10

15

- 20

30

35

1

DESCRIPTION

NOVEL DISUBSTITUTED 1,2,4-TRIAZINE COMPOUND

TECHNICAL FIELD

[0001]
This invention relates to a novel disubstituted 1,2,4-triazine compound

which has an aldosterone synthetase (hereinafter also referred to as Cyp11B2)
inhibitory effect and is useful for preventing and/or treating various diseases or

conditions associated with aldosterone.

BACKGROUND ART

[0002]
Aldosterone is a specific ligand for a mineral corticoid receptor (hereinafter

also referred to as MR) and one of mediators for renin-angiotensin-aldosterone
system (RAAS). Aldosterone is mainly produced in an adrenal gland and has
been considered as a mineral corticoid hormone which regulates metabolism of
sodium and water by affecting a distal tubule of a kidney. In a recent study, it
has been shown that aldosterone is produced in various tissues such as a heart,
blood vessels and a brain, and that the MR is widely distributed to tissues such
as cardiovascular tissues. Therefore, aldosterone is recognized as a risk
hormone which exerts various deleterious effects on cardiovascular tissues (e.g.,
heart fibrosis and necrosis; enhanced effect of catecholamine, and decrease of a
baroreceptor reaction}, in addition to, as an exacerbation factor for hypertension.
{0003}

A means of blocking an effect of aldosterone is an effective method for
treating, for example, cardiovascular diseases associated with said aldosterone
and a receptor thereof, An MR antagonist (e.g., eplerenone or spironolactone),
which has an affinity for MR and blocks its receptor function, has already been
used for treating hypertension. In large clinical tests (RALES and EPHESUS], it
was confirmed that, by combined administration of the MR antagonist and a
conventional therapeuﬁc agent such as an ACE inhibitor, a hospitalization rate,
and a mortality rate caused by cardiac diseases in patients with severe heart
failure were significantly decreased, and that prognosis of patients with acute

myocardial infarction was significantly improved (non-patent documents 1 and 2).
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On the other hand, the MR antagonist (e.g., spironolactone or eplerenone) has
specific serious adverse effects (e.g., hyperkalemia). In addition, usé of
spironolactone is often associated with gynecomastia, menstrual disorders,
erectile dysfunction, and the like. Accordingly, it is desired to develop a
compound for treating a disease associated with aldosterone which has no such
adverse effect and has higher safety. An aldosterone synthetase (Cypl11B2j
inhibitor has been proposed as an altémative approach from the point of view
above (i.e., another approach for blocking or reducing an effect of aldosterone).
[0004]

Cypl1B2 is a cytochrome P430 enzyme and is known as an enzyme which
catalyzes a series of reactions leading from 11-deoxycorticosterone {i.e., an
aldosterone precursor) to aldosterone. CypllB2 is mainly expressed in an
adrenal cortex spherical layer and a level of plasma aldosterone is regulated by
enzymic activity of Cypl1B2 present in an adrenal gland. In addition, it has
been confirmed that aldosterone was expressed in some tissues other than
adrenal glands such as a cardiovascular system, a kidney, adipose tissues and a
brain, as well as, it has drawn attention that organ disorders were associated
with aldosterone, which was locally produced in each organ. It has been
reported that an inhibitor of Cypl1B2 inhibited production of aldosterone
through studies using the enzyme and cells in culture, and that the inhibitor had
a suppressive effect against production of aldosterone and any therapeutic effect
through studies using various experimental animal models. Further, it'has
been confirmed that a Cypl1B2 inhibitor showed a plasma aldosterone level-
lowering effect and a urine aldosterone level-lowering effect as well as an
antihypertensive effect in hypertensive patients and primary aldosteronism
patients (non-patent documents 3 and 4). A highly feasible approach for
establishing an effective therapy for various diseases associated with aldosterone
is to find a means for inhibiting a biosynthesis route of aldosterone.

[00035]

Previously, although aryl pyridine compounds ({patent document 1},
benzimidazol substituted pyridine compounds (patent document 2}, and the like
are known as a compound having an aldosterone synthetase (Cyp11B2) “
inhibitory activity, it has not been reported that a 1,2,4-triazine compound such
as a compound of the present invention had an aldosterone synthetase inhibitory

activity., In addition, 1,2,4-triazine compounds of the following formulae (a), {b)
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[Chemical formula 1]

Oi b} oy
N/\| N7 N 0
HyCO @ I\/:I“\)J\N/CHa (6)

Hs C

N
N" N 0
3c/©): ()\1 yCHa ©

|
CH3

//

N\

are listed in a commercial compound database (Registry) as
Accession Nos: 1070398-58-1, 1069628-74-5, 1060824-77-2.
However, it 1is not clarified what kind of physiological

activity these compounds have.

PRIOR ART DOCUMENT (S)

PATENT DOCUMENT (S)

[0006]

[Patent document 1] W02010/130796
[Patent document 2] W02012/012478
NON-PATENT DOCUMENT (S)

[0007]

[Non-patent document 1] New England Journal of Medicine,
1999; 341: p.709-717

[Non-patent document 2] New England Journal of Medicine,
2003; 348: p.1309-1321

[Non-patent document 3] Current Topics in Medicinal

Chemistry, 2013; 313: p.1385-1401
[Non-patent document 4] Current Hypertension Reports, 2013;
15: p.484-488

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0008]
The present invention relates to a novel disubstituted
1,2,4-triazine compound or a pharmaceutically acceptable

salt thereof which has an
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aldosterone synthetase (Cypl1B2) inhibitory effect. The compound of the

present invention is useful for preventing and/or treating various diseases or

conditions associated with aldosterone.

MEANS FOR SOLVING PROBLEM
[0009]
- Particularly, the present invention is as follows:
The present invention relates to a compound of the following formula [1]:

[Chemical formula 2]

Nen
A U
RA” "N” "REB
wherein
RA is
(a} a group of the following formula {A-1):

[Chemical formula 3]

(A-1)

wherein rizig Al represents (1) a cycloalkyl group which may be substituted, (2)
an aryl group which may be partially hydrogenated and may be substituted, or
(3) a heteroary! group which may be par‘ciaﬂy hydrogenated and may be
substituted, or

b} a group of the following formula {A-2):

[Chemical formula 4]

ALM=Q= (A-2)

wherein ring A? represents a c¢ycloalkyl group which may be substituted or an
aryl group which may be substituted, AlkA! represents a straight or branched
chain alkylene group, or a straight or branched chain alkenylene group, and Q!

represents a single bond, an oxygen atom or ~N(Rel}-, wherein Ral represents a
hydrogen atom or an alkyl group;

RB is
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(a) & monocyclic cycloalkyl group,

(b} an iscindolinyl group,

{c) a group of the following formula (B-1}):
[

Chemical formula 5}

(B-1)

wherein ring Ar? represents an aryl group which may be substituted,
(d) a group of the following formula (B-2):
[Chemical formula 6]

7N\
e N—RE! (B-2)

/
%CHZZ)I{

wherein RB! represents an alkoxycarbonyl group or a heteroaryl group, k
represents an integer of 1-2,
{e) a group of the formula: -N({RB2){R53)
wherein RB2 represents an alkylsulfonyl group which may be substituted and RB2
represents an alkyl group which may be substituted; or

RB2 represents a hydrogen atom or an alkyl group, and RB3 represents an
alkyl group substituted with an alkylsulfonyl group, .
ff) an aliphatic heterocyclic group of the following formula (B-3):

v d

{Chemical formula 7]

E{Bq“

N B (B-3)

RBS

wherein ring B represents an aliphatic heterocyclic group which may further
contain one heteroatom selected from the group consisting of a sulfur atom, an
oxygen atom, and a nitrogen atom, in addition to the nitrogen atom shown in the
formula (B-3); RB4 represents a cyano group, an alkyl group substituted with an
alkylsulfony! group, an alkyl group substituted with an alkanoylamino group, a
heteroaryl-O- group, or an alkoxy group substituted with a carbamoyl group
which may be substituted with 1-2 alkyl groups; and RBS represents a hydrogen

atom,
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[g) a group of the following formula {B-4):

[Chemical formula 8]

RBG
SN ATe
Lk e
wherein Xa represents CR3a or N,
(i} when X2 represents CR3a,
Xb represents CHR3b, Xc represents O or NR4e,
Xk represents O, Xe represents NR%, or
Xo represents NR4b, X represents O, NRé, or CHR3e,
{it) when Xe represents N,
Xb represents CHR? or C{=0}, Xc represents NR*, or
Xv represents NR4, Xe represents CHR3¢;
Rsa represents a hydrogen atom, a hydroxyl group, an alkyl group, or an
amino group,
each of R3 and R3¢ represents a group selected independently from the
group consisting of a hydrogen atom, a hydroxyl group, and an alkyl group,
each of R* and R represents a group selected independently from the
group consisting of a hydrogen atom, an alkyl group, and a cycloalkyl group;
RB6 represents a hydrogen atom or an alkyl group;
REB7 represents
{i) an alkyl gfoup which may be substituted,
{ii} a cycloalkyl group which may be substituted,
{iii) an aliphatic heterocyclic group which may be substituted,
- {iv} a hetercaryl group which may be partially hydrogenated and may be
substituted, or '
{v} a hydrogen atom, or,
when X represents NR#, RB7 and R4 are bound to each other at their
terminus to form an aliphatic heterocyclic group, which may be substituted with
an alkyl group which may be substituted, together with a nitrogen atom to which
they are bound,
() a spirocyclic group of the following formula (B-5):
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[Chemical formula 9]

\f (B-5)

BS

wherein RB8 represents a hydrogen atom or an alkyl group, or
(i) a group of the following formula (B-6):
[Chemical formula 10]
O O
N
S

\N/ (B-6)
Lﬂ{: )

m

wherein m represents 1 or 2,

or a pharmaceutically acceptable salt thereof
provided that the following formulae (a), (b} and (c}:
[Chemical formula 11]

B 7w
Mo . oMo
HCO k/“\/mg*cm @ g (Ao @
N\*N - éHg

are excluded.

[0010]
In addition, the present invention relates to a method for preventing or

treating various diseases or conditions associated with aldosterone, comprising
administering a therapeutically effective amount of a compound of the above
formula [I] or a pharmacologically acceptable salt thereof. Additionally, the
present invention relates to a pharmaceutical composition comprising the above
compound [I] or a pharmaceutically acceptable salt thereof as an active
ingredient as well as to use of the compound [I] for manufacturing the
composition. Furthermore, the present invention relates to the above compound

[1] or a pharmaceutically acceptable salt thereof, and a pharmaceutical
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composition comprising said compound or a salt thereof as an active ingredient,
for use in prevention or treatment of various diseases or conditions associated
with aldosterone. Furthermore, the present invention relates to a method for

preparing the above compound {I} or a pharmaceutically acceptable salt thereof.

EFFECT OF INVENTION

[0011]
A compound [I] of the present invention or a pharmaceutically acceptable

salt thereof has an excellent inhibitory activity against aldosterone synthetase
(Cyp11B2), and therefore, it is useful for preventing or treating various diseases
and/or disease states evoked by an increased level of aldosterone and/or
overproduction of aldosterone, such as hypertension, primary aldosteronism, or

for improving prognosis of these diseases.

BEST MODE FOR CARRYING OUT THE INVENTION
{0012]

The definitions of each group can be freely combined unless otherwise
stated.

In the present invention, alkyl refers to a straight or branched chain
saturated hydrocarbon group containing 1-6 carbons (Cis). Particularly, an
alkyl group containing 1-4 carbons (C;4) is preferable. In particular, alkyl
includes methyl, ethyl, n-propyl, i-propyl, n-butyl, t-butyl, i~amyl, n-pentyl, and
n-hexyl, Particularly, methyl, ethyi, i-propyl, or t-butyl is preferable.

[0013] '

Cycloalkyl refers to a monocyclic saturated hydrocarbon group containing
3-8 carbons (Ca.g} and adamantyl. In addition, cycloalkyl also includes a group
wherein the ring-constituting two carbon atoms are cross-linked by an alkylene
group to form a bicyclo ring. Particularly, cycloalkyl includes cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, bicyclo[2.2.2]octyl, adamantyl,
and the like. ‘

{0014}
Cycloalkenyl refers to a cyclic group containing 3-7 carbons (Cz.7) having at

least one double bond. Particularly, cycloalkenyl includes cyclopropenyl,
cyclobutenyl, cyclopentenyl, and cyclohexenyl.

[0015]
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Alkoxy refers to a monovalent group wherein the above alkyl is bound to
oxygen. Alkoxy includes a straight or branched chain alkyl-O- containing 1-6
carbons (Cig). Alkyl-O- containing 1-4 carbons (01-4) is preferable. Particularly,
alkoxy includes methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, t-butoxy, and
the like.

[0016]
Alkylene refers to a straight or branched chain divalent group containing 1-

6 carbons (Cie). Alkylene containing 1-4 carbons (Ci.4) is preferable.
Particularly, alkylene includes methylene, ethylene, trimethylene, and
tetramethylene.

[0017]
Alkenylene refers to a straight or branched chain divalent group containing

2-6 carbons (Cy6) having at least one double bond. Alkenylene containing 2-4
carbons {Co.4) is preferable. Particularly, alkenylene includes vinylene, and

propenylene.

[0018] _
Alkylenedioxy refers to a divalent group wherein both terminus of alkylene

are bound to oxygen. Particularly, alkylenedioxy includes -O-alkylene-O-
containing 1-6 carbons {Cis). "-O-Alkylene-O-" containing 1-4 carbons {Ci.4) is
preferable. For example, a group wherein a phenyl group is substituted with
aklylenedioxy includes the following structures.

[Chemical formula 12]

[0019]
In addition, a structure wherein two substituents on the same carbon atom

in a cycloalkyl group are bound to each other at the terminus thereof to form an
alkylene group (wherein the alkylene group may contain 1-2 heteroatoms in the
alkylene chain, which are selected independently from a nitrogen atom, an

oxygen atom, or a sulfur atom) refers to, for example, the following structures.
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[Chemical formula 13]

Furthermore, a structure wherein two substituents on the same carbon
atom in a cycloalkyl group are bound to each other at the terminus thereof to
form an alkylene group substituted with 1-3 groups selected independently from
the group consisting of an alkyl group, and an oxo group (wherein the alkylene
group may contain 1-3 hetercatoms in the alkylene chain, which are selected
independently from a nitrogen atom, an oxygen atom, or a sulfur atom) refers to,
for example, the following structures.

[Chemical formula 14]

[0020]
Halogen or halo refers to fluorine, chlorine, bromine or iodine. Fluorine

and chlorine are preferable.

[0021] :
Haloalkyl means the above alkyl substituted with 1-3 halogen atoms, and is

preferably trifluoromethyl.
[0022] .
Alkoxyalkyl means the above alkyl substituted with 1-2 alkoxy groups, and
is preferably methoxymethyl, methoxyethyl, methoxypropyl, and the like.
[0023] | |

Alkanoyl refers to a monovalent group wherein a carbonyl group is bound to

~ the above alkyl. Alkanoyl includes a straight or branched chain alkyl-CO-

containing 1-6 carbons {Cis). Alkyl-CO- containing 1-4 carbons (Ci.4) is
preferable. Particularly, alkanoyl includes acetyl, propionyl, pivaloyl, butanoyl,
pentanoyl, hexanoyl, and heptanoyl.

[0024]
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Aryl refers to a 6- to 10-membered aromatic hydrocarbon group, and a
monocyclic or bicyclic aryl is preferable. Particularly, aryl includes phenyl, and
naphthyl, and especially, phenyl is preferable.

[0025]

Partially hydrogenated aryl refers to the above aryl which is partially
hydrogenated, and includes, for example, a cyclic group formed by condensation
between a phenyl group and a cycloalkyl group as well as a cyclic group formed
by condensation between a phenyl group and a cycloalkenyl group. Particularly,
includes dihydrophenyl, cyclohexenyl, indanyl, tetrahydronaphthyl, and the like.
[0026] :

Preferably, aryl which may be partially hydrogenated is phenyl, naphthyl,
tetrahydronaphthyl, and cyclohexenyl.

[0027]

Heteroaryl refers to a 5- to 10-membered aromatic heterocyclic group
having 1-4 heteroatoms selected independently frofn the group consisting of a
sulfur atom, an oxygen atom, and a nitrogen atom, and a monocyclic or bicyclic
heteroaryl is preferable. More preferably, heteroaryl is a 5- to 10-membered
monocyclic or bicyclic heteroaryl having 1-2 heteroatoms selected independently
from the group consisting of a sulfur atom, an oxygen atom, and a nitrogen atom.
In addition, other preferable heteroaryl is a 5- to 10-membered monocyclic or
bicyclic heteroaryl which contains at least 1 nitrogen atom, and additionally may
contain 1 heteroatom selected from the group consisting of a sulfur atom, an
oxygen atom, and a nitrogen atom. Particularly, heteroaryl includes pyrrolyl,
furanyl, thienyl, imidazolyl, pyrazolyl, oxazolyl, thiazolyl, triazolyl, tetrazolyl,
pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, thiazinyl, triazinyl, indolyl, isoindolyl,
indazolyl, benzimidazolyl, benzothiazolyl, benzofuranyl, quinolyl, isoquinolyl,
imidazopyridyl, benzopyranyl, and the like.

[0028]

Partially hydrogenated heteroaryl refers to the above hetercaryl which is
partially hydrogenated, and includes, for example, a cyclic group formed by
condensation between a phenyl group and an aliphatic heterocyclic group.
Particularly, partially hydrogenated hetercaryl includes imidazolinyl,
dihydrobenzofuranyl, dihydrobenzopyranyl, tetrahydroimidazopyridyl,
isoindolinyl, and the like, |

[0029]
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Heteroaryl which may be partially hydrogenated includes pyrrolyl, furanyl,
thienyl, imidazolyl, imidazolinyl, pyrazolyl, oxazolyl, thiazolyl, triazolyl, tetrazolyl,
pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, thiazinyl, triazinyl, indolyl, isoindolyl,
isoindolinyl, indazolyl, benzimidazolyi, benzothiazolyl, benzofuranyl,
dihydrobenzofﬁranyl, quinolyl, isoquinolyl, imidazopyridyl,
tetrahydroimidazopyridyl, benzopyranyl, dihydrobenzopyranyl, and the like.
Thienyl, pyridyl, indolyl, indazolyl, isoquinolyl, dﬂzydrobenzofuranyi,
dihydrobenzopyranyl, and benzothiazolyl are preferable. For example,
heteroaryl which may be partially hydrogenated represented by R*in the above
general formula [I] includes pyrrolyl, furanyl, thienyl, imidazolyl, imidazolinyl,
pyrazolyl, oxazolyl, thiazolyl, triazolyl, tetrazolyl, pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, thiazinyl, triazinyl, indolyl, isoindolyl, isoindolinyl, indazolyl,
benzimidazolyl, benzothiazolyl, benzofuranyl, dihydrobenzofuranyl, quinolyl,
isoquinolyl, benzopyranyl, dihydrobenzopyranyl, and the like. Thienyl, pyridyl,
indolyl, indazolyl, isoquinolyl, dihydrobenzofuranyl, dihydrobenzopyranyl, and
benzothiazoly! are preferable.

Further, in another preferable example, heteroaryl which may be partially
hydrogenated includes isoindolinyl. For example, heteroaryl which may be
partially hydrogenated represented by R®in the above general formula [I]
includes isoindolinyl.

[0030]

An aliphatic heterocyclic ring refers to a 4- to 9-membered cyclic group
having 1-3 he‘teroétoms selected independently from the group consisting of a
sulfur atom, an oxygen atom, and a nitrogen atom. In addition, an aliphatic
heterocyclic ring also includes a group wherein the ring-constituting two carbon
atoms are cross-linked by an alkylene group to form a bicyclo ring, Particularly,
azetidinyl, oxetanyl, pyrrolidinyl, tetrahydrothiophenyl, tetrahiydrofuranyl,
piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, homomorpholinyl,
tetrahydrothiopyranyl, tetrahydropyranyl, azabicyclo[2.2.2]octyl(quinuchidinyl),
azabicyclo [3.2.1]octyl, oxabicyclo[3.3.1]nonyl, diazabicyclo(2.2. 1Theptyl, oxo-9-
azabicyclo[3.3.1jnonyl, and the like, are preferable.

In addition, another preferable example of the aliphatic heterocyclic ring is
a 4- to 9-membered aliphatic heterocyclic ring which contains at least 1 nitrogen
atom, and additionally may contain 1 heteroatom selected from the group

consisting of a sulfur atom, an oxygen atom, and a nitrogen atom. Particularly,
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the aliphatic heterocyclic ring includes azetidinyl, pyrrolidinyl, piperidinyl,
piperazinyl, morpholinyl, thiomorpholinyl, homomorpholinyl,
azabicyclo[2.2.2]octyl(quinuclidinyl), azabicyclo[3.2. 1]octyl,
diazabicyclol[2.2.1]heptyl, and the like.

In yet another preferable example, the aliphatic heterocyclic ring is a 4- to
9-membered aliphatic heterocyclic ring which contains 1-2 hetercatoms selected
from an oxygen atom or a nitrogen atom. Particularly, the aliphatic heterocyclic
ring includes oxetanyl, tetrahydrofuranyl, tetrahydropyranyl, pyrrolidinyl,
piperidinyl, and homopiperidinyl.

[0031]

Aliphatic heterocyclic carbonyl refers to a group wherein a carbonyl group is
bound to the above aliphatic heterocyclic ring, and a 4- to 9-membered aliphatic
heterocyclic ring-(CO)- which contains 1-3 heteroatoms selected independently
from the group consisting of a sulfur atom, an oxygen atom, and a nitrogen atom.
Especially, a 5- or 6-membered aliphatic heterocyclic ring-(CQO)- which contains
1-2 heteroatoms selected independently from the group consisting of a sulfur
atom and an oxygen atom.

[0032]

As one embodiment, the present invention comprises a compound of the

above general formula [1]:

wherein

a substituent of {1} a cycloalkyl group which may be substituted, (2) an aryl
group which may be partially hydrogenated and may be substituted, and (3) a
heteroaryl group which may be partially hydrogenated and may be substituted,
represented by ring Al in the above formula (A-1) is 1-3 groups selected
independently from the group consisting of a halogen atom, a cyano group, an
alkyl group, a haloalkyl group, an alkoxyalkyl group, an alkoxy group, and an
alkylenedioxy group which may be substituted with 1-2 halogen atoms,

an aryl moiety in the aryl group which may be partially hydrogenated and
may be substituted is 6- to 10-membered monocyclic or bicyclic aryl,

a heteroaryl moiety in the heteroaryl group which may be partially
hydrogenated and may be substituted is 5- to 10-membered monocyclic or
bicyclic heteroaryl which contains 1-2 heteroatoms selected independently from

the group consisting of a sulfur atom, an oxygen atom, and a nitrogen atom,;
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ring A? in the above formula (A-2) is a 6- to 10-membered monocyclic or
bicyclic aryl group which may be substituted with {a} a cycloalkyl group, or (b} a
halogen atom,

Q! is a single bond, an oxygen atom, or -NH-;
(B) Re is

(a) a monocyclic cycloatkyl group,

(0]

(b} an isoindolinyl group,

{c) a group represented by the above formula (B-1):

wherein ring Ar! is a 6- to 10-membered monocyclic or bicyclic aryl group,

10 (d) a group represented by the above formula (B-2):

wherein a heteroaryl group represented by RBlis a 5- to 10-membered
monocyclic or bicyclic heteroaryl group which contains 1-2 heteroatoms selected

independently from the group consisting of a sulfur atom, an oxygen atom, and a

nitrogen atom,

15 (e) a group represented by the above formula: -N{RB2)(RB3)

wherein RB? represents an alkylsulfonyl group which may be substituted
with a 6- to 10-membered monocyclic or bicyclic aryl group, énd RBS represents
an alkyl group which may be substituted with a 6- to 10-membered monocyclic

or bicyclic aryl group or heteroary! group (wherein heteroaryl is 5- to 10-

20 membered monocyclic or bicyclic heteroaryl which contains 1-2 heteroatoms

selected independently from the group consisting of a sulfur atom, an oxygen

atom, and a nitrogen atomj, or
RE2 represents a hydrogen atom or an alkyl group, and R®® represents an
alkyl group substituted with an alkylsulfonyl group,

25 (f) a group represented by the above formula (B-3):

wherein ring B is a 4- to 9-membered aliphatic heterocyclic group which

may further contain one heteroatom selected from the group consisting of a

sulfur atom, an oxygen atom, and a nitrogen atom in addition to the nitrogen

atom shown in the above formula (B-3};

30 a heteroaryl moiety of the heteroaryl-O- group represented by RB4 is 5- to
10-membered monocyclic or bicyclic heteroaryl which contains at least one
nitrogen atom, and may further contain 1 heteroatom selected from the group
consisting of a sulfur atom, an oxygen atom, and a nitrogen a{om,

(g) a group of the above formula (B-4):
5 wherein a substituent of (i) the alkyl group which may be substituted,
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represented by RB7, is 1-4 groups selected independently from the group
consisting of a halogen atom; a.h‘ydroxyl group; an oxo group; an amino group
which may be substituted with 1-2 groups selected independently from the group
consisting of an alkyl group, an alkanoyl group, an alkoxycarbonyl group and an
alkylsulfonyl group; a hetercaryl group which may be substituted with an alkyi
group and may be partially hydrogenated; a cycloalkyl group which may be
substituted with 1-2 groups selected independently from the group consisting of
a hydroxyl group and an alkylsulfonyl group; an aryl group; a heteroaryl group
which may be partially hydrogenated; an alkanoyl group which may be
substituted with1-3 groups selected independently from the group consisting of a
halogen atom and a hydroxyl group; a cycloalkylcarbonyl group which may be
substituted with a hydroxyl group; an aliphatic heterocyclic carbonyl group
which may be substituted with an alkyl group; an amino group which may be
substituted with 1-2 groups selected independently from the group consisting of
an alkyl group which may be substituted with an alkylsulfonyl group, an
alkanoyl group, and an alkoxycarbonyl group; a carbamoyl group which may be
substituted with 1-2 alkyl groups; an alkylsulfonyl group; an alkoxy group which
may be substituted with a carbamoyl group which may be substituted with 1-2
alkyl groups; and an aliphatic heterocyclic group which may be substituted with
1-3 groups selected independently from the group consisting of a hydroxyl group,
an oxo group, an alkyl group, an alkanoyl group, and an alkylsulfonyl group,

a substituent of (i) the cycloalkyl group which may be substituted, (iii) the
aliphatic heterocyclic group which may be substituted, and (iv) the heteroaryl

group which may be partially hydrogenated and may be substituted represented

- by RB7is 1-4 groups selected independently from the group consisting of a

halogen atom; a hydroxyl group; an oxo group; an alkyl group which may be
substituted with 1-3 groups selected independently from the group consisting of
a hydroxyl group, an alkoxy group, an alkylsulfonyl group, an amine group
which may be substituted with 1-2 groups selected independently from the group -
consisting of an alkoxycarbonyl group and an alkylsulfonyl group, a carbamoyl
group which may be substituted with 1-2 alkyl groups, a cycloalkyl group which
may be substituted with a hydroxyl group, an aliphatic heterocyclic carbonyl
group, and a heteroaryl group which may be substituted with an alkyl group and
may be partially hydrogenated; a cycloalkyl group which may be substituted with
1-2 groups selected independently from the group consisting of a hydroxyl group
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and an alkylsulfonyl group; an aryl group; a heteroaryl group which may be
partially hydrogenated; an alkanoyl group which may be substituted with1-3
groups selected independently from the group consisting of a halogen atom and a
hydroxyl group; a cycloalkylcarbonyl group which may be substituted with a
hydroxyl group; an aliphatic heterocyclic carbonyl group which may be
substituted with an alkyl group; an amino group which may be substituted with
1-2 groups selected independently from the group consisting of an alkyl group
which may be substituted with an alkylsulfonyl group, an alkanoyl group, and an
alkoxycarbonyl group; a carbamoyl group which may be substituted with 1-2
alkyl groups; an alkylsulfonyl group; an alkoxy group which may be substituted
with a carbamoyl group which may be substituted with 1-2 alkyl groups; and an
aliphatic heterocyclic group which may be substituted with 1-3 groups selected
independently from the group consisting of a hydroxyl group, an oxo group, an
alkyl group, an alkanoyl group, and an alkylsulfonyl group, or

when RP7 is (ii) a cycloalkyl group which may be substituted, or (iii} an
aliphatic heterocyclic group which may be substituted, two substituents on the
same ring-constituting carbon atom may be bound to each other at the terminus
thereof to form an alkylene group which may be substituted (wherein a
substituent of the alkylene group is an oxo group or an alkyl group, and the
alkylene group may contain 1-3 heteroatoms selected independently from a
sulfur atom, an oxygen atom, and a nitrogen atom),

in BRB7, aryl is 6~ to 10-membered monocyclic or bicyclic aryl, hetercaryl is
5-to 10-membered monocyciic or bicyclic heteroaryl which contains 1-4
hetercatoms selected independently from the group consisting of a sulfur atom,
an oxygen atom, and a nitrogen atom, an aliphatic heterocyclic ring is a 4- to 9-
membered aliphatic heterocyclic ring which contains 1-2 heteroatoms sclected

independently from the group consisting of an oxygen atom or a nitrogen atom,

or
when X¢is NR4C and RB7and R4 are bound to each other at their terminus -

to form an aliphatic heterocyclic group which may be substituted with an alkyl
group which may be substituted, together with a nitrogen atom to which they are
bound, a substituent of the alkyl group which may be substituted is a hydroxyl
group, and the aliphatic heterocyclic group is a 4- to 9-membered aliphatic
heterocyclic ring which may further contain one heteroatom selected

independently from the group consisting of a sulfur atom, an oxygen atom or a
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nitrogen atom other than the nitrogen atom to which RB7 and R4c are bound,
(h) a group represented by the above formula (B-5):
wherein RB8 is a hydrogen atom, or
(i) a group represented by the above formula (B-6):
wherein m is 2, |
or a pharmaceutically acceptable salt thereof
provided that the following formulae (a}, (b) and (c):
[Chemical formula 15]

N*“N N*\N
- |
o
N N o /C]D\Hs NT TN 0
d
H3CO N\)J\m CHS () I I\/N\/lkN/CHS (b)
1
; NQN CHS
N Ny 0
fo LN O (©)
CHa

are excluded.
[0033]

As another preferable embodiment, the present invention comprises a
compound of the above general formula [I}; v
wherein ,

in a group represented by the above formula [A-1], ring Alis

(1) a cycloalkyl group which may be substituted with an alkyl group,

(2) an aryl group which may be partially hydrogenated and may be
substituted, or

(3) a heteroaryl group which may be partially hydrogenated and may be
substituted, |

wherein

a subétituent of the aryl group which may be partially hydrogenated and
may be substituted is 1-3 groups selected independently from the group
consisting of a halogen atom, an alkyl group, a haloalkyl group, an alkoxyalkyl
group, an alkoxy group, and an alkylenedioxy group which may be substituted

- with 1-2 halogen atoms,

a substituent of the heteroaryl group which may be partially hydrogenated
and may be substituted is 1-2 groups selected independently from the group
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consisting of a halogen atom, a cyano group, and an alkyl group,

an aryl moiety of the aryl group which may be partially hydrogenated and
may be substituted is phenyl or naphthyl,

a heteroaryl moiety of the heteroaryl group which may be partially
hydrogenated and may be substituted is thienyl, pyridyl, indazolyl, benzofuranyl,
indolyl, benzothiazolyl, isoquinolinyl, or benzopyranyl,

in the above formula [A-2], ring A? is {a} a cycloalkyl group, or {b)a phenyl
group which may be substituted with a halogen atom,

AlkAl is a straight or branched chain alkylene group, or a straight or
branched chain alkenylene group,

Q! is a single bond, an oxygen atom, or -NH-;

in a group represented by the above formula [B-1], Ar! represents a phenyl

group;
in a group represented by the above formula [B-2], a heteroaryl moiety in

~ the heteroaryl group represented by RB! is pyrazinyl;

in a group represented by the above formula: -N{RB2)(RB3}, RB2 represents
an alkylsulfonyl group which may be substituted with a phenyl group, and R83
represents an alkyl group which may be substituted with a phenyl group or a
pyridyl group;

in a group of the above formula [B-3], ring B is pyrrolidinyl, piperidinyl,
piperazinyl, morpholinyl, or 2,5-diazabicyclo[2.2. 1Theptyl,

R34 is a group selected from the group consisting of a cyano group; an alkyl
group substituted with an alkylsulfonyl group; an alkyl group substituted with
an alkanoylamino group; a heteroaryl-O- group (wherein heteroaryl is pyridyl);
and an alkoxy group which may be substituted with a carbamoyl group which
may be substituted with 1-2 alkyl groups;

in a group represented by the above formula [B-4], R®7 is (i} an alkyl group
which may be substituted, {ii) a cycloalkyl group which may be substituted, {iii)
an aliphatic heterocyclic group which may be substituted, (iv) a heteroaryl group
which may be partially hydrogenated and may be substituted, or (v) a hydrogen
atom, or

when Xc is NR4, RB7and Réc may be bound to each other at their terminus to
form an aliphatic heterocyclic group which may be substituted with an alkyl
group which may be substituted with a hydroxyl group, together with a nitrogen

atorn to which they are bound,
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wherein .
(i) a substituent of the alkyl group which may be substituted is 1-4 groups

selected independently from the group consisting of a halogen atom; a hydroxyl
group; a cycloalkyl group which may be substituted with 1-2 groups selected
independently from the group consisting of a hydroxyl group and an alkylsulfonyl
group; a phenyl group; a heteroaryl group; an amino group which may be
substituted with 1-2 groups selected independently from the group consisting of
an alkyl group, an alkanoyl group, and an alkoxycarbonyl group; an alkylsulfonyl
group; an alkoxy group; and an aliphatic heterocyclic group which may be
substituted with 1-3 groups selected independently from the group consisting of
a hydroxyl group, an oxo group, an alkyl group, an alkanoyl group, and an
alkylsulfonyl group,

(ii) a substituent of the cycloalkyl group which may be substituted is 1-2
groups selected independently from the group consisting of a hydroxyl group; an
aliphatic heterocyclic group which may be substituted with 1-3 groups selected
independently from the group consisting of a hydroxyl group and an oxo group;
an amino group which may be substituted with 1-2 groups selected
independently from the group consisting of an alkyl group which may be
substituted with an alkylsulfonyl group, and an alkanoyl group; an alkyl group
which may be substituted with a hydroxyl group; a carbamoyl group which may
be substituted with 1-2 alkyl groups; an alkoxy group which may be substituted
with a carbamoy! group which may be substituted with 1-2 alkyl groups; a

m‘wfﬁ,\nﬂwl B T T A T o
CYCLoaLLyl group Wiy I e

alkylsulfonyl group, or

two substituents on the same carbon atom in the above cycloalkyl group
which may be substituted are bound to each other at the terminus thereof to
form an alkylene group which may be substituted with 1-3 groups selected
independently from the group consisting of an alkyl group and an oxo group
{wherein the alkylene group may contain, in the alkylene chain, 1-2 heteroatoms
selected independently from a nitrogen atom, an oxygen atom, and a sulfur atom),

(iii) a substituent of the aliphatic heterocyclic group which may be
substituted is 1-3 groups selected independently from the group consisting of a
halogen atom; a hydroxyl group; an oxo group; an alkyl group which may be
substituted with 1-3 groups selected independently from the group consisting of

a hydroxyl group, an alkoxy group, an alkylsulfonyl group, an amino group
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which may be substituted with 1-2 groups selected independently from the group
consisting of an alkoxycarbonyl group and an alkylsulfonyl group, a carbamoyl
group which may be substituted with 1-2 alkyl groups, a cycloalkyl group which
may be substituted with a hydroxyl group, an aliphatic heterocyclic carbonyl
group, and a heteroaryl group which may be substituted with an alkyl group and
may be partially hydrogenated; an alkanoyl group which may be substituted with
1-3 groups selected independently from the group consisting of a halogen atom
and a hydroxyl group; a cycloalkylcarbonyl group which may be substituted with
a hydroxyl group; an aliphatic heterocyclic carbonyl group which may be
substituted with an alkyl group; an alkoxy group; a carbamoyl group which may
be substituted with 1-2 alkyl groups; an aliphatic heterocyclic group which may
be substituted with an oxo group; and a heteroaryl group,

(iv) a substituent of the heterocaryl group which may be partially
hydrogenated and may be substituted is 1-2 groups selected independently from
the group consisting of an aliphatic heterocyclic group; and an alkyl group which
may be substituted with 1-2 groups selected independently from the group
consisting of a carbamoyl group which may be substituted with 1-2 alkyl groups,
alkylsulfonyl group, and a heteroaryl group,

in the above items (i)-({iv}, the aliphatic heterocyclic ring is selected from
azetidinyl, oxetanyl, pyrrolidinyl, tetrahydrothiophenyl, tetrahydrofuranyl,
piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, homomorpholinyl,
tetrahydrothiopyranyl, tetrahydropyranyl, 1-azabicyclo[2.2. 2}octyl{quinuclidinyl),
o

Q_moahieuvelnl O 11 IE T SEPRURUIL R SRNIR B 2o B B -
o—a&au;gyuulu.a.ljoct}u, O~0XADICYCIO[S. 9, 1 110Ny, OF ¢

azabicyclo[3.3. 1nonyl,

the aliphatic heterocyclic ring in the aliphatic heterocyclic carbonyl is
selected from azetidinyl, oxetanyl, pyrrolidinyl, tetrahydrothiophenyl,
tetrahydrofuranyl, piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl,
homomorpholinyl, tetrahydrothiopyranyl, tetrahydropyranyl, 1-
azabicyclo]2.2.2]octyl(quinuclidinyl), 8-azabicyclo[3.2.1]octyl, 3-
oxabicyclo[3.3. 1lnonyl, or 3-oxo-8-azabicyclol[3.3. 1jnonyl,

the hetercaryl is selected from pyrrolyl, furanyl, thienyl, imidazolyl,
pyrazolyl, oxazolyl, thiazolyl, triazolyl, tetrazolyl, pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, thiazinyl, triazinyl, indolyl, isoindoelyl, indazolyl, benzimidazolyl,
benzothiazolyl, behzofuranyli quinolyl, isoquinolyl, imidazopyridyl, or

benzopyranyl,
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the heteroaryl group which may be partially hydrogenated is selected from a
pyrrolyl group, a furanyl group, a thienyl group, an imidazolyl group, an
imidazeolinyl group, a pyrazolyl group, an oxazolyl group, a thiazolyl group, a
triazolyl group, a tetrazolyl group, a pyridyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a thiazinyl group, a triazinyl group, an
indelyl group, an iscindolyl group, an iscindoelinyl group, an indazolyl group, a
benzimidazolyl group, a benzothiazolyl group, a benzofuranyl group, a
dihydmbenzofuraﬁyl group, a quinolyl group, an isoguinolyl group, an
imidazopyridyl group, a tetrahydroimidazopyridyl group, a benzopyranyl group,
or a dihydrobenzopyranyl group, or

when X¢ is NR#%, and RB7and R are bound to each other at their terminus
to form an aliphatic heterocyclic group which may be substituted with an alkyl
group which may be substituted with a hydroxyl group, together with a nitrogen
atom to which they are bound, an aliphatic heterocyclic group is a group selected
from azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholﬁmyl,
thiomorpholinyl, or homomorpholinyl,
or a pharmaceutically acceptable salt thereof
{0034]

As another preferable embodiment, the present invention comprises a
compound of the above general formula [I}:
fwherein
{A] in RA,

in a group represented by the above formula [A-1], ring Atis

(1) a cycloalkyl gfoup which may be substituted with an alkyl group,

(2) an aryl group which may be partially hydrogenated and may be
substituted, or

(3) & heteroaryl group which may be partially hydrogenated and may be
substitiited,

wherein

a substituent of the aryl group which may be partially hydrogenated and
may be substituted is 1-3 groups selected independently from the group
consisting of a halogen atom, an alkyl group, a haloalkyl group, an alkoxyalkyl
group, an alkoxy group, and an alkylenedioxy group which may be substituted

with 1-2 halogen atoms,
a substituent of the hetercaryl group which may be partially hydrogenated
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and may be substituted is 1-2 groups selected independently from the group
consisting of a halogen atom, a cyano group, and an alkyl group,

an aryl moiety of the aryl group which may be partially hydrogenated and
may be substituted is phenyl or naphthyl,

a heteroaryl moiety of the heteroaryl group which may be partially
hydrogenated and may be substituted is thienyl, pyridyl, indazolyl, benzofuranyl,
indolyl, benzothiazolyl, isoquinolinyl, or benzopyranyl;

in the above formula [A-2], ring A2 is (a) a cycloalkyl group, or (b)a phenyl
group which may be substituted with a halogen atom,

AlkAl is a straight or branched chain alkylene group, or a straight or
branched chain alkenylene group,

Q! is a single bond, an oxygen atom, or -NH-;

(B) a group represented by RB is

{b) an iscindolinyl group;

{c) a group represented by the above formula (B-1) wherein ring Arl is a
phenyl group;

d) a group represented by the above formula (B-2) wherein a heteroaryl
moiety of the heteroaryl group represented by RS8lis pyrazinyl;

(€) a group represented by the formula: -N(RB2)(Re3)

wherein RB2 fepresents an alkylsulfonyl group which may be substituted
with a phenyl group, and R®3 represents an alkyl group which may be
substituted with a phenyl group or a pyridyl group, or

RE? represents a hydrogen atom or an alkyl group, and R
alkyl group substituted with an alkylsulfonyl group;

{f) an aliphatic heterocyclic group represented by the above formula (B-3}:

wherein ring B is pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, or 2,5+
diazabicycle[2.2. 1Theptyl,

RB4 is a group selected from the group consisting of
an alkanoylamino group or an alkyl group substituted with an alkylsulfonyl
group;

a cyano group;

an alkoxy group substituted with a carbamoyl group which may be substituted
with 1-2 alkyl groups; and

a pyridyl-O- group,

RBS ig a hydrogen atom;
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(g) a group represented by the above formula (B-4):

(wherein

(i) when X= represents CR3s,

Xb represents CHR3b, Xe represents O or NR%,

Xb represents O, Xe represents NR%, or

Xb represents NR4v, Xe represents O, NR%, or CHR3,

(iij when X= represents N, ' '

Xb represents CHRS® or C(=0), X¢ represents NRée, or

Xb represents NR4b, Xc represents CHRS3e,

wherein R3 represents a hydrogen atom, a hydroxyl group, an alkyl group,
or an amino group,

‘each of R% and R3 represents a group selected independently from the
group consisting of a hydrogen atom, a hydroxyl group, and an alkyl group,

each of R4 and R# represents a group selected independently from the
group consisting of a hydrogen atom, an alkyl group, and a cycloalkyl group;

RB6 represents a hydrogen atom or an alkyl group;

RP7 is {i) an alkyl group which may be substituted, (ii) a cycloalkyl group
which may be substituted, (iiij an aliphatic heterocyclic group which may be
substituted, (iv] a heteroaryl group which may be partially hydrogenated and may
be substituted, or (vj a hydrogen atom, or, |

when X¢ represents NRéc, RE7 and R% may be bound to each other at their
terminus to form an aliphatic heterocyclic group, which may be substituted with
an alkyl group which may be substituted with a hydroxyl group, together with a
nitrogen atom to which they are bound,

wherein

{i} a substituent of the alkyl group which may be substituted is 1-4 groups
selected independently from the group consisting of a halogen atom; a hydroxyl
group; a phenyl group; a heterocaryl group which may be partially hydrogenated;
an amino group which may be substituted with 1-2 groups selected
independently from the group consisting of an alkyl group, an alkanoyl group, an
alkoxycarbonyl group, and an alkylsulfonyl group; an alkylsulfonyl group; an
alkoxy group,; and an aliphatic heterocyclic group which may be substituted with
1-3 groups selected independently from the group consisting of a hydroxyl group,
an oxo group, an alkanoyl group, and an alkylsulfonyl group,

(ii) a substituent of the cycloalkyl group which may be substituted is 1-2
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groups selected independently from the group consisting of a hydroxyl group; an
aliphatic heterocyclic group which may be substituted with 1-3 groups selected -
independently from the group consisting of a hydroxyl group and an oxo group;
an amino group which may be substituted with 1-2 groups selected
independently from the group consisting of an alkyl group which may be
substituted with an alkylsulfonyl group, and an alkanoyl group; an alkyl group
which may be substituted with a hydroxyl group; a carbamoyl group which may
be substituted with 1-2 alkyl groups; an alkoxy group which may be substituted
with a carbamoyl group which may be substituted with 1-2 alkyl groups; a
cycloalkyl group which may be substituted with a hydroxyl group; and an
alkylsulfonyl group, or

two substituents on the same carbon atom in the above cycloalkyl group
which may be substituted are bound to each other at the terminus thereof to
form an alkylene group which may be substituted with 1-3 groups selected
independently from the group consisting of an alkyl group and an oxo group
{wherein the alkylene group may contain, in the alkylene chain, 1-2 heteroatoms
selected independently from a nitrogen atom, an oxygen atom, or a sulfur atom),

(i) a substituent of the aliphatic heterocyclic group which may be '
substituted is 1-3 groups selected independently from the group consisting of a
halogen atom; a hydroxyl group; an oxo group; an alkyl group which may be
substituted with 1-3 groups selected independently from the group consisting of
a hydroxyl group, an alkexy group, an alkylsulfonyl group, an amino group
which may be substituted with 1-2 groups selected independently from the group
consisting of an alkoxycarbonyl group, and an alkylsulfoniylamino group, a
carbamoyl group which may be substituted with 1-2 alkyl groups, a cycloalkyl
group which may be substituted with a hydroxyl group, an aliphatic heterocyclic
carbonyl group, an aryl group, and a heteroaryl group which may be substituted
with an alkyl group and may be partially hydrogenated; an alkanoyl group which
may be substituted with 1-2 groups selected independently from the group

 consisting of an aliphatic heterocyclic group which may be substituted with an

alkyl group, a halogen atom, a hydroxyl group , and a cycloalkyl group which
may be substituted with a hydroxyl group; an alkoxy group; a carbamoyl group
which may be substituted with 1-2 alkyl groups; an aliphatic heterocyclic group
which may be substituted with an oxo group; an alkylsulfonyl group; a heteroaryl

group; and a phenyl group,
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(iv) a substituent of the heteroaryl group which may be partially
hydrogenated and may be substituted is 1-2 groups selected independently from
the group consisting of a carbamoyl group which may be substituted with 1-2
alkyl groups; an aliphatic heterocyclic group; and an alkyl group which may be
substituted with 1-2 groups selected independently from the group consisting of
a hydroxyl group, an alkoxy group, an amino group, a carbamoyl group which
may be substituted with 1-2 alkyl groups, and an alkylsulfonyl group,

in the above items (i)-{iv}; an aliphatic heterocyclic ring is selected from
azetidinyl, oxetanyl, pyrrolidinyl, thioranyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, homomorpholinyl, 1-azabicyclo[2.2.2]octyl{quinuclidinyl), 8-
azabicyclo[3.2.1]octyl, 3-oxabicyclo{3.3.1]nonyl, or 3-oxo-9-azabicyclo[3.3. 1]nonyl,

the aliphatic heterocyclic ring in the aliphatic heterocyclic carbonyl is
selected from azetidinyl, oxetanyl, pyrrolidinyl, thioranyl, piperidinyl, piperazinyl,
morpholinyl, thiomorpholinyl, homomorpholinyl, 1-
azabicyclo[2.2.2]octyl(gquinuclidinyl), 8-azabicyclo[3.2.1loctyl, 3-
oxabicyclo[3.3.1]nonyl, or 3-0x0-9-azabicyclo[3.3.1]nonyl,

the heteroaryl is selected from pyrrolyl, furanyl, thienyl; imidazolyl,
pyrazolyl, oxazolyl, thiazolyl, triazolyl, tetrazolyl, pyridyl, pyrazinyl, pyrimidinyi,
pyridazinyl, thiazinyl, triazinyl, indolyl, isoindolyl, indazolyl, benzimidazolyl,
benzothiazolyl, benzofuranyl, quinglyl, isoquinolyl, imidazopyridyl, or
benzopyranyl,

the hetercaryl group which may be partially hydrogenated is selected from a
pyrrolyl group, a furanyl group, a thienyl group, an imidazolyl group, an
imidazolinyl group, a pyrazolyl group, an oxazolyl group, a thiazolyl group, a
triazolyl group, a tetrazolyl group, a pyridyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a thiazinyl group, a triazinyl group, an
indolyl group, an isoindolyl group, an isoindolinyl group, an mdazrolyl group, a
benzimidazolyl group, a benzothiazolyl group, a benzofuranyl group, a
dihydrobenzofuranyl group, a quinolyl group, an isoquinolyl group, an
imidazopyridyl group, a tetrahydroimidazopyridyl group, a benzopyranyl group,
or a dihydrobenzopyranyl group, or

when X¢ is NR4c, and RB7and R4 are bound to each other at their terminus
to form an aliphatic heterocyclic group which may be substituted with an alkyl
group which may be substituted with a hydroxyl group, together with a nitrogen

atom to which they are bound, an aliphatic heterocyclic group is a group selected
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from azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, or hcmomorpholinyl;

(h) a nitrogen-containing spiro heterocyclic group represented by the above
formula (B-5):

wherein RB8 is a hydrogen atom or an alkyl group; or

(i) an aliphatic heterocyclic group represented by the above formula (B-6):

wherein m 1s 2,
or a pharmaceutically acceptable salt thereof.

[0035]

The preferable compound of the present invention is a compound of the
above general formula [I] wherein RA is phenyl which may be substituted, or a
pharmaceutically acceptable salt thereof.

[0036]

Further, the preferable compound of the present invention is a compound of
the above general formula [I] wherein RE is a group represented by the above
formula (B-4), or a pharmaceutically acceptable salt thereof.

[0037]

The more preferable compound of the present invention is a compound of
the above general formula [I] wherein Xs in the above formula (B-4) is N, or a
pharmaceutically acceptable sait thereof.

[0038]

The more preferable compound of the present invention is a compound of
the above general formula [I] wherein in the above formula (8-4),

Xais N,

Xvis CH; and Xeis NH; or Xp is NH and X¢ is CHs; and

RB¢ is a hydrogen atom,
or a pharmaceutically acceptable salt thereof,

[0039]

Another more pfeferabie compound of the present invention is a compound
of the above general formula [} wherein in the above formula (B-4), Xais N, Xt is
CHREb or C(=0), and X¢ is NR#e,

R3b {s a hydrogen atom or an alkyl group,

Ric is a hydrogen atoi’n, an alkyl group, or a cycloalkyl group, and

RB6 is a hydrogen atom or an alkyl group,

or a pharmaceutically acceptable salt thereof.
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[0040]

The further more preferable compound of the present invention is a
compound of the above general formula [I] wherein, in the above formula (B-4),
Xais N, Xvis CHRSb or C{=0), and X< is NR4, R3 is a hydrogen atom or an alkyl
group, R is a hydrogen atom, an alkyl group, or a cj*cloalkyl group, and RBS is a
hydrogen atom, or a pharmaceutically acceptable salt thereof.

[0041] '

In addition, the preferable compound of the present invention is a
compound of the above general formula [I] wherein RA is a group represented by
the above formula (A-1), and RB is a group represented by the above formula (B-
4), or a pharmaceutically acceptable salt thereof,

[0042]

Further, the preferable compound of the present invention is a compound of
the above general formula [I] wherein R# is a phenyl group which may be
substituted, and RB is a group represented by the above formula (B-4), or a
pharmaceutically acceptable salt thereof.

[0043]

The particularly preferable compound of the present invention is a
compound of the above general formﬁla [I} wherein R4 is a phenyl group which
may be substituted, R® is a group represented by the above formula (B-4)
(wherein Xa is N, Xb is CHRS3b, Xc is NR4, R30 is a hydrogen atom or an alkyl group,
and R is a hydrogen atom, an alkyl group, or a cycloalkyl group), or a
pharmaceutically acceptable salt thereof.

[0044]

The more preferable compound of the present invention is a compound of

the above general formula [I} wherein, in the above formula (B-4), Xz is N, Xb is

CHas, Xcis NH, and RB6 is a hydrogen atom, or a pharmaceuticaﬂy acceptable salt

thereof.
[0045]

Another more preferable compound of the present invention is a compound
of the above general formula [I] wherein R4 is a phenyl group which may be
substituted with 1-3 gfouvps selected independently from the group consisting of
a halogen atom, an alkyl group, a haloalkyl group, an alkoxyalkyl group, an
alkoxy group, and an alkylenedioxy group which may be substituted with 1-2

halogen atoms, and RB is a group represented by the above formula (B-4)
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(wherein Xz is N, X is CHa, X¢ is NH, and R®¢ is a hydrogen atom), or a
pharmaceutically acceptable salt thereof.

[0046]
Another more preferable compound of the present invention is a compound

of the above general formula [I] wherein R®7 is a cycloalkyl group which may be
substituted,

wherein a substituent of the cycloalkyl group which may be substituted is
1-2 groups selected independently from the group consisting of a hydroxyl group;
an aliphatic heterocyclic group which may be substituted with 1-3 groups
selected independently from the group consisting of a hydroxyl group and an oxo
group; an amino group which may be substituted with 1-2 groups selected
independently from the group consisting of an alkyl group which may be
substituted with an alkylsulfonyl group, and an alkanoyl group; an alkyl group
which may be substituted with a hydroxyl group; a carbamoyl group which may
be substituted with 1-2 alkyl groups; an alkoxy group which may be substituted
with a carbamoyl group which may be substituted with 1-2 alkyl groups; a
cycloalkyl group which may be substituted with a hydroxyl group; and an
alkylsulfonyl group, or

two substituents on the same carbon atom in the above cycloalkyl group
which may be substituted are bound to each other at the terminus thereof to
form an alkylene group which may be substituted with 1-3 groups selected
independently from the group consisting of an alkyl group and an oxo group
(wherein the alkylene group may contain, in the alkylene chain, 1-2 heteroatoms
selected independently from a nitrogen atom, an oxygen atom, and a sulfur atom),

wherein the aliphatic heterocyclic group is pyrrolidinyl, piperidinyl,
piperazinyl, morpholinyl, or thiomorpholinyl, and an cycloalkyl moiety of the
above cycloalkyl group which may be substituted is cyclobutyl, cyclopentyl,
cyclohexyl, bicyclo[2.2.2]octyl, or adamantyl,
or a phérmaceuﬁcaﬂy acc.epté.ble salt thereof.
[0047]

As another preferable embodiment, the present invention comprises a
compound of the above general formula [I]:
wherein
(A) Rais

(1) a cycloalkyl group which may be substituted with an alkyl group,
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(2) a cycloalkenyl group which may be substituted with an alkyl group,

(3) a phenyl group which may be substituted with 1-3 groups selected
mdependently from the group consisting of a halogen atom, an alkyl group, a
haloalkyl group, an alkoxyalkyl group, an alkoxy group, and an alkylenedzoxy
group which may be substituted with 1-2 halogen atoms,

(4) a naphthyl group which may be partially hydrogenated and may be
substituted with an alkyl group,

(5) a heteroaryl group which may be partially hydrogenated and may be
substituted with 1-2 groups selected independently from the group consisting of
a cyano group, and an alkyl group,

the hetercaryl moiety is pyridyl, indazolyl, thienyl, isoquinolyl, benzopyranyl,
benzofuranyl, indolyl, or benzothiazolyl,
(B) R® is a group of the above formula (B-4):

wherein

(i} when Xa represents CR3s,

Xb represents CHR36, and Xc represents O or NRée,

Xb represents O, and X< represents NR#, or

Xb represents NR*, and Xe¢ represents O, NR#e, or CHR3¢

(ii) when Xe represents N,

Xb represents CHR®» or C{=0), and X¢ represents NR#, or

Xbrepresents NR9, and X< represents CHR3,

wherein R3: represents a hydrogen atom, a hydroxyl group, an alkyl group,
or an amino group, »

each of R3% and R¥ represents a group selected independently from the
group consisting of a hydrogen atom, a hydroxyl group, and an atkyl group,

each of R4 and R4 represents a group selected independently from the
group consisting of a hydrogen atom, an alkyl group, and a cycloalkyl group;

RB6 represents a hydrogen atom or an alkyl group;

R®7 is (i} an alkyl group which may be substituted, (ii) a cycloalkyl group
which may be substituted, {iii) an aliphatic heterocyclic group which may be
substituted, or {iv) a heteroaryl group which may be partially hydrogenated and
may be substituted, or,

when Xcig NRé, RB7 and Réc are bound to each other at their terminus to
form an eliphatic heterocyclic group, which may be substituted with an alkyl
group (wherein the alkyl group may be substituted with a hydroxyl group),
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together with a nitrogen atom to which they are bound,

wherein ;

(i) a substituent of the alkyl group which may be substituted is 1-4 groups
selected independently from the group consisting of a halogen atom; a hydroxyl
group; a cycloalkyl group which may be substituted with 1-2 groups selected
independently from the group consisting of a hydroxyl group and an alkylsulfonyl
group; a phenyl group; a pyridyl group; an amino group which may be
substituted with 1-2 groups selected independently from the group consisting of
an alkyl group, an alkanoyl group, and an alkoxycarbonyl group; an alkylsulfonyl
group; an alkoxy group; and an aliphatic heterocyclic group which may be
substituted with 1-3 groups selected independently from the group consisting of
a hydroxyl group, an oxo group, an alkyl group, an alkanoyl group, and an
alkylsulfonyl group,

wherein the aliphatic heterocyclic group is selected from
tetrahydrothiophenyl, piperidinyl, piperazinyl, thiomorpholinyl, or morpholinyl,

(ii) a substituent of the cycloalkyl group which may be substituted is 1-2
groups selected independently from the group consisting of a hydroxyl group; an
aliphatic heterocyclic group which may be substituted with 1-3 groups selected
independently from the group consisting of a hydroxyl group and an oxo group;
an aminoc group which may be substituted with 1-2 groups selected
independently from the group consisting of an alkyl group which may be
substituted with an alkylsulfonyl group, and an alkanoyl group; an atky! group
which may be substituted with a hydroxyl group; a carbamoyl group which may
be substituted with 1-2 alkyl groups; an alkoxy group which may be substituted
with a carbamoyl group which may be substituted with 1-2 alkyl groups; a
cycloalkyl group which may be substituted with a hydroxyl group; and an
alkylsulfonyl group, or

two substituents on the same carbon atom in the above cycloalkyl group
which may be substituted are hound to each other at the terminus thereof to
form an alkylene group which may be substituted with 1-3 groups selected
independently from the group consisting of an alkyl group and an oxo group
(wherein the alkylene group may contain, in the alkylene chain, 1-2 heteroatoms
selected independently from a nitrogen atom, an oxygen atom, and a sulfur atom),

wherein the aliphatic heterocyclic group is pyrrolidinyl, piperidinyl,

piperazinyl, inorpholinyl, or thiomorpholinyl, and
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a cycloalkyl moiety of (ii) the cycloalkyl group which may be substituted is
cyclobutyl, cyclopentyl, cyclohexyl, bicyclo[2.2.2]octyl, or adamantyl, |

(i) a substituent of the aliphatic heterocyclic group which may be
substituted is 1-3 groups selected independently from the group consisting of a
halogen atom; a hydroxyl group; an oxo group; an alkyl group which may be
substituted with 1-3 groups selected independently from the group consisting of
an alkoxy group, an alkylsulfonyl group, an amino group which may be
substituted with 1-2 groups selected independently from the group consisting of
an alkoxycarbonyl group and an alkylsulfonyl group, a carbamoyl group which
may be substituted with 1-2 alkyl groups, a cycloalkyl group which may be
substituted with a hydroxyl group, a morpholinylcarbonyl group, and a
heteroaryl group which may be substituted with an alkyl group and may be
partially hydrogenated (wherein the heteroaryl which may be partially
hydrogenated is imidazolyl, imidazolinyl, oxazolyl, triazolyl, or pyridyl); an
alkanoyl group which may be substituted with 1-3 groups selected independently
from the group consisting of an a halogen atom, and a hydroxyl group; a
cycloalkylcarbonyl group which may be substituted with a hydroxyl group; an
oxetanylcarbonyl group which may be substituted with an alkyl group; an alkoxy
group; a carbamoyl group which may be substituted with 1-2 alkyl groups; an
aliphatic heterocyclic group which may be substituted with an oxo group
(wherein the aliphatic heterocyclic group is piperidinyl or tetrahydropyranyl); and
a pyrimidinyl group, - - '

wherein an aliphatic heterocyclic moiety of {iii) the aliphatic heterocyclic
group which may be substituted is azetidinyl, pyrrolidinyl, piperidinyl,
tetrahydrothiophenyl, tetrahydrothiopyranyl, tetrahydrofuranyl,
tetrahydropyranyl, 1-azabicyclo[2.2.2]octyl, 8-azabicyclo[3.2.1}octyl,
homomorpholinyl, 3-oxabicyclo[3.3.1]nonyl, or 3-oxo-9-azabicyclo[3.3. 1|nonyl,

(iv) a substituent of the heteroaryl group which may be partially
hydrogenated and may be substituted is 1-2 groups selected independently from
the group consisting of a tetrahydropyranyl group; and an alkyl group which may
be substituted with 1-2 groups selected independently from the group consisting
of a carbamoyl group which may be substituted with 1-2 alkyl groups, an
alkylsulfonyl group, and pyridazinyl group,

wherein heteroaryl of (iv) the heteroaryl group which may be partially
hydrogenated and may be substituted is pyrazolyl, pyridyl, or imidazopyridinyl,
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an aliphatic heterocyclic moiety of the aliphatic heterocyclic group which
may be substituted with an alkyl group which may be substituted with a
hydroxyl group is piperazinyl or pyrrolidinyl {wherein the aliphatic heterocyclic
group is formed from RB7and R4 being bound to each other at their terminus,
together with a nitrogen atom to which they are bound, when Xc is NR#}],
or a pharmaceutically acceptable salt thereof.
[0048]

As another preferable embodiment, the present invention comprises a
compound of the above general formula [I}:
wherein
(A) R2 is a phenyl group which may be substituted with 1-3 groups selected
independently from the group consisting of a halogen atom, an alkyl group, a
haloalkyl group, an alkoxyalkyl group, an alkoxy group, and an alkylenedioxy
group which may be substituted with 1-2 halogen atoms,
(B) R® is a group of the above formula (B-4):

wherein

1) when Xa represents CR3z,

Xb represents CHR3b, and Xe¢ represents O or NR*e,

Xb represents O, and Xc represents NR*, or

Xb represents NR4%, and Xe represents O, NR4, or CHR3e,

(ii) when Xa represents N,

Xb represents CHRS® or C(=0), and X¢ represents NR#, or

wherein R% represents a hydrogen atomn, a hydroxyl group, an alkyl group,
or an amino group,

each of R% and R® represents a group selected independently from the
group consisting of a hydrogen atom, a hydroxyl group, and an alkyl group,

each of R%* and R represents a group selected independently from the
group consisting of a hydrogen atom, an alkyl group, and a cycloalkyl group;

RB6 represents a hydrogen atom or an alkyl group;

R®7 is (i) an alkyl group which may be substituted, (ii) a cycloalkyl group

‘which may be substituted, (iii) an aliphatic heterocyclic group which may be

substituted, or (iv) a heteroaryl group which may be partially hydrogenated and

may be substituted, or,
when Xc represents NR4c, RB7 and Réc are bound to each other at their
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terminus to form an aliphatic heterocyclic group which may be substituted with
an alkyl group (wherein the alkyl group may be substituted with a hydroxyl
group), together with a nitrogen atom to which théy are bound,

wherein )

(i) a substituent of the alkyl group which may be substituted is 1-4 groups
selected independently from the group consisting of a halogen atom; a hydroxyl
group; a cycloalkyl group which may be substituted with 1-2 groups selected
independently from the group consisting of a hydroxyl group and an alkylsulfonyl
group; a phenyl group; a pyridyl group; an amino group which may be
substituted with 1-2 groups selected independently from the group consisting of
an alkyl group, an alkanoyl group, and an alkoxycarbonyl group; an alkylsulfonyl
group; an alkoxy group; and an aliphatic heterocyclic group which may be
substituted with 1-3 groups selected independently from the group consisting of
a hydroxyl group, an oxo group, an alkyl group, an alkanoyl group, and an
alkylsulfonyl group,

wherein the aliphatic heterocyclic group is selected from
tetrahydrothiophenyl, piperidinyl, piperazinyl, thiomorpholinyl, or morpholinyl,

(ii) a substituent of the cycloalkyl group which may be substituted is 1-2
groups selected independently from the group consisting of a hydroxyl group; an
aliphatic heterocyclic group which may be substituted with 1-3 groups selected
independently from the group consisting of a hydroxyl group and an oxo group;
an amino group which may be substituted with 1-2 groups selected
independently from the group consisting of an alkyl group which may be
substituted with an alkylsulfonyl group, and an alkanoyl group; an alkyl group
which may be substituted with a hydroxyl group; a carbamoyl group which may
be substituted with 1-2 alkyl groups; an alkoxy group which may be substituted
with a carbamoyl group which may be substituted with 1-2 alkyl groups; a
cycloalkyl grou p which may be substituted with a hydroxyl group; and an
alkylsulfonyl group, or

two substituents on the same carbon atom in the above cycloalkyl group
which may be substituted are bound to each other at the terminus thereof to
form an alkylene group which may be substituted with 1-3 groups selected
indepehdently from the group consisting of an alkyl group and an oxo group
(wherein the alkylene group may contain, in the alkylene chain, 1-2 heteroatoms

selected independently from a nitrogen atom, an oxygen atom, and a sulfur atom),




n

10

20

25

30

35

34

wherein the aliphatic heterocyclic group is pyrrolidinyl, piperidinyl,
piperazinyl, morpholinyl, or thiomorpholinyl, and

a cycloalkyl moiety of {ii) the cycloalkyl group which may be substituted is
cyclobutyl, cyclopentyl, cyclohexyl, bicyclo[2.2.2]octyl, or adamaﬁtyl,

(iii} a substituent of the aliphatic heterocyclic grou;ﬁ which may be
substituted is 1-3 groups selected independently from the group consisting of a
halogen atom,; a hydroxyl group; an oxo group; an alkyl group which may be
substituted with 1-3 groups selected independently from the group consisting of
an alkoxy group, an alkylsulfonyl group, an amino group which may be
substituted with 1-2 groups selected independently from the group consisting of
an alkoxycarbonyl group and an alkylsulfonyl group, a carbamoyl group which
may be substituted with 1-2 alkyl groups, a cycloalkyl group which may be
substituted with a hydroxyl group, a morpholinylcarbonyl group, and a
heteroaryl group which may be substituted with an alkyl group and may be
partially hydrogenated (wherein the heteroaryl which may be partially
hydrogenated is imidazolyl, imidazolinyl, oxazolyl, triazolyl, or pyridyl); an
alkanoyl group which may be substituted with 1-2 groups selected independently
from the group consisting of an a halogen atom, and a hydroxyl group; a
cycloalkylcarbonyl group which may be substituted with a hydroxyl group; an
oxetanylcarbony! group which may be substituted with an alkyl group; an alkoxy
group; a carbamoyl group which may be substituted with 1-2 alkyl groups; an
aliphatic heterocyclic group which may be substituted with an oxo group
(wherein the aliphatic heterocyclic group is piperidinyl or tetrahydropyranyl); and
a pyrimidinyl group, |

wherein an aliphatic heterocyclic moiety of (iii) the aliphatic heterocyclic
group which may be substituted is azetidinyl, pyrrolidinyl, piperidinytl,
tetrahydrothiophenyl, tetrahvdrothiopyranyl, tetrahydrofuranyl,
tetrahydropyranyl, 1-azabicyclo[2.2.2]octyl, 8-azabicyclo[3.2. lJoctyl,
homomorpholinyl, 3~-oxabicyclo[3.3.1jnonyl, or 3-oxo-9-azabicyclo[3.3. 1jnonyl,

{iv} a substituent of the heteroaryl group which may be partially
hydrogenated and may be substituted is 1-2 groups selected independently from
the group consisting of a tetrahydropyranyl group; and an alkyl group which may
be substituted with 1-2 groups selected independently from the group consisting

- of a carbamoyl group which may be substituted with 1-2 alkyl groups,

alkylsulfonyl group, and pyridazinyl group,
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wherein a heteroaryl group of (iv) the heteroaryl group which may be
partially hydrogenated and may be substituted is pyrazolyl, pyridyl, or
imidazopyridinyl,

an aliphatic heterocyclic moiety of the aliphatic heterocyclic group which
may be substituted with an alkyl group which may be substituted with a
hydroxyl group is piperazinyl or pyrrolidinyl (wherein the aliphatic heterocyclic
group is formed from R27and Ré being bound to each other at their terminus,
together with a nitrogen atom to which they are bound, when X¢ is NR4<},
or a pharmaceutically acceptable salt thereof.

[0049]
As another preferable embodiment, the present invention comprises a

compound of the above general formula [I]:

wherein
{A) R is a phenyl group which may be substituted with 1-3 groups selected

independently from the group consisting of a halogen atom, an alkyl group, a
halcalkyl group, an alkoxyalkyl group, an alkoxy group, and an alkylenedioxy
group which niay be substituted with 1-2 halogen atoms,

{B) RB is a group of the above formula (B-4):

wherein

X represents N,

XP represents CHR® or C{=0), and X¢ represents NR4, or

Xb represents NR%, and X¢ represents CHR3e,

wherein each of R30 and R¥ represents a group selected independently from
the group consisting of a hydrogen atom, a hydroxyl group, and an alkyl group,

each of R* and Réc represents a group selected independently from the
group consisting of a hydrogen atom, an alkyl group, and a cycloalkyl group,

RB6 represents a hydrogen atom or an alky! group,

RB7 is (i) an alkyl group which may be substituted, (ii} a cycloalkyl group
which may be substituted, (iii) an aliphatic heterocyclic group which may be
substituted, or (iv) a heteroaryl group which may be partially hydrogenated and
may be substituted, or,

when X¢ represents NR%e, RE7 and R4 are bound to each other at their
terminus to form an aliphatic heterocyclic group which may be substituted with
an alkyl group (wherein the alkyl group may be substituted with a hydroxyl

group), together with a nitrogen atom to which they are bound,
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wherein

(i) a substituent of the alkyl group which may be substituted is 1-4 groups
selected independently from the group consisting of a halogen atom; a hydroxyl
group; a cycloalkyl group which may be 1-2 groups selected independently from
the group consisting of a hydroxyl group and an alkylsulfonyl group; a phenyl
group; a pyridyl group; an amino group which may be substituted with 1-2
groups selected independently from the group consisting of an alkyl group, an
alkanoyl group, and an alkoxycarbonyl group; an alkylsulfonyl group; an alkoxy
group; and an aliphatic heterocyclic group which may be substituted with 1-3
groups selected independently from the group consisting of a hydroxyl group, an
oxo group, an alkyl group, an alkanoyl group, and an alkylsulfonyl group,

wherein the aliphatic heterocyclic group is selected from
tetrahydrothiophenyl, piperidinyl, piperazinyl, thiomorpholinyl, or morpholinyl,

(ii) a substituent of the cycloalkyl group which may be substituted is 1-2
groups selected independently from the group consisting of a hydroxyl group; an
aliphatic heterocyclic group which may be substituted with 1-3 groups selected
independently from the group consisting of a hydroxyl group and an oxo group;
an amino group which may be substituted with 1-2 groups selected
independently from the group consisting of an alkyl group which may be
substituted with an alkylsulfonyl group, and an alkéhoyl group; an alkyl group
which may be substituted with a hydroxyl group; a carbamoyl group which may
be substituted with 1-2 alkyl groups; an alkoxy group which may be substituted
with a carbamoyl group which may be substituted with 1-2 alkyl groups; a
cycloalkyl group which may be substituted with a hydroxyl group; and an
alkylsulfonyl group, or

two substituents on the same carbon atom in the above cycloalkyl group
which may be substituted are bound to each other at the terminus thereof to
form an alkylene group which may be substituted with 1-3 groups selected
independently from the group consisting of an alkyl group and an oxo group
(wherein the alkylene group may contain, in the alkylene chain, 1-2 heteroatoms
selected independently from a nitrogen atom, an oxygen atom, and a sulfur atom),

wherein the aliphatic heterocyclic group is pyrrolidinyl, piperidinyl,
piperazinyl, morpholinyl, or thiomorpholinyl, and

a cycloalkyl moiety of (ii) the cycloalkyl group which may be substituted is
cyclobutyl, cyclopentyl, cyclohexyl, bicyclo[2.2.2]octyl, or adamantyl,
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(iii) a substituent of the aliphatic heterocyclic group which may be
substituted is 1-3 groups selected independently from the group consisting of a
halogen atom; a hydroxyl group; an oxo group; an alkyl group which may be
substituted with 1-3 groups selected independently from the group consisting of
an alkoxy group, an alkylsulfonyl group, an amino group which may be
substituted with 1-2 groups selected independently from the group consisting of
an alkoxycarbonyl group and an alkylsulfonyl group, a carbamoyl group which
may be substituted with 1-2 alkyl groups, a cycloalkyl group which may be
substituted with a hydroxyl group, a morpholinylc'arbonyl group, and a
heteroaryl group which may be substituted with an alkyl group and may be
partially hydrogenated (wherein the heteroaryl which may be partially
hydrogenated is imidazolyl, imidazolinyl, oxazolyl, triazolyl, or pyridyl); an
alkanoyl group which may be substituted with 1-2 groups selected independently
from the group consisting of an a halogen atom, and a hydroxy! group; a
cycloalkylcarbonyl group which may be substituted with a hydroxyl group; an
oxetanylcarbonyl group which may be substituted with an alkyl group; an alkoxy
group; a carbamoeyl group which may be substituted with 1-2 alkyl groups; an
aliphatic heterocyclic group which may be substituted with an oxo group
(wherein the aliphatic heterocyclic group is piperidinyl or tetrahydropyranyl); and
a pyrimidinyl group,

wherein an aliphatic heterocyclic moiety of (iii) the aliphatic heterocyclic
group which may be substituted is azetidinyl, pyrrolidinyl, piperidinyi,
tetrahydrothiophenyl, tetrahydrothiopyranyl, tetrahydrofuranyl,
tetrahydropyranyl, 1-azabicyclo[2.2.2]octyl, 8-azabicyclo[3.2.1]octyl,
homomorpholinyl, 3-oxabicyclo[3.3.1|nonyl, or 3-oxo-9-azabicyclo[3.3.1]nonyl,

(iv} a substituent of the heteroaryl group which may be partially
hydrogenated and may be substituted is 1-2 groups selected independently from
the group consisting of a tetrahydropyranyl group; and an alkyl group which may
be substituted with 1-2 groups selected independently from the group consisting
of a carbamoyl group which may be substituted with 1-2 alkyl groups, an
alkvlsulfonyl group, and pyridazinyl group,

wherein a heteroaryl group of (iv) the hetercaryl group which may be
partially hydrogenated and may be substituted is pyrazolyl, pyridyl, or
imidazopyridinyl,

an aliphatic heterocyclic moiety of the aliphatic heterocyclic group which
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may be substituted with an alkyl group (wherein the alkyl may be substituted
with a hydroxyl group) which is formed from R®7and R being bound to each
other at their terminus, together with a nitrogen atom to which they are bound,
when Xc is NR4, is piperazinyl, or pyrrolidinyl,

or a pharmaceutically acceptable salt thereof.

[0050]

As another preferable embodiment, the present invention comprises a
compound of the above general formula [I}:
wherein
(A} RA is a phenyl group which may be substituted with 1-3 groups selected
independently from the group consisting of a halogen atom, an alkyl group, a
haloalkyl group, an alkoxyalkyl group, an alkoxy group, and an alkylenedioxy
group which may be substituted with 1-2 halogen atoms,

(B) RB is a group of the above formula (13-4):

wherein

Xe represents N,

Xb represents CHg, and Xc¢ represents NH,

RBS represents a hydrogen atom or an alkyl group,

RB7 is (i} an alkyl group which may be substituted, (ii) a cycloalky! group
which may be substituted, (iil) an aliphatic heterocyclic group which fnay be
substituted, or (iv) a heteroaryl group which may be partially hydrogenated and
may be substituted, or, ‘

when Xe¢ representslNR“C, RB7 and R* are bound to each other at their
terminus to form an aliphatic heterocyclic group which may be substituted with
an alkyl group (wherein the alkyl group may be substituted with a hydroxyl
group), together with a nitrogen atom to which they are bound,

wherein

(i) a substituent of the alkyl group which may be substituted is 1-4 groups
selected independently from the group consisting of a halogen atom; a hydroxyl
group; a cycloalkyl group which may be 1-2 groups selected independently from
the group consisting of a hydroxyl group and an alkylsulfonyl group; a phényl
group; a pyridyl group; an amino group which may be substituted with 1-2
groups selected independently from the group consisﬁng of an alkyl group, an
alkanoyl group, and an alkoxycarbonyl group; an alkylsulfonyl group; an alkoxy
group; and an aliphatic heterocyclic group which may be substituted with 1-3
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groups selected independently from the group consisting of a hydroxyl group, an

oxo group, an alkyl group, an alkanoyl group, and an alkylsulfonyl group,
wherein the aliphatic heterocyclic group is selected from

tetrahydrothiophenyl, piperidinyl, piperazinyl, thiomorpholinyl, or morpholinyl,
(i1) a substituent of the cycloalkyl group which may be substituted is 1-2

groups selected independently from the group consisting of a hydroxyl group; an

aliphatic heterocyclic group which may be substituted with 1-3 groups selected
independently from the group consisting of a hydroxyl group and an oxo group;
an amino group which may be substituted with 1-2 groups selected
independently from the group consisting of an alkyl group which may be
substituted with an alkylsulfonyl group, and an alkanoyl group; an alkyl group
which may be substituted with a hydroxyl group; a carbamoyl group which may
be substituted with 1-2 alkyl groups; an alkoxy group which may be substituted
with a carbamoyl group which may be substituted with 1-2 alkyl groups; a
cycloalkyl group which may be substituted with a hydroxyl group; and an
alkylsulfonyl group, or

two substituents on the same carbon atom in the above cycloalkyl group
which may be substituted are bound to each other at the terminus thereof to
form an alkylene group which may be substituted with 1-3 groups selected
independently from the group consisting of an alkyl group and an oxo group
(wherein the alkylene group may contain, in the alkylene chain, 1-2 hetercatoms
selected independently from a nitrogen atom, an oxygen atom, and a sulfur atom),

wherein the aliphatic heterocyclic group is pyrrolidinyl, piperidinyl,
piperazinyl, morpholinyl, or thiomorpholinyl, and

a cycloalkyl moiety of (ii) the cycloalkyl group which may be substituted is
cyclobutyl, cyclopentyl, cyclohexyl, bicyclo[2.2.2]octyl, or adamantyl,

(iii) a substituent of the aliphatic heterocyclic group which may be
substituted is 1-3 groups selected independently from the group consisting of a
halogen atom; a hydroxyl group; an oxo group; an alkyl group which may be
substituted with 1-3 groups selected independently from the group consisting of
an alkoxy group, an alkylsulfonyl group, an amino group which may be
substituted with 1-2 groups selected independently from the group consisting of
an alkoxycarbonyl group and an alkylsulfonyl group, a carbamoyl! group which
may be substituted with 1-2 alkyl groups, a cycloalkyl group which may be
substituted with a hydroxyl group, a morpholinylcarbonyl! group, and a
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heteroaryl group which may be substituited with an alkyl group and may be
partially hydrogenated {wherein the heteroaryl which may be partially
hydrogenated is imidazolyl, imidazolinyl, oxazolyl, triazolyl, or pyridyl); an
alkanoyl group which may be substituted with 1-2 groups selected independently
from the group consisting of an a halogen atom, and a hydroxyl group; a ’

cycloalkylcarbonyl group which may be substituted with a hydroxyl group; an

" oxetanylcarbonyl group which may be substituted with an alkyl group; an alkoxy

group; a carbamoy! group which may be substituted with 1-2 alkyl groups; an
aliphatic heterocyclic group which may be substituted with an oxo group
{wherein the aliphatic heterocyclic group is piperidinyl or tetrahydropyranyl); and
a pyrimidinyl group,

wherein an aliphatic heterocyclic moiety of (iii) the aliphatic heterocyclic
group which may be substituted is azetidinyl, pyrrolidinyl, piperidinyl,
tetrahydrothiophenyl, tetrahydrothiopyranyl, tetrahydrofuranyl,
tetrahydropyranyl, 1-azabicyclo[2.2.2)octyl, 8-azabicyclo[3.2.1]octyl,
homomorpholinyl, 3-oxabicyclo[3.3.1]jnonyl, or 3-oxo-9-azabicyclo[3.3. 1nonyl,

(iv} a substituent of the heteroaryl group which may be partially
hydrogenated and may be substituted is 1-2 groups selected independently from
the group consisting of a tetrahydropyranyl group; and an alky! group which may
be substituted with 1-2 groups selected independently from the group consisting
of a carbamoy! group which may be substituted with 1-2 alkyl groups, an
alkylsulfonyl group, and pyridazinyl group,

wherein a heteroaryl group of (iv) the hetercaryl group which may be
partially hydrogenated and may be substituted is pyrazolyl, pyridyl, or
imidazopyridinyl,

an aliphatic heterocyclic moiety of the aliphatic heterocyclic group which
may be substituted with an alkyl group (which may be substituted with a
hydroxyl group) is piperazinyl or pyrrolidinyl wherein the aliphatic heterocyclic
group is formed from RB7and R being bound to each other at their terminus,
together with a nitrogen atom to which they are bound, when Xe¢ is NR#c,
or a pharmaceutically acceptable salt thereof.

[C0O51]
As another preferable embodiment, the present invention comprises a

compound of the above general formula [I}:

wherein
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{A) R# is a phenyl group which may be substituted with 1-3 groups selected
independently from the group consisting of a halogen atom, an alkyl group, &
haloalkyl group, an alkoxyalkyl group, an alkoxy group, and an alkylenedioxy
group which may be substituted with 1-2 halogen atoms,
(B) R2 is a group of the abhove formula {B-4):

wherein

Xa represents N, ]

Xb represents CHy, and Xe¢ represents NH,

RBS represents a hydrogen atom or an alkyl group,

RB7 is a cycloalkyl group which may be substituted,

wherein a substituent of the cycloalkyl group which may be substituted is
1-2 groups selected indépendently from the group consisting of a hydroxyl group;
an aliphatic heterocyclic group which may be substituted with 1-3 groups
selected independently from the group consisting of a hydroxyl group and an oxo
group; an amino group which may be substituted with 1-2 groups selected
independently from the group consisting of an alkyl group which may be
substituted with an alkylsulfonyl group, and an alkanoyl group; an alkyl group
which may be substituted with a hydroxyl group; a carbamoyl group which may

- be substituted with 1-2 alkyl groups; an alkoxy group which may be substituted

with a carbamoyl group which may be substituted with 1-2 alkyl groups; a
Cycioalky} group which may be substituted with a hydroxyl group; and an
alkylsulfonyl group, or

two substituents on the same carbon atom in the above cycloalkyl group
which may be substituted are bound to each other at the terminus thereof to
form an alkylene group which may be substituted with 1-3 groups selected
independently from the group consisting of an alkyl group and an oxo group
(wherein the alkylene may contain, in the alkylene chain, 1-2 heteroatoms
selected independently from a nitrogen atom, an oxygen atom, and a sulfur atom),

wherein the aliphatic heterocyclic group is pyrrolidiny!, piperidinyl,
piperazinyl, morpholinyl, or thiomorpholinyl, and

wherein a cycloalkyl moiety of the above cycloalkyl group which may be

substituted is cyclobutyl, cyclopentyl, cyclohexyl, bicyclo{2.2.2]octyl, or

adamantyl,

 or a pharmaceutically acceptable salt thereof.

[0052]
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As another preferable embodiment, the present invention comprises a
cornpound of the above general formula [IJ:
wherein
(A) RA is a phenyl group which may be substituted with 1-3 groups selected
independently from the group consisting of a halogen atom, an alkyl group, a
haloalkyl group, an alkoxyalkyl group, an alkoxy group, and an alkylenedioxy
group which may be substituted with 1-2 halogen atoms,
(B) RB is a group of the above formula (B-4):

wherein

Xz represents N,

Xb represents CHa, and Xe represents NH,

RES represents a hydrogen atom,

RB7 is a cycloalkyl group which may be substituted,

wherein a substituent of the cycloalkyl group which may be substituted is
1-2 groups selected independently from the group consisting of a hydroxyl group;
an aliphatic heterocyclic group which may be substituted with 1-3 groups
selected independently from the group consisting of a hydroxyl group and an oxo
group; an amino group which may be substituted with 1-2 groups selected
independently from the group consisting of an alkyl group which may be
substituted with an alkylsulfonyl group, and an alkanoyl group; an alky! group
which may be substituted with a hydroxyl group; a carbamoyl group which may
be substituted with 1-2 alkyl groups; an alkoxy group which may be substituted
with a carbamoyl group which may be substituted with 1-2 alkyl groups; a
cycloalkyl group which may be substituted with a hydroxyl group; and an
alkylsulfonyl group, or

two substituents on the same carbon atom in the above cycloalkyl group
which may be substituted are bound to each other at the terminus thereof to
form an alkylene group which may be substituted with 1-3 groups selected
independently from the group consisting of an alkyl group and an oxo group
(Whefein the alkylene may contain, in the alkylene chain, 1-2 heteroatoms
selected independently from a nitrogen atom, an oxygen atom, and a sulfur atorm),

wherein the aliphatic heterocyclic group is pyrrolidinyl, piperidinyl,
piperazinyl, morpholinyl, or thiomorpholinyl, and

wherein a cycloalkyl moiety of the above cycloalkyl group which may be
substituted is cyclobutyl, cyclopentyl, cyclohexyl, bicyclo[2.2.2]octyl, or
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adamantyl,
or a pharmaceutically acceptable salt thereof.
[0053]

As another preferable embodiment, the present invention comprises a
compound of the above general formula [I}:
wherein
(A) Ra'is a group represented by the above formula (A-1):

wherein RA is

(1} a cycloalkyl group which may be substituted with an alkyl group,

(2) a cycloalkenyl! group which may be substituted with an alkyl group,

(3) & phenyl group which may be substituted with 1-3 groups selected
independently from the group consisting of a halogen atom, an alkyl group, a
haloalkyl group, an alkoxyalkyl group, an alkoxy group, and an alkylenedioxy
group which may be substituted with 1-2 halogen atoms,

{(4) a naphthyl group which may be partially hydrogenated and may be
substituted with an alkyl group,

(5) a heteroaryl group which may be partially hydrogenated and may be
substituted with ‘1—2 groups selected independently from the group consisting of
a cyano group, and an alkyl group,

wherein the heteroaryl moiety is pyridyl, indazolyl, thienyl, isoquinolyl,
benzopyranyl, benzofuranyl, indolyl, or benzothiazolyl,

(B) RB is a group of the above formula (B-4):

wherein

Xz is N, Xbis CHR3b or C(=0), Xc is NR4, R3 is a hydrogen atom or an alkyl
group, and R is a hydrogen atom, an alkyl group, or a cycloalkyl group,

RB6 ig a hydrogen atom or an alkyl group,

RB7 is (i) an alkyl group which may be substituted, (i) a cycloalkyl group
which may be substituted, {iii) an aliphatic heterocyclic group which may be
substituted, or (iv) a heteroaryl group which may be partially hydrogenated and
may be substituted, or,

when Xc represents NR4e, RB7 and R are bound to each other at their
terminus to form an aiiphatjc heterocyclic group which may be substituted with
an alkyl group (wherein the alkyl group may be substituted with a hydroxyl
group), together with a nitrogen atom to which they are bound, ‘

wherein
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(i) a substituent of the alkyl group which may be substituted is 1-4 groups
selected independently from the group consisting of a halogen atom; a hydroxyl
group; a cycloalkyl group which may be 1-2 groups selected independently from
the group consisting of a hydroxyl group and an alkylsulfonyl group; a phenyl
group; a pyridyl group; an amino group which may be substituted with 1-2
groups selected independently from the group consisting of an alkyl group, an
alkanoyl group, and an alkoxycarbonyl grodp; an alkyvisulfonyl group; an alkoxy
group; and an aliphatic heterocyclic group which may be substituted with 1-3
groups selected independently from the group consisting of a hydroxyl group, an
oxo group, an alkyl group, an alkanoyl group, and an alkylsulfonyl group,

wherein the aliphatic heterocyclic group is selected from
tetrahydrothiophenyl, piperidinyl, piperazinyl, thiomorpholinyl, or morpholinyl,

(i) a substituent of the cycloalkyl group which may be substituted is 1-2
groups selected independently from the group consisting of a hydroxyl group; an
aliphatic heterocyclic group which maj be substituted with 1-3 groups selected
independently from the group consisting of a hydroxyl group and an oxo group;
an amino group which may be substituted with 1-2 groups selected
independently from the group consisting of an alkyl group which may be
substituted with an alkylsulfonyl group, and an alkanoyl group; an alkyl group
which may be substituted with a hydroxyl group; a carbamoyl group which may
be substituted with 1-2 alkyl groups; an alkoxy group which may be substituted
with a carbamoyl group which may be substituted with 1-2 alkyl groups; a
cycloalkyl group which may be substituted with a hydroxyl group; and an
alkylsulfonyl group, or

two substituents on the same carbon atom in the above cycloalkyl group
which may be substituted are bound to each other at the terminus thereof to
form an alkylene group which may be substituted with 1-3 groups selected
independently from the group consisting of an alkyl group and an oxo group
(wherein the alkylene group may contain, in the alkylene chain, 1-2 heteroatoms
selected independently from a nitrogen atom, an oxygen atom, and a sulfur atom),

wherein the aliphatic heterocyclic group is pyrrolidinyl, piperidinyl,
piperazinyl, morpholinyl, or thiomorpholinyl, and

a cyclballgfl moiety of (ii) the cycloalkyl group which may be substituted is
cyclobutyl, cyclopentyl, cyclohexyl, bicyclo[2.2.2]octyl, or adamantyl,

(i) a substituent of the aliphatic heterocyclic group which may be
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substituted is 1-3 groups selected independently from the group consisting of a
halogen atom; a hydroxyl group; an oxo group; an alkyl group which may be
substituted with 1-3 groups selected independently from the group consisting of
an alkoxy group, an alkylsulfonyl group, an amino group which may be
substituted with 1-2 groups selected independently from the group consisting of
an alkoxycarbonyl group and an alkylsulfonyl group, a carbamoyl group which
may be substituted with 1-2 alkyl groups, a cycloalkyl group which may be
substituted with a hydroxy! group, a morpholinylcarbonyl group, and a
hetercaryl group which may be substituted with an alkyl group and may be
partially hydrogenated (wherein the heteroaryl which may be partially
hydrogenated is imidazolyl, imidazolinyl, oxazolyl, triazolyl, or pyridyl}; an
alkanoyl group which may be substituted with 1-2 groups selected independently
from the group consisting of an a halogen atom, and a hydroxyl group; a
cycloalkylcarbonyl group which may be substituted with a hydroxyl group; an
oxetanylcarbonyl group which may be substituted with an alkyl group; an all«.oxy
group; a carbamoyl group which may be substituted with 1-2 alkyl groups; an
aliphatic heterocyclic group which may be substituted with an oxo group
(wherein the aliphatic heterocyclic group is piperidinyl or tetrahydropyranyl); and
a pyrimidinyl group,

wherein an aliphatic heterocyclic moiety of (i) the aliphatic heterocyclic
group which may be substituted is azetidinyl, pyrrolidinyl, piperidinyl,
tetrahydrothiophenyl, tetrahydrothiopyranyl, tetrahydrofuranyl,
tetrahydropyranyl, 1-azabicyclo[2.2.2]octyl, 8-azabicyclo[3.2.1]octyl,
homomorpholinyl, 3-oxabicyclo[3.3.1jnonyl, or 3-ox0-9-azabicyclo[3.3. 1jnonyl,

(iv} a substituent of the heteroaryl group which may be partially
hydrogenated and may be substituted is 1-2 groups selected independently from
the group consisting of a tetrahydropyranyl group; and an alkyl group which may
be substituted with 1-2 groups selected independently from the group consisting
of a carbamoyl group which may be substituted with 1-2 alkyl groups, an
alkylsulfonyl greup, and pyridazinyl group,

wherein a hetercaryl group of (iv) the heteroaryl group which may be
partially hydrogenated and may be substituted is pyrazolyl, pyridyl, or
imidazopyridinyl,

an aliphatic heterocyclic moiety of the aliphatic heterocyclic group which
may be substituted with an alkyl group (wherein the alkyl may be substituted
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with a hydroxyl group) which is formed from R®7and R being bound to each
other at their terminus, together with a nitrogen atom to which they are bound,
when X¢ is NR4, is piperazinyl, or pyrrolidinyl,

or a pharmaceutically acceptable salt thereof.

[0054]

As another preferable embodiment, the present invention comprises a
compound of the above general formula [I]:
wherein
(A) RA is a group represented by the above formula (A-1}):

wherein RA is

(1) a cycloalkyl group which may be substituted with an alkyl group,

(2) a cycloalkenyl group which may be substituted with an alkyl group,

(3) a phenyl group which may be substituted with 1-3 groups selected
independently from the group consisting of a halogen atom, an alkyl group, a
haloalkyl group, an alkoxyalkyl group, an alkoxy group, and an alkylenedioxy
group which may be substituted with 1-2 halogen atoms,

(4} a naphthyl group which may be paftially hydrogenated and may be
substituted with an alkyl group,

(5) a heteroaryl group which may be partially hydrogenated and may be
substituted with 1-2 groups selected independently from the group consisting of
a cyano group, and an alkyl group,

wherein the heteroaryl moiety is pyridyl, indazolyl, thienyl, isoquinolyl,
benzopyranyl, benzofuranyl, indolyl, or benzothiazolyl,

(B) RB is a group of the above formula (B-4):

wherein

Xais N, Xvis CHp, and Xe is NH,

RBS is a hydrogen atom,

RB7 {s (i) an alkyl group which may be substituted, {ii) a cycloalkyl group
which may be substituted, (iii) an aliphatic heterocyclic group which may be
substituted, or {iv) a heteroaryl group which may be partially hydrogenated and
may be substituted, or,

when Xe represents NR4e, RB7 and Réc are bound to each other at their
terminus to form an aliphatic heterocyclic group which may be substituted with
an alkyl group (wherein the alkyl group may be substituted with a hydroxyl

group), together with a nitrogen atom to which they are bound,
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wherein
(1) a substituent of the alkyl group which may be substituted is 1-4 groups

selected independently from the group consisting of a halogen atom; a hydroxyl
group; a cycloalkyl group which may be 1-2 groups selected independently from
the group consisting of a hydroxyl group and an alkylsulfonyl group; a phenyl
group; a pyridyl group; an amino group which may be substituted with 1-2
groups selected independently from the group consisting of an alkyl group, an
alkanoyl group, and an alkoxycarbonyl group; an alkylsulfonyl group; an alkoxy
group; and an aliphatic heterocyclic group which may be substituted with 1-3
groups selected independently from the group consisting of a hydroxyl group, an
oxo group, an alkyl group, an alkanoyl group, and an alkylsulfonyl group,

wherein the aliphatic heterocyclic group is selected from
tetrahydrothiophenyi, piperidinyl, piperazinyl, thiomorpholinyl, or morpholinyl,

(ii} a substituent of the cycloalkyl group which may be substituted is 1-2
groups selected independently from the group consisting of a hydroxyl group; an
aliphatic heterocyclic group which may be substituted with 1-3 groups selected
independently from the group consisting of a hydroxyl group and an oxo group;
an amino group which may be substituted with 1-2 groups selected
independently from the group consisting of an alkyl group which may be
substituted with an alkylsulfonyl group, and an alkanoyl group; an alkyl group
which may be substituted with a hydroxyl group; a carbanioyl group which may
be substituted with 1-2 alkyl groups; an alkoxy group which may be substituted
with a carbamoyl group which maj* be substituted with 1-2 alkyl groups; a
cycloalkyl group which may be substituted with a hydroxyl group; and an
alkylsulfonyl group, or

two substituents on the same carbon atom in the above cycloalkyl grozip
which may be substituted are bound to each other at the terminus thereof to
form an alkylene group which may be substituted with 1-3 groups selected
independently from the group consisting of an alkyl group and an oxo group
{wherein the alkylene group may contain, in the alkylene chain, 1-2 heteroatoms
selected independently from a nitrogen atom, an oxygen atom, and a sulfur atom),

wherein the aliphatic heterocyclic group is pyrrolidinyl, piperidinyl,
piperazinyl, morpholinyl, or thiomorpholinyl, and |

a cycloalkyl moiety of (ii) the cycloalkyl group which may be substituted is
cyclobutyl, cyclopentyl, cyclohexyl, bicyclo[2.2.2]octyl, or adamantyl,
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(it} a substituent of the aliphatic heterocyclic group which may be
substituted is 1-3 groups selected independently from the group consisting of a
halogen atom; a hydroxyl group; an oxo group; an alkyl group which may be
substituted with 1-3 groups selected independently from the group consisting of
an alkoxy group, an alkylsulfonyl group, an amino group which may be
substituted with 1-2 groups selected independently from the group consisting
ofan alkoxycarbonyl group, and an alkylsulfonyl group, é carbamoyl group which
may be substituted with 1-2 alkyl groups, a cycloalkyl group which may be
substituted with a hydroxyl group, a morpholinylearbonyl group, and a
heteroaryl group which may be substituted with an alkyl group and may be
partially hydrogenated {wherein the heteroaryl which may partially hydrogenated
is imidazolyl, imidazolinyl, oxazolyl, triazolyl, or pyridyl}; an alkanoyl group
which may be substituted with 1-2 groups selected independently from the group
consisting of an a halogen atom, and a hydroxyl group; a cycloalkylcarbonyl
group which may be substituted with a hydroxyl group; an oxetanylcarbonyl
group which may be substituted with an alkyl group; an alkoxy group; a
carbamoyl group which may be substituted with 1-2 alkyl groups; an aliphatic
heterocyclic group which may be substituted with an oxo group (wherein the
aliphatic heterocyclic group is piperidinyl or tetrahydropyranyl); and a
pyrimidinyt group, v

wherein an aliphatic heterocyclic moiety of (iii) the aliphatic heterocyclic
group which may be substituted is azetidinyl, pyrrolidinyl, piperidinyl,
tetrahydrothiophenyl, tetrahydrothiopyranyl, tetrahydrofuranyl,
tetrahydropyranyl, 1-azabicyclo[2.2.2]octyl, 8-azabicyclo[3.2.1]octyl,
homomorpholinyl, 3-oxabicyclo[3.3. 1jnonyl, or 3-0xo-9-azabicyclol3.3. 1jnonyl,

(iv) a substituent of the heteroaryl group which may be partially
hydrogenated and may be substituted is 1-2 groups selected independently from
the group consisting of a tetrahydropyranyl group; and an alkyl group which may
be substituted with 1-2 groups selected independently from the group consisting
of a carbamoyl group which may be substituted with 1-2 alkyl groups, an
alkyisulfonyl group, and pyridazinyl group, _

wherein a heteroaryl group of (iv) the heteroaryl group which may be
partially hydrogenated and may be substituted is pyrazolyl, pyridyl, or
imidazopyridinyl,

an aliphatic heterocyclic moiety of the aliphatic heterocyclic group which
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may be substituted with an alkyl group (wherein the alkyl may be substituted
with a hydroxyl group) which is formed from RB7and R4 being bound to each
other at their terminus, together with a nitrogen atom to which they are bound,
when Xc¢ is NR%, is piperazinyl, or pyrrolidinyl,

or a pharmaceutically acceptable salt thereof.

[0055]
As another preferable embodiment, the present invention comprises a

compound of the above general formula [I]:
wherein
{A) RA s

{1) a 3- to 7-membered monocyclic cycloalkyl group which may be
substituted with an alkyl group,

{2} a 3- to 7-membered monocyclic cycloalkenyl group which may be
substituted with an alkyl group,

(3) a phenyl group which may be substituted with 1-3 groups selected
independently from the group consisting of a halogen atom, an alkyl group, a
haloalkyl group, an alkoxyalkyl group, an alkoxy group, and a methylenedioxy
group which may be substituted with1-2 halogen atoms,

(4) a naphthyl group which may be substituted with an alkyl group,

[3) a tetrahydronaphthyl! group,

(6) a heteroaryl group which may be substituted with a cyano group or an
alkyl group (wherein the heteroaryl group is a pyridyl group, a thienyl group, an
indazolyl group, an indolyl group, a benzothiazolyl group, or an isoquinolyl
group), or

(7} a dihydrobenzopyranyl group,

(B} R® is a group of the above formula (B-4}:

wherein

{i) when Xa is CR3s,

Xbis CHR?b, and Xcis O or NR4e,

Xbis O, and Xc is NR#, or

Xbis NR#, and Xc is O, NR#, or CHR3c,

(i) when X= is N,

Xb is CHR® or C(=0), and Xc is NR#, or

Xbis NR4b and Xc is CHRS3e,

wherein R32 is a hydrogen atom, a hydroxyl group, an alkyl group, or an
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amino group,

each of R% and R3¢ is a group selected independently from the group
consisting of a hydrogen atom, a hydroxyl group, and an alkyl group,

each of R4 and R4 is a group selected independently from the group
consisting of a hydrogen atom, an alkyl group, and a cycloalkyl group,

RB6 ig a hydrogen atom or an alkyl group,

RB7 is

(i) an alkyl group which may be substituted, wherein a substituent of the
alkyl group is an aliphatic heterocyclic group which may be substituted with 1-2
groups selected independently from the group consisting of an oxo group, an
alkylsulfonyl group, a hydroxyl group, an alkyl group, and an alkanoyl group
(wherein the aliphatic heterocyclic ring is morpholinyl, thiomorpholinyl, or
piperidinyl),

(ii) a cycloalkyl group which may be substituted (wherein the cycloalkyl
group is a cyclopentyl group, a cyclohexyl group, a bicyclo[2.2.2]octyl group, or
an édamantyl group), wherein a substituent of the cyc:loalkyi group is 1-2 groups
selected independently from the group consisting of a hydroxyl group; an
aliphatic heterocyclic group which may be substituted with 1-2 groups selected
independently from the group consisting of a hydroxyl group and an oxo groupk

(wherein the aliphatic heterocyclic group is selected from a thiomorpholinyl

~ group, a piperidinyl group, a piperazinyl group, or a morpholinyl group); an

amino group which may be substituted with 1-2 groups selected independently
from the group consisting of an alkyl group and an alkanoyl group; an alkyl
group which may be substituted with a hydroxyl group; an alkoxy group which
may be substituted with a carbamoyl group which may be substituted with 1-2
alkyl groups; and an alkylsulfonyl group,

(iii) an aliphatic heterocyclic group which may be substituted (wherein the
aliphatic heterocyclic group is selected from an azetidinyl group, a
tetrahydrofurany! group, a pyrrolidinyl group, a tetrahydropyranyl group, a
piperidinyl group, a tetrahydrothiopyranyl group, or 3-oxabicyclo[3.3. 1jnonyl),
wherein a substituent of the aliphatic heterocyclic group is 1-3 groups selected
independently from the group consisting of a halogen atom; a hydroxyl group; an
oxo group; an alkyl group which may be substituted with 1-3 groups selected
independently from the group consisting of a hydroxyl group, a cycloalkyl group
which may be substituted with a hydroxyl group, an alkoxy group, alkylsulfonyl
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group, an alkylsulfonylamino group, a carbamoyl group which may be
substituted with 1-2 alkyl groups, morpholinylcarbonyl group, and a heteroaryl
group which may be substituted with an alkyl group and may be partially
hydrogenated {wherein the heteroaryl which may be partially hydrogenated is
pyridyl, imidazolyl, imidazolinyl, oxazolyl, or triazolyl); an alkanoyl group which
may be substituted with a hydroxyl group; a pyrimidinyl group; and a
cycloalkylcarbonyl group which may be substituted with a hydroxyl group, or

(iv} a pyrazolyl group which may be substituted with an alkyl group which
may be substituted with a carbamoy! group which may be substituted with 1-2
alkyl groups,
or a pharmaceutically acceptable salt thereof.
[0056]

As another preferable embodiment, the present invention comprises a
compound of the above general formula [I]:
wherein
{A) RA s

(1} a phenyl group which may be substituted with 1-3 groups selected
independently from the group consisting of a halogen atom, an alkyl group, and a
haloalkyl group,

(2) a pyridyl group which may be subsﬁtuted with a cyano group, or

(3) a dihydrobenzopyranyl group,
(B) RB is a group of the above formula (B-4):

wherein Xe represents N,

Xb represents CHy, and Xe represents NH, or

Xb represents NH, and X¢ represents CHa, |

R8BS represents a hydrogen atom,

RB7 ig

(i} an alkyl group which may be substituted, wherein a substituent of the
alkyl group is an aliphatic heterocyclic group which may be substituted with 1-2
groups selected independently from the group consisting of an oxo group, a
hydroxy! group, an alkyl group, and an alkanoy! group {(wherein the aliphatic
heterocyclic ring is morpholinyl, thiomorpholinyl, or piperidinyl),

(ii) a cyclohexyl group which may be substituted, wherein a substituent of
the cyclohexyl group is 1-2 groups selected independently from the group
consisting of a piperidinyl group which may be substituted with a hydroxyl
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group; an amino group which may be substituted with 1-2 groups selected
independently from the group consisting of an alkyl group and an alkanoyl
group; and an alkoxy group which may be substituted with a carbamoy! group
which may be substituted with1-2 alkyl groups,

(i) an aliphatic heterocyclic group which may be substituted (wherein the
aliphatic heterocyclic group is selected from an azetidinyl group, a
tetrahydrofuranyl group, a pyrrolidinyl group, a tetrahydropyranyl group, a
piperidinyl group, a tetrahydrothiopyranyl group, or 3-oxabicyclo[3.3. 1lnonyl),
wherein a substituent of the aliphatic heterocyclic group is 1-3 groups selected
independently from the group consisting of a hydroxyl group; an alkyl group
which may be substituted with 1-3 groups selected imndependently from the group
consisting of an amino group which may be substituted with an alkylsulfonyl
group, a carbamoyl group which may be substituted with 1-2 alkyl groups, and
an imidazolinyl group which may be substituted with an alkyl group; an alkanoyl
group which may be substituted with a hydroxyl group; and a cycloalkylcarbonyl
group which may be substituted with a hydroxyl group, or

(iv) a pyrazolyl group which may be substituted with an alkyl group which
may be substituted with a carbamoyl! group which may be substituted with 1-2
alkyl groups,
or a pharmaceutically acceptable salt thereof.

[0057]
As another preferable embodiment, the present invention comprises a

compound of the above general formula [I]:

wherein
R4 is a phenyl group which may be substituted with an alkyl group or a haloalkyl

group,
RBis a group of the above formula (B-4}:
wherein '
Xa is CRe,
Xb ig CHR3?,
R3a is a hydrogen atom,
R3 is a hydrogen atom or a hydroxyl group,
Xe1s NR#e,
R is a hydrogen atom or an alkyl group,

R®6 is a hydrogen atom,
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RB7 is a cycloalkyl group which may be substituted with an alkyl group or
an amino group which may be substituted with 1-2 alkyl groups, or a
pharmaceutically acceptable salt thereof.
[0058]

As another preferable embodiment, the present invention comprises a
compound of the above general formula [I}: '
wherein
R4 is a phenyl group which may be substituted with a halogen atom,
RB is a group of the above formula (B-4}:

wherein

Xa is CR3a,

Xb is NR4b,

Xe is NR4c,

R3a is a hydrogen atom,

R# is a hydrogen atom or an alkyl group,

R4c is a hydrogen atom or an alkyl group,

RB6 is a hydrogen atom,

RB7 is an alkyl group, or a pharmaceutically acceptable salt thereof.
[0059]

The specific and non-limiting examples of the compounds which are

included in the preferable embodiments of the present invention are those

selected from the group consisting of:

A E SO, PRI BT ) =

3-[4-[(cis-3-hydroxytetrahydrofuran-4-yljcarbamoylmethyl]piperazin- 1-ylj-5-(4-
trifluoromethylphenyl)-1,2,4-triazine,
5-(4-fluorophenyl)-3-[4-[[trans-4-(N-methylcarbamoylmethyloxy)
cyclohexyllcarbamoylmethyljpiperazin- 1-yl]-1,2,4-triazine,
3-14-[[(1-acetyl-4-hydroxypiperidin-4-ylimethyljcarbamoylmethyl]piperazin- 1-yl}-
5-{4-chlorophenyl)-1,2,4-triazine,
3-[4-[]{7-ex0-9-endo)-9-hydroxy-3-oxabicyclo[3.3. 1 [nonan-7-
vljcarbamoylmethyl|piperazin-1-yl}-5- (4~triﬂuoromethyiphenyl)— 1,2,4-triazine,
5-(4-fluorophenyl}-3-[4-[[ 1-[2- (methylsulfonylamino)ethyl]piperidin -4~
yljcarbamoylmethyl]piperazin-1-yl}-1,2,4-triazine,

5-(2-cyano-5-pyridyl}-3-[4-[[ 1-[(L-hydroxycyclopropyljcarbonyl]piperidin-4-
yllcarbamoylmethyl]piperazin-1-yl}-1,2,4-triazine, '

5-(4-fluocrophenyl)-3-[4-[[trans-4-{4-hydroxypiperidino)
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cyclohexyljcarbamoylmethyllpiperazin-1-yi]-1,2,4-triazine,
5-({4-fluorophenyl)-3-[4-][1-((R)-2-hydroxybutanoyl)piperidin-4-
yllcarbamoylmethyllpiperazin-1-yi}-1,2,4-triazine,
5-{4~flucrophenyl)-3-[4-[{38)- 1-[(1-hydroxycyclopropyljcarbonyl]pyrrolidin-3-
yi]carbamoylmethyl|piperazin-1-yl}-1,2,4-triazine,

3-[4-[[cis-3-{dimethylamino) cyclohexyl]carbamoylmethyllpiperazin- 1-yl}-5-(4~
fluorophenyl)-1,2,4-triazine, -
3-[4-]]1-[(4,5-dihydro-1H-imidazol-2-yljmethyl}piperidin-4-
yljcarbamoylmethyl|piperazin-1-vi]-5-(4-fluorophenyl}- 1,2 4-triazine,
3-[4-[[trans-4-(acetoamino) cyclohexyllcarbamoylmethyl]piperazin-1-y1}-5-(p-
tolyl)-1,2,4-triazine,

3-[4-][1-(N,N-dimethylcarbamoylmethyl)- 1 H-pyrazol-4-
yljcarbamoylmethyl]piperazin- 1-yl]-5-(4-fluorophenyl)-1,2,4-triazine,
5-(4-~fluorophenyl}-3-[4-[1-{{1-hydroxycyclopropyl)carbonyljazetidin-3-
vlJcarbamoylmethyl|piperazin-1-yi]-1,2,4-triazine,
3-[4-[[trans-4-(N-methylcarbamoylmethyloxy)
cyclohexyljcarbamoyimethyllpiperazin- 1-yl]-5-(4-trifluoromethylphenyl)-1,2,4-
triazine,

3-14-[[cis~3-{acetoamino) cyclohexyllcarbamoyimethylpiperazin-1-y1]-5-(4-
fluorophenyl)-1,2,4-triazine,
5-{4-chlorophenyl)-3-{(35,45)-4-{{cis-3-hydroxytetrahydropyran-4-
ylcarbamoylmethylipiperazin-1-yl}- 1,2,4-triazine,
3-[4-{[1-(N,N-dimethylcarbamoylmethyl}- 1 H-pyrazol-4-
vljcarbamoylmethyl]piperazin- 1-yi]-5-(p-tolyl}- 1,2 ,4-triazine,
5-{4-chlorophenyl)-3-[4-[[1-(N,N-dimethylcarbamoylmethyl)- LH-pyrazol-4-
vljcarbamoylmethyl]piperazin-1-yl}- 1,2,4-triazine,
5-{4-chlorophenyl)-3-[4-[{trans-3-hydroxytetrahydropyran-4-
yljcarbamoylmethyllpiperazin-1-yl]-1,2,4-triazine,
3-{4-][1-(N-methylcarbamoylmethyl)- 1H-pyrazol-4-yljcarbamoylmethyl]piperazin-
1-¥1]-5-{p-tolyl)-1,2,4-triazine,
5-(4-flucrophenyl)-3-[4-[[1-(N-methylcarbamoyimethyl)- 1H-pyrazol-4-
vljcarbamoylmethyl|piperazin- 1-yl]-1,2,4-triazine,
5-(4-chlorophenyl)-3-[4-[[1-(N-methylcarbam ovimethyl}- 1H-pyrazol-4-
yllcarbamoylmethyljpiperazin-1-yl]- 1,2 4-triazine,
5-(4~chlorophenyl)-3-[4-[(3-methylbutanoyljaminol|piperazin-1-yl}- 1,2, 4-triazine,
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5-{4-fluorophenyl)-3-{4-[[{ (2R)-4-methylmorpholyn-2-
ylimethyljcarbamoylmethyl]piperazin-1-yij-1,2,4-triazine,
3-[4-[[ 1-(N-methylcarbamoylmethyl) piperidin-4-yljcarbamoylmethyl]piperazin-1-
y1}-5-(p-tolyl)-1,2,4-triazine,
3-[4-[[2-{1, 1-dioxothiomorholino) ethyljcarbamoylmethyl]piperazin- 1-yl1}-5-(4~
flucrophenyl}-1,2,4-triazine, |
3-[4-[[trans-4-{dimethylamino] cyclohexyljcarbamoylmethylpiperazin- 1-yl}-5-(4-
fluorophenyl)-1,2,4-triazine,
5-(4-fluorophenyl)-3-[4-[(piperazin- 1-yljcarbamoylmethyl]piperazin-1-y1]-1,2,4-
triazine,
5-(dihydrobenzopyran-5-yl}-3-]4-fisopropylcarbamoylmethyl) piperazin-1i-yl]-
1,2,4-triazine,
3-[4-(4-flucrophenyl) piperazin-1-yl}-5-(o-tolyl}-1,2,4-triazine, and
5-(2-cyano-5-pyridyl}-3-[4-(isopropylcarbamoylmethyl) piperazin-1-yl}-1,2,4-
triazine,
or a pharmaceutically acceptable salt thereof.
[0060]

If a compound [I] of the present invention has chiral carbon atom(s) in the
molecule, there can be multiple sterecisomers based on the chiral carbon atom(s)
(i.e., diastereomers, or enantiomers). However, any one of the stereoisomers and
any combination thereof are also included in the present invention.

[0061]

A compound [I] of the present invention includes, for example, a
radiolabeled compound {e.g., it is labeled with 3H, 18C, #4(C, 18N, 18F 32p 35§ 135]
and the like) and a deuterium converter thereof.

[0062]

A compound [I] of the present invention or a pharmaceutically acceptable
salt thereof has an inhibitory effect against aldosterone synthetase, and therefore
it is useful for preventing or treating various diseases and/or disease states
evoked by an increased level of aldosterone and/or overproduction of aldosterone,
or for improving prognosis of these diseases. These diseases includes, for
example, primary aldosteronism (unilateral or bilateral adrenal adenomas,
unilateral or bilateral adrenal hyperplasia, aldosteronewproducmg adrenal
carcinoma, unilateral adrenal multiple nodules aldosteronisxﬁ, glhucocorticoid

reactive aldosteronism, familial aldosteronism, or ectopic aldosterone-producing
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tumors, and the like}, secondary aldosteronism (hypertension caused by an
estrogen preparation, renal vascular hypertension, pregnancy hypertension,
malignant hypertension, pheochromocytoma, congestive heart failure,
pseudohypoaldosteronism, chronic liver disease associated with ascites (hepatic
cirrhosis, and the like), inappropriate use of a medicament such as a laxative
and a diuretié, or hyperaldosteronemia associated with nephrotic syndrome,
Bartter's syndrome or Gitelman syndrome, and the like), hypertension (essential
hypertension, secondary hypertension (renal vascular hypertension, renal
parenchymal hypertension, primary aldosteronism, pheochromocytoma, sleep
apnea syndrome, Cushing's syndrome, drug induced hypertension, aortostenosis,
or hyperparathyroidism, and the like), treatment-resistant hypertension, |
mineralocorticoid-related hypertension, and the like}, hart failure {congestive
heart failure, left ventricular failure, right ventricular failure, systolic dysfunction,
diastolic dysfunction, and the like), cardiomyopathy, cardiac hypertrophy (left
ventricular hypertrophy, and the like), myocardial infarction, myocardial necrosis
lesion, failure after myocardial ischemia, coronary artery disease, fibrosis or
remodeling of myocardium or blood vessels (cardiovascular fibrosis and
remodeling caused by hypertension and/or vascular endothelial function
disorder, and the like), vascular restenosis, blood vessel wall thickening, arterial
sclerosis, renal failure (chronic renal failure, and the like), acute renal disorder,
chronic kidney disease, renal fibrosis, nephropathy (diabetic nephropathy, and
the like), hypokalemia, obesity, metabolic syndrome, sleep apnea syndrome,
retinopathy (diabetic retinopathy, and the like}, hepatic disease, abnormal lipid
metabolism, sympathetic hyperactivity, idiopathic and/or cyclic edema,
headache, anxiety, depressive disorders, and the like

[0063]

In particular, a compound [I] of the present invention or a pharmaceutically
acceptable salt thereof is useful for preventing or treating primary aldosteronism,
secondary aldosteronism, hypertension, heart failure, arterial sclerosis,
nephropathy, or retinopathy.

[0064]

As described above, a compound [I] of the present invention or a
pharmé,ceutically acceptable salt thereof has an excellent inhibitory activity
against Cyp11B2, and as a result of studying the inhibitory activity against

human Cypl1B2 according to an assay method described in Experimental
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example 1 below, each of the compounds of the compound [I] described in
Examples of the present application has an ICsp value of 100nM or below. In
addition, a compound [I] of the present invention inchades a compound which
exhibits high selectivity to CyP1182.

For example, the ICs value (nM) of the compound described in Example 22
(thiat is, chemical name, 3-[4-[[trans-4-
(dimethylaminojcyclohexyl]carbamoylmethyl]piperazin- 1-yi]-5-(4-fluorophenyl)-
1,2,4-triazine] against human Cyp11B2 is 500 times higher than those against
human Cypl11B1 because of high selectivity to human Cypl1B2.

[0065]

A compound [1] of the present invention can be applied for a medical use as
both a free form and a pharmaceutically acceptable salt thereof, The
pharmaceutically acceptable salt includes, for example, an inorganic salt such as
hydrochloride, sulfate, phosphate or hydrobromide, an organic salt such as
acetate, fumarate, oxalate, citrate, methanesulfonate, benzenesulfonate, tosylate
salt or maleate.

[0066]
A compound [I] of the present invention or a pharmaceutically acceptable

salt thereof includes any of an inner salt and an adduct thereof, as well as a
solvate or a hydrate thereof.

[0067]
A compound [I] of the present invention or a pharmaceutically acceptable

salt thereof can be orally or parenterally administered alone, or as a
pharmaceutical composition comprising the compound and a pharmaceutically
acceptable carrier. The pharmaceutically acceptable carrier may be a
conventional carrier in the art, and includes, for example, a diluent, a binder
{(syrup, gum arabic, gelatin, sorbitol, tragacanth, polyvinylpyrrolidone, and the
like), an excipient {lactose, sucrose, corn starch, potassium phosphate, sorbit,
glycine, and the like), a Ilubricant {magnesium stearate, talc, polyethylene glycol,
silica, and the like), a disintegrant (potato starch), and a wetting agent (sodium
lauryl sulfate, and the like).

A dosage form for such a pharmaceutical compaosition is not limited to a
particular one, and includes a conventional medicinal formulation such as, for

example, a tablet, a granule, a capsule, a powder, an injection, an inhalant, and

a suppository.
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[0068]
A dosage of a compound [I] of the present invention or a pharmacetically

acceptable salt thereof varies depending on a mode of administration, age, body
weight, condition of a patient, and the like. In the case of parenteral
administration, the dosage is generally 0.001-10mg/kg/day, and preferably 0.01-
10mg/kg/day. In the case of oral administration, the dosage is generally 0.01-
100mg/kg/day, and preferably O. I—.‘iOmg/kg/day.

[0069] _

A compound [I] of the present invention or a pharmaceutically acceptable
salt thereof can be used alone, or in combination with one or more other
medicaments depending on, for example, a disease to be treated. Such a
medicament includes, for example, one or two or more medicaments selected
from the group consisting of (1) an antihypertensive drug such as an angiotensin
converting enzyme inhibitor, an angiotensin II receptor antagonist, a calcium
antagonist, a B-blocker, an a/p-blockers; (2) a diuretic such as a thiazide diuretic
and a loop diuretic; (3) a therapeutic agent for heart failure such as nifroglycerin
and a digitalis preparation; (4} an anti-arrhythmic agent such as Na channel
blocker; (5) an antilipemic agent such as an HMG-CoA reductase inhibitor; (6) an
antithrombogenic agent such as a blood coagulation inhibitor and a thrombolytic
agent; (7) a therapeutic agent for diabetes/diabetes complications such as
insulin, ac a-glucosidase inhibitor, an insulin resistance improving agent, an
insulin secretion enhancer, and an aldose reductase inhibitor; (8) an anti-obesity
agent; (9) a chemotherapeutic agent; and (10} an Immunomodulatory agent such
as an immunosuppressant and an immunoenhancer.

[0070]

A compound of the present invention or a pharmaceutically acceptable salt

thereof can be prepared, for example, as follows.

Synthetic Process Al
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[Chemical formula 16]

N, ng1 [b] Ny Nen
E i U B /E N
o @xE & e S

N.
HN BT [d] [ N
Q N"?I\N 81
[1b]

[wherein Rbbl represents an alkyl group, X! represents a halogérz atom, X2
represents a hydrogen atom or & halogen atom, ring B! represents an iscindolinyl
group, an aliphatic heterocyclic group of the above formula {B-3)}, a group of the
above formula {(B-4}, or a spiro cyclic group of the above formula (B-5), and ring
Al is the same as defined above.]

[0071]
A compound of the general formula [Ib] which is one of the desired

compounds [I] of the present invention can be prepared, for example, as follows.
[0072]

Firstly, a compound of the general formula [Ia] is prepared by a nucleophilic
addition reaction of a compound of the general formula [a] with a compound of
the general formula {b], or with a compound of the general formula [c] in the
presence of an organic lithium compound, and then, the resulting compound of
the general formula [a-1] is oxidized. The resulting compound [la] is reacted
with a compound of the general formula {d] or a salt thereof, and optionally a
resulting product is converted to a pharmaceutically acceptable salt thereof to
give the desired compound [Ib] or a pharmaceutically acceptable salt thereof.
[0073] : )
The nucleophilic addition reaction between the compounds [a] and [b] can
be carried out in an appropriate solvent according to a conventional method.

The solvent, which does not interfere with the reaction, includes, for example,
ethers such as tetrahydrofuran, aromatic hydrocarbons such as toluene,
aliphatic hydrocarbons such as hexane, or a mixture thereof. An amount used
of the compound [b] may be 1.0-1.5 equivalents, preferably 1.2 equivalents to the

compound {a]. This reaction can be carried out at -78 °C to room temperature,
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preferably at 0 °C to room temperature.

[0074]

| The nucleophilic addition reaction between the compounds [a] and [c] can
be carried out in an appropriate solvent in the presence of an organic lithium
compound according to a conventional method. The solvent, which does not
interfere with the reaction, includes, for example, ethers such as tetrahydrofuran,
aromatic hydrocarbons such as toluene, aliphatic hydrocarbons such as hexane,
or a mixture thereof, The‘orgamc lithium compound includes n-butyllithium,
and s-butyllithium. An amount used of the compound [c] may be 1.0-2.0
equivalents, preferably 1.3-1.5 equivalents to the compound [a]. An amount
used of the organic lithium compound may be 1.0-2.0 equivalents, preferably
1.2-1.4 equivalents to the compound [a]. This reaction can be carried out at -
78 °C to room temperature, preferably at -78 to -40 °C.

[0075]

' The oxidation reaction of the compounds [a-1] can be carried out in an
appropriate solvent in the presence of an oxidizing agent according to a
conventional method. The solvent, which does not interfere with the reaction,
includes, for example, aromatic hydrocarbons such as toluene, ethers such as
dioxane, halogenated aliphatic hydrocarbons such as chloroform, amides such as
N-methylpyrrolidone, or a mixture thereof. The oxidizing agent includes, for
example, 2,3-dichloro-5,6-dicyano-p-benzoquinone (DDQ), and manganese
dioxide. An amount used of the oxidizing agent may be 1.0-1.5 equivalents,
preferably 1.2 equivalents to the compound [a-1]. This reaction can be carried
out at 0 °C to room temperature, preferably at room temperature.

[0076]

A reaction of the compound [la] with the compound [d] or a salt thereof can
be carried out, for example, in an appropriate solvent in the presence or absence
of a base. A salt with an inorganic acid such as, for example, hydrochloride and
sulfate can be used as a salt of the compound [d]. The solvent is required not to
interfere with the reaction, and includes, for example, amides such as N- »
methylpyrrolidone, ethers such as tetrahydrofuran, alcohols such as methanol,
dimethylsulfoxide, water, or a mixture thereof. It is preferable that the reaction
is carried out in the presence of a base in order to accelerate the reaction. Such
a base includes, for example, diisopropylethylamine, diazabicycloundecene, and

sodium carbonate, and is preferably diisopropylethylamine. An amount used of
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the compound [d] or a salt thereof may be 1.0-10 equivalents, preferably 2.0-7.0
equivalents to the compound [la]. This reaction can be carried out at room
temperature-250 °C, preferably at 150-240 °C,
[0077] ,

Svynthetic Process A2
[Chemical formula 17]

N. N N,
B S, O
N S“Rbm — N SO Rbb'f y N N@
Ol ~@r,

[1a]

[wherein the symbols are the same as defined above.]
[0078]

A conversion reaction from the compound [Ia] to the compound [Ib], can
also be carried out, for example, as follows. |
[0079]

Firstly, the compound [Ia] is oxidized to give a compound of the general
formula [e]. This compound is reacted with the compound [d] or a salt thereof to
give a compound, and optionally, the resulting compound is converted to a
pharmaceutically acceptable salt thereof to give the desired compound [Ib] or a
pharmaceutically acceptable salt thereof.

[0080] o

The oxidation reaction of the compound {Ia] can be carried outin an
appropriate solvent in the presence of an oxidizing agent according to a
conventional method. The solvent, which does not interfere with the reaction,
includes, for example, halogenated aliphatic hydrocarbons such as
dichloromethane. The oxidizing agent includes, for example, m-

chloroperbenzoic acid (mCPBA), potassium permanganate, and oxone (Aldrich).

‘An amount used of the oxidizing agent may be 2.0-3.0 equivalents, preferably 2.0

equivalents to the compound [la]. This reaction can be carried out at 0 °C to
room temperature, preferably at room temperature.

[0081]
The reaction of the compound [e] and the compound [d] or a salt thereof can

be carried out, for example, in an appropriate solvent. The similar salt of the

compound [d] as described in the above synthetic process Al can be used as a
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salt of the compound [d]. The sclvent, which does not interfere with the reaction,
includes, for example, ethers such as tetrahydrofuran, halogenated aliphatic
hydrocarbons such as chloroform, aromatic hydrocarbons such as toluene,
amides such as dimethylformamide, acetonitrile, or a mixture thereof. Itis
preferable that the reaction is carried out in the presence of a base in order to
accelerate the reaction. The base includes, for example, diisopropylethylamine,
diazabicydoﬁndecene, and sodium carbonate, and is preferably
diisopropylethylamine, An amount used of the compound [d] or a salt thereof
may be 1.0-10 equivalents, preferably 2.0-5.0 equivalénts to the compound [e].
This reaction can be carried out at 0-100 °C, preferably at room temperature.
(0082 ‘
Synthetic Process A3

[Chemical formula 18]

N-N

167

wherein the symbols are the same as defined above,
[0083]

A desired compound [Ic] can be prepared by a condensation reaction
between a compound of the general formula [Ib] and a compound of the general
formula [f] or a salt thereof.

[0084]
The condensation reaction between a compound of the general formula {Ib']

and a compound of the general formula [f] or a salt thereof can be carried out, for
example, in an appropriate solvent in the presence of a condensing agent and a
base according to a conventional method. The similar salt of the compound [d]
as described in the above synthetic process Al can be used as a salt of the
compound [f]. The solvent, which does not interfere with the reaction, includes,
for example, amides such as dimethylformamide, ethers such as tetrahydrofuran,
halogenated aliphatic hydrocarbons such as chloroform, and aromatic
hydrocarbons such as toluene, acetonitrile, or a mixture thereof. The

condensing agent includes, for example, o-(7-azabenzotriazol-1-yI)-N,N,N',N'-
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tetramethyluroniumhexaﬂuorophosbhate {HATU), and 1-ethyl-3-(3-
dimethylaminopropyljcarbodiimide hydrochloride. The base includes, for
examplé, amines such as diisopropylethylamine. An amount used of the
condensing agent may bel.0-5.0 equivalents, preferably 1.2-3.0 equivalents to
the compound [Ib']. An amount used of the base may be 0-10 equivalents,

preferably 2.0-6.0 equivalents to the compound [Ib’]. This reaction can be

carried out at 0-100 °C, preferably at room temperature.
[0085]

Svnthetic Process B
[Chemical formula 19}

N. N.
LXK . me [
OPN"sR® T L PNT N B

[g] (]

wherein Rea! and Ree? are the same or different and each represents a hydrogen

atom or an alkyl group, or both are bound to each other at the terminus thereof
to form a straight or branched chain alkylene group; and the other symbols are

the same as defined above,

[0086]

A desired compound [Ib] can also be prepared, for example, as follows.

Firstly, a compound of the general formula [g] is reacted with the compound
id] or a salt thereof to give a compound of the general formula [h]. The desired
compound [Ib] can be prepared by subjecting this compound [h] to a coupling
reaction with a compound of the general formula [i].

[0087]

The reaction of the compound [g] and the compound [d] or a salt thereof can
be carried out by the similar manner as that of the compound [la] and the
compound [d] or a salt thereof. The similar salt of the compound [d] as
descﬁbed in the above synthetic process Al can be used as a salt of the
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compound [d].
[0088]

The coupling reaction between the compound [h] and the compound [i] can
be carried out according to a conventional method in an appropriate solvent in
the presence of a base, a phosphonium type condensing agent, a palladium
catalyst, and water, The solvent, which does not interfere with the reaction,
includes, for example, ethers such as dioxane, amides such as
dimethylformamide, aromatic hydrocarbons such as toluene, or a mixture thereof,
The phosphonium type condensing agent includes, for example, -
bromotris{pyrrolidino)phosphonium hexafluorophosphate (PyBROP), and
benzotriazol- 1-yloxy-trisdimethylaminophosphonium (BOP). The base includes,
for example, amines such as triethylamine, alkaline metal carbonates such as
sodium carbonate, and potassium phosphate. The palladium catalyst includes,
for example, bis{triphenylphosphinejpalladium chloride,
tetrakis(triphenylphosphine)dipalladium, palladium acetate, and 1,1'-
bis{diphenylphosphino)ferrocenepalladium dichloride. The ligand includes, for
example, tri-t-butylphosphine, triphenylphosphine, and 4,5-
bis(diphenylphosphino)-9,9-dimethylxanthene(xantphos). An amount used of
the above phosphonium type condensing agent may be 1.0-2.0 equivalents,
preferably 1.2-1.5 equivalents to the compound [b]. An amount used of the
above base may be 2.0-6.0 equivalents, preferably 3.0-4.0 equivalents to the
compound [h]. An amount used of the compound [i] may be 1.0-4.0 equivalents,
preferably 2.0-3.0 equivalents to the compound [h] An amount used of the
above péﬁadium catalyst may be 0.01-0.1 equivalents, preferably 0.05
equivalents to the compound [h] This reaction can be carried out at room
temperature-150 °C, preferably at 80-120 °C.

[0089]
Synthetic Process C1

[Chemical formula 20]
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wherein the symbols are the same as defined above.
[0090]

A desired compound [Ib] can also be prepared, for example, by a coupling
reaction between a compouhd of the general formula [j] and the compound [i].

The coupling reaction between the compound [j] and the compound [i] can
be carried out in an appropriate solvent in the presence of a palladium catalyst
and a base in the presence or absence of a ligand according to a conventional
method. The solvent, which does not interfere with the reaction, includes, for
example, ethers such as tetrahydrofuran, aromatic hydrocarbons such as
toluene, amides such as dimethylformamide, water, or a mixture thereof. The
palladium catalyst includes, for example, .tris(dibenzyﬁdeneacetone}dipalladium
and bis{triphenylphosphine)palladium chloride. The base includes, for example,
alkall metal carbonates such as cesium carbonate and potassium phosphate.
The ligand includes, for example, tri{tert-butyl) phosphine, and tertiary
phosphine such as triphenylphosphine. An amount used of the compound Ji]
may be 1.0-3.0 equivalents, preferably 1.1-1.5 equivalents to the compound [j].
An amount used of the palladium catalyst may be 0.01-0.1 equivalents,
preferably 0.05 equivalents to the compound [j]. An arﬁount used of the base
may be 2.0-6.0 equivalents, preferably 3.0-4.0 equivalents to the compound [j].
An amount used of the ligand may be 0.02-0.2 equivalents, preferably 0.1
equivalents to the compound [j]. This reaction can be carried out at room
200 ° 80-150 °C.
[0091]

Synthetic Process C2
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[Chemical formula 21]

N

QN , .
| [(CHa)sSNl, /E
ALGD e LAE)

[1] [K]

wherein X3 represents a halogen atom (e.g., a bromine atom]), and the other
symbols are the same as defined above.
[0092]

A desired compound [Ib] can also be prepared, for example, as follows.
Firstly, the compound [i] is converted to a tin compound of the general
formula [k]. Then, the desired compound [Ib] can be prepared by subjecting the
compound [k] to a coupling reaction with a compound of the general formula [I].

[0093]

The reaction for obtainihg the compound [k] from the cdffnpound [i] can be
carried out by reacting the compound [j] with bis{trimethyltin) in an appropriate
solvent in the presence of a palladium catalyst according to a conventional
method. The solvent, which does not interfere with the reaction, includes, for
example, ethers such as dioxane, aromatic hydrocarbons such as toluene,
amides such as dimethylformamide, or a mixture thereof. The palladium
catalyst includes, for example, tetrakis(triphenylphosphinejdipalladium, and
bis{triphenylphosphine)paltadium chloride. An amount used of bis{trimethyltin)
may be 1.0-3.0 equivalents, preferably 1.5-2.0 equivalents to the compound [j].
An amount used of a palladium catalyst may be 0.01-0.1 equivalents, preferably
0.03 equivalents to the compound [j]. This reaction can be carried out at room
temperature-150 °C, preferably at 80-120 °C.

[0094]
The coupling reaction between the compound [k} and the compound {1} can

be carried out in an appropriate solvent in the presence of a palladium catalyst
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according to a conventional method. The solvent, which does not interfere with
the reaction, includes, for example, ethers such as dioxane, aromatic
hydrocarbons such as toluene, amides such as dimethylformamide, or a mixture
thereof. The palladium catalyst includes, for example,
tetrakis(triphenyviphosphine)dipalladium, and bis(triphenylphosphine)palladium
chloride. An amount used of the compound [1]] may be 1.0-1.5 equivalents,
preferably 1.0-1.2 equivalents to the compound [k]. An amount used of a
palladium catalyst may be 0.01-0.1 equivalents, preferably 0.1 equivalents to the
compound [k]. This reaction can be carried out at room temperature-150 °C,
preferably at 80-120 °C,
[0095]

Synthetic Process C3

[Chemical formula 22]
1 Hy = 1

wherein ring A? represents cycloalkenyl group which may be substituted, ring A4

represents a cycloalkyl group which may be substituted, and the symbols are the

same as defined above.
[0096]

A desired compound [Id] can be prepared by subjecting a compound of the
general formula {m] to catalytic reduction.

The catalytic reduction reaction of the compound [m] can be carried out in
an appropriate solvent in the presence of a base and a catalyst under a hydrogen
atmosphere according to a conventional method. The solvent, which does not
interfere with the reaction, includes, for example, alcohols such as methanol,
esters such as ethyl acetate, ethers such as tetrahydrofuran, or a mixture thereof.

The catalyst includes, for example, a palladium/carbon catalyst. The base

- includes, for example, amines such as triethylamine. An amount used of the

catalyst may be 0.3-1.0, preferably 0.3 in a weight ratio to the compouné [m].
An amount used of the base may be 3-10, preferably 5 in a volume/weight ratio

to the compound [m]. This reaction can be carried out at 0 °C to room
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temperature, preferably at room temperature,

(0097] |
Svnthetic ’Process C4

[Chemical formula 23]

R3b
g
NN ! N—N | N,
4 \>—N/M\N-—z’ 7NN\ & R€
=\  — = -
RY ] R™ o
RBG
N=N | R3b
/4 \>—N/_ N RB7
=N = N
4

wherein Z! represents a protecting group of an amino group (e.g., an
alkoxycarbonyl group such as tert-butoxycarbonyl group), X4 represents a
halogen atom (e.g., a chlorine atom, and a bromine atom), and the other symbols
are the same as defined above.

[0098]

A desired compound [le] can be prepared as follows,

Firstly, a compound of the general formula [n] is deprotected to give a
compound of the general formula [o]. The desired compound [le] can be
prepared by subjecting the compound [o] to a substitution reaction with a
compound of the general formula [p].

[0099]
A deprotection reaction of the compound [n] for obtaining the compound [o]

can be carried out by removing a protecting group using a conventional method
depending on a type of said protecting group Z!. For example, when Z! 1s a tert-
butoxycarbonyl group, said protecting group can be removed by treating the
compound [n] with an acid in an appropriate solvent according to a conventional
method. The solvent, which does not interfere with the reaction, includes, for
example, esters such as ethyl acetate, halogenated aliphatic hydrocarbons such
as chloroform, alcohols such as methanol, or a mixture thereof. The acid

includes, for example, hydrochloric acid, and trifluoroacetic acid.
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[0100].
The substitution reaction of the compound [o] and the compound {p] can be

carried out in an appropriate solvent in the presence of a base according to a
conventional method. The solvent, which does not interfere with the reaction,
includes, for example, nitriles such as acetonitrile, halogenated aliphatic
hydrocarbons such as chloroform, amides such as dimethylformamide, or a
mixture thereof. The base includes, for example, alkali metal carbonates such
as sodium carbonate, organic amines such as triethylamine. An amount used of
the compound [p] may be 1.0-3.0 equivalents, preferably 2.0 equivalents to the
compound [o]. An amount used of the base may be 1.0-3.0 equivalents,
preferably 2.0 equivalents to the compound [o]. This reaction can be carried out
at room temperature-100 °C, preferably at 50-60 °C.
[0101]

Svnthetic Process C5
[Chemical formula 24]

O

HO R¥
RB6 N [al E?BG

N-N d Ree  N-N 0
7 =N  NH 4 \>——-N/_ Y RB7
=N \ / B =] \__/ Nl
A A
‘ R Il

4¢
f O R

wherein the symbols are the same as defined above.
[0102]

A desired compound [If] can be prepared by a condensation reaction
between the compound [o] and the compound [q].

The condensation can be carried out in an appropriate solvent in the
presence of a condensing agent and a base according to a conventional method.
The solvent, the condensing agent, the base, the reaction temperature, and the
like can be used under the similar conditions as Synthetic process A3,

[0103]
Synthetic Process D
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[Chemical formula 25]

N=N AW B _
N 7—NH Xs | (CH2)FX N=NC
N

S| > <>_m"’>“N\ }N?

RA
iy R gl

wherein W1 represents an oxygen atom or a sulfur atom, each of X5 and X®
represents a leaving group (e.g., p-toluenesulfonyloxy group), m represents an
integer of 2 or 3, and the other symbols are the same as defined above.

[0104] |

A desired compound [Ig] can be prepared by reacting a compound of the
general formula [r] with a compound of the general formula [s].

The reaction of the compound [r] and the compound [s] can be carried out,
for example, in an appropriate solvent in the presence of a base. The solvent,
which does not interfere with the reaction, includes, for example, amides such as
dime‘d&ylformainide, ethers such as tetrahydrofuran, or a mixture thereof. The
base includes, for example, alkali metal hydrides such as sodium hydride. An
amount used of the compound [s] may be 1.0-1.2 équivalents, preferably 1.0
equivalent to the compound [r]. An amount used of the base may be 2.0-3.0
equivalents, preferably 2.0-2.5 equivalents to the compound [r]. This reaction
can be carried out at room temperature-100 °C, preferably at 80-100 °C.

[0105]

Synthetic Process E

[Chemical formula 26|

| Nen HO—AikB1 | Nj\j\
. ¢ ~
6 N7 50,-RE! v ° N o-«Aka‘

le] ‘ [th]

/7

wherein AlkB! represents a methylene group, and the other symbols are the same

as defined above.

[0106]
A desired compound [Ih] can be prepared by reacting the compound [e] with

a compound of the general formula [t].
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The reaction of the compound [e] and the compéund [t] can be carried out,
for example, In an appropriate solvent in the presence of a base. The solvent,
which does not interfere with the reaction, includes, for example, ethers such as
tetrahydrofuran, amides such as dimethylformamide, or a mixture thereof. The
base includes, for example, alkali metal hydrides such as sodium hydride, and n-
butyllithium. An amount used of the compound [t] may be 1.0-3.0 equivalents,
preferably 1.1-2.0 equivalents to the compound [e]. An amount used of the base
may be 1.0-2.0 equivalents, preferably 1.1-1.5 equivalents to the compound [e].
This reaction can be carried out at 0 °C to room temperature, preferably at room
temperature.

[0107]

Synthetic Process F1

[Chemical formula 27)

N:N HZN"“RbbS NQN . Rbb4802_x7 N\\
i /l\ [U} ! . [W] ! N bba
N/ S_Rb}_ﬂ R 0 N I}[H ""‘“"‘*‘w N/ N/SOZ'R
| .
[ a} {V} Rbbg [f{} E!be3

wherein Rb3 represents an alkyl group which may be substituted, Rbb+

represents an alkyl group, X7 represents a reactive residue (e.g., a halogen atom

“such as a chlorine atori), and the other symbols are the same as defined above.

10108]

Firstly, the compound [Ia] is reacted with a compound of the general
formula [u] to give a compound of the general formula [v]. The desired
compound [Ii] can be prepared by subjecting the compound [v] to a sulfonation
reaction with a compound of the general formula {w].

[0109]

The reaction of the compound [Ia] and the compound [u] or a salt thereof
can be carried out, for example, in an appropriate solvent in the presence or
absence of a base. A salt with an inorganic acid such as hydrochloride and
hydorsulfate can be used as a salt of the compound [u]. The solvent, which does
not interfere with the reaction, includes, for example, amides such as N-
methylpyrrolidone, ethers such as tetrahydrofuran, alcohols such as methanol,

dimethylsulfoxide, water, or a mixture thereof. It is preferable that the reaction
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is carried out in the presence of a base in order to accelerate the reaction. Such
a base includes diisopropylethylamine, diazabicycloundecene, and sodium
carbonate, and is preferably diisopropylethylamine. An amount used of the
compound [u] or a salt thereof may be 1.0-10 equivalents, preferably 2.0-7.0
equivalents to the compound [la]. This reaction can be carried out at room
temperature-250 °C, preferably at 150-240 °C.

[0110]
The reaction of the compound [v] and the compound [w] can be carried out,

fdr example, in an appropriate solvent in the presence of a base. The solvent,
which does not interfere with the reaction, includes, for example, ethers such as
tetrahydrofuran, amides such as dimethylformamide, or a mixture thereof. The
base includes, for example, alkali metal hydrides such as sodium hydride, n-
butyilithium, and lithiumdiisopropylamide. An amount used of the compound

[w] may be 1.0-3.0 equivalents, preferably 2.0 equivalents to the compound [v}].

" An amount used of the base may be 1.0-2.0 equivalents, preferably 1.5

equivalents to the compound [v]. This reaction can be carried out at 0 °C to
room temperature, preferably at room temperature.

[0111]
Synthetic Process F2
[Chemical formula 28]

Rbb4 \N’"L
HIN

\Rbb:%'

[X]

wherein R represents an alkylsulfonyl group which may be substituted, and
Rbb4' represents an alkyl group which may be substituted, or

Rub3’ represents an alkyl group substituted with alkylsulfonyl group, and
Rrb4' represents a hydrogen atom or an alkyl group, and the other symbols are
the same as defined above.

[0112]
A desired compound [[j] can be prepared by reacting the compound [e] with
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a compound of the general formula [x].

The reaction of the compound [e] and the compound [x] can be carried out,
for example, in an appropriate solvent in the presence of a base. The conversion
reaction can be carried out by the similar manner as that of from the compound
[v] to the desired compound [1i].

[0113]

Synthetic Process G1

[Chemical formula 29]

0

Sk H"-N‘};\ CHO [aa] Ao
HQNJj\RbbS :%2 HQN RbbS e ° N(/I\Rbbﬁ

[v] [Z] [1k]

wherein RpbS is
(1) a monocyelic cycloalkyl group,
(2) a group of the following formula:

[Chemical formula 30]

}—(AIKBT) — Q2 (AIKB?);—

wherein ring Ar! represents an aryl group which may be substituted, Alk®! and
AlkB2 are the same or different and each represents methylene group, Q2
represents an oxygen atom or a single bond, each of p and g represents
independently O or 1, and p+qis 1 or 2 or

(3} a group of the following formula:

[Chemical formula 31]

SO

C here
(CH2)x

, and the other symbols are the same as defined above.
[0114]
A desired compound [Ik] can be prepared as follows.

Firstly, a compound of the general formula [y] is reacted with hydrazine or a
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hydrate thereof to give a compound of the general formula [z]. Then, this
compound is reacted with a compound of the general formula [aa] to give the
desired compound [Tk].

[0115]
The reaction of the compound [y] and hydrazine or a hydrate thereof can be

carried out in an appropriate solvent according to a conventional method. The
solvent, which does not interfere with the reaction, includes, for example,
alcohols such as methanol and ethanol, ethers such as tetrahydrofuran, or a
mixture thereof. An amount used of the hydrazine may bel.0-1.1 equivalents,
preferably 1.0 equivalent to the compound [y]. This reaction can be carried out
at 0 °C to room temperature, preferably at room temperature.

[0116]

The reaction of the compound {z] and the compound [aa] can be carried out,
for example, in an appropriate solvent. The solvent, which does not interfere
with the reaction, includes, for example, alcohols such as ethanol, ethers such as
tetrahyvdrofuran, amides such as dimethylformamide, or a mixture thereof. An
amount used of the compound {aa] may be 1.0-1.1 equivalents, preferably 1.0
equivalent to the compound [z]. This reaction can be carried out at 0-100 °C,
preferably at 60 °C.

[0117]

Synthetic Process G2

[Chemical formula 32]

N¢N :  RUE x‘ Ney,
/I\ '-—————% ~—~—————————-—~§=»
& e @O T @ e
{ab} (CH2>k aC CHQ CH2

wherein Rb6 represents a heteroaryl group, Z2 represents a protecting group of
an amino group {e.g., an alkoxycarbonyl group such as a tert-butoxycarbonyl
group), X8 represents a halogen atom, and the other symbols are the same as
defined above.
[0118]

A desired compound [Il] can be prepared as follows.

Firstly, a compound of the general formula [ab] is deprotected to give a

compound of the general formula [ac]. Then, the desired compound [Il] can be
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obtained by subjecting the resulting compound [ac] to a coupling reaction with a
compound of the general formula [ad]. o
[0119]

The deprotection of the compound [ab] can be carried out by the similar
manner as that of the compound [n]

[0120]
The coupling reaction between the compound [ac] and the compound [ad]

can be carried out in an appropriate solvent in the presence of a palladium
catalyst and a base in the presence or absence of a ligand according to a
conventional method. The solvent, which does not interfere with the reaction,
includes, for example, aromatic hydrocarbons such as toluene, alcohols such as
t-butanol, ethers such as tetrahydrofuran, amides such as dimethylformamide,
or a mixture thereof. The palladium catalyst includes, for example,
tris(dibenzylideneacetone) dipalladium and palladium acetate. The base
includes, for example, alkali metal alkoxydes such as tert-butoxysodium, cesium
carbonate, and potassium phosphate. The ligand includes, for example, 4,5-
bis(diphenylphosphino)-9,9-dimethylxanthene(xantphos) and 2,2'-
bis{diphenylphosphino)-1,1'-binaphthyl. An amount used of the compound [ac]
may bel.0-3.0 equivalents, preferably 1.4 equivalents to the compound [ab]. An
amount used of the palladium catalyst may be 0.01-0.05 equivalents, preferably
0.04 equivalents to the compound [ab]. An amount used of the base may be
1.5-3.0 equivalents, preferably 1.5 equivalents to the compound [ab]. An
amount used of the ligand may be 0.03-0.3 equivalents, preferably 0.12
equivalents to the compound [ab]. This reaction can be carried out at room
temperature-150 °C, preferably at 80-120 °C.

[0121]
A starting compound for preparing a compound of the present invention can

be prepared by a known method or the following methods.
[0122]
Method for Preparation of Starting Compound {(a)
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[Chemical formula 33]

wherein R represents alkoxy group, and the other symbols are the same as
defined above.
[0123]

- ~~Thecompound [Ib'] used in the above synthetic process A3 can be prepared,
for example, as foliows,

Firstly, the compound [6] is obtained by subjecting the compound [e] to a
substitution reaction with the compound [5]. Then, the compound [Ib'] can be |
obtained by hydrolysis of this compound.

The substitution reaction of the compound [e] and the compound [5] can be
carried out in an appropriate solvent according to a conventional method. The
solvent, which does not interfere with the reaction, includes, for example, amides
such as dimethylformamide, ethers such as tetrahydrofuran, halogenated
aliphatic hydrocarbons such as chloroform, aromatic hydrocarbons such as
toluene, acetonitrile, or a mixture thereof, This reaction can be carried out at
0 °C to room temperature, preferably at room temperature. An amount used of
the compound [5] may be to the compound [e] 2.0-4.0 equivalents, preferably 2.5

equivalents.
The hydrolysis of the compound [6] for obtaining the compound [Ib'] can be
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carried out in an appropriate solvent in the presence of a base and water
according to a conventional method. The solvent, which does not interfere with

the reaction, includes, for example, alcohols such as ethanol, and ethers such as

" tetrahydrofuran. The base includes, for example, alkali metal hydroxides such

as scdium hydroxide. This reaction can be carried out at O °C to room
temperature, preferably at room témperature. An amount used of the base may
bel.0-3.0 equivalents, preferably 2.0 equivalents to the compound [6].
[0124]

Method for Preparation of Starting Compound {b)
[Chemical formula 34]

R3b
10
F;BG }:IQBS X Rbb7
NN M NN
7 SN Nz 7 S—N  NH O 9
=N e S N
G @
B8 RB6
N-N | R N-N = R®
7 N N 7NN N
=N Rbb7 =N OH
O

G @
, [1"]

wherein Z3 represents a protecting group of an amino group (e.g., an
alkoxycarbonyl group such as a tert-butoxycarbonyl groupj, X0 represents a
halogen atom (e.g., a chlorine atom and a bromine atom), and the other symbols
are the same as defined above.

The compound [Ib"] can be prepared, for example, as follows.

Firstly, a protecting group is removed from the compound [7] to give the
compound [8]. Then, this compound is subjected to a substitution reaction with
the compound [9] to give the compound [10]. Then, the compound [Ib"] can be
obtained by subjecting the compound [10] to a hydrolyzsis.

The removal of the protecting group (Z3) from.the compound [7] can be

carried out, for example, by the similar manner as that of the protecting group

from the compound [n].
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The substitution reaction of the compound [8] and the compound [9] can be
carried out in an appropriate solvent in the presence of a base according to a
conventional method. The solvent, which does not interfere with the reaction,
includes, for example, nitriles such as acetonitrile, ethers such as
tetrahydrofuran, amides such as dimethylformamide, or a mixture thereof. The
base includes, for example, alkaline metal carbonates such as sodium carbonate
and organic amines such as diisopropylethylamine. An amount used of the
compound [9] may be 1.0-2.0 equivalents, preferably 1.5 equivalents to the
compound [8]. An amount used of the base may be 2.0-4.0 equivalents,
preferably 2.0 equivalents to the compound [8]. This reaction can be carried out
at room temperature- 100 °C, preferably at room temperature-60 °C.

The hydrolysis of the compound [10] for obtaining the compound Ib"} can
be carried out by the similar manner as that of the compound [6] for obtaining
the compound [Ib'].

[0125]
Method for Preparation of Starting Compound (c]

[Chemical formula 35]

XN\NH
o7 N‘}L\

[h]

wherein the symbols are the same as defined above.

The compound [j} used in the above synthetic processes C1 and C2 can be
prepared, for example, by chlorinating the compound [h].

The chlorination reaction of the compound [h] for obtaining the compound
[j] can be carried out, for example, by reacting the compound [h] with a chlorine
donner in an appropriate solvent in the presence or absence of a ligand. The
solvent, which does not interfere with the reaction, includes, for example, ethers
such as dioxane, halogenated aliphatic hydrocarbons such as dichloromethane,
or a mixture thereof. The chlorine donner includes, for example, N-
chlorosuccinimide (NCS) and phosphorus oxychloride. The ligand includes, for
example, tertiary phosphine such as triphenylphosphine. An amount used of
the chlorine donner may be 2.0-10 equivalents, preferably 3.0-5.0 equivalents to
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the compound [h]. An amount used of the ligand may be 2.0-10 equivalents,
preferably 3.0-5.0 equivalents to the compound [h]. This reaction can be carried
out at room temperature-150 °C, preferably at 100 °C.

[0126]
Method for Preparation of Starting Compound (d)

[Chemical formula 36]

O LD "’N
\......../
)’L\ORbbAr e RA/A\\F,Br /[ //J\NHQ

RA NH RA
11 Br” “Br
[11] 121 HZNNJLNHZ i
[13]

wherein the symbols are the same as defined above.

The compound [r] used in the above synthetic process D can be prepared,
for example, as follows.

Firstly, the compound [11] is reacted with methylene bromide to give the
compound [12]. The compound [r] can be obtained by reacting the resulting
compound [12] with morpholine and the compound {13] or a hydrate thereof.

The reaction of the compound [11] and methylene bromide can be carried
out, for example, in an appropriate solvent in the presence of a base. The
solvent, which does not interfere with the reaction, includes, for example, ethers
such as tetrahydrofuran, aromatic hydrocarbons such as toluene, or a mixture
thereof. The base includes, for example, lithium diisopropylamide. This
reaction can be carried out at -78 - -50 °C, preferably at -78 °C.

The reaction of the compound [12] with morpholine and the compound [13]
can be carried out in an appropriate solvent in the presence of an acid. The
solvent is required not to interfere with the reaction, and includes, for example,
ethers such as tetrahydrofuran, alcohols such as methanol, or a mixture thereof.
The acid includes, for example, acetic acid. An amount used of the morpholine
may be 4.0-10 equivalents, preferably 4.2 equivalents to the compound [12]. An
amount used of the compound [13] may bel.0-1.2 equivalents, preferably 1.0
equivalent to the compound [12]. An amount used of the acid may be 3.0-4.0

equivalents, preferably 3.0 equivalents to the compound [12]. This reaction can
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be carried out at room temperature-100 °C, preferably at 70 °C.

[0127]
In the present specification, THF means tetrahydrofuran, and DMF means

dimethylformamide.

EXAMPLES

[0128]

Example 1 (Method A)
[Chemical formula 37]

| ;N /\' 2 NN 8H3 CHs
7 N™ N° © — N
N\N L_N._COH N K/N\)J\},}g OH
CI:Hg 1 CHa 3
[0129]

The compound 1 {200 mg) and the compound 2 (117 mg) were suspended in
DMF (2 mL). Diisopropylethylamine (197 pl) and O-(7-azabenzotriazol-1-yl)-
N,N,N',N'-tetramethyluroniumhexafluorophosphate {323 mg) were added to the
suspension, and the reaction mixture was stirred for 4 days at room temperature.
The reaction mixture was diluted with water, and extracted 3 times with ethyl
acetate. The organic layer was washed with brine, and dried over anhydrous
magnesium sulfate. The solvent was evaporated under reduced pressure, and
the resulting residue was purified by silica gel column chromatography (eluent:
chloroform-methanol; gradient: 100:0-95:5). The resulting crystalline residue
was suspended and washed in a mixed solvent of ethyl acetate-hexane, taken by
filtration, and dried to give 3-[4-[( (8)-1-hydroxy-3-methylbutane-2-
yljcarbamoylmethyljpiperazin-1-yl]-5-(1-methyl- 1 H-indazol-5-yl)-1,2,4-triazine
(158 mg) as a yellow solid.

MS (APCI) 439 [M+H}*
[0130]
Exarmple 2 (Method B)
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[Chemical formula 38]

~N
[ H
N//\N N Q O/NYCH?
\/N\/E \Nw" O
3 H

[0131]
The compound 1 (100 mg) and the compound 2 (80 mg) were suspended in

DMF (3 ml). Diisopropylethylamine {193 nl) and O-(7-azabenzotriazol-1-yl)-
N,N,N'N'-tetramethyluroniumhexafluorophosphate (125 mg) were added to the
suspension, and the reaction mixture was stirred for 4 hours at room
temperature. The reaction mixture was diluted with water, and the precipitation
was taken by filtration. The resulting crude crystals were suspended and
washed in ethyl acetate, taken by filtration, and dried to give 3-[4-[[trans-4-
{acetoamino) cyclohexyljcarbamoylmethyl]piperazin-1-yl}-5-(dihydrobenzopyran-
7-y1)-1,2,4-triazine {53 mg) as a yellow solid.

MS (ESI) 480 [M+H]}*

[0132]

Example 3-121
The corresponding starting compound was treated in a similar manner as

edescribed in the above Example 1 or 2 to give the compounds described in the
following Tables 1-12. However, "*" attached to the Example numbers means
that the compound of said Example was prepared in a similar manner as
described in Example 1. No "*" means that the compound was prepared in a
similar manner as described in Example 2.

[0133]

Table 1

[Chemical formula 39]

Ik

R™ N

N

\

LA,
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[Table 1]
Example =3 =54 Ms Sait
] :
N CH;
3 5 “~ Q & 495 [M+H]+ APCI
P N
0
: o4
- N
. Ch A
4 @ \N*"O 549/551 [M+H}+ APCI
F H
CHs
S et
F ‘
5 u \N\..Oﬂ 3 478 [MeH]E APCH
o F H
0O OH
6 Py KE{/ MY 437 [M+H+ ESI
F o CHy
©Hs
7 Ot 407 [MeHP APCI HCI
H
CHs CH,
8 ©/ e | 425 M+Hl* APGI
H
CHa
o Y Sy O 425 [M+H+ APCI
AN HoCFy
CHy HeC CHa
10* ,2\”/ \NI/OH 399 {M+H+ APCH
S H
CHa Q
44+ = SN 397 [M+H+ APC
S H  OH
[0134]
Table 2
[Chemical formula 40]

Ny
N

1Jil\l N O
U

N




[Table 2]
Example R’ &7 Mg
CH, CHs
4qe 7 - J/OH
12 [ e 425 (h+HR APCI
W {j
CHy CHs
13 ot \NXKOH 399 IMEH AP
v HHgC CH3
e
14 (\©/ g 453 (MrH} APCI
o H
(J‘“'\OH
15 1 SN 453 [MrHI+ APCH
v M
HoC.. CHy
Ny
16 /@ \&LOH 453 [MsM]s APCH
Fit i
oy e,
17 \N'N\/ 454 [M+H} APCI
ole H
CHs
. ey
i Wl J ) -
18 4 Q 458460 [M+HR APGI
A S )
Ci H
7 PN e
15 N;;Q/ J CHs 485 [MeHR APCH
‘ N
HsC Ot
vJ»/».O /\A\ »
‘ A OH :
200 \N\}\ P CP% 489 (Mt ARG
H
CHy
2 "y
> N - Oh
21 :\:ig \N\Ljﬁiﬂx 483 [M+HR APC
[0135]

Table 3
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[Chemical formula 41}

X
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\

[Table 3]
Example R R? Ms Salt
Chy
N
PR AR
i : 3
22 11/\,/ . 442 {W+HP APCH
oA b
N
23 7N ey 442i4a4 PAHP ESH
o N |
\ CH
HCeg N
. i "CHy
24 A N \.j ? 454 [MtH]r APCI
o N

<y CHs
> i
25 O \N\‘@ AS6/458 [MsHI+ APCI 3HCI
o~

it 0
H‘ NH
o~ NS
26 N ! j& &
“ L \N\&, 513/515 (MH]+ APCl
o M
: 50,
27 (Y \N,O AB5/467 MeHp APCI
cr H
o
S "\‘&,\3\/;
8 L NS J 484 [MsHM APCH
F H
ChHy
CHy &
' T,
= Ejj/ \N\AOA ; 438 MMM ESE
H
CHy
' N '
w o LT e
” oo A s S 488 (M APCH
3,0 \/K\/ ’i:f
. OH
o i
3 (\/qu g S 478 [MEHp APCH
O H

[0136]
Table 4
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[Table 4]
Example R =54 s
. T
32 i ; M} APC
i N 458 MM APCE
Frn H
HC ChHy
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F
CHs
. oy Meen
+ H 3
3¢ ﬁ « }f 5097503 M+HJ¢ APCH
¢l g H
o}
"I
ol N
38 Clo_A [/j‘ 5477548 (MeHp APCI
\©/ B T
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; CH& /j}.N\/
o " + 198
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N OH
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S
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38 /C/ \NL; ) 527 (MM ESI
S
F H
Me
sl CHy
- \; T \(ﬁ} 470 M+HP APCI
Ay
FN o
| N e
) \)/ ‘ w/ 3
4 B, Syt O 456 [MiHp £S
Fon H
H
. mﬁ;ms
- ~
4% @ \\!\L,T & 4720474 DM ESH
o M

[0137]
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Table 5

[Chemical formula 43]
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[Table 5]
Example g r? s
S0z
(\r’“‘\/
42 /©/ e . 532 [M+H} ES
; N .
N /\\
43 [ N NL\/I 492 [M+H}+ AFPCI
= S0z

H
N
N “CHa
i
N/\E \CHg
~ 487/489 [M+H)}+ ES|
H

45 i
/ S
5 /© Hm 492 [M+Hp+ ES)
F

47 /©/ \%/\/N\) 478 [M+H}+ APCI
CHis
i /@/ . O” T 452 (MHHP APCH
\Nv‘
F,C H

h,SOZCHg
; 477 [M+HE APCI

SO,0H,
e .
50 P \N‘MO/ 473 [M+HR APCH

Ea
w
=,

Ho” N A
- SOCHs
51 s \M/b ] 506 [M+H}+ APC
TN H

(0138]
Table 6



88

[Chemical formula 44]
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[Table 6]
Example - 2 M Satt
o]
(\N CH
52 D/ N 4871489 [M+H APCH
i H
« J/\i;’/SOZCHa
53 i P . 507 {M+H APCI
F N
e}
N/CHS
54 SN ] 444/448 [M+HP APCI
» e
£ H o
NO\/U\N/CHB
55 [ \Nk P A 486 [M+Hp ES
-
F H
fFrs
56 ™ D 413415 [M+HR APCI
/L/j/ \‘N) N ? e
o i
4B4 [MHE APCI 2HCH

57 7 T - g
/Q\,,/ b
Ci M
~
7S N I
59 I N _CHs
Ry S
¢ Mg0,0m
v oy
H

—r
£

/

5161518 [M+HIF APCI

488450 [M+HI+ APCH

524/626 [M+H}+ APCH

425 [M+H}+ APCH

[0139]
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[Chemical formula 45]
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[Table 7]
Exarmnple Rt R? » Ms Salt
N
WA Y :
62 /@/ N /O‘* SOLHs g0 et APCH
_ N
F H CH
N~
63 @/ - U SOLHs gy M+H}+ ES
N"
F H oH
J
64 - Q 498 [M+H[+ APCI 2 HOI
N
£ H
1
CH3 (\f!ﬁ CH3
65* s N 467 [M+H]+ ESI
- N
“ NN S0,CH,
66 j “ 520 [M+H}+ APCI
N H 9
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- N \)
67 /J\:i/*r \N,C J 497 [M+HI+ APCI
o H
CH; o S0;CH
68> /ﬁ/ - /(\/l 502 [M+H]+ APCI
L N
K"\ SO;}CHg
59 /©/ \N/\/N\)/ 506 [M+H]* ESI
F H
: H
£ N CHs
70 S - @ S 470 [M+H}+ ESI
Hio k
0
=N e N :
- /©/ WO T 468 [M+HJ+ APCI
N
F H
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Table 8

[Chernical formula 46]
N

£ N

R™ "N

172

NK/N\)QLRz




a9l

[Table 8]
Example R R? Ms
=N,
72 /©/ \’N/Q,N‘Co 467 [M+H[+ APC
F H
=N SO0Hs &
73 P \N/{;“/Nf & 503 [M+HI+ APC
o
F H
o
o A, cHs
74 s U i 536 [M+H]+ APCI
E c - \N\m »
3 H
Q. OHy
=N, N
s /©/ \N/@N} GH, 464 [M+H]+ APCI
H(;C H
QU £H.
,.,N‘ N/ 3
76 /@/ “~ /Q/N} s 484 [M+H]+ APCI
Ci H
Q. CH,
v =N =N 518 [M+H]+ APCI
/©/ s Ctts
» HBC‘N/\ -
" ® CTen st e e
2 N
proF H ©
N Q
L NHCH;
& Q/ o © 450 [M+H]+ APCI
L N
HLC N
o)
B Q/ s WS HCHs s e aPc
N
F H
=N }
=N NHCH; .
81 e “~ /Q,N 470472 [M+HI APC
P
Cl H
[0141]

Table 9
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[Chemical formula 47]
B
1 /)\
L\V,N\V/H\Rz
[Table 9]
Example ]* 22 Ms
H]C\N/‘\
., N
87 I Sy N U 4 497 [M+Hle APCH
) : N e
N H
£ CHy
) o ML
83 (i, VO CHiy 460 [M+H] ESI
1 N
= H
o)
¢ NGH;
- : .
o4 g;;r;( \av\,) 452 [M+Hp ARG
o
o N e,
85 i A 467 el apC
L ~y o PaeHls apcy
Hyl
CHy ~
65 N NN ¢ 390 WM APCH
% H
. ; g TR .
, Loh 416418 [MsH} ARG
o o N Y]
o} R Lty
28 /ﬁ:j & 4B3/4B5 [MeH]+ APC|
c H
cry
M.
59 g/ﬁ/ R @ e 4B4I4BS (MeHpe £SI
o N
R 25
90 i ST <87/ {Mshe
A ROy, 497 pane sec
[ ¥ 3

P O“X
o1 )1\7/ \NL/ 4 488 (M+Hp APC

[0142]
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Table 10

[Chemical formula 48]

N

LA

93

[Table 10]
Example B R Ms Salt
—~OH
L5
82 > 401 M APCH
g L Bt
ARy A?DZ
g3 | N i 445 [MiH]+ APCI
HiC” {i
50,
94 O/ é\wf\,} 501 (MsH]+ APC
PN . -
FC Ho By
CH,
95° *)\j - ~ - CHs 341 MeHP APCI
k/ CHy
o6 @ O 473 [MeHJe APCH e
F H CH,
‘ ’,],/*\\
g7 Ay 435 IM+HI+ APCI
g { \N/\/OH
v H
~ G
98 i J SN, 404406 [MeHP+ APCI 3HCH
o H
-
(¢ d R N CH
98 w N sramen e Es
o s}
CH;
= N0
100 L N TUCH 44650 MM+ ES] 2HCI
oM s}
101 o RO 424426 [MAH]E APC)
[0143]

Table 11
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[Chemical formula 49]

ﬂ/ /\ o

[Table 11]
Example R &? s Sait
g
102 cs/g\/ \ﬁ’\/“sozcm 4531455 A+ APCH
103 | by SR 448 [eH
. b o it [\/502 » 8 [MeHl+ APCH
Y
NTCH
104 T/j - ,\/@ 471 MM APCL
' N
F H
) RN M,CHz’
105 q -y 434 (MeHt APCH
F H
- NP
106 i 470M472 [MeHP ARG SHCH
cr by
N
NN
NN
107 7y . () 494486 MM+ APCI
e~ f
3
S f\ ) \)
108 ] e 184 [M+Hp APCH
Fre H
o ch
- Wi
109 i S T4SY (MeHp ARG
F b
.
N ROk
- 1 -~
110 «,/w - _\_OA 484 DAstt APCH  2HC
F/'\,a’ ﬁ
\\N\)"OH
Ry, ‘/j
111 J\;/ S 484 BAEDE ARPCE  2HCH
F H

[0144]



Table 12

[Chemical formula 50]
N

ia\/\

R N7 °N

[Table 12]

K/N\)?\Rz

Example =4

112 hd
A
.

113 /T’

14 g"\{/
115 Cf
£

CH
116* )\‘\ -
L

117 J:\j/
fotld v

118 J[\/\T

AP

120" ]K/J

8
J/“-’ 5
N

434 [ ES

507 PasHl+ APCE

447 [MeHPE ARPCI

IBE MR APCH

383 MR ARCH

4027404 MaHly APCH

416 M+H) ES

385 M4 APCH

371 {MeHP ARCH

425 fHHPM APCI HC

[0145]
Example 122
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[Chemical formula 51]

0 CHy
HN)J\OkCHg
OH O CH
N\ Yy N.. H
2N HN' 5 ) HNf’ﬂ\O'/kCHg
s A 2 N
NN 9, . NN ) g OH
. N A Na . UL
4 o]
3
Ny Me., .Me
L ¥
S NTNTY o v, OH

(1) The compound 1 (121.0 mg) was suspended in acetonitrile (3.5 mL). The
compound 2 {101.0 mg), which was synthesized according to a method described
in International Publication No. WO 2002/030891, and O-(7-azabenzotriazol-1-
v1}-N,N,N',N'-tetramethyluroniumhexaflucrophosphate (270.7 mg} were added to
the suspension, and the reaction mixture was stirred for 20 hours. To the
reaction mixture was added water, the reaction mixture was extracted with
chloroform, and then the organic layer was dried over anhydrous sodium sulfate,
followed by evaporation of the solvent. The resulting residue was purified by
silica gel column chromatography (eluent: ethyl acetate-methanol; gradient:
100:0-92:8) to give the éompound 3 (88.1 mg) as a yellow solid. MS (APCI) 544
[M-+H]"

{(2) The compound 3 (80.0 mg) Wés dissolved in chlofoform {1 mLjJ.
Triflucroacetic acid (1 mL} was added to the solution, and the reaction mixture
was stirred for 1.5 hours at room température. To the reaction mixture was
added methanol (2 mL}, and the reaction mixture was treated with a strong
cation exchange resin column (Waters, PoraPak Rxn Cx, eluent: 1 mol/L
ammonia in methanol solution), followed by evaporation of the solvent in the
eluate. The resulting residue was dissolved in chloroform (1.5 ml}, and then
acetic acid (10 pL), 35 % formalin (60 pl], sodium triacetoxyborohydride (95.5
mg) were added to the reaction mixture, and the reaction mixture was stirred for
23 hours at room temperature. To the reaction mixture was added a saturated
aqueous solution of sodium bicarbonate, and the reaction mixture was stirred for
5 minutes. The mixture was extracted with chloroform, and the organic layer

was dried over anhydrous sodium sulfate, and then the solvent was evaporated.
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The resulting residue was purified by NH-silica gel column chromatography
(eluent: ethyl acetate-methanol; gradient: 100:0-90:10). The resulting fraction
was concentrated under reduced pressure, and the residue was dissolved in a
mixed sclvent of ethﬂ acetate and diethylether, and then the solution was treated
with a 4 mol/L solution of HCl in ethyl acetate, and the supernatant was
removed by centrifugation. The precipitate was suspended and washed in
diethyl ether, and the supernatant was removed by centrifugation to give 3-[4-
[[trans-4-dimethylamino-4-thydroxymethyl)
cyclohexyljcarbamoylmethyljpiperazin- 1-yl}-5-(4-fluorophenyl)- 1,2,4-triazine
(30.4 mg, pale yellow powder) as dihydrochloride.

MS(APCI) 472 [M+H]~

[01486]

Example 123

[Chemical formula 52]

5 N “CH,
| N‘")N\ O CH,
S NNy o N)\ /kgffia
. NN NHCH;
4 H O
IN‘E e |
Nig Ny 0 fNH 3 N”*N o NCHs

. ‘\/N\/”\H /K,H,NHCHa . k,N\)LN NHCH;

5 3 6 H !

(1) The compound 1 (76 mg) and the compound 2 {70 mg) were suspended in |
DMF (2.5 mL}. Diisopropylethylamine (78 pL) and O-(7-azabenzotriazol-1-yl)-
N,N,N',N'-tetramethyluroniumhexafluorophosphate (86 mg) were added to the
suspension, and the reaction mixture was stirred for 1 hour at room temperature,
To the reaction mixture were added water and a saturated aqueous solution of
potassium hydroxide, and then the reaction mixture was extracted with
chloroform. The organic layer was dried over anhydrous sodium sulfate, and

then the solvent was evaporated under reduced pressure. The resulting residue
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was suspended and washed in hexane, taken by filtration, and dried to give the
compound 3 {125 mg) as a yellow solid.

MS (ES]) 558 [M+H]*

(2) The compound 3 (70 mg) was dissolved in ethanol (1 ml)-THF (1 mL}). An
aqueous solution of 1 mol/L of sodium hydroxide (220 ul) was added to the
solution, and the reaction mixture was stirred for 2 hours at room temperature.
The reaction mixture was concentrated under reduced pressure, and then the
residue was suspended in DMF (1 ml), a solution of 2 mol/L methylamine in
THF (110 1L}, diisopropylethylamine (38 ul}, and O-(7-azabenzotriazol-1-yl)-
N,N,N',N'-tetramethyluroniumhexafluorophosphate (63 mg) were added to the
suspension, and the reaction mixture was stirred for 17 hours at room
temperature. To the reaction mixture were added water and a saturated
aqueous solution of potassium carbonate, and then the reaction mixture was
extracted with chloroform. The organic layer was dried over anhydrous sodium
sulfate, and then the solvent was evaporated under reduced pressure. The
resulting residue was pilriﬁed by silica gel column chromatography (eluent:
hexane-ethyl acetate; gradient: 20:80-0:100) to give the compound 4 (35 mg) as a
yvellow solid.

MS (ESI) 558 [M+H]~

{3) The compound 4 {545 mg) was dissolved in chloroform (1 mlj.
Trifluoroacetic acid {700 1l) was added to the solution, and the reaction mixture
was stirred for 3 hours at room temperature. The reaction mixture was diluted
with methanol, and then treated with packed strong cation exchange resin
(PoraPak Rxn Cx, eluent: a solution of 1 mol/L NH; in methanol), and the eluate

was concentrated under reduced pressure to give the compound 5 (23 mg) as a

yellow solid.

MS (ESI) 458 [M+H]*

(4) The compound 5 (19 mg) was dissolved in chloroform (1 mlj. 37 % Formalin
(100 11L), acetic acid (2.5 ul), and sodium triacetoxyborohydride (27 mg) were
added to the solution, and the reaction mixture was stirred for 2 hours at room
temperature. To the reaction mixture were added water and a saturated
agqueous solution of sodium bicarbonate, and then the reaction mixture was
extracted with ethyl acetate. The organic layer was dried over anhydrous
sodium sulfate, and then the solvent was evaporated under reduced pressure.

The resulting residue was suspended and washed in a mixed solvent of ethyl
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acetate /hexane, taken by filtration, and dried to give 5-{(4-fluorophenyl)-3-[4-
[H(2R,48)- 1-methyl-2-(N-methylcarbamoyl)piperidin-4-
vijcarbamoylmethylpiperazin-1-yl]-1,2,4-triazine (14 mg) as a yellow solid.

MS (EST) 471 [M+H]}*

[0147]
Example 124
[Chemical formula 53]
| N:NL Pd/C | NDN\
< -
N @ CHa T N NK/ CH
N._O > N. O 3
HsC CHs HsC CH
I G ; T S nik
N 1 N
‘> B :N
TFA | i {.\/lLOCQHS L
O ges
H3c\“" 3 K/NH H C\“ 4 N OC?H5
CH, |
2HCI N.
N Chs N
:‘N W 6 :N CHa
Ll HaN | Py N
— NNy o NNy 0 O”’"“CHg
K/Nv\)kN\"'

HaC™

(1) To a solution of the compound 1 {1200 mg} in methanol (40 mL}-triethylamine
(5 mL) was added wet 10 % palladium on carbon (360 mg}, and the reaction
mixture was stirred under hydrogen atmosphere for 4.5 hours. The palladium
orn carbon was removed by filtration, and then washed with methanol. The
filtrate was concentrated under reduced pressure to give the compound 2 (960
mg) as a yellow viscous substance of a mixture of cisitrans = 7:3.

MS (ESI) 362 [M+H]”

(2) To a solution of the compound 2 (960 mg} in DMF (9 mlL) was added
trifluoroacetic acid (9 ml). The reaction mixture was stirred for 2.5 hours at
room temperature, and then stirred for additional 2 days at 50 °C. The reaction
mixture was cooled to room temperature, and the solvent was evaporated under
reduced pressure. An aqueous solution of potassium carbonate was added
under ice-cooling, and the reaction mixture was extracted twice with chloroform.

The resulting organic layer was dried over potassium carbonate, and the solvent
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was concentrated under reduced pressure to give the compound 3 (750 mg) as a
yellow viscous substance of a mixture of cis:trans = 1:9.

MS (ESI) 262 [M+H]”

(3) The compound 3 (690 mg) was dissolved in acetonitrile (30 mL). Bromoethyl
acetate (354 1L) and sodium carbonate (564 mg) were added to the solution, and
the reaction mixture was stirred for 18 hours at room temperature. The reaction
mixture was diluted with ethyl acetate, washed with water and brine, and dried
over anhydrous sodium sulfate. The solvent was evaporated under reduced
pressure, and the resulting residue was purified by NH-silica gel column
chromatography (eluent: hexane-ethyl acetate; gradient: 80:20-60:40), and then
isolated by HPLC (Chiralpak IA, hexane/2-propanol/diethylamine =
80/20/0.1,flow rate: 20 mL/min] to give the compound 4 (470 mg) as a brown
viscous substance.

MS (ESI} 348 [M+H]" .

(4) The compound 4 (470 mg) was dissolved in ethanol (8 mL)-THF {8 ml}. An
aqueous solution of 1 mol/L of sodium hydroxide (2.7 mL) was added to the
solution, and the reaction mixture was stirred for 2 hours at room temperature.
The reaction mixture was concentrated, and the resulting residue was dissolved
in water, and then 1 mol/L hydrochleric acid (2.7 mL) was added to the solution
for adjusting a pH of the solution to 4. The solvent was evaporated, the
resulting residue was suspended and washed in water, taken by filtration, and
dried to give the compound 5 (135 mg} as a pale yellow solid.

MS (ES]) 320 [M-+H]"

(5) The compound 5 (133 mg) and the compound 6 (180 mg) were suspended in
DMF (4 ml). Diisopropylethylamine (296 ul) and O-(7-azabenzotriazol-1-yl)-
N,N,N',N'-tetramethyluroniumhexafluorophosphate {316 mg) were added to the
suspension, and the reaction mixture was stirred for 3.5 hours at room
temperature. To the reaction mixture was added an agueous solution of
potassium carbonate, the solution was extracted twice with chloroform, and the
resulting organic layer was dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure, and the resulting residue was purified
by NH-silica gel column chromatography (eluent: ethyl acetate-methanol;
gradient: 100:0-95:5), and then isolated By HPLC (Chiralpak IA,
ethanol/THF/diethylamine = 95/5/0.5, flow rate: 20 mL/min)to give 3-[4-[[trans-
4-(dimethylamino)cyclohexyl]carbamoylmethyl|piperazin-1 -yl]-5-(trans-4-
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methylcyclohexyl)-1,2,4-triazine (65 mg) as a pale yellow solid.
MS (ESI) 444 M-+H]™

[0148]
Example 125
[Chemical formula 54|
N O CH, Noy
/@ANAN/\ Q N)]\O/%%JSS e “/N“/ Ny 0 NH
F A N F/@” \/N\/U\N/Q
1 H 5 H

To a solution of the compound 1 (5.3 g) in chloroform (22 ml) was added
trifluoroacetic acid {11 mL), and the reaction mixture was stirred for 2.1 hours at
room temperature. The reaction mixture was concentrated under reduced
pressure, and a saturated aqueous solution of sodium bicarbonate and an
aqueous solution of 2 mol/L of sodium hydroxide were added thereto, and the
reaction mixture was extracted 4 times with chloroform. The resulting organic
layer was washed with brine, and then dried over anhydorous sodium sulfate,
and the solvent was evaporated under reduced pressure. The resulting residue
was purified by NH-silica gel column chromatography (eluent: chloroform-
methanol; gradient: 100:0-95:5) to give 5-(4-fluorophenyl)-3-[4-[(piperidin-4-
yljcarbamoylmethyl]piperazin-1-yl]-1,2,4-triazine (3.2 g) as a yellow solid.

MS (APCI) 400[M+H]™
[0149]

Example 126-130
The corresponding starting compound was treated in a similar manner as

described in the above Example 125 to give the compounds described in the
following Table 13.

[0150]

Table 13

[Chemical formula 55]

I8
|
RN N/\, 0

NN

>N

\!



w

10

102

[Table 13]
Example R’ R? Ms Salt
7N
R
126 /j{;/ NN G418 [MeHI+ APCI 3HC)
Cl H
P @H
127 /@ g 4427444 [M+HP APCH 3HCI
c H
O .
128 F/O/ \gtai\w 442 [MH}+ APCI
’ [\
126 T 386 [MH} APCH
F H
NH
130 L\/ \NJ: 372 [MHH]+ APCI
P
F H
[0151]
Example 131
[Chermical formula 56]
a/N\\N O CH, | Ne »
/\\\\/I\NVLI\/\ o /\I\I/LL(‘\/%CHg L NN ~ e
/U oy N [\//TL . ] [ CH'g i § ~ N [? ] ;L)
oI N AN ol \/N\/U‘N ;
1 H E 2 H g
HPLC Y
N
— NNy 0 NH
Cl NY Ys
3 Hof

(wherein the stereochemistry for a substituent of the carbon atom labelled by i

means trans configuration, and does not specify their absolute configuration.)
To a solution of the compound 1 (85 mg) in dichloromethane (1 mL) was

added trifluoroacetic acid (1 mL), and the reaction mixture was stirred for 22

hours at room temperature. The reaction mixture was diluted with methanol,

the solution was treated with packed strong cation exchange resin (PoraPak Rxn
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Cx, eluent: a solution of 1 mol/L NH; in methanol}, and the eluate was
concentrated under reduced pressure to give the racemic compound 2 (57 mg) as
a yellow solid.

MS (APCI) 434/436 [IM+H]”

An optical isomer of the racemic compound 2 (45 mg) was isolated by
recycle HPLC (Chiralpak IA (30x250), ethanol/THF /diethylamine = 90/10/0.1,
flow rate: 20 mL/min), and a fraction containing each isomer was concentrated
under reduced pressure to give 5-(4-chlorophenyl)-3-{4-[(trans-3-fluoropiperidin-
4-ylicarbamoylmethylpiperazin- 1-yl]-1,2,4-triazine (21 mg] as a yellow solid.
[0152]

Example 131a

Retention time: 7.21 minutes (Chiralpak IA-3 (4.6 x 150},
ethanol/THF /diethylamine = 90/10/0.1, flow rate 0.5 mL/min)
Optical purity 100 % ee

MS {(APCI) 434/436 [M+H]"

[0153]

Example 131b (enantiomer of Example 131a)

Retention time: 10.12 minutes

[0154]

Example 132-134

The corresponding starting compound was treated in a similar manner as

described in the above Example 131 to give the compound described in the

following Table 14. However, the stereochemistry for a substituent of the carbon

atom labelled by "' means trans or cis configuration, and does not specify their
absolute configuration. v
[0155]
Table 14
[Chemical formula 57]
Ct
O

R"™ "N °N
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[Table 14]
Example 1 2 s s Retention Time HPLEG
? R R alt (min} Conditions
N
1323 * /\ H 448/448 [MH+ 869
\N\‘K{ APC CHIRALPAK |A-3
C o5 THF/Ethanol/
“CH, Methanol/
Diethylamine
=5/47 5147 5/0.1
1326 (Enantiomer of 132a) 10.41 Flow Rate 0.5 mL/min
~ (\NH
1332 U SN peoaaallitii 18.17 CHIRALPAK 1A-3
Cl H O Fh 2-Propanol/ THF/
: Diethyjamine
=90/10/0.1 ‘
1336 (Enantiomer of 133a) ’ S .44 Flow Rate 0.5 mU/min

ARPCI Hexane/Ethanol/
THF/Diethylamine
=70/20/10/0.1
Flow Rate 0.5 ml/min

N :
! S *
1348 Q/ ‘N"Q 418 [MHH]+  2ZHCI 931 CHIRALPAK IA-3
£ H =

134b  {Enantiomer of 134a) 10.79
[0156]
Exarple 135
[Chemical formula 58]
HO,C._OH
{ Nl ész 2 E,N\N o
NNy 0 OH —«——»-@/\N’)\N/\ o OJ\{OH
- . K/N\/mﬁ . s K/N\)LH EHs

The compound 1 (107 mg) described in Example 125 and the compound 2
(42 mg) were dissolved in DMF (3 ml). Diisopropylethylamine (94 nlL}, 1-
hydroxybenzotriazole (54 mg) and 1-{3-dimethylaminopropyl}-3-ethylcarbodiimide
hydrochloride {77 mg) were added to the sclution, and the reaction mixture was
stirred for 18 hours at room temperature‘. The reaction mixture was diluted
with a saturated agueous solution of sodium bicarbonate, and extracted twice

with ethyl acetate. The organic layer was washed with brine, and dried over
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anhydrous magnesium sulfate. The solvent was evaporated under reduced
pressure, and the resulting residue was purified by silica gel column
chromatography (eluent: chloroform-methanol; gradient: 100:0-95:5), treated
with a solution of 4 mol/L of HCl in ethyl acetate. The precipitate was taken by
filtration, and dried to give 5-{4-fluorophenyl)-3-[4-[[1-( (R)-2-
hydroxybutanoyljpiperidin-4-yljcarbamoylmethyl]piperazin- 1-yl]- 1,2, 4-triazine 2
hydrochloride (53 mg) as an orange power,
MS (APCI) 486 [M+H]™
[0157]
Example 136-145

The corresponding starting compound was treated in a similar manner as
described in the above Example 135 to give the compounds described in the
following Table 15
j0158]
Table 13

[Chemical formula 59]

)
R‘/\N//kN/\ O

A
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[Table 15]
Example R’ R Ms Sait
o
S /kﬂow
136 | /O cH, 486 [MeHJ+ APCI  2HCI
F oy CHy » '
H
o]
OH
137 /O‘ 484 MHE APCI  2HCI
3 \N
H
G
” = CHy
138 [ ;ﬁ% 470 [M+H+ APCI
~
F N o
H
I
R AN Ok
139 I P ¥ 486 {M+H[+ APCI 2HC
¥ ~. CaHs
N
i
T \N Y
140 /©/ o 470 [M+H}+ APCI  2HCI
F H OH
G
141 Q/ N/L%OH 456 [M+H}+ APCI
+ ¥ B e
: A e
H
142 [ J;
47 +4]+ )
A >~c2m 2 IM#H[+ APCI  ZHCH
14 ® ./E/\ ‘{
3 7 +H+
3 Py en 472 [M+H}E APCE 2HC
O
R /U\/CF
144 [ : 482 [M+H+ APCI
F = \;\;/E/ ¢ }
H
O
Xy ~ ,/\N—‘J'
145 | /L/ ax ot
Py ~y . 458 [M+HM APCI  ZHCI

[0159]
Example 146
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[Chemical formula 60]

N._.CHO
N. | ~

[0 A 2

Noyg
N NN 0 NH (NAN/\ o NN s
| N A Mng N\)LN/O/\@
B H

e

To a solution of the compound obtained in Example 125 (the compound 1,
151 mg) in chloroform {5 mL) were added the compound 2 (61 mg), acetic acid
(22 1l), and sodium triacetoxyborohydride (160 mg), the reaction mkt‘ure was
stirred for14 hours at room temperature. The reaction mixture was diluted with
a saturated aqueous solution of sodium bicarbonate, and then extracted twice
with chloroform. The resulting organic layer was washed with brine, and then
dried over sodium sulfate, followed by evaporation of the solvent. The resulting
residue was dissolved in ethyl acetate, the solution was stand for 2 déys to give
crystals, the crystals were taken by filtration, and dried to give 5-(4-
fluorophenyl)-3-[4-[[ 1-(2-pyridylmethyl) piperidin-4-
yljcarbamoylmethyl|piperazin-1-yl]-1,2,4-triazine (87 mg) as a yellow solid.
MS (APCI) 491 [M+H]™
[0160]

Example 147
The corresponding starting compound was treated in a similar manner as

described in the above Example 146 to give the compound described in the
following Table 16.

[0161]

Table 16

[Chemical formula 61]

N

Ja

RN N/\' 0

A,

N

\
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[Table 16]
Example =1 2 Ms Sakt
N/\(\
147 d/\\\‘/ - JQ N,{ 494 NM+HR APCH  3HO)
PN B
[0162]
Example 148

[Chemical formula 62]

OHC. . }Y\-Ji O._CHj

"L ‘ T TeH,

CH

M
,@” Y K/N\/”\ o L8 N/V“wro\ﬁ %

To a solution of the compound 2 (398 mg) in chloroform (5 mL) were added
the compound obtained in Example 125 (the compound 1, 1.0 g} and sodium
triacetoxyborohydride (795 mg) under ice-cooling, and the reaction mixture was
stirred for 30 minutes. The reaction mixture Waé diluted with a saturated
aqueous solution of sodium bicarbonate, and then extracted 3 times with
chloroform. The resulting organic layer was dried over anhydrous sodium
mnd the solvent was evaporated under reduced pressure. The resulting
residue was purified by NH-silica gel column chromatography (eluent: hexane-
ethyl acetate; gradient: 30:70-0:100), and dried to give 3-[4-[[1-]2-(tert-
butyloxycarbonylamino)ethylpiperidin-4-yljcarbamoylmethyl|piperazin- 1-y1]-5-(4-
fluorophenyl)-1,2,4-triazine (1.02 g} as a yellow solid.
MS (APCI) 543 [M+H]"

[0163]
Example 149
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[{Chemical formula 63]

N N
My o "y
NNy o NN e NN o N
F K/N\)LN O 3 F N N
1 H 2 H

(" H
S SONTNTY O NN o,
F LAy ©

To a solution of the commpound described in Example 148 (the compound 1,
200 mg) in chloroform (2 mL) was added trifluoroacetic acid {1 mL} under ice-

cooling, and the reaction mixture was stirred for 30 minutes at room temperature.

921

The reaction mixture was diluted with methanol, the solution was treated with
packed strong cation exchange resin (PoraPak Rxn Cx, eluent: a solution of 1
mol/L NH; in methanol), and the eluate was concentrated under reduced
pressure. To a solution of the resulting residue in chloroform {2 mL) were added
10 triethylamine (153 ul} and methyl chloroformate (57 1L) under argon
atmosphere and ice-cooling, and the reaction mixture was stirred for 3 hours at
room temperature. The reaction mixture was diluted with a saturated aqueous
solution of sodium bicarbonate, and then extracted 4 times with chloroform.
The resulting organic layer was dried over anhydrous sodium sulfate, and the
15 solvent was evaporated under reduced pressure. The resulting residue was
purified by silica gel column chromatography {eluent: chloroform-methanol;
gradient: 100:0-95:5) to give 5~(4~ﬂuor0pheny1}~3~{4~[{1~[2~
(methoxycarbonylaminojethyl]piperidin-4-yljcarbamoylmethyl|piperazin-1-vl}-
1,2 4-triazine {126 mg) as a yellow solid.
20 MS (APCI) 501 [M+H]™
[0164]
Example 150
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[Chemical formula 64]

N\ N
/@\N N/W o /Ol/\/N\ﬂ/O Cl—{i R /@AN/I\N/\ 0 O/\/NHZ
- LNy CHa . NN
. 1 H v 2 &
B
N /Oi/\/N\ ,CH3
- K/NJL

o]
Ped

To a solution of the compound described in Example 148 (the compound 1,
200 mg) in chloroform (2 mlL) was added trifluorcacetic acid (1 ml} under ice-
cooling, and the reaction mixture was stirred for 30 minutes at room temperature.
The reaction mixture was diluted with methanol, the solution was treated with
packed strong cation exchange resin (PoraPak Rxn Cx, eluent: a solution of 1
mol/L NH; in methanol), and the eluate was concentrated under reduced
pressure. To a solution of the resulting residue in chloroform (2 mL} were added
triethylamine (153 11l) and mesyl chloride (57 1il) under argon atmosphere and
ice-cooling, and the reaction mixture was stirred for 5 hours at room temperature.
The reaction mixture was diluted with a saturated aqueous solution of sodium
bicarbonate, and then extracted 4 times with chloroform. The resulting organic
layer was dried over anhydrous sodium sulfate, and the solvent was evaporated
under reduced pressure. The resulting residue was purified by silica gel column
chromatography {eluent: chloroform-methancl; gradient: 100:0-95:5) to give 5-(4-
fluorophenyl)-3-[4-[[1-]2-{methylsulfonylaminolethyllpiperidin-4-
vljcarbamoylmethyllpiperazin-1-yl]-1,2,4-triazine (85 mg) as a yellow solid.
MS (APCI) 521 [M+H]”
[0165]
Example 151
[Chemical formula 65]

/

N7 NH 2 NN o NN
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The compound described in Example 125 (the compound 1, 300 mg) and
the compound 2 (151 mg) were suspended in DMF (6 mL).
Diisopropylethylamine {392 pL) was added to the suspension, and the reaction
mixture was stirred for 13.5 hours at room temperature. The reaction mixture
was diluted with a saturated aqueous solution of sodium bicarbonate, and
extracted 3 times with chloroform. The organic layer was dried, and the solvent
was evaporated under reduced pressure. The resulting residue was purified by
silica gel column chromatography (eluent: chloroform-methanol-10 % conc.
ammonia water = 80:9:1), and the resulting crystalline residue was preéipitated
from a mixed solution of ethanocl-ethyl acetate, the crystals were taken by
filtration, and dried to give 3-[4-[[1-[(4,5-dihydro- 1H-imidazol-2-
yljmethyl]piperidin-4-yljcarbamoylmethylpiperazin-1-yl]-5-(4-fluorophenyl)-
1,2,4-triazine (91 mg} as a yellow solid.
MS (APCI) 482 [M-+H]™
[0166]

Example 152-156
The corresponding starting compound was treated in a similar manner as

described in the above Example 151 to give the compounds described in the
following Table 17,

[0167]

Table 17

[Chemical formula 66]

R "N” °N
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{Table 17]
Example =t &2 Ms Salt
N - N/\)\/f))
152 C Yy - o ond 481 [MeHP+ APC

/
. N N
i /O/ s HNZ 494 [M+H]+ APC IHCI
H v

; d NPy |
154 B NP T 510512 [MeHM APCI  ZHCH
al H
e
155 B NN Newf 495 [M+HJ+ APCI
e H CH

N,
» - O’\Ir
56 Q/ N G 457 [M+H} APCI
Fo H

[0168]
Example 157a, Example 157D
[Chemical formula 67]

GH

Hﬁ“wﬁjf
Hg
2 Fractionation

rf N !NH\N HPLC
I N//l\“/\’* )
; E
iﬂ k'/N\/LLONa § , K/N\A}N%%
F H
|

The compound 1 (297 mg) and the compound 2 (180 mg) were suspended in
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DMF (8 ml}. Diisopropylethylamine (265 1L} and O-(7-azabenzotriazol-1-yi}-
N,N,N',N'-tetramethyluroniumhexafluorophosphate (347 mg) were added to the
suspension, and the reaction mixture was stirred for 30 minutes at room
temperature. To the reaction mixture was added water and a saturated aqueous
solution of sodium bicarbonate, and then the reaction m@xture was extracted

with chloroform. The organic layer was dried over anhydrous sodium sulfate,

and then the solvent was evaporated under reduced pressure. The resulting

residue was suspended and washed in a mixed solvent of ethyl acetate /hexane,
taken by filtration, and dried. The resulting residue was isolated by recycle
HPLC (Chiralpak IF (30 x 250), 2-propanol/THF/diethylamine = 75/25/0.1 flow
rate: 20 mL/min), and then the resulting fraction was concentrated under
reduced pressure to give 3-[4-[{{7-ex0-9-endo}-9-hydroxy-3-

oxabicyclo[3.3. llnonan-7-yljcarbamoylmethyl]piperazin-1-yl}-5-(4-
trifiluoromethylphenyl)-1,2,4-triazine (Example 157a, yellow solid, 83 mg), and 3-
[4-[[(7-ex0-9~ex0}-9-hydroxy-3-oxabicyclo[3.3. 1[nonan-7- ‘
yljcarbamoylmethyllpiperazin- 1-yl}-5-(4-trifluoromethylphenyl)- 1,2,4-triazine
{(Example 157b, yellow solid, 82 mg).

[0169]

Example 157a
Retention time: 5.41 minutes (Chiralpak IF-3 (4.6 x 130), 2-

propanol/THF /diethylamine = 75/25/0.1, flow rate 0.5 mL/min}
MS (ESI) 507 [M-+H]"
[0170]

Example 157b
Retention time: 8.48 minutes (Chiralpak IF-3 (4.6 x 150}, 2-

propanocl/THF/diethylamine = 75/25/0.1, flow rate 0.5 mL/min)
MS (APCI) 507 [M~+H]™
[0171)
Example 158
The corresponding starting compound was treated in a similar manner as

described in the above Example 15710 give the compounds described in the
following Table 18. |

[0172]

Table 18
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[Chemical formula 68]

B
, _
R N N O
L\/N\/H\Rz
[Table 18]
Example 1 2 4 Retention Time HEPLO
g R R Ms {min) Conditions
o -
o ﬂ\ 457 [MeHP 676 CHIRALPAK A3
158a ST O APCH exane/2-Propanc
g N THF/Diethylarmine
=40/30/30/0.1 .
1680 (Cis-form of 158a) 708 Fiow Rate 0.5 mi/min
[0173]

Example 159a, Example 159b
[Chemical formula 69]

The compound 1 (250 mg) and the compound 2 (144 mg) were dissolved in
DMF (7.5 mL). O-(7-azabenzotriazol-1-yl)-N,N,N',N'-
tetramethyluroniumhexafluorophosphate (430 mg) was added to the solution,
and the reaction mixture was stirred for 2 hours at room temperature. The
reaction mixture was concentrated, and then the concentrate was diluted with
water, and a saturated aqueous solution of potassium carbonate was added to
the solution, and the reaction mixture was extracted 3 times with chloroform.
The organic layer was dried over anhydrous sodium sulfate, and the solvent was
evaporated under reduced pressure. The resulting residue was purified by NH-
silica gel column chromatography {eluent: hexane-ethyl acetate; gradient: 50:50-

0:100) to give a racemate of 5-{4-fluorophenyl)-3-[4-[[{4-methylmorpholyn-2-
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yljmethyljcarbamoylmethyl]piperazin-1-yij- 1,2 ,4-triazine {300 mg) as a yellow
solid.

Then, two isomers having different steric configuration at a carbon atom
labelled by "*" in the above formula of the racemate were isclated by recycle
HPLC (Chiralpak IA {30x250), ethanol/diethylamine = 100/0.1, flow rate: 20
mL/min). The obtained fraction containing each of the isomers was
concentrated under reduced pressure, and the concentrate was treated with a
solution of 4 mol/L HCl in ethyl acetate, followed by centrifugation to remove the
supernatant. The precipitate was suspended, washed in diethyl ether, and the
supernatant was removed by centrifugation, and dried to give two stereoisomers
of 5-{(4-fluorophenyl)-3-[4-[[(4-methylmorpholyn-2-
ylmethyl|carbamoylmethyllpiperazin-1-yl}- 1,2,4-triazine as a 2HCI salt (Example
159a, pale yellow powder, 150 mg and Example 159b, pale yellow powder, 134
mg).

[0174]

Example 15%9a

Retention time: 10.60 minutes (Chiralpak [A-3 [4.6 x 150}, ethanol/diethylamine
= 100/0.1, flow rate 0.5 mL/min)

Optical purity >99.8 % ee

Absolute conﬁgurati;on R

MS (APCI) 430 [M+H]™

[0175]

Example 159b v »
Retention time: 12.63 4 (Chiralpak IA-3 (4.6 x 150), ethanol/diethylamine =
100/0.1, flow rate 0.5 ml /min)

Optical purity 97.2 % ee

Absolute configuration S

MS (APCI) 430 [M-+H]"

[0176]

Example 160-168

The corresponding starting compound was treated in a similar manner as
that of the above Example 159 to give the compounds described in the following
Tables 19 and 20. However, the stereochemistry for a substituent of the carbon

atom labelled by ™" does not specify their absolute configuration.,

[0177]
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Table 19
[Chemical formula 70]

j§

PN

R °N” °N O
K/)\E\/LLRE

[Table 19]
Example R° R? Ms sat  Retention Time  HPLC
{min) Conditions
. J w}/ - ;L/\\/?v cH, 442 MeHl  2HC) 1514 CHIRALPAK IC-3
2 £ }fj?% N APCH 2-Proparnol/
Chy Acetonitrile/
DiethyiaminersclSO/O.S
Flow Rate 0.5 ml/min
1600 {(Enantiomer of 160&) 11.49
S ‘;’C ¢ 433435 [MH+ 1011
161a ){) N J o M+H] 091 CHIRALPAK IA-3
o~ N APCI Methanol/ THF/
OH Diethylamine=90/10/0.1
Flow Rate 0.5 ml/min
161h {Enantiomer of 161a) 11 31
o~
162 o E ,
/};\/\i \NJ\& 453 [M+H]* 1024 CHIRALPAK IC-3
N H P APCI Methancl/ THF/
- Diethylamine=95/5/0.1
Flow Rate 0.5 mL/min
183 Ly *f”O\ 453 [WM+Hp+ 11,70 CHIRALPAK IC-3
j/j/ SNFV APCI Methanol/THF/
F.o H o B Diethytamine=95/5/0.1
* Flow Rate 0.5 mUmin
1642 [“Q.
,/\3/ . - 453 ){M~+H}+ 878 CHIRALPAK IC-3
J;\/, N APC Methanol/THF/
F o7 OH Diethylamine=95/5/0.1
Flow Rate 0.5 ml/min
164b {Enantiomer of 164a) 12258
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[0178]
Table 20
[Chemical formula 71]

I

R N

N

N

QUL
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[Table 20]
4 2 Retention Time HPLC
Example R R Ms Salt (min) Conditions
Q 477 [MtH+ 7.81 CHIRALPAK IA-3
1682 SOCHy APCI Methanol/ THF/
Diethylamine=85/5/0.1
Flow Rate 0.5 mi/min
185> (Enantiomer of 165a) 9.63
1662 A ~— 4337435 [M+H} 688  CHIRALPAK IC-3
L NT Y APCI Methanol/ THF/
Cl H OH Diethylamine=980/10/0.1
Floew Rate 0.5 mL/min
1660 {Enantiomer of 166a) 898
L A
167 ©/ Sy, 455 M 482 CHIRALCEL OJ-3
r H H APCH Methanol/Diethylamine
=100/0.1
Flow Rate 0.5 mlL/min
1670 (Enantiomer of 167a) 5.98
NN
168s /©/ - ’VC\;} 437 IM+HM 8.74  CHIRALPAKIC-3
R ﬁ APC Methanol/THF/
Disthylamine=85/15/0.1
Flow Rate 0.5 mL/min
168b (Enantiomer of 168a) 11.0
N O
169a @/ g 413 [M+H]+ 111 CHIRALPAKIC-3
HaC oA ESI Methanol/Acetonitrile/
OH Diethylamine=80/20/0.1
Flow Rate 0.5 mL/min
169b (Enantiomer of 169a) 13.3
[0179]

Example 170
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[Chemical formula 72]

The compound 1 (2 g} and the compound 2 (11.6 g) were suspended in N-

methylpyrrolidone (3.5 mL), and the suspension was stirred for 1.5 hours at

235 °C in a microwave reactor (Initiator, Biotage). The reaction mixture was

cooled to room temperature, diluted with ethyl acetate, and then the solution was
washed with water and brine, and dried. The solvent was evaporated under
reduced pressure, and the resulting residue was purified by silica gel column
chromatography (eluent: hexane-ethyl acetate; gradient: 80:20-65:35). The
resulting crystalline residue was suspended and washed in a mixed solvent of
ethyl acetate-hexane (1:5), taken by filtration, and dried to give 3-[4-{4-
fluorophenyl) piperazin-1-yl}-5-(o-tolyl}-1,2,4-triazine (2.6 g} as a yellow solid.
MS (APCI) 350 [M-+H]™
[0180]
Example 171-173

The corresponding starting compound was treated in a similar manner as
that of the above Example 170 to give the compounds described in the following
Table 21,
[0181]
Table 21
[Chemical formula 73]

Ny
~N

R N7 TR?
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[Table 21]
Example | R} R2 MSM+-H]"
~
N N
171 \( 372 (ES])
\
ind
CH
3 ~n
172 289 (ESI)
HaC -
173 SN s ‘N/ﬁ 263 (ES])
1vo
g

[0182]
Example 174
[Chemical formula 74]

N

CHy 7 N
NN
O N"SO0,CH;
- ~
_N
CHs

To a solution of the compound 1 (142 mg) in anhydrous THF (2 ml) was
added the compound 2 (100 mg}, and the reaction mixture was stirred for 6.5
hours at room temperature under argon atmosphere. The reaction mixture was
diluted with ethyl acetate, and then the solution was washed with water and
brine, and dried. The solvent was evaporated under reduced pressure, and the

resulting residue was purified by NH-silica gel column chromatography (eluent:
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hexane-ethyl acetate; gradient: 30:70-0:100) to give 3-[4-(2-methyl-4-pyridyl)
piperazin-1-yl]-5-(o-tolyl)-1,2,4-triazine (76 mg) as a yellow solid.
MS (APCI) 347 [M+H]"
[0183]
Example 175-208
The corresponding starting compound was treated in a similar manner as
described in the above Example 174 to give the compounds described in the
following Tables 22-25.
[0184]
Table 22
[Chemical formula 75]

¢

<N
R N7 "R2

\
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[Table 22]
- Example R R? Ms Salt
CHy ~n
175 ©/ ()N\Q/CHE 208 [M+H}+ APC
o]
CH; S /ﬁ
N
176 ©/ K/N\@N 336 [M+H]+ APCI
4
N
\CH3
CHgy \N O
{
177 K‘\/ SNy 361 [M+H]+ APCI
A |
=N
|
CHy
N
N N
178 P LN 360/362 [M+H]+ APCI
Cl
179 +
| U Aoy, 358 M APCI
P H H
NN o oo
180 /©/ /L\Q«J\ﬁ e, 373 [MeH}+ ESI HC
F Ciy
\N/\ O CHs
181 K:/N\/‘LN on. 423 [MHH)E APCL
FiC £ H ?
* CHy
GHy ~ ’
N o} CH
182 /g/ /ﬁ : 355 [M+H]+ APCI 2HCI
b ‘\/N\)J\N CHy ‘
= H
[0185]
Table 23

[Chemical formula 76]

N

LA

R N

R2
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[Table 23]
Example =% =t Ms
; CHy
183 7 N 313 [MeH}+ APCI
L OH
CH3 \N/j\
184 o L \’!/\“ 346 [M+H+ APCI
e LA
7
CHy
CH, N
e CH,
CHy
CHa 0
o ’\j
187 g Ny K/N\/ﬁ 358 [M+HJ+ APC
’\) |
v N
CH M
iy “
188 ; \j/ /0 324 MM}t APC
=N
CH’: Ty g e
189 N\J\j 340 [M+H}+ APCH
! \T L j-CHs
~ CH3
S
NN O CH
Ry B [ 3
190 »y L\/N'NJ\/I\cm 409 [MrH} APCH
. LRS-
5 LoJ A i 360G [MrH APCH
F/©/ N0, .
H
[0186]

Table 24
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[Chemical formula 77]
Ney,
LA

R’ R?



[Table 24]

125

Example =g = Ms
192 ah NS00, 357 (M APCH
S A Chiy
N e
~ N s
193 ’/\;/j A 338 [M+HE APCI
S ZCN
RN S RPN
194 ahd N \m\ 375 [MEHIE APCH
b AP Chy N e
V \N%
195 qij H ) on 377 [M+H+ APCH
‘\/ //{< H“
et
g TNTYTY
3
196 C\\I;J H/\L,NTCHs 362 (MeHs APCI
0
; -~ O.
197 51/\( \}’/ N7 Ch, 321 [MH} APGH
A N
S TN o
198 - /j/ '(J\ Ji 348 [M+H]+ APCH
g N7 CH,
H
S W N N e
199 QU e /LO 362 [MeH] APCH
PN . }30
SN
!/\(\\ - \N o
i f
200 i\/\j L:)N 374 (M+HP APCI
L
N TNTY o
201 @J;J '\J\N}j 388 [M+H}+ APCI
L

[0187]
Table 25




[Chemical formula 78]

| )
/7j\
R” N7 TR?
[Table 25]
Example R? = Ms Salt
P >N
202 !K Q\/SO?CHB 383 [MeHP APCI
203 ) = \?J 316 IM+H+ AP
P L [MH] ol HG
CN
f N \U CH i
204 \ 362 (MHHPE AP
L O/ﬁ/'\) CH, [} Cl
o)
o)
., A
Sy ™ -
205 N NTOCH 362 [M+HM ARG
SO GN: e
208 ™ N
i J/ /:L 275 [MeH]+ APCH
N Ao
207 p o ﬁ\ j’;:é 374 (MeH]+ APCI
i ., 74 IM+HI+
£ i M i
F N" 07 Cryg
-
NN O
208 F,©/ L L CHy 347 MeHp APCI
OH

[0188]
Example 209
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[Chemical formula 79]

To a solution of the compound 1 (100 mg} in dichloromethane (4 mL) was

added hydrous 25 % m-chloroperbenzoic acid (202 mg), and the reaction mixture

was stirred for 15.5 hours at room temperature. The reaction mixture was
treated with an aqueous solution of sodium thiosulfate, and then extracted with
ethyl acetate. The organic layer was washed with a saturated aqueous solution
of sodium bicarbonate, and then dried over anhydrous sodium sulfate, and the
solvent was evaporated under reduced pressure. The resulting residue was
suspended in acetonitrile (2 ml), and the compound 2 {106 mg) and
diisopropylethylamine (98 nl) were added to the suspension. The reaction
mixture was stirred for 30 minutes at room temperature, and then stirred for
additional 3 hours at 60 °C under argon atmosphere. The reaction mixture was
cooled to room temperature, and then diluted with water, and extracted twice
with chloroform. The resulting organic layer was dried over anhydrous sodium
sulfate, and the solvent was evaporated under reduced pressure. The resulting
residue was purified by NH-silica gel column chromatography (eluent: hexane-
ethyl acetate; gradient: 90:10-60:40) to give 5-(3-methyl-2-naphthyl)-3-[4-
(isopropylcarbamoylmethyl) piperazin-1-yl}-1,2,4-triazine (123 mg) as a yellow
viscous substance.

MS (APCI) 405 [M+H]™

[0189]

Example 210
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{Chemical formula 80]
N
N HN\—JN’@ /N~NH
I “NH 2 )i
e CHs > O

) S 3 K/N\©

CH
CH
g Ch,
NC™ N 4 | g

e

(1) The compound 1 (1 g} and the compound 2 (3.4 g) were suspended in THF (30
ml., and the suspension was stirred for 1 day under argon atmosphere with
heating to reflux. The reaction mixture was cooled to room temperature, the
precipitate was taken by filtration, washed with ethyl acetate, and dried to give
the compound 3 (1.3 g} as colorless solid.

MS (APCI) 258 [M+H]*

(2) The compound 3 (100 mg) and 1H-benzotriazol-1-
ylexytripyrrolidinophosphoniumhexafluorophosphate (217 mg} were suspended
in dioxane (4 ml). Triethylamine (163 1L} was added to the suspension, and the
reaction mixture was stirred for 2 hours at room temperature under argon
atmosphere. To the reaction mixture was added dichlorobis{triphenylphosphine]
palladium (14 mg). The compound 4 (179 mg) and sodium carbonate (206 mg)
were added to the reaction mixture, and water (1 ml) was further added thereto,
and the reaction mixture was stirred for 4 hours at 100 °C. The reaction
mixture was cooled to room temperature, diluted with ethyl acetate, and then
washed with a saturated agqueous solution of sodium bicarbonate and brine, and
dried. The solvent was evaporated under reduced pressure, and the resulting
residue was purified by silica gel column chromatography (eluent: hexane-ethyl
acetate; gradient:. 65:35-50:50) to give 5-(2-cyano-5-pyridyl)-3-(4-
phenylpiperazin-1-yl)-1,2,4-triazine (22 mg) as a yellow solid.

MS (APCI) 344 [M+H]*
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[0190]
Example 211
[Chemical formula 81]

To a mixed solution of the compound 1 (60 mg), the compound 2 {63 mg),
and dichlorobis(triphenylphosphine} palladium (10 mg) in dioxane (2 mL) was
added an aqueous solution of 2 mol/L sodium carbonate (1.0 mL). The reaction
mixture was stirred for 15 minutes at 150 °C in a microwave reactor (Initiator,
Biotage). The reaction mixture was cooled to room temperature, diluted with
ethyl acetate, and then the solution was washed with water and brine, and dried.
The solvent was evaporated under reduced pressure, then the resulting
crystalline residue was suspended and washed in a mixed solvent of hexane-
ethyl acetate (2:1}, taken by filtration, and dried to give 5-{1~-methyl- 1H-indol-2~
yl)-3-morpholino-1,2,4-triazine (50 mg) as a yellow solid.

MS (APCI) 296 [M+H]"

ey
f—

Example 212-213
The corresponding starting compound was treated in a similar manner as

that of the above Example 211 to give the compounds described in the following
Table 26,
[0192]

Table 26
[Chemical formula 82]

Ny
~N

LA

RT N7 "R®
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[Table 26]
Example R1 R2 _ MS[M+H]*
\N/\
212 AN 307 (APCI)
P
o
H3C
213 204 (APCI)
NS tvO
[0193]

Example 214
[Chemical formula 83]

VO_\\\\OVCOQCQHS
N H,N

SN
2 l
N”/)\N N/ N/\ O »“Q‘\/COZCZHS

I
3 !

7

S

|
F,C7 K/N\/KONa E4C

— Mo o

N

SN
]
/(j:N N O «\O\)‘LN,CH;;
g N\)LN CHy

H

(1) The compound 1 (400 mg} was dissolved in DMF (10 ml). The compound 2
(70 mg), diisopropylethylamine (360 pl) and O-(7-azabenzotriazol-1-yl}-N,N,N',N'-
tetramethyluroniumhexafluorophosphate (781 mg) were added to the solution,
and the reaction mixture was stirred for 1.5 hours at room temperature. To the
reaction mixture was added water, and then the reaction mixture was extracted
with chloroform. The organic layer was dried over anhydroué sodium sulfate,

and then the solvent was evaporated under reduced pressure. The resulting
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residue was purified by NH-silica gel column chromatography (eluent: hexane-

ethyl acetate; gradient: 50:50-0:100) to give the compound 3 (443 mg) as a yellow

solid.

MS (APC]) 551 [M+H]™

(2) The compound 3 (430 mg) was dissolved in ethanol (8 mL)-THF (2 ml}. An
agueous solution of 1 mol/L of sedium hydroxide (8 ml) was added to the
solution, and the reaction mixture was stirred for 20 hours at room temperature.
The reaction mixture was concentrated under reduced pressure, and the residue
was dissolved in water. A pH of the solution was adjusted to pH 4-5 by adding
an agueous solution of 1 mol/L hydrochloric acid, and then the reaction mixture
was extracted with chloroform. The organic layer was dried over anhydrous
sodium sulfate, and then the solvent was evaporated under reduced pressure to
give the compound 4 (349 mg) as a yellow solid.

MS (APCI) 523 [M+H]"

{3) The compound 4 (100 mg) was dissolved in DMF (1.9 mL). A solution of 1
mol/L dimethylamine in THF {190 ul), diisopropylethylamine (70 uL) and O-{7-
azabenzotriazol-1-y1)-N,N,N',N'-tetramethyluroniumhexafluorophosphate (95 mg}
were added to the solution, and the reaction mixture was stirred for 1 hour at
room temperature. To the reaction mixture was added water, and then the
reaction mixture was extracted with chloroform. The organic layer was dried
over anhydrous sodium sulfate, and then the solvent was evaporated under
reduced pfessure. The resulting residue was purified by silica gel column
chromatography (eluent: chloroform-methanol; gradient: 100:0-95:5), treated
with a solution of 4 mol/L HCl in ethyl acetate, and the supernatant was
removed by centrifugation, and then the precipitate was dried to give 5-(4~
triflucromethylphenyl)-3-[4-[[trans-4-(N,N-dimethylcarbamoylmethyloxy)
cyclohexyl]carbamoylmethyllpiperazin-1-ylj-1,2,4-triazine {yellow powder, 83 mg)
as a HCI salt.

MS {APCI) 550 [M+H]*

[0194]

Example 215
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[Chemical formula 84]

N
| ;Nk Non
-
%
TN I\Q TS cH o NJ\N/\
R
O CHj 2
O CHj,
Cha A " ’ Ny
3 H BN

SONTONTY 0 CHy

4 I\/N\)Lg)\CHa

> |

ey
NC™ N

(1) To a solution of the compound 1 {152 mg) in dichloromethane (2 mL) was
added trifluoroacetic acid (2 mL), and the reaction mixture was stirred for 30
minutes at room temperature. The reaction mixture was concentrated under
reduced pressure, and the resulting residue was dissolved in ethyl acetate, and
then the solution was treated with an aqueous solution of 40 % potassium
carbonate. The aqueous layer was saturated with potassium carbonate, and
then extracted 3 times with a mixed solvent of ethyl acetate-THF. The organic
layer was dried over anhydrous magnesium sulfate, and the solvent was
evaporated under reduced pressure. The resulting crystalline residue was
suspended and washed in a mixed solvent o
filtration, and dried to give the compound 2 {102 mg) as a yellow solid.
MS (APCI) 268 [M-+H]" _
(2) The compound 2 (30 mg), the compound 3 (30 mg) and sedium carbonate (24
mg) were suspended in acetonitrile (3 ml}, and the suspension was stirred for 14
hours at 60 °C under argon atmosphere. The reaction mixture was cooled to
room temperature, dituted with ethyl acetate, and then the solution was washed
with water and brine, and dried over anhydrous magnesium sulfate. The
solvent was evaporated under reduced pressure, and the resulting residue was
purified by silica gel column chromatography (eluent: ethyl acetate-methanol;
gradient: 100:0-95:5) to give 5-(2-cyano-5-pyridyl}-3-[4-
(isopropylcarbamoylmethyl) piperazin-1-yl]-1,2,4-triazine {20 mg] as a yellow

solid.
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MS (APCI) 367 [M+H]™
[0195]
Example 216-227
The corresponding starting compound was treated in a similar manner as
that of the above Example 215 to give the compounds described in the following
Table 27.
[0196]
Table 27

[Chemical formula 85]

N
i/;k/\' CH
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[Table 27]
Example R Ms Salt
s)
216 b/ 383 [M+H}+ APCI
217 \:EJQ/ 397 [M+HR APCI  2HCI
O
218 ﬁr 397 [M+HP APCI  2HCI
R
219 [ 383 [M+H}¢ APCI
O P
S .
220 ¢ j{j 398 [M+HM ARCI
N
(\r
221 ‘ ; 408 [M+H} APCI
;:3@')\/
IT
222 N 395 [M+H]+ APCI
H4C
CH,
N-N
223 LA~ 385 [M+H]+ APCI
L
Cl
224 W 3751377 [M+Hp APC
(N~
F
E |
225 fj/ 385 [M+H]+ APCI
F
226 O/ 359 [MtH}+ APCI
HaC
. Py .
227 | /% 377 [IM+Mp APCH
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Example 228
[Chemical formula 86]

(1) To a solution of the compound 1 {177 mg) in methanol (7 mL)-triethylamine
(1.2 mL) was added wet 10 % palladium on carbon (53 mg), and the reaction
mixture was stirred for 1 hour under hydrogen atmosphere. The palladium on
carbon was removed by filtration, and then washed with methanol. The filtrate
was concentrated under reduced pressure, and the resulting residue was purified
by silica gel column chromatography (eluent: hexane-chloroform; gradient:
70:30-40:60) to give the compound 2 (87 mg) as a yellow solid.

MS (ESI) 370 [M+H]"

(2) To a solution of the compound 2 (112 mg) in dichloromethane {2 mL) was
added trifluoroacetic acid (2 mL), and the reaction mixture was stirred for 1 hour
at room temperature. The reaction mixture was diluted with methanol, then the
solution was treated with packed strong cation exchange resin (PoraPak Rxn Cx,
eluent: a solution of 1 mol /L NH; in methanol), and the eluate was concentrated
under reduced pressure. The resulting residue, the compound 3 (82 mg) and
sodium carbonate (64 mg) were suspended in acetonitrile (3 mlL), and the
suspension was stirred for 19 hours at 65 °C under argon atmosphere. The
reaction mixture was cooled to room temperature, diluted with chloroform, and
then washed with water, and dried over anhydrous sodium sulfate. The sclvent

was evaporated under reduced pressure, and the resulting residue was purified

- by silica gel column chromatography {eluent: hexane-ethyl acetate; gradient:’

80:20-50:50) to give3-[4-(isopropylcarbamoylmethyl) piperazin-1-yl]-5-phenethyl-

1,2,4-triazine (101 mg) as a yellow viscous substance,
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MS (APCI) 369 [M-+H]"
[0198]
Example 229-230

" The corresponding starting compound was treated in a similar manner as
that of the above Example 228 to give the compounds described in the following
Table 28.

[0199]
Table 28
[Chemical formula 87]
N\-
LA
T
RTONTN o) /(!3\%-{3
N
\/U\N CHs
H
[Table 28]
Example R Ms
R 7N
229 C\J\/i 385 [MAH]+ APCI
230 [:\ﬁ 361 [M+H+ APCH
HLC
[0200]

Example 231
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[Chemical formula 88]

t{}x G5 cH
HaC e 3 \
NtN O CHa N
LA : LA
N7 SO,CH; o N N HsC y
N._Ol.C
cl ’ Cl H4C \\/ 3
3 O CHs
O CHs
N N:
CI\/[LN cH, | j;\
TFA s 1 NN ® )c\Hg
. cl HaC N\)\ﬁ CH,
5

(1) To a solution of the compound 1 (500 mg) in anhydrous DMF (3.7 mL) was
added the compound 2 {1100 mg), and the reaction mixture was stirred for 5

hours at room temperature under argon atmosphere, and then stirred for 3

Ut

hours at 60 °C. The reaction mixture was cooled to room temperature, diluted
with water, and then extracted 3 times with chloroform. The organic layer was
dried over anhydrous sodium sulfate, and the solvent was evaporated under
reduced pressure. The resulting residue was purified by NH-silica gel column -
10 chromatography (eluent: hexane-ethyl acetate; gradient: 85:15-60:40} to give the
compound 3 (85 mg) as a yellow viscous substance.
MS (APCI) 390/392 [M-+H]"
{2} To a solution of the compound 2 (80 mg) in chloroform {1 mL) was added
trifluoroacetic acid (1 ml), and the reaction mixture was stirred for 15 hours at
15 room temperature. The reaction mixture was diluted with methanol, the
solution was treated with packed strong cation exchange sresin (PoraPak Rxn Cx,
eluent: a solution of 1 mol/L NH; in methanol), and the eluate was concentrated
under reduced pressure. The resulting residue, the compound 4 (57 mg), and
sodium carbonate (45 mg) were suspended in acetonitrile (1.5 ml)}, and the
20 suspension was stirred for 15 hours at 60 °C under argon atmosphere. The
reaction mixture Was cooled to room temperature, diluted with water, and then
extracted twice with chloroform, and dried over anhydrous sodium sulfate. The

solvent was evaporated under reduced pressure, and the resulting residue was
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purified by NH-silica gel column chromatography (eluent: hexane-ethyl acetate;
gradient: 90:10-60:40) to give 5-{4-chlorophenyl)-3-[(R}-4-
(isopropylcarbamoylmethyl}-2-methylpiperazin-1-yl}- 1,2, 4-triazine {57 mg) as an
orange viscous substance.

MS (APCI) 389/391 [M-+H]*

[0201]
Example 232
[Chemical formula 89]
o -
T on e
FsC 1 g FC 5
O CHj
O CH,
C'\)\N/kcm N,
. SCONTN O  CH,
F C7 N 4 N\KILD{)\CH

(1) To a solution of the compound 1 (407 mgj in dichloromethane (2.5 mlL) was
added triftuorcacetic acid {1 mlL}, and the reaction mixture was stirred for 3
hours at room temperature. The reaction mixture was diluted with methanol,
and then the solution was treated with packed strong cation exchange resin
(PoraPak Rxn Cx, eluent: a solution of 1 mol/L NH; in methanol). The eluate
was concentrated under reduced pressure to give the compound 2 {258 mg) as a
yellow solid.

MS (APCI) 310 [M-+H]"

{(2) The compound 2 (79 mg), the compound 3 (104 mg) and sodium carbonate
(56 mg) were suspended in acetonitrile (3 ml), and the suspension was stirred for
3.5 hours at 75 °C under argon atmosphere. To the reaction mixture was
further added the compound 3 (3 mg), and the reaction mixture was stirred for
additional 18 hours at the same femperature. The reaction mixture was cooled

to room temperature, diluted with a saturated agueous solution of sodium
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bicarbonate, and then extracted twice with ethyl acetate. The resulting organic
layer was washed with brine, and dried over anhydrous sodium sulfate. The
solvent was evaporated under reduced pressure, and the resulting residue was
purified by silica gel column chromatography (eluent: chloroform-methanol
90:10). Then, the resulting crystalline residue was dissolved in ethyl acetate,
the solution was treated with 4 mol/L HCl/ethyl acetate. The solvent was
evaporated under reduced pressure, the residue was suspended and washed in
diethylether, taken by filtration, and dried to give 3-[4-[(S}-1-
(isopropylcarbamoyljethyllpiperazin- 1-yl]-5-(4-trifluoromethylphenyl)-1,2,4-
triazine hydrochloride (27 mg} as a yellow solid.

MS (APCI) 423 [M+H]*

[0202]
Example 233
[Chemical formula 90]
N NH
r 1 HoN” 2
2Hs N O ZANN
Br
[\/j/:g/ e 20 e N \/E'i\rﬂ“'\”_{2
4
ol
QP QL
/@S\O/\\/O\/\O,S\Q N
HyC™ 5 CH, O\/E ){\1\
A SN
s L_oO

(1) A solution of diisopropylamine (6.5 mlL) in anhydrous THF (40 mL) was cooled
to -78 °C under argon atmosphere, A solution of 1.59 mol/L n-butyllithium in
hexane (26.6 mL) was added dropwise to the solution, and then the reaction
mixture was stirred for 30 minutes at -10 °C. Then, the reaction mixture was
added dropwise to a solution of the compound 1 (3.6 g} and methylene bromide
(7.4 g) in anhydrous THF (40 ml)} at -78 °C over 7 minutes, and stirred for 30
minutes at the same temperature under argon atmosphere. A solution of 6
mol/L hydrochloric acid (20 mL) was slowly added to the solution for quenching
the reaction, a temperature of the reaction mixture was raised to room
temperature, and the reaction mixture was diluted with ethyl acetate. The

organic layer was washed with water and brine, and dried over anhydrous
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magnesium sulfate. The solvent was evaporated under reduced pressure to give
the compound 2 (4.1 g} as a pale yellow solution.

MS (ESI) 295/297 [M-H]-

(2) To a solution of the compound 2 (4.0 g) in THF (20 ml} was added morpholine
(5.1 mL), and the reaction mixture was stirred for 30 hours at 50 °C under argon.
atmosphere. The reaction mixture was cooled to room temperature, the

precipitate was removed by filtration, washed with THF, and the filtrate was

concentrated under reduced pressure. The resulting residue was dissclved in

methanol (20 mL), and the compound 3 (1.8 g} was added to the solution. To
the reaction mixture was added dropwise acetic acid (2.3 mL) over 5 minutes,
and the reaction mixture was stirred for 4 hours at room temperature, and then
stirred for additional 19 hours with heating to reflux. The reaction mixture was
cooled to room temperature, concentrated under reduced pressure, and then the
concentrate was diluted with ethyl acetate, and washed with an aqueous solution
of 20 % potassium carbonate. The organic layer was dried over anhydrous
magnesium sulfate, and the solvent was evaporated under reduced pressure, and
the resulting residue was purified by silica gel column chromatography {eluent:
chloroform-methanol; gradient: 99:1-92:8) to give the compound 4 (317 mg) as a
pale vellow solid.

MS (APCI) 193 [M-+-H]"

(3} To a solution of the compound 4 (80 mg) in anhydrous DMF (3 mlL) was added
sodium hydride (42 mg) under argon atmosphere, and the mixture was stirred for
30 minutes at room temperature. To the reaction mixture was added the
compound 5 (173 mg), and the reaction mixture was stirred for 1 day at room
temperature, and then stirred for additional 1 day at 100 °C. The reaction
mixture was cooled to room temperature, and water was slowly added to the
reaction mixture. The reaction mixture was diluted with ethyl acetate, and then
washed with water and brine, and dried. The solvent was evap_orated under
reduced pressure, and the resulting residue was purified by silica-gel column
chromatography (eluent: hexane-ethyl acetate; gradient: 70:30-50:50) to give 5-
cyclohexylmethyl-3-morpholino-1,2,4-triazine (16 mg} as a yellow solid.

MS (APCI) 263 [M-+H]™

[0203]

Example 234
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[Chemical formula 91]

70

The corresponding starting compound was treated in a similar manner as
that of the above Example 233 to give 3-morpholino-5-phenethyl-1,2,4-triazine.
MS (APCI) 271 [M+H}* '

[0204]
Example 235
[Chemical formula 92

H,N N.

]
N.
N. CHg =N CHs 7 "N
CH; 7N 5 NN s AL S0,CH,
- /k N~ "NH NN
N SCH;4 <
w IRl o

(1) To a solution of the compound 1 {400 mg) in N-methylpyrrolidone (1 ml) was
added the compound 2 {2 mlL), and the reaction mixture was stirred for 1 hour at
200 °C in a microwave reactor (Initiator, Biotage). The reaction mixture was
cooled to room temperature, diluted with ethyl acetate, and then the solution was
washed with water and brine, and dried. The solvent was evaporated under
reduced pressure, and the resulting residue was purified by NH-silica gel column
chromatography (eluent: hexane-cthyl acetate; gradient: 70:30-50:50) to give the
compound 3 (436 mg) as a yellow solid.

(2) To a solution of the compound 3 (50 mg) in anhydrous THF (3 ml} was added
sodium hydride {13 mg) under argon atmosphere, and the reaction mixture was
stirred for 40 minutes at room temperature, To the reaction mixture was added
methanesulfonic acid chloride (34 pnl), and the reaction mixture was stirred for 6
hours at room temperature. To the reaction mixture was slowly added water,
the reaction mixture was diluted with ethyl acetate, and then the solution was
washed with water and brine, and dried. The solvent was evaporated under

reduced pressure, and the resulting residue was purified by silica gel column
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chromatography {eluent: chloroform-ethyl acetate95:5) to give 3-[N-benzyl-N-
{methylsulfonyl) amino]-5-{o-tolyl}-1,2,4-triazine (56 mg) as a pale yellow viscous
substance.

MS (APCI) 355 [M+H]™

[0205]

Example 236

[Chemical formula 93]

= NHSO,CHy

No |
T ’\fN [ -S02CH
ﬁ,/\\ NASOZVH’\ . 2 3
Z SN

To a solution of the compound 2 (66 mg) in anhydrous DMF (1.5 mL) was
added sodiuum hydride (15 mg) under argon atmosphere, and the reaction
mixture was stirred for 30 minutes at room temperature. To the reaction
mixture was added the compound 1 (80 mg), and the reaction mixture was
stirred for 30 minutes at room temperature. To the reaction mixture was slowly
added water, and the reaction mixture was diluted with ethyl acetate, and then
the solution was washed with water and brine, and dried. The solvent was
evaporated under reduced pressure, and the resulting residue was purified by
silica gel column chromatography (eluent: hexane-ethyl acetate; gradient: 65:35-
45:55) to give 3-[N-(methylsulfonyl)-N-(2-pyridylmethyl) amino]-5-(o-tolyl)-1,2,4-
triazine (112 mg) as a pale yellow viscous substance,

MS (APCI) 356 [M-+H]"
[0206]

Example 237-238
The corresponding starting compound was treated in a similar manner as

that of the above Example 235 or 236 to give the compounds described in the
following Table 29.

[0207]

Table 29
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'[Chemical formula 94

sy
: |
l

3 / :
R N/\RZ

[Table 29] ,
Example | R! R2 MSM+H]™ Method
Similar
355 v
237 manner as
{APC])
Example 235
Similar
305 ;
238 manner as
[APCI)
Example 236
i
[0208]
Example 239
[Chemical formula 95]
N
Gy r//N“’N CHy 7N
N O i X
2 v

To a solution of benzyl alcohol (83 ul) in anhydrous THF (2 ml) was added
sodium hydride (24 mg} under argon atmosphere, and the reaction mixture was
stirred for 30 minutes at room temperature. To the reaction mixture was added
the compound 1 (100 mg}, and the reaction mixture was stirred for 15 hours at
room temperature. To the reaction mixture was slowly added water, and the
reaction mixture was diluted with ethyl acetate, and then the solution was
washed with water and brine, and dried. The solvent was evaporated under

reduced pressure, and the resulting residue was purified by silica gel column
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chromatography (eluent: chloroform-ethyl acetate95:5) to give 3-benzyloxy-5-(o-
tolyl)-1,2,4-triazine {67 mg) as a coloriess solid.

MS (APCI) 278 [M+H]"

[0209]

Example 240
[Chemical formula 96]

CHa O o CH, PN 2 /ccs
1 SN
e e e 2 O e

A solution of the compound 1 (2.4 g) and hydrazine hydrate (510 pl) in |
ethanol (20 mL) was stirred for 7 hours at room temperature. Then, to the
reaction mixture was added the compound 2 (1.6 g}, and the reaction mixture

was stirred for 15.5 hours at room temperature, and then stirred for additional 1 -

C

x
(&)

O

f\)

| PO |

l%’

hour at 70 °C. The reaction mixture was cooled to room temperature, diluted
with a saturated aqueous solution of sedium bicarbonate, and extracted with
ethyl acetate. The organic layer was washed with brine, and dried over
anhydrous sodium sulfate. The solvent was evaporated under reduced pressure,
and the resulting residue was purified by silica gel column chroma,tocrraphy
(eluent: hexane-ethyl acetate; gradient: 80 20-60:40) to give 3-[1-(tert-
butyloxycarbonyl)-piperidin-3-yl]-5-(o-tolyl}-1,2,4-triazine (1.1 g} as an orange

solid.

MS (APCI) 355 [M-+H]"
[0210]
Example 241-243
The corresponding starting compound was treated in a similar manner as
that of the above Example 240 to give the compounds described in the following
Table 30.
[0211]
Table 30
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[Chemical formula 97]
NQN

R "N TRZ?

[Table 30]
Example | R! R2 MS[M+H]*
262
241
(APCI)
359
242
(APCI)
243 212
[0212]
Example 244

[Chemical formula 98]

Gy — S G

(1) To the compound 1 (1.1 g) was added a solution of 4 mol/L HCl in ethyl
acetate (4 ml), and the reaction mixture was stirred for 4 hours at room
temperature. To the reaction mixture was added a saturated aqueous solution
of sodium bicarbonate, the reaction mixture was extracted with chloroform, and
the organic layer was dried over anhydrous sodium sulfate.
evaporated under reduced pressure, and the resulting residue was purified by

silica gel column chromatography (eluent: chloroform-methanol; gradient: 100:0-

90:10) to give the compound 2 {752 mg) as a pale brown solid.

The solvent was
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MS (APCI) 255 [M-+H]|™

(2) The compound 2 (100 mg), 2-iodopyrazine (111 mg), xantphos (27 mg), and
sodium t-butoxide (57 mg) were éuspended in toluene (2 ml), and the

suspension was degassed under reduced pressure, and then back-filled with
argon. To the reaction mixture was added tris(dibenzylideneacetone)
dipélladium {14 mg), and the reaction mixture was stirred for 50 minutes at

120 °C. The reaction mixture was cooled to room temperature, diluted with
water, and then extracted with ethyl acetate. The organic layer was washed with
brine, dried over anhydrous sodium sulféte, and then the solvent was evaporated,
and the resulting residue was purified by silica gel column chromatography
(eluent: hexane-ethyl acetate; gradient: 80: 20-60:40) to give 3-[1-(pyrimidine-2-
vl)-piperidin-3-yl}-5-(o-tolyl}- 1,2,4-triazine (49 mg} as a pale brown viscous
substance.

MS (APCI) 333 [M—+H]™

[0213]

Example 245

[Chemical formula 99]
CH; O

CH [

o Ej)H
CO,CH
> 2 wj*—}i»» ITLLNHNHQ“—W @/
-
1 HsC N CH,

HgC N N
2

(1) To a solution of the compound 1 (6.1 g) in methanol (80 mL} was added
hydrazine hydrate (3.9 mL}, and the reaction mixture was stirred for 7 hours with
heating to reflux. The reaction mixture was cooled to room temperature, ethyl
acetate was added thereto, and the reaction mixture was stirred for 1 hour. The
precipitate was taken by filtration, washed with ethyl acetate, and dried to give
the compound 2 (4.2 g) as a slightly brown solid.

MS (APCI) 152 [M-+H]"

(2) A solution of the compound 2 (290 mg) and the compound 3 (330 mg) in
ethanol (3 mL) was stirred for 2 hours at room temperature. Then, to the
reaction mixture was added ammonium acetate (745 mg], and the reaction

mixture was stirred for 30 minutes at 150 °C in a microwave reactor (Initiator,
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Biotage). The reaction mixture was cooled to room temperature, washed with a
saturated aqueous solution of sodium bicarbonate, and then extracfed with ethyl
acetate. The organic layer was washed with brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced pressure, and the
resulting residue was purified by silica gel column chromatography (eluent:
hexane-cthyl acetate; gradient: 70:30-50:50). The resulting residue was
suspended and washed in a mixed solvent of hexane-diethyl ether (1: 1}, taken by
filtration, and dried to give 3-(2-methyl-5-pyridyl)-5-(o-tolyl)- 1,2,4-triazine (21
mg) as a pale yellow solid.

MS (APCI) 263 [M+H]™

[0214]

Example 246

[Chemical formula 100]

The corresponding starting compound was treated in a similar manner as
that of the above Example 245 to give 3-benzyloxymethyl-5-(4-flucrophenyl}-

1,2,4-triazine.

MS (APCI) 296 [M+H]*
[0215]
Example 247

[Chemical formula 101]

IN“N HOQC Q/E T
> Ny 2 z
? e L\/\NHZ g‘ N)K/\/

1
2HCH

The compound 1 (200 mg) and the compound 2 (168 mg) were dissolved in
DMF (4 mL). Diisopropylethylamine (676 ul) and O-(7-azabenzotriazol-1-yl)-
N ,N,N',N’-tetramethyluroniumhéxaﬂuorop’hosphate (491 mg) were added to the

solution, and the reaction mixture was stirred for 21 hours at room temperature.
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The reaction mixture was diluted with ethyl acetate, the solution was washed
with water and brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure, and the resulting residue was purified
by silica gel column chromatography (eluent: chloroform-ethyl acetate; gradient:
95:5-50:50) to give 3-[4-[(3-ethylpentanoyl)amino]piperidino]-5-(4-flucrophenyl)-
1,2,4-tﬁazine (224 mg) as a yellow solid.

MS (APCI) 386 M+H]™

[02186]
Example 248
[Chemical formula 102]
]%,N‘\N {/N%
l\ N7 N Mi\ N’)\Uo /iNOE
F 2 1 k/\NHg = a N/lkO W
2HCI H
N

(1) To a solution of the compound 1 (400 mg) and diisopropylethylamine {676 1L}
in chloroform (12 mL} was added 4-nitrophenyl chloroformate (281 mg}, and the
reaction mixture was stirred for 30 minutes at room temperature. The reaction
mixiure was diluted with water, and extracted twice with chloroform. The
organic layer was dried over anhydrous sodium sulfate, and the solvent was
evaporated under reduced pressure. The resulting residue was suspended and
washed in ethyl acetate, taken by filtration, and dried to give the compound 2
{356 mg) as a yellow solid.

MS (APCI) 439 [M+H]" |

(2) To a solution of the compound 2 {100 mg) and diisopropylethylamine (340 1L}
in chloroform {3 ml) was added isopropylmethylamine (85 mgj, and the reaction
mixture was stirred for 1 hour at room temperature. The reaction mixture was
diluted with an aqueous solution of potassium carbonate, and extracted twice
with chloroform. The organic layer was dried over anhydrous sodium sulfate,

and the solvent was evaporated under reduced pressure. The resulting residue
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was suspended and washed in diisopropyl ether, taken by filtration, and dried to
give 5-{4-fluorophenyl}-3-[4-(N-isopropyl-N-methylureido} piperidino}-1,2,4-
triazine (66 mg) as a yellow solid.

MS (ESI) 373 [M+H]”

[0217]

Example 249

[Chemical formula 103]
HCI

O

N N,

N ano OO [N

cI NH, cl ij\o
1 3 H

The compound 1 {100 mg) and the compound 2 (89 mg) were suspended in
acetonitrile (3 ml}). Diisopropylethylamine (240 ul} was added to the
suspension, and the reaction mixture was stirred at room temperature for 5
hours. The reaction mixture was diluted with water, and a saturated agueous
solution of potassium carbonate was added to the solution, and then the reaction
mixture was extracted twice with chloroform. The organic layer was dried over
anhydrous sodium sulfate, and the solvent was evaporated under reduced
pressure. The resulting residue was purified by silica gel column
chromatography (eluent: chloroform-methanol; gradient: 100:0-90:10) to give 5-
{4~chlorophenyl)-3-[4-[(1-methylpiperidin-4-yljoxycarbonylamino|piperidino)-
1,2,4-triazine (95 mg) as a yellow solid.

MS (APCI) 431/433 [M-+H]"
[0218]

Example 250

[Chemical formula 104]

N.
N CHg N
N U SN CH
LA HOL o 2 PN e

NTONTY /@ NNy o O‘N‘CHg
K/N\ o Cl K/N"'N)J\\x“"‘ .

Cl 1 NH,

The compound 1 {40 mg) and the compound 2 (40 mg) were dissolved in
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DMF (1.5 mL). Diisopropylethylamine (96 pL) and O-(7-azabenzotriazol-1-yl)-
N,N,N',N'-tetramethyluroniumhexafluorophosphate (79 mg) were added to the
solution, and the reaction mixture was stirred at room temperature for 1 hour.
The reaction mixture was diluted with a saturated aqueous solution of sodium
bicarbonate, and extracted twice with chloroform. The organic layer was dried
over anhydrous sodium sulfate, and the solvent was evaporated under reduced
pressure. The solvent was evaporated under reduced pressure, and the
resulting residue was purified by NH-silica gel column chromatography (eluent:
ethyl acetate-methanol 92:8) to give 5-(4-chlorophenyl)-3-[4-[1-[trans~4-
(dimethylamino) cyclohexyljacetylamino]piperazin-1-yl]-1,2,4-triazine (48 mg) as
a yellow solid.

MS (ESI) 458 [M+H]"

[0219]

Example 251

[Chemical formula 105]

N ,
Jona NS

The corresponding starting compound was treated in a similar manner as

above Example 250 to give 5-(4-chlorophenyl)-3-[4-{(3-

methylbutanoyl)ammo]pzperam -1-y1]-1,2,4-triazine.
MS (ESI) 375/377 [M+H]* '

[0220]
Example 252
[Chemical formula 106]
‘ (;Hg
g “CHs
Hy W 2HCH N
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The compound 1 (120 mg) and the compound 2 {109 mg) were dissolved in
DMF (3.4 mL). Diisopropylethylamine (266 pl) and O-(7-azabenzotriazol-1-yl}-
N,N,N',N'-tetramethyluroniumhexafluorophosphate (193 mg) were added to the
solution, and the reaction mixture was stirred at room temperature for 16.5
hours. The reaction mixture was diluted with water, an aqueous solution of
potassium carbonate was added thereto, and the reaction mixture was extracted
3 times with chloroform. The organic layer was dried over anhydrous sodium
sulfate, and the solvent was evaporated under reduced pressure. The resulting
residue was purified by NH-silica gel column chromatography (eluent:
chloroform-methanol; gradient: 100:0-97:3) to give 3-[4-[[[trans-4-
(dimethylamino) cyclohexyllcarbamoyllhydroxymethyl}piperidino]-5-(4-
fluorophenyl)-1,2,4-triazine (110 mg} as a yellow solid.

MS (ESI} 457 [M+H]"
[0221]

Example 253
[Chemical formula 107]

-

pd

| TONTINTY o cHg
f e i ! i

The compound 1 (200 mg) and the compound 2 (114 mg) were dissolved in
DMF (7 mlL). Diisopropylethylamine (500 1L} and O-(7-azabenzotriazol-1-yl)-
N,N,N',N'-tetramethyluroniumhexafluorophosphate {303 mg) were added to the
solution, and the reaction mixture was stirred for 40 minutes at room
temperature. The reaction mixture was diluted with a saturated aqueous
solution of sodium bicarbonate, and extracted 3 times with chloroform. The
organic layer was washed with brine, and dried over anhydrous sodium sulfate.
The solvent was evaporated under reduced pressure, and the resulting residue
was purified by silica gel column chromatography {eluent: chloroform-methanol;
gradient: 100:0-97:3) to give 5-{4-chlorophenyl}-3-[4-
[(isopropylamino)oxalyl]piperazin-1-yl]-1,2,4-triazine (267 mg} as a yellow solid.
MS (APCI) 389 [M+H]"
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[0222]
Example 254
[Chemical formula 108]
CHO
i !
N, d ;
CHa ij ;Nk N/f" 2 CH3 ?‘\3 N 2HOI
SN NS N/\
P L_NH 1
= N
1
5 To & solution of the compound 1 (100 mg} in dichloromethane (4 mL) were

added the compound 2 (50 mg), acetic acid (2 drops) and sodium
triacetoxyborohydride {120 mg), and the reaction mixture was stirred for 18
hours at room temperature. The reaction mixture was diluted with water, and
then extracted with chloroform. The resulting organic layer was washed with
10 brine, dried over sodium sulfate, and the solvent was evaporated. The resulting
residue was purified by silica gel column chromatography (eluent: chloroform-
methanol; gradient: 100:0-95:5), and the resulting residue was treated with a
solution of 4 mol/L HCl in ethyl acetate to give 3-[4-(3-pyridylmethyl} piperazin-
1-y1]-5-(o-tolyl}-1,2,4-triazine dihydrochloride (120 mg) as a yellow powder.
15 MS (ESI) 347 [M-+H]"
[0223]
Example 255
[Chemical formula 109]

“N

20 To a solution of the compound 1 {100 mg) in anhydrous THF (3.6 mL) was
added cyclopentyl isocyanate (51 ul), and the reaction mixture was stirred for 3
hours at 80 °C. Then, to the reaction mixture was added copper chloride (I} (36
mg), and the reaction mixture was stirred for 17.5 hours at the same

temperature, and further, cyclopentyl isocyanate (25 1l) was added thereto,
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followed by stirring of the reaction mixture for 4.5 hours. The reaction mixture
was cooled to room temperature, diluted with conc. ammonia water which has
been diluted to 3 times, and extracted twice with chloroform. The resulting
organic layer was dried over anhydrous sodium sulfate, and the solvent was
evaporated under reduced pressure. The resulting residue was purified by silica
gel column chromatography (eluent: hexariewethyl acetate; gradient: 70:30-40:60)
to give 3-[4-(N-cyclopentylcarbamoyloxy) piperidino}-5-(4-fluorophenyl)-1,2,4-
triazine (66 mg) as a yellow solid.

MS (ESI) 386 [M+H]™

[0224]

Example 256

[Chemical formula 110]

N
e

To a suspension of sodium hydride (20 mg) in anhydrous THF (2 mL) was
added the compound 2 {62 ul) under argon atmosphere, and the suspension was
stirred for 30 minutes at room temperature. To the reaction mixture was added
the compound 1 (100 mg), and the reaction mixture was stirred for 35 minutes at
room temperature. To the reaction mixture was slowly added water, the reaction
mixture was extracted twice with chloroform, and the organic layer Was dried
over anhydrous sodium sulfate. The solvent was evaporated under reduced
pressure, and the resulting residue was purified by silica gel column
chromatography (eluent: hexane-ethyl acetate; gradient: 80:20-50:50) to give 5-
benzyloxy-3-morpholino-1,2,4-triazine (127 mg) as a coloriess solid.

MS (APCI) 273 [M+H]"
[0225]
Example 257
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[Chemical formula 111]

v

eI ad %

& RN P

o NN N
1N 3

To a solution of the compound 1 (50 mg) in anhydrous THF (1.2 mL) were

added diisopropylethylamine (65 pl) and the compound 2 (36 ul), and the

reaction mixture was stirred for 50 minutes at room temperature, and then

5
stirred for additional 18 hours at 50 °C. The reaction mixture was cooled to
room temperature, diluted with water, and then extracted twice with chloroform,
and the organic layer was dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure, and the resulting residue was purified
10 by NH-silica gel column chromatography (eluent: chloroform-ethyl acetate80: 2}0)

to give 5-(4-chlorobenzyl) amino-3-morpholino-1,2,4-triazine (42 mg) as a pale
brown solid.

MS (APCI) 306/308 [M-+H]*

[0226]

15 Example 258-262 ..
The corresponding starting compound was treated in a similar manner as

that of the above Example 2 to give the compounds described in the following
Table 31.
[0227]
20 Table 31
[Chemical formula 112]
C
L

A
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[Table 31}
Example | R! R2 MS[M-+H]"
N/
: =N | 471
258 N \
G N N7 (APCI)
3 H
, CHs :
, N. _CHs L 450
259 \ﬂ/ >
- 3 (APCI)
N\
H
N O
260 F i EN\/U\ cHy |2
| NN E" ° | apcy
F H
H .
F N CHa 506
261 F
~ O (APCI)
1 N
F H :
SO,CH»
RN (APCI)
Cl N

[0228]
Example 263a and 263b
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[Chemical formula 113]

O
@t
N 7 O N

N” N — N7 N 0 0
ﬁN\/CQEH Q\)LN;Q

/7
Z
il
XL
NN
N

I

N

cl cl ;
1 EH, ST o OH
N,
] N
HPLC N N/\ o 5
et B %
Cl K/N\)LNQ
4 CHs Ho 6y

(in the above scheme, the stereochemistry for a substituent of the carbon atom
labelled by "*" means trans configuration, and does not specify their absolute
configuration.)

The compound 1 (200 mg), the compound 2 (74 mg) and 1-
hydroxybenzotriazole (101 mg) were suspended in DMF (4 mL). 1-(3-
Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride {165 mg) was added to

the suspension, and the reaction mixture was stirred for 15.5 hours at room

temperature. Theé reaction mixtiire was diited with watef, and then extracted 3~

times with chloroform. The organic layer was washed with a saturated agueocus
solution of sodium bicarbonate and brine, dried over anhydrous magnesium
sulfate, and the solvent was evaporated under reduced pressure. The resulting
residue was purified by silica gel column chromatography {eluent: chloroform-

methanol; gradient: 100:0-95:5) to give a racemate of the compound 3 (224 mg)
as a yellow solid,
MS (APCI) 447 /449 [M+H]"

Then, two isomers having different steric configuration at a carbon atom
labelled by "*" in the compound 3 (206 mg) which was a diastereomixture were
isolated by recycle HPLC (Chiralpak IF (30 x 250), methyl-tert-butyl
ether /methanol/diethylamine = 80/20/0.1, flow rate: 20 mL/min), the fraction
containing each of the isomers was concentrated under reduced pressure to give
5-(4-chlorophenyl)-3-[(3R)-4-[(trans-3-hydroxytetrahydropyran-4-
yljcarbamoylmethyl}-3-methylpiperazin- l-yl}'— 1 ,2,4—rtriéz:ine as a yellow solid
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(Example 263a, vellow solid, 86 mg and Example 263b, yellow solid, 83 mg).

[0229]

Example 263a
Retention time: 11.28 minutes (Chiralpak IF-3 (4.6 x 150}, methyl-tert-butyl

ether/methanol/diethylamine = 80/ QO /0.1, flow rate 0.5 mL/min)
Optical purity >99.8 % ee

MS (APCI) 447 /449 [M—E;H} *

Example 263b (a diastereomer of Example 263a)

- Retention time: 13.14 minutes

Optical purity 99.73 % ee
MS (APCI) 447/449 [M+H]"
[0230]

For preparing the compounds of the above Examples, any commercially
available reagents or any compounds which have been made through chemical
modification of the reagents using conventional methods and other methods
based thereon can be used as a starting material and an intermediate. In
addition, they can be prepared by the methods described in the following
Reference Examples.

[0231} ’
Reference Example 1

[Chemical formula 114]

Br
=
AT | A Mo

N N N A __CH, /\/\7)\ A CHa
1( SN HG o N/f\ | N8 N/ ‘f NTONTTS
L )\‘/CH-: \N s ( ‘N/'\/

N 8 ; 3 { 4

1 HaC HaC

A solution of the compound 2 (2.9 g) in anhydrous THF (25 mlL} was cooled
to -78 °C under argon atmosphere, a solution of 1.64 mol/L n-butyllithium in
hexane (8.6 mL) was added dropwise to the solution, and the reaction mixture

was stirred for 1 hour at the same temperature. Then, to the reaction mixture

was added dropwise a solution of the compound 1 (1.3 g} in THF {15 mL)}, and the
reaction mixture was stirred for 1 hour at -78 °C.  An aqueous solution of 10 %
ammonium chloride was slowly added to the solution for quenching the reaction,

and then a temperature of the reaction mixture was raised to room temperature,
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and the reaction mixture was diluted with ethyl acetate, washed with water and

brine, and dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure, the resulting residue (the crude product 3)

was dissolved in toluene (35 ml}-dioxane {35 mL), and 2,3-dichloro-5,6-dicyano-

" p-benzoquinone (2.8 g) was added portionwise to the solution. After stirring for

30 minutes at room temperature, the reaction mixture was diluted with ethyl
acetate, and then washed with a mixed solution of agqueous solutions of 2 mol/L
sodium hydroxide and sodium thiosulfate, water and brine, and dried over
anhydrous magnesium sulfate. The solvent was evaporated under reduced
pressure, and the resulting crystalline residue was suspended and washed in a
mixed solvent of ethyl acetate-hexane (2: 1), taken by filtration, and dried to give
the compound 4 (2.3 g) as a brown solid.

MS {(APCI} 258 [M-+H]™

[0232]

Reference Example 2-10
The corresponding starting compound was treated in a similar manner as

that of the above Reference Example 1 to give the compounds described in the

following Table 32.

10233]

Table 32
[Chemical formula 115]

N

\"f
i A

£y

R”N” “SCHy
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[Table 32]
Reference Example R Ms
o
> , APCl 272 [M+HJ+
Fig7 .
3 ! APCL 248 M+HJ+
Hye O
i
4 . APCI 254 [M+H}+
S,
5 APCI 268 [M+H)+
SN CHy
Ry
8 P APCI 246 [M+H}+
0 P
i
7 % ~ APCl 248 [M+H}+
L
0
8 N APCH 260 [M+H]+
i P
F
9 Sy APCI 236 [M+H]+
i
HaC e
cl
10 Gl E e APCl 2721274 [M+H)+
/
[0234]

Reference Example 11
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[Chemical formula 116]

F
Ch A ~ _
| i _N. N,
N, 7E Por e ¢ (\N
E :i . 2 Lol A (Pog Ot §WC§WNAS,CH3
N7 g l A 3 ! K//‘\F 4
1 L J

A solution of the compound 2 {5.3 mL) in anhydrous THF (60 ml) was
cooled to -78 °C under argon atmosphere, a solution of 1.65 mol/L n-
butyllithium in hexane (29 mL) was added dropwise to the solution, and the
reaction mixture was stirred for 1 hour at the same temperature. Then, to the
reaction mixture was added dropwise a solution of the compound 1 (4.0 g) in THF
(20 mL), and the reaction mixture was stirred for 1 hour at -78 °C. An aqueous
solation of 10 % ammonium chloride was slowly added to the solution for
quenching the reaction, and then a temperature of the reaction mixture was
raised to room temperature. The reaction mixture was diluted with ethyl acetafe,
washed with water and brine, and dried over anhydrous sodium sulfate. The
solvent was evaporated under reduced pressure, and the resulting residue (the

crude product 3} was dissolved in toluene (160 mlL), and 2,3-dichloro-5,6-

dicyano-p-benzoquinone (8.6g) was added portionwise to the solution.. After .

stirring for 20 hours at room temperature, the reaction mixture was diluted with
ethyl acetate, and then washed with a mixed solution of aqueous solutions of 2
mol/L sodium hydroxide and sodium thiosulfate, water, and brine, and dried
over anhydrous magnesium sulfate. The solvent was evaporated under reduced
pressure, and the resulting crystalline residue was suspended and washed in
diisopropylether, taken by filtration, and dried to give the compound 4 (7.5g) as a
yellow solid.

MS (APCI) 274/276 [M-+H|"

[0235]

Reference Example 12
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[Chemical formula 117]

MgBr
H3C N” e
N. 2 = "NH
=N e 3 LCH
I CH, N ) O N~ Cs
N~ 87
Ha.C 3 HgC ” 4

To a solution of the compound 1 {3.0 g) in anhydrous THF (250 mL) was
added dropwise a solution of 0.5 mol/L of the compound 2 in THF (52 ml) with
ice-cooling under argon atmosphere. A temperature of the reaction mixture was
slowly raised to room temperature, the reaction mixture was stirred for 15 hours,
and then diluted hydrochloric acid was slowly added under ice-cooling. The
reaction mixture was adjusted to neutral pH with a saturated agqueous solution
of sodium bicarbonate, and then the solution was diluted with ethyl acetate,
washed with brine, and dried over anhydrous sodinm sulfate.  The solvent was
evaporated under reduced pressure. The resulting crude product 3 was
dissolved in toluene (250 ml), and 2,3-dichloro-5,6-dicyano-p-benzoguinone (6.4
g) was added portionwise to the solution. After stirring for 40 minutes at room
temperature, the reaction mixture was diluted with ethyl acetate, and then
washed with a mixed solution of aqueous solutions of 2 mol/L sodium hydroxide
and sodium thiosulfate, water, and brine, and dried over anhydrous magnesium
sulfate. The sclvent was evaporated under reduced pressure, and the resulting
residue was suspended and washed in a mixed solvent of ethyl acetate-hexane
(1:2), taken by filtration, and dried to give the compound 4 (3.3 g} as a yellow
solid.

MS (APCI) 218 [M-+H]"
[0236]

Reference Example 13-17

The corresponding starting compound was treated in a similar manner as
that of the above Reference Example 12 to give the compounds described in the
following Table 33.

[0237]
Table 33
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[Chemical formula 118]
N

LX

R” N SCH;

[Table 33]

Reference Example R Mg

| ~
13 P APCI 222 [M+H}+
F
"R
14 | APCl 238/240 [M+HJ+

CHa
15 EL\ APCI 218 [M+H+
P

OCH,
16 ; S APCI 234 [M+#H]+
P o
HC
17 S ES| 224 [M+H}E
Q,T
s
[0238]
Reference Example 18
[Chemical formula 119]
N,
SV /N‘”N
ey o CH L
- 3
T TN s me%.ij]Ejij/A“N SOLCH,
\N / Y /
1 N 2
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To a solution of the compound 1 (2.3 g) in dichloromethane (45 mL) was
added a suspension of hydrous 25 % m-chloroperbenzoic acid (4.7 gl in
dichloromethane (45 mL), and the reaction mixture was stirred for 17 hours at
room temperature. The reaction mixture was treated with an aqueous solution
of sodium thiosulfate, and then a mixed solution of a saturated aqueocus solution
of sodium bicarbonate and water {about 1: 1) was added thereto, and the
reaction mixture was stirred. The reaction mixture was filtered, and the
resulting crystals were washed with water and dichloromethane. The filtrate
was extracted with chloroform, washed with water and brine, and then dried over
anhydrous magnesium sulfate, and the solvent was evaporated under reduced
pressure. The resulting crystalline residue was combined to the previously
obtained crystals, and the combined substance was suspended and washed in a
mixed solvent of ethyl acetate-hexane, taken by filtration, and dried under
reduced pressure to give the compound 2 (2.4 g} as a yellow solid.

MS (APCI) 290 [M+H]*
[0239]
Reference Example 19-32

The corresponding starting compound was treated in a similar manner as
that of the above Reference Example 18 to give the compounds described in the
following Tables 34 and 35.

[0240]
Table 34
[Chemical formula 120]

N°N

r’
PN

R™ N "S0O,CH3
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[Table 34]
Reference Example R Ms
19 APCI 304 [M+H+
20 APCL 280 [M+H]+
21 APCI 286 [M+H+
22 APCl 278 [MeH]+
23 APCL 278 [M+H]+
0
24 [ } - APCE 282 [M+Hi+
F
25 z/\/ APCI 268 [M+HJ+
PPN
c
26 C*% N APCH 304/306 [M+HJ+
L
\
27 i APCE 250 [M+HJ
Ha G
| > APCL 254 [M+H)
28 | 2 M
F)\\/ €
7S
29 i ;‘/ APCl 2701272 [M+H}+
Cl

[0241]



Table 35
[Chemical formula 121]

ANy

i

R” N S0,CH;
[Table 35]

165

Reference Example = s
CHsx
30 f N APCL 250 [M+H}+
LA
OCH;,
31 N APCH 286 [M+H]+
| L
F
Cin A
35 o
P F
[0242]
Reference Example 33
[Chemical formula 122]
HN
i N:NL N COCHs i Ney
N NT 80,CH, 2 N NTNTY
N N L N._CO,CoHs
N
L N/ .//\\N/\l
\N z\.\/NvCOZH
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{1) To a solution of the compound 1 (1.2'g) in DMF {40 mL) was added the
compound 2 (1.8 g}, and the reaction mixture was stirred for 3 days at room
temperature under argon atmosphere. After concentrating under reduced
pressure, the reaction mixture was diluted with ethyl acetate, and then washed
with water, a saturated agueous solution of sodium bicarbonate and brine, and
dried over anhydrous magnesium sulfate. The solvent was evaporated under
reduced pressure, and the resulting residue was purified by silica gel column
chromatography (eluent: ethyl acetate-methanol; gradient: 100:0-90:10). The
resulting crystalline residue was suspended and washed in a mixed solvent of
ethyl acetate-hexane (1: 1), taken by filtration, and dried to give the compound 3
(1.3 g) as a yellow solid.

MS (APCI) 382 [M-+H]"

(2) The compound 3 (1.3 g) was dissolved in ethanol {15 mL}-THF (15 ml)}, an
aqueous solution of 1 mol/L of sodium hydroxide (7 mL} was added to the
solu'tion, and the reaction mixture was stirred for 2 hours at room temperature.
The reaction mixture was concentrated under reduced pressure, the residue was
dissolved in water, and then an agqueous solution of 1 mol/L hydrochloric acid
was added to the solution with ice-cooling to adjust a pH of the solution to pH 4~
5. The precipitate was taken by filtration, washed, and dried to give the
compound 4 (1.3 g) as a yellow solid. |

MS (APCI) 354 [M+H]™

[0243]

Reference Example 34-39
| The corresponding starting compound was treated in a similar manner as

that of the above Reference Example 33 to give the compounds described in the
following Table 36.

[0244]

Table 36

[Chemical formula 123]

N

N
A

Ny O
S NG



167

[Table 36]

Reference Example -3 Ms

“ ok A 344 [MeHl ESI
3

350 MM+ APCH

36 C‘\©/ 368370 [MEH[+ APCI

314 [M+H}+ APCI

38 - 330 [M+HE APCH

F
39 C‘U 370/372 M#H+ APCI
F’

[0245]
Reference Example 40
[Chemical formula 124]
Hz?z’\
1 Ny SN CO,CHs
!
2

N” 80,CH,

.

T
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(1) To a solution of the compound 1 {10 g} in acetonitrile (200 ml) was added the
compound 2 (13.5 ml}, and the reaction mixture was stirred for 7.5 hours at
room temperature under argon atmosphere. The reaction mixture was diluted
with water, and then extracted twice with chloroform, and the resulting organic
layer was dried over anhydrous sodium sulfate. The solvent was evaporated
ﬁnder reduced pressure, and the resulting residue was purified by silica gel
column chromatography (eluent: hexane-ethyl acetate; gradient: 50:50-0:100).
The resulting crystalline residue was suspended and washed in diethyl ether,
taken by filtration, and dried to give the compound 3 (10.2 g) as a yellow solid.
MS {APCI) 346 [M-+H]™

(2) The compound 3 (10.2 g} was dissolved in ethanol (80 mL)-THF (10 mLj, an
aqueous solution of 2 mol/L of sodium hydroxide (22 mL) was added to the
solution, and the reaction mixture was stirred for 16 hours at room temperature.
The reaction mixture was stirred for 10 minutes under ice-cooling, and then the
precipitate was taken by filtration, washed with a mixed solvent of THF:ethanol
{1:1), and dried to give the compound 4 (10 g) as a yellow solid.

MS (ESI) 316 [M-Nal-

[0246]

Reference Example 41-45
The corresponding starting compound was treated in a similar manner as

that of the above Reference'Example 40 to give the compounds described in the
following Table 37. '

[0247]

Table 37

{Chemical formula 125]

-
R/&‘NJA\N/\ o
"N o
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[Table 37]
Reference Example R Ms
-
41 tf\/ 368 [M-Nal- ESI
FSC/\/)
R
£ at 340 [M-Na}- ESI
O S
F
43 b/ 230 [M-Na}- ESI
H, o7
1 Ry
44 | 312 [M-Na)}- ESI
FRogid
~
45 /@ 332/334 [M-Na]- ESI
O
- [0248]

Reference Exampie 46

[Chemical formula 126]

N, N,
—0) T/ N /*“Q I I?I
I SNTINTY o ™ NAN/\ o
< ;>N O\H:Hs ~ 5 K/N\/kocazm»«ig
O  CH,
—~0 TN*N
o

N
3 ONa

(1) To a solution of the compound 1 (1240 mg) in chloroform (6 mL) was added
trifluocroacetic acid (6 mL), and the reaction mixture was stirred for 2 hours at

room temperature. ‘The reaction mixture was diluted with chloroform, and then
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an aqueous solution of potassium carbonate was added under ice-cooling, and
the reaction mixture was extracted twice with chloroform. The resulting organic
layer was dried over potassium carbonate, and the solvent was concentrated
under reduced pressure. The resulting residue was dissolved in acetonitrile (32
ml}, then ethyl chloroacetate (420 nl) and sodium carbonate (1030 mg) were
added to the solution, and the reaction mixture was stirréd for 20 hours at 65 °C.
The reaction mixture was cooled to room temperature, and then diluted with
ethyl acetate, washed with water and brine, and dried over anhydrous sodium
sulfate. The solvent was evaporated under reduced pressure, and the resulting
residue was purified by NH-silica gel column chromatography (eluent: hexane-
ethyl acetate; gradient: 70:30-50:50) to give the compound 2 (672 mg) as a yellow
solid.

MS (APCI) 370 [M-+H]™ ,

(2) The compound 2 (672 mg) was dissolved in ethanol (10 mL)-THF (10 ml}. An
aqueous solution of 1 mol/L of sodium hydroxide (1.8 ml) was added to the
solution, and the reaction mixture was stirred for 4 hours at room temperature.
The precipitate was taken by filtration, and dried to give the compound 3 (582
mg) as a yellow solid.

MS (ESI) 340 [M-Na]”

[0249]

Reference Example 47-48
The corresponding starting compound was treated in a similar manner as

that of the above Reference Example 46 to give the compounds described in the
following Table 38.
[0250]
Table 38
[Chemical formula 127]
J
{
o
N 0
N
l\/ \/L\QN a

R
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[Table 38]
Reference Example R Ms
O
47 P | 378 [M-Na} ESI
Froo ™
F

48 F\Ej:j\/ 352 [M-Nal- ESi
- _
[0251]

Reference Example 49
5 [Chemical formula 128]

s}/I\!:;\f\ o . o 4 N

AN B(OH), | b

Ci N rl\}/\l . ?HS % , i N° N/,\\‘} o
I e s SO

1 CHs
Lo o I L.

7t
e

>_

o
T
Y
\_/

To a mixed solution of the compound 1 (100 mg), the compound 2 (109 mg),

- J; P Ay {12 mg} i

PR, S LIS T e N SRS SO PRPIURN R ETS S I Y
and dichlorobis{triphenylphosphine) palladium e (3.3 mL} was

dioxane

f}

added an aqueous solution of 2 mol/L sodium carbonate (0.7 mL), the reaction

10 mixture was stirred for 15 minutes at 150 °C in a microwave reactor (Initiator,
Biotage). The reaction mixture was cooled to room temperature, diluted with
ethyl acetate, and then washed with water and brine, dried over anhydrous
sodium sulfate, and filtered. The solvent was evaporated under reduced
pressure, and the resulting residue was purified by silica gel column

15 chromatography {eluent: hexane-ethyl acetate; gradient: 85:15-50:50) to give the
compound 3 {97 mg) as a yellow solid. |
MS (APCI) 384 [M+H]*

[0252]
- Reference Example 50-62
20 The corresponding starting compound was treated in a similar manner as
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that of the above Reference Example 49 to give the compounds described in the
following Tables 39 and 40.

[0253]

Table 39

[Chemical formula 129]

J§i

RTNTTNTY ,
Y YcHs
O CHs
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[Table 39]
Reference Example =3 Ms
P -~
50 i jz\( APCL 398 [M+H}+
S
51 CT o APCI 389 [M+H]*
w P
] S
52 \fg APCL 378/578 [MsH]+
P
F

= AFCE 386 [M+Hr

53
L
:

54 C' APCI 4127414 [NHH+
F
S
55 | APCH 360 [MeH}+
HeC
- .
: R
56 P APCI 378 [M+H
pon
LHs
: N-N
57 4’\)\/ APCE 386 [M+H
i ]
S
g8 W APCI 304 [M+H)+
e e
59 CY s APCE 368 [M+H]+
S
[0254]
Table 40
[Chemical formula 130]
N.
L
o
BN

N CH,
K/N\H/G\!Lm—ig

O CH,
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[Table 40]j
Reference Example R Ms
a0 B 3136226
F\l & APCLH 410 Pk
81 { § o 30e8814
o APCH 384 [M#H}+
G
&2 3096558
< 1 = APC] 398 [M+Hp
S
[0255]
Reference Example 63
5 [Chemical formula 131]
CH
GH,
O CHa
B
%N\\N B o “CHy T’N?\i
NG N7
NN 2 ST NT N/\
n, 08 A L of
p 'l \*WCHS NCT N 3 h \{—CHa
O ChHy O  CHy

A mixed solution of the compound 1 (200 mg), the compound 2 (169 mg),
tris(dibenzylideneacetone) dipalladium (31 mg), a solution of 1 mol/L tri-t-
butylphosphine toluene (66 ul), and cesium carbonate (870 mg) in THF (12 mlL)

10 was degassed under reduced pressure, and then back-filled with argon. The
reaction mixture was stirred for 2 hours with heating to reflux, and then cooled
to room temperature, diluted with ethyl acetate, and then the reaction mixture
was washed with water and brine, and dried over anhydrous magnesium sulfate,
The solvent was evaporated under reduced pressure, and the resulting crystalline

15 residue was suspended and washed in a mixed solvent of ethyl acetate-hexane,
taken by filtration, and dried to give the compound 3 (157 mg) as a yellow solid.
MS (APCI) 368 [M-+H]"

[0256]

Reference Example 64
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The corresponding starting compound was treated in a similar manner as
that of the above Reference Example 63 to give the compound described in the

following Table 41.

[0257]
Table 41
[Chemical formula 132]
N.
[
RTNTONTTY
Y foh
O CHy
[Table 41]
Reference Example 2] Ms
LT
6% N APCl 386 [M+H)}+
H.C
[0258]
Reference Example 65
[Chemical formula 133]
Y Nen
| Hi, -
Ci/J\N?l\Nﬁw H,{:'Sn N/}I\N/\ ,
N oS — 7 cn, N_oge
[ 7 CHs 2 T T CHs
1 O CH, O CHy
N,
[0
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(1) A solution of the compound 1 (2.0 g} in dioxane {6 mL) was degassed under
reduced pressure, and then back-filled with argon. To the reaction mixture were

added hexamethylditin (2.5 mL) and tetrakis{triphenylphosphine) palladium (233

‘'mg), the reaction mixture was again degassed under reduced pressure, and then

baék—ﬁlled with argon, and the reaction mixture was stirred for 1.3 hours with
heating to reflux. The reaction mixture was cooled to room temperature, and
concentrated under reduced pressure. The resulting residue was purified by
NH-silica gel column chromatography (eluent: hexane-ethyl acetate; gradient:
95:5-75:25-50:50), and the resulting crude product was again purified by silica
gel column chromatography (eluent: hexane-ethyl acetate; gradient: 95:5-70:30-
34.:66) to give the compound 2 (1.3 g) as a yellow solid.

MS (APCI) 426/428/430 [M+H]"

(2) A solution of the compound 2 (250 mg) and the compound 3 (138 mg) in
dioxane (6 ml) was degassed under reduced pressure, and then back-filled with
argon. To the reaction mixture was added tetrakis{triphenylphosphine)
palladium {850 mg), and the reaction mixture was again degassed under reduced
pressure, and then back-filled with argon, stirred for 17.5 houré with heating to
reflux. The reaction mixture was cooled to room temperature, and an aqueous
solution of 10 % potassium fluoride was added thereto. The reaction mixture
was stirred for 30 minutes at room temperature, and then extracted with ethyl
acetate. The organic layer was washed with brine, and dried over anhydrous
magnesium sulfate. The solvent was evaporated under reduced pressure, and
the resulting residue was purified by silica gel column chromatography (eluent:
hexane-ethyl acetate; gradient: 80:20-50:50) to give the compound 4 (192 mg) as
a yellow solid.

MS (APCI) 422 [M-+H]”

[0259]

Reference Example 66
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[Chemical formula 134]

J ke
CH
N Q © CH33 N,
N HZN 5 [ N O CHg
[N//kw/\ NN 0 i\i’u\o/g?HB
LN A s
. L_N._CO;Na F y
3 .

The compound 1 (1.0 g} and the compound 2 (885 mg) were suspended in
DMF (20 ml). Diisopropylethylamine (1.0 ml}, 1-hydroxyvbenzotriazole (598 mg)
and 1-(3-dimethylaminopropyl}-3-ethylcarbodiimide hydrochloride {848 mg) were
added to the suspension, and the reaction mixture was stirred for 18 hours at
room temperature. The reaction mixture was diluted with a saturated aqueous
solution of sodium bicarbonate, and extracted twice with ethyl acetate. The
organic layer was washed with brine, dried over anhydrous sodium sulfate, and
the solvent was evaporated under reduced pressure. The resulting residué was
purified by silica gel column Chromatogfaphy (eluent: chloroform-methanol;
gradient: 100:0-95:3) to give the compound 3 (1.6 g) as yellow powder.

MS (APCI} 500 [M+H]"
[0260]

Reference Example 67-75
The corresponding starting compound was treated in a similar manner as

that of the above Reference Example 66 to give the compounds described in the
following Table 42.
(0261}
Table 42
[Chemical formula 135]
N

(]
L"/\

RTUTNT TN

AL,
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[Table 42]
Reference Example R’ R? Ms
g
/“NAOK&HH
57 i - s 516/518 APCI +H)+
C?/\/‘ ﬁ
9 GHs
~ N R
68 U ~y 472 APCH M+
o H
0
{ n "
59 /C/ \NVK“*/ *{ﬂ_ﬁ/f”" 485 APCT IMwH]+
# A YTeH e
F ‘ CH,
{ L
CHy
70 N ™ 534/536 APCT [il+H}+
i //? \N .
. HoF
O CHy
A~ -O);cm
71 Sy ] CHy 518 APCH [MeH
} P \_Nv . i 3
F H E
G CH,
K“N’}Lo/@fﬁ
- i § 3
72 S S 546/548 APCH M+H}+
o ARG
"CHy
Q@ L
/NN/KO/%CHﬂ
73 /g:j/ “ ‘I\w J Oy 532/534 [M+H]+ APCI
A YL )
cl H o Bn
O CHe

i
74 g halc
m/@/ o
H

% O{‘& (8)\ CH,
75 A ~ /TL‘""" A CHa
F - N AN Cra

542/544 ESI [MeH]+

542 ESI {MeH]*

[0262]

Reference Example 76
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[Chemical formula 136]

L
07 "N" T SCH,

3
e
)
i
h
Z>\_£
)

(1) The compound 1 (5.0 g) and the compound 2 {19.5 g) were suspended in THF
(175 ml), and the suspension was stirred for 18 hours with heating to reflux.

The reaction mixture was cooled to room temperature, the precipitate was taken
by filtration, washed with ethyl acetate, and dried to give the compound 3 (6.5 g)

as a colorless solid.

- MS (APCI) 282 [M+H]*

(2) To a solution of triphenylphosphine (699 mg) in dioxane (22 ml) was added N-
chlorosuccinimide {356 mg), and the réaction mixture was stirred for 30 minutes
at room temperature. Then, to the reaction mixture was added the compound 3
(150 mg), and the reaction mixture was stirred for 40 minutes with heating to

reflux. The reaction mixture was cooled to room temperature, and concentrated

under reduced pressure. The resulting residue was diluted with ethyl acetate,

- and triethylamine (296 plL) and water were added to the solution, followed by

filtration to remove an insoluble substance, and washed with ethyl acetate. The
filtrate was washed with water and brine, and dried over anhydrous magnesium
sulfate. The solvent was evaporated under reduced pressure, and the resulting
residue was immediately purified by silica gel column chromatography (eluent:
hexane-ethyl acetate80: 20) to give the compound 4 {146 mg) as a red solid.

MS (APCIT) 300/302 [M+H]"

[0263]

Reference Example 77

[Chemical formula 137]

HN O ]
s N e I»
! 5 |
e N’/\N/\ e N N

07 N7 SCH, |
1 3 K/O : 4 K/O
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(1) The compound 1 (5.0 g} and the compound 2 (9.1 g} were suspended in THF
(180 ml), and the suspension was stirred for 20 hours with heating to reflux.
The reaction mixture was cooled to room temperature, the precipitate was taken
by filtration, washed with ethyl acetate, and dried to give the compound 3 (5.8 g}
as a pale yellow solid.
MS (APCI) 183 [M+H]"
(2) To a solution of triphenylphosphine (13.0 g} in dioxane (550 mL) was added N-
chlorosuccinimide {6.7 g}, and the reaction mixture was stirred for 30 minutes at
room temperature. Then, to the reaction mixture was added the compound 3
(3.0 g), and the reaction mixture was stirred for 1 hour with heating to reflux.
The reaction mixture was cooled in ice bath, triethylamine (5.1 mL) was added
thereto, and the reaction mixture was stirred for 1 hour. An insoluble
substance was removed by filtration, washed with dioxane, and then the
resulting filtrate was concentrated under reduced pressure. The resulting
residue was immediately purified by silica gel column chromatography (eluent:
hexane-ethyl acetate; gradient: 95:5-75:25) to give the compound 4 (2.5 g} as an
orange solid.
MS (APCI) 201/203 [M-+H]*
[0264]
Reference Example 78
[Chemical formula 138]
HNT ™ HC N
y M A COCHy | TN

RS |
Y
f ,//,:\ 2 OH SN
| NUONTTS0.0Hy e . L7 CO,CH3
s 3 |
F 4 CH
N,
[
NN
e F/‘\\,/ﬂ‘ , 3 CO,Na

(1) To a suspension of the compound 1 (500 mg) and the compound 2 (624 mg) in
acetonitrile (6 mL) was added diisopropylethylamine (1040 uL), and the

suspension was stirred for 14 hours at room temperature. The reaction mixture
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was diluted with water, and then extracted 3 times with chloroform, and the
resulting organic layer was dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure, and the resulting residue was purified
by silica gel column chromatography (eluent: chloroform-ethyl acetate67: 33) to
give the compound 3 {409 mg) as a yellow solid.

MS (APCI) 347 [M+H]"

(2) The compound 3 (400 mg] was dissclved in methanol (2.3 mL), an aqueous
solution of 2 mol/L of sodium hydroxide {1.2 mL} was added to the solution, and
the reaction mixture was stirred for 18 hours at room temperature. The
precipitate was filtered, and dried to give the compound 4 (184 mg) as a yellow
solid.

MS (ESI) 331 [M-Naj

[0265] |

Reference Example 79

[Chemical formula 139]

N
2 P . 2 § SN ?\O\ o CHa
N SOszg 3o e 7 H NJ{\O CHE
F ’ 3 H CHs
N,
(g o 2HCH
e }/’\ N’/A“N/\/L
Fo P ~ NH,

(1) To a solution of the compound 1 (3.0 g} and the compound 2 {2.37 g) in THF
(300 mL} was added triethylamine (3.3 mL), and the reaction mixture was stirred
for 14 hours at room temperature. To the reaction mixture was added DMF (100
ml), and the reaction mixture was stirred for additional 7 hours at room
temperature, and then diluted with water. ‘The reaction mixture was extracted
with ethyl acetate, and the resulting organic layer was washed with water, a
saturated aqueous solution of sodium bicarbonate and brine, and then dried over
anhydrous magnesium sulfate. The solvent was evaporated under reduced
pressure, and the resulting residue was purified by silica gel column

chromatography (eluent: hexane-ethyl acetate; gradient: 65:35-50:50) to give the
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compound 3 (3.29 g) as a yellow solid.

MS (APCI) 374 [M-+H]"

{2) To a solution of the compound 3 (664 mg) in THF (20 mL) was added a
solution of 4 mol/L HCl in ethyl acetate (10 mL), and the reaction mixture was
stirred for 1 day at room temperature. The reaction mixture was concentrated
under reduced pressure, and the resulting residue was suspended and washed
in ethyl acetate, taken by filtration, and dried to give the compound 4 (599 mg])
as a pale yellow powder.

MS (APCI) 274 [M+H]"

[0266]

Reference Example 80

[Chemical formula 140]

—

(1)
the compound 2 (403 mg) and diisopropylethylamine (38011}, and the reaction
mixture was stirred for 1 hour at room temperature under argon atmosphere,
and then stirred for additional 4 hours at 60 °C. The reaction mixture was
cooled to room temperature, and then diluted with a saturated aqueous solution
of sodium bicarbonate, and extracted twice with chloroform. The organic layer
was dried over anhydrous sodium sulfate, and the solvent was evaporated under
reduced pressure. The resulting residue was purified by NH-silica gel column
chromatography (eluent: hexane-ethyl acetate; gradient: 70:30-50:50) to give the
compound 3 (390 mg) as a yellow solid.

MS (ESI) 391/393 [M+H]"

{2) To a solution of the compound 3 (390 mg) in chloroform (2 mL) was added

trifluorcacetic acid {2 ml)}, and the reaction mixture was stirred for 1.5 hours at
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room temperature. The reaction mixture was diluted with methanol, then
treated with packed strong cation exchange resin (PoraPak Rxn Cx, eluent: a
solution of 1 mol/L NH; in methanol), and the eluate was concentrated under
reduced pressure to give the compound 4 (296 mg) as a yellow solid.

MS (ESI) 291/293 [M-+H]"

[0267]

Reference Example 81

[Chemical formula 141]

CH, N | CHe N
3 ; P . E o N/ N/\\
N7 ™ S0,6H, . LA

To a solution of the compound 1 {750 mg) in THF (30 mL) was added
piperazine (1.3 g), and the reaction mixture was stirred for 20 minutes at room
temperature under argon atmosphere. The reaction mixture was diluted with

ethyl acetate, and then washed with an aqueous solution of 20 % potassium

- carbonate, and the organic layer was dried over anhydrous magnesium sulfate.

The solvent was evaporated under reduced pressure, and the resulting residue
was purified by silica gel column chromatography (eluent: chloroform-10 %
aqueous ammonia/methanol; gradient: 97:3-90:10) to give the compound 2 (524
mg) as a yellow viscous substance.

MS (APCI) 256 [M+H]"

[0268]

Reference Example 82-83
The corresponding starting compound was treated in a similar manner as

that of the above Reference Example 79 or Reference Example 80 to give the

compounds described in the following Table 43.

[0269]

Table 43

[Table 43]
] Reference

» Structure MS[M-+H]" Salt Method
} Example
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| Similar

; j‘\ 290,292 method as
82 NN 2HCl
; O\ APCI Reference
Cl NH;

Example 79
N Similar
g’/ j\ 276/278 method as

Example 80

s .
N N/\l APCI Reference
cl N ANH

[0270]
Reference Example 84
[Chemical formula 142]

CHy O
ch\HBi HaG—h HNTY O CH
SEOTNTY Loy o ek AL

HC H: i 7
SR LN N CH,

1 NH, 2 3

rE

(1) The compound 1 {100 mg) and diiscpropylethylamine (240 pl) were dissolved
in chloroform, isovaleryl chloride {217 ul) was added to the solution, and the
reaction mixture was stirred for 3 hours at room temperature. The reaction
mixture was diluted with a saturated aqueous solution of sodium bicarbonate,
and extracted twice with chloreform. The organic layer was dried over
anhydrous sodium sulfate, and the solvent was evaporated under reduced
pressure. The resulting residue was suspended and washed in a mixed solution
of ethyl acetate-hexane, taken by filtration, and dried to give the compound 2

(120 mg) as a colorless solid.

MS (APCI) 286 [M+H]*

| (2) To a solution of the compound 2 (120 mg) in chloroform {1 mL) was added

trifluoroacetic acid {1 mL), and the reaction mixture was stirred for 4 hours at
room temperature. The reaction mixture was diluted with methanol, treated
with packed strong cation exchange resin (PoraPak Rxn Cx, eluent: a solution of
1 mol/L NH;z in methanol}, and the eluate was concentrated under reduced
pressure to give the compound 3 (74 mg) as a colorless solid.

MS (ESI) 186 [M+H]"

[0271]

Reference Example 85
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[Chemical formula 143]

Q \/© N O _CH N, _O. CH

A AP N g
OH1 O d , o 3 Oy s 3

N._O._CH HoN Ny O
N 3 2
R i g i ) Gzt
O
’ 5 5

{1) To a solution of the compound 1 (10 mL) in water (120 ml) was added sodium
periodate (13 g), and the reaction mixture was stirred for 18 hours at room
temperature. To the reaction mixture was added acetonitrile (180 ml), and the
precipitate was removed by filtration. The filtrate was concentrated under
reduced pressure, acetonitrile {180 mlL) was added to the resulting residue, and
an insoluble substance was removed by filtration. The filtrate was concentrated
under reduced pressure, and the resulting residue was dissolved in water, and
then acetone-1,3-dicarboxylic acid (17.8 g) and conc. hydrochloric acid (6.6 mL)
were added to the solution. Then, to the reaction mixture was added dropwise
benzylamine at room temperature over 1 hour, and the reaction mixture was
stirred for 2.5 hours after heating to 50 °C. The reaction mixture was cooled to
room temperature, and then an agueous solution of 1 mol/L of sodium hydroxide
was added thereto, a pH of the reaction mixture was adjusted to 9-10, and the
reaction mixture was extracted with chloroform. The organic layer was dried
over potassiuumn carbonate, and the solvent was evaporated under reduced
pressure. The resulting residue was suspended and washed in a mixed solution
of ethyl acetate-hexane, taken by filtration, and dried to give the compound 2
(9.9 g) as a colorless solid.

MS (ESI) 232 [M+H]*

(2) The compound 2 (3.0 g) was dissolved in methanol (40 ml). Hydrous 20 %
palladium hydroxide on carbon (900 mg) and di-t-butyl dicarbonate (3.1 g} were
added to the sochition, and the reaction mixture was stirred for 6 hours at room
temperature under hydrogen atmosphere. The reaction mixture was back-filled
with argon, and then di-t-butyl dicarbonate (1.0 g) was added thereto, and the
reaction mixture was stirred for 20 hours at room temperature. Palladium
hydroxide on carbon was removed by filtration, and then washed with methanol.

The filtrate was concentrated under reduced pressure, and the resulting residue
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was suspended and washed in hexane, taken by filtration, and dried to give the
compound 3 {2.6 g) as a colorless solid.

(3) The compound 3 (1.0 g) was dissolved in methanol (10 mlL). Sodium
borohydride (157 mg) was added to the solution under ice-cooling, and the
reaction mixture was stirred for 1 hour at the same temperature, and then
stirred for additional 17 hours af room temperéture. To the reaction mixture
was again added sodium borchydride {157 mg), and the reaction mixture was
stirred for additional 1 day at room temperature. The reaction mixture was
diluted with a saturated aqueous solution of sodium bicarbonate, and extracted
with chloroform. The organic layer was dried over anhydrous sodium sulfate,

the solvent was evaporated under reduced pressure to give the compound 4 (917

;mg) as a colorless solid..

MS (APCI) 244 [M+H]"

(4) The compound 4 (400 mg) was dissolved in THF (16 mL).
Diphenylphosphoryl azide (1360 mg}, triphenylphosphine (1280 mg} and a
solution of 2.2 mol/L diethyl azodicarboxylate/toluene (2.3 ml) were added to
the solution under ice-cooling, and a temperature of the reaction mixture was
raised to room temperature, followed by stirring of the reaction mixture for 18
hours. The reaction mixture was diluted with water, and then extracted with
ethyl acetate The orgamc layer was dried over anhydrous sodium sulfate, and
the solvent was evaporated under reduced pressure The msulung residue was
purified by silica gel column chromatography (eluent: hexane-ethyl acetate;
gradient: 100:0-80:20) to give the compound 5 {320 mg) as a colorless viscous
substance.

MS (APCI) 269 [M-+H]”

(5) The compound 5 (320 mg) was dissolved in methanol (10 mL}). Hydrous 10 %
palladium on carbon (160 mg) was added to the solution, and the reaction
mixture was stirred for 2 hours under hydrogen atmosphere. Palladium on
carbon was removed by filtration, and then washed with methanol. The filtrate
was concentrated under reduced pressure, and the resulting residue was
suspended and washed in a mixed solution of ethyl acetate-hexane, taken by

filtration, and dried to give the compound 6 (280 mg) as a colorless solid.
MS (APCI) 243 M+H]™
[0272]

Reference Example 86
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[Chemical formula 144]

. | |
2 3

" d :
OCHs4 o
— ©\/ WLOCHSW \ﬂ/%
L0 Hg
W‘*’@V%P’j‘ﬁf”‘* il
g O Hdg

(1) The compound 1 {13.6 g) prepared according to a method described in
Bioorganic and Medicinal Chemistry Letters, Vol. 16 {2006) page 5408 was
dissolved in methanol (80 mL). A solution of 5 mol/L sodinum methoxide in
methanol {16.7 mL) was added to the solution, and the reaction mixture was
stirred for 16 hours at 80 °C. The reaction mixture was cooled to room
temperature, and then diluted with diethyl ether, 0.5 mol/L hydrochloric acid
was added to the solution, and the solution was extracted with ethyl ace
The organic layer was dried over anhydrous sodium sulfate, and the solvent was
evaporated to give a mixture of the compound 2 and the compound 3.

The resulting mixture was dissolved in acetone (80 mL). Amberlyst 15
(Aldrich, 1.4 g) was added to the solution, and the reaction mixture was stirred
for 3 hours at 65 °C. The reaction mixture was cooled to room temperature, and
then filtered, and the filtrate was concentrated under reduced pressure to give a
mixture of the compound 3 and the compound 4. Then, the resulting mixture
was dissolved in methanol (120 ml}, and an aqueous solution of 1 mol/L of
sodium hydroxide {120 mL) was added to the solution, followed by stirring of the
reaction mixture for 1 hour at room temperature. The reaction mixture was
neutralized by 1 mol/L hydrochloric acid, and then methanol was evaporated,

and the solution was extracted with ethyl acetate. The organic layer washed
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with brine, and then dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure, and the resulting residue was suspended
and washed in diethyl ether, taken by filtration, and dried to give the compound
3 (5.0 g) as a colorless solid.

MS (APCI) 185 [M+H]™

(2) The compound 3 (2.0 g) was dissolved in methanol (24 mL}, methyl
orthoformate (8.0 ml) and Amberlyst 15 (Aldrich, 200 mg) were added to the
solution, and the reaction mixture was stirred for 3.5 hours at 80 °C. The
reaction mixture was cooled to room temperature, and then filtered, and the
filtrate was concentrated under reduced pressure. The resulting residue was
suspended and washed in a mixed solution of ethyl acetate-hexane, taken by
filtration, énd dried to give the compound 5 (1040 mg) as a colorless solid.

The compound 5 (1040 mg) was dissolved in toluene (25 mL).
Diphenylphosphoryl azide (1490 mg) and triethylamine (750 ul) were added to
the solution, and the reaction mixture was stirred for 1 hour at 80 °C. Then,
benzyl alcohol (4.6 mL) was added thereto, and the reaction mixture was stirred
for 17 hours at 80 °C. The reaction mixture was cooled to room temperature,
diluted with water and a saturated aqueous solution of sodium bicarbonate, and
then extracted with ethyl acetate. The organic layer was washed with brine, and
dried over anhydrous sodium sulfate, and then the solvent was evaporated. The
resulting residue was purified by silica gel column chromatography (eluent:
hexane-ethyl acetate; gradient: 70:30-50:50) to give the compound 6 (954 mg) as
a colorless solid.

MS (APCI) 336 [M+H]™

(3) The compound 6 (954 mg) was dissolved in acetone {15 mL}). Amberlyst 15
(Aldrich, 280 mg} was added to the solution, and the reaction mixture was stirred
for 1.5 hours at 65 °C. The reaction mixture was cooled to room temperature,
and then filtered, and the filtrate was concentrated under reduced pressure to
give the compound 7 (833 mg) as a colorless solid.

MS {APCI) 290 [M-+H]"

(4) The compound 7 (350 mg) was dissolved in methanol (12 mlL}, and sodium
borohydride (92 mg) was added to the solution at room temperature, followed by
stirring of the reaction mixture for 2 hours. To the reaction mixture was added
an agueous solution of ammonium chloride, and methanol was evaporated under

reduced pressure, and then the solution was extracted with ethyl acetate. The
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organic layer was dried over anhydrous sodium sulfate, and the solvent was
evaporated under reduced pressure to give the compound 8 (colorless solid, 362
mg) as a cisitrans (1: 1) mixture,

MS (APCI) 292 IM-+H]"

(5) The compound 8 (352 mg) was dissclved in ethanol (12 ml}, hydrous 5%
palladium on carbon (100 mg} was added to the solution, the reaction mixture
was stirred for 4.5 hours under hydrogen atmosphere . Palladium on carbon
was removed by filtration, and then washed with ethanol. The filtrate was
concentrated under reduced pressure, and the resulting residue was dried to give
the compound 9 (colorless solid, 180 mg) as a cisitrans (1: 1) mixture.

MS (APCI) 158 [M+H]"

[0273]

Reference Example 87

[Chemical formula 145]

0
CHy O 7 NH " )\NH
HyC T /f\) f?f\____%___i, CHy O O/\)
A

N
H.C :
3 ] HyC7 O[ \
3G i
1 3
O : ' @]
CH; 0 N e (N
G e
M H 4
4 5

(1) To a solution of the compound 1 (2.0 g} in chloroform (5 ml) were added the
compound 2 {1.24 g} and acetic acid (0.63 mlL), and the reaction mixture was
stirred for 1 hour at room temperature. The reaction mixture was diluted with a
saturated agueous solution of sodium bicarbonate, and then extracted 3 times
with chloroform. The resulting organic layer was dried over anhydrous sodium
sulfate, and the solvent was evaporated under reduced pressure. The resulting
residue was purified by silica gel column chromatography (eluent: chloroform-

methanol; gradient: 100:0-95:5), and dried to give the compound 3 (900 mg) as a

brown solid.
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MS {APCI) 296 [M+H]}™

(2) The compound 3 (900 mg) was dissolved in methanol (15 ml), sodium
borohydride (340 mg) was added to the solution in three parts under ice-cooling,
and a temperature of the reaction mixture was raised to room temperature. The
reaction mixture was diluted with a saturated agueous solution of sodium
bicarbonate, and extracted 3 times with chloroform. The organic layer was dried
over anhydrous sodium sulfate, and the solvent was evaporated under reduced
préssure. The resulting residue was purified by silica gel column
chromatography {eluent: chloroform-methaﬁol; gradient: 100:0-90:10}, and dried
to give the compound 4 (390 mg} as a colorless solid.

MS (APCI) 298 [M+H]"

(3) To a solution of the compound 4 (390 mg) in chloroform (6.5 mL) was added
trifluoroacetic acid (6.5 mlL) under ice-cooling, and the reaction mixture was
stirred for 30 minutes at room temperature. The reaction mixture was diluted
with methanol, and then treated with packed strong cation exchange resin
(PoraPak Rxn Cx, eluent: a solution of 1 mol/L NH; in methanol). The eluate
was concentrated under reduced pressure to give the compound 5 (201 mg) as a
colorless solid.

MS (APCI) 198 [M+H]"

[0274]
Reference Example 88

[Chemical formula 146]

SOH W0 o-CH4 S,
PN OEER U PO SO WO S

H,C™ O H,C” 07 N HsC™ O N‘
N H
1 2 3
O\\/p LA
S S
e (Yo O
O N“ H N *HC
4 5

(1) The compound 1 (999.5 mg) was dissolved in chloroform (10 mlL),
triethylamine (650 nL) and anhydrous methanesulfonic acid were added to the
solution under ice-water bath cooling, and the solution was stirred for 17 hours
at room temperature. The reaction mixture was diluted with chloroform,

washed with water and a saturated agueous solution of sodium bicarbonate, and
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then dried over anhydrous sodium sulfate, followed by evaporation of the solvent.
The resulting residue was suspended and washed in a mixed solvent of normal-
hexane and ethyl acetate, and then taken by filtration, and dried in vacuo to give
the compound 2 {1056.1 mg) as a coloriess solid.

MS (APCI) 311 [M~+NH,]*

(2) The compound 2 {501.0 mg) was dissolved in dimethylformamide (5.5 mL},
sodium methanethiolate (237.9 mg) was added to the solution at room
temperature, and the reaction mixture was stirred for 15.5 hours. To the
reaction mixture was added an aqueous solution of 1 mol/L of sodium hydroxide,
and the reaction mixfure was extracted with ethyl acetate. The organic layer
was washed with water, and then dried over anhydrous sodium sulfate, followed
by evaporation of the solvent. The resulting residue was purified by silica gel
column chromatography (eluent: hexane-ethyl acetate; gradient: 93:7-80:20) to
give the compound 3 (77.5 mg) as a colorless solid.

MS (APCI) 146 [M-CsHgOo+H]F

(3) The compound 3 (70.0 mg) was dissolved in chioroform (3 mL). Hydrous

30 % m-chloroperbenzoic acid (168.1 mg) was added to the solution at room
temperature, and the reaction mixture was stirred for 17 hours. The reaction
mixture was diluted with chloroform, washed with an aqueous sclution of 1
mol/L sodium hydroxide, and then dried over anhydrous sodium sulfate,
followed by evaporation of the solvent. The resulting residue was dried in vacuo
to give the compound 4 (80.0 mg) as a colorless solid.

MS (APCI) 295 [M+NH.]”

(4) The compound 4 {78.0 mg) was suspended in methanol (3 mL), a solution of 4
mol/L hydrogen chloride in ethyl acetate (705 1ulj was added to the suspension

at room temperature, and the reaction mixture was stirred for 22 hours. The

. reaction mixture was concentrated under reduced pressure, and the resulting

residue was dried in vacuo to give the compound 5 (61.2 mg) as a slightly yellow
solid.

MS (APCI) 178 [M+H]"

[0275]

Reference Example 89
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[Chemical formula 147}

eg
3c: 07 N CHO 00 Q.0
%P 2 & CH \\éI\CH M\CH
"ty - el A T
HN 1 HaC” 0 N HoNT™ 2HC
1 3 4

(1) The compound 1 (900.0 mg) was suspended in chloroform (9 mL). Acetic
acid {258 ul), the compound 2 (1594 .4 mg), triethylamine (628 L), and sodium
triacetoxyborohydride (1432.8 mg) were added to the suspension at room
temperature, and the reaction mixture was stirred for 25 hours. To the reaction
mixture was added a saturated agqueous solution of sodium bicarbonate, and the
reaction mixture was stirred for 10 minutes at room temperature, and then
extracted with chloroform, and the organic layer was dried over anhydrous
sodium sulfate, followed by evaporation of the solvent. The resulting residue
was purified by silica gel column chromatography (eluent: ethyl acetate-
methanol; gradient: 100:0-92:8) to give the compound 3 (1265.3 mg) as a
colorless solid.

MS (APCY) 307 [M+H]™

(2) The compound 3 (1255.1 mg) was dissolved in chloroform (13 mlL).
Trifluoroacetic acid {13 mL) was added to the solution at room temperature, and

the reaction mixture was stirred for 16 hours. The solvent was evaporated, and

4 mol/L hydrogen chloride in 1,4-dioxane {10 mL} was added to the suspension,
foliowed by evaporation of the solvent. The resulting residue was dried in vacuo
to give the compound 4 (1059.7 mg) as a pale brown solid.

MS (APCI) 207 [M-+H]™

[0276]

Reference Example 90
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[Chemical formula 148]
O : Me Me

‘ @]
’ ot y O’AO'MG y O’XOH
Me. O N T Me. O N = Me. O N
RSt EX \7.]/ "~ Me '\n/ N~
Me O 2 M

Mexm/ 7] e O

Me O ’ 3
Me Me
. O/XOH
HaNL HCI

4

(1} The compound 1 (5.90 gj was dissolved in methanol (20 mL), and a solution of
2 mol/L trimethylsilyldiazomethane in hexane (12.6 mL) was added to the
solution under nitrogen atmosphere and ice-water bath cooling. After several
hours, a solution of 2 mol/L trimethylsilyldiazomethane in hexane (20 mL) was
added to the solution, upon confirming that yellow coloring was no longer
disappeared in the reaction solution, the solvent was evaporated. The resulting
residue was left to crystallize at room temperature, suspended and washed in
hexane, and then taken by filtration, and dried in vacuo to give the compound 2
(6.50 g} as a pale yellow solid.

MS (ESI) 272 [M+H]*

(2) The compound 2 (5.43 g} was dissolved in tetrahydrofuran {50 mL), a solution
of 3 mol/L methylmagnesium bromide in diethyl ether (28 mlL) was added
dropwise to the solution under nitrogen atmosphere and ice-water bath cooling.
After completion of the dropwise addition, the reaction mixture was stirred for 1
hour at room temperature. To the reaction mixture were added sodium chloride
and a saturated agqueous solution of ammonium chloride, and the reaction
mixture was extracted with ethyl acetate. The corganic layer was washed with a
saturated agueous solution of sodium chloride, dried over magnesium sulfate,
and then the solvent was evaporated. The resulting residue was purified by
silica gel column chromatography {eluent: hexane-ethyl acetate; gradient: 75:25-
50:50) to give the compound 3 (2.75 g) as a colorless solid.

MS (ES]) 272 [M+H]"

(3) To the compound 3 (2.71 g) was added trifluoroacetic acid {11.56 ml), and the
reaction mixture was stirred for 10 minutes at room temperature. The reaction
mixture was concentrated under reduced pressure, conc. hydrochloric acid and

methanol were added thereto, and the reaction mixture was stirred for 2 minutes.
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After concentration under reduced pressure, ethanol and diethylether were |
added to the concentrate, and the reaction mixture was stirred overnight. The
solvent was ditilled off, and dried in vacuoc to give the compound 4 (3.43 g) as a
pale yellow solid.

MS (APCI) 172 [M-+H]"

[0277]

Reference Example 91

[Chemical formula 149]

oy

|

|

Ph N -
P

ph ; HZN\“‘\“\/
1 Ph”” 5 3

)

Q
|
:

(1) The compound 1 (10.0 g) was suspended in 1,2-dichloroethane (60 mL). The
compound 2 (3.75 g}, tetrahydrofuran {40 ml), and acetic acid (2.93 ml) were
added to the suspension, and then 1,2-dichloroethane (40 mlL), tetrahydrofuran
{60 mlL), and sodium triacetoxyborchydride (8.67 g} were added thereto, and the
reaction mixture was stirred for 14 hours at room temperature. To the reaction
mixture was added a saturated aqueous solution of sodium bicarbonate, and the
reaction mixture was stirred for 4 hours at room ternperature, and then extracted
with chloroform. The organic layer was washed with water, and then dried over
magnesium sulfate, followed by evaporation of the solvent. The resulting
residue was purified by silica gel column chromatography (eluent: chloroform-
methanol 95:3) to give the compound 2 (5.335 g} as a colorless solid.

MS (APCI) 378 [M-+H]"

{(2) The compound 2 (2.50 g) was dissolved in a mixed solvent of methanol (80
ml} and tetrahydrofuran (40 mL}. 10 % Palladium on carbon (0.80 g} was added
to the solution, and thé reaction mixture was stirred for 21 hours at room
temperature under ordinary pressure and hydrogen atmosphere. The reaction
mixture was filtrated, and the solvent was evaporated. The resulting residue
was suspended and washed in hexane, and then taken by filtration, and dried to

give the compound 3 (1.213 g} as a colorless solid.
MS (APCI) 198 [M-+H]"
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[0278]
Reference Example 92
[Chemical formula 150]

C;;Hg CH:B
NH .
A CHz O e HAO CH; O O‘AN\/\]/ \\CH e
=P . Ol A A
H H
1 2
oH, HO
Pt
, g0
HaNY
3

(1) To a solution of the compound 1 {400 mg) in methanol (15 mL} was added
vinyl sulfone {380 1L}, and the reaction mixture was stirred for 30 minutes at
room temperature. The reaction mixture was concentrated under reduced
pressure, and the resulting residue was suspended and washed in
diisopropylether, taken by filtration, and dried to give the compound 2 (516 mg)
as a colorless solid.

MS (APCI) 335 [M+H]"

(2) The compound 2 (516 mg) was dissolved in a mixed solvent of ethyl acetate
(1.5 mL}/methanol (1.5 ml}, a solution of 4 mol/L HCl in ethyl acetate (3 mL)
was add to the solution, and the reaction mixture was stirred for 3 hours at room
temperature. The reaction mixture was concentrated under reduced pressure,
and the resulting residue was suspended and washed in ethyl acetate, taken by
filtration, and dried to give the compound 3 (357 mg) as a colorless solid.

MS (APCI) 235 [M+H]™

[0279]

Referenice Example 93

[Chemical formula 151]

ot o el

1 2
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{1) To a suspension of the compound 1 {350 mg) in chloroform (14 mL} were
added triethylamine (294 1l) and acetyl chloride (120 nl) under ice-cooling, and
the reaction mixture was kept in stirring for 1 hour. To the reaction mixture
were added water and a saturated aqueous solution of sodium bicarbonate, and
then the reaction mixture was extracted with chloroform. The organic layer was
dried over anhydrous sodium sulfate, and then the solvent was evaporated under
reduced pressure. The resulting residue was suspended and washed in a mixed
sohition of diisopropylether/ethyl acetate, taken by filtration, and dried to give
the compound 2 (328 mg) as a colorless solid.

MS (APCI 291 [M-+H]" |

(2) The compound 2 (328 mg) was dissolved in methanol (10 mL), Wet 5 %
palladium on carbon (65 mg) was added to the solution, and the reaction mixture
was stirred for 3 hours under hydrogen atmosphere. The palladium on carbon
was removed by filtration, and then washed with methanol. The filtrate was
concentrated under reduced pressure, and the resulting residue was dried to give
the compound 3 (172 mg) as a colorless solid.

MS (APCI) 157 [M+H]™

[0280]

Reference Example 94

[Chemical formula 152]

0 I ¢ 0 .
S AN o T AN
H

1

To a solution of the compound 1 (2 g) in THF {14 ml) were added
tetraisopropyl orthotitanate (2.3 mL) and a solution of 1 mol/L ethylmagnesium
bromide in THF (35 ml) at room temperature, and then the reaction mixture was
stirred for 1 hour. To the reaction mixture were added water and a saturated
aqueous solution of ammonium chloride, and then the reaction mixture was
extracted with ethyl acetate. The organic layer was dried over anhydrous
sodium sulfate, and then the solvent was evaporated under reduced pressure.
The resulting residue was purified by silica gel column chromatography (eluent:

chloroform-10 % agqueous ammonia/methanol; gradient: 100:0-90:10) to give the
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compound 2 (545 mg) as a colorless solid. The compound 2 (545 mg) was
dissolved in chloroform (4 ml), trifluoroacetic acid (4 mL) was added to the
solution, and the reaction mixture was stirred for 30 minutes at room
temperature. The reaction mixture was diluted with methanol, and then treated
with packed strong cation exchange resin (PoraPak Rxn Cx, eluent: a Solution of
1 mol/L NH; in methanol). The eluate was concentrated under reduced
pressure to give the compound 3 (88 mg} as a colorless viscous substance.

MS (ESI} 171 [M-+H]*

[0281]

Reference Example 95

[Chemical formula 183]

' N N N
J 3O — T — 7
0 y 07 NY HaNY ° Lo

(1) The compound 1 (500 mg) was dissolved in pyridine (2 mL) and acetic
anhydride (1 mlL)}, and the reaction mixture was stirred for 1.5 hours at room
temperature. The reaction mixture was concentrated under reduced pressure,
and the resulting residue was suspended and washed in a mixed solvent of ethyl
acetate/hexane, taken by filtration, and dried to give the compound 2 (410 mg)
as a colorless solid.

MS (APCI) 271 [M+H]™

(2) The compound 2 (410 mg) was dissolved in dioxane (4 mL), a solution of 4
mol/L HCl in dioxane (4 mlL} was added to the solution, and the reaction mixture
was stirred for 1 hour at rocom temperature. The reaction mixture was
concentrated under reduced pressure to give the compound 3 (360 mg) as a
colorless solid.

MS (APCY) 171 [M+H]"

[0282]

Reference Example 96
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[Chemical formula 134]

O
=0 g0
5 NH, o CAN\/’ N
ﬁ\o)&N\*‘Oﬁ >L<:>’E‘N“' l \VO& HCI
H b HoN
3

(1) The compound 1 (195 mg)} was dissolved in dimethylacetoamide (4 mL).
Sodium carbonate (190 mg), sodium iodide (290 mg), and bis(2-
chloroethyl)sulfone (190 mg) were added to the solution at room temperature,
and then the reaction mixture was heated to 80 °C. After stirring for 3 hours at
the same temperature, the reaction mixture was cooled to room temperature, and
water and an aqueous solution of potassium carbonate were added thereto. The
organic layer extracted with ethyl acetate, dried over anhydrous sodium sulfate,
and then the solvent was evaporated under reduced pressure. The resulting |
residue was suspended and washed in a mixed solvent of ethyl acetate/hexane,
taken by filtration, and dried to give the compound 2 (233 mg) as a colorless. solid.
MS (APCI) 333 [M+H]T

(2) The compound 2 (233 mg} was dissolved in dicxane (1.5 mL}, a solution of 4
mol/L HCl in dioxane (1.5 mL) was added to the solution, and the reaction
mixture was stirred for 2 hours at room temﬁerature. The reaction mixture was

concentrated under reduced pressure to give the compound 3 (170 mg) as a

2.25 (2H, brs), 2.03 (2H, d, J = 12.4 Hz), 1.56 (2H, brs), 1.37 (2H, m)
[0283]

Reference Example 97
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[Chemical formula 155]

O CH, O CHy “
H
|

A n |
3 ) CHs i 3
oH T | o
OM OMO‘CHS N ; Och,
| o

(1) The compound 1 {1 g) was dissolved in a mixed solvent of toluene (18 ml)
/methanol (5 mlL), a solution of 2 mol/L trimethylsilyldiazomethane in hexane
(3.5 mL) was added to the solution, and the reaction mixture was stirred for 1
hour at room temperature. To the reaction mixture was added acetic acid (1 mL),
and then the reaction mixture was concentrated under reduced pressure to give
the compound 2 (1.06 g) as a colorless viscous substance.

MS (APCI) 258 [M-+H]™

(2) The compound 2 (1.06 g) was dissolved in THF (21 ml). Dibenzylamine (1.2
ml), acetic acid (235 pl), and sodium triacetoxyborohydride (2.62 g) were added

to the solution, and the reaction mixture was stirred for 18 hours at room

temperature. To the reaction mixture was added water and a saturated aqueous

solution of sodium bicarbonate, and then the reaction mixture was extracted
with ethyl acetate. The organic layer was dried over anhydrous sodium sulfate,
and then the solvent was evaporated under reduced pressure. The resulting
residue was purified by silica gel column chromatography (eluent: hexane-ethyl
acetate; gradient: 90:10-80:20) to give the compound 3 (354 mg) as a colorless
solid. The compound 3 (353 mg) was dissolved in methanol (10 mL), hydrous

5 % palladium hydroxide on carbon (176 mg) was added to the solution, and the
reaction mixture was stirred for 3 hours under hydrogen atmosphere. The
palladium hydroxide on carbon was removed by filtration, and then washed with
methanol. The filtrate was concentrated under reduced pressure, and the
resulting residue was purified by silica gel column chromatography (eluent:
chioroform-methanol; gradient: 100:0-90:10) to give the compound 4 (70 mg) as

a colorless viscous substance.
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MS (APCI) 259 [M+H]"
[0284]

Reference Example 98
[Chemical formula 156]

0 0
_CHs ~CHa
ooy (o ey (2,
HsC” 07 °N" JoH H,C~ -0 ﬁ oﬁ’ 3
3 4
0 : 0 0
,CH3 'CH3 JCHg
sl o, el (O g,
H3C @] N\‘ S ﬁlCHS HSC’ 0O g\\ H N‘“ HCH
6 7

{1) The compound 1 (3.2 g) was dissolved in a mixed solvent of toluene (36
mL}/methanol (12 mL), a solution of 2 mol/L trimethylsilyldiazomethane in
hexane (11 mlL) was added to the solution, and the reaction mixture was stirred
for 40 minutes at room temperature. Acetic acid (2.5 mL) was added to the
reaction mixture, and then the solvent was evaporated under reduced pressure
to give the compound 2 (3.3 g} as a colorless viscous substance.

MS (APCT) 352 [M+H]"

(2) The compound 2 (3.3 g) was dissolved in methanol (50 mL), hydrous 5 %
palladium on carbon {1.0 g) was added to the solution, and the reaction mixture
was stirred for 2 hours under hydrogen atmosphere. The palladium on carbon
was removed by filtration, and then washed with methanol. The filtrate was
concentrated under reduced pressure to give the compound 3 (2.5 g} as a
colorless viscous substance.

MS (APCI) 262 [M+H]™

(3) The compound 3 (2.48 g) was dissolved in dimethylformamide (50 mL).
Methylamine hydrochloride (955 mg), diisopropylethylamine (6.6 ml), and O-(7-
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azabenzotriazol- 1-yl}-N,N,N'N'-tetramethyluroniumhexafluorophosphate (5.4 g
were added to the solution, and the reaction mixture was stirred for 30 minutes
at room temperature. The solvent was concentrated under reduced pressure,
and then water and a saturated aqueous solution of sodium bicarbonate were
added to the residue, and the aqueous solution was extracted with chloroform.
The organic layer was dried over anhydrous sodium sulfate, and then the solvent
was evaporated undér reduced pressure. The resulting residue was suspended
and washed in a mixed solvent of ethyl acetate /hexane, taken by filtration, and
dried to give the compound 4 (1.7 g) as a colorless solid.

MS (APCI) 275 [M-+H]"

(4) The compound 4 (2.4 g) was dissolved in THF (45 mlL), Lawesson's reagent
(4.0 g) was added to the solution, and the reaction mixture was stirred for 12
hours at room temperature. To the reaction mixture were added water and a
saturated aqueous solution of sedium bicarbonate, and the reaction mixture was
extracted with ethyl acetate. The organic layer was dried over anhydrous
sodium sulfate, and then the solvent was evaporated under reduced pressure.
The resulting residue was purified by silica gel column chromatography (eluent:
hexane-ethyl acetate; gradient: 30:70-50:30) to give the compound 5 (1.7 g) as a
colorless solid.

MS (APCI) 291 [M+H)*

(5) The compound 5 (1.9 g) was dissolved in a mixed sclvent of THF (15
mlL)/methanol (45 mL). Nickel chloride (II) hexahydrate {5.5 g} and sodium
borohydride (2.5 g) were added to the solution under ice-cooling, and then the
reaction mixture was stirred for 6 hours at room temperature. To the reaction
mixture were édded water and a saturated agqueous solution of sodium
bicarbonate, and the reaction mixture was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate, and then the solvent was-
evaporated under reduced pressure. The resulting residue was suspended and
washed in a mixed solvent of ethyl acetate /hexane, taken by filtration, and dried
to give the compound 6 (982 mg) as a colorless solid.

MS (APCI) 229 [M+H]T

(6) The compound 6 (1.0 g was dissolved in dioxane (10 mL}, a solution of 4
mol/L HCl in dioxane (4.6 mL) was added to the solution, and the reaction
mixture was stirred for 1.5 hours at room temperature. The reaction mixture

was concentrated under reduced pressure to give the compound 7 (770 mg} as a
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coloriess solid.

MS (APCI) 129 [M+H]"
[0285]

Reference Example 99
[Chemical formula 157]

3 O ey P (o
ch\o)L e >i\ /U\ HAN ‘
3

1 2

(1) To a solution of the compound 1 (3.0 g) in THF (30 mL) was added a solution
of 1 mol/L methylmagnesium bromide in THF (47 ml)} under argon atmosphere
and ice-cooling, and then a temperature of the reaction mixture was raised to
room temperature, and the reaction mixture was stirred for 1.5 hours. The
reaction mixture was cooled under ice-cooling, water and a saturated agueous
solution of sodium chloride were added thereto, and then the reaction mixture
was extracted with ethyl acetate. The organic layer was washed with a
saturated aqueous solution of sodium bicarbonate and brine, dried over
anhydrous magnesium sulfate. The solvent was evaporated under reduced
pressure, and the resulting residue was purified by silica gel column
chromatography (eluent: hexanc-cthyl acetate; gradient: 75:25-50:50) to give the
compound 2 (545 mg) as a colorless solid.

MS (APCI) 256 [M+H]"

(2] The compound 2 {300 mg) was dissolved in chloroform (2 mL), trifluoroacetic
acid (1 ml} was added to the solution, and the reaction mixture was stirred for 1
hour at room temperature. The reaction mixture was diluted with methanol,
and then treated with packed strong cation exchange resin (PoraPak Rxn Cx,
eluent: a solution of 1 mol/L NH;z in methanol). The eluate was concentrated

under reduced pressure to give the compound 3 {165 mg) as a colorless solid.
MS (APCI) 156 [M-+H]*
[0286]

Reference Example 100
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[Chemical formula 158]
GHy ' CHy

‘ CO,CH, CHy CHa

CHy O N s

o § 9 Of‘ o § (YA%H mkw
;G

P\ .
O ﬁ\ S’ H2N\\

i 2

{1) To a solution of the compound 1 (1.5g) in THF (35 mL) were added
tetraisopropyl orthotitanate {1.9 mL) and a solution of 1 mol/L ethylmagnesium
bromide in THF (29 mL) at room temperature, and then the reaction mixture was
stirred for 50 minutes. The reaction mixture was cooled under ice-cooling,
water was added thereto, and then the reaction mixture was extracted with ethyl
acetate. The organic layer was washed with water, a saturated aqueous solution
of sodium bicarbonate, and brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure, and the resulting residue
was purified by silica gel column chromatography {eluent: hexane-ethyl acetate;
gradient: 65:35-50:350) to give the compound 2 (1.93 g} as a colorless solid.

MS (APCI) 258 [M+H]*

(2) The compound 2 (1.85 g) was dissolved in dichloromethane (20 mL},
trifluoroacetic acid {10 ml} was added to the solution, and the reaction mixture
was stirred for 40 minutes at room temperature, The reaction mixture was
diluted with methanol, and then treated with packed strong cation exchange
resin (PoraPak Rxn Cx, eluent: a solution of 1 mol/L NH; in methanol). The
eluaite was concentrated under reduced pressure to give the compound 3 (225
mg) as a colorless solid.

MS (APCI) 158 [M-+H]"

[0287]

Referernice Example 101

{Chemical formula 159]

S0,0H,
/O o
-0

1

(1) To a solution of the compound 1 (400 mg) and sodium ethoxide (8 mg) in
ethano! (1 mL) was added a solution of nitromethane (182 ul) in ethanol (1 mL)
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under ice-cooling. A temperature of the reaction mixture was raised to room
temperature, and the reaction mixture was stirred for 23 hours. The reaction
mixture was diluted with water, and extracted 4 times with chloroform. In
addition, sodium chloride was added to the aqueous layer, and the reaction
mixture was extracted twice with chloroform. The organic layer was dried over
anhydrous magnesium sulfate, and the solvent was evaporated under reduced
pressure. The resulting residue was suspended and washed in a mixed solvent
of ethyl acetate-diisopropylether, taken by filtration, and dried to give the
commpound 2 (286 mg) as a colorless solid.

MS (APCI) 255 [M-+NH.]* ,

(2) A suspension of the compound 2 {150 mg) and hydrous 20 % palladium
hydroxide on carbon (75 mg) in methanol (6 mL) was stirred for 18 hours under
hydrogen atmosphere. The palladium on carbon was removed by filtration, and
then washed with methanol. The filtrate was concentrated under reduced
pressure, the resulting residue was suspended and washed in ethyl acetate,
taken by filtration, and dried to give the compound 3 (81 mg) as a colorless solid.
MS (APCI) 208 [M-+H]*

[0288]

Reference Example 102

[Chemical formula 160]

CH, O - CH, O 0 HCI 0
HiCJ ° . HiCJ 2 ‘
chj\o/'”\f?/ﬁ»“ \NHZ HSCS\O)J\;\;/wJ-\\\\\m)J\CHS HIEJ/W,»“ \ﬁ)l\CH:i

S N 7
1 2 3

(1) To a suspension of the compound 1 (857 mg} in chloroform (15 mL) were
added triethylamine (832 L) and acetic anhydride (454 pl) under ice-cooling,
and the reaction mixture was kept in stirring for 1 hour. To the reaction
mixture was added a saturated aqueous solution of sodium bicarbonate, and
then extracted with chloroform. The organic layer was dried, and then the
solvent was evaporated under reduced pressure, and the resulting residue was
purified by silica gel column chromatography (eluent: ethyl acetate-methanol;
gradient: 100:0-95:5) to give the compound 2 (1.03 g) as a colorless viscous
substance, |

MS (APCI) 257 [M-+H]"
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(2) The compound 2 (1.0 g) was dissolved in ethyl acetate (10 mlj, a solution of 4
mol/L HCl in ethyl acetate (10 mL) was added to the solution, and the solution
was stirred for 2 hours at room temperature. The precipitate was taken by
filtration, dried under reduced pressure to give the compound 3 (830 mg} as a
colorless powder.

MS (APCT) 157 [M+H]'

[0289]

Reference Example 103

[Chemical formula 161]

CO,H NHCH; NHGH,

T
TZ

(1} To the compound 1 (2.5 g) was added thionyl chloride (15.4 mL}, and the
reaction mixture was stirred for 3 hours with heating to reflux. The reaction
mixture was cooled to room temperature, and then concentrated under reduced
pressure. The resulting residue was suspended in THF (18.5 mL), and the
suspension was added dropwise to a mixed solution of an aqueous solution of
40 % methylamine (18,5 mL) and chloroform (37 mL) over 5 minutes under ice-
cooling. A temperature of the reaction mixture was raised to room temperature,
and the reaction mixture was stirred for 2 hours, and then extracted 3 times with
chloroform. The organic layer was dried over anhydrous sodium sulfate, and
then the solvent was evaporated under reduced pressure. The resulting residue
was suspended and washed in a mixed solvent of chloroform-diisopropylether,

taken by filtration, and dried to give the compound 2 (2.56 g) as a colorless solid.

MS (APCI} 176 [M+H]™

(2) Lithium alminium hydride (2.22 g) was suspended in THF (128 mLj, the
compound 2 (2.56 g) was added portionwise to the suspension over 5 minutes at
65 °C, and a temperature of the suspension was raised to 80 °C, and then the
suspension was stirred for 5 hours. The reaction mixture was cooled slowly
under ice-cooling, and then water (2.22 ml) was added slowly thereto. Then, an

agueous solution of 15 % sodium hydroxide (2.22 mL) and water (6.66 mL) was
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added sequentially to the solution, and the reaction mixture was stirred for 18
hours at room temperature. To the reaction mixture was added anhydrous
sodium sulfate, and then an insoluble substance was removed by filtration, and
washed with a mixed solvent of methanol-chloroform-ethy! acetate. The filtrate
was concentrated under reduced pressure, and the resulting residue was purified
by NH-silica gel column chromatography {eluent: ethyl acetate-methanol,
gradient: 100:0-95:5) to give the compound 3 (2.09 g} as a colorless solid.

MS (APCI) 162 [M+H]"

[0290]

Reference Example 104

[Chemical formula 162]

[~on
CH3 O © CHy O N 2HCI NO‘OH
H,C” 07 N HyC” 07 N /O/
’ H s H HoN
1 2 3

(1) To a solution of the compound 1 (1.0 g) in chloroform (20 mL) were added (R)-
3-hydroxypyrrolidine (545 mg), acetic acid (270 plL}, and sodium
triacetoxyborohydride (1.29 g}, and the reaction mixture was stirred for 20 hours
at room temperature. The reaction mixture was diluted with a saturated

aqueous solution of sodium bicarbonate, and then the reaction mixture was

then dried over anhydrous sodium sulfate, and the solvent was evaporated under
reduced pressure. The resulting residue was purified by NH-silica gel column
chromatography (eluent: chloroform-methanol 97:3) to give the compound 2 [pale
brown viscous substance, 1.06 g} as a mixture of cis-isomer and trans-isomer.
MS (APCI) 285 [M-+H]*

(2) The compound 2 {1.05 g) was dissolved in ethyl acetate {10 mlL), a solution of
4 mol/L HCl in ethyl acetate (3.7 mL) was added to the solution, and the reaction
mixture was stirred for 17 hours at room temperature, To the reaction mixture
was added ethyl acetate (20 ml), and then the precipitate was taken by filtration,
and dried under reduced pressure to give the compound 3 (pale brown powder,

834 mg) as a mixture of cis-isomer and trans-isomer.

‘MS (APC]) 185 (M +H]*
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[0291]
Reference Example 105
[Chemical formula 163]

[ Dot
CHy O O CH3 ON 2HCI NO«-;:OH

HsC™ 07N HC o N HoN

(1) To a solution of the compound 1 (1.0 g) in chloroform (20 mL) were added (S)-
3-hydroxypyrrolidine (837 mg), acetic acid (270 ul}, and sodium
triacetoxyborohydride {1.29 g), and the reaction mixture was stirred for 20 hours
at room temperature. The reaction mixture was diluted with a saturated
aqueous solution of sodium bicarbonate, and then the reaction mixture was
extracted twice with chloroform. The organic layer was washed with brine, and
then dried over anhydrous sodium sulfate, and the solvent was evaporated under
reduced pressure. The resulting residue was purified by NH-silica gel column
chromatography (eluent: chloroform-methanol 97:3) to give the compound 2 {pale
brown viscous sﬁbstance, 1.02 g) as a mixture of cis-isomer and trans-isomer.
MS (APCI) 285 [M+H]"

(2) The compound 2 (1.01 g) was dissolved in ethyl acetate (10 ml), a solution of
4 mol/L HCl in ethyl acetate (3.6 mL) was added to the solution, and the reaction
ixture w tirred for 17 hours at room temperature. To the reaction mixture
was added ethyl acetate (20 ml), and then the precipitate was taken by filtration,
and dried under reduced pressure to give the compound 3 {pale brown powder,

796 mg) as a mixture of cis-isomer and trans-isomer.
MS (APCI) 185 [M+H]™
[0292]

Reference Example 106
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[Chemical formula 164]
CHy O
H
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P
HaC” N 3 L i
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1 CHy

(1) To a solution of the compound 1 (200 mg) in THF (3 ml) was added dropwise
a solution of 1 mol/L triethylborane in THF (2.3 ml) at room temperature under
argon atmosphere. The reaction mixture was stirred for 4 hours, the solvent

was evaporated under reduced pressure, and the residue was dissolved in

“toluene (2.5 ml). To the reaction mixture were added the compound 2 (559 mg],

bis{dibenzylideneacetone)palladium (27 mg), 4,5-bis(diphenylphosphing)-9,9-
dimethylxanthene(xantphos, 27 mg}, and potassium phosphate (592 mg), and the
reaction mixture was stirred for 22 hours with heating to reflux. The reaction
mixture was cooled to room temperature, and diluted with ethyl acetate. The
solution was washed with water and brine, and dried over anhydrous magnesium
sulfate. The solvent was evaporated under reduced pressure, and the resulting
residue was purified by silica gel column chromatography (eluent: chloroform-
methanol; gradient: 98:2-95:5) to give the compound 3 (450 mg) as a yellow solid.
MS (APCI) 292 [M-+H]"

{2) The compound 3 {126 mg) was dissclved in dichloromethane {1 m1),
triffuoroacetic acid {1 mL) was added to the solution, and the reaction mixture
was stirred for 2.5 hours at room temperature. The reaction mixture was
concentrated under reduced pressure, and the resulting residue was purified by
silica gel column chromatography (eluent: chloroform-methanol-conc. ammonia
water; gradient: 100:0:0-80:18:2} to give the compound 4 (66 mg) as a pale yellow
solid.

MS (APCT) 192 [M-+H]"

[0293]

Reference Example 107




10

15

20

209

[Chemical formula 163]

N

- CH; O
Br HaC” 70 @ H;C /L HNC s
R R
NH  HiG” 07 NG N
Ii P Ny e { P N
HoG™ N ’ N 4
) ] CHa
i . CH@,

(1) A mixture of the compound 1 (344 mg), the compound 2 (397 mg),
bis(dibenzylideneacetonepalladiuim (45 mg), 2-(dicyclohexylphosphino}-2'-
(dimethylamino) biphenyl {DavePhos, 157 mg}, and sodium-t-butoxide (288 mg]
in dioxane (10 mL) was stirred for 2.5 hours with heating to reflux. The reaction
mixture was cooled to room temperature, diluted with ethyl acetate, and then an
insoluble substance was removed by filtration. The filtrate was concentrated
under reduced pressure, and the resulting residue was purified by silica gel
column chromatography (eluent: chloroform~methénol; gradient: 98:2-92:8) to
give the compound 3 (364 mg) as a pale yellow solid.

MS (APCI) 290 [M+H]"

{2) The compouné 3 (126 mg) was dissolved in chloroform (3 mL};methanol 3

ml)}, a solution of 4 mol/L HCl in ethyl acetate (4.7 mL) was added to the

solution, and the reaction mixture was stirred for 18 hours at room temperature.

The reaction mixture was concentrated under reduced pressure, an aqueous
solution of 40 % potassium carbonate was added to the resulting residue, and
the solution was extracted twice with ethyl acetate. The organic layer was dried
over sodium sulfate, and the solvent was evaporated under reduced pressure to
give the compound 4 (211 mg) as a yellow solid,

MS (APCI) 190 [M-+H]*

[0294]

Reference Example 108

[Chemical formula 166]

o cHy
CH; O C’\/LN/Kma e $ 9 2HCI
H,C 3 . 8 ~ 3 b ‘
e o OO g on M) g g
) K/TQH - k\z/N\)j\N/\CH B Y E{ CH
! 8 Gw, M CHy

e
X
P
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(1) The compound 1 (500 mg), the compound 2 (677 mg) and sodium carbonate
(529 mg) were suspended in acetonitrile (10 mL), and the reaction mixture was
stirred for 18 hours at 60 °C. The reaction mixture was cooled to room
temperature, and then diluted with ethyl acetate, washed with water and brine,
and dried over anhydrous sodium sulfate. The solvent was evaporated under
reduced pressure, and the resulting residue was purified by silica gel column
chromatography (eluent: ethyl acetate-methanol; gradient: 100:0-95:5) to give the
compound 3 (711 mg) as a colorless solid.

MS (APCI) 300 [M+H]"

(2) The compound 3 (690 mg) was dissolved in ethyl acetate (15 ml)-methanol (2
ml)}, a solution of 4 mol/L HCI in ethyl acetate (12 ml} was added to the sclution,
and the reaction mixture was stirred for 15 hours at room temperature. The
reaction mixture was concentrated under reduced pressure, the residue was
suspended and washed in ethyl acetate, taken by filtration, and dried to give the
compound 4 (608 mg) as a colorless powder.

MS (APCI) 200 [M+H]™

[0295]

Reference Example 109

[Chemical formula 167]

F
- BOH)2
) Y P
'7& F 2 o
N™ °N
O CH, F O  CHs
N Foo ey

(1) A mixed solution of the compound 1 (300 mg), the compound 2 (316 mg),
tris{dibenzylideneacetone) dipalladium (92 mg), a solution of 1 mol/L tri-t-
butylphosphine in toluene (200 ul}, and potassium fluoride (232 mg) in THF-
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water (10: 1) (4 mL) was degassed under reduced pressure, and then back-filled
with argon. The reaction mixture was stirred for 15 minutes a’c» 150 °Cina
microwave reactor (Initiator, Biotage]. The reaction mixture was cooled to room
temperature, diluted with ethyl acetate, and then the solution was washed with
water and brine, dried over anhydrous sodium sulfate, and filtered. The solvent
was evaporated under reduced pressure, and the resulting residue was puﬁﬁed
by silica gel column chromatography (eluent: hexane-ethyl acetate; gradient: 80:
20-65:35) to give the compound 3 (367 mg) as a yellow solid.

MS (APCI) 378 [M+H]F

{2) To a solution of the compound 3 (360 mg) in chloroform (4 mL) was added
trifluoroacetic acid (3.6 mL}, and the reaction mixture was stirred for 30 minutes
at room temperature. The reaction mixture was diluted with methanol, treated
with packed strong cation exchange resin (PoraPak Rxn Cx, eluent: a solution of
1 mol/L NH; in methanol), and the eluate was concentrated under reduced
pressure. The resulting residue was dissolved in acetonitrile (8 mL}, ethyl
chloroacetate (123 uL) and sodium carbonate (202 mg) were added to the
solution, and the reaction mixture was stirred for 2.5 hours at 60 °C. The
reaction mixture was cooled to room temperature, and then diluted with ethyl
acetate, washed with water, dried over anhydrous sodium sulfate, and filtered.
The solvent was evaporated under reduced pressure, and the resulting residue
Was purified by silica gel column chromatography {(eluent: hexane-ethyl acetate;
gradient: 50:50-20:80) to give the compound 4 (315 mg) as a yellow solid.

MS (APCI) 364 [M-+H]™

(3) The compound 4 (309 mg) was dissolved in ethanol (3 mL)-THF (2 ml), an
aqueous solution of 1 mol/L of sodium hydroxide (1.7 mlL) was added to the
solution, and the reaction mixture was stirred for 1 hour at room temperature.
The reaction mixture was concentrated under reduced pressure, the residue was
dissolved in water, and then an aqueous solution of 1 mol/L hydrochloric acid
was added to the solution under ice-cooling, and a pH of the solution was
adjusted to 3-4. The precipitate was taken by filtration, washed with water, and
dried to give the compound 5 (266 mg) as a yellow solid.

MS (APCI) 336 [M-+H]"

[0296]

Experimental Example 1 (Inhibitory effect on hCYP11B2)

<Experimental Method>
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The pcDNA3.l-human CYP11B2 plasmid was transfected into a
Chinese hamster lung fibroblast V79 cell line to produce a cell
line stably expressing human CYP11B2 gene.

The cells were cultured and grown in the Dulbecco's modified
FEagle's/Ham's medium supplemented with 10% fetal bovine serum
and 1% G418 disulfate solution under the environment of 37 °C,
95 % air, and 5 % CO,, and the grown cells were harvested.

Then, the cells were fractionated to obtain mitochondria by
reference to a method described in Chabre et al. JCE & M 85 (11)
4060-68, 2000. In particular, the cells suspended in a 5 mmol/L
Tris-HC1 buffer (pH 7.4) containing 250 mmol/L sucrose were
homogenized in a Teflon (Registered Trademark) Potter Elvehjem
homogenizer, and then the suspension was centrifuged (800xg, 15
min.) . The supernatant was separated and again centrifuged
(10000xg, 15min.) to obtain a pellet (mitochondrial fraction).

The mitochondrial fraction diluted with a buffer containing
10 mmol/L KH,PO,, 10 mmol/L Tris, 20 mmol/L KC1l, 25 mmol/L
sucrose, 5 mmol/L MgCl,, and 0.05 % bovine serum albumin was
dispensed to a 96-well plate. 0.5 umol/L Deoxycorticosterone,
150 umol/L NADPH and a compound of each concentration were added
to each well, and incubated for 1.5-2 hours at room temperature
to produce aldosterone. An amount of the produced aldosterone
in the incubated solution was determined by using HTRF
(Homogeneous Time Resolved Fluorescence) method.

IC 50 (nmol/L) was calculated by analyzing the aldosterone
production inhibition rate (%) of each concentration of
compounds by non-linear regression to a logistic curve.

[0297]
<Experimental Results>

[Table 44]

Example No. |hCYP11B2 ICsy (nmol/L)
12 6.9
16 16
18 7.9
19 17
22 17
26 8.5
27 13
28 8.4
29 18
38 14
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40 4.9
44 17
47 1
48 9.0
50 6.3
54 7.2
55 8.7
59 19
62 10
64 19
71 6.1
75 7.6
76 4.5
79 4.5
80 4.5
81 2.7
82 12
83 7.6
84 25
85 9.9
86 0.5
115 6.3
124 16
135 12
141 i1
147 18
151 16
183 18
154 1.1
157a 14
1594 7.7
160 i3
161 6.1
16445 i6
166a 5.6
167a 11
170 23
178 5.0
180 6.1
183 0.7
188 6.0
192 38
196 67
199 12
211 2.4
215 29
218 9.8
219 3.1
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220 20
221 2.4
222 26
233 20
236 23
544 11
251 75
252 15
256 26
257 13

INDUSTRIAL APPLICABILITY

[0298]
A compound [I] of the present invention or a pharmacologically acceptable

salt thereof has an inhibitory activity against aldosterone synthetase, and

therefore, it is useful as a medicament for preventing or treating various diseases

and/or disease states evoked by an increased level of aldosterone and/or

overproduction of aldosterone, such as hypertension, primary aldosteronism, or

for improving prognosis of these diseases.
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CLAIMS

1. A compound of the following formula [I]:

[Chemical formula 1]

/J\ [I]
RY N7 "R
wherein
R® is
(a) a group of the following formula (A-1):

[Chemical formula 2]

(A-1)

wherein ring A’ represents (1) a cycloalkyl group which may
be substituted, (2) an aryl group which may be partially
hydrogenated and may be substituted, or (3) a heterocaryl
group which may be partially hydrogenated and may be
substituted, or

(b) a group of the following formula (A-2):

[Chemical formula 3]

AlKAL-QL- (A-2)

wherein ring A? represents a cycloalkyl group which may be
substituted or an aryl group which may be substituted,
AlkA represents a straight or branched chain alkylene
group, or a straight or branched chain alkenylene group,
and Q' represents a single bond, an oxygen atom or ~-N (R*Y) -,
wherein R“’represents a hydrogen atom or an alkyl group;

R" is

(a) a monocyclic cycloalkyl group,
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(b) an isoindolinyl group,
(c) a group of the following formula (B-1):

[Chemical formula 4]

~O (B-1)

wherein ring art represents an aryl group which may be
substituted,

(d) a group of the following formula (B-2):

[Chemical formula 5]

R N—RB! (B-2)
CHsz

wherein R® represents an alkoxycarbonyl group or a
heteroaryl group, k represents an integer of 1-2,
(e) a group of the formula: —N(RM)(RKU
wherein R represents an alkylsulfonyl group which may be
substituted and R® represents an alkyl group which may be
substituted; or

R? represents a hydrogen atom or an alkyl group, and
R>? represents an alkyl group substituted with an
alkylsulfonyl group,
(f) an aliphatic heterocyclic group of the following
formula (B-3):

[Chemical formula 6]

I{B4

—N B (I3'3)

I{BS
wherein ring B represents an aliphatic heterocyclic group

which may further contain 1 heteroatom selected from the

group consisting of a sulfur atom, an oxygen atom, and a



10

15

20

25

MCSLLP

217

nitrogen atom, 1in addition to the nitrogen atom shown in
the formula (B-3); R® represents a cyano group, an alkyl
group substituted with an alkylsulfonyl group, an alkyl
group substituted with an alkanoylamino group, a
heteroaryl-0O- group, or an alkoxy group substituted with a
carbamoyl group which may be substituted with 1-2 alkyl
groups; and RE° represents a hydrogen atom,

(g) a group of the following formula (B-4):

[Chemical formula 7]

FQB6
\N/\/j 0
b U e ®9

XP™ TXe
wherein X*® represents CR*® or N,

(i) when X* represents CR’?,

X represents CHR’, X° represents O or NR®S,

X represents 0, X° represents NR'®, or

X represents NR'®, X° represents 0, NR'¢, or CHR’,

(1i1) when X® represents N,

X represents CHR™ or C(=0), X° represents NR'®, or

X represents NR'®, X° represents CHR’S;

R*® represents a hydrogen atom, a hydroxyl group, an
alkyl group, or an amino group,

each of R® and R’ represents a group selected
independently from the group consisting of a hydrogen atom,
a hydroxyl group, and an alkyl group,

each of R* and R* represents a group selected
independently from the group consisting of a hydrogen atom,
an alkyl group, and a cycloalkyl group;

R™® represents a hydrogen atom or an alkyl group;

R®’ represents

(i) an alkyl group which may be substituted,
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(ii) a cycloalkyl group which may be substituted,

(iii) an aliphatic heterocyclic group which may be
substituted,

(iv) a heteroaryl group which may be partially
hydrogenated and may be substituted, or

(v) a hydrogen atom, or,

when X° represents NR*, R® and R' are bound to each
other at their terminus to form an aliphatic heterocyclic
group, which may be substituted with an alkyl group which
may be substituted, together with a nitrogen atom to which
they are bound,
(h) a spirocyclic group of the following formula (B-5):

[Chemical formula 8]

00
—N&Y (B-5)
Tq\I{BS

wherein RP® represents a hydrogen atom or an alkyl group,
or
(i) a group of the following formula (B-6):
[Chemical formula 9]
O\b //O

~ O
N~ (B-6)

)

m

wherein m represents 1 or 2,
or a pharmaceutically acceptable salt thereof

provided that the following formulae (a), (b) and (c):
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[Chemical formula 10]

N
N H H
) 3
~
N N/\ 0
N _CH c
fo _ N CH ©
CHs

are excluded.

2. The compound according to claim 1,
wherein

a substituent of (1) a cycloalkyl group which may be
substituted, (2) an aryl group which may be partially
hydrogenated and may be substituted, and (3) a heteroaryl
group which may be partially hydrogenated and may be
substituted, represented by ring A’ in the above formula
(A-1) is 1-3 groups selected independently from the group
consisting of a halogen atom, a cyano group, an alkyl group,
a haloalkyl group, an alkoxyalkyl group, an alkoxy group,
and an alkylenedioxy group which may be substituted with 1-
2 halogen atoms,

an aryl moiety in the aryl group which may be partially
hydrogenated and may be substituted is 6- to 10-membered
monocyclic or bicyclic aryl,

a heterocaryl moiety in the heteroaryl group which may
be partially hydrogenated and may be substituted is 5- to
10-membered monocyclic or bicyclic heteroaryl which
contains 1-2 hetercatoms selected independently from the
group consisting of a sulfur atom, an oxygen atom, and a

nitrogen atom;
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ring A? in the above formula (A-2) is a 6- to 10-
membered monocyclic or bicyclic aryl group which may be
substituted with (a) a cycloalkyl group, or (b) a halogen
atom,

0' is a single bond, an oxygen atom, or -NH-;

R" is

(a) a monocyclic cycloalkyl group,

(b) an isoindolinyl group,

(c) a group represented by the above formula (B-1):

wherein ring Ar®' is a 6- to 1l0-membered monocyclic or
bicyclic aryl group,

(d) a group represented by the above formula (B-2):

wherein a heteroaryl group represented by R®' is a 5-
to 10-membered monocyclic or Dbicyclic heteroaryl group
which contains 1-2 heteroatoms selected independently from
the group consisting of a sulfur atom, an oxygen atom, and
a nitrogen atom,

(e) a group represented by the above formula: -
N (RBZ) (RB3)

wherein R®? represents an alkylsulfonyl group which may
be substituted with a 6- to 10-membered monocyclic or
bicyclic aryl group, and R represents an alkyl group
which may be substituted with a ©6- to 10-membered
monocyclic or Dbicyclic aryl group or heteroaryl group
(wherein hetercaryl 1is 5- to 10-membered monocyclic or
bicyclic hetercaryl which contains 1-2 heteroatoms selected
independently from the group consisting of a sulfur atom,
an oxygen atom, and a nitrogen atom), or

R? represents a hydrogen atom or an alkyl group, and
R’ represents an alkyl group substituted with an
alkylsulfonyl group,

(f) a group represented by the above formula (B-3):
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wherein ring B 1s a 4- to 9-membered aliphatic
heterocyclic group which may further contain one heterocatom
selected from the group consisting of a sulfur atom, an
oxygen atom, and a nitrogen atom in addition to the
nitrogen atom shown in the above formula (B-3);

a heteroaryl moiety of the heteroaryl-0- group
represented by R®* is 5- to 10-membered monocyclic or
bicyclic heterocaryl which contains at least one nitrogen
atom, and may further contain 1 heteroatom selected from
the group consisting of a sulfur atom, an oxygen atom, and
a nitrogen atom,

(g) a group represented by the above formula (B-4):

wherein a substituent of (i) the alkyl group which may
be substituted, represented by R®', is 1-4 groups selected
independently from the group consisting of a halogen atom;
a hydroxyl group; an oxX0O group; an amino group which may be
substituted with 1-2 groups selected independently from the
group consisting of an alkyl group, an alkanoyl group, an
alkoxycarbonyl group and an alkylsulfonyl group; a
heteroaryl group which may be substituted with an alkyl
group and may be partially hydrogenated; a cycloalkyl group
which may Dbe substituted with 1-2 groups selected
independently from the group consisting of a hydroxyl group
and an alkylsulfonyl group; an aryl group; a heteroaryl
group which may be partially hydrogenated; an alkanoyl
group which may be substituted with 1-3 groups selected
independently from the group consisting of a halogen atom
and a hydroxyl group; a cycloalkylcarbonyl group which may
be substituted with a hydroxyl group; an aliphatic
heterocyclic carbonyl group which may be substituted with
an alkyl group; an amino group which may be substituted
with 1-2 groups selected independently from the group
consisting of an alkyl group which may be substituted with
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an alkylsulfonyl group, an alkanoyl group, and an
alkoxycarbonyl group; a carbamoyl group which may be
substituted with 1-2 alkyl groups; an alkylsulfonyl group;
an alkoxy group which may be substituted with a carbamoyl
group which may be substituted with 1-2 alkyl groups; and
an aliphatic heterocyclic group which may be substituted
with 1-3 groups selected independently from the group
consisting of a hydroxyl group, an oxo group, an alkyl
group, an alkanoyl group, and an alkylsulfonyl group,

a substituent of (ii) the cycloalkyl group which may be
substituted, (iii) the aliphatic heterocyclic group which
may be substituted, and (iv) the heterocaryl group which may
be partially hydrogenated and may be substituted
represented by R® is 1-4 groups selected independently from
the group consisting of a halogen atom; a hydroxyl group;
an oxo group; an alkyl group which may be substituted with
1-3 groups selected independently from the group consisting
of a hydroxyl group, an alkoxy group, an alkylsulfonyl
group, an amino group which may be substituted with 1-2
groups selected independently from the group consisting of
an alkoxycarbonyl group and an alkylsulfonyl group, a
carbamoyl group which may be substituted with 1-2 alkyl
groups, a cycloalkyl group which may be substituted with a
hydroxyl group, an aliphatic heterocyclic carbonyl group,
and a heterocaryl group which may be substituted with an
alkyl group and may be partially hydrogenated; a cycloalkyl
group which may be substituted with 1-2 groups selected
independently from the group consisting of a hydroxyl group
and an alkylsulfonyl group; an aryl group; a heteroaryl
group which may be partially hydrogenated; an alkanoyl
group which may be substituted withl-3 groups selected
independently from the group consisting of a halogen atom

and a hydroxyl group; a cycloalkylcarbonyl group which may
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be substituted with a hydroxyl group; an aliphatic
heterocyclic carbonyl group which may be substituted with
an alkyl group; an amino group which may be substituted
with 1-2 groups selected independently from the group
consisting of an alkyl group which may be substituted with
an alkylsulfonyl group, an alkanoyl group, and an
alkoxycarbonyl group; a carbamoyl group which may be
substituted with 1-2 alkyl groups; an alkylsulfonyl group;
an alkoxy group which may be substituted with a carbamoyl
group which may be substituted with 1-2 alkyl groups; and
an aliphatic heterocyclic group which may be substituted
with 1-3 groups selected independently from the group
consisting of a hydroxyl group, an oxo group, an alkyl
group, an alkanoyl group, and an alkylsulfonyl group, or

when R®’ is (ii) a cycloalkyl group which may be
substituted, or (iii) an aliphatic heterocyclic group which
may be substituted, two substituents on the same ring-
constituting carbon atom may be bound to each other at the
terminus thereof to form an alkylene group which may be
substituted (wherein a substituent of the alkylene group is
an oxo group or an alkyl group, and the alkylene group may
contain 1-3 hetercatoms selected independently from a
sulfur atom, an oxygen atom, and a nitrogen atom),

in R®, aryl is 6- to 1l0-membered monocyclic or
bicyclic aryl, heterocaryl is 5- to 10-membered monocyclic
or bicyclic heterocaryl which contains 1-4 heteroatoms
selected independently from the group consisting of a
sulfur atom, an oxygen atom, and a nitrogen atom, an
aliphatic heterocyclic ring is a 4- to 9-membered aliphatic
heterocyclic ring which contains 1-2 heteroatoms selected
independently from the group consisting of an oxygen atom

and a nitrogen atom, or
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when X° is NR®®, and R®’and R*® are bound to each other
at their terminus to form an aliphatic heterocyclic group
which may be substituted with an alkyl group which may be
substituted, together with a nitrogen atom to which they
are bound, a substituent of the alkyl group which may be
substituted is a hydroxyl group, and the aliphatic
heterocyclic group 1s a 4- to 9-membered aliphatic
heterocyclic ring which may further contain 1 heterocatom
selected independently from the group consisting of a
sulfur atom, an oxygen atom and a nitrogen atom other than
the nitrogen atom to which R®’ and R*® are bound,

(h) a group of the above formula (B-5):

wherein R®® is a hydrogen atom, or

(i) a group of the above formula (B-6):

wherein m is 2,

or a pharmaceutically acceptable salt thereof.

3. The compound according to claim 1 or 2,
wherein

in a group represented by the above formula [A-1], ring
Al is

(1) a cycloalkyl group which may be substituted with an
alkyl group,

(2) an aryl group which may be partially hydrogenated
and may be substituted, or

(3) a heteroaryl group which may be partially
hydrogenated and may be substituted,

wherein

a substituent of the aryl group which may be partially
hydrogenated and may be substituted is 1-3 groups selected
independently from the group consisting of a halogen atom,

an alkyl group, a haloalkyl group, an alkoxyalkyl group, an
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alkoxy group, and an alkylenedioxy group which may be
substituted with 1-2 halogen atoms,

a substituent of the heterocaryl group which may be
partially hydrogenated and may be substituted is 1-2 groups
selected independently from the group consisting of a
halogen atom, a cyano group, and an alkyl group,

an aryl moiety of the aryl group which may be partially
hydrogenated and may be substituted is phenyl or naphthyl,

a heterocaryl moiety of the heteroaryl group which may
be partially hydrogenated and may be substituted is thienyl,
pyridyl, indazolyl, benzofuranyl, indolyl, benzothiazolyl,
isoquinolinyl, or benzopyranyl;

in the above formula [A-2], ring A% is (a) a cycloalkyl
group, or (b)a phenyl group which may be substituted with a
halogen atom,

Alk™ is a straight or branched chain alkylene group,
or a straight or branched chain alkenylene group,

Q' is a single bond, an oxygen atom, or -NH-;

in a group represented by the above formula [B-1], art
represents a phenyl group;

in a group represented by the above formula [B-2], a
heteroaryl moiety of the heterocaryl group represented by
R®' is pyrazinyl;

in a group <represented by the above formula: -
N(RM)(RM), R®? represents an alkylsulfonyl group which may
be substituted with a phenyl group, and R represents an
alkyl group which may be substituted with a phenyl group or
a pyridyl group;

in a group represented by the above formula [B-3], ring
B is pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
or 2,5-diazabicyclo[2.2.1]heptyl,

R®® is a group selected from the group consisting of a

cyano group; an alkyl group substituted with an
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alkylsulfonyl group; an alkyl group substituted with an
alkanoylamino group; a heteroaryl-0- group (wherein
heteroaryl is pyridyl); and an alkoxy group which may be
substituted with a carbamoyl group which may be substituted
with 1-2 alkyl groups;

in a group of the above formula [B-4], R® is (1) an
alkyl group which may be substituted, (ii) a cycloalkyl
group which may be substituted, (iii) an aliphatic
heterocyclic group which may be substituted, (iv) a
heteroaryl group which may be partially hydrogenated and
may be substituted, or (v) a hydrogen atom, or

when X° is NR*¢, R®’and R*® may be bound to each other at
their terminus to form an aliphatic heterocyclic group
which may be substituted with an alkyl group which may be
substituted with a hydroxyl group, together with a nitrogen
atom to which they are bound,

wherein

(i) a substituent of the alkyl group which may be
substituted is 1-4 groups selected independently from the
group consisting of a halogen atom; a hydroxyl group; a
cycloalkyl group which may be substituted with 1-2 groups
selected independently from the group consisting of a
hydroxyl group and an alkylsulfonyl group; a phenyl group;
a heterocaryl group; an amino group which may be substituted
with 1-2 groups selected independently from the group
consisting of an alkyl group, an alkanoyl group, and an
alkoxycarbonyl group; an alkylsulfonyl group; an alkoxy
group; and an aliphatic heterocyclic group which may be
substituted with 1-3 groups selected independently from the
group consisting of a hydroxyl group, an o0x0O Jgroup, an
alkyl group, an alkanoyl group, and an alkylsulfonyl group,

(ii) a substituent of the cycloalkyl group which may be
substituted is 1-2 groups selected independently from the
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group consisting of a hydroxyl group; an aliphatic
heterocyclic group which may be substituted with 1-3 groups
selected independently from the group consisting of a
hydroxyl group and an 0xX0O group; an amino group which may
be substituted with 1-2 groups selected independently from
the group consisting of an alkyl group which may be
substituted with an alkylsulfonyl group, and an alkanoyl
group; an alkyl group which may be substituted with a
hydroxyl group; a carbamoyl group which may be substituted
with 1-2 alkyl groups; an alkoxy group which may be
substituted with a carbamoyl group which may be substituted
with 1-2 alkyl groups; a cycloalkyl group which may be
substituted with a hydroxyl group; and an alkylsulfonyl
group, oOr

two substituents on the same carbon atom in the above
cycloalkyl group which may be substituted are bound to each
other at the terminus thereof to form an alkylene group
which may Dbe substituted with 1-3 groups selected
independently from the group consisting of an alkyl group
and an oxo group (wherein the alkylene group may contain,
in the alkylene chain, 1-2 heteroatoms selected
independently from a nitrogen atom, an oxygen atom, and a
sulfur atom),

(iii) a substituent of the aliphatic heterocyclic group
which may be substituted is 1-3 groups selected
independently from the group consisting of a halogen atom;
a hydroxyl group; an oxo group; an alkyl group which may be
substituted with 1-3 groups selected independently from the
group consisting of a hydroxyl group, an alkoxy group, an
alkylsulfonyl group, an amino group which may be
substituted with 1-2 groups selected independently from the
group consisting of an alkoxycarbonyl group and an

alkylsulfonyl group, , a carbamoyl group which may be
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substituted with 1-2 alkyl groups, a cycloalkyl group which
may be substituted with a hydroxyl group, an aliphatic
heterocyclic carbonyl group, and a heterocaryl group which
may be substituted with an alkyl group and may be partially
hydrogenated; an alkanoyl group which may be substituted
with 1-3 groups selected independently from the group
consisting of a halogen atom and a hydroxyl group; a
cycloalkylcarbonyl group which may be substituted with a
hydroxyl group; an aliphatic heterocyclic carbonyl group
which may be substituted with an alkyl group; an alkoxy
group; a carbamoyl group which may be substituted with 1-2
alkyl groups; an aliphatic heterocyclic group which may be
substituted with an oxo group; and a heteroaryl group,

(iv) a substituent of the heteroaryl group which may be
partially hydrogenated and may be substituted is 1-2 groups
selected independently from the group consisting of an
aliphatic heterocyclic group; and an alkyl group which may
be substituted with 1-2 groups selected independently from
the group consisting of a carbamoyl group which may be
substituted with 1-2 alkyl groups, alkylsulfonyl group, and
a heteroaryl group,

in the above items (i)-(iv), the aliphatic heterocyclic
ring 1is selected from azetidinyl, oxetanyl, pyrrolidinyl,
tetrahydrothiophenyl, tetrahydrofuranyl, piperidinyl,
piperazinyl, morpholinyl, thiomorpholinyl, homomorpholinyl,
tetrahydrothiopyranyl, tetrahydropyranyl, 1-
azabicyclo[2.2.2]octyl (quinuclidinyl), 8-
azabicyclo[3.2.1]octyl, 3-oxabicyclo[3.3.1]lnonyl, or 3-0x0-—
9-azabicyclo[3.3.1]lnonyl,

the aliphatic  heterocyclic ring in the aliphatic
heterocyclic carbonyl is selected from azetidinyl, oxetanyl,
pyrrolidinyl, tetrahydrothiophenyl, tetrahydrofuranyl,
piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl,
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homomorpholinyl, tetrahydrothiopyranyl, tetrahydropyranyl,
l-azabicyclo[2.2.2]octyl (quinuclidinyl), 8-
azabicyclo[3.2.1]octyl, 3-oxabicyclo[3.3.1]lnonyl, or 3-0xo0-—
9-azabicyclo[3.3.1]lnonyl,
the heterocaryl is selected from pyrrolyl, furanyl,

thienyl, imidazolyl, pyrazolyl, oxazolyl, thiazolyl,
triazolyl, tetrazolyl, ©pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, thiazinyl, +triazinyl, indolyl, isoindolyl,
indazolyl, Dbenzimidazolyl, Dbenzothiazolyl, Dbenzofuranyl,
quinolyl, isoquinolyl, imidazopyridyl, or benzopyranyl,

the heteroaryl group which may be partially
hydrogenated is selected from a pyrrolyl group, a furanyl
group, a thienyl group, an imidazolyl group, an
imidazolinyl group, a pyrazolyl group, an oxazolyl group, a
thiazolyl group, a triazolyl group, a tetrazolyl group, a
pyridyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a thiazinyl group, a triazinyl group, an
indolyl group, an isoindolyl group, an isoindolinyl group,
an indazolyl group, a benzimidazolyl group, a
benzothiazolyl group, a benzofuranyl group, a
dihydrobenzofuranyl group, a quinolyl group, an isoquinolyl
group, an imidazopyridyl group, a tetrahydroimidazopyridyl
group, a benzopyranyl group, or a dihydrobenzopyranyl group
or

when X° is NR*®, and R®’and R’ are bound to each other
at their terminus to form an aliphatic heterocyclic group
which may be substituted with an alkyl group which may be
substituted with a hydroxyl group, together with a nitrogen
atom to which they are bound, an aliphatic heterocyclic
group is a group selected from azetidinyl, pyrrolidinyl,
piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, or
homomorpholinyl,

or a pharmaceutically acceptable salt thereof.
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4. The compound according to any of claims 1-3, wherein
R® is a group represented by the above formula (B-4),

or a pharmaceutically acceptable salt thereof.

5. The compound according to claim 4,
wherein
R® is

(1) a cycloalkyl group which may be substituted with
an alkyl group,

(2) a cycloalkenyl group which may be substituted with
an alkyl group,

(3) a phenyl group which may be substituted with 1-3
groups selected independently from the group consisting of
a halogen atom, an alkyl group, a haloalkyl group, an
alkoxyalkyl group, an alkoxy group, and an alkylenedioxy
group which may be substituted with 1-2 halogen atoms,

(4) a naphthyl group which may be partially
hydrogenated and may be substituted with an alkyl group,

(5) a heteroaryl group which may be partially
hydrogenated and may be substituted with 1-2 groups
selected independently from the group consisting of a cyano
group, and an alkyl group,

the heteroaryl moiety is pyridyl, indazolyl, thienyl,
isoquinolyl, benzopyranyl, benzofuranyl, indolyl, or
benzothiazolyl,

R® is a group represented by the above formula (B-4),

R® is (i) an alkyl group which may be substituted,
(ii) a cycloalkyl group which may be substituted, (iii) an
aliphatic heterocyclic group which may be substituted, or
(iv) a heterocaryl group which may be partially hydrogenated

and may be substituted, or,
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when X° is NR', R®’ and R"® are bound to each other at
their terminus to form an aliphatic heterocyclic group
which may be substituted with an alkyl group (wherein the
alkyl group may be substituted with a hydroxyl group),
together with a nitrogen atom to which they are bound,

wherein

(i) a substituent of the alkyl group which may be
substituted is 1-4 groups selected independently from the
group consisting of a halogen atom; a hydroxyl group; a
cycloalkyl group which may be substituted with 1-2 groups
selected independently from the group consisting of a
hydroxyl group and an alkylsulfonyl group; a phenyl group;
a pyridyl group; an amino group which may be substituted
with 1-2 groups selected independently from the group
consisting of an alkyl group, an alkanoyl group, and an
alkoxycarbonyl group; an alkylsulfonyl group; an alkoxy
group; and an aliphatic heterocyclic group which may be
substituted with 1-3 groups selected independently from the
group consisting of a hydroxyl group, an oxo Jgroup, an
alkyl group, an alkanoyl group, and an alkylsulfonyl group,

wherein the aliphatic heterocyclic group 1is selected
from tetrahydrothiophenyl, piperidinyl, thiomorpholinyl,
piperazinyl, or morpholinyl,

(ii) a substituent of the cycloalkyl group which may
be substituted is 1-2 groups selected independently from
the group consisting of a hydroxyl group; an aliphatic
heterocyclic group which may be substituted with 1-3 groups
selected independently from the group consisting of a
hydroxyl group and an o0xX0O group; an amino group which may
be substituted with 1-2 groups selected independently from
the group consisting of an alkyl group which may be
substituted with an alkylsulfonyl group, and an alkanoyl
group; an alkyl group which may be substituted with a
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heteroaryl group which may be substituted with an alkyl
group and may be partially hydrogenated (wherein the
heteroaryl which may be partially hydrogenated is
imidazolyl, imidazolinyl, oxazolyl, triazolyl, or pyridyl);
an alkanoyl group which may be substituted with 1-3 groups
selected independently from the group consisting of an a
halogen atom and a hydroxyl group; a cycloalkylcarbonyl
group which may be substituted with a hydroxyl group; an
oxetanylcarbonyl group which may be substituted with an
alkyl group; an alkoxy group; a carbamoyl group which may
be substituted with 1-2 alkyl groups; an aliphatic
heterocyclic group which may be substituted with an oxo
group (wherein  the aliphatic  heterocyclic group is
piperidinyl or tetrahydropyranyl); and a pyrimidinyl group,

wherein an aliphatic heterocyclic moiety of (iii) the
aliphatic heterocyclic group which may be substituted is
azetidinyl, pyrrolidinyl, piperidinyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, tetrahydrofuranyl, tetrahydropyranyl,
l-azabicyclo[2.2.2]octyl, 8—azabicyclo[3.2.1]octyl,
homomorpholinyl, 3-oxabicyclo[3.3.1]nonyl, or 3-ox0-9-
azabicyclo[3.3.1]nonyl,

(iv) a substituent of the hetercaryl group which may
be partially hydrogenated and may be substituted is 1-2
groups selected independently from the group consisting of
a tetrahydropyranyl group; and an alkyl group which may be
substituted with 1-2 groups selected independently from the
group consisting of a carbamoyl group which may be
substituted with 1-2 alkyl groups, an alkylsulfonyl group,
and pyridazinyl group,

wherein heteroaryl of (iv) the heterocaryl group which
may be partially hydrogenated and may be substituted is
pyrazolyl, pyridyl, or imidazopyridinyl,
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an aliphatic heterocyclic moiety of the aliphatic
heterocyclic group which may be substituted with an alkyl
group which may be substituted with a hydroxyl group 1is
piperazinyl or pyrrolidinyl (wherein the aliphatic
heterocyclic group is formed from R®*’and R%® being bound to
each other at their terminus, together with a nitrogen atom
to which they are bound, when X° is NR‘%),

or a pharmaceutically acceptable salt thereof.

6. The compound according to claim 5,
wherein
R® is

(1) a 3- to 7-membered monocyclic cycloalkyl group
which may be substituted with an alkyl group,

(2) a 3- to T7-membered monocyclic cycloalkenyl group
which may be substituted with an alkyl group,

(3) a phenyl group which may be substituted with 1-3
groups selected independently from the group consisting of
a halogen atom, an alkyl group, a haloalkyl group, an
alkoxyalkyl group, an alkoxy group, and a methylenedioxy
group which may be substituted withl-2 halogen atoms,

(4) a naphthyl group which may be substituted with an
alkyl group,

(5) a tetrahydronaphthyl group,

(6) a heteroaryl group which may be substituted with a
cyano group or an alkyl group (wherein the heteroaryl group
is pyridyl group, a thienyl group, a indazolyl group, a
indolyl group, a benzothiazolyl group, or a isoquinolyl
group), Or

(7) a dihydrobenzopyranyl group,

R® 1is

(i) an alkyl group which may be substituted, wherein a

substituent of the alkyl group is an aliphatic heterocyclic
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group which may be substituted with 1-2 groups selected
independently from the group consisting of an oxo group, an
alkylsulfonyl group, a hydroxyl group, an alkyl group, and
an alkanoyl group (wherein the aliphatic heterocyclic ring
is morpholinyl, thiomorpholinyl, or piperidinyl),

(ii) a «cycloalkyl group which may be substituted
(wherein the cycloalkyl group is a cyclopentyl group, a
cyclohexyl group, a bicyclo[2.2.2]octyl group, or an
adamantyl group), wherein a substituent of the cycloalkyl
group 1s 1-2 groups selected independently from the group
consisting of a hydroxyl group; an aliphatic heterocyclic
group which may be substituted with 1-2 groups selected
independently from the group consisting of a hydroxyl group
and an oxo group (wherein the aliphatic heterocyclic group
is selected from a thiomorpholinyl group, a piperidinyl
group, a piperazinyl group, or a morpholinyl group); an
amino group which may be substituted with 1-2 groups
selected independently from the group consisting of an
alkyl group and an alkanoyl group; an alkyl group which may
be substituted with a hydroxyl group; an alkoxy group which
may be substituted with a carbamoyl group which may be
substituted with 1-2 alkyl groups; and an alkylsulfonyl
group,

(iii) an aliphatic heterocyclic group which may be
substituted (wherein the aliphatic heterocyclic group 1is
selected from an azetidinyl group, a tetrahydrofuranyl
group, a pyrrolidinyl group, a tetrahydropyranyl group, a
piperidinyl group, a tetrahydrothiopyranyl group, or 3-
oxabicyclo[3.3.1]lnonyl), wherein a substituent of the
aliphatic heterocyclic group 1s 1-3 groups selected
independently from the group consisting of a halogen atom;
a hydroxyl group; an oxo group; an alkyl group which may be
substituted with 1-3 groups selected independently from the
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group consisting of a hydroxyl group, a cycloalkyl group
which may be substituted with a hydroxyl group, an alkoxy
group, an alkylsulfonyl group, an alkylsulfonylamino group,
a carbamoyl group which may be substituted with 1-2 alkyl
groups, morpholinylcarbonyl group, and a heteroaryl group
which may be substituted with an alkyl group and may be
partially hydrogenated (wherein the heteroaryl which may be
partially hydrogenated is pyridyl, imidazolyl, imidazolinyl,
oxazolyl, or triazolyl); an alkanoyl group which may be
substituted with a hydroxyl group; a pyrimidinyl group; and
a cycloalkylcarbonyl group which may be substituted with a
hydroxyl group, or

(iv) a pyrazolyl group which may be substituted with
an alkyl group which may be substituted with a carbamoyl
group which may be substituted with 1-2 alkyl groups,

or a pharmaceutically acceptable salt thereof.

7. The compound according to claim 5,
wherein
R® is

(1) a phenyl group which may be substituted with 1-3
groups selected independently from the group consisting of
a halogen atom, an alkyl group, and a haloalkyl group,

(2) a pyridyl group which may be substituted with a
cyano group, Or

(3) a dihydrobenzopyranyl group,

R® is a group of the above formula (B-4):

wherein X® represents N,

xP represents CH,, and X° represents NH, or

xP represents NH, and X° represents CHj,

RE¢ represents a hydrogen atom,

7 .
R®’ is
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(i) an alkyl group which may be substituted,

MCSLL
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(iv) a pyrazolyl group which may be substituted with
an alkyl group which may be substituted with a carbamoyl
group which may be substituted with 1-2 alkyl groups,

or a pharmaceutically acceptable salt thereof.

8. The compound according to claim 5,
wherein
R* is a phenyl group which may be substituted with an
alkyl group or a haloalkyl group,
R® is a group of the above formula (B-4):
wherein
X% is CR??,
x® is CHR?,
R’ is a hydrogen atom,
R*® is a hydrogen atom or a hydroxyl group,
X® is NR'S,
R is a hydrogen atom or an alkyl group,

B¢ is a hydrogen atom, and

R
R®’ is a cycloalkyl group which may be substituted
with an alkyl group or an amino group which may be
substituted with 1-2 alkyl groups,

or a pharmaceutically acceptable salt thereof.

9. The compound according to claim 5,
wherein

R® is a phenyl group which may be substituted with a
halogen atom,

R® is a group of the above formula (B-4):

wherein

X% is CR’%,

x® is NR*?,

X is NR®°,

R’ is a hydrogen atom,
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* is a hydrogen atom or an alkyl group,

Q

R
R is a hydrogen atom or an alkyl group,
RB6

is a hydrogen atom, and
R® is an alkyl group,

or a pharmaceutically acceptable salt thereof.

10. The compound according to claim 5,
wherein

R® is a group of the above formula (B-4):

wherein

X* is N,

x® is CHR, and X°® is NR*¢, or

x® is NR*®, and X° is CHR®S,

R*® and R’ is a hydrogen atom,

R* and R*¢ is a hydrogen atom, and

R®® is a hydrogen atom,

or a pharmaceutically acceptable salt thereof.

11. The compound according to any of claim 4 or 5,
wherein

X% is N, X® is CHR®® or Cc(=0), X° is NR®S,

R® is a hydrogen atom or an alkyl group, and

R is a hydrogen atom, an alkyl group, or
cycloalkyl group,

or a pharmaceutically acceptable salt thereof.

12. The compound according to any of claim 4 or 5,
wherein

X% is N, X° is CH,, X® is NH, and

R®® is a hydrogen atom,

or a pharmaceutically acceptable salt thereof.

13. The compound according to any of claim 4, 5, 11 or 12,
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wherein

R® is a phenyl group which may be substituted with 1-3
groups selected independently from the group consisting of
a halogen atom, an alkyl group, a haloalkyl group, an
alkoxyalkyl group, an alkoxy group, and an alkylenedioxy
group which may be substituted with 1-2 halogen atoms,

or a pharmaceutically acceptable salt thereof.

14. The compound according to any of claim 4, 5, 11, 12 or
13,
wherein

R® is a cycloalkyl group which may be substituted,

wherein a substituent of the cycloalkyl group which
may be substituted is 1-2 groups selected independently
from the group consisting of a hydroxyl group; an aliphatic
heterocyclic group which may be substituted with 1-3 groups
selected independently from the group consisting of a
hydroxyl group and an oxo group; an amino group which may
be substituted with 1-2 groups selected independently from
the group consisting of an alkyl group which may be
substituted with an alkylsulfonyl group, and an alkanoyl
group; an alkyl group which may be substituted with a
hydroxyl group; a carbamoyl group which may be substituted
with 1-2 alkyl groups; an alkoxy group which may be
substituted with a carbamoyl group which may be substituted
with 1-2 alkyl groups; a cycloalkyl group which may be
substituted with a hydroxyl group; and an alkylsulfonyl
group, Or

two substituents on the same carbon atom in the above
cycloalkyl group which may be substituted are bound to each
other at the terminus thereof to form an alkylene group
which may be substituted with 1-3 groups selected

independently from the group consisting of an alkyl group
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and an oxo group (wherein the alkylene group may contain,
in the alkylene chain, 1-2 heteroatoms selected
independently from a nitrogen atom, an oxygen atom, and a
sulfur atom),

wherein the aliphatic heterocyclic group is
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, or
thiomorpholinyl, and

a cycloalkyl moiety of the above cycloalkyl group
which may be substituted 1is cyclobutyl, cyclopentyl,
cyclohexyl, bicyclo[2.2.2]octyl, or adamantyl,

or a pharmaceutically acceptable salt thereof.

15. The compound selected from the group consisting of:
3-[4-[ (cis—-3-hydroxytetrahydrofuran-4-
yl)carbamoylmethyl]piperazin-1-y1]-5-(4-
trifluoromethylphenyl)-1,2,4-triazine,
5-(4-fluorophenyl)-3-[4-[[trans—4— (N-
methylcarbamoylmethyloxy)
cyclohexyl]carbamoylmethyl]piperazin-1-y1]-1,2,4-triazine,
3-[4-[[(l-acetyl-4-hydroxypiperidin-4-
yl)methyl]carbamoylmethyl]piperazin-1-y1]-5-(4-
chlorophenyl)-1,2,4-triazine,

3-[4-[[ (7-ex0-9-endo) -9-hydroxy—-3-oxabicyclo[3.3.1]nonan-7-
yl]carbamoylmethyl]piperazin-1-y1]-5-(4-
trifluoromethylphenyl)-1,2,4-triazine,
5-(4-fluorophenyl)-3-[4-[[1-[2-
(methylsulfonylamino)ethyl]piperidin—-4-—
yl]lcarbamoylmethyl]piperazin-1-yl1]-1,2,4-triazine,
5-(2-cyano-5-pyridyl)-3-[4-[[1-[(1-

hydroxycyclopropyl) carbonyl]piperidin-4-
yl]carbamoylmethyl]piperazin-1-yl1]-1,2,4-triazine,
5-(4-fluorophenyl)-3-[4-[[trans—-4- (4-hydroxypiperidino)
cyclohexyl]carbamoylmethyl]piperazin-1-y1]-1,2,4-triazine,
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5-(4-fluorophenyl)-3-[4-[[1—( (R) —2-
hydroxybutanoyl)piperidin-4-yl]carbamoylmethyl]piperazin-1-
yl]-1,2,4-triazine,

5-(4-fluorophenyl)-3-[4-[(3S)-1-[(1-

hydroxycyclopropyl) carbonyl]pyrrolidin—-3-
yl]carbamoylmethyl]piperazin-1-yl1]-1,2,4-triazine,
3-[4-[[cis—-3-(dimethylamino)
cyclohexyl]carbamoylmethyl]piperazin-1-y1]-5-(4-
fluorophenyl)-1,2,4-triazine,
3-[4-[[1-[(4,5-dihydro-1H-imidazol-2-yl)methyl]piperidin-4-
yl]carbamoylmethyl]piperazin-1-y1l]-5-(4-fluorophenyl) -
1,2,4-triazine,

3-[4-[[trans—4—- (acetoamino)
cyclohexyl]carbamoylmethyl]piperazin-1-y1l]-5-(p-tolyl) -
1,2,4-triazine,
3-[4-[[1-(N,N-dimethylcarbamoylmethyl)-1H-pyrazol-4-
yl]lcarbamoylmethyl]piperazin-1-yl]-5-(4-fluorophenyl) -
1,2,4-triazine,

5-(4-fluorophenyl)-3-[4-[1-[(1-

hydroxycyclopropyl) carbonyl]azetidin—-3-
yl]lcarbamoylmethyl]piperazin-1-yl1]-1,2,4-triazine,
3-[4-[[trans—4—- (N-methylcarbamoylmethyloxy)
cyclohexyl]carbamoylmethyl]piperazin-1-y1]-5-(4-
trifluoromethylphenyl)-1,2,4-triazine,
3-[4-[[cis—3-(acetoamino)
cyclohexyl]carbamoylmethyl]piperazin-1-y1]-5-(4-
fluorophenyl)-1,2,4-triazine,
5-(4-chlorophenyl)-3-[(35,4S)-4-[ (cis—-3-
hydroxytetrahydropyran-4-yl) carbamoylmethyl]piperazin-1-
yl]-1,2,4-triazine,
3-[4-[[1-(N,N-dimethylcarbamoylmethyl)-1H-pyrazol-4-
yl]carbamoylmethyl]piperazin-1-y1]-5-(p-tolyl)-1,2,4-

triazine,
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5-(4-chlorophenyl)-3-[4-[[1-(N,N-dimethylcarbamoylmethyl) —
1H-pyrazol-4-yl]carbamoylmethyl]piperazin-1-yl1l]1-1,2,4-
triazine,

5-(4-chlorophenyl)-3-[4-[ (trans—-3-hydroxytetrahydropyran-4-
yl)carbamoylmethyl]piperazin-1-yl1]-1,2,4-triazine,
3-[4-[[1-(N-methylcarbamoylmethyl)-1H-pyrazol-4-
yl]carbamoylmethyl]piperazin-1-y1]-5-(p-tolyl)-1,2,4-
triazine,

5-(4-fluorophenyl)-3-[4-[[1- (N-methylcarbamoylmethyl)-1H-
pyrazol-4-yl]lcarbamoylmethyl]piperazin-1-yl1-1,2,4-triazine,
5-(4-chlorophenyl)-3-[4-[[1- (N-methylcarbamoylmethyl)-1H-
pyrazol-4-yl]lcarbamoylmethyl]piperazin-1-yl1-1,2,4-triazine,
5-(4-chlorophenyl)-3-[4-[ (3—methylbutanoyl)amino]piperazin-
1-y1]-1,2,4-triazine,
5-(4-fluorophenyl)-3-[4-[[ ((2R) -4-methylmorpholyn-2-
yl)methyl]carbamoylmethyl]piperazin-1-y1l]-1,2,4-triazine,
3-[4-[[1-(N-methylcarbamoylmethyl) piperidin-4-
yl]lcarbamoylmethyl]piperazin-1-y1l]-5-(p-tolyl)-1,2,4-
triazine,

3-[4-[[2-(1,1-dioxothiomorholino)
ethyl]carbamoylmethyl]piperazin-1-yl]-5-(4-fluorophenyl) —
1,2,4-triazine,

3-[4-[[trans—-4- (dimethylamino)
cyclohexyl]carbamoylmethyl]piperazin-1-y1]-5-(4-
fluorophenyl)-1,2,4-triazine,

5-(4-fluorophenyl)-3-[4-[ (piperazin-1-
yl)carbamoylmethyl]piperazin-1-yl1]-1,2,4-triazine,
5-(dihydrobenzopyran-5-yl)-3-[4- (isopropylcarbamoylmethyl)
piperazin-1-yl]1-1,2,4-triazine,

3-[4-(4-fluorophenyl) piperazin-1-yl]-5-(o-tolyl)-1,2,4-
triazine, and
5-(2-cyano-5-pyridyl)-3-[4-(isopropylcarbamoylmethyl)

piperazin-1-yl]1-1,2,4-triazine,
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or a pharmaceutically acceptable salt thereof.

16. A pharmaceutical composition comprising the compound
according to any of claims 1-15 or a pharmaceutically

acceptable salt thereof as an active ingredient.

17. The pharmaceutical composition according to claim 16
for use in preventing or treating various diseases and/or
disease states evoked by an increased level of aldosterone
and/or overproduction of aldosterone, or for use in

improving prognosis of these diseases.

18. The pharmaceutical composition according to claim 16,
which is a therapeutic or prophylactic agent for primary
aldosteronism, secondary aldosteronism, hypertension, heart
failure, cardiomyopathy, cardiac hypertrophy, myocardial
infarction, myocardial necrosis lesion, failure after
myocardial ischemia, coronary artery disease, fibrosis or
remodeling of myocardium or Dblood vessels, vascular
restenosis, blood vessel wall thickening, arterial
sclerosis, acute renal disorder, chronic kidney disease,
renal fibrosis, nephropathy, hypokalemia, metabolic
syndrome, obesity, sleep apnea syndrome, retinopathy,
hepatic disease, idiopathic and/or cyclic edema, or

sympathetic hyperactivity.

19. The pharmaceutical composition according to claim 16,
which is a therapeutic or prophylactic agent for primary
aldosteronism, secondary aldosteronism, hypertension, heart

failure, arterial sclerosis, nephropathy, or retinopathy.

20. The pharmaceutical composition according to any of

claim 18 or 19, wherein primary aldosteronism is unilateral
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or bilateral adrenal adenomas, unilateral or Dbilateral

adrenal hyperplasia, aldosterone-producing adrenal
carcinoma, unilateral adrenal multiple nodules
aldosteronism, glucocorticoid reactive aldosteronism,

familial aldosteronism, or ectopic aldosterone-producing

tumors.

21. The pharmaceutical composition according to any of
claim 18 or 19, wherein secondary aldosteronism is
hypertension caused by an estrogen preparation, renal
vascular hypertension, pregnancy hypertension, malignant
hypertension, pheochromocytoma, congestive heart failure,
pseudohypoaldosteronism, chronic liver disease associated
with ascites, inappropriate use of a medicament such as a
laxative and a diuretic, or hyperaldosteronemia associated
with nephrotic syndrome, Bartter's syndrome or Gitelman

syndrome.

22. The pharmaceutical composition according to any of
claim 18 or 19, wherein heart failure 1is congestive heart
failure, left ventricular failure, right ventricular

failure, systolic dysfunction, or diastolic dysfunction.

23. The pharmaceutical composition according to any of

claim 18 or 19, wherein nephropathy is diabetic nephropathy.

24. The pharmaceutical composition according to claim 21,
wherein chronic liver disease associated with ascites 1is

hepatic cirrhosis.

25. The pharmaceutical composition according to any of

claim 18 or 19, wherein retinopathy is diabetic retinopathy.
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26. The pharmaceutical composition according to any of
claim 18 or 19, wherein hypertension 1s essential
hypertension, secondary hypertension, treatment-resistant

hypertension, or mineralocorticoid-related hypertension.

27. The pharmaceutical composition according to claim 26,
wherein secondary hypertension is renal vascular
hypertension, renal parenchymal hypertension, primary

aldosteronism, pheochromocytoma, sleep apnea syndrome,
Cushing's syndrome, drug induced hypertension,

aortostenosis, or hyperparathyroidism.

28. Use of the compound according to any of claims 1-15 or
a pharmaceutically acceptable salt thereof in the
manufacture of a medicament for treating various diseases
and/or disease states evoked by an increased level of

aldosterone and/or overproduction of aldosterone.

29. The use according to claim 28, wherein the diseases
and/or disease states 1s primary aldosteronism, secondary
aldosteronism, hypertension, heart failure, cardiomyopathy,
cardiac hypertrophy, myocardial infarction, myocardial
necrosis lesion, failure after myocardial ischemia,
coronary artery disease, fibrosis or remodeling of
myocardium or blood vessels, vascular restenosis, blood
vessel wall thickening, arterial sclerosis, acute renal
disorder, chronic kidney disease, renal fibrosis,
nephropathy, hypokalemia, metabolic syndrome, obesity,
sleep apnea syndrome, retinopathy, hepatic disease,
idiopathic and/or cyclic edema, or sympathetic

hyperactivity.





