lewy bodies,
'progreesive supranuclear palsy or frontotemporal dementia.

(30) The eompound or the pharmaceutically acceptable salt
thereof according to (28), wherein the cognitive impairment is
cognitive impairment in Parkinson’s disease. |

(31) The compound or the pharmaceutically acceptable salt
thereof according to (30), wherein the cognitive impairment in
Parkinson;s disease is executive dysfunction, memory disorder,
impairment in visual spatial cdgnition or smell disturbance.
(32)’The compound or the pharmaceutically aceeptable salt
thereof according to (28), wherein the cognitive impairment is
cognitive impairment caused by chronic stress.

(33) The compound or the pharmaceutically acceptable salt
thereof according to (28), wherein the cognitive impairment is

dementia with lewy bodies.
s

- (34) The compound or the pharmaceutically acceptable salt

thereof according to (27), wherein the frontal lobe dysfunction
is cognitive impairment due to a decline in dopamine function
in the medial prefrontal cortex.

(35) A_compoundvrepresented by the formula (I):

[0023]
/Y
=N—N
Q | Y-NH =
S ),-—OCHQ,
of N |
(1)
[0024]

or- a pharmaceutically acceptable salt thereof, for use in the
treatment and/or prophylax1s of Lewy body disease.

(36) The compound or the pharmaceutlcally acceptable salt
thereof according to (35), wherein the Lewy body disease is
cognitive impairment in Parkinson’s disease. v

(37) The compound or the pharmaCeutically acceptable salt
thereof according to (35), wherein the Lewy body disease is

diffuse Lewy bpdy'disease.
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(38) The compound or the pharmaceutically acceptable salt

thereof according to (35), wherein the Lewy body disease is
dementia with lewy bodies.

(39) The compound or the pharmaceutically acceptable salt
thereof according to (35), wherein the Lewy body disease is
movement disorder associated with Lewy body disease.

‘(40) Use of a compound represented by the formula (I):

[0025]

[0026]

or a pharmaceutically acceptable salt thereof, for the

manufacture of a therapeutic and/or prophylactic agent for
-frontal lobe dysfunction.

(41) The use according to (40), wherein the frontal lobe
dysfunction is cognitive impairment.

(42) The use according to (41), wherein the cognitive
1mpa1rment is cognltlve impairment in Parkinson’s disease,
cognitive impairment caused by chronlc stress, dementia with
lewy bodies, progressive supranuclear palsy or frontotemporal
"dementia.

(43) The use according to (41), wherein the cognitive .
impairment is cognitive impairment in Parkinson’s disease.
(44) The use according to (43),‘wherein the cognitive
impairment in Parkinson’s disease is executive dysfunction,
memory disorder; impairment in visual spatial cognition or
smell disturbance. '

(45) The use according to (41), wherein the cognitive
impairment is cognitive impairment caused by chronic stress.
(46) The use according to (41), wherein the cognitive
impairment is dementia with lewy bodies.

(47) The use according to 140), wherein the frontal lobe
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dysfunction is cognitive impairment due to a decline in

dopamine function in the medial prefrontal cortex.

(48) Use of a compound represented by the formula (I):
[0027] | |

[0028]

or a pharmaeeutically acceptable salt thereof, for the
manufacture of a therapeutic and/or prephylactic agent for Lewy
body disease. ' '
(49) The use according to (48), wherein‘the Lewy body disease
is cognitive impairment in Parkinson’s disease.

(50) The use according to (48), wherein the Lewy body disease
is diffuse Lewy body disease.

(51) The use according to (48), wherein the Lewy body disease
is dementia with lewy bodies. '

(52) The use according.to (48), wherein the Lewy body disease
is movement disorder associated with Lewy body disease.

Effect of the Invention

[0029]

'According to the present invention, a therapeutic and/or
prophylaetic agent and the like for frontal lobe dysfunction
(for example, cognitive impairment (for example, cognitive
impairment in Parkinson’s disease (for example, executive
dysfunction, memory disorder (particularly short term memory
disorder), impairment in visual spatial cognition, smell
disturbance and the like),_dementia with lewy bodies, cognitive
impairment caused by chronic stress, progressive supranuclear
palsy, frontotemporal-dementia and the like) and the like),
Lewy body disease (for example, cognitive impairment in>
Parkinson’s disease, diffuse Lewy body disease, dementia with

lewy bodies, movement disorder associated with Lewy body

10
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disease and the like) and the like, which comprises a compound

represented by the formula (I):
[0030]

[0031]
or a pharmaceutically acceptable'salt theréof; as an active
ingredient are provided. ,

The therapeutic and/or prophylactic agent of the present
invention can be»utilized for the treatment and/or prophylaxis
of, for example, diseases such as frontal lobe dysfunction and
the like, among others, cognitive.impairment due to a decline
in dopamine function in the medial prefrontal cortex.

Mgde for Carrying 6ut,the Invention
[0032] \ ’ |

Examples of the frontal lobe dysfunction in the present
invention include cognitive impairment (for example, cognitivé
impairment in Parkinson’s disease (for exaﬁple, executive
dysfunction, memory disorder (particularly shqrt term memory
disorder), impairment in visual spatial cognition, smell
disturbance and the like), cognitive impairment caused by
chronic stresé, dementia with lewy bodies, progressive
supranuclear palsy, frontotemporal dementia and the like) and
the like. These diseases are related to a decline in dopamine
function in the medial prefrontal cortex. A
[0033] - -

Exémples of the Lewy body disease in the present
invention include cognitive impairment in Parkinson’s disease,
diffuse Lewy body disease, dementia with lewy‘bodies, movement
disorder associated with Lewy body disease and the like.

[0034] |

"In the following, a compound represented by the formula

11
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(I) is sometimes to be referred to as compound (I).

A pharmaceutically acceptable salt of compound (I)
encompasses, for example, a pharmaceutically aéceptable acid
addition salt, a metal salt, anvammonium salt, an orgénic amine
addition salt, an amino acid éddition salt and the like.
Exampleé of the pharmaceutically acceptable acid addition salt
of compound (I) include inorganic acid salts such ‘as
hydrochloride, hydrobromide, nitrate, sulfate, phosphate and
the like, organic acid salts such as acetate, oxalate, maleate,
fumarate, citrate, benzoate, methanesulfonate and tﬁe like, and
the like. Examples of the pharmaceutically acceptable metal
salt include alkali metal salts such as sodium salt, potassium
salt and the like,'alkaiine earth metal salts such as magnesium
salt,Abalcium salt and the like, aluminum salt, zinc salt and
the like. Examples of the pharmaceutically aéceptable ammonium
salt include salts of ammonium, tetramethylammonium and the
like, examples of the pharmaceutically acceptable organic amine
addition'salt include additiQn salts with morpholine, '
piperidine and the like, and examples of the pharmaceutically
acceptable amino acid addition salt include addition salts of
lysine, glycine, phenylalanine, aspartic acid, glutamic acid
and the like. “ |
[0035]

Compound (I) or thelpharmaceutically acceptable salts
thereof to be'used-in the present invention can be produced,
for example, by the method_described in Example 504 of WO
2005/063743. |
[0036] _

When a salt of compound (I) is desired and compound (I)
is obtained in the form of a salt, it only needé to be directly
purified, or when it is obtained as a free form, compound (I)
is dissolved or suspended in a suitable solvent, and an ‘acid or
base is added to form a salt, which is isolated and purified.
[0037]

Also, compound (I) or a pharmaceutically acceptable salt
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thereof may be present in the form of an adduct with water or
various solvents, and such adduct can also be used as the'

therapeutic and/or prophylactic agent of the present invention.

Next, the representative pharmacological effect of
compound (I) is concretely explained by way of Experimental
Examples.
[0039] _
(Experimental Example 1] Effect of compound (I) ih object
recognition fest using medial prefrontal.dopaminergic terminal-
lesioned rat

‘ 'The object recognition test is known asvag evaluation
system of cognitive function utilizing properties of animal to
willingly explore a new object (Behavioural Brain Research 31,
p-47 (1988)). An animal is pléced in an apparatus contéining
two identical objects and allowed to freely explore
(acquisition trial), after which one of the objects in the
apparatus is changed to one having a different shape (novel
object) and the animal is allowed to freely explore (test
trial). When the animal remembers the shape of the object
presented in the acquisition trial, it shows the property to
explore the novel object for a longer time. In this test, such
propefty is evaluated as an index of cognitive function. The
medial prefrontal dopaminergic terminal-lesioned rat.used in
this test shows a decrease in the dopamine content and basal
level of dopamine release of the medial prefrontal cortex, as
well as working memory disorders, and is considered a model
reflecting a decline in the function of prefrontal cortex
(Psychopharmacology, 230, p. 345'(2013)).
[0040] - -
<Preparation of animal model>'-

CD(SD) IGS rat (male, Charles River) received

Pentobarbital sodium salt (Tokyo Chemical Industry Co., Ltd.,
30 mg/kg) intraperitoneally and fixed on a brain stereotaxis

apparatus  (SR-6, Narishige kagaku kikai kenkyusho) under
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anesthesia. Using a microinjection pump (CMA/100, Carnegie
Medicine), dopaminergic neurotoxin, 6—hydroxidopamine
hydrOChloride (6-OHDA, Sigma-Aldrich) was ihjected'over about 1
min at (1) 3.2 mm anterior, 0.8 mm left lateral and 3.0 mm
ventral, (2) 3.2 mm anterior, 0.8 mm right lateral -and 3.0 mm
ventral,.(3) 3.2 mm anterior, 0.8 mm left lateral and 5.0 mm
ventral, (4) 3!2 mm.anterior, 0.8 mm right lateral and 5.0 mm
ventral, (5) 4.2 mm anterior, 0.8 mm left lateral and 4.0 mm
ventral, and (6) 4.2 mm anterior, 0.8 mm right lateral and 4.0
mm ventral, each frem the bregma suture of the rats to lesion
dopaminergic terminals in the medial prefrontal cortex. 6-OHDA
was prepared at a concentration of 4 ug/plL, injected at a flow
rate of 1 pL/min over 1 min, and stood for 1 miﬁ.. In the sham
operated group, a stainless cannula was inserted into the same
coordinates. In this case, to prevent lesion of noradrenergic
neurons, desipramine hydrochloride (Sigma-Aldrich, 25 mg/kg)
was intraperitoneally administered about 30 min before 6-OHDA
injection. The dosing volumes of pentobarbital sodium and
desipramine hydrochloride were calculated at 1 and 5 mL/kg
based on the body weight measured on the administration day.
The rats were used for the efficacy study after a recovery
period of not less than 5 days postsurgery.
[0041]
<Object recognition test> o

A yellow white apparatus with a circular»shape (diameter

82 cm, height 20 cm) was used. As the object, a brown glass

bottle (diameter 5 cm, height 8 cm) and a gray agate mortar

(diameter 8.5 cm, height 5 cm) were used. The two objects were
placed in the apparatus at 20 cm from the wall. The apperatus
and objects were used for each trial after cleaning with 50%
ethanol. |
[0042]

To familiarize the rats with the experimenter, they were
handled for 3 days before the test. At 60 min before the test,

compound (I) (suspended in 0.5 w/v% aqueous methylcellulose 400
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(MC) solution and prepared to 0.5 mL per 100 g body weight of
rats on the administrétion day) was orally administered at a
dose of 0.3 mg/kg, or a vehiéle (0.5 w/v% aqgueous MC solution)
free of the test compound was orally administered at 0.5 mL per
100 g body weight of rats on the administfation day. Two
identical objects were set in the‘apparatus, and the rats were
placed therein, allowed to freely eXplore for 10 min
(acquisition trial), and placed back in the home cage. Three
minutes later, an object having the same shape as that of the
object presented in the acquisition trial (familiar object) and
an object having a different shape (novel object) were placed
in the apparatus, and the rats were placed in the apparatus and
allowed to freely explore for 3.min (test trial). The time
speht in exploration (sniffing) eaéh object of the rats in the
test trial was measured, and the ratio (%) relative to the
total exploration time was calculated. For data analysis, only
the data of the rats having the total exploration time of not
less than 5 seconds in the test trial were used.
[0043]
<Results>

Table 1 shows the fatio of the familiar object and novel
object exploration times relative to the total exploration time
in mean * standard error. For statistical analysis,
statistical analysis software SAS (Release 9.1.3, SAS Institute
Iﬁc.) was used. For comparison of the exploration time of the
familiar objeét and the novel object, paired t—tést was
performed after confirmation of the normal distribution by a
Shapiro-Wilk test. The level of statistical significance was

set at p<0.05.
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[0044]
Table 1

Effect of compound (I) on exploration time

ratio (%) of animal
_ surgery/administra- exploration time
group . , — number
tion familiar novel (rats)
, object object |
sham sham operated 31.76 = | 68.24 * 10
operated /vehicle ' '3.98 3.98
vehicle
+ |- 50. x
administra- |lesion/vehicle 49'12 £ | °0-88 10
. 3.53 . 3.53
tion
compound (I) - L N
administra~- |lesion/compound (I) 34.97 £7165.03 £ 10
tion 2.88. 2.88

In Table, “lesion” means that surgery to lesion of dopaminergic

terminals in the medial prefrontal cortex was performed.

[0045]

In the sham'operated group, the exploration time of the
novel object was significantly longer than that of the familiar
object (p<0.01).' In the vehicle administration group, the
explofation time was not different between them. In contrast,
in the compound (I) administration group, the exploration time
of the novel opject was significantly longer than‘that of the
familiar object (p<0.001).

By the above-mentioned test, compound (I) was.cohfirmed
to improve cognitive impairment due to a decline in dopamine
function in the medial prefrontal cortex.

That is, compound (I) or a pharmaceutically acceptable
salt thereof is considered td be useful for the treatment
and/or prophylaxis of frontal lobe dysfunction, for example,
cognitive impairment (for eXample, cognitive impairment in
Parkinson’s disease (for example, executive dysfunction, memory
disorder (particularly short term memory disorder), impairment
in visual spatial cognition, smell disturbance and the like),
cognitive impairment caused by chronic stress; dementia with

lewy bodies, progressive supranuclear palsy, frontotemporal
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dementia and the like) and the like.
[0046]

[Experimental Example 2] Effect of compound (I) in an o-

synucleinopathy model

By reference to articles (Science, 338, p.9%949 (2012);
Behavioral Brain Reexplore, 208, p.274 (2010)), an animal model
capable of confirming a treatment and/or prophylactic efféct on
a-synucleinopathy, for example, Lewy body disease (for example,
cognitive impairment in Parkinson’s disease, diffuse Lewy body
disease, dementia with_léwy bodies, movement disorder
associated with Lewy body,disease and the like) is generated.

| An appropriate dose of a solution of'a—synuclein
(rPeptide, S-100) or NAC61-95 (custom, Sigma) dissolved in
phosphate buffered saline (PBS) is injected to the striatum or
lateral cerebral ventricle of SLC: ICR male mice to induce
cognitive impairment and/or movement disorder. After
confirmation of the pathology induction, an appropriate>dose of

compound (I) 'is administered to the mice. Improvement of the

.pathology of the mice in a few hours after the administration

is confirmed by behavioral pharmacological evaluation such as
Y-maze, amount of spontaneous motor activity, CATWALK and the
like. ‘

From the above-mentioned test, compound (I) can be-
confirmed to have a treatment and/or prophylactic effect on o-
synucleinopathy, for example, LeWy body disease (for eXample,
cognitive impairment in Parkinéon’s disease, diffuse Lewy body
diseése, dementia with iewy bodies, movement disorder
associated with Lewy body disease and the like) and the like.
[0047] o
[ExperimentalvExample 3] Effect of compound (I) in an oa-
synucleinopathy model

By referenoe to articles (Science, 338, p.9%49 (2012);
Behavioral Brain.Reexplore, 208, p.274 (2010)), an animal model
capable of confirming a treatment and/or prophylactic effect on

a-synucleinopathy, for example, Lewy body disease (for example,
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cognitive impairment in Parkinson’s disease, diffuse Lewy body
disease, dementia with lewy bodies} movement disorder
associated with Lewy body disease and the like) was generated
as follows.

The cognitive function was evaluated using a spontanéous
alternation task. The spontaneous alternation task is knoWn as
an evaluation system of cognitive function utilizing properties
of animal to willingly explore a novel environment
(Neuroscience and Biobehavioral Reviews 28, p. 497 (2004)) .
That is, if the animal remembers the arm previbusly entered in
explorétion in a Y-maze apparatus, the behavior of spontaneous
entry into a differént'arm is expréssed by an alternation
behévior rate, and used és an index of cognitive function. The
motor function was evaluated by analyzing gait function in
natural walk coﬁditions using a gait analysis system.

[0048]
<Preparation of animal model>

NAC61-95 (custom, Sigma) was dissolved in PBS to prepare
4 pg/pL NAC61-95 solution.

Under pentobarbital'(Somnopentyl, Kyoritsuseiyaku;fSO
mg/kg, i.p.) anesthesia, 5 uL of NAC61-95 solution was injected
using a Hamilton syringe (10 pL) equipped with a double needle
(27G, needle length 3 .mm) into the right lateral cerebral
ventricle of Slc:ICR mice (male, Japan SLC) over about 1 min,
and stood for 1 min to induce cognitive impairment and/or

movement disorder. The sham treatment group was injected with

5 uL of PBS.

[0049] ,
<Spontaneous alternation task: evaluation of cognitive
function>

Y-maze apparatus wherein three arms made of a black
acrylic wall (height 20 cm, length 25 cm, width 5 cm) are each
connected at 120 degree angle was used.

Mice were brought into the experiment room dn the

previous day of test for habituation. Mice were placed at the
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tip of any of the arms of the Y-maze apparatus and allowed to
freely explore in the maze for 7 min. Entry of all four limbs
of a mouse into one arm was defined as entry into arm, and the
order of entry of the mice into the arm was recorded. A
behavior of continuous entry'into all three different arms.was
defined as spontaneous alternation behavior, and the percentage
of alternation behavior was calculated by the following
calculation forﬁula.

[(0050]

number of spontaneous alternation behaviors

Alternation behavior (%) = ( total tries ) - 2 x 100
_ otal arm entries ) -

[0051]

For calculation of the alternation behavioi, only the
data of mice with not less than 10 total arm entries was used.
[0052]
<Gait analysis: evaluation of motor function>

A gait analysis system (CatWalk XT, ver.9.1, Noldus) was
.used. The system was constituted of a walkway with pressure
dependent luminescence glass and a light source, luminescence
ceiling, highly sensitive highspeed camera and analysis
software, and the gait was analyzed by digitizing the
brightness of the light emitted by the pressure dependent
luminescence glass in reSponse to the pressure. The gait data
was automatically recorded and analyzed by the analysis
software only when the mice moved straight forward without
stopping in the predetermined area on the walkway.

The mice were brought into the experiment room without
;ight and habituated for not less than 1 hr. The mice were
placed in the apparatus, and allowed to walk freely until 6
running data were obtained for each mouse. The earliest three
analyzable running data were used, and mean was calculated. By
reference to an article relating to movement disorder in
Parkinson’s disease animal model (Journal of Biomedical Science

17, p. 9 (2010)), a decrease in the maximum contact area (Total
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surface area of certain paw at the moment of maximum paw
contact) and print area (total surface area of the paw print),
as well as change in the gait pattern (sequehce of contact of 4
paws) were used as indices of movement disorder. ‘
[0053] |
<Drug treatment>

At 60 min before the test, compound (I) (suspended in 0.5
w/v% aqueous MC solution, and prepared to 0.5 mL per 100 g body
weight of mouse on the administration day) was orally |
administered at a dose of 0.1 mg/kg, or a vehicle (0.5 w/v$
agueous MC-solution) free of-the test cdmpound was orally
administered at 0.5 mL per 100 g body weight of mice on the
administration day.
[0054]
<Results>

Table 2 shows the alternation behavior in the spontaneous
alternation task in mean * standard error;‘ For statistical
analysis, statistical analysis software SAS (Release 9.2, SAS
Instituﬁe Inc.) was used. For comparison of the two‘groups,
homoscedasticity was assumed from the results of F-test, and
Student’s t-test was performed. The level of statistical

significance was set at p<0.05.

[0055]
Table 2
Effect of compound (I) on alternation behavior
alternation animal
group treatment/administration . . number
. behavior (%) i

. . (mice)
sham treatment vehicle/vehicle 66.5 + 1.6 16
vehicle . NAC61-95/vehicle 59.6 + 1.6 16
tadministration . .
compound (I) _ : - +
administration NAC61-95/compound (I) 69.5 + 2.4 16
[0056]

The vehicle administration group showed a significantly

low alternation behavior as compared to the sham treatment
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group (p<0.01), and cognitive impairment was induced by NAC61-

95 treatment.

In contrast, the compound (I) administration .

group showed a significantly high alternation behavior as

compared to the vehicle administration group (p<0.0I), and

5 1improvement of cognitive impairment by NAC61-95 treatment was

found.

Table 3 shows each gait parameter in the gait test in

mean * standard error.
.[0057]
10 Table 3
Effect of compound (I) on gait parameters
- vehicle compound (I)
Group sham treatment administration|administration
treatment/ vehicle/ NAC61- NAC61-95/
administration vehicle 95/vehicle compound (I)
an}mal number 16 16 16
(mice) ,
right 0.32 + 0.03 0.24 + 0.02 | 0.29 + 0.02
forepaw -
maximun | TIRE 0.33 + 0.03 | 0.27 + 0.02 | 0.30 % 0.02
hindpaw .
contact Loft
|area © 0.31 + 0.02 0.26 + 0.02 0.30 £+ 0.02
forepaw
Left 0.31 + 0.02 | 0.24 + 0.02 | 0.31 % 0.02
hindpaw - :
Right 0.43 + 0.04 | 0.33 £ 0.02 | 0.39 + 0.02
forepaw .
. Right 0.41 + 0.03 0.34 + 0.03 | 0.37 % 0.03
print hindpaw
area  |left 1 542 +0.03 | 0.36 £ 0.03 | 0.40 + 0.02
forepaw - -
l?ft 0.39 + 0.03 0.29 + 0.03 0.38 + 0.03
hindpaw :
AA 0.00 £ 0.00 2.79 £ 2.36 0.00 £ 0.00
gait AB 89.91 £ 3.36 74.11 £ 8.85 81.86 = 4.25
pattern|CcA 4.18 £ 2.10 5.84 + 2.45 13.39 £ 4.00
CB 5.91 + 2.30 17.26 * 6.92 4.75 + 1.79
AA: right forepaw —right hindpaw —left forepaw —left hindpaw
AB: right forepaw —left hindpaw —left forepaw —right hindpaw
CA: right forepaw —left forepaw —right hindpaw —left hindpaw

15 CB;
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[0058]

The vehicle administration group showed a significantly
small maximum contact area and gait area of the right forepaw
and left hindpaw_as<compared to the sham treatment group (both
p<0.05), change»invthe gait pattern (decrease in péttern AB,
increase in pattern CB),‘and movement disorder waé induced by
NAC61-95 treatment. In‘contrast,'thevéompound (I)
administration group showed a significantly large maximum
contact area and gait area of the left hindpaw as compared to
the vehicle administration group (p<0.05), tendency of the |
maximﬁm contact area and gait area of the right forepaw being

large (p<0.1), and the gait pattein»with an increase in pattern

~ AB and a decrease in pattern CB. From the above, improvement

of movement disorder induced by NAC61-95 treatment was found in

“the compound (I) administration group.

From the above-mentioned test, compound (I) could be
confirmed to have a treatment and/or prophylactic effect on o-
synucleinopathy, for example, Lewy body disease (for éxample,
cognitive impairment in Parkinson’s disease, diffuse Lewy body

disease, dementia with lewy bodies, movement disorder

 associated with Lewy body disease and the like) and the like.

[0059]

While compound (I) or a pharmaceutically acceptable salt
thereof can be directly administered singly, it is generally
desirably provided as various pharmaceutical preparations.

Such pharmaceutical preparations are used for animals or human.

The pharmaceutical preparation of the present invention
can contain compound (I) or a pharmaceutically acceptable salt
thereof singly as an active_ingredieht or as a mixture with any
other active ingredients. In addi£ion, such pharmacéutical
preparationé are produced by mixing the active ingredient with
one or more kinds of pharmaceutically acceptable carriers (for
example, diluent, solvent, excipient and the like), and
according to any method well known in the technical field of

drug formulation study.
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[0060]

As an administration route, a route most effective for
the treatment is desirably used,.which may be oral or
parenteral; for example, intravenous, transdermal and the like.

Examples of the administration form include tablet,
injection, external preparation and the like. o

A form suitable for oral administration, for example,
tablet and the like, can be produéed using excipient such as
lactose and the like, disintegrant such as starcn and the like,
lubricant such as magnesium stearate and the like, binder such
as hydroxypropylcellulose and the like, and the like.

A form suitable for parenteral administration, for
example, injection and the like can be produced using a diluent
or solvent such as salt solution, glucose solution, a mixture
of salt water and.Qlucose solution, and the like, and the like.

While a dosage form suitable for external preparation is
not particularly limited, foi example, ointment, éream, v
liniment, lotion, cataplasm, plaster, tape and the likée can be
mentioned. For example, ointment; cream and the like can be
produced by, for example, dissolving or mixing and dispersing
the active ingredient in a base such as white petrolatum and
the like.

[0061]

The dose and administration frequency of compound (I) or
a pharmaceutically acceptable salt théreof vary depending on
the’administrétion form, age and body weight of patients,
nature or severity of thé'symptom to be treated and the like.
In the case of oral route, 0.01 - 1000 mg, preferably 0.05 -
100 mg, is generaliy administered to an adult once to several
times per day. In the case of parenteral'administration such
as intravenous administration and the like, 0.001 - 1000 mg,
preferably 0.01 - 100 mg, ié genefally administered to an adult
once tb several times per day. In the case of transdermal
administfétion, an external preparation containing 0.001 —VlO%

of compound (I) or a pharmaceutically acceptable salt thereof
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is generally administered by applying once to several times.
However, such dose and administration frequency vary depending

on the aforementioned wvarious conditions.

- [0062]

‘ The present invention is explainedAin more detail in the
following by referring to Examples, which are not to be
construed as limitative. |
Examples
[0063]
[Example 1]

A tablet having the following éomposition is prepared by
a conventional method. Compound (I) (40 g), lactose (286.8 g)
and potatostarch‘(60 g) are mixed, and 10% aqueous solution
(120 g) of hydroxypropylcellﬁlose is added thereto. The
mixture is kneaded, granulated, dried, and sieved to give
granules for tabletiﬁg by a conventional method. The granules
are miﬁed with magnesium stearate (1.2 g) and the mixture is
tableted by a tableting machine with a 8 mm punch (manufactured

by Kikusui, RT-15) to give tablets~(contaihing 20 mg of active

ingredient per tablet).

[0064]

Table 4

Formulation

compound (I) 20 mg

lactose 143.4 mg

potato starch : 30 mg

hydroxypropylcellulosé 6 mg

magnesium stearate 0.6 mg
| 200 mg

[0065]

{Example 2]

An injection having the following composition is prepared
by a conventional method. Compound (I) (1 g) is mixed with
injectable distilled water, pH is adjusted fo 7 by adding

hydrochloric acid and aqueous sodium hydroxide Solution, and
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~injectable distilled water is added to make the total amount

1000 mL. The obtained mixture is aseptically filled in a glass
vial by 2 mL to give injections (containing 2 mg of active

ingredient pef vial).

[0066]

Table 5

Formulation

compound (I)' 2 mg
hydrochloric acid gq.s.

agqueous sodium hydroxide solution q.s.
injectable distilled water g.s.
2.00 mL

[0067]
[Reference Example 1]

Compound (I) was obtained according to the method
described in Example 504 of WO 2005/063743.

Industrial Applicability | |
[0068]

The present invention can be utilized for the treatment
and/or prophylaxis of, for example, frontal lobe dysfunction
(for example, cognitive impairment (for example, cognitive
impairment in Parkinson’s disease (for example, executive
dysfunction, memory disorder (particularly short term memory
disorder), impairment in visual spatial cognition, smell
disturbance‘and the like), cognitive impairment caused by
chronic stress, dementia with 1ewy bodies, progressive
supranuclear palsy, frontotemporal dementia and the like) and
the like), Lewy body disease (for example, cognitive impairment
in Parkinson’s disease, diffuse Lewy body disease,rdementia

with lewy bodies, movement disorderhaSSOéiated with Lewy body

vdisease and the like) and the like.

[0069]
This application is based on a patent application No.
2015-55532 filed in Japan, the contents of which are

incorporated in full herein.
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Claims

1. Use of a compound represented by the formula (I):

/-0

NN
@) | Y-NH =
S )7—<\j>—CH3
5 O N
()
or a pharmaceutically acceptable salt thereof, for the

manufacture of a therapeutic and/or prophylactic agent for

frontal lobe dysfunction.

2. The use according to claim 1, wherein the frontal lobe

dysfunction is cognitive impairment.

3. The use according to claim 2, wherein the cognitive
impairment is cognitive impairment in Parkinson’s disease,
cognitive impairment caused by chronic stress, dementia with
lewy bodies, progressive supranuclear palsy or frontotemporal

dementia.

4. The use according to claim 2, wherein the cognitive

impairment is cognitive impairment in Parkinson’s disease.

5. The use according to claim 4, wherein the cognitive
impairment in Parkinson’s disease is executive dysfunction,
memory disorder, impairment in visual spatial cognition or

smell disturbance.

6. The use according to claim 2, wherein the cognitive

impairment is cognitive impairment caused by chronic stress.
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7. The use according to claim 2, wherein the cognitive

impairment is dementia with lewy bodies.

8. The use according to claim 1, wherein the frontal lobe
dysfunction is cognitive impairment due to a decline in

dopamine function in the medial prefrontal cortex.

9. Use of a compound represented by the formula (I):

728,

NN
Q | >=NH /=
) e
O 0 N
(1)

or a pharmaceutically acceptable salt thereof, for the

manufacture of a therapeutic and/or prophylactic agent for Lewy

body disease.

10. The use according to claim 9, wherein the Lewy body disease

is cognitive impairment in Parkinson’s disease.

11. The use according to claim 9, wherein the Lewy body disease

is diffuse Lewy body disease.

12. The use according to claim 9, wherein the Lewy body disease

is dementia with lewy bodies.

13. The use according to claim 9, wherein the Lewy body disease

is movement disorder associated with Lewy body disease.
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