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Abstract:

An object of the present invention is to provide a compound having a superior
CH24H inhibitory action, which is useful as an agent for the prophylaxis or the
treatment of epilepsy, neurodegenerative disease and the like. The present




invention relates to a compound represented by the formula: wherein each symbol is
as defined in the specification or a salt thereof.
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Rl is a hydrogen atom, Ci-s alkyl or the like;

R? is a hydrogen atom;

R4-R7 are independently a hydrogen atom, a halogen atom or the
like;

X is N or CH;

Y is a 5- to 7-membered monocyclic aromatic heterocycle or the
like;

7 is aryl or an aromatic heterocyclic group; and

R9-R16 are independently a hydrogen atom, Ci-¢ alkyl or the like.

Patent Document 2 discloses the following compound having
a CH24H inhibitory action as an agent for the treatment of
neurodegenerative disease (e.g., Alzheimer’s disease, mild

cognitive disorder, multiple sclerosis and the like) .

wherein

Ring A% is an optiocnally substituted ring;

Rla is

(1) a group represented by the formula: -X!a-RE
wherein X2 is a Ci-¢ alkylene group, a Cz2-¢ alkenylene group
or a Cs-¢ cycloalkylene group, and Rf® is an optionally

substituted Ce-14 aryl group, an optionally substituted Ce-14
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aryloxy group or an optionally substituted heterocyclic

group,
(2) an optionally substituted Cs-14 aryl group,
(3) an optionally substituted Cs-14 aryloxy group, Or
(4) an optionally substituted heterocyclic group;
R?22 is a hydrogen atom, an optionally substituted Ci-s alkyl
group, an optionally substituted Cs-¢ cycloalkyl group or an
optionally substituted hydroxy group,
R3% is an optionally substituted Ci-s alkyl group, an optionally
substituted Cs-¢ cycloalkyl group or an optionally substituted
hydroxy group, or
R?2 and R32 in combination optionally form an oxo group, a Ci-3
alkylidene group or an optionally substituted ring; and
R% and R% are the same or different and each is a hydrogen
atom, a halogen atom, an optionally substituted Ci-s alkyl group,
an optionally substituted Cs-¢ cycloalkyl group or an optionally
substituted hydroxy group, or
R4 and R%2 in combination optionally form an oxo group, a Ci-3

alkylidene group or an optionally substituted ring.

Patent Document 3 discloses the following compound having
a calcium-sensing receptor (CaSR) antagonistic action as an
agent for the treatment of bone disease (e.g., osteoporosis,

bone fracture and the like).

wherein

Ring A% is an optionally substituted ring;

Rla is
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(1) a group represented by the formula: -Xia-Rée
wherein X!2 is a Ci-s alkylene group, a Cz-s alkenylene group
or a Cze¢ cycloalkylene group, and R% is an optionally
substituted Cs-¢ cycloalkyl group, an optionally substituted
Cz-¢ cycloalkyloxy group, an optionally substituted Ce-14 aryl
group, an optionally substituted Ce-14 aryloxy group, an
optionally substituted Cvy-1a4 aralkyloxy group, an optionally
substituted heterocyclic group, an optionally substituted
heterocyclyloxy group or optionally substituted amino group,

(2) an optionally substituted Cs3-¢ cycloalkyl group,

(3) an optionally substituted Cs-¢ cycloalkyloxy group,

(4) an optionally substituted Ces-14 aryl group,

(5) an optionally substituted Ce-14 aryloxy group,

(6) an optionally substituted C7-14 aralkyloxy group,

(7) an optionally substituted heterocyclic group,

(8) an optionally substituted heterocyclyloxy group, or

(9) an optionally substituted amino group;

R?2 is a hydrogen atom, an optionally substituted Ci-s alkyl

group, an optionally substituted C3-g cycloalkyl group or an

optionally substituted hydroxy group,

R3 is an optionally substituted Ci-¢ alkyl group, an optionally

substituted Cz-¢ cycloalkyl group or an optionally substituted

hydroxy group, or

R%¢ and R3 in combination optionally form a Ci-3 alkylidene

group or an optionally substituted ring; and

R%2 and R% are the same or different and each is a hydrogen

atom, a halogen atom, an optionally substituted Ci-¢ alkyl group,

an optionally substituted Cz-¢ cycloalkyl group or an optionally

substituted hydroxy group, or

R4 and R% in combination optionally form an oxo group, a Ci-3

alkylidene group or an optionally substituted ring.
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Summary of the Invention

Problems to be Solved by the Invention

An object of the present invention is to provide a
compound having a superior CH24H inhibitory action, which is
useful as an agent for the prophylaxis or treatment of
epilepsy, neurodegenerative disease (e.g., Alzheimer’s disease,
mild cognitive disorder, Huntington’s disease, Parkinson’s
disease, multiple sclerosis, amyotrophic lateral sclerosis,
traumatic brain injury, cerebral infarction, glaucoma and the
like), schizophrenia and the like.

Means of Solving the Problems

The present inventors have conducted intensive studies in
an attempt to solve the above-mentioned problem and found that

a compound (I) represented by the following formula has a

11



superior CH24H inhibitory action, which resulted in the
completion of the present invention.
Accordingly, the present invention provides the following.

[1] A compound represented by the formula (I):

wherein

Xl is a carbon atom or a nitrogen atom;

10 Ring A is

each of which is optionally further substituted and optionally
15 bridged;

Rl is an optionally substituted Ci-¢ alkyl group, an
optionally substituted hydroxy group, an optionally
substituted amino group, an optionally substituted carbocyclic
group, or an optionally substituted heterocyclic group, or R!

20 is optionally bonded to the atom on Ring A to form, together
with Ring A, a spiro ring or a fused ring, each of which is
substituted by an oxo group and optionally further
substituted;

R2 is an optionally substituted Ce-14 aryl group, oOr an

25 optionally substituted aromatic heterocyclic group; and

R3 is a hydrogen atom or a substituent when X! is a

carbon atom, or absent when X! is a nitrogen atom,
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(hereinafter to be referred to as compound (I)) (tert-butyl 4-

(4-phenylpyrimidin-5-yl)piperazine-l-carboxylate is excluded)
or a salt thereof.

[2] The compound or salt of [l], wherein R! is an optionally
substituted Ci-¢ alkyl group, an optionally substituted Ci-¢
alkoxy group, an optionally substituted amino group, an
optionally substituted Cs-g cycloalkyl group, an optionally
substituted Ce-14 aryl group, or an optionally substituted non-
aromatic heterocyclic group (tert-butyl 4-(4-phenylpyrimidin-

5-yl)piperazine-l-carboxylate is excluded).

[A] The compound or salt of [1], wherein
R! is
(1) a Ci-¢ alkyl group optionally substituted by 1 to 3
substituents selected from
{a) a cyanc group,
(b) a Ce¢-14 aryl group optionally substituted by 1 to 3 Ci-s
alkoxy groups,
(c) a Cs-14 aryloxy group,
(d) a Cz-g cycloalkyl group,
(e) a 5- or 6-membered monocyclic aromatic heterocyclic
group,
(f) a 8- to l2-membered fused aromatic heterocyclic group,
and
(g) a 3- to 8-membered monocyclic non-aromatic heterocyclic
group optionally substituted by 1 to 3 oxo groups,
(2) a Ci-¢ alkoxy group optionally substituted by 1 to 3 Ce-14
aryl groups,
(3) an amino group opticnally mono- or di-substituted by
substituent (s} selected from
(a) a Ci-s alkyl group optionally substituted by 1 to 3
substituents selected from
(i} a halogen atom,
(ii) a cyano group,

(iii) a Cz-s cycloalkyl group,

13



10

15

20

25

30

35

(iv) a Ce-14 aryl group optionally substituted by 1 to 3

substituents selected from a halogen atom and a Ci-¢
alkoxy group,
(v) a 5- or 6-membered monocyclic aromatic heterocyclic
group, and
(vi) a 3- to 8-membered monocyclic non-aromatic
heterocyclic group optionally substituted by 1 to 3 Ci-s
alkyl groups,

(b) a Cs-s cycloalkyl group optionally substituted by 1 to 3

halogen atoms,

(c) a Cg-14 aryl group, and

(d) a 3- to 8-membered monocyclic non-aromatic heterocyclic

group optionally substituted by 1 to 3 Ci-e alkyl groups,

(4) a Csz-g cycloalkyl group optionally substituted by 1 to 3 Cs-

12 aryl groups,

a Ce-14 aryl group, or

a 3- to 1l2-membered non-aromatic heterocyclic group

optionally substituted by 1 to 5 substituents selected from

(a) a halogen atom,
(b) a cyano group,
(c) a hydroxy group,
(d) an oxo group,
(e} a carbamoyl group optionally mono- or di-substituted by
Ci-¢ alkyl group(s),
(f) a Ci-¢ alkyl group optionally substituted by 1 to 3
substituents selected from
(i) a hydroxy group, and
(ii) a Ci-e alkoxy group,
(g) a Ci-¢ alkoxy group optionally substituted by 1 to 3
halogen atoms,
(h) a Ci-¢ alkoxy-carbonyl group, and
(1) a Ce-12 aryl group optionally substituted by 1 to 3

halogen atoms, or

Rl is bonded to the atom on Ring A to form, together with Ring

A, a spiro ring substituted by oxo and optionally further

14
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substituted by 1 to 3 Ci-s alkyl groups;
RZ is
(1) a Ce-14 aryl group optionally substituted by 1 to 3
substituents selected from
(a) a halogen atom, and
(b) a Ci-¢ alkyl group optionally substituted by 1 to 3
halogen atoms, or
(2) a 5- to 1l2-membered aromatic heterocyclic group optionally
substituted by 1 to 3 substituents selected from
(a) a halogen atom,
(b) a cyano group,
(c) a Ci-¢ alkyl group optionally substituted by 1 to 3
halogen atoms, and
(d) a Csz-g cycloalkyl group;
X! is a carbon atom or a nitrogen atom;
R3 is
(1) a hydrogen atom, or
(2) a halogen atom; and

Ring A is

each of which is optionally bridged and optionally further
substituted by 1 to 5 substituents selected from

(a) a halogen atom,

(b) a Ci-s alkyl group, and

(c) an oxo group,
(tert-butyl 4-(4-phenylpyrimidin-5-yl)piperazine-l-carboxylate
is excluded).

[B] The compound or salt of [1l] or [A], wherein R! is

(1) a Ci-s alkyl group optionally substituted by 1 to 3

15
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substituents selected from
(a) a cyano group,
(b) a Ce-12 aryl group optionally substituted by 1 to 3 Ci-s
alkoxy groups,
(c} a Ce-14 aryloxy group,
(d) a Ciz-g cycloalkyl group,
(e} a 5- or 6-membered monocyclic aromatic heterocyclic
group,
(f) a 8- to 12-membered fused aromatic heterocyclic group,
and
(g) a 3- to 8-membered monocyclic non-aromatic heterocyclic
group optionally substituted by 1 to 3 oxo groups,
(2) a Ci-3 alkoxy group optionally substituted by 1 to 3 Ce-14
aryl groups,
(3) an amino group optionally mono- or di-substituted by
substituent (s) selected from
(a) a Ci-s alkyl group optionally substituted by 1 to 3
substituents selected from
{i) a halogen atom,
(ii) a cyano group,
(iii) a Cz-s cycloalkyl group,
(iv) a Ce-14 aryl group optionally substituted by 1 to 3
substituents selected from a halogen atom and a Ci-6
alkoxy group,
(v) a 5- or 6-membered monocyclic aromatic heterocyclic
group, and
(vi) a 3- to 8-membered monocyclic non-aromatic
heterocyclic group optionally substituted by 1 to 3 Ci-e
alkyl groups,
(b) a Csz-s cycloalkyl group optionally substituted by 1 to 3
halogen atoms,
(c) a Ce-14 aryl group, and
(d) a 3- to 8-membered monocyclic non-aromatic heterocyclic
group optionally substituted by 1 to 3 Ci-¢ alkyl groups,
(4) a Cz-g cycloalkyl group optionally substituted by 1 to 3 Ce-
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14 aryl groups,
(5) a Cs-14 aryl group, or
(6) a 3- to l2-membered non-aromatic heterocyclic group
optionally substituted by 1 to 5 substituents selected from
(&) a halogen atom,
(b) a cyano group,
(¢} a hydroxy group,
(d) an oxo group,
(e) a carbamoyl group optionally mono- or di-substituted by
Ci-e alkyl group(s),
(f) a Ci-¢ alkyl group opticnally substituted by 1 to 3
substituents selected from
(1) a hydroxy group, and
(ii) a Ci-e¢ alkoxy group,
{(g) a Ci-¢ alkoxy group optionally substituted by 1 to 3
halogen atoms,
(h) a Ci-e alkoxy-carbonyl group, and
(i) a Ce-14 aryl group optionally substituted by 1 to 3
halogen atoms, or
R! is bonded to the atom on Ring A to form, together with Ring
A, a spiro ring substituted by oxo and optionally further

substituted by 1 to 3 Ci-¢ alkyl groups.

[3] The compound or salt of [1l] or [A], wherein
Rl is

(1) a Ci-6¢ alkyl group optionally substituted by 1 to 3
substituents selected from

(a) a cyano group,

(b) a Cs-14 aryl group optionally substituted by 1 to 3 Ci-e

alkoxy groups,

(c) a Cs-14 aryloxy group,

(d) a Cs-s cycloalkyl group,

(e) a pyrazolyl group,

(f) an indazolyl group, and

(g) a dihydropyridyl group optionally substituted by 1 to 3

17



OX0O groups,

(2) a Ci-¢ alkoxy group optionally substituted by 1 to 3 Ce-14

aryl groups,

(3) an amino group optionally mono- or di-substituted by

5 substituent (s) seleéted from
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(a) a Ci-¢ alkyl group optionally substituted by 1 to 3

substituents selected from

(1)

a halogen atom,

(ii) a cyano group,

(iii) a Cz-g cycloalkyl group,

(iv) a Ce-14 aryl group optionally substituted by 1 to 3

substituents selected from a halogen atom and a Ci-6

alkoxy group,

(v)

a pyridyl group, and

(vi) an oxetanyl group optionally substituted by 1 to 3

Ci-s¢ alkyl groups,

(b) a

C3-g cycloalkyl group optionally substituted by 1 to 3

halogen atoms,

(c) a

(d) a

Ce-14 aryl group, and

tetrahydropyranyl group, an oxetanyl group, a

tetrahydrofuryl group and a pyrrolidinyl group, each of

which

is optionally substituted by 1 to 3 Ci-¢ alkyl groups,

(4) a Cs-g cycloalkyl group optionally substituted by 1 to 3 Ce-

14 aryl groups,

(5) a Ce¢-14 aryl group, or

(6) a 3-
group or
which is
selected
(a) a
(b) a
(c) a

to 8-membered monocyclic non-aromatic heterocyclic
a 3,7-dioxa-9-azabicyclo[3.3.1]lnonyl group, each of
optionally substituted by 1 to 5 substituents

from

halogen atom,

cyano group,

hydroxy group,

(d) an oxo group,

(e) a

carbamoyl group optionally mono- or di-substituted by

Ci-¢ alkyl group(s),

18
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(f) a Ci-s alkyl group optionally substituted by 1 to 3
substituents selected from
(i) a hydroxy group, and
(ii) a Ci-s alkoxy group,
(g) a Ci-s alkoxy group optionally substituted by 1 to 3
halogen atoms,
(h) a Ci-¢ alkoxy-carbonyl group, and
(i) a Ce-14 aryl group optionally substituted by 1 to 3
halogen atoms, Or
R! is bonded to the atom on Ring A to form, together with Ring
A, a 2,8-diazaspiro[4.5]decane ring substituted by oxo and
optionally further substituted by 1 to 3 Ci-e alkyl groups;
RZ is
(1) a Ce-14 aryl group optionally substituted by 1 to 3
substituents selected from
(a) a halogen atom, and
(b) a Ci-s alkyl group optionally substituted by 1 to 3
halogen atoms, Or
(2) a 5- or 6-membered monocyclic aromatic heterocyclic group
or a 8- to 12-membered fused aromatic heterocyclic group, each
of which is optionally substituted by 1 to 3 substituents
selected from
(a) a halogen atom,
(b) a cyano group,
(c) a Ci-¢ alkyl group optionally substituted by 1 to 3
halogen atoms, and
(d) a Csz-s cycloalkyl group;
¥l is a carbon atom or a nitrogen atom;
R3 is
(1) a hydrogen atom, or
(2) a halogen atom; and
Ring A 1is
(1)

19
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each of which is optionally further substituted by 1 to 3

substituents selected from
(a) a halogen atom,
(b) a Ci-¢ alkyl group, and

(c) an oxo group, OY

(2) a 8-azabicyclo[3.2.1]octane ring, a 2,5-

diazabicyclo[2.2.1lheptane ring or a 3-azabicyclo[3.1.0]hexane

ring,

(tert-butyl 4—(4—phenylpyrimidin—5—yl)piperazine—l—carboxylate

is excluded).

[0037]

[4] The compound or salt of any of [11, [3], [A] and [B],

wherein R! is

(1) a Ci-e¢ alkyl group optionally substituted by 1 to 3

substituents selected from

(a) a cyano group,

(b) a Ce-14 aryl group optionally substituted by 1 to 3 Ci-6

alkoxy groups,

(c) a Ce-14 aryloxy group,
(d) a Cs-g cycloalkyl group,
(e) a pyrazolyl group,

(f) an indazolyl group, and

(g) a dihydropyridyl group optionally substituted by 1 to 3

0X0 groups,

(2) a Ci-3 alkoxy group optionally substituted by 1 to 3 Ce-14

aryl groups,

(3) an amino group optionally mon

substituent (s) selected from

o- or di-substituted by

(a) a Ci-¢ alkyl group optionally substituted by 1 to 3

substituents selected from

20
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(4)

(i) a halogen atom,

{(ii) a cyano group,

(iii) a Cz-s cycloalkyl group,

(iv) a Ce-1a aryl group optionally substituted by 1 to 3

substituents selected from a halogen atom and a Ci-s

alkoxy group,

(v) a pyridyl group, and

(vi) an oxetanyl group optionally substituted by 1 to 3

Ci-e alkyl groups, .
(b) a Cs-s cycloalkyl group optionally substituted by 1 to 3
halogen atoms,
(c) a Ce-14 aryl group, and
(d) a tetrahydropyranyl group, an oxetanyl group, a
tetrahydrofuryl group and a pyrrolidinyl group, each of
which is optionally substituted by 1 to 3 Ci-¢ alkyl groups,
a Cs-g cycloalkyl group optionally substituted by 1 to 3 Ce-

14 aryl groups,

(5)
(6)

a Ce-14 aryl group, or

a 3- to 8-membered monocyclic non-aromatic heterocyclic

group or a 3,7-dioxa-9-azabicyclo[3.3.1]lnonyl group, each of

which is optionally substituted by 1 to 5 substituents

selected from

(a) a halogen atom,
(b) a cyano group,
(c) a hydroxy group,
{d) an oxo group,
(e) a carbamoyl group optionally mono- or di-substituted by
Ci-s alkyl group(s),
(f) a Ci-¢ alkyl group optionally substituted by 1 to 3
substituents selected from
(i) a hydroxy group, and
(ii) a Ci-s alkoxy group,
(g) a Ci-s alkoxy group optionally substituted by 1 to 3
halogen atoms,

{h) a Ci-¢ alkoxy-carbonyl group, and

21
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(i) a Ce-14 aryl group optionally substituted by 1 to 3

halogen atoms, or
R! is bonded to the atom on Ring A to form, together with Ring
A, a 2,8-diazaspiro[4.5]decane ring substituted by oxo and

optionally further substituted by 1 to 3 Ci-s alkyl groups.

[C] The compound or salt of [1l] or [2], wherein
R! is a 3- to 8-membered monocyclic non-aromatic
heterocyclic group optionally substituted by 1 to 5
substituents selected from
(a) a halogen atom,
(b) a cyano group,

(c) a carbamoyl group,

o
)

Ci-¢ alkyl group optionally substituted by 1 to 3 Ci-e
alkoxy groubs, and
(e} a Ci-¢ alkoxy group;
R? is
(1) a Ce-14 aryl group optionally substituted by 1 to 3
substituents selected from
(a) a halogen atom, and
(b) a Ci-¢ alkyl group optionally substituted by 1 to 3
halogen atoms, or
(2) a 5- or 6-membered monocyclic aromatic heterocyclic group
optionally substituted by 1 to 3 substituents selected from
{a) a halogen atom, and
(b} a Ci-s alkyl group;
X! is a carbon atom;

R3 is a hydrogen atom; and

Ring A is
g //2\\\‘
S N ™~
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[D] The compound or salt of any of [1], [31 and [A], wherein
R! is
(1) a Ci-s alkyl group optionally substituted by 1 to 3
substituents selected from
{(a) a cyano group,
{(b) a phenyl group optionally substituted by 1 to 3 Ci-s
alkoxy groups,
(c) a phenoxy group,
(d} a cyclopropyl group,
(e) a pyrazolyl group,
(f} an indazolyl group, and
(g) a dihydropyridyl group optionally substituted by 1 to 3
OXO0 groups,
(2) a Ci-s alkoxy group optionally substituted by 1 to 3 phenyl
groups,
(3) an amino group optionally mono- or di-substituted by
substituent (s) selected from
(a) a Ci-¢ alkyl group optionally substituted by 1 to 3
substituents selected from
(i) a halogen atom,
(ii) a cyano group,
(iii) a cyclopropyl group,
(iv) a cyclobutyl group,
(v) a phenyl group optionally substituted by 1 to 3
substituents selected from a halogen atom and a Ci-s
alkoxy group,
(vi) a pyridyl group, and
(vii) an oxetanyl group optionally substituted by 1 to 3
Ci-¢ alkyl groups,
{(b) a cyclopropyl group, a cyclobutyl group and a
cyclopentyl group, each of which i1s optionally substituted
by 1 to 3 halogen atoms,
(c) a phenyl group, and
(d) a tetrahydropyranyl group, an oxetanyl group, a
tetrahydrofuryl group and a pyrrolidinyl group, each of
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which is optionally substituted by 1 to 3 Ci-¢ alkyl groups,

(4) a cyclopropyl group optionally substituted by 1 to 3

phenyl groups,

(5) a phenyl group, or

(6) an azetidinyl group, a pyrrolidinyl group, a piperidyl

group, a piperazinyl group, a morpholinyl group, a 1,1-

dioxidothiomorpholinyl group, a tetrahydropyranyl group, a 3-

oxa-6-azabicyclo[3.1.1lheptyl group, an 8-oxa-3-

azabicyclo[3.

azabicyclo[2.

azabicyclo[3

azabicyclo[3.

azabicyclo[3.

2

substituted by

.1loctyl group, a 2-oxa-5-
2.1lheptyl group, a 3-oxa-8-
2.
1
3

l]loctyl group, a 6-oxa-3-

.1lheptyl group or a 3,7-dioxa-9-
.1lnonyl group, each of which is optionally

1 to 5 substituents selected from

(a) a halogen atom,

(b} a cyano group,

(c) a hydroxy group,

(d) an oxo group,

(e) a carbamoyl group optionally mono- or di-substituted by

Ci-¢ alkyl group(s),

(f) a Ci-¢ alkyl group optionally substituted by 1 to 3

substituents selected from

(i) a hydroxy group, and

(ii) a Ci-¢ alkoxy group,

(g) a Ci-¢ alkoxy group optionally substituted by 1 to 3

halogen atoms,

(h) a Ci-¢ alkoxy-carbonyl group, and

(i) a phenyl group optionally substituted by 1 to 3 halogen

atoms, or

R! is bonded to the atom on Ring A to form, together with Ring

A, a 2,8-diazaspiro[4.5]decane ring substituted by oxo and

optionally further substituted by 1 to 3 Ci-¢ alkyl groups;

RZ is

(1) a phenyl group optionally substituted by 1 to 3

substituents selected from

24



(a} a halogen atom, and
(b) a Ci-¢ alkyl group optionally substituted by 1 to 3
halogen atoms, or
(2) a pyrazolyl group, an oxazolyl group, a thiazolyl group, a
5 thiadiazolyl group, a pyridyl group, an indazolyl group or a
benzothiazolyl group, each of which is optionally substituted
by 1 to 3 substituents selected from
(a) a halogen atom,
{(b) a cyano group,
10 (c) a Ci-s alkyl group optionally substituted by 1 to 3
halogen atoms, and
(d) a cyclopropyl group;
X1 is a carbon atom or a nitrogen atom;
R3 is
15 (1) a hydrogen atom, or
(2) a halogen atom; and
Ring A is
(1)

20 ’

each of which is optionally further substituted by 1 to 3
substituents selected from
{(a) a halogen atom,
25 (b) a Ci-6¢ alkyl group, and
(c) an oxo group, Or
(2) a 8-azabicyclo[3.2.1]octane ring, a 2,5~
diazabicyclo[2.2.1]heptane ring or a 3-azabicyclo[3.1.0]hexane
ring,
30 (tert-butyl 4- (4-phenylpyrimidin-5-yl)piperazine-1l-carboxylate
is excluded) .

[0044]
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[E] The compound or salt of any of [11, [31, [41, [A]l, [B] and
[D], wherein R? is
(1) a Ci-¢ alkyl group optionally substituted by 1 to 3
substituents selected from
(a) a cyano group,
(b) a phenyl group optionally substituted by 1 to 3 Ci-e
alkoxy groups,
(c) a phenoxy group,
(d) a cyclopropyl group,
(e} a pyrazolyl group,
(f) an indazolyl group, and
(g) a dihydropyridyl group optionally substituted by 1 to 3
OXO groups,
(2) a Ci-3 alkoxy group optionally substituted by 1 to 3 phenyl
groups,
(3) an amino group optionally mono- or di-substituted by
substituent (s) selected from
(a) a Ci-¢ alkyl group optionally substituted by 1 to 3
substituents selected from
(i) a halogen atom,
(1ii) a cyano group,
(iii) a cyclopropyl group,
(iv) a cyclobutyl group,
(v) a phenyl group optionally substituted by 1 to 3
substituents selected from a halogen atom and a Ci-e
alkoxy group,
(vi) a pyridyl group, and
(vii) an oxetanyl group optionally substituted by 1 to 3
Ci-¢ alkyl groups,
(b) a cyclopropyl group, a cyclobutyl group and a
cyclopentyl group, each of which is optionally substituted
by 1 to 3 halogen atoms,
(c) a phenyl group, and
(d) a tetrahydropyranyl group, an oxetanyl group, a
tetrahydrofuryl group and a pyrrolidinyl group, each of
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which 1s optionally substituted by 1 to 3 Ci-s alkyl groups,
{4) a cyclopropyl group optionally substituted by 1 to 3
phenyl groups,
(5) a phenyl group, or
(6) an azetidinyl group, a pyrrolidinyl group, a piperidyl
group, a piperazinyl group, a morpholinyl group, a 1,1-
dioxidothiomorpholinyl group, a tetrahydropyranyl group, a 3-
oxa-6-azabicyclo[3.1.1]heptyl group, an 8-oxa-3-
azabicyclo[3.2.1)Joctyl group, a 2-oxa-5-
azabicyclo[2.2.1]heptyl group, a 3-oxa-8-
azabicyclo[3.2.1]octyl group, a 6-oxa-3-
azabicyclo{3.1.1]lheptyl group or a 3,7-dioxa-9-
azabicyclo[3.3.1]nonyl group, each of which is optionally
substituted by 1 to 5 substituents selected from

(a) a halogen atom,

(b} a cyano group,

(c) a hydroxy group,

(d) an oxo group,

(e) a carbamoyl group optionally mono- or di-substituted by

Ci-¢ alkyl group(s),

(f) a Ci1-¢ alkyl group opticnally substituted by 1 to 3

substituents selected from

(i) a hydroxy group, and
(ii) a Ci-s alkoxy group,

(g) a Ci-¢ alkoxy group optionally substituted by 1 to 3

halogen atoms,

(h) a Ci-¢ alkoxy-carbonyl group, and

(1} a phenyl group optionally substituted by 1 to 3 halogen

atoms, or
Rl is bonded to the atom on Ring A to form, together with Ring
A, a 2,8-diazaspiro[4.5]decane ring substituted by oxo and
optionally further substituted by 1 to 3 Ci-¢ alkyl groups.
[0045]
[5] The compound or salt of any of [1]-[4], [(A]l, [B], [D] and

[E], wherein
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R is
(1) an amino group optionally mono- or di-substituted by
substituent (s) selected from
(a) a Ci-e alkyl group optionally substituted by 1 to 3
substituents selected from
(i) a halogen atom, and
(ii) a phenyl group optionally substituted by 1 to 3
halogen atoms,
(b) a tetrahydropyranyl group, and
(c) a tetrahydrofuryl group, or
(2) an azetidinyl group or a pyrrolidinyl group, each of which
is optionally substituted by 1 to 5 substituents selected from
(a) a halogen atom,
(b) a cyano group,
(c} a carbamoyl group,
(d) a Ci-¢ alkyl group, and
(e) a Ci-¢ alkoxy group;
R? is
(1) a phenyl group optionally substituted by 1 to 3 halogen
atoms, or
(2) a pyrazolyl group, a thiazolyl group or a thiadiazolyl
group, each of which is optionally substituted by 1 to 3
substituents selected from
(a) a halogen atom,
(b} a Ci-¢ alkyl group, and
(c) a cyclopropyl group;
X! is a carbon atom or a nitrogen atom;
R3? is a hydrogen atom; and

Ring A is
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[F] The compound or salt of any of [1]-[5], [Al, [B], [D] and
[E], wherein
R is
(1) an amino group optionally mono- or di-substituted by
substituent (s) selected from
(a) a Ci-6¢ alkyl group optionally substituted by 1 to 3
substituents selected from
(i) a halogen atom, and
(ii) a phenyl group optionally substituted by 1 to 3
halogen atoms,
(b) a tetrahydropyranyl group, and
(c} a tetrahydrofuryl group, or
(2) an azetidinyl group or a pyrrolidinyl group, each of which
is optionally substituted by 1 to 5 substituents selected from
(a) a halogen atom, and
(b} a cyano group;
RZ is
(1) a phenyl group optionally substituted by 1 to 3 halogen
atoms, or
(2) a pyrazolyl group or a thiazolyl group, each of which is
optionally substituted by 1 to 3 substituents selected from
(a) a halogen atom,
(b} a Ci-s alkyl group, and
{c) a cyclopropyl group;
X!t is a carbon atom or a nitrogen atom;
R3 is a hydrogen atom; and

Ring A is
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[G] The compound or salt of any of [11-151, [A], [B] and [D]-
[F], wherein
R is
(1) an amino group optionally mono- or di-substituted by
5 substituent(s) selected from
(a) a Ci-s alkyl group optionally substituted by 1 to 3
substituents selected from
(i) a halogen atom, and
(1i) a phenyl group optionally substituted by 1 to 3
10 halogen atoms,
(b) a tetrahydropyranyl group, and
(c) a tetrahydrofuryl group, or
(2) an azetidinyl group or a pyrrolidinyl group, each of which
is optionally substituted by 1 to 3 halogen atoms;
15 R? is
(1) a phenyl group optionally substituted by 1 to 3 halogen
atoms, or
(2) a pyrazolyl group or a thiazolyl group, each of which is
optionally substituted by 1 to 3 substituents selected from
20 (a) a halogen atom,
(b) a Ci-¢ alkyl group, and
(c) a cyclopropyl group;
Xl is a carbon atom or a nitrogen atom;
R3 is a hydrogen atom; and

25 Ring A is

30 [H] The compound or salt of any of [1), [2] and [C], wehrein
R! is a pyrrolidinyl group optionally substituted by 1 to

5 substituents selected from

30



(a) a halogen atom,
(b) a cyano group,
(c) a carbamoyl group,
(d) a Ci-s alkyl group optionally substituted by 1 to 3 Ci-é
5 alkoxy groups, and
(e) a Ci-g alkoxy group;
RZ is
(1) a phenyl group optionally substituted by 1 to 3
substituents selected from
10 (a) a halogen atom, and
(b) a Cis alkyl group optionally substituted by 1 to 3
halogen atoms, Or
(2) a pyrazolyl group, a thiadiazolyl group or a pyridyl group,
each of which is optionally substituted by 1 to 3 substituents
15 selected from
(a) a halogen atom, and
(b) a Ci-s alkyl group;
X! is a carbon atom;
R3 is a hydrogen atom; and

20 Ring A is

25 [I] The compound or salt of any of [1]1-1[5], [a}, [B], [D] and
[E], wherein
R! is a pyrrolidinyl group optionally substituted by 1 to
5 substituents selected from
(a) a halogen atom,
30 (b) a cyano group,
(c) a carbamoyl group,
(d) a Ci-s alkyl group, and
(e) a Ci-¢ alkoxy group;
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R2 is a pyrazolyl group or a thiadiazolyl group, each of
which is optionally substituted by 1 to 3 substituents
selected from

(a) a halogen atom, and
(b) a Ci-s alkyl group;
X! is a carbon atom;
R3 is a hydrogen atom; and

Ring A is

[6] The compound or salt of any of [1]-[5], [Al, [B], [D]-I[F]
and [I], wherein
R! is a pyrrolidinyl group optionally substituted by 1 to
5 substituents selected from
(a) a halogen atom, and
(b) a cyano group;
R? is a pyrazolyl group optionally substituted by 1 to 3
substituents selected from
(a) a halogen atom, and
(b} a Ci-s alkyl group;
Xl is a carbon atom;
R3 is a hydrogen atom; and

Ring A is

[J] The compound or salt of any of [1], [31, [A] and (D],

wherein
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R* is

(1) a Ci-e alkyl group optionally substituted by 1 to 3
substituents selected from
(a) a cyclopropyl group, and
(b} an indazolyl group,
(2) a Ci¢ alkoxy group optionally substituted by 1 to 3 phenyl
groups,
(3) an amino group optionally mono- or di-substituted by
substituent (s) selected from
(a) a Ci-¢ alkyl group optionally substituted by 1 to 3
substituents selected from
(i) a halogen atom,
(ii) a phenyl group optionally substituted by 1 to 3
halogen atoms,
(iii) a pyridyl group, and
(iv) an oxetanyl group optionally substituted by 1 to 3
Ci-6 alkyl groups,
(b) a cyclopropyl group,
(c) a cyclopentyl group,
(d) a tetrahydropyranyl group,
(e) a tetrahydrofuryl group, and
(f) a phenyl group,
(4) a cyclopropyl group, or
(5) an azetidinyl group, a pyrrolidinyl group, a 1,1-
dioxidothiomorpholinyl group or a 3-oxa-6-
azabicyclo[3.1.1]lheptyl group, each of which is optionally
substituted by 1 to 5 substituents selected from
(a) a halogen atom,
{(b) a cyano group,
(c) a carbamoyl group,
(d) a Ci-¢ alkyl group optionally substituted by 1 to 3 Ci-s
alkoxy groups,
(e) a Ci-g alkoxy group, and
(f) a phenyl group optionally substituted by 1 to 3 halogen

atoms, or
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R! is bonded to the atom on Ring A to form, together with Ring

A, a 2,8-diazaspiro[4.5]decane ring substituted by oxo and
optionally further substituted by 1 to 3 Ci-e alkyl groups;
R? is
(1) a phenyl group optionally substituted by 1 to 3
substituents selected from
(a) a halogen atom, and
(b) a Ci-¢ alkyl group, or
(2) a pyrazolyl group, an oxazolyl group, a thiazolyl group, a
thiadiazolyl group, a pyridyl group or a benzothiazolyl group,
each of which is optionally substituted by 1 to 3 substituents
selected from
(a) a halogen atom,
(b} a cyano group,
(c) a Ci-s alkyl group optionally substituted by 1 to 3
halogen atoms, and
(d} a cyclopropyl group;
Xl is a carbon atom or a nitrogen atom;
R3 is
(1) a hydrogen atom, or
{2) a halogen atom; and
Ring A is
(1)

each of which is optionally further substituted by 1 to 3
substituents selected from

(a) a halogen atom, and

(b) a Ci-¢ alkyl group, or
(2) a 8-azabicyclo[3.2.1]octane ring or a 2,5-

diazabicyclo[2.2.1l]heptane ring.
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[K] The compound or salt of any of [1]-[4], (a1, [Bl, (D] and
[El, wherein
R! is a pyrrolidinyl group optionally substituted by 1 to
5 3 substituents selected from
(a) a halogen atom,
{(b) a cyano group,
(c) a carbamoyl group, and

(d) a Ci-¢ alkyl group optionally substituted by 1 to 3 Ci-6

10 alkoxy groups;

R2 is a pyrazolyl group, a thiazolyl group, a
thiadiazolyl group or a pyridyl group, each of which is
optionally substituted by 1 to 3 substituents selected from

(a) a halogen atom, and

15 (b) a Ci-s alkyl group;

X!l is a carbon atom;
R3 is a hydrogen atom; and

Ring A is

20

[7]

(2R)—1—((1—(4—(4—methyl—1H—pyrazol—l—yl)pyridin—3—
25 yl)piperidin—4—yl)carbonyl)pyrrolidine—Z—carbonitrile or a
salt thereof,
(2R)—l—((1—(4—(4—chloro—lH—pyrazol—1-yl)pyridin—3—
yl)piperidin—4—yl)carbonyl)pyrrolidine—2—carbonitrile or a
salt thereof,
30 (2R)—4,4—difluoro—1—((l—(4—(4—methyl—1H—pyrazol—l—
yl)pyridin—S—yl)piperidin-4—yl)carbonyl)pyrrolidine—Z—
carbonitrile or a salt thereof,

(3—fluoroazetidin-1—yl)(1—(4—(4—fluorophenyl)pyrimidin—5—
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yl)piperidin-4-yl)methanone or a salt thereof,

(1-(4—(4—chloro-lH—pyrazol—1~yl)pyridin—3—yl)piperidin—4—
yl)(3—fluoroazetidin—1—yl)methanone or a salt thereof,

(1—(4—(4—chloro—lH—pyrazol—1—yl)pyridin—3—yl)piperidin-4—
yl)((35)—3—fluoropyrrolidin—1—yl)methanone or a salt thereof,

(1*(4—(4—fluorophenyl)pyrimidin—S—yl)piperidin—4—
yl)((3S)—3—fluoropyrrolidin—l—yl)methanone or a salt thereof,

N—benzyl—N—(2—fluoroethyl)-4—(4—phenylpyrimidin—5—
yl)piperazine—l—carboxamide or a salt thereof,

N—(4—fluorobenzyl)—N—(2—fluoroethyl)—4-(4—(4—methyl—lH—
pyrazol—l—yl)pyridin—S—yl)piperazine—l—carboxamide or a salt
thereof,

((35)—3—fluoropyrrolidin—l—yl)(1—(4—(5—methyl—l,3—
thiazol—Z—yl)pyridin—3—yl)piperidin—4-yl)methanone or a salt
thereof,

(3—fluoroazetidin—l—yl)(1—(4—(5—methyl—1,3—thiazol—2—
yl)pyridin—3-yl)piperidin—4—yl)methanone or a salt thereof,

(1—(4—(4—bromo—lH—pyrazol—1-yl)pyridin—B-yl)piperidin—4—
yl)(3—fluoroazetidin—l—yl)methanone or a salt thereof, or

(1—(4—(4—cyclopropyl—1H—pyrazol—1—yl)pyridin—3—
yl)piperidin—4—yl)(3—fluoroazetidin—l-yl)methanone or a salt
thereof.

[0070]

[8] (2R)—1—((1—(4-(4—methyl—lH—pyrazol—l—yl)pyridin—3—
yl)piperidin—4—yl)carbonyl)pyrrolidine—Z—carbonitrile or a
salt thereof.

(91 (2R)—1—((1—(4—(4-chloro—lH—pyrazol—l—yl)pyridin—B—
yl)piperidin—4—yl)carbonyl)pyrrolidine—Z—carbonitrile or a
salt thereof.

[10] (2R)—4,4—difluoro—1-((l—(4—(4—methyl—1H—pyrazol-1—
yl)pyridin—3—yl)piperidin—4—yl)carbonyl)pyrrolidine—Z—
carbonitrile or a salt thereof.

[11] A medicament comprising the compound or salt of any of
[11-[107.

[12] The medicament of [11], which is a cholesterol 24-

36



y

10

15

20

25

30

35

o013 1% m“*"xv

DESCRIPTION R R

HETEROCYCLIC COMPOUND

Technical Field

The present invention relates to a heterocyclic compound
having a cholesterol 24-hydroxylase (in the present
specification, sometimes to be abbreviated as “CH24H")
inhibitory action, a pharmaceutical composition comprising

same, and the like.

(Background of the Invention)

Alzheimer’s disease is a progressive neurodegenerative.
disease characterized by the deposition of amyloid B protein
(AB), accumulation of phosphorylated tau in a nerve cell
(neurofibrillary tangle), and nerve cell death. In recent
years, the number of patients with Alzheimer’s disease is
increasing because of aging, but an effective treatment method
has not been developed as yet. The therapeutic drugs for
Alzheimer’s disease which are currently used in the medical
practice are mainly acetylcholinesterase (AchE) inhibitors. _
While AchE inhibitors is confirmed to provide a certain level
of usefulness, since they are used with the aim of _
supplementing decreased acetylcholine, the treatment with AchE
inhibitor is merely a symptomatic therapy. Thus, the prompt
development of a basic remedy and prophylactic drug has been

strongly desired.

It has been clarified that the presence of allele g4 of
apolipoprotein E (ApoE) controlling the cholesterol metabolism
is a strong risk factor of Alzheimer’s disease [non-patent
document 1: Science, vol.261, 921-923, 1993}. After this
finding, the correlation between plural gene polymorphisms
playing a role in the expression of protein&pénﬁrolling the

cholesterol metabolism and the onset frequency of Alzheimer’s
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hydroxylase inhibitor.

[13] The medicament of [11], which i1s an agent for the
prophylaxis or treatment of epilepsy or neurodegenerative
disease.

[14] The medicament of [13], wherein the neurodegenerative
disease is Alzheimer’s disease, mild cognitive disorder,
Huntington’s disease, Parkinson’s disease or multiple
sclerosis.

[15]) The compound or salt of any of [1]-[10] for use in the
prophylaxis or treatment of epilepsy or neurodegenerative
disease.

[16] The compound or salt of [15], wherein the
neurodegenerative disease is Alzheimer’s disease, mild
cognitive disorder, Huntington’s disease, Parkinson’s disease
or multiple sclerosis.

[17] A method of inhibiting cholesterol 24-hydroxylase in a
mammal, which comprises administering an effective amount of
the compound or salt of any of [1]1-[10] to the mammal.

[18] A method for the prophylaxis or treatment of epilepsy or
neurodegenerative disease, which comprises administering an
effective amount of the compound or salt of any of [1]1-[10] to
the mammal.

[19] The method of [18], wherein the neurodegenerative disease
is Alzheimer’s disease, mild cognitive disorder, Huntington’s
disease, Parkinson’s disease or multiple sclerosis.

[20] Use of the compound or salt of any of [1]1-[10] for the
production of an agent for the prophylaxis or treatment of
epilepsy or neurodegenerative disease.

[21] The use of [20], wherein the neurodegenerative disease is
Alzheimer’s disease, mild cognitive disorder, Huntington’s
disease, Parkinson’s disease or multiple sclerosis.

Effect of the Invention

Compound (I) has a superior CH24H inhibitory action,

which is useful as an agent for the prophylaxis or treatment
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of epilepsy, neurodegenerative disease (e.g., Alzheimer’s
disease, mild cognitive disorder, Huntington’s disease,
Parkinson’s disease, multiple sclerosis, amyotrophic lateral
sclerosis, traumatic brain injury, cerebral infarction,

glaucoma and the like), schizophrenia and the like.

(Detailed Description of the Invention)

In the present specification, the “halogen atom” means a
fluorine atom, a chlorine atom, a bromine atom or an iodine
atom.

In the present specification, the “Ci-;0 alkyl group”
means, for example, methyl, ethyl, propyl, isopropyl, butyl,
2-methylpropyl, l-methylpropyl, tert-butyl, pentyl, isopentyl,
neo-pentyl, l-ethylpropyl, hexyl, isohexyl, 1,1l-dimethylbutyl,
2,2-dimethylbutyl, 3,3-dimethylbutyl, 2-ethylbutyl, heptyl,
octyl, nonyl, decyl or the like. Among them, a Ci-¢ alkyl group
is preferable.

In the present specification, the “Ci-¢ alkyl (group)”
means, for example, methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl,
l-ethylpropyl, hexyl, isohexyl, 1,1-dimethylbutyl, 2,2-
dimethylbutyl, 3,3-dimethylbutyl, 2-ethylbutyl or the like.

In the present specification, the “Cz-.19 alkenyl group”
means, for example, vinyl, l-propenyl, 2-propenyl, 2Z2-methyl-1-
propenyl, l-butenyl, 2-butenyl, 3-butenyl, 3-methyl-2-butenyl,
l-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 4-methyl-3-
pentenyl, 1l-hexenyl, 3-hexenyl, 5-hexenyl, l-heptenyl, 1-
octenyl or the like. Among them, a Cz-s alkenyl group is
preferable.

In the present specification, the “C2-¢ alkenyl (group)”
means, for example, vinyl, l-propenyl, 2-propenyl, 2-methyl-1-
propenyl, l-butenyl, 2-butenyl, 3-butenyl, 3-methyl-2-butenyl,
l-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 4-methyl-3-
pentenyl, 1l-hexenyl, 3-hexenyl, 5-hexenyl or the like.

In the present specification, the “Cz.10 alkynyl group”

38



10

15

20

25

30

35

means, for example, ethynyl, l-propynyl, 2-propynyl, l-butynyl,
Z2-butynyl, 3-butynyl, Il-pentynyl, 2-pentynyl, 3-pentynyl, 4-
pentynyl, 1,1l-dimethylprop-2-yn-1-yl, 1l-hexynyl, 2-hexynyl, 3-
hexynyl, 4-hexynyl, 5-hexynyl, 1- heptynyl, l-octynyl or the
like. Among them, a Cz-s alkynyl group is preferable.

In the present specification, the “Cz-¢ alkynyl (group)”
means, for example, ethynyl, l-propynyl, 2-propynyl, l-butynyl,
2-butynyl, 3-butynyl, l-pentynyl, 2-pentynyl, 3-pentynyl, 4-
pentynyl, 1,1-dimethylprop-2-yn-1-yl, 1l-hexynyl, 2-hexynyl, 3-
hexynyl, 4-hexynyl, 5-hexynyl or the like.

In the present specification, the “Ci-¢ alkoxy (group)”
means, for example, methoxy, ethoxy, propoxy, 1sopropoxy,
butoxy, isobutoxy, sec-butoxy, tert-butoxy, pentyloxy,
isopentyloxy, hexyloxy or the like.

In the present specification, the “Ci-3 alkoxy group”
means, methoxy, ethoxy, propoxy or isopropoxy.

In the present specification, the “Cz-¢ alkenyloxy

”

(group) ” means, for example, vinyloxy, l-propenyloxy, 2-
propenyloxy, 2-methyl-l-propenyloxy, l-butenyloxy, 2-
butenyloxy, 3-butenyloxy, 3-methyl-2-butenyloxy, l-pentenyloxy,
2-pentenyloxy, 3-pentenyloxy, 4-pentenyloxy, 4-methyl-3-
pentenyloxy, l-hexenyloxy, 3-hexenyloxy, 5-hexenyloxy or the
like.

In the present specification, the “C;-s alkynyloxy
(group)” means, for example, ethynyloxy, l-propynyloxy, 2-
propynyloxy, l-butynyloxy, 2-butynyloxy, 3-butynyloxy, 1-
pentynyloxy, 2-pentynyloxy, 3-pentynyloxy, 4-pentynyloxy, 1,1-
dimethylprop-2-yn-1-yloxy, l-hexynyloxy, 2-hexynyloxy, 3-
hexynyloxy, 4-hexynyloxy, 5-hexynyloxy or the like.

In the present specification, the “Ci-¢ alkylenedioxy

(group)” means, for example, methylenedioxy, ethylenedioxy or

the like.
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In the present specification, the “Ci-s alkoxy-carbonyl

4

(group)” means, for example, methoxycarbonyl, ethoxycarbonyl,
propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl,
iscbutoxycarbonyl, tert-butoxycarbonyl or the like.

In the present specification, the “Ci-s alkyl-carbonyl

14

(group)” means, for example, acetyl, propanoyl, butanoyl, 2-

methylpropanoyl or the like.

In the present specification, the “mono-Ci-g alkylamino

”

(group)” means, for example, methylamino, ethylamino,
propylamino, isopropylamino, butylamino, isobutylamino, tert-
butylamino or the like.

In the present specification, the “di-Ci-¢ alkylamino

(group)” means, for example, dimethylamino, diethylamino,

dipropylamino, diisopropylamino, dibutylamino, diisobutylamino,

ditert-butylamino or the 1like.

In the present specification, the “Csz-i0 cycloalkyl group”
means, for example, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl or
the like. BAmong them, a Csz-.¢ cycloalkyl group is preferable.

In the present specification, the “Cz-g cycloalkyl
{(group)” means, for example, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl or the like.

In the present specification, the “Cz-¢ cycloalkyl
(group)” means, for example, those having 3 to 6 carbon atoms
from among the above-mentioned Czs cycloalkyl (group).

In the present specification, the “Cs3-s cycloalkyloxy
(group)” means, for example, cyclopropyloxy, cyclobutyloxy,
cyclopentyloxy, cyclohexyloxy, cycloheptyloxy, cyclooctyloxy
or the like.

In the present specification, the “Cz-¢ cycloalkyloxy

77

{(group)” means, for example, cyclopropyloxy, cyclobutyloxy,

cyclopentyloxy, cyclohexyloxy or the like.
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In the present specification, the "“Cz-ig cycloalkenyl
(group)” means, for example, cyclopropenyl (e.g., 2-
cyclopropen-1l-yl), cyclobutenyl (e.g., 2-cyclobuten-1-yl),
cyclopentenyl (e.g., 2~cyclopenten-1l-yl, 3-cyclopenten-l-yl),
cyclohexenyl (e.g., l-cyclohexen-1-yl, 2-cyclohexen-1-yl, 3-
cyclohexen-1-yl), cycloheptenyl (e.g., l-cyclopenten-1l-yl, 2-
cyclohepten-1-yl, 2-cyclochepten-1-yl), cyclooctenyl (e.g., 1-
cyclohepten-1-yl, 2-cyclohepten-1-yl, 3-cyclohepten-1-yl),
cyclononenyl (e.g., l-cyclononen-1-yl, 2-cyclononen-1-yl, 3-
cyclononen-1-yl) or the like. Among them, a Cz-g cycloalkenyl
group is preferable.

In the present specification, the “Csz-g cycloalkenyl

77

(group)” means, for example, cyclopropenyl (e.g., 2-
cyclopropen-1-yl), cyclobutenyl (e.g., 2-cyclobuten-1-yl),
cyclopentenyl (e.g., 2-cyclopenten-1-yl, 3-cyclopenten-1-yl),
cyclohexenyl (e.g., 2-cyclohexen-1-yl, 3-cyclohexen-1-yl) or
the like.

In the present specification, the “Cz-g cycloalkenyloxy
(group)” means, for example, cyclopropenyloxy (e.g., 2-
cyclopropen-1-yloxy), cyclobutenyloxy (e.g., 2-cyclobuten-1-
yloxy), cyclopentenyloxy (e.g., 2-cyclopenten-l-yloxy, 3-
cyclopenten-1-yloxy), cyclohexenyloxy (e.g., 2-cyclohexen-1-
yloxy, 3-cyclohexen-l-yloxy) or the like.

In the present specification, the “C4-10 cycloalkadienyl
group” means, for example, 1,3-cyclobutadien-l-yl, 1,3-
cyclopentadien-1-yl, 1,4-cyclopentadien-1-yl, 2,4-
cyclopentadien-1-y1, 1,3-cyclohexadien-1-y1, 1,4-
cyclohexadien-1-yl, 1,5-cyclohexadien-1-yl, 2,4-cyclohexadien-
1-yl, 2,5-cyclohexadien-1-yl1l, 1,3-cyclooctadien-1-yl, 1,4-
cyclooctadien-1-yl, 1,5-cyclooctadien-1-yl, 1,6-cyclooctadien-
1-yl, 1,7-cyclooctadien-1-yl, 2,4-cyclooctadien-1-yl, 2,5-
cyclooctadien-1-yl, 2,6-cyclooctadien-1-yl, 2,7-cyclooctadien~-
1-yl, 3,5-cyclooctadien-1-yl, 3,6-cyclooctadien-1-yl or the
like. BAmong them, a C4-¢ cycloalkadienyl group is preferable.

In the present specification, the “Cj-¢ cycloalkadienyl
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group” means, for example, 1, 3-cyclobutadien-1-y1, 1,3~
cyclopentadien-1-y1, 1,4-cyclopentadien~-1-yl, 2,4-
cyclopentadien-1-vy1, 1,3-cyclohexadien-1~yl, 1,4-
cyclohexadien-1-y1, 1,5-cyclohexadien-1-y1, 2,4-cyclohexadien-
1-vy1, 2,5-cyclohexadien-1-yl or the like.

The above-mentioned Cs-1g cycloalkyl group, Csz-10
cycloalkenyl group and Cs-1o cycloalkadienyl group are each
optionally fused with a benzene ring to form a fused ring
group, and examples of the fused ring group include indanyl,

dihydronaphthyl, tetrahydronaphthyl, fluorenyl and the like.

The above-mentioned Cs.ig cycloalkyl group, Ci-1o
cycloalkenyl group and Ci-1o cycloalkadienyl group may be a Cy-10
bridged hydrocarbon group. Examples of the C7-10 bridged
hydrocarbon group include bicyclo[2.2.1]heptyl (norbornyl),
bicyclo[2.2.2]octyl, bicyclo[3.2.1]octyl, bicyclo[3.2.2]nonyl,
bicyclo[3.3.l]nonyl, bicyclo[4.2.1]nonyl, bicyclo[4.3.1]decyl,
adamantyl and the like.

The above-mentioned Cs-1 cycloalkyl group, Cs-10
cycloalkenyl group and Cas-10 cycloalkadienyl group are each
optionally form a spiro ring group with a Csz-i10 cycloalkane, a
C3-10 cycloalkene or a Cg-19 cycloalkadiene. Examples of the Cs.ig
cycloalkane, Cs-1g cycloalkene and Ca-19 cycloalkadiene include
rings corresponding to the above-mentioned C3-10 cycloalkyl
group, Cs-10 cycloalkenyl group and Ci1g cycloalkadienyl group.
Examples of the spiro ring group include spiro[4.5]decan-8-yl
and the like.

In the present specification, the “Ce-14 aryl (group)”
means, for example, phenyl, l-naphthyl, 2-naphthyl or the like.

In the present specification, the “Cg-14 aryloxy (group)”
means, for example, phenoxy, l-naphthyloxy, 2-naphthyloxy or
the like.
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In the present specification, the “Cy-14 aralkyl (group)”

means, for example, benzyl, phenethyl or the like.

In the present specification, the “C7-14 aralkyloxy
(group)” means, for example, benzyloxy, phenethyloxy or the
like.

In the present specification, the “Cs-13 arylalkenyl

17

(group)” means, for example, styryl or the like.

In the present specification, the “hydrocarbon group”
means, for example, a Ci-10 alkyl group, a Cz10 alkenyl group, a
C2-10 alkynyl group, a Cs-10 cycloalkyl group, a Cs-10 cycloalkenyl
group, a Cs-10 cycloalkadienyl group, a Cs-14 aryl group, & Ci-14

aralkyl group, a Cs-13 arylalkenyl group or the like.

In the present specification, the “heterocyclic group”
means an aromatic heterocyclic group or a non-aromatic
heterocyclic group.

In the present specification, the “aromatic heterocyclic
group” means a monocyclic aromatic heterocyclic group or a
fused aromatic heterocyclic group, for example, a 5- to 12-
membered aromatic heterocyclic group, specifically a 5- to 7-
membered monocyclic aromatic heterocyclic group or a 8- to 12-
membered fused aromatic heterocyclic group.

In the present specification, examples of the “monocyclic
aromatic heterocyclic group” include a 5- to 7-membered
(preferably 5- or 6-membered) monocyclic aromatic heterocyclic
group containing, as a ring-constituting atom besides carbon
atoms, 1 to 4 hetero atoms selected from an oxygen atom, a
sulfur atom (optionally oxidized) and a nitrogen atom
(optionally oxidized). Examples thereof include furyl (e.g.,
2-furyl, 3-furyl), thienyl (e.g., 2-thienyl, 3-thienyl),
pyridyl (e.g., 2-pyridyl, 3-pyridyl, 4-pyridyl), pyrimidinyl
(e.g., 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl),
pyridazinyl (e.g., 3-pyridazinyl, 4-pyridazinyl), pyrazinyl
(e.g., 2-pyrazinyl), pyrrolyl (e.g., l-pyrrolyl, 2-pyrrolyl,
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3-pyrrolyl), imidazolyl (e.g., l-imidazolyl, 2-~imidazolyl, 4-
imidazolyl, 5-imidazolyl), pyrazolyl (e.g., l-pyrazolyl, 3-
pyrazolyl, 4-pyrazolyl), thiazolyl (e.g., 2-thiazolyl, 4-
thiazolyl, 5-thiazolyl), isothiazolyl (e.g., 3-isothiazolyl,
4-isothiazolyl, 5-isothiazolyl), oxazolyl (e.g., 2-oxazolyl,
4-oxazolyl, 5-oxazolyl), isoxazolyl (e.g., 3-isoxazolyl, 4-
isoxazolyl, 5-isoxazolyl), oxadiazolyl (e.g., 1,2,4-oxadiazol-
5-yl, 1,3,4-oxadiazol-2-yl), thiadiazolyl (e.g., 1,3,4-
thiadiazol-2-yl), triazolyl (e.g., 1,2,4-triazol-1-yl, 1,2,4-
triazol~-3-yl, 1,2,3-triazol-1-y1, 1,2,3-triazol-2-yl, 1,2,3-
triazol-4-yl), tetrazolyl (e.g., tetrazol-l1l-yl, tetrazol-5-yl),
triazinyl (e.g., 1,2,4-triazin-1-yl, 1,2,4-triazin-3-yl) and
the like.

In the present specification, examples of the “fused
aromatic heterocyclic group” include an 8- to 12-membered
fused aromatic heterocyclic group, specifically, a group
derived from a fused ring wherein a ring corresponding to the
above-mentioned 5- to 7-membered monocyclic aromatic
heterocyclic group is fused with a Cs-14 aromatic hydrocarbon;
and a group derived from a fused ring wherein rings
corresponding to the above-mentioned 5- to 7-membered
monocyclic aromatic heterocyclic groups are fused. Examples
thereof include quinolyl (e.g., 2-quinolyl, 3-quinolyl, 4-
guinolyl, 6-quinolyl), isoquinolyl (e.g., 3-isoquinolyl),
quinazolyl (e.g., 2-guinazolyl, 4-quinazclyl), gquinoxalyl
(e.g., Z-quinoxalyl, 6-quinoxalyl), benzofuranyl (e.g., 2-
benzofuranyl, 3-benzofuranyl), benzothienyl (e.g., 2-
benzothienyl, 3-benzothienyl), benzoxazolyl (e.g., 2-
benzoxazolyl), benzisoxazolyl (e.g., 7-benzisoxazolyl),
benzothiazolyl (e.g., 2-benzothiazolyl), benzimidazolyl (e.g.,
benzimidazol-1l-yl, benzimidazol-2-yl, benzimidazol-5-yl),
benzotriazolyl (e.g., 1H-1,2,3-benzotriazol-5-yl), indolyl
(e.9., indol-1-yl, indol-2-yl, indol-3-yl, indol-5-yl),
indazolyl (e.g., 1H-indazol-3-yl), pyrrolopyrazinyl (e.g., 1H-
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pyrrolo(Z2, 3-blpyrazin-2-yl, 1H-pyrrolo[2,3-b]lpyrazin-6-yl},
imidazopyridyl (e.g., 1lH-imidazo[4,5-blpyridin-2-yl, 1H-
imidazo(4,5-c]lpyridin-2-yl, 2H-imidazo[l,2-alpyridin-3-yl),
thienopyridyl (e.g., thieno[2,3-b]lpyridin-3-yl),
imidazopyrazinyl (e.g., 1lH-imidazo[4,5-blpyrazin-2-yl),
pyrazolopyridyl (e.g., 1lH-pyrazolo[4,3-c]lpyridin-3-yl),
pyrazolothienyl (e.g., 2H-pyrazolo[3,4-blthiophen-2-yl),
pyrazolotriazinyl (e.g., pyrazolo[5,1-c][1l,2,4]triazin-3-yl)
and the like.

In the present specification, the “non-aromatic
heterocyclic group” means a monocyclic non-aromatic
heterocyclic group or a fused non-aromatic heterocyclic group,
for example, a 3- to 1l2-membered non-aromatic heterocyclic
group, specifically a 3- to 8-membered monocyclic non-aromatic
heterocyclic group or a 8- to 12-membered fused non-aromatic
heterocyclic group.

In the present specification, examples of the “monocyclic
non-aromatic heterocyclic group” include a 3- to 8-membered
{preferably 5- or 6-membered) monocyclic non-aromatic
heterocyclic group containing, as a ring-constituting atom
besides carbon atoms, 1 to 4 hetero atoms selected from an
oxygen atom, a sulfur atom (optiocnally oxidized) and a
nitrogen atom (optionally oxidized). Examples thereof include
azetidinyl (e.g., l-azetidinyl, 2-azetidinyl), pyrrolidinyl
(e.g., l-pyrrolidinyl, 2-pyrrolidinyl), piperidyl (e.g.,
piperidino, Z2-piperidyl, 3-piperidyl, 4-piperidyl),
morpholinyl (e.g., morpholino), thiomorpholinyl (e.g.,
thiomorpholino), piperazinyl (e.g., l-piperazinyl, 2-
piperazinyl, 3-piperazinyl), oxazolidinyl (e.g., oxazolidin-2-
vl), thiazolidinyl (e.g., thiazolidin-2-yl),
dihydrothiopyranyl (e.g., dihydrothiopyran-3-yl,
dihydrothiopyran-4-yl), imidazolidinyl (e.g., imidazolidin-2-
yl, imidazolidin-3-yl), oxazolinyl (e.g., oxazolin-2-yl)},

thiazolinyl (e.g., thiazolin-2-yl), imidazolinyl (e.g.,
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imidazolin-2-yl, imidazolin-3-yl), dioxolyl (e.g., 1,3-dioxol-
4-yl), dioxolanyl (e.g., 1,3-dioxolan-4-vyl),

dihydrooxadiazolyl (e.g., 4,5-dihydro-1,2,4-oxadiazol-3-yl),
pyranyl (e.g., 2-pyranyl, 4-pyranyl), tetrahydropyranyl (e.g.,
2-tetrahydropyranyl, 3-tetrahydropyranyl, 4-tetrahydropyranyl),
thiopyranyl (e.g., 4-thiopyranyl), tetrahydrothiopyranyl (e.g.,
2-tetrahydrothiopyranyl, 3-tetrahydrothiopyranyl, 4-
tetrahydrothiopyranyl), l-oxidotetrahydrothiopyranyl (e.g., 1-
oxidotetrahydrothiopyran-4-yl), 1,1-
dioxidotetrahydrothiopyranyl (e.g., 1,1-
dioxidotetrahydrothiopyran-4-yl), tetrahydrofuryl (e.g.,
tetrahydrofuran-3-yl, tetrahydrofuran-2-yl), oxetanyl (e.g.,
oxetan-2-yl, oxetan-3-yl), pyrazolidinyl (e.g., pyrazolidin-1-
vl, pyrazolidin-3-yl), pyrazolinyl (e.g., pyrazolin-1l-yl),
tetrahydropyrimidinyl (e.g., tetrahydropyrimidin-1-yl),
dihydrotriazolyl (e.g., 2,3-dihydro-1H-1,2,3-triazol-1-yl),
tetrahydrotriazolyl (e.g., 2,3,4,5-tetrahydro-1H-1,2,3-
triazol-1-yl), azepanyl (e.g., l-azepanyl, 2-azepanyl, 3-
azepanyl, 4-azepanyl), dihydropyridyl (e.g., dihydropyridin-1-
yvl, dihydropyridin-2-yl, dihydropyridin-3-yl, dihydropyridin-
4-yl), tetrahydropyridyl (e.g., 1,2,3,4-tetrahydropyridin-1-y1,
1,2,3,4~tetrahydropyridin-2-yl, 1,2,3,4-tetrahydropyridin-3-yl,
1,2,3,4-tetrahydropyridin-4-yl) and the like.

In the present specification, examples of the “fused non-
aromatic heterocyclic group” include an 8- to 1l2-membered
fused non-aromatic heterocyclic group, specifically, a group
derived from a fused ring wherein a ring corresponding to the
above-mentioned 3- to B8-membered monocyclic non-aromatic
heterocyclic group is fused with a Cs-14 aromatic hydrocarbon; a
group derived from a fused ring wherein rings corresponding to
the above-mentioned 3- to 8-membered monocyclic non-aromatic
heterocyclic groups are fused; a group derived from a fused
ring wherein a ring corresponding to the above-mentioned 3- to

8-membered monocyclic non-aromatic heterocyclic group is fused
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disease has been shown, suggesting the correlation between the
cholesterol metabolism and Alzheimer’s disease [non-patent
document 2: Neurobiol. Aging, vol.24, 421-426, 2003, non-
patent document 3: Mol. Psychiatry, vol.8, 635-638, 2003].
Moreover, it has been reported that Cyp46 (same as
“cholesterol 24-hydroxylase (CH24H)”), which is cholesterol
oxidase specifically expressed in the brain, is a risk factor
of Alzheimer’s disease [non-patent document 4: Neurosci. Lett.,
vol.328, pages 9-12, 2002]. Furthermore, it has also been
reported that Cyp46 (CH24H) is expressed in periphery of
deposited amyloid in Alzheimer’s disease patients [non-patent
document 5: J. Biol. Chem., vol.279, pages 34674-34681, 2004],
24S-hydroxycholesterol (24-HC), which is a metabolite thereof,
increases in the brain spinal cord fluid (CSF) of Alzheimer’s
disease patients [non-patent document 6: Neurosci. Lett.,
vol.324, pages 83-85, 2002, non-patent document 7: Neurosci.
Lett., vol.397, pages 83-87, 2006], 24-HC induces cell death
of SH-SY5Y cell, which is a human neuroblast line [non-patent
document 8: Brain Res., vo0l.818, pages 171-175, 1999], and
rats in which 24-HC was injected into the lateral cerebral
ventricle showed impaired short-term memory, which is commonly
observed in Alzheimer's disease, suggesting that hippocampal
neurons were damaged by 24-HC [non-patent document 9:
Neuroscience, vol.l164, pages 398-403, 2009]. These findings
suggest that Cyp46 (CH24H) is deeply involved in the pathology
of Alzheimer’s disease. Therefore, a compound that inhibits
the Cyp46 (CH24H) activity (i.e., Cyp46 (CH24H) inhibitor)
suppresses neuronal cell death, increase in AR, intracerebral
inflammation and the like observed in Alzheimer’s disease, by
decreasing intracerebral 24-HC, and is promising as a
therapeutic or prophylactic drug showing not only an
improvement of symptoms but also a suppression of progression.
Moreover, it has been reported that an AchE inhibitor
clinically used as a therapeutic drug for Alzheimer’s disease

shows an improvement effect on memory disorders induced by AP
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with a ring corresponding to the above-mentioned 5- to 7-

membered monocyclic aromatic heterocyclic group; and a group
wherein the above-mentioned group is partially saturated.
Examples thereof include dihydroindolyl (e.g., 2,3-dihydro-1H-
indol-1-yl), dihydroisoindolyl (e.g., 1,3-dihydro-2H-isoindol-
2-yl), dihydrobenzofuranyl {(e.g., 2,3-dihydro-1-benzofuran-5-
vl), tetrahydrobenzofuranyl (e.g., 4,5,6,7-tetrahydro-1-
benzofuran—3—yl), dihydrobenzodioxinyl (e.g., 2,3-dihydro-1,4-
benzodioxin-2-vyl), dihydrobenzodioxepinyl (e.g., 3,4-dihydro-
2H-1, 5-benzodioxepin-2-yl), chromenyl (e.g., 4H-chromen-2-yl,
2H-chromen-3-yl), dihydrochromenyl (e.g., 3,4-dihydro-2H-
chromen-2-yl), dihydroquinolyl (e.g., 1,2-dihydroquinolin-4-
yl), tetrahydroquinolyl (e.gq., 1,2,3,4~-tetrahydroquinolin-4-
yl), dihydroisoquinolyl (e.gq., 1,2-dihydroisoquinolin-4-yl),
tetrahydroisoquinolyl (e.g., 1,2,3,4-tetrahydroisoquinolin-4-
yl), dihydrophthalazinyl (e.g., 1,4-dihydrophthalazin-4-yl)
and the like.

The above-mentioned “monocyclic non-aromatic heterocyclic
group” and “fused non-aromatic heterocyclic group” may be
bridged, and examples thereof include 3-oxa-6-
azabicyclo[3.1.1]heptyl, 8—oxa—3—azabicyclo[3.2.l]octyl, 2~
oxa-S-azabicyclo[2.2.1]heptyl, 3-oxa-8-azabicyclo[3.2.1]octyl,
6—oxa—3—azabicyclo[3.l.l}heptyl and the like.

In the present specification, the “carbocyclic group”
means a Ce-14 aryl group, a Cs-10 cycloalkyl group, a Cs-10
cycloalkenyl group or a Ci-10 cycloalkadienyl group. The
“carbocyclic group” is optionally fused with a Ce-14 aromatic
hydrocarbon, a Cs-1p cycloalkane, a Csz-10 cycloalkene or a Ca-1o
cycloalkadiene, or optionally form a spiro ring with a Cs-1p
cycloalkane, a Csz-1p cycloalkene or a Cs-10 cycloalkadiene, or

optionally bridged.

In the present specification, the “Ce-14 aromatic
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hydrocarbon” means, for example, benzene or naphthalene.

In the present specification, the “Cs-10 cycloalkane”
means, for example, cyclopropane, cyclobutane, cyclopentane,
cyclohexane, cycloheptane, cyclooctane, cyclononane,

5 cyclodecane or the like.

In the present specification, the “Cs-ip cycloalkene”
means, for example, cyclopropene, cyclobutene, cyclopentene,
cyclohexene, cyclooctene, cyclononene, cyclodecene or the like.

In the present specification, the “Cs-10 cycloalkadiene”

10 means, for example, 1,3-cyclobutadiene, 1,3-cyclopentadiene,
1,4-cyclopentadiene, 2,4-cyclopentadiene, 1, 3-cyclohexadiene,
1, 4-cyclohexadiene, 1,5-cyclohexadiene, 2,4-cyclohexadiene,
2,5-cyclohexadiene, 1,3-cyclooctadiene, 1,4-cyclooctadiene,
1,5-cyclooctadiene, 1,6-cyclooctadiene, 1,7-cyclooctadiene,

15 2,4-cyclooctadiene, 2,5-cyclooctadiene, 2,6-cyclooctadiene,
2,7-cyclooctadiene, 3,5-cyclooctadiene, 3,6-cyclooctadiene or

the like.

Each symbol of the formula (I) is explained below.
20
In the formula (I), R! is an optionally substituted Ci-¢
alkyl group, an optionally substituted hydroxy group, an
opticnally substituted amino group, an optionally substituted
carbocyclic group, or an optionally substituted heterocyclic
25 group, or Rl is optionally bonded to the atom on Ring A to form,
together with Ring A, a spiro ring or a fused ring, each of
which is substituted by an oxo group and optiocnally further

substituted.

30 The “Ci-¢ alkyl group” of the “optionally substituted Ci-s
alkyl group” for R! optionally has 1 to 5 (preferably 1 to 3)
substituents at substitutable position(s). Examples of the
substituent include substituents selected from the following
Substituent Group A. When the number of the substituents is

35 plural, the respective substituents may be the same or
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different.

Substituent Group A:
(1) a halogen atom;
5 (2) a cyano group;
(3) a nitro group;
(4) a hydroxy group;
(5) a Csz-s cycloalkyl group optionally substituted by 1 to 3
substituents selected from
10 (a) a halogen atom,
(b) a cyano group,
(c) a Ci-¢ alkyl group optionally substituted by 1 to 3
halogen atoms, and
(d) a Ci-s alkoxy group optionally substituted by 1 to 3
15 halogen atoms;
(6) a Ce-14 aryl group optionally substituted by 1 to 3
substituents selected from
(a) a halogen atom,
(b) a cyano group,
20 (c) a Ci-¢ alkyl group optionally substituted by 1 to 3
halogen atoms, and
(d) a Ci-¢ alkoxy group optionally substituted by 1 to 3
halogen atoms;
(7) a Ci-¢ alkoxy group optionally substituted by 1 to 3
25 substituents selected from
(a) a halogen atom,
(b) a cyano group,
(c) a C3-s cycloalkyl group optionally having 1 to 3 halogen
atoms,

30 (d) a Cs-g cycloalkenyl group optionally having 1 to 3 halogen

atoms,

(e) a Cs-12 aryl group optionally having 1 to 3 halogen atoms,

and

(f) a 5- or 6-membered monocyclic aromatic heterocyclic

35 group;
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(8) a Cz-¢ alkenyloxy group (e.g., vinyloxy, propenyloxy,
butenyloxy, pentenyloxy, hexenyloxy) optionally having 1 to 3
halogen atoms;
(9) a Cz-6 alkynyloxy group (e.g., ethynyloxy, propynyloxy,
butynyloxy, pentynyloxy, hexynyloxy) optionally having 1 to 3
halogen atoms;
(10) a Cs-g cycloalkyloxy group (e.g., cyclopropyloxy,
cyclobutyloxy, cyclopentyloxy, cyclohexyloxy) optionally
having 1 to 3 halogen atoms;
(11) a Cs-g cycloalkenyloxy group (e.g., cyclopropenyloxy,
cyclobutenyloxy, cyclopentenyloxy, cyclohexenyloxy) optionally
having 1 to 3 halogen atoms;
(12) a Ce-14 aryloxy group optionally having 1 to 3 halogen
atoms;
(13) a Cy-14 aralkyloxy group opticnally having 1 to 3 halogen
atoms;
(14) a carbamoyl group optionally mono- or di-substituted by
substituent(s) selected from

(a) a Ci-s alkyl group,

(b) a Csz-s cycloalkyl group,

(c} a Cg14 aryl group,

(d) a Ci-e alkoxy group,

(e} a 5- or 6-membered monocyclic aromatic heterocyclic

group,

(f) an 8- to l12-membered fused aromatic heterocyclic group,

(g) a 3- to 8-membered monocyclic non-aromatic heterocyclic

group, and

(h) an 8- to 12-membered fused non-aromatic heterocyclic

group;
(15) a sulfamoyl group optiocnally mono- or di-substituted by
substituent(s) selected from

(a) a Ci-¢ alkyl group,

(b) a Cz-¢ cycloalkyl group,

{c) a Ce-14 aryl group,

(d) a Ci-e alkoxy group,
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(e) a 5- or 6-membered monocyclic aromatic heterocyclic
group,
(f) an 8- to 1l2-membered fused aromatic heterocyclic group,
(g) a 3- to 8-membered monocyclic non-aromatic heterocyclic
group, and
(h) an 8- to 12-membered fused non-aromatic heterocyclic
group;
(16) a formyl group;
(17) a Ci-e alkyl-carbonyl group;
(18) a Cz2-¢ alkenyl-carbonyl group (e.g., acryloyl, butenoyl,
pentenoyl, hexenoyl, heptenoyl);
(19) a Cz-¢ alkynyl-carbonyl group (e.g., propioloyl,
propynylcarbonyl, butynylcarbonyl, pentynylcarbonyl,
hexynylcarbonyl);
(20) a Cs-s cycloalkyl-carbonyl group (e.g., cyclopropylcarbonyl,
cyclobutylcarbonyl, cyclopentylcarbonyl, cyclohexylcarbonyl);
(21) a Cs-s cycloalkenyl-carbonyl group (e.g.,
cyclopropenylcarbonyl, cyclobutenylcarbonyl,
cyclopentenylcarbonyl, cyclohexenylcarbonyl);
(22) a Ce¢-14 aryl-carbonyl group (e.g., benzoyl, 1-
naphthylcarbonyl, 2-naphthylcarbonyl);
(23) a Csz-s cycloalkyl-Ci-¢ alkyl-carbonyl group (e.g.,
cyclopropylacetyl, 3-cyclopropylpropionyl, cyclobutylacetyl,
cyclopentylacetyl, cyclohexylacetyl, cyclohexylpropionyl);
(24) a Csz-s cycloalkenyl-Ci¢ alkyl-carbonyl group (e.g.,
cyclopentenylacetyl, cyclohexenylacetyl, 3-
cyclchexenylpropionyl, 3-cyclohexenylpropionyl);
(25) a Cv-14 aralkyl-carbonyl group (e.g., phenylacetyl, 3-
phenylpropionyl}) ;
(26) a 5~ or 6-membered monocyclic aromatic
heterocyclylcarbonyl group (e.g., furylcarbonyl,
thienylcarbonyl, pyrrolylcarbonyl, oxazolylcarbonyl,
isoxazolylcarbonyl, thiazolylcarbonyl, isothiazolylcarbonyl,
imidazolylcarbonyl, pyridylcarbonyl, pyrazolylcarbonyl);
(27) an 8~ to 12-membered fused aromatic heterocyclylcarbonyl
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group (e.g., benzofuranylcarbonyl, isobenzofuranylcarbonyl,
benzothienylcarbonyl, isobenzothienylcarbonyl, indolylcarbonyl,
isoindolylcarbonyl, indazolylcarbonyl, benzimidazolylcarbonyl,
benzoxazolylcarbonyl) ;

(28) a 3- to 8-membered monocyclic non-aromatic
heterocyclylcarbonyl group (e.g., oxiranylcarbonyl,
azetidinylcarbonyl, oxetanylcarbonyl, thietanylcarbonyl,
pyrrolidinylcarbonyl, tetrahydrofurylcarbonyl,
thiolanylcarbonyl, piperidylcarbonyl);

(29) an 8- to 12-membered fused non-aromatic
heterocyclylcarbonyl group (e.g., dihydrobenzofuranyl);

(30) an amino group optionally mono- or di-substituted by

substituent (s) selected from

(a) a Ci-s alkyl group optionally having 1 to 3 halogen atoms,
(b) a Ci-¢ alkyl-carbonyl group optionally having 1 to 3
halogen atoms,

(c) a Cs-s cycloalkyl-carbonyl group,

(d) a Ce-14 aryl-carbonyl group optionally having 1 to 3
halogen atoms,

(e) a 5- or 6-membered monocyclic aromatic
heterocyclylcarbonyl group,

(f) an 8- to 12-membered fused aromatic
heterocyclylcarbonyl group,

(g) a 3- to 8-membered monocyclic non-aromatic
heterocyclylcarbonyl group, and

(h) an 8- to l2-membered fused non-aromatic

heterocyclylcarbonyl group;

(31) a sulfanyl group;

(32) a Ci-s alkylsulfanyl group (e.g., methylsulfanyl,
ethylsulfanyl);

(33) a Cz2-s alkenylsulfanyl group (e.g., vinylsulfanyl,
propenylsulfanyl);

(34) a Cz-¢ alkynylsulfanyl group (e.g., ethynylsulfanyl,
propynylsulfanyl) ;

(35) a Cs-s cycloalkylsulfanyl group (e.g., cyclopropylsulfanyl,
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cyclobutylsulfanyl) ;

(36)

a Cz-g cycloalkenylsulfanyl group (e.g.,

cyclopropenylsulfanyl, cyclobutenylsulfanyl);

(37)
(38)

a Ce-14 arylsulfanyl group (e.g., phenylsulfanyl);

a Cz-g cycloalkyl-Ci-s alkylsulfanyl group

cyclopropylmethylsulfanyl);

(39)

(e.g.,

a Cs-g cycloalkenyl-Ci-¢ alkylsulfanyl group (e.g.,

cyclopentenylmethylsulfanyl);

(40)

a Ci-s alkylsulfinyl group (e.g., methylsulfinyl,

ethylsulfinyl) ;

(41)

a Cz-¢ alkenylsulfinyl group (e.g., vinylsulfinyl,

propenylsulfinyl) ;

(42)

a Cz-s alkynylsulfinyl group (e.g., ethynylsulfinyl,

propynylsulfinyl);

(43)

a Cs-g cycloalkylsulfinyl group (e.g., cyclopropylsulfinyl,

cyclobutylsulfinyl);

(44)

a Cs-g cycloalkenylsulfinyl group (e.g.,

cyclopropenylsulfinyl, cyclobutenylsulfinyl);

(45)
(46)

a Ce-14 arylsulfinyl group (e.g., phenylsulfinyl):

a Cs-g cycloalkyl-Ci-¢ alkylsulfinyl group

cyclopropylmethylsulfinyl);

(47)

(e.g.,

a Cs-g cycloalkenyl-Ci-g alkylsulfinyl group (e.g.,

cyclopentenylmethylsulfinyl);

(48)

a Ci-¢ alkylsulfonyl group (e.g., methylsulfonyl,

ethylsulfonyl);

(49)

a Cz-¢ alkenylsulfonyl group (e.g., vinylsulfonyl,

propenylsulfonyl) ;

(50)

a Cz2-¢ alkynylsulfonyl group (e.g., ethynylsulfonyl,

propynylsulfonyl) ;

(51)

a Csz-g cycloalkylsulfonyl group (e.g., cyclopropylsulfonyl,

cyclobutylsulfonyl) ;

(52)

a Cs-g cycloalkenylsulfonyl group (e.g.,

cyclopropenylsulfonyl, cyclobutenylsulfonyl);

(53)
(54)

a Ceg-14 arylsulfonyl group (e.g., phenylsulfonyl);

a Cs-g cycloalkyl-Ci-¢ alkylsulfonyl group
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cyclopropylmethylsulfonyl);

(55) a Cz-g cycloalkenyl-Ci-¢ alkylsulfonyl group (e.g.,
cyclopentenylmethylsulfonyl);
(56) a Ce-14 aryl-Ci-¢ alkylsulfonyl group (e.g.,
benzylsulfonyl);
{(57) a 5- or 6-membered monocyclic aromatic
heterocyclylsulfonyl group (e.g., furylsulfonyl,
thienylsulfonyl, pyridylsulfonyl);
(58) an 8- to l1l2-membered fused aromatic heterocyclylsulfonyl
group (e.g., benzofuranylsulfonyl, isobenzofuranylsulfonyl);
(59) a 3~ to 8-membered monocyclic non-aromatic
heterocyclylsulfonyl group (e.g., oxiranylsulfonyl,
azetidinylsulfonyl);
(60) an 8- to 12-membered fused non-aromatic
heterocyclylsulfonyl group (e.g.,
dihydrobenzofuranylsulfonyl);
(61) a 5- or 6-membered monocyclic aromatic heterocyclic group
(e.g., furyl, thienyl, pyrrolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, imidazolyl, pyridyl, pyrazolyl,
morpholinyl) optionally substituted by 1 to 3 substituents
selected from
(a) a halogen atom,
(b) a Ci-¢ alkyl group optionally substituted by 1 to 3
halogen atoms, and
(c) a Ci-s alkoxy group optionally substituted by 1 to 3
halogen atoms;
(62) an 8- to l1l2-membered fused aromatic heterocyclic group
(e.g., benzofuranyl, isobenzofuranyl, benzothienyl,
isobenzothienyl, indolyl, isoindolyl, indazolyl,
benzimidazolyl, benzoxazolyl) optionally substituted by 1 to 3
substituents selected from
(a) a halogen atom,
(b) a Ci-s alkyl group optionally substituted by 1 to 3
halogen atoms, and

(c) a Ci-s alkoxy group optionally substituted by 1 to 3
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halogen atoms;

(63) a 3- to B-membered monocyclic non-aromatic heterocyclic
group (e.g., oxiranyl, azetidinyl, oxetanyl, thietanyl,
pyrrolidinyl, tetrahydrofuryl, thiolanyl, piperidyl,
piperazinyl, dihydrooxadiazolyl, thiazolinyl) optionally
substituted by 1 to 3 substituents selected from

(a) a halogen atom,

(b) a Ci-¢ alkyl group optionally substituted by 1 to 3

halogen atoms,

(c) a Ci-¢ alkoxy group optionally substituted by 1 to 3

halogen atoms, and

(d) an oxo group;
(64) an 8- to l2-membered fused non-aromatic heterocyclic
group (e.g., dihydrobenzofuranyl) optionally substituted by 1
to 3 substituents selected from

(a) a halogen atom,

(b) a Ci-¢ alkyl group optionally substituted by 1 to 3

halogen atoms,

(c) a Ci¢ alkoxy group optionally substituted by 1 to 3

halogen atoms, and

(d) an oxo group:;
(65) a 5- or 6-membered monocyclic aromatic heterocyclyloxy
group (e.g., furyloxy, thienyloxy, pyrrolyloxy, oxazolyloxy,
isoxazolyloxy, thiazolyloxy, isothiazolyloxy, imidazolyloxy,
pyridyloxy, pyrazolyloxy);
(66) an 8- to l2-membered fused aromatic heterocyclyloxy group
(e.g., benzofuranyloxy, isobenzofuranyloxy, benzothienyloxy,
isobenzothienyloxy, indolyloxy, isoindolyloxy, indazolyloxy,
benzimidazolyloxy, benzoxazolyloxy) ;
(67) a 3- to 8-membered monocyclic non-aromatic

heterocyclyloxy group (e.g., oxiranyloxy, azetidinyloxy,

oxetanyloxy, thietanyloxy, pyrrolidinyloxy, tetrahydrofuryloxy,

thiolanyloxy, piperidyloxy);
(68) an 8- to 12-membered fused non-aromatic heterocyclyloxy

group (e.g., dihydrobenzofuranyloxy);
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(69) a carboxy group;

(70) a Ci-¢ alkoxy-carbonyl group;

(71) a Cz-¢ alkenyloxy-carbonyl group (e.g., vinyloxycarbonyl,
propenyloxycarbonyl, butenyloxycarbonyl, pentenyloxycarbonyl,
hexenyloxycarbonyl) ;

(72) a Cz-¢ alkynyloxy-carbonyl group (e.g., ethynyloxycarbonyl,
propynyloxycarbonyl, butynyloxycarbonyl, pentynyloxycarbonyl,
hexynyloxycarbonyl) ;

(73) a Csz-g cycloalkyloxy-carbonyl group (e.g.,
cyclopropyloxycarbonyl, cyclobutyloxycarbonyl,
cyclopentyloxycarbonyl, cyclohexyloxycarbonyl);

{74) a Csz-g cycloalkenyloxy-carbonyl group (e.g.,
cyclopropenyloxycarbonyl, cyclobutenyloxycarbonyl,
cyclopentenyloxycarbonyl, cyclohexenyloxycarbonyl);

(75) a Ce¢-14 aryloxy-carbonyl group (e.g., phenoxycarbonyl, 1-
naphthyloxycarbonyl, 2-naphthyloxycarbonyl);

(76) a Cz-g cycloalkyl-Ci-¢ alkoxy-carbonyl group (e.g.,
cyclopropylmethyloxycarbonyl, cyclopropylethyloxycarbonyl,
cyclobutylmethyloxycarbonyl, cyclopentylmethyloxycarbonyl,
cyclohexylmethyloxycarbonyl, cyclohexylethyloxycarbonyl) ;

(77) a Csz-g cycloalkenyl-Ci.¢ alkoxy-carbonyl group (e.g.,
cyclopentenylmethyloxycarbonyl, cyclohexenylmethyloxycarbonyl,
cyclohexenylethyloxycarbonyl, cyclohexenylpropyloxycarbonyl);
(78) a Cy-14 aralkyloxy-carbonyl group (e.g., benzyloxycarbonyl,
phenethyloxycarbonyl) ;

(79) a mono-Ci-¢ alkylthiocarbamoyl group (e.g.,
methylthiocarbamoyl, ethylthiocarbamoyl, propylthiocarbamoyl) ;
(80) a di-Ci-¢ alkylthiocarbamoyl group (e.g.,
dimethylthiocarbamoyl, diethylthiocarbamoyl,
dipropylthiocarbamoyl) ;

(81) a Ci-¢ alkyl-carbonyloxy group (e.g., acetyloxy,
propanoyloxy, butanoyloxy, 2-methylpropanoyloxy):;

(82) an imino group opticnally substituted by a hydroxy group;
and

(83) a Ci-¢ alkylenedioxy group (e.g., methylenedioxy,

56



10

15

20

25

30

35

in mouse [non-patent document 10: British Journal of
Pharmacology, vol.149, pages 998-1012, 2006}. Thus, a Cypdo
(CH24H) inhibitor showing an improvement effect for memory
disorders in AB overexpression animal model (APP transgenic
mouse, APP/PS1 double transgenic mouse, etc.) is promising as

a therapeutic drug for Alzheimer’s disease.

As a concept of the preclinical stage of Alzheimer’s
disease, a mild cognitive impairment has been proposed, and
about half of those having this disorder is said to progress
into the Alzheimer’s disease in the future. In recent years,
it has been reported that 24-HC increases not only in patients
with Alzheimer’s disease but also in CSF of patients with mild
cognitive impairment [non-patent document 7: Neurosci. Lett.,
vol.397, pages 83-87, 2006]. This finding suggests that Cyp46
(CHZ24H) is involved in the pathology of mild cognitive
impairment, and therefore, a Cyp46 (CH24H) inhibitor is
promising as a new therapeutic drug for Alzheimer’s disease or
a prophylactic drug for the progression into the Alzheimer’s

disease.

In recent years, moreover, it has been reported that 24-
HC in the blood increases before expression of the symptom in
an autoimmune encephalomyelitis model, which is an animal
model of multiple sclerosis which is one of the demyelination
diseases in the central nervous system [non-patent document
11: J. Neurosci. Res., vol.85, pages 1499-1505, 2007].
Multiple sclerosis is often developed in younger people of
about 30 years old, and scarcely developed in the elderly of
60 years or older. It has also been reported that 24-HC in the
blood increases in multiple sclerosis patients aged from 21 to
50 [non-patent document 12: -Neurosci. Lett., vol.331, pages
163-166, 2002]. These findings suggest that Cyp46 (CH24H) is
involved in the pathology of multiple sclerosis, and therefore,

a Cyp46 (CH24H) inhibitor is promising as a new therapeutic or
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ethylenedioxy) .

Examples of the “optionally substituted hydroxy group”
for R! include a hydroxy group optiocnally substituted by a
substituent selected from a Ci-10 alkyl group, a Cz-i0 alkenyl
group, a Cz-ig cycloalkyl group, a Csz-10 cycloalkenyl group, a Ce-
14 aryl group, a Cr-14 aralkyl group, a Cs-13 arylalkenyl group, a
Ci-6¢ alkyl-carbonyl group, a heterocyclic group (e.g., an
aromatic heterocyclic group, a non-aromatic heterocyclic

group) and the like, each of which is optionally substituted.

The Ci-10 alkyl group, Cz-10 alkenyl group and Ci-¢ alkyl-
carbonyl group optionally have 1 to 5 (preferably 1 to 3)
substituents at substitutable position(s). Examples of the
substituent include substituents selected from the above-
mentioned Substituent Group A. When the number of the
substituents is plural, the respective substituents may be the

same or different.

The Cz-10 cycloalkyl group, Csz-10 cycloalkenyl group and
non-aromatic heterocyclic group optionally have 1 to 5
(preferably 1 to 3) substituents at substitutable position(s).
Examples of the substituent include substituents selected from
the following Substituent Group B. When the number of the
substituents is plural, the respective substituents may be the

same or different.

Substituent Group B:
(1) the above-mentioned Substituent Group A;
(2) a Ci-s alkyl group optiocnally substituted by 1 to 3
substituents selected from
(a) a halogen atom,
(b) a cyano group,

(c) a hydroxy group,

2
o]

C3-g cycloalkyl group optionally substituted by 1 to 3
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substituents selected from

(1) a halogen atom,
(ii) a cyano group, and
(iii) a Ci-s alkyl group optionally substituted by 1 to 3
5 halogen atoms;
(e) a Ce-14 aryl group optionally substituted by 1 to 3
substituents selected from
(i) a halogen atom,
(i1) a cyano group, and
10 (1iii) a Ci-¢ alkyl group optionally substituted by 1 to 3
halogen atoms,
(f) a Ci-¢ alkoxy group optionally substituted by 1 to 3
halogen atoms,
(g) an amino group optionally mono~ or di-substituted by Ci-s
15 alkyl group(s),
(h} a 5- or 6-membered monocyclic aromatic heterocyclic
group,
(1) a 8- to l2-membered fused aromatic heterocyclic group,
(J) a 3- to 8-membered monocyclic non-aromatic heterocyclic
20 group,
(k) a 8~ to 12-membered fused non-aromatic heterocyclic
group,
{1) a carboxy group, and
(m) a Ci-¢ alkoxy-carbonyl group optionally substituted by 1
25 to 3 halogen atoms;
(3) a Cz-6 alkenyl group optionally substituted by 1 to 3
substituents selected from
{a) a halogen atom,
{(b) a hydroxy group,
30 (c) a Ci-¢ alkoxy group,
(d) an amino group optionally monc- or di-substituted by Ci-e
alkyl group(s),
(e) a carboxy group, and
(f) a Ci-s alkoxy-carbonyl group;
35 (4) a Cy-14 aralkyl group optionally substituted by 1 to 3
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substituents selected from

{a) a halogen atom,

(b) a hydroxy group,

(c) a Ci-¢ alkoxy group, and

(d) a Ci-e¢ alkyl group optionally substituted by 1 to 3
halogen atoms; and

(5) an oxo group

The Ce¢-14 aryl group, C7-14 aralkyl group, Cs-13 arylalkenyl
group and aromatic heterocyclic group have 1 to 5 (preferably
1 to 3) substituents at substitutable position(s). Examples of
the substituent include substituents selected from the above-
mentioned Substituent Group B excluding oxo. When the number
of the substituents is plural, the respective substituents may

be the same or different.

Examples of the “amino group” of the “optionally
substituted amino group” for R! include an amino group
optionally mono- or di-substituted by substituent(s) selected
from a Ci-1p alkyl group, a Cz-10 alkenyl group, a Cs-10 cycloalkyl
group, a Cs-10 cycloalkenyl group, a Ce14 aryl group, a Cr-14
aralkyl group, a Cs-13 arylalkenyl group, a heterocyclic group
(e.g., an aromatic heterocyclic group, a non-aromatic
heterocyclic group) and the like, each of which is optionally
substituted; and an acyl group. When the amino group is di-
substituted, the two substituent in combination optionally

form an optionally substituted heterocyclic group.

The Ci-10 alkyl group and Cz-10 alkenyl group optionally
have 1 to 5 (preferably 1 to 3) substituents at substitutable
position(s). Examples of the substituent include substituents
selected from the above-mentioned Substituent Group A. When
the number of the substituents is plural, the respective

substituents may be the same or different.

59



10

- 15

20

25

30

35

The Csz-i¢ cycloalkyl group, Cz-i0 cycloalkenyl group and

non-aromatic heterocyclic group optionally have 1 to 5
(preferably 1 to 3) substituents at substitutable position(s).
Examples of the substituent include substituents selected from
the above-mentioned Substituent Group B. When the number of
the substituents is plural, the respective substituents may be

the same or different.

The Cs-14 aryl group, Cr7-14 aralkyl group, Cs-13 arylalkenyl
group and aromatic heterocyclic group optionally have 1 to 5
(preferably 1 to 3) substituents at substitutable position(s}.
Examples of the substituent include substituents selected from
the above-mentioned Substituent Group B excluding oxo. When
the number of the substituents is plural, the respective

substituents may be the same or different.

Examples of the “acyl group” exemplified as the
substituent for the “amino group” include a group represented
by the formula: -CORR, -CO-ORR, -SO3R?R, -S(0)2RR, -SORA, -CO-
NRA"RB’ =~ ~CS-NR2'RB/ or -S(O),NRA'RB’ wherein R® is a hydrogen
atom, an optionally substituted hydrocarbon group, or an
optionally substituted heterocyclic group, and R® and RB’ are
the same or different and each is a hydrogen atom, an
optionally substituted hydrocarbon group, or an optionally
substituted heterocyclic group, or R* and RB/ in combination
cptionally form, together with the adjacent nitrogen atom, an
optionally substituted nitrogen-containing heterocycle, and

the like.

Examples of the “hydrocarbon group” of the “optionally
substituted hydrocarbon group” for R?, R* or R® include a Ci-10
alkyl group, a Cz2-10 alkenyl group, a Cz-10 alkynyl group, a Cs-10
cycloalkyl group, a Cz-10 cycloalkenyl group, a Ci-10
cycloalkadienyl group, a Ce-14 aryl group, a Cr-14 aralkyl group,
a Cg-13 arylalkenyl group and the like.
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The C:-10 alkyl group, Cz-10 alkenyl group and Cz-10 alkynyl

group, which are exemplified as the above-mentioned
“hydrocarbon group”, optionally have 1 to 5 (preferably 1 to
3) substituents at substitutable position{(s). Examples of the
substituent include substituents selected from the above-
mentioned Substituent Group A. When the number of the
substituents is plural, the respective substituents may be the

same or different.

The Cz-10 cycloalkyl group, Cz-i10 cycloalkenyl group and Ce-
10 cycloalkadienyl group, which are exemplified as the above-
mentioned “hydrocarbon group”, optionally have 1 to 5
(preferably 1 to 3) substituents at substitutable position(s).
Examples of the substituent include substituents selected from
the above-mentioned Substituent Group B. When the number of
the substituents is plural, the respective substituents may be

the same or different.

The Cs-14 aryl group, Cr-14 aralkyl group and Cg-13
arylalkenyl group, which are exemplified as the above-
mentioned “hydrocarbon group”, optionally have 1 to 5
(preferably 1 to 3) substituents at substitutable position(s).
Examples of the substituent include substituents selected from
the above-mentioned Substituent Group B excluding an 0xo group.
When the number of the substituents is plural, the respective

substituents may be the same or different.

The “heterocyclic group” of the “optionally substituted
heterocyclic group” for R* RR or RP’ optionally has 1 to 5
(preferably 1 to 3) substituents at substitutable position(s).
Examples of the substituent for the aromatic heterocyclic
group include the above-mentioned Substituent Group B
excluding an oxo group, and examples of the substituent for

the non-aromatic heterocyclic group include the above-
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mentioned Substituent Group B. When the number of the

substituents is plural, the respective substituents may be the

same or different.

Examples of the “nitrogen-containing heterocycle” of the
“optionally substituted nitrogen-containing heterocycle”
formed by R2” and RB’ together with the adjacent nitrogen atom
include a 5- to 7-membered nitrogen-containing heterocycle
containing, as a ring-constituting atom besides carbon atoms,
at least one nitrogen atom and optionally further containing
one or two hetero atoms selected from an oxygen atom, a sulfur
atom and a nitrogen atom. Preferable examples of the nitrogen-
containing heterocycle include pyrrolidine, imidazolidine,
pyrazolidine, piperidine, piperazine, morpholine,

thiomorpholine and the like.

The nitrogen-containing heterocycle optionally has 1 to 5
(preferably 1 to 3) substituents at substitutable position(s).
Examples of the substituent include substituents selected from
the above-mentioned Substituent Group B. When the number of
the substituents is plural, the respective substituents may be

the same or different.

Preferable examples of the “acyl group” include
(1) a formyl group;
(2) a carboxy group;
(3) a Ci-6 alkyl-carbonyl group (e.g., acetyl) optionally
substituted by 1 to 3 halogen atoms;
(4) a Ci-e alkoxy-carbonyl group (e.g., methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, tert-butoxycarbonyl)
optionally substituted by 1 to 3 halogen atoms;
(5) a Cz-10 cycloalkyl-carbonyl group (e.g., cyclopropylcarbonyl,
cyclopentylcarbonyl, cyclohexylcarbonyl);
(6) a Ce-14 aryl-carbonyl group (e.g., benzoyl, l-naphthoyl, 2-
naphthoyl) optionally substituted by 1 to 3 halogen atoms;
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(7) a carbamoyl group optionally mono- or di-substituted by
substituent(s) selected from
(a) a Ci-s alkyl group optionally substituted by 1 to 3
substituents selected from a halogen atom, a Ci-¢ alkoxy
group, a Ci-¢ alkoxy-carbonyl group and a carboxy group, and
(b) an amino group optionally mono- or di-substituted by Ci-s
alkoxy-carbonyl group(s):
(8) a Ci-e alkylsulfonyl group (e.g., methylsulfonyl,
ethylsulfonyl, isopropylsulfonyl) optionally substituted by 1
to 3 halogen atoms;
(9) a Ce-14 arylsulfonyl group (e.g., benzenesulfonyl);
{10) a sulfamoyl group;
(11) a thiocarbamoyl group;
(12) an aromatic heterocyclylcarbonyl group (e.g.,
furylcarbonyl, thienylcarbonyl) optionally substituted by 1 to
3 substituents selected from a Ci-¢ alkyl group optionally
substituted by 1 to 3 halogen atoms;
(13) a non-aromatic heterocyclylcarbonyl group (e.g.,
tetrahydrofurylcarbonyl, pyrrolidinylcarbonyl) optidnally
substituted by 1 to 3 substituents selected from a Ci-¢ alkyl
group optionally substituted by 1 to 3 halogen atoms;
and the like.

The “carbocyclic group” of the “optionally substituted
carbocyclic group” for R! optionally has 1 to 5 (preferably 1
to 3) substituents at substitutable position(s). Examples of
the substituent for the C¢-12 aryl group include the above-
mentioned Substituent Group B excluding an oxo group, and
examples of the substituent for the Cs-10 cycloalkyl group, Cs-10
cycloalkenyl group and Cs-10 cycloalkadienyl group include the
above-mentioned Substituent Group B. When the number of the
substituents is plural, the respective substituents may be the

same or different.

The “heterocyclic group” of the “optionally substituted
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heterocyclic group” for R! optionally has 1 to 5 (preferably 1
to 3) substituents at substitutable position(s). Examples of
the substituent for the aromatic heterocyclic group include

the above-mentioned Substituent Group B excluding an oxo group,
and examples of the substituent for the non-aromatic
heterocyclic group include the above-mentioned Substituent
Group B. When the number of the substituents is plural, the

respective substituents may be the same or different.

Examples of the “spiro ring or fused ring, each of which
is substituted by an oxo group and optionally further
substituted” formed by R! and the atom on Ring A in combination,
together with Ring A, include spiro rings such as 2, 8-
diazaspiro[4.5]decane, 2,7-diazaspiro[3.5]lnonane and the like,
and fused rings such as hexahydroimidazo[l,5-alpyrazine,
hexahydropyrrolo[l,2-alpyrazine and the like.

The “spiro ring or fused ring” of the “spiro ring or
fused ring, each of which is substituted by an oxo group and
opticnally further substituted” formed by R! and the atom on
Ring A in combination, together with Ring A, optionally has 1
to 5 (preferably 1 to 3) substituents at substitutable
position(s). Examples of the substituent include substituents
selected from the above-mentioned Substituent Group B. When
the number of the substituents is plural, the respective

substituents may be the same or different.

Rl is preferably an optionally substituted Ci-s alkyl
group, an optionally substituted Ci-¢ alkoxy group, an
optionally substituted amino group, an optionally substituted
C3-g cycloalkyl group, an optionally substituted Ce-14 aryl group,
or an optionally substituted non-aromatic heterocyclic group,
or R' is bonded to the atom on Ring A to form, together with
Ring A, a spiro ring substituted by oxo and optionally further
substituted.
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R! is more preferably
(1) a Ci-s alkyl group (e.g., methyl, ethyl) optionally
substituted by 1 to 3 substituents selected from
(a) a cyano group,
(b) a Ce-14 aryl group (e.g., phenyl) optionally substituted
by 1 to 3 Ci-¢ alkoxy groups (e.g., methoxy),
(c) a Ce-14 aryloxy group (e.g., phenoxy),
(d) a Csz-g cycloalkyl group (e.g., cyclopropyl),
(e) a 5~ or 6-membered monocyclic aromatic heterocyclic
group (e.g., pyrazolyl),
(f) a 8- to 1l2-membered fused aromatic heterocyclic group
(e.g., indazolyl), and
(g) a 3- to 8-membered monocyclic non-aromatic heterocyclic
group (e.g., dihydropyridyl) optionally substituted by 1 to
3 oxo groups,
(2) a Ci-¢ alkoxy group (e.g., methoxy, tert-butoxy, preferably
a Ci-3 alkoxy group (e.g., methoxy)) optionally substituted by 1

20
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to 3 Ce-14 aryl groups (e.g., phenyl),

(3) an amino group optionally mono- or di-substituted by

substituent (s) selected from

(a) a Ci-¢ alkyl group (e.g., methyl, ethyl) optionally

substituted by 1 to 3 substituents selected from

(b)

(i) a halogen atom (e.g., a fluorine atom),

(1i} a cyano group,

(iii) a Cs-s cycloalkyl group

cyclobutyl),

(iv) a Ce-14 aryl group

(e.g., phenyl)

(e.g.,

substituted by 1 to 3 halogen atoms (e.g.,

atom),

cyclopropyl,

optionally

a fluorine

(v) a 5- or 6-membered monocyclic aromatic heterocyclic

group (e.g., pyridyl),

and

(vi) a 3- to 8-membered monocyclic non-aromatic

heterocyclic group (e.g

., oxetanyl)

optionally

substituted by 1 to 3 Ci-s alkyl groups (e.g., methyl),

a Cs-g cycloalkyl group

(e.qg.,
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cyclopentyl) optionally substituted by 1 to 3 halogen atoms

(e.g., a fluorine atom),

(c) a Ce-14 aryl group (e.g., phenyl), and

(d) a 3- to 8-membered monocyclic non-aromatic heterocyclic

group (e.g., tetrahydropyranyl, oxetanyl, tetrahydrofuryl,

pyrrolidinyl) optionally substituted by 1 to 3 Ci-s alkyl

groups (e.g., methyl),
(4) a Cz-g cycloalkyl group (e.g., cyclopropyl) optionally
substituted by 1 to 3 Ce¢-14 aryl groups (e.g., phenyl),
(5) a Ce¢-14 aryl group (e.g., phenyl), or
(6) a 3- to 12-membered non-aromatic heterocyclic group
(preferably a 3- to 8-membered monocyclic non-aromatic
heterocyclic group (e.g., azetidinyl, pyrrolidinyl, piperidyl,
piperazinyl, morpholinyl, 1,1-dioxidothiomorpholinyl,
tetrahydropyranyl, 3-oxa-6-azabicyclo[3.1.1]lheptyl, 8-oxa-3-
azabicyclo[3.2.1]octyl, 2-oxa-5-azabicyclo[2.2.1lheptyl, 3-
oxa-8-azabicyclo[3.2.1]octyl, 6-oxa-3-
azabicyclo[3.1.1lheptyl)) opticnally substituted by 1 to 5
substituents selected from

{a) a halogen atom (e.g., a fluorine atom),

(b) a cyano group,

{(c) a hydroxy group,

{(d} an oxo group,

(e) a carbamoyl group,

(f} a Ci-¢ alkyl group (e.g., methyl, ethyl, isopropyl)

optionally substituted by 1 to 3 substituents selected from

(i) a hydroxy group, and
(1i) a Ci-s alkoxy group (e.g., methoxy),

(g) a Ci-s alkoxy group (e.g., methoxy, ethoxy, isopropoxy),

(h) a Ci-¢ alkoxy-carbonyl group (e.g., methoxycarbonyl), and

(i) a Ce-14 aryl group (e.g., phenyl) optionally substituted

by 1 to 3 halogen atoms (e.g., a fluorine atom), or
R! is bonded to the atom on Ring A to form, together with Ring
A, a spiro ring (e.g., 2,8-diazaspiro[4.5]decane) substituted

by oxo and optionally further substituted by 1 to 3 Ci-¢ alkyl
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prophylactic drug for multiple sclerosis.

Traumatic brain injury (also referred to as TBI in the
present specification) is a condition having an extremely
harmful influence on the personal health, for which no
effective cure has been established. In the repair process
following tissue damage by TBI, reconstruction of neuronal
cell membrane and distribution of intracerebral cholesterol
along with the growth of glial cell are suggested to be
activated [non-patent document 13: Proc. Natl. Acad. Sci. USA,
vol.102, pages 8333-8338, 2005]. 1In a rat TBI model, an
enhanced expression of Cyp46é (CH24H) after trauma has been
reported [non-patent document 14: J. Neurotrauma, vol.25,
pages 1087-1098, 2008]. Moreover, it has also been reported
that 24-HC is injurious to neuronal cells [non-patent document
8: Brain Res., vol.818, pages 171-175, 1999]. Therefore, a
Cyp46 (CH24H) inhibitor is promising as a new therapeutic or

prophylactic drug for TBI.

As a pathological significance of 24-HC in
neurodegenerative diseases, an inflammatory gene expression-
enhancing action in neuronal cells has been reported [non-
patent document 15: NeuroReport, vol.l6, pages 909-913, 2005].
In addition, it is suggested that an intracerebral
inflammation reaction accompanied by activation of glial cell
is a pathological change characteristic of neurodegenerative
diseases [non-patent document 16: Glia, vol.50, pages 427-434,
2005]. 1In recent years, an effectiveness of therapy by
suppression of intracerebral inflammation has also been
reported for neurodegenerative diseases such as Huntington’s
disease, Parkinson’s disease and amyotrophic lateral sclerosis
and the like [non-patent document 17: Mol. Neurodegeneration,
vol.4, pages 47-59, 2009]. Therefore, suppression of
intracerebral inflammation via decreasing 24-HC by the

inhibition of Cyp46 (CH24H) is promising as a new therapeutic
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groups (e.g., methyl).
[0118]

In another embodiment, R! is more preferably
(1) a Ci-s alkyl group (e.g., methyl, ethyl) optionally
5 substituted by 1 to 3 substituents selected from
(a) a cyano group,
(b) a Ce-12 aryl group (e.g., phenyl) optionally substituted
by 1 to 3 Ci-s alkoxy groups (e.g., methoxy),
(c) a Ce-14 aryloxy group (e.g., phenoxy),
10 (d) a Cs-g cycloalkyl group (e.g., cyclopropyl),
(e} a 5- or 6-membered monocyclic aromatic heterocyclic
group (e.g., pyrazolyl),
(f) a 8- to 12-membered fused aromatic heterocyclic group
(e.g., indazolyl), and
15 (g) a 3- to 8-membered monocyclic non-aromatic heterocyclic
group (e.g., dihydropyridyl) optionally substituted by 1 to
3 oxo groups,
(2) a Ci¢ alkoxy group (e.g., methoxy, tert-butoxy, preferably
a Ci-3 alkoxy group (e.g., methoxy)) optionally substituted by 1
20 to 3 Ce-14 aryl groups (e.g., phenyl),
(3) an amino group optionally mono- or di-substituted by
substituent (s) selected from
(a) a Ci-¢ alkyl group (e.g., methyl, ethyl) optionally
substituted by 1 to 3 substituents selected from
25 (i) a halogen atom (e.g., a fluorine atom),
(1ii) a cyano group,
(iii) a Cs-s cycloalkyl group (e.g., cyclopropyl,
cyclobutyl),
(iv) a Ce-14 aryl group (e.g., phenyl) optionally
30 substituted by 1 to 3 substituents selected from a
halogen atom (e.g., a fluorine atom) and a Ci-g alkoxy
group (e.g., methoxy),
(v) a 5- or 6-membered monocyclic aromatic heterocyclic
group (e.g., pyridyl), and

35 (vi) a 3- to 8-membered monocyclic non-aromatic
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heterocyclic group (e.g., oxetanyl) optionally

substituted by 1 to 3 Ci-¢ alkyl groups (e.g., methyl),
(b) a Ci-s cycloalkyl group (e.g., cyclopropyl, cyclobutyl,
cyclopentyl) optionally substituted by 1 to 3 halogen atoms
(e.g., a fluorine atom),
(c) a Cs-14 aryl group (e.g., phenyl), and
(d) a 3- to 8-membered monocyclic non-aromatic heterocyclic
group (e.g., tetrahydropyranyl, oxetanyl, tetrahydrofuryl,
pyrrolidinyl) optionally substituted by 1 to 3 Ci-¢ alkyl
groups (e.g., methyl),
(4) a Cs-g cycloalkyl group (e.g., cyclopropyl) optionally
substituted by 1 to 3 Ce-14 aryl groups (e.g., phenyl),
(5) a Ce-12 aryl group (e.g., phenyl), or
(6) a 3- to l2-membered non-aromatic heterocyclic group
(preferably a 3- to 8-membered monocyclic non-aromatic
heterocyclic group (e.g., azetidinyl, pyrrolidinyl, piperidyl,
piperazinyl, morpholinyl, 1,l-dioxidothiomorpholinyl,
tetrahydropyranyl, 3-oxa-6-azabicyclo[3.1.1lheptyl, 8-oxa-3-
azabicyclo[3.2.1]octyl, 2-oxa-5-azabicyclo[2.2.1llheptyl, 3-
oxa-8-azabicyclo[3.2.1]octyl, 6-oxa-3-azabicyclo[3.1.1]heptyl),
3,7-dioxa-9-azabicyclo[3.3.1]lnonyl)) optionally substituted by
1 to 5 substituents selected from
(a) a halogen atom (e.g., a fluorine atom),
(b) a cyano group,
(c) a hydroxy group,
(d) an oxo group,
(e) a carbamoyl group optionally mono- or di-substituted by
Ci-s alkyl group(s) (e.g., methyl),
(f) a Ci-s alkyl group (e.g., methyl, ethyl, isopropyl)
optionally substituted by 1 to 3 substituents selected from
(i) a hydroxy group, and
(ii) a Ci-s alkoxy group (e.g., methoxy),
(g} a Ci-s alkoxy group (e.g., methoxy, ethoxy, 1sopropoxy)
optionally substituted by 1 to 3 halogen atoms (e.g., a

fluorine atom),
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(h) a Ci-¢ alkoxy-carbonyl group (e.g., methoxycarbonyl), and

(i) a Ce-12 aryl group (e.g., phenyl) optionally substituted
by 1 to 3 halogen atoms (e.g., a fluorine atom), or
R! is bonded to the atom on Ring A to form, together with Ring
5 A, a spiro ring (e.g., 2,8-diazaspiro[4.5]decane) substituted
by oxo and optionally further substituted by 1 to 3 Ci-g alkyl
groups (e.g., methyl).

R! is still more preferably

10 (1) a Ci-¢ alkyl group (e.g., methyl, ethyl) optionally

substituted by 1 to 3 substituents selected from
(a) a Ci-g cycloalkyl group {e.g., cyclopropyl), and
(b) a 8- to 12-membered fused aromatic heterocyclic group
(e.g., indazolyl),

15 (2) a Ci-¢ alkoxy group (preferably a Ci-3 alkoxy group (e.g.,
methoxy)) optionally substituted by 1 to 3 Ce-14 aryl groups
(e.g., phenyl),

(3) an amino group optionally mono- or di-substituted by
substituent (s) selected from
20 (a) a Ci-¢ alkyl group (e.g., methyl, ethyl) optionally
substituted by 1 to 3 substituents selected from
(i) a halogen atom (e.g., a fluorine atom),
(ii) a Ce-14 aryl group {(e.g., phenyl) optionally
substituted by 1 to 3 halogen atoms (e.g., a fluorine
25 atom),
(iii) a 5- or 6-membered monocyclic aromatic
heterocyclic group (e.g., pyridyl), and
(iv) a 3- to 8-membered monocyclic non-aromatic
heterocyclic group (e.g., oxetanyl) optionally
30 substituted by 1 to 3 Ci-s alkyl groups {(e.g., methyl),
(b) a Csz-s cycloalkyl group (e.g., cyclopropyl, cyclopentyl),
(c) a 3- to 8-membered monocyclic non-aromatic heterocyclic
group (e.g., tetrahydropyranyl, tetrahydrofuryl), and
(d) a Ce-14 aryl group (e.g., phenyl),

35 (4) a Cz-g cycloalkyl group (e.g., cyclopropyl), or
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(5) a 3- to 8-membered monocyclic non-aromatic heterocyclic
group (e.g., azetidinyl, pyrrolidinyl, 1,1-
dioxidothiomorpholinyl, 3-oxa-6-azabicyclo[3.1.1]lheptyl)
optionally substituted by 1 to 5 substituents selected from
(a) a halogen atom (e.g., a fluorine atom),
(b) a cyano group,
(c) a carbamoyl group,
(d) a Ci-e alkyl group (e.g., methyl, isopropyl) optionally
substituted by 1 to 3 Ci-¢ alkoxy groups (e.g., methoxy),
(e) a Ci-¢ alkoxy group (e.g., methoxy), and
(f) a Ce-14 aryl group (e.g., phenyl) optionally substituted
by 1 to 3 halogen atoms (e.g., a fluorine atom), or
R! is bonded to the atom on Ring A to form, together with Ring
A, a spiro ring (e.g., 2,8-diazaspiro{4.5]decane) substituted
by oxo and optionally further substituted by 1 to 3 Ci-s alkyl
groups (e.g., methyl).

In another embodiment, R! is preferably an optionally
substituted Ci-¢ alkyl group, an optionally substituted Cig
alkoxy group, an optionally substituted amino group, an
optionally substituted Csz-g cycloalkyl group, an optionally
substituted Cs-14 aryl group, or an optionally substituted non-

aromatic heterocyclic group.

R! is more preferably

(1) a Ci6¢ alkyl group (e.g., methyl, ethyl) optionally
substituted by 1 to 3 substituents selected from

(a) a cyano group,

(b) a Ce-14 aryl group (e.g., phenyl) optionally substituted

by 1 to 3 Ci-¢ alkoxy groups (e.g., methoxy),

(c) a Cs-12 aryloxy group (e.g., phenoxy),

(d) a Cs-g cycloalkyl group (e.g., cyclopropyl),

(e) a 5- or 6-membered monocyclic aromatic heterocyclic

group (e.g., pyrazolyl),

(f) a 8- to l12-membered fused aromatic heterocyclic group
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(e.g., indazolyl), and
{(g) a 3- to 8-membered monocyclic non-aromatic heterocyclic
group (e.g., dihydropyridyl) optionally substituted by 1 to
3 oxo groups,
(2) a Ci-¢ alkoxy group (e.g., methoxy, tert-butoxy, preferably
a Ci-3 alkoxy group (e.g., methoxy)) optionally substituted by 1
to 3 Ce-14 aryl groups (e.g., phenyl),
(3) an amino group optionally mono- or di-substituted by
substituent (s) selected from
(a) a Ci¢ alkyl group (e.g., methyl, ethyl) optionally
substituted by 1 to 3 substituents selected from
(i) a halogen atom (e.g., a fluorine atom),
(ii) a cyano group,
(iii) a Csz-s cycloalkyl group (e.g., cyclopropyl,
cycleobutyl),
(iv) a Ce-14 aryl group (e.g., phenyl) optionally
substituted by 1 to 3 substituents selected from a
halogen atom (e.g., a fluorine atom) and a Ci-¢ alkoxy
group f{(e.g., methoxy),
(v) a 5- or 6-membered monocyclic aromatic heterocyclic
group (e.g., pyridyl), and
(vi) a 3- to 8-membered monocyclic non-aromatic
heterocyclic group (e.g., oxetanyl) optionally
substituted by 1 to 3 Ci-¢ alkyl groups (e.g., methyl),
(b) a Cs-s cycloalkyl group (e.g., cyclopropyl, cyclobutyl,
cyclopentyl) optionally substituted by 1 to 3 halogen atoms
(e.g., a fluorine atom),
(c) a Ce-14 aryl group (e.g., phenyl), and
(d) a 3- to 8-membered monocyclic non-aromatic heterocyclic
group (e.g., tetrahydropyranyl, oxetanyl, tetrahydrofuryl,
pyrrolidinyl) optionally substituted by 1 to 3 Ci-¢ alkyl
groups (e.g., methyl),
(4) a Css cycloalkyl group (e.g., cyclopropyl) optionally
substituted by 1 to 3 Ce-14 aryl groups (e.g., phenyl),
(5) a Ce-14 aryl group (e.g., phenyl), or
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(6) a 3- to l2-membered non-aromatic heterocyclic group

(preferably a 3~ to 8-membered monocyclic non-aromatic
heterocyclic group (e.g., azetidinyl, pyrrolidinyl, piperidyl,
piperazinyl, morpholinyl, 1,l1~-dioxidethiomorpholinyil,
tetrahydropyranyl, 3-oxa-6-azabicyclo[3.1.1]lheptyl, 8-oxa-3-
azabicyclo[3.2.1]octyl, 2-oxa-5-azabicyclo[2.2.1]lheptyl, 3-
oxa-8-azabicyclo[3.2.1]octyl, 6-oxa-3-azabicyclo[3.1.1]heptyl),
3,7~-dioxa-9-azabicyclo[3.3.1]lnonyl)) optionally substituted by
1 to 5 substituents selected from

(a) a halogen atom (e.g., a fluorine atom),

(b} a cyano group,

(c) a hydroxy group,

(d) an oxo gfoup,

(e} a carbamoyl group optionally mono- or di-substituted by

Ci-¢ alkyl group(s) (e.g., methyl),

(f) a Ci-e alkyl group (e.g., methyl, ethyl, isopropyl)

optionally substituted by 1 to 3 substituents selected from

(i) a hydroxy group, and
(ii) a Ci-¢ alkoxy group (e.g., methoxy),

(g) a Ci-¢ alkoxy group (e.g., methoxy, ethoxy, isopropoxy)

optionally substituted by 1 to 3 halogen atoms (e.g., a

fluorine atom),

(h) a Ci-¢ alkoxy-carbonyl group (e.g., methoxycarbonyl), and

(i) a Ce-14 aryl group (e.g., phenyl) optionally substituted

by 1 to 3 halogen atoms (e.g., a fluorine atom).

R! is further more preferably a 3- to 8-membered
monocyclic non-aromatic heterocyclic group (e.g.,
pyrrolidinyl) optionally substituted by 1 to 5 substituents
selected from

(a) a halogen atom (e.g., a fluorine atom),

(b) a cyano group,

(c) a carbamoyl group,

(d) a Ci-¢ alkyl group (e.g., methyl) optionally substituted
by 1 to 3 Ci-¢ alkoxy groups (e.g., methoxy), and
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(e) a Ci-¢ alkoxy group (e.g., methoxy).

R* is still more preferably a 3- to 8-membered monocyclic

non-aromatic heterocyclic group (e.g., pyrrolidinyl)

5 optionally substituted by 1 to 5 (preferably 1 to 3)
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substituents selected from

(a) a halogen atom (e.g., a fluorine atom),

(b) a cyano group,

{(c) a carbamoyl group, and

(d) a Ci-¢ alkyl group (e.g., methyl) optionally substituted
by 1 to 3 Ci-¢ alkoxy groups (e.g., methoxy).

In another embodiment, Rl is further more preferably

an amino group optionally mono- or di-substituted by

substituent(s) selected from

(a) a Ci-s alkyl group (e.g., methyl, ethyl) optionally
substituted by 1 to 3 substituents selected from
(i) a halogen atom (e.g., a fluorine atom), and
(ii) a Ce14 aryl group (e.g., phenyl) optionally
substituted by 1 to 3 halogen atoms {(e.g., a fluorine
atom), and
(b} a 3- to B8-membered monocyclic non-aromatic heterocyclic

group (e.g., tetrahydropyranyl, tetrahydrofuryl), or

(2) a 3- to 8-membered monocyclic non-aromatic heterocyclic
group (e.g., azetidinyl, pyrrolidinyl) optionally substituted
by 1 to 5 substituents selected from

(a) a halogen atom (e.g., a fluorine atom),
(b) a cyano group,

(c) a carbamoyl group,

(d) a Ci-¢ alkyl group (e.g., methyl), and
(e) a Ci-g alkoxy group (e.g., methoxy).

Rl is still more preferably

(1) an amino group optionally mono- or di-substituted by

substituent (s) selected from
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(a) a Ci-¢ alkyl group (e.g., methyl, ethyl) optionally

substituted by 1 to 3 substituents selected from
(i) a halogen atom {(e.g., a fluorine atom), and
(ii) a Ce-14 aryl group (e.g., phenyl) optionally
5 substituted by 1 to 3 halogen atoms (e.g., a fluorine
atom), and
(b) a 3- to 8-membered monocyclic non-aromatic heterocyclic
group (e.g., tetrahydropyranyl, tetrahydrofuryl), or
(2) a 3- to 8-membered monocyclic non-aromatic heterocyclic
10 group (e.g., azetidinyl, pyrrolidinyl) optionally substituted
by 1 to 5 substituents selected from
(a) a halogen atom (e.g., a fluorine atom), and

(b} a cyano group.

15 R! is particularly preferably
(1) an amino group optionally mono- or di-substituted by
substituent(s) selected from
(a) a Ci-s alkyl group (e.g., methyl, ethyl) optionally
substituted by 1 to 3 substituents selected from
20 (1) a halogen atom (e.g., a fluorine atom), and
(i1) a Ce¢-14 aryl group (e.g., phenyl) optionally
substituted by 1 to 3 halogen atoms (e.g., a fluorine
atom), and
(b) a 3- to 8-membered monocyclic non-aromatic heterocyclic
25 group (e.g., tetrahydropyranyl, tetrahydrofuryl), or
(2) a 3- to 8-membered monocyclic non-aromatic heterocyclic
group (e.g., azetidinyl, pyrrolidinyl) optionally substituted

by 1 to 3 halogen atoms (e.g., a fluorine atom).

30 In another embodiment, R! is further more preferably a 3-
to 8-membered monocyclic non-aromatic heterocyclic group (e.g.,
pyrrolidinyl) optionally substituted by 1 to 5 substituents
selected from

(a) a halogen atom (e.g., a fluorine atom),

35 (b) a cyano group,
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(c) a carbamoyl group,
(d) a Ci-6 alkyl group (e.g., methyl), and
(e) a Ci-s alkoxy group (e.g., methoxy).

R! is still more preferably a 3- to 8-membered monocyclic
non-aromatic heterocyclic group (e.g., pyrrolidinyl)
optionally substituted by 1 to 5 substituents selected from
(a) a halogen atom (e.g., a fluorine atom), and

(b} a cyano group.

In the formula (I), R? is an optionally substituted Ce-14
aryl group, or an opticnally substituted aromatic heterocyclic

group.

The “Ce¢-14 aryl group” of the “optionally substituted Cs-14
aryl group” for R? optionally has 1 to 5 (preferably 1 to 3)
substituents at substitutable position(s). Examples of the
substituent include substituents selected from the above-
mentioned Substituent Group B an oxo group. When the number of
the substituents is plural, the respective substituents may be

the same or different.

The “aromatic heterocyclic group” of the “optionally
substituted aromatic heterocyclic group” for R? optionally has
1 to 5 (preferably 1 to 3) substituents at substitutable
position(s). Examples of the substituent include substituents
selected from the above-mentioned Substituent Group B
excluding an oxo group. When the number of the substituents is
plural, the respective substituents may be the same or

different.

R? is preferably
(1) a Ce-14 aryl group (e.g., phenyl) optionally substituted by
1 to 3 substituents selected from

(a) a halogen atom (e.g., a fluorine atom, a chlorine atom),
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and

(b) a Ci-¢ alkyl group (e.g., methyl) optionally substituted
by 1 to 3 halogen atoms (e.g., a fluorine atom), or
(2) a 5- to l2-membered aromatic heterocyclic group
(preferably a 5- or 6-membered monocyclic aromatic
heterocyclic group (e.g., pyrazolyl, oxazolyl, thiazolyl,
thiadiazolyl, pyridyl), a 8- to 12-membered fused aromatic
heterocyclic group (e.g., indazolyl, benzothiazolyl))
optionally substituted by 1 to 3 substituents selected from
(a) a halogen atom (e.g., a chlorine atom, a bromine atom),
(b) a cyano group,
(c) a Ci-s alkyl group (e.g., methyl, ethyl) optionally
substituted by 1 to 3 halogen atoms (e.g., a fluorine atom),
and

(d) a Cs-sg cycloalkyl group (e.g., cyclopropyl).

R? is more preferably

(1) a Ce-14 aryl group (e.g., phenyl) optionally substituted by
1 to 3 substituents selected from

(a) a halogen atom (e.g., a fluorine atom, a chlorine atom),

and

(b) a Ci-¢ alkyl group (e.g., methyl) optionally substituted

by 1 to 3 halogen atoms (e.g., a fluorine atom), or
(2) a 5~ or 6-membered monocyclic aromatic heterocyclic group
(e.g., pyrazolyl, thiadiazolyl, pyridyl) optionally
substituted by 1 to 3 substituents selected from

(a) a halogen atom (e.g., a chlorine atom), and

(b) a Ci-¢ alkyl group (e.g., methyl).

In another embodiment, R? is more preferably
(1) a Ce-14 aryl group (e.g., phenyl) optionally substituted by
1 to 3 substituents selected from
(a) a halogen atom (e.g., a fluorine atom), and
(b) a Ci-¢ alkyl group (e.g., methyl), or

(2) a 5- to l2-membered aromatic heterocyclic group
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or prophylactic drug for neurodegenerative diseases such as
Huntington’s disease, Parkinson’s disease, cerebral infarction,

glaucoma, amyotrophic lateral sclerosis and the like.

Glaucoma is the main cause of blindness, and is
considered to be a serious social problem. However, there is
no effective cure of a normal intraocular pressure type-visual
field constriction, which is the major symptom of the disease.
In recent years, i1t has been reported that gene polymorphisms
of Cyp46 (CH24H) associated with high value of 24-HC in blood
is related to the risk of the onset of glaucoma [non-patent
document 18: Invest. Ophthalmol. Vis. Sci., vol.50, pages
5712-5717, 2009]. Thus, a Cyp46 (CH24H) inhibitor is promising

as a therapeutic or prophylactic drug for glaucoma.

Spasm is a disorder that convulsively occurs with
abnormal electrical excitation of neuronal cell in the brain.
Spasm is one of the characteristic clinical findings of
Alzheimer’s disease [Non-Patent Document 19: Epilepsia, vol.47,
pages 867-872, 2006], and the relationship between epilepsy
and onset of Alzheimer’s disease has been indicated {Non-
Patent Document 20: Epilepsia, vol.52, Supplement 1, pages 39-
46, 2011]. It has been reported that spasm occurs with high
frequency in APP/PS1 double transgenic mouse which is one of
the Alzheimer’s disease models due to AR overexpression [non-
patent document 21: J. Neurosci., vol.29, pages 3453-3462,
2012]. Furthermore, since hippocampus astrocytes induce the
expression of Cyp46 (CH24H) in a kainic acid lesion rat model,
which is one of the epilepsy models, the relationship between
this enzyme and pathology of epilepsy has been indicated [Non-
Patent Document 22: J. Neurol., vol.65, pages 652-663, 2006].
It has been reported that a therapeutic drug for spasm,
carbamazepine, shows an improving effect on short-term memory
in Y-maze test in an epileptic spasm mouse model [Non-Patent

Document 23: J. Neurol. Neurosurg. Psychiatry, vol.48, pages
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(preferably a 5- or 6-membered monocyclic aromatic

heterocyclic group (e.g., pyrazolyl, oxazolyl, thiazolyl,
thiadiazolyl, pyridyl), a 8- to l2-membered fused aromatic
heterocyclic group (e.g., benzothiazolyl)) optionally
substituted by 1 to 3 substituents selected from
(a) a halogen atom (e.g., a chlorine atom, a bromine atom),
(b) a cyano group,
(c) a Ci-¢ alkyl group (e.g., methyl) optionally substituted
by 1 to 3 halogen atoms (e.g., a fluorine atom), and

(d) a Cs-s cycloalkyl group (e.g., cyclopropyl).

R2 is still more preferably a 5- or 6-membered monocyclic
aromatic heterocyclic group (e.g., pyrazolyl, thiazolyl,
thiadiazolyl, pyridyl (preferably pyrazolyl, thiadiazolyl,
more preferably pyrazolyl)) optionally substituted by 1 to 3
substituents selected from

(a) a halogen atom (e.g., a chlorine atom), and

(b) a Ci-s alkyl group (e.g., methyl).

In another embodiment, R? is more preferably

(1) a Ce-14 aryl group (e.g., phenyl) optionally substituted by
1 to 3 halogen atoms (e.g., a fluorine atom), or
(2) a 5- or 6-membered monocyclic aromatic heterocyclic group
(e.g., pyrazolyl, thiazolyl, thiadiazolyl (preferably
pyrazolyl, thiazolyl)) optionally substituted by 1 to 3
substituents selected from

(a) a halogen atom (e.g., a chlorine atom, a bromine atom),

(b) a Ci-¢ alkyl group (e.g., methyl), and

(c) a Czg cycloalkyl group (e.g., cyclopropyl).

In the formula (I), X! is a carbon atom or a nitrogen

atom.

Xl is preferably a carbon atom.

In the formula (I), R3 is a hydrogen atom or a

77



10

15

20

25

30

35

substituent when X! is a carbon atom, or absent when X! is a

nitrogen atom.

The “substituent” for R3 means an optionally substituted
hydrocarbon group, an optionally substituted heterocyclic
group, an optionally substituted hydroxy group, an optionally
substituted sulfanyl group, an optionally substituted amino
group, an acyl group, a nitro group, a cyano group Or a .

halogen atom.

The Ci-i0 alkyl group, Cz-i10 alkenyl group and Cz-1p0 alkynyl
group, which are exemplified as the above-mentioned
“hydrocarbon group”, optionally have 1 to 5 (preferably 1 to
3) substituents at substitutable position(s). Examples of the
substituent include substituents selected from the above-
mentioned Substituent Group A. When the number of the
substituents is plural, the respective substituents may be the

same or different.

The Cs-10 cycloalkyl group, Cs-10 cycloalkenyl group and Cs-
10 cycloalkadienyl group, which are exemplified as the above-
mentioned “hydrocarbon group”, optionally have 1 to 5
(preferably 1 to 3) substituents at substitutable position(s).
Examples of the substituent include substituents selected from
the above-mentioned Substituent Group B. When the number of
the substituents is plural, the respective substituents may be

the same or different.

The Cs-14 aryl group, C7-14 aralkyl group and Cg-13
arylalkenyl group, which are exemplified as the above-
mentioned “hydrocarbon group”, optionally have 1 to 5

(preferably 1 to 3) substituents at substitutable position(s).

" Examples of the substituent include substituents selected from

the above-mentioned Substituent Group B excluding an oxo group.

When the number of the substituents is plural, the respective
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substituents may be the same or different.

Examples of the “optionally substituted heterocyclic
group” exemplified as the “substituent” for R3? include those
similar to the “optionally substituted heterocyclic group” for

RL.

Examples of the “optionally substituted hydroxy group”
exemplified as the “substituent” for R3 include those similar

to the “optionally substituted hydroxy group” for RI.

Examples of the “optionally substituted sulfanyl group”
exemplified as the “substituent” for R3 include a sulfanyl
group optionally substituted by a substituent selected from a
Ci-10 alkyl group, a Cz-i0 alkenyl group, a Csz-10 cycloalkyl group,
a Cz-10 cycloalkenyl group, a Ce14 aryl group, a Cr-14 aralkyl
group, a Cs-13 arylalkenyl group, a Ci-s¢ alkyl-carbonyl group, a
heterocyclic group (e.g., an aromatic heterccyclic group, a
non-aromatic heterocyclic group) and the like, each of which

is optionally substituted.

The Ci-10 alkyl group, Cz-10 alkenyl group and Ci-¢ alkyl-
carbonyl group optionally have 1 to 5 (preferably 1 to 3)
substituents at substitutable position(s). Examples of the
substituent include substituents selected from the above-
mentioned Substituent Group A. When the number of the
substituents is plural, the respective substituents may be the

same or different.

The Cs-10 cycloalkyl group, Cs-10 cycloalkenyl group and
non-aromatic heterocyclic group optionally have 1 to 5
(preferably 1 to 3) substituents at substitutable position(s).
Examples of the substituent include substituents selected from
the above-mentioned Substituent Group B. When the number of

the substituents is plural, the respective substituents may be
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the same or different.

The Ce-12 aryl group, Cr-14 aralkyl group, Cs-i3 arylalkenyl
group and aromatic heterocyclic group optionally have 1 to 5
5 (preferably 1 to 3) substituents at substitutable position(s).
Examples of the substituent include substituents selected from
the above-mentioned Substituent Group B excluding oxo. When
the number of the substituents is plural, the respective
substituents may be the same or different.
10
Examples of the “optionally substituted amino group”
exemplified as the “substituent” for R3® include those similar

to the “optionally substituted amino group” for RI.

15 Examples of the “acyl group” exemplified as the
“substituent” for R3 include those similar to the “acyl group”
exemplified as the substituent of the “optionally substituted

amino group” for R!.

20 R3 is preferably
(1) a hydrogen atom, or

(2) a halogen atom (e.g., a fluorine atom).

R3 is more preferably a hydrogen atom

25

In the formula (I), Ring A is

30 each of which is optionally further substituted and optionally
bridged.
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Examples of the

N

or

in Ring A, each of which is optionally bridged, include 8-
azabicyclo[3.2.1]octane, 2,5-diazabicyclo[2.2.1]heptane, 3-
azabicyclo[3.1.0]hexane and the like. 8-
Azabicyclo[3.2.1]octane and 2,5-diazabicyclo[2.2.1]heptane are

preferable.

The

in Ring A, each of which is optionally bridged, is preferably
optionally bridged

The
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in Ring A, each of which is optionally bridged, optionally has
1 to 5 (preferably 1 to 3) substituents at substitutable
position(s). Examples of the substituent include substituents
selected from the above-mentioned Substituent Group B. When
the number of the substituents is plural, the respective

substituents may be the same or different.

Ring A is preferably

each of which is optionally bridged (e.g., the ring
represented by the above-mentioned formula, 8-
azabicyclo[3.2.1]octane, 2,5-diazabicyclo[2.2.1]lheptane, 3-
azabicyclo[3.1.0}lhexane), each of which is optionally further
substituted by 1 to 5 (preferably 1 to 3) substituents
selected from

(a) a halogen atom (e.g., a fluorine atom),

(b) a Ci-s alkyl group (e.g., methyl), and

{c} an oxo group.

Ring A is more preferably
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each of which is optionally further substituted by 1 to 3

substituents selected from
(a) a halogen atom (e.g., a fluorine atom),
5 (b) a Ci-¢ alkyl group (e.g., methyl), and
(c) an oxo group, Or
(2) a 8-azabicyclo[3.2.1l]octane ring, a 2,5-

diazabicyclo[2.2.1]lheptane ring or a 3-azabicyclo[3.1.0]hexane

ring.
10
Ring A is further more preferably
(1)
or L\k//N\
15

each of which is optionally further substituted by 1 to 3
substituents selected from
(a) a halogen atom (e.g., a fluorine atom), and
(b) a Ci-6¢ alkyl group (e.g., methyl), or
20 (2) a 8-azabicyclo[3.2.1]octane ring or a 2,5-

diazabicyclo[2.2.1lheptane ring.

Ring A is still more preferably

25

Ring A is particularly preferably
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Preferable examples of compound (I) include the following
5 compounds.
[Compound A-1]
Compound (I) wherein
R! is an optionally substituted Ci¢ alkyl group, an
optionally substituted Ci-¢ alkoxy group, an optionally
10 substituted amino group, an optionally substituted Csz-s
cycloalkyl group, an optionally substituted Ce-14 @ryl group, oxr
an optionally substituted non-aromatic heterocyclic group, oOr
R! is bonded to the atom on Ring A to form, together with Ring
A, a spiro ring substituted by an oxo group and optionally
15 further substituted;
R? is an optionally substituted Ce-14 aryl group, or an
optionally substituted aromatic heterocyclic group;
X! is a carbon atom or a nitrogen atom;
R3 is a hydrogen atom or a substituent when X! is a
20 carbon atom, or absent when X! is a nitrogen atom; and

Ring A is

25 each of which is optionally further substituted and optionally
bridged.

[Compound A-2]
Compound (I) wherein

30 R! is an optionally substituted Ci-¢ alkyl group, an
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optionally substituted C:-¢ alkoxy group, an optionally

substituted amino group, an optionally substituted Cs-s
cycloalkyl group, an optionally substituted Ce14 aryl group, or
an optionally substituted non-aromatic heterocyclic group;

R? is an optionally substituted Ce14 aryl group, or an
optionally substituted aromatic heterocyclic group;

X! is a carbon atom or a nitrogen atom;

R3 is a hydrogen atom or a substituent when X! is a
carbon atom, or absent when X! is a nitrogen atom; and

Ring A is

each of which is optionally further substituted and optionally
bridged.

[Compound B-1]
Compound (I) wherein
Rl is
(1) a Ci-¢ alkyl group (e.g., methyl, ethyl) optionally
substituted by 1 to 3 substituents selected from
(a) a cyano group,
(b) a Ce-12 aryl group (e.g., phenyl) optionally substituted
by 1 to 3 Ci-¢ alkoxy groups (e.g., methoxy),
(c) a Ce-14 aryloxy group (e.g., phenoxy),
(d) a Cs-s cycloalkyl group (e.g., cyclopropyl),
(e) a 5- or 6-membered monocyclic aromatic heterocyclic
group (e.g., pyrazolyl),
(f) a 8- to 12-membered fused aromatic heterocyclic group
(e.g., indazolyl), and
(g) a 3- to 8-membered monocyclic non-aromatic heterocyclic

group (e.g., dihydropyridyl) optionally substituted by 1 to
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3 oxXo groups,
(2) a Ci-e alkoxy group (e.g., methoxy, tert-butoxy, preferably
a Ci-3 alkoxy group (e.g., methoxy)) optionally substituted by 1
to 3 Cg-14 aryl groups (e.g., phenyl),
(3) an amino group optionally mono- or di-substituted by
substituent (s) selected from
(a) a Ci-¢ alkyl group {(e.g., methyl, ethyl) optionally
substituted by 1 to 3 substituents selected from
(i) a halogen atom (e.g., a fluorine atom),
(ii) a cyano group,
(1ii) a Cszg cycloalkyl group (e.g., cyclopropyl,
cyclobutyl),
(iv) a Ce-14 aryl group (e.g., phenyl) optionally
substituted by 1 to 3 halogen atoms (e.g., a fluorine
atom),
(v) a 5- or 6-membered monocyclic aromatic heterocyclic
group (e.g., pyridyl), and
(vi) a 3- to 8-membered monocyclic non-aromatic
heterocyclic group (e.g., oxetanyl) optionally
substituted by 1 to 3 Ci-¢ alkyl groups {(e.g., methyl),
(b) a Cz-s cycloalkyl group (e.g., cyclopropyl, cyclobutyl,
cyclopentyl) optionally substituted by 1 to 3 halogen atoms
(e.g., a fluorine atom),
(c) a Ce-14 aryl group (e.g., phenyl), and
(d) a 3- to 8-~membered monocyclic non-aromatic heterocyclic
group (e.g., tetrahydropyranyl, oxetanyl, tetrahydrofuryl,
pyrrolidinyl) optionally substituted by 1 to 3 Ci-s alkyl
groups (e.g.( methyl),
(4) a Cs-g cycloalkyl group (e.g., cyclopropyl) optionally
substituted by 1 to 3 Ce-14 aryl groups (e.g., phenyl),
(53) a Ce-14 aryl group (e.g., phenyl), or
(6) a 3~ to l2-membered non-aromatic heterocyclic group
(preferably a 3- to 8-membered monocyclic non-aromatic
heterocyclic group {(e.g., azetidinyl, pyrrolidinyl, piperidyl,
piperazinyl, morpholinyl, 1,1l-dioxidothiomorpholinyl,
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459-468, 1985]. Therefore, a CH24H inhibitor, which shows an
improving effect on short-term memory in a model animal
showing a spasm symptom, is promising as a novel therapeutic

drug or prophylaxis drug for spasm, epilepsy, and the like.

Since schizophrenia shows a variety of psychological
symptoms such as hallucination, delusion, excitation, manic-
depressive state and the like, therapeutic drugs therefor have
been developed with various approaches. In recent years, it
has been pointed out that changes in the cholesterol
metabolism are involved in the abnormality of neural activity
seen in schizophrenia [non-patent document 24: J. Psychiatry
Neurosci., vol.36, pages 47-55, 2011]1. Since cytotoxic factors
such as oxidative stress also contribute to the pathology of
schizophrenia, neuronal cell toxicity of 24-HC may aggravate
the symptoms [non-patent document 25: Psychoneuroendocrinology,
vol.28, pages 83-96, 2003]. Therefore, a Cyp46 (CH24H)
inhibitor that inhibits metabolizing cholesterol to 24-HC in
the brain is promising as a therapeutic or prophylactic drug

for schizophrenia.

Examples of the compound having a structure similar to
the compound described in the present specification include
the following compounds.

Patent Document 1 discloses the following compound as an

agent for the treatment of HIV, AIDS and the like.

R-;g Rﬂ
O R‘Q R12

A)ﬁr“ﬁ“"“z

¢! R16 g 7 R13

wherein

Ring A is
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tetrahydropyranyl, 3-oxa-6-azabicyclo[3.1.1]lheptyl, 8-oxa-3-
azabicyclo[3.2.1]octyl, 2-oxa-5-azabicyclo[2.2.1]lheptyl, 3-
oxa-8-azabicyclo[3.2.1]loctyl, 6-oxa-3-
azabicyclo[3.1.1lheptyl)) optionally substituted by 1 to 5
substituents selected from
(a) a halogen atom (e.g., a fluorine atom),
(b) a cyano group,
(c) a hydroxy group,
(d) an oxo group,
(e) a carbamoyl group,
(f) a Ci-s alkyl group (e.g., methyl, ethyl, isopropyl)
optiocnally substituted by 1 to 3 substituents selected from
(i) a hydroxy group, and
(i1} a Ci-s alkoxy group (e.g., methoxy),
{g) a Ci-s alkoxy group (e.g., methoxy, ethoxy, isopropoxy),
(h) a Ci-e alkoxy-carbonyl group (e.g., methoxycarbonyl), and
(1) a Ce-14 aryl group (e.g., phenyl) optionally substituted
by 1 to 3 halogen atoms (e.g., a fluorine atom), or
R! is bonded to the atom on Ring A to form, together with Ring
A, a spiro ring (e.g., 2,8-diazaspiro[4.5]decane) substituted
by oxo and optionally further substituted by 1 to 3 Ci-s alkyl
groups (e.g., methyl);
R? is
(1) a Ce-14 aryl group (e.g., phenyl) optionally substituted by
1 to 3 substituents selected from
(a} a halogen atom (e.g., a fluorine atom, a chlorine atom),
and
(b) a Ci-¢ alkyl group (e.g., methyl) optionally substituted
by 1 to 3 halogen atoms (e.g., a fluorine atom), or
(2) a 5- to 1l2-membered aromatic heterocyclic group
(preferably a 5- or 6-membered monocyclic aromatic
heterocyclic group (e.g., pyrazolyl, oxazolyl, thiazolyl,
thiadiazolyl, pyridyl), a 8- to 12-membered fused aromatic
heterocyclic group (e.g., indazolyl, benzothiazolyl))
optionally substituted by 1 to 3 substituents selected from
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(a) a halogen atom (e.g., a chlorine atom, a bromine atom),
(b) a cyano group,
(c) a Ci-s alkyl group (e.g., methyl, ethyl) optionally
substituted by 1 to 3 halogen atoms (e.g., a fluorine atom),
5 and
(d) a Cs-s cycloalkyl group (e.g., cyclopropyl):;
Xl is a carbon atom or a nitrogen atom;
R3 is
(1) a hydrogen atom, or
10 {2) a halogen atom (e.g., a fluorine atom); and

Ring A is

15 each of which is optionally bridged (e.g., the ring
represented by the above-mentioned formula, 8-
azabicyclo[3.2.1]octane, 2,5-diazabicyclo[2.2.1]lheptane, 3-
azabicyclo[3.1.0]lhexane), each of which is optionally further
substituted by 1 to 5 (preferably 1 to 3) substituents

20 selected from

(a) a halogen atom (e.g., a fluorine atom),
(b) a Ci-s alkyl group (e.g., methyl), and

(c) an oxo group.

25 [Compound B-2]
Compound (I) wherein
Rl is
(1) a Ci-¢ alkyl group (e.g., methyl, ethyl) optionally
substituted by 1 to 3 substituents selected from
30 (a) a cyano group,
(b) a Ce-14 aryl group (e.g., phenyl) optionally substituted
by 1 to 3 Ci-¢ alkoxy groups (e.g., methoxy),
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(c) a Ce-14 aryloxy group (e.g., phenoxy),
(d) a Cs-g cycloalkyl group (e.g., cyclopropyl),
(e) a 5- or 6-membered monocyclic aromatic heterocyclic
group (e.g., pyrazolyl),
(f) a 8- to 1l2-membered fused aromatic heterocyclic group
(e.g., indazolyl), and
(g) a 3- to 8-membered monocyclic non-aromatic heterocyclic
group (e.g., dihydropyridyl) optionally substituted by 1 to
3 oxo groups,
(2) a Ci-¢ alkoxy group (e.g., methoxy, tert-butoxy, preferably
a Ci-3 alkoxy group (e.g., methoxy)) optionally substituted by 1
to 3 Ce-14 aryl groups (e.g., phenyl),
(3) an amino group optionally mono- or di-substituted by
substituent(s) selected from
(a) a Ci-¢ alkyl group (e.g., methyl, ethyl) optionally
substituted by 1 to 3 substituents selected from
(i) a halogen atom (e.g., a fluorine atom),
(ii1) a cyano group,
(iii) a Csz-s cycloalkyl group (e.g., cyclopropyl,
cyclobutyl),
(iv) a Ce-14 aryl group (e.g., phenyl) optionally
substituted by 1 to 3 substituents selected from a
halogen atom (e.g., a fluorine atom) and a Ci-¢ alkoxy
group (e.g., methoxy),
(v) a 5- or 6-membered monocyclic aromatic heterocyclic
group (e.g., pyridyl), and
(vi) a 3- to 8-membered monocyclic non-aromatic
heterocyclic group (e.g., oxetanyl) optionally
substituted by 1 to 3 Ci-s alkyl groups (e.g., methyl),
(b) a Cs-s cycloalkyl group (e.g., cyclopropyl, cyclobutyl,
cyclopentyl) optionally substituted by 1 to 3 halogen atoms
(e.g., a fluorine atom),
(c} a Cg-14 aryl group (e.g., phenyl), and
(d) a 3- to 8-membered monocyclic non-aromatic heterocyclic

group (e.g., tetrahydropyranyl, oxetanyl, tetrahydrofuryl,

89



pyrrolidinyl) optionally substituted by 1 to 3 Ci-¢ alkyl
groups (e.g., methyl),
(4) a Cs-s cycloalkyl group (e.g., cyclopropyl) optionally
substituted by 1 to 3 Ce-14 aryl groups (e.g., phenyl),

5 (5) a Ce-14 aryl group (e.g., phenyl), or
(6) a 3- to 12-membered non-aromatic heterocyclic group
(preferably a 3- to 8-membered monocyclic non-aromatic
heterocyclic group (e.g., azetidinyl, pyrrolidinyl, piperidyl,
piperazinyl, morpholinyl, 1,1l-dioxidothiomorpholinyl,

10 tetrahydropyranyl, 3-oxa-6-azabicyclo[3.1.1l]lheptyl, 8-oxa-3-
azabicyclo[3.2.1]octyl, 2-oxa-5-azabicyclo[2.2.1]heptyl, 3-
oxa-8-azabicyclo[3.2.1]octyl, 6-oxa-3-azabicyclo[3.1.1l]lheptyl),
3,7-dioxa-9-azabicyclo[3.3.1]lnonyl)) optionally substituted by
1 to 5 substituents selected from

15 (a) a halogen atom (e.g., a fluorine atom),

(b} a cyano group,

(c) a hydroxy group,

(d) an oxo group,

(e} a carbamoyl group optionally mono- or di-substituted by

20 Ci-¢ alkyl group(s) (e.g., methyl),

(f) a Ci-¢ alkyl group (e.g., methyl, ethyl, isopropyl)
optionally substituted by 1 to 3 substituents selected from
(i) a hydroxy group, and
(ii) a Ci-s alkoxy group (e.g., methoxy),

25 (g} a Ci-¢ alkoxy group (e.g., methoxy, ethoxy, ilsopropoxy)
optionally substituted by 1 to 3 halogen atoms (e.g., a
fluorine atom),

(h) a Ci-s alkoxy-carbonyl group (e.g., methoxycarbonyl), and
(i) a Ce-14 aryl group (e.g., phenyl) optionally substituted

30 by 1 to 3 halogen atoms (e.g., a fluorine atom), or
R! is bonded to the atom on Ring A to form, together with Ring
A, a spiro ring {(e.g., 2,8-diazaspiro[4.5]decane) substituted
by oxo and optionally further substituted by 1 to 3 Ci-¢ alkyl
groups (e.g., methyl);

35 R2 is
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(1) a Ce-14 aryl group (e.g., phenyl) optionally substituted by
1 to 3 substituents selected from
(a) a halogen atom (e.g., a fluorine atom, a chlorine atom),
and
(b) a Ci-s alkyl group (e.g., methyl) optionally substituted
by 1 to 3 halogen atoms (e.g., a fluorine atom), or
(2) a 5- to 12-membered aromatic heterocyclic group
(preferably a 5- or 6-membered monccyclic aromatic
heterocyclic group (e.g., pyrazolyl, oxazolyl, thiazolyl,
thiadiazolyl, pyridyl), a 8- to l2-membered fused aromatic
heterocyclic group (e.g., indazolyl, benzothiazolyl))
optionally substituted by 1 to 3 substituents selected from
(a) a halogen atom (e.g., a chlorine atom, a bromine atom),
(b} a cyano group,
(c) a Ci-s¢ alkyl group (e.g., methyl, ethyl) optionally
substituted by 1 to 3 halogen atoms (e.g., a fluorine atom),
and
(d) a Cz-s cycloalkyl group (e.g., cyclopropyl):
Xl is a carbon atom or a nitrogen atom;
R3 is
(1) a hydrogen atom, or
(2) a halogen atom (e.g., a fluorine atom); and

Ring A is

each if which is optionally bridged (e.g., the ring
represented by the above-mentioned formula, 8-
azabicyclo[3.2.1)octane, 2,5-diazabicyclo[2.2.1]lheptane, 3-
azabicyclo[3.1.0lhexane), each of which is optionally further
substituted by 1 to 5 (preferably 1 to 3) substituents

selected from
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(2) a halogen atom (e.g., a fluorine atom),
(b) a Ci-¢ alkyl group (e.g., methyl), and

(c) an oxo group.

5 [Compound B-3]
Compound (I) wherein
Rt is
(1) a Ci-¢ alkyl group (e.g., methyl, ethyl) optionally
substituted by 1 to 3 substituents selected from
10 (a) a cyano group,
(b) a Ce-14 aryl group (e.g., phenyl) optionally substituted
by 1 to 3 Ci-¢ alkoxy groups (e.g., methoxy),
(c) a Ce-14 aryloxy group (e.g., phenoxy),
(d) a Cs-g cycloalkyl group (e.g., cyclopropyl),
15 (e) a 5- or 6-membered monocyclic aromatic heterocyclic
group (e.g., pyrazolyl),
(f) a 8- to 12-membered fused aromatic heterocyclic group
(e.g., indazolyl), and
(g) a 3- to 8-membered monocyclic non-aromatic heterocyclic
20 group (e.g., dihydropyridyl) optionally substituted by 1 to
3 oxo groups,
(2) a Ci-3 alkoxy group (e.g., methoxy) optionally substituted
by 1 to 3 Ce-14 aryl groups (e.g., phenyl),
(3) an amino group optionally mono- or di-substituted by
25 substituent(s) selected from
(a) a Ci¢ alkyl group (e.g., methyl, ethyl) optionally
substituted by 1 to 3 substituents selected from
(i) a halogen atom (e.g., a fluorine atom),
(ii) a cyano group,
30 (iii) a Cs-s cycloalkyl group (e.g., cyclopropyl,
cyclobutyl),
(iv) a Ce-14 aryl group (e.g., phenyl) optionally
substituted by 1 to 3 substituents selected from a
halogen atom (e.g., a fluorine atom) and a Ci-¢ alkoxy

35 group (e.g., methoxy),
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(v) a 5- or 6-membered monocyclic aromatic heterocyclic

group (e.g., pyridyl), and
(vi) a 3- to 8-membered monocyclic non-aromatic
heterocyclic group (e.g., oxetanyl) optionally
substituted by 1 to 3 Ci-s alkyl groups (e.g., methyl),
(b) a Cs-s cycloalkyl group (e.g., cyclopropyl, cyclobutyl,
cyclopentyl) optionally substituted by 1 to 3 halogen atoms
(e.g., a fluorine atom),
(c) a C¢-14 aryl group {(e.g., phenyl), and
(d) a 3- to 8-membered monocyclic non-aromatic heterocyclic
group (e.g., tetrahydropyranyl, oxetanyl, tetrahydrofuryl,
pyrrolidinyl) optionally substituted by 1 to 3 Ci-s alkyl
groups (e.g., methyl),
(4) a Csz-s cycloalkyl group (e.g., cyclopropyl) optionally
substituted by 1 to 3 Ce¢-12 aryl groups (e.g., phenyl),
(5) a Ce-14 aryl group (e.g., phenyl), or
(6) a 3- to l2-membered non-aromatic heterocyclic group
(preferably a 3- to 8-membered monocyclic non-arcmatic
heterocyclic group (e.g., azetidinyl, pyrrolidinyl, piperidyl,
piperazinyl, morpholinyl, 1,1-dioxidothiomorpholinyl,
tetrahydropyranyl, 3-oxa-6-azabicyclo[3.1.1]heptyl, 8-oxa-3-
azabicyclo[3.2.1]loctyl, 2-oxa-5-azabicyclo[2.2.1lheptyl, 3-
oxa-8-azabicyclo[3.2.1loctyl, 6-oxa-3-azabicyclo[3.1.1]lheptyl),
3,7-dioxa-9~azabicycle[3.3.1]lnonyl)) optionally substituted by
1 to 5 substituents selected from
(a) a halogen atom (e.g., a fluorine atom),
(b) a cyano group,
(c) a hydroxy group,
(d) an oxo group,
(e) a carbamoyl group optionally mono- or di-substituted by
Ci-s alkyl group(s) (e.g., methyl),
(f) a Ci-¢ alkyl group (e.g., methyl, ethyl, isopropyl)
optionally substituted by 1 to 3 substituents selected from
(1) a hydroxy group, and
(1i) a CL% alkoxy group (e.g., methoxy),
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(g) a Ci-s alkoxy group (e.g., methoxy, ethoxy, isopropoxy)
optionally substituted by 1 to 3 halogen atoms (e.g., a
fluorine atom),
(h) a Ci-s alkoxy-carbonyl group (e.g., methoxycarbonyl), and
(i) a Cs-14 aryl group (e.g., phenyl) optionally substituted
by 1 to 3 halogen atoms (e.g., a fluorine atom}, or
Rl is bonded to the atom on Ring A to form, together with Ring
A, a spiro ring (e.g., 2,8-diazaspiro[4.5]decane) substituted
by oxo and optionally further substituted by 1 to 3 Ci-¢ alkyl
groups (e.g., methyl);
R? is
(1) a Ce¢-14 aryl group (e.g., phenyl) optionally substituted by
1 to 3 substituents selected from
(a) a halogen atom (e.g., a fluorine atom, a chlorine atom),
and
(b) a Ci-¢ alkyl group (e.g., methyl) optionally substituted
by 1 to 3 halogen atoms (e.g., a fluorine atom), or
(2) a 5- to 12-membered aromatic heterocyclic group
(preferably a 5- or 6-membered monocyclic arcmatic
heterocyclic group (e.g., pyrazolyl, oxazolyl, thiazolyl,
thiadiazolyl, pyridyl), a 8- to 12-membered fused aromatic
heterocyclic group (e.g., indazolyl, benzothiazolyl))
optionally substituted by 1 to 3 substituents selected from
(a) a halogen atom {(e.g., a chlorine atom, a bromine atom),
(b) a cyano group,
(c) a Ci-s alkyl group (e.g., methyl, ethyl) optionally
substituted by 1 to 3 halogen atoms (e.g., a fluorine atom),
and
(d) a Cs-g cycloalkyl group (e.g., cyclopropyl);
Xl is a carbon atom or a nitrogen atom;
R3 is
(1) a hydrogen atom, or
(2) a halogen atom {(e.g., a fluorine atom); and

Ring A is
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each of which is optionally bridged (e.g., the ring
represented by the above-mentioned formula, 8-

5 azabicyclo[3.2.1]octane, 2,5-diazabicyclo[2.2.1]heptane, 3-
azabicyclo[3.1.0]lhexane), each of which is optionally further
substituted by 1 to 5 (preferably 1 to 3) substituents
selected from

(a) a halogen atom (e.g., a fluorine atom),

10 (b) a Ci-¢ alkyl group (e.g., methyl), and

(c) an oxo group.

[Compound B-4]
Compound (I) wherein
15 R! is
(1) a Ci-¢ alkyl group (e.g., methyl, ethyl) optionally
substituted by 1 to 3 substituents selected from
(a) a cyano group,
(b) a Ce-12 aryl group (e.g., phenyl) optionally substituted
20 by 1 to 3 Ci-¢ alkoxy groups (e.g., methoxy),
(c) a Cg-14 aryloxy group {e.g., phenoxy),
(d) a Cs-g cycloalkyl group (e.g., cyclopropyl),
(e) a pyrazolyl group,
(f) an indazolyl group, and
25 (g) a dihydropyridyl group optionally substituted by 1 to 3
0X0O groups,
(2) a Ci-¢ alkoxy group (e.g., methoxy, tert-butoxy, preferably
a Ci-3 alkoxy group (e.g., methoxy)) optionally substituted by 1
to 3 Ce-14 aryl groups (e.g., phenyl),
30 (3) an amino group optionally mono- or di-substituted by
substituent (s) selected from

(a) a Ci-¢ alkyl group (e.g., methyl, ethyl) optionally
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substituted by 1 to 3 substituents selected from
(i) a halogen atom (e.g., a fluorine atom),
(ii) a cyano group,
(iii) a Ca-s cycloalkyl group (e.g., cyclopropyl,
cyclobutyl),
(iv) a Cg-14 aryl group (e.g., phenyl) opticnally
substituted by 1 to 3 substituents selected from a
halogen atom (e.g., a fluorine atom) and a Ci-¢ alkoxy
group (e.g., methoxy),
(v} a pyridyl group, and
(vi) an oxetanyl group optionally substituted by 1 to 3
Ci-¢ alkyl groups (e.g., methyl),
(b) a Cs-g cycloalkyl group (e.g., cyclopropyl, cyclobutyl,
cyclopentyl) optionally substituted by 1 to 3 halogen atoms
(e.g., a fluorine atom),
(c) a Ce-14 aryl group (e.g., phenyl), and
(d) a tetrahydropyranyl group, an oxetanyl group, a
tetrahydrofuryl group and a pyrrolidinyl group, each of
which is optionally substituted by 1 to 3 Ci-¢ alkyl groups
(e.g., methyl)},
(4) a Cs-g cycloalkyl group {(e.g., cyclopropyl) optionally
substituted by 1 to 3 Ce-14 aryl groups (e.g., phenyl),
(5) a Ce¢-14 aryl group (e.g., phenyl), or
(6) a 3- to 8-membered monocyclic non-aromatic heterocyclic
group (e.g., azetidinyl, pyrrolidinyl, piperidyl, piperazinyl,
morpholinyl, 1,1-dioxidothiomorpholinyl, tetrahydropyranyl, 3-
oxa-6-azabicyclo[3.1.1lheptyl, 8-oxa-3-azabicyclo[3.2.1]octyl,
2-oxa~b-azabicyclo[2.2.1lheptyl, 3-oxa-8-
azabicyclo[3.2.1]octyl, 6-oxa-3-azabicyclo[3.1.1]lheptyl) or a
3,7-dioxa-9-azabicyclo[3.3.1]nonyl group, each of which is
optionally substituted by 1 to 5 substituents selected from
(a) a halogen atom (e.g., a fluorine atom),
(b) a cyano group,
(¢} a hydroxy group,

(d) an oxo group,
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CLAIMS

1. A compound represented by the formula (I): o
O
R1 R2
X 0
{ \\)(1’R
y

N

wherein
Rl is

(1) a Ci-¢ alkyl group optionally substituted by 1 to 3
substituents selected from
(a) a cyano group,
(b) a Ce-14 aryl group optionally substituted by 1 to 3 Ci
alkoxy groups,
(c) a Cg¢14 aryloxy group,
(dy a Cs-g cycloalkyl group,
(e) a pyrazolyl group,
(f) an indazolyl group, and
(g) a dihydropyridyl group optionally substituted by 1 to 3
0XO groups,
(2) a Ci-¢ alkoxy group optionally substituted by 1 to 3 Ce-ad
aryl groups,
(3) an amino group optionally mono- or di-substituted by
substituent (s) selected from
(a) a Ci-¢ alkyl group optionally substituted by 1 to 3
substituents selected from
(i) a halogen atom,
(ii) a cyano group,
{(iii) a Cs-g cycloalkyl group,
(iv) a Ce1s aryl group optionally substituted by 1 to 3
substituents selected from a halogen atom and a Ci-s
alkoxy group,
{(v) a pyridyl group, and
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