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DESCRIPTION
'Production Method of Pyriaazinone Compounds

Technical Field
[0001] ;

The present invention relates to an industrially
adVantageous method of producing a pyridazinone compound.
[0002] '

[Background of the Invention]

[{0003]

A pyridazinone compbund represented by the following

formula:

[(0004]

)

[0005]

wherein

R' is a substituent,

R? is a hydrogeh atom or a_substituent,

R’ is a hydrogen atom or a substituent,

Ring A is an aromatic ring which can be substituted, and
Ring B is a 5-membered heteroaromatic ring which can be
substituted, | o , |

is known to have a high safety and a superior

phosphodiesterase 10A inhibitory activity, which is useful as

an agent for the prophylaxis or treatment of schizophrenia and

the like (Patent Doéument l).
- As a production method of a pyridazinone compound,

methods.disclosed in Patent Documents 1 to 6 énd non-Patent
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Documents 1 to 5 are known.
[0006]

There is a demand for the provision of an advantageous
method of producing a pyridazinone compéund, which is suitable
for industrial production.

Document List |
Patent Document
[0007] |

Patent Document WO 2010/090737
WO 2010/094762
WO 2010/063610
: WO 2012/018058
WO 2012/018059
Patent Document 6: WO 2012/020780

Patent Document
Patent Document
‘Patent Document

Patent Document

N W N

Non-Patent Docﬁment
[0008] _
Non-Patent Document 1: Jéurnal of Heterocyclic Chemistry,
18(2), 333-334, 1981
Non-Patent Document 2: Justus Liebigs Annalen der Chemie, 1962,
657, 156-61
Non-Patent Document 3: Annali di Chimica (Rome, Italy) 1958,
48, 1342-1348 _
Non-Patent Document 4: Designed Monomers and Polymers, 2004,
7(5), 445-459 _
Non—Patent Document 5:vApplied Organometallic Chemistry, 2004,1
18(7), 343-352 |
Summary of the Invention
Problems to be Solved by the Invention
[0009]

The present invention alms to provide a new method of

easily producing a pyridazinone compound répresented by the

. following formula (I) or (I') in high yield and at a low cost,

which is a suitable for industrial production.

Means of Solving the Problems
[0010]
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The present inventors have found that, by employing a

route via~thé compound represented by the following formula

(Vb) or formula (V'b) (or formula (V) or formula (V’)) from

the compound representéd by the following formula (II) as a

starting material, which is an unsymmetric diketone, the

pyridazinone compound -represented by the following formula (I)

or (I') can be easily produced in high yield, at a low cost,
in a suitable method for industrial production, with
regioselectivity due to the structure of the substituent,
which resulted in the completion of the present invention.
[0011] | "
Accordingly, the present invention is the followings:

[1] A method of producing a compound represented by the

formula (I) or formula (I7):

[0012]

[0013]

- wherein

R! and R? are each independently a hydrogen atom or a
substituent (excluding a benzyloxy group),

Ring A is an opticnally substituted aromatic ring, and

R" is an optionally substituted hydrécarbon group or an
optionally substituted heterocyclic group,

provided that a compound wherein R! and R® are.same’groups is
excluded, »

or a mixture thereof or a salt thereof (hereinafter to be
referred to as compound (I) or compound (I') or a mixture
thereoff, whibh cdmprises_

step (l): a step of réacting a compound represented by the
formula (II): |

(00141
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[0015]
wherein each symbol is as defined above,
or a salt theredf (hereinafter to be referred to as compound

5 (II)), with a compouhd répresented by the formula (IIla):
[0016] '
RSao RSa'
N (a)

R42Q \Rea
[0017]

wherein

10 R¥, R*™, R% and R® are each independently an optionally

substituted hydrocarbon group,
or a salt thereof (hereinafter to be referred to as compound

(IITIa)), to give a compound represented by the formula (IV) or
formula (IV'):

15 [0018]

20

25

[0019]

wherein each symbol i1s as defined above,

or a mixture thereof or a salt thereof (hereinafter to be
referred to as compbund (IV) or compound (IV’) or a-mixﬁure
thereof); |

step (2): a steﬁ'of reacting the compound represented by the
formula (IV) or formula (IV’) or avmixture thereof or a salt

thereof with.a compound represented by the formula (IIib):,
[0020]
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R3bo RSb

>_N: (b)

R4bo R6b
[0021]

wherein
R®, R*®, R® and R® are each independently an optionally
substituted hydrocarbon group,

or a salt thereof (hereinafter to be referred to as compound

(ITIb)), to give a compound represented by the formula (Vb) or
formula (V'b): |
(00221

wherein each symbol is as defined above, »

or a mixture thereof or a salt thereof (hereinafter to be
referred to as compound (Vb) or compound (V’b) Oor a mixture
therebf); and \

step (3): a step of reacting the compound represented by
formula (Vb) or formula (V'b) or a mixture thereof or a salt
thereof, with a compound represented by the formula (VI):
[0024] .

R’NH-NH, (Vi)

[0025]

wherein each symbol is as defined above,

or a salt thereof (hereinafter to be referred to as compound
(V1)) ‘

[2] A method of producing a compound represented by the
formula (Vb) or formula (V'b):

[0026]
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[0027]

whereinv

R' and R? are each independengly a hydrogen atom or &
subsﬁituent (excluding aibenzyloxy‘group),

Ring A is an optionaily substituted aromatic ring, and

R® and R® are each independently an optionally substituted
hydrocarbon group, 7

provided that a compound wherein R' and R® are same groups 1is
excluded, _

or a mixture thereof or a salt thereof, which comprises

step (1): a step of reacting a compound represented by formula
(I1):

[0028]

()

[0029J

wherein each symbol is as defined above,

or a salt thereof, with a compound répresented by the formula
(IIIa): |

[0030]

R3ao RSa

7

N (a)
R4ao>— \R6a

[0031]

- wherein

R%, R*, R and R® are each independently an optionally
substituted hydrocarbon group, | (

or a salt thereof, to give a compound represented by the

6
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formula (IV) or formula (iV’)f

[0033]

wherein each symbol is as defined above,
or a mixture thereof or a salt thereof; and
step (2): a step of reacting the compound represented by the
formula (IV) or formula (IV’) or a mixture thereof or a salt
thereof with a compound represented by formula (ITIb):
[0034]
R3bo R5b
>*N (1lib)
R4b0 R
[0035] _
wherein R® and R* are each independently an optionally
substituted hydrocarbon group, and the other symbols are as

defined above,

- or a salt thereof.

(3] The method of the above-mentioned [1] or [2], wherein the
compound répresented by the obtained formula (IV) or formula
(IV") or a mixture thereof or a salt thereof obtained in step
(1) is subjected to step (2) withoﬁt isolatipn. ‘

[4] A method of producing a compound represented by the

formula (V) or formula (V’):

[0036]

{00371

wherein



10

15

20"

25

30

WO 2014/129668 ' | PCT/JP2014/054780

R ahd R?.are each independently a hydrogen atom or a
substituent (excluding a benzyloxy group), |

Ring A is an optionally substituted aromatic ring, and

R® and R® are each independently an optionally substituted
hydrocarbon group, ‘

provided that a compound whereiﬁ R' and R? are same groups is
excluded, | ‘ |

or é mixture thereof or a salt thereof (hereinafter to be
referred to as compound (V) or compound (V') or a mixture
thereof), which comprises ' V

vstep‘(l and 2): a step of reacting a‘bompound represented by
the formula (II):

[0038] |

(n

[0039]

wherein each symbol is as defined above,

or a salt thereof, with a compound represented'by the formula
(IIT):

[0040]

RO RS

>—v\{ (1) |

RO RS

[6041] \

wherein R and R® are each independently an optionally
substituted hydrocarbon group, andﬁthe othervsymbols are as
defined above, ‘ ' » ' o

or a salt thereof (hereinafter to be referred to aslbompound

(111)) .
[5] The method of any of the above-mentioned [1] to [3],

‘wherein-

R' is an optionally substituted aromatic ring group, -OR®, -NHRS,

-NR®R¥ or -SR® wherein R® and R® are each independently an

8
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optionally substituted Ci-10 alkyl group, an bptionallyq:
substituted Cjz-10 alkenyl gioup,~an optionally substituted C,.ip
alkynyl group, an.optionally substituted Cs-1 cyéloalkyl group,
an optionally substituted Cs.;0 cycloalkenyl group, an
optionally substituted'C440‘cycloalkadienyl group,‘an
opticnally substituted Cg.14 aryl group, an optionally
.substituted Cg-14 aralkyl group or an optionally substituted Ca-
13 aryl alkenyl group,

R? is (1) a hydrogen atom, (2) an optiohally substituted Ci_ip
alkyl group,'(3) an optionally substituted C;.;0 alkenyl group,
(4) an optionally substituted C,-15 alkynyl group, or (5) an
optionally substituted Ciz-19 cycloalkyl group, and

the compound fepresented by the formuia (IV) or a salt thereof
is obtained in step (1).

[6] The method of any of the above-mentioned [1] to [5],
wherein R' is methoxy, and R? is a hydrogen atom.

[7] The method of‘any of the above-mentioned [1], [3], [5] and
[6], wherein Ring A is 4-(pyrazol-1-yl)-2-fluorobenzene, and R’
is phenyl.

(81 A compound represented by the formula (IIa):

[0042] ’

RZa
[0043]

wherein

'R is -OR® wherein R’ is a substituent (excluding an ethenyl

' group and a benzyl group), and

30

R* is a hydrogen atom or a ‘substituent, and

Ring Ra is an optionally substituted,arométic ring,

_provided that

a compound wherein R and R*® are same groups is excluded,. and

l—methoxy—B—(2—phenylhydra2inylidene)pentane-Z,4—dione and 1-

9
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phenoxy-3- (2-phenylhydrazinylidene)pentane-2,4~-dione are -
excluded, ‘ |

or a salt thereof (hereinafter ﬁo be referred to as compound
(IIa)).

[9] A compound represented by the formula:

N=
i

N
MeO Hu/[;:j/

o N F

10044]

0o~ Me
[0045]

which is (3-{2-[2-fluoro-4- (1H-pyrazol-1-
yl)phenyl]hydrazinylidene}—1—methoxypentane—2,4—dione) or a
salt thereof. -

Effect of the Invention

[0046]

‘, According to the present invention, from compound (II) as
a starting material, which is an unsymmetric diketone,
pyridazinone compound (I) or (I’) can be easily produced in
high yield, at a low cost, in a suitable method for industrial
production, with regioselectivity due to the structure of the
substituent.'

[0047] |
[Detaiied Description of the Invention]

The “halogen atom”‘in the present specification, means a
‘fluorine atom, a:chlorine atom, a bromine atom or an iodine
atom. |

The “Ci-1p alkyl group” in the preseht'specification means,

for example, methyl, ethyl, propyl, isopropyl, butyl, 2-

methylpropyl, l-methylpropyl, tert-butyl, pentyl, isopentyl,
neo-pentyl, l-ethylpropyl, hexyl, isohexyl; 1[ledimethylbutyl,
2,2—dimethylbutyl,_3,3¥dimethylbutyl, 2—ethylbutyl,'ﬁeptyl,
octyl, nonyl, decyl or the like. Among them, a Ci¢ alkyl group-

is preferable.

10
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The “Ci-¢ alkyl (group)” in the present specification
means, for example, methyl, ethYl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, terf—butyl,'pentyl,lisopentyl,.neo—pentyl,
l-ethylpropyl, hexyl, isohexyl, 1,l-dimethylbutyl, 2,2-
dimethylbutyl,'3,3—dimethylbutyl, 2-ethylbutyl or thé like.

The “Cj.19 alkenyl groﬁp” in the present specification
means,’for'example, vinyl, l-propenyl, 2-propenyl, 2-methyl-1-
propenyl, 1—butényl, 2-butenyl, 3-butenyl, 3-methyl-2-butenvyl,

‘l-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 4~methyl-3-

pentenyl, .I-hexenyl, 3-hexenyl, 5-hexenyl, 1- heptenyl, 1-

‘octenyl or the like. kAmong them, a Cy.¢ alkenyl group is

preferable. ’

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

The “Cs_ig alkyﬁyl group” in the present specification
means, for example, ethynyl, 1l-propynyl, 2-propynyl, 1l-butynyl,
2-butynyl, 3-butynyl, l-pentynyl, 2-pentynyl, 3-pentynyl, 4-
pentynyl, 1,l-dimethylprop-2-yn-1-yl, l-hexynyl, 2-hexynyl, 3-
hexynyl, 4-hexynyl, 5-hexynyl, 1- heptynyl, l-octynyl ér‘the
like. Among them, a C;.¢ alkynyl group is preferable.

The “Cy-¢ alkynyl (group)” in the present specification
means, for example, ethynyl, l-propynyl, 2-prdpynyl, l—butyhyl,
2-butynyl, 3-butynyl, 1—pentyhyl, 2-pentynyl, 3-pentynyl, 4-
pentynyl, 1,1—dimethylprop—2—yn-1—yl, l—hexynyl, 2—hexynyl,‘3—
hexynyl, 4-hexynyl, 5-hexynyl or the like.

[0048] |

| The “Ci_¢ alkoxy (group)” in the present»speéification
méans, for example, methoxy, ethoxy, propoxy, isopropoxy,
butoxy, isobutoxy, séc—butbxy, tert-butoxy, pentyloxy,
isopentyloxy, hexyloxy or the like.

The “C,¢ alkenyloxy (group)” in the present specification

means, for example, vinyloxy, l-propenyloxy, Z2-propenyloxy, 2-

11
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methyl-l-propenyloxy, 1—bﬁtenyloxy, Z2-butenyloxy, 3-butenyloxy,
3-methyl-2-butenyloxy, l-pentenyloxy, 2-pentenyloxy, 3- ‘
pentenyloxy, 4-pentenyloxy, 4-methyl-3-pentenyloxy, 1-
hexenyloxy, 3-hexenyloxy, S-hexenyloxy or the like. |

The “C;-¢ alkynyloxy (group)” in the present specification
means, for example, ethynyloxy, l-propynyloxy, 2-propynyloxy,
1-butynyloxy, 24butynyloxy, 3-butynyloxy, l-pentynyloxy, 2-
pentynyldxy, 3-pentynyloxy, 4-pentynyloxy, 1,l-dimethylprop-2-
'yn—i¥yloxy, l-hexynyloxy, 2-hexynyloxy, 3-hexynyloxy, 4-
hexynyloxy, 5-hexynyloxy or the like.

[0049]

The “Ci-¢ alkylenedioxy (group)” in the present

'Specification means, for example, methylenedioxy,

ethylenedioxy or the like.
[0050] |

The “C;_s alkoxy-carbonyl (group)” in the present
specification means, for example, methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl,
butoxycarbonyl, isobutoxycarbonyl, tert-butoxycarbonyl or the
like. '

The “Ci.s alkyl-carbonyl (group)” in the present
specification‘means, for example, acetyl, propanoyl, butanoyl,
2-methylpropanoyl or the like.

[0051] | |

”

The “mono-C;.s -alkyl amino (group)” in the present
specification means, for example, methylamiﬁo, ethylamiho,;
propylamino, isopropylamino, butylamino, isobutylamino, tert-
butylamino or the like. | o - |
The “di-Ci-g alkyl amino (group)” in the present _
specification means, for example, dimethylamino, diethylamino,

dipropylamino, diisopropylamino, dibutylamino, diisobutylamino,

~ditert-butylamino or the like.

[0052]

The “Ci_ip cycloalkyl group” in the present specification

means, for example, cyclopropyl, cyclobutyl, cyclopentyl,

12
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cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl or
the like. Among them, a Cs-g cycloalkyl group is preferable.

The “Csz-s cycloalkyl (group)” in the present specification

means, for example, cyclopropyl, cyclobutyl, cyclopentyl,.
cyclohexyl, cycloheptyl, cyclooctyl or the like.

The “Cs-s cydloalle (group)” in the present specification
means, for example, one having 3 to 6 carbon atoms, from among
the above-mentioned Ci.g cycloalkyl (group).

The “Cs-3 cycloalkyloxy .(group)” in the present
specification means, for example, cyclopropyldxy,

cyclobutyloxy, cyclopentyloxy, cycloheXlexy, cycloheptyloxy,

‘cyclooctyloxy or the like.

The “Ci-g cycloalkyloxy (group)” in the present
specification means, for example, cyclopropyloxy,
cyclobutyloxy, cyclopentyloxy, cyclohexyloxy or the like.
IOOSBJ

The “Cs.1p cycloalkenyl group” in the present

‘specification means, for example, cyclopropenyl (e.g., 2-

cyclopropen-1-yl), cyclobutenyl (e.g., 2-cyclobuten-l-yl),
cyclopehtenyl (e.g., 2-cyclopenten-1-yl, 3-cyclopenten-l¥yl),
cyclohexenyl (e.g., 1—cy¢lohexen—1—yl, 2-cyclohexen-1-yl, 3-
cyclohexen~1-yl), cycloheptenyl (e.g., l-cyclopenten-l-yl, 2-
cyclohepten—i—yl, 2-cyclohepten-1-yl), cyclooctenyl (e.g., 1-
cycloocten-1-yl, 2-cycloocten-1-yl, 3-cycloocten-l-yl),
cyclononenyl (e.g., l-cyclononen-1l-yl, 2-cyclononen-1l-yl, 3-

cyclononen-1-yl) or the like. Among them, a Cs.g cycloalkenyl

_group is preferable.

The “Cs.g cycloalkenyl (group)” in the present .

- specification means, for example, cyclopropenyl (e.g., 2-

cyclopropen-1-yl), éyclobutenyl (e.qg., 2—cyclobuteh-1—yl),
cyclopentenyl (e.g., 2-cyclopenten-1-yl, 3-cyclopenten~-1-yl),

- cyclohexenyl (e.g., 2-cyclohexen-1-yl, 3-cyclohexen-1-yl) or

the like.
~ The “Cs-g cycldalkenyloxy (group)” in the present

specification means, for example, cyclopropenyloxy (e.g., 2-
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cyéloprbpen—l—yloxy), cyclobutenyloxy (e.qg., 2—cyclobutenfl—
yloxyj, cyclopentenyloxy (e.g., 2—cyclopenten—1—yloxy, 3- |
cyclopenten-1-yloxy), cyclohekényloxy (e.g., 2-cyclohexen-1-
yloxy, 3-cyclohexen-l-yloxy) or the like.

‘The “Cy-10 cycloalkadienyi group “ in the present
specifigaéion means}‘forkexample, l,3—cyclobutadién—1—yl,:1,3f

cyclbpentadien—l—yl,'1,4—Cyclopentadien—1—yl, 2,4~

. cyclopentadien-1-yl, 1,3-cyclohexadien-1-yl, 1,4-

cyclohexadien-1-yl, 1,5-cyclohexadien-1-yl, 2,4-cyclohexadien-

1-yl, 2,5-cyclohexadien-1-yl, 1,3~cyclooctadien-1~-yl, 1,4-

fcyclooctadien—i—yl, 1,5~cyclooctadien-1-yl, 1, 6-cyclooctadien-

1-yl, l,7—cyclooctadien—1—yl[ 2,4-cyclooctadien~-1~yl, 2,5~
cyclooctadien-1-yl, 2,6-cyclooctadien-1-yl1, 2,7—cyclooctadien—
1-y1, 3,5—cycldoctadien—l—yl, 3, 6-cyclooctadien-1~yl or the
like. Among them, a Cs cycloalkadienyl group is preferable.

The “Cy4-¢ cycloalkadienyl group” in the present 7
specification means, for example, 1,3-cyclobutadien-1-yl, 1,3~
cyclopentadien-1-yl, 1,4-cyclopentadien-1-yl, 2,4~
cyclopentadien-1-yl, 1,3-cyclohexadien-1-yl, 1,4-
cyclohexadien-1-yl, 1,5-cyclohexédien—l—yl, 2,4-cyclohexadien-
1-yl, 2,5-cyclohexadien-1-yl or the. like. |
[0054] ' ' »

The above—mentionéd'C340 Cycloalkyl group, Csi-10
cycloalkenyl group and Cs-10 cycloalkadienyl group each

optionally form a fused ring group with a benzene ring.

'Examples of the fused ring group include indanyl,

‘dihydronaphthyl, tetrahydronaphthyl, fluorenyl and the like.

[0055] ;

In addition, the above-mentioned C3-10 cycloalkyl group,
C3-10 cycloalkenyl group and Cy4.;9 cycloalkadienyl group are '
optionally a Cy-19 bridged hydrocarbon group. Examples of the
C740 bridged hydrocarbon group include bicyclokZ.Z.l]heptyl |

" (norbornyl), biCyclé[2.2.2]octyl, bicyclo[3.2.1]octyl,
bicyclo[3.2.2]nonyl, bicyclo[3.3.1]lnonyl, bicyclol4.2.1)nonyl,

bicyclo[4.3.1]decyl, adamantyl and the like. -
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[0056]

Moreover,kthe ébove*mentioned'cgﬂo cycloalkyl gfoup, Cs-10
cycloalkenYl group and Cs-10 cycloalkadienyl group each
optionally form a spiro ring group with a Cs.io cycloalkane, Cs.
10 cycloalkene or C4-10 cycloalkadiene. EXémples of the C3-10 -
cycloalkane, Cs-19 cycloalkene and Cy-1g cycldalkadiene include
rings corresponding to the above-mentioned Cs-10 cycloalkyl
group; C3-10 cycloalkenyl group and C;qo cycloalkadienyl group.
‘Examples‘of the spiro ring group include spiro[4.5]decan-8-yl
and therlike. '

[0057]

The “Cg-14 aryl (grQup)” in the present specification

means, for example, phenyl, l-naphthyl, 2—naphtﬁyl or the like.

”

o The "“C¢-14 aryloxy (group)” in the present‘speéification
means, for example, phenoxy, l-naphthyloxy, 2-naphthyloxy or
-the like.

The “Cj-14 aralkyl (group)

"

in the present specification
means, for example, benzyl) phenethyl or the like.

The “Cg-14 aralkyl (group)” in the present specification
means, for example, phenethyl or the like.

The “Cy-14 aralkyloxy (group)” in the present
specification means, for example, benzyloxy, phenethyloxy or
the like. | |

The “Cg-13 aryl alkenyl group” in the present
specification means; for example, styryl or the like.

[0058] “ | '

The “hydrocarbon group” in the present specification
means, for example, a Clﬂgnélkyl Qréup, a Cyi0 alkenyl group, a
Cz-10 alkynyl group, a Csz-ip cycloalkyl group, a C3go cycloalkenyl
group;'a Céqq cycloalkadienyl group} a Cg-14 aryl group,'a Cr-14
aralkyl group, a Cg-13 aryl alkenyl group or the like.

[0059] | |
'~ The “heterocyclic group” in the present specification
means an aromatic heterocyclic»group or a non—aromafic

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

The “monocyclic.aromatic heterocyclic group” means; for
example, a 5- to 7-membered (preferably 5- or 6é-membered)
monocyclic aromatic heterocyclic group ring containing, as a
ring-constituting atom besides carbon étom,'l to 4 hetero
atoms sélected from an oxygen atom, a sulfur atom (optionally
oxidized) and a nitrogen atom (optionally oxidiied), and
examples thereofvinclude furyl (e.g., 2-furyl, 3-furyl),-
thienyl (e.g., 2-thienyl, 3-thienyl), pyridyl (e.g., 2-pyridyl,
3-pyridyl, 4-pyridyl), pyrimidinyl (e.g., 2-pyrimidinyl, 4-
pyrimidinyl, 5-pyrimidinyl), pyridazinyl (e.g., 3-pyridazinyl,
4-pyridazinyl), pyrazinyl (e.g., 2—pyrazinyl),.pyrrOlyl (e.g.,
l-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl), imidazolyl (e.g., 1l-
imidazolyl, 2-imidazolyl, 4-imidazolyl, 5-imidazolyl),
pyrazolyl .(e.g., l-pyrazolyl, 3-pyrazolyl, 4-pyrazolyl),
thiazolyl (e.g., 2-thiazolyl, 4-thiazolyl, 5-thiazolyl),
isothiazolyl (e.g., 3-isothiazolyl, 4-isothiazolyl, 5-
isothiazolyl), oxazolyl (e.g., 2-oxazolyl, 4—oxazdlyl, 5-
oxazolyl), isoxazolyl (elg., 3-isoxazolyl, 4-isoxazolyl, 5-
isoxazolyl), oxadiazolyl (e.g., 1,2,4-oxadiazol-5-yl, 1,3,4-
oxadiazol-2-yl), thiadiazolyl (e.g., 1,3,4—thiadiazol—2—yl),
triazolyl (e.g., l,2,4—triazol—1—yl, 1,2,4—£riazol—3—yl,
1,2,3-triazol-1-yl, 1,2,3-triazol-2-yl, 1,2,3-triazol-4-yl),
tetrazolylv(é.g., tetrazol-1-yl, tetrazol-5-yl), triazinyl
(e.g., l,2,4—£riazin—1—yl, 1,2,4-triazin-3-yl) and the like.
[0060] v ’ _

The “fusedaaromatic heterdcyclic group” in the present
Specification means, for eXample, a 8- to 1l2-membered fused
arométic heterocyclic gfoup, specifically, a group'derived

from a fused ring formed by fusion of the ring corresponding
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to-the above-mentioned 5- to 7-membered monocyclic aromatic
héterocyclic grqup and a Cg-14 aromatic hydrocarbon; or a‘gréup ‘
derived from a fused ring formed by fusion of the ring
corresponding to the above—mentioned 5- to 7-membered
monécYclic aromatic heterocyclic groups, and examples thereof

include quinolyl (e.g., 2-quinolyl, 3-quinolyl, 4-guinolyl, 6-

‘quinolyl), isoquinolyl (e.g., 3-isoquinolyl), quinazolyl (e.g.

2-guinazolyl, 4-quinazolyl), quindxalyl (e.g., 2-quinoxalyl,
6-quinoxalyl), benzofuranyl (e.g., 2-benzofuranyl, 3-

benzofuranyl), benzothienyl (e.g;, 2-pbenzothienyl, 3-

. benzothienyl), benzoxazolyl (e.g., 2-benzoxazolyl),

benziSoxazolyl (e.g., 7-benzisoxazolyl), benzothiazolyl (e.g.,

. 2-benzothiazolyl), benzimidazolyl (e.g., benzimidazol-1-yl,

benzimidazol-2-yl, benzimidazol-5-yl), benzotriazolyl (e.g.,
1H-1,2, 3-benzotriazol-5-yl), indolyl (e.g., indol-l-yl, indol-
2-yl, indol-3-yl, indol-5-yl), indazolyl (e.g., 1lH-indazol-3-
yl), pyrrolopyrazinyl (e.g., 1lH-pyrrolo[2,3-blpyrazin-2-yl,
lH—pyrrolo[Z,3—b}pyrazin—6—yl), imidazopyridyl (e.g., 1H-
imidazo[4,5-b]lpyridin-2-yl, 1H-imidazo[4,5-clpyridin-2-yl, 2H-
imidazofl,2-alpyridin-3-yl), thienopyridyl_(e.g., thieno(2,3-
blpyridin-3-yl), imidazopyiazinyl (e.g., 1lH-imidazo[4, 5~
blpyrazin-2-yl), pyrazolopyridyl (e.g., 1lH-pyrazolo[4,3-
clpyridin-3-yl), pyrazolothienyl (e.g., 2H-pyrazolo[3,4-
b]thiophen-2-yl), pyrazolotriazinyl (e.g., pyrazolo[5,1-
cl1[1,2,4]triazin-3-yl) and the like. ‘ :

(0061] | ”

The “non-aromatic hetérocycliC'group”‘in‘the‘p;esent
specification means a monocyclic non—éromatic heterocyclic
group or a fused non—aeratic héterocyclic‘group,'for example,
a 3- to 1l2-membered non-aromatic heterocyclic group,

specifically, a 3- to 8-membered monocyclic non-aromatic

~heterocyclic group or a 8- to 12-membered fused non-aromatic

heterocyclic.group.
The “monocyclic non-aromatic heterocyclic group” in the

present specification means, for example, a 3- to 8-membered
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'(preferably 5- or 6-membered) monocyclic non-aromatic
'heferocyclic.group containing, as a ring-constituting atom

» besides carbon atom, 1 to 4 hetero atoms sélected from an

oxygen atom, a sulfur atom (optionally oxidized) and a
nitrbgen atom‘(optionally oxidized), and examplesbthereof
includé azetidinyl (e.g., l-azetidinyl, 2-azetidinyl),
pyrrolidinyl (e.g., l-pyrrolidinyl, 2—pytrolidinyl), piperidyl
(e.g., piperidino, 2-piperidyl, 3-piperidyl, 4-piperidyl),
morpholinyl (e.g., morpholino), thiomorpholinyl (e.g.,

thiomorpholino), piperazinyl (e.g., l-piperazinyl, 2-

‘piperazinyl, 3-piperazinyl), oxazolidinyl (e.g., oxazolidin-2-

yl), thiazolidinyl (e.g., thiazolidin-2-y1),
dihydrothiopyranyl (e.g., dihydrothiopyran-3-yl,
dihydrothiopyran-4-yl), imidazolidinyl (e.g., imidazolidin-2-

yl} imidazolidin-3-yl),. oxazolinyl (e.g., oxazolin-2-yl),

- thiazolinyl (e.g., thiazolin-2-yl), imidazolinyl (e.g.,

imidazolin-2-yl, imidazolin-3-yl), diocxolyl (e.g., 1,3-dioxol-
4-yl), dioxolanyl (e.g., 1,3-dioxolan-4-yl),

dihydrooxadiazolyl (e.g., 4,5-dihydro-1,2,4-oxadiazol-3-yl),
pyranyl (e.g., 2—pyraﬁyl, 4-pyranyl), tetfahydropyranyl (e.g.,
2-tetrahydropyranyl, 3-tetrahydropyranyl, 4—tetrahydrqpyranyl),

thiopyranyl (e.g., 4-thiopyranyl), tetrahydrothiopyranyl (e.g.,

2-tetrahydrothiopyranyl, 3-tetrahydrothiopyranyl, 4-
tetrahydrothiopyranyl),“1—oxidotetrahydrothiopyranyl (e.g., 1-
oxidotetrahydrothiopyran-4-yl), 1,1- '
dioxidotetrahYdrothiopyranyl (e.g., 1,1-
dioxidotetrahydrothibpyran:4-yl), tetrahydrofuryl (e.g.,
tetrahydréfuran—3~yl, ﬁetrahydrofuran—Ziyl), oxetanyl {(e.qg.,
oxetan-2-yl, oxetan-3-yl), pyraleidinyl (e.g.[ pyrazolidin-1-
vl, pyrazolidin—B—yl), pyrazolinyl (e.g., pyrazolin-1-yl1),
tetrahydropyrimidinyl (e.g., tetrahydropyrimidin—1—yl),
dihydrotriazolyl (e.g., 2,3-dihydro-1H-1,2,3-triazol-1-yl),
tetrahydrotriazolyl (e.g., 2,3,4,5¥tetrahydro—1H—l,2,3—
triazol-1-yl), azepanyl (e.g., l-azepanyl, 2—azepanyl, 3-
azepanyl, 4-azepanyl), dihydropyridyl (e.g.,_dihydrOpyridin—l—
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yl, dihydropyridin-z-yl, dihydropyridin-3-yl, dihydropyridin-
4-yl), tetrahydropyridyl (e.g., 1,2,3,4-tetrahydropyt¥idin-1=yl,
1,2,3,4—tetrahydropyridin—2—yl,. 1,2,3,4~-tetrahydropyridin-3-yl,
1,2,3,4-tetrahydropyridin-4-yl) and the like.

[0062] _

The “fused non-aromatic heterocyblic group” in the
present specification means, for example, a 8- to 12-membered
fused non-aromatic heterocyclic group, specifically, a group
derived from a fused ring formed’by fusion of the ring
correéponding to the above-mentioned 3- to 8-membered
monocyclic non-aromatic heterocyclic group and a Ce-14 aromatic
hydrocarbon; a group derived from a fused ring formed by
fusion of the ring corresponding to the above-mentioned 3- to
8-membered monocyclic non-aromatic héterocyclic groupé; a
group derived from a fused ring formed by fusion of the ring
corresponding to the above-mentioned 3- to 8-membered
monocyclic non-aromatic heterocycle and the ringicorresponding
to the above-mentioned 5- to 7-membered monocyclic aromatic
heterocyclic group; or a partially saturated group thereof,
aﬁé examples thereof dihydroindolyl (e.g., 2,3-dihydro-1H-
indol~-1-yl), dihydroisoindolyl (e.g., 1,3-dihydro-2H-isoindol-
2-yl), dihydrobenzofuranyl (e.g., 2,3—dihydro—l—benzofuran—S—
yvl), tetrahydrobenzofuranyl (e.g., 4,5)6,7—tetrahydro—l—
benzofuran-3-yl), dihydrobenzodioxinyl (e.g., 2,3-dihydro-1,4-
benzodidioxin-2-yl), dihydrobenzodioxepinyl (e.qg., 3,4-
dihydrof2H—l,5—benzodioxepin—2—yl), chromenyl (e.g., 4H-
chromen-2-yl, 2H-chromen-3-yl), dihydrochromenyl (e.g., 3,4-
dihydro-2H-chromen-2-yl), dihydroquinolyl (e.g., 1,2-

dihydroquinolin-4-yl), tetrahydroquinolyl (e.g., 1,2,3,4-

tetrahydroquinolin-4-yl), dihydroisoquinolyl (e.g., 1,2~
dihydroisoquinolin—4—yl), tetrahydroisoquinolyl (e.g.,
1,2,3,4—tetrahydroisoquinolm—zl—'yl), dihydrophthalazinyl (e.q.,
1,4-dihydrophthalazin-4-yl) and the like.
[0063]

The above-mentioned “monocyclic non-aromatic heterocyclic
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group” and “fused non-aromatic heterocyclic group” are

optionally bridged, and examples thereof include 3-oxa-6-

azabicyclo[3.1.1]lheptyl, 8—oxa—3—azabicyclo[3.2.1]0ctyl, 2~

oxa-5-azabicyclo[2.2.1]heptyl, 3—oxa—8—azabicyclo[3r2Ql]octyl,

6—oxa—3—azabicyclo[3.1.1jheptyl and the like.

[0064]

The “aromatic ring group” in the present specification

means a Cg14 aryl group or an aromatic heterocyclic group.

[0065]

The “aromatic ring” in the present specification means a

Ce-14 aromatic hydrocarbon or an aromatic heterocycle.

[0066]

The “Cg-14 aromatic hydrocarbon” in the present

specification means, for example, benzene or naphthalene.

The “aromatic heterocycle” in the present specification

means a ring corresponding to the above-mentioned “aromatic

heterocyclic group”.

[0067]

The “Ci-10 cycloalkane” in the present specification means,

for example, cyclopropane, cyclobutane,

cyclopentane,

cyclohexane, cycloheptane, cyclooctane, cyclononané,

cyclodecane or the like.

The “Ci-;p cycloalkene” in the present specification means,

for example, cyclopropene, cyclobutene, cyclopentene,

cyclohexene, cycloocténé, cyclononene, cyclodecene or the like.

The “C4-10 cycloalkadiene” in the present specification

means, for example, 1,3-cyclobutadiene, 1,3—cyclopéntadiene,

1,4-cyclopentadiene, 2,4-cyclopentadiene, 1,3-cyclohexadiene,

1,4-cyclohexadiene,
2,5-cyclohexadiene,
1,5-cyclooctadiene,
2,4-cyclooctadiene,
2,7-cyclooctadiene,
the like.

[0068]

1,5¥cyclohexadiene,
i,3—cyclooctadiene,

1, 6-cyclooctadiene,

2,5-cyclooctadiene,

3,5-cyclooctadiene,

20
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The definition of each symbol in the férmulas is
explained in the following.

R' and R? are each independently a hydrogen atom or a
substituent (excluding a benzyloxy group) . |

Examples of the “substituent” for R!' or R? include an
optionally substituﬁed hydrocarbon group, an optionally
substituted heterocyclic.group, an optionally substituted
hydroxy group, an optionally substituted sulfanyl group, an

optionally substituted amino group, an acyl group, a nitro

'groﬁp, a cyano group and a halogen atom.

[0069]

The above-mentioned Ci-10 alkyl group, Ci-1g alkenyl group

and Cz-19 alkynyl group exemplified as the “hydrocarbon group”

optionally have 1 to 5 (preferably 1 to 3) substituents at

substitutable position(s). Examples of the substituent include

“substituents selected from the following Substituent Group A.

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

[0070]

Substituent Group A:

(1) a halogen atom;
(2) a cyano group;
(3) a nitro group;
(4) a hydroxy groﬁp; _
(5) a Cs.g cycloalkyl group optionally substituted by 1 to 3
substituents selected from | |
(a) a halogen atom,
(b) a cyano group,
.(c)'a Ci-¢ alkyl group optionally subétituted by 1 to 3
halogen atoms,,and. |
(d) a Ci¢ alkoxy groﬁp optionally. substituted by 1 to 3
halogen atoms; ' _ | A
(6) a‘C@44'aryl group optionally substituted by 1 to 3
substituents selected from

(2a) a halogen atom,
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(b) a cyano group, ‘ _

(c) a Ci.g alkyl group optionally substituted by.l to 3

halogen atoms, and ,‘

(d) a C;-¢ alkoxy group optionally subétituted'by 1 to 3

halogen atoms; '
(7) a Cig alkoxy'group optionally substituted by 1 to 3
substituents selected from

(a) a halogen atom,

(k) a cyano group, |

(c) a Ci_g cycloalkyl group optionally substituted‘by 1 to 3

halogen atoms; | ' '

(d) a Cs-g cycloalkenyl group optionally substituted by 1 to

3 halogen atoms, | ’

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

halogen atoms, and

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

group; 1
(8) a Cy-g alkenyloxy group (e.g., vinyloxy, propenyloxy,
butenyloxy, pentenyloxy, hexenyloxy) optionally substituted by
1 to 3 halogen atoms; ,
(9) a Cy-¢ alkynyloxy group (e.g., ethynyloxy,‘propynyloxy,
butynyloxy, pentynyloxy, hexynyloxy) optionally substituted by
1 to 3 halogen atoms; |
(10) a Cs-g cycloalkyloxy group (e.g., cyclopropyloxy,
cyclobutyloxy, cyclopentyloxy, cyclohexyloxy) optionally
substituted by 1 to 3 halogen atoms; '
(11) a Ci-g cycloalkenyloxy group (e.g., cyclopropenyloxy,
cyclobutenyloxy, cyclopentenyloxy, cyclohexenyloxy) optionally
subStitﬁted by 1 to 3 halogen atoms;
(12) a Cg-14 aryloxy group optionally Substituted by 1 to 3

 halogen atoms;

(13) a Cy-14 aralkyloxy group optionally substituted by 1 to 3
halogen atoms; | “ ,
(14) a carbamoyl group optionally mono- or di-substituted by'

substituent (s) selected from
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a Ci-¢ alkyl group,

(b) a C}% cycloalkyl group,
a Ce-14 aryl group,
(d) a Cg6 alkoxy group,
ey a 5- or 6-membered monoéyglic aromatic heterocyclic

‘group,

(f) a 8- to 12-membered fused éromatic heterocyclic group,
(g) a 3- to 8-membered monocyclicrnon—aromatic heterocyclic
group, and - _
(h) a 8- to l2-membered fused non-aromatic heterocyclic
group:; '

(15) a sulfamoyl group optionally mono- or di-substituted by

substituent (s) selected from

S8
B

Ci-¢ alkyl group,

o
s}

Cs-¢ cycloalkyl group,

(c) a Ceg12 aryl group,

.
jsi}

Ci-s alkoxy group,
(e) a 5- or 6-membered monocyclic aromatic heterocyclic
group, ‘
(f) a 8- to 12-membered fused aromatic heterocyclic group,
(g) a 3- to 8-membered monocyclic non-aromatic heterocyclic |
group, and
(h) a 8- to l2-membered fused non-aromatic heterocyclic
group; |

(16). a formyl grdup;

(17) a Crg alkyl—carbonyl_grbup}

(18) a Cy-¢ alkenyl-carbonyl group (e.g., acryloyl, butenoyl,

pentenoyl, hexenoyl, heptenoyl);

(19) a Cu alkynyl—carbohyl_group (e.g., propioloyl,
prbpynylcarbonyl, butynylcarbonyl, pentynylcarbonyl,
hexynylcarbonyl);.

(20) a Cs.g chloalkyl—carbdnyi-group‘(e.g., cyclopropylcarbonyl,
dyclobutylcarbonyl, cyclopentylcarb@nyl, cyclohexylcarboﬁyl);
(él) a Csz-g cycloalkenyl-carbonyl group (e.g., |
cyclopropenylcarbonyl, cyclobutenylcarbonyl,
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cyclopentenylca:bonyl, cyclohexenylcarbonyl) ;

(22) a Cg-14 aryl-carbonyl group (e.g., benzoyl, 1-
naphthylcarbonyl, 2-naphthylcarbonyl);

(23) a Cz-g cycloalkyl-Ci-¢ alkyl-carbonyl group (e.g.,"
cyclopropylécetyl, 3-cyclopropylpropionyl, cyclobutylacetyl,
cyclopentylacetyl, cyclohexylacetyl, cyclohexylpropionyl);
(24) a C}g'cyclqalkenyl—cbﬁ alkyl4carbonyl group (e.g., |
cyciopentenylacetyl, cyclohexenylacetyl, 3-
cyclohexeﬁylpropionyl, 3—cyciohexenylpropionyl); _

(25) a Cq-14 aralkyl-carbonyl group (e.g., phenylacetyl, 3-
phenylpropionyl)} ‘ ‘ | ‘

(26) a 5- or 6-membered monocyclic aromatic
heterocyclylcarbonyl group (e.q., furylcarbonyl,
thienylcarbonyl, pyrrolylcarbonyl, oxazolylcarbonyl,
isoxazolylcarbonyl, thiazolylcarbonyl, isothiazolylcarbonyl,
imidazolylcarbonyl, pyridylcarbonyl, pyrazolyléarbonyl);
(27) a 8- to l2-membered fused aromatic heterocyclylcarbonyl

group (e.g., benzofuranylcarbonyl, isobenzofuranylcarbonyl,

benzothienylcarbonyl, isobenzothienylcarbonyl, indolylcarbonyl,

isoindolylcarbonyl, indazolylcarbbnyl, benzimidazolylcarbonyl,
benzoxazolylcarbonyl) ;
(28) a 3- to 8-membered monocyclic non-aromatic

heterocyclylcarbonyl group (e.g., oxiranylcarbonyl,

azetidinylcarbonyl, oxetanylcarbonyl, thietanylcarbonyl,

pyrrolidinylcarbonyl, tetrahydrofurylcarbonyl,
thiolanylcarbonyl, piperidylcarbonyl); '
(29) a 8- to 1l2-membered fuéed non-aromatic
heterocyclylcarbonyl group (e.g.,~
dihydrobenzofuranylcarbonyl) ;
(30) an amino group optionally mono- o£ di-substituted by
substituent (s) selected from
(a) a CL4 alkyl group optionally substituted by 1 to 3
halogen atoms, -
(b) a Ci-¢ alkyl-carbonyl group optionally substituted by 1

to 3 halogen atoms,
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(c) a Cs_g cycloaikyl—carbonyl group,
(d) a C644 aryl—carbonyl group optionally substituted by 1
to 3 halogen atoms, ‘ ‘ a
(e) a 5- or 6-membered monocyclic aromatic
héterocyclylcarbohyl group,
(f) a 8~ to 12-membered fused aromatic heterocyclylcarbonyl
group, |
(g) a 3—- to 8—membered‘mdnocyclic non-aromatic
heterocyclylcarbonyl group, and
(h) a 8- to lZ-membered fused non-aromatic
heterocyélylcarbonyl groﬁp;
(31) a sulfanyl group; |
(32) a Ci-¢ alkylsulfanyl group (e.g., methylsulfanyl;
éthylsulfanyl}; | '
(33) a CZ@ alkenYlsulfanyl group (e.g., vinylsulfanyl,
propenylsulfanyl);
(34) a Cy-¢ alkynylsulfanyl group (e.g., ethynylsulfanyl,
ptopynylsulfanyl);

(35) a Csz-g cycloalkylsulfanyl group (e.g., cyclopropylsulfanyl,

cyclobutylsulfanyl);

(36) a Cs.g cycloalkenylsulfanyl group (e.g.,
cyclopropenylsulfanyl, cyclobutenylsulfanyl); -
(37) a Cg-14 arylsulfanyl group (e.g., phenylsulfanyl);
(38) a Ci3-g cycloalkyl-Ci¢ alkylsulfanyl group (e.g.,
éyclopropylmethylsulfanyl); | _
(39) a Cs-g cycioalkenyl—cyﬁ.alkylsulfanyl group (e.g.,
cyclopentenylméthyléulfanyl);

(40) a Ci-g alkylsulfinyl group (e;g.; methylsulfinyl, °
eth&lsulfinyl); '

(41) a Cy-6 alkenylsulfinyl group (e.g., vinylsulfinyl,
propenylsulfinyl); '

(42) a Cz-6 alkynylsulfinyl'groﬁp (e;g., éthynylsulfinyl,
‘propynylsulfinyl); " '

(43) a Cs.g cycloalkylsulfinyl group (e.g., cyclopropylsulfinyl,
cyclobutylsulfinyl); | |
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(44) a’C3ﬂ cycloalkenylsulfihyl group (e.g.,
cyclopropenylsulfihyl, cyclobutenylsulfinyl);

(45) a C644 arylsulfinyl group (e.g., phenylsulfinyl);
(46)va C}g cycloalkyl—cbﬁ alkylsulfinyl group (e.g.,

cyclopropylmethylsulflnyl)

(47) a Cs.g cycloalkenyl-Ci_g alkylsulflnyl group (e.g.,
cyclopentenylmethylsulflnyl), , : |

(48) a Ci-¢ alkylsulfonyl group (é.g., methylsulfdnyl,
ethylsulfonyl);

(49) a Cp-¢ alkenylsulfonyl group (e.g., vinylsulfonyl,
propenylsulfonyl) , " _
(50) a Cy¢ alkynylsulfonyl group (e.g., ethynylsulfonyl,
propynylsulfonyl);

(51) a Csz-g cycloalkylsulfonyl group (e.g., cyclopropylsulfonyl,
cyclobutylsulfonyl) ; '

(52) a Cz-g cycloalkenylsulfonyl group (e.g.,
cyclopropenylsulfonyl, cyclobutenylsulfonyl);

{53) a Ce-14 arylsulfonyl group (e.g., phenylsulfonyl);
(54) a Cs.g cycloalkyl-Ci_¢ alkylsulfonyl group (e.g.,
cyclopropylmethylsulfonyl); .

(55) a Cs-g cycloalkenyl—cb% alkylsulfonyl group (e.g.,
cyclopentenylmethylsulfonyl);

(56) a Cg-14 aryl-Ci_g alkylsulfonyl group (e.g.,
benzylsulfonyl); |

(57) a 5- or 6-membered monocyclic aromatic
heterocyclylsulfonyl group'(e.g.; furylsulfonyl,
thiénylsulfonyl, pyridylsulfonyl):

(58) a 8- to l2-membered fused aromatic heterocyclylsulfonyl
group (e.g., benzofdranylsulfonyl, isobenzofuranylsulfonyl);
(59) a 3- to 8-membered monocyclic non—aiomatic
heterocyclylsulfonyl group (e.g.,»oxiranylsﬁlfonyl,
azetidinylsulfonyl); |

k60) a 8- to l2-membered fused non—aromatic‘
heterocyclylsulfonyl group (e.g.,
dihydrobenzofufanylsulfonyl);
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(61) a 5- or_6—membered monocyclic aromatic-heterocyclic3group
(e.g., furyl, thienyl, pyrrolyl,boxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, imidazolyl, pyridyl, pyrazolyl,
morpholinyl) optionally substituted by 1 to 3 substituentsv
5 selected from ' '
(a) a hélogen atom,
(b) a Ci-¢ alkyl group optionally substituted byvl to 3
halogeh atoms, and | ‘
(c) a CL@.alkoxy group optionally substituted by 1 to 3
10 halogen atoms; 7 | |
(62) a 8- to lZ—membered\fused aromatic heterocyclic group
(e.g., benzofuranyl, iscobenzofuranyl, benzothienyl,
isobenzothienyl, indolyl, isoindolyl, indazolyl,
benzimidazolyl, benzoxazolyl) dptionally substituted by 1 to 3
15 substituents selected from |
(a) a halogen atom,
(b) a Ci-¢ alkyl group optionally substituted by 1 to 3
halogen atoms,'and
(c) a‘CLﬁ alkoxy group optionally sﬁbstituted by 1 to 3
20 halogen atoms;
k63) a 3- to 8-membered monocyclic non-aromatic heterocyclic
group (e.g., oxiranyl, azetidinyl, oxetanyl, thietanyl,
"pyrrolidinyl, tetrahydrofuryl, thiolanyl, piperidyl,
pipérazinyl, dihydrooxadiazolyl, thiazolinyl) optionally
25 substituted by 1 to 3 substituents selected from
(a)‘a halogen‘atom, ,
(b) a Ci-¢ alkyl grbup optionally substituted by 1 to 3
Halogen atoms, v
(c) a Ci-¢ alkoxy group optionally substituted by l to 3
30 halogen atoms, and |
(d) an oxo group;
(64) a 8- to 12-membered fused non-aromatic heterocyclic group
(e.g.; dihydrobehzofuranyl) optionally substituted byal to 3
substituents selected from

35 (a) a halogen atom,
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(b) a Ci-g alkyl group optionally substituted by 1 to 3
halogen atoms, |
(c) a Ci.g alkoxy group optibnally subsﬁituted by 1 to 3
haiogen atoms, and
(d) an . oxo group;

(65) a 5- or-6-membered monocyclic aromatic he£erocyclyloxy

group (e.g., furyloxy, thienyloxry, pyrrolyloxy, oxazolyloxy,

isoxazolyloxy, thiazolyloxy, isothiazolyloxy, imidazolyloxy,

pyridyloxy, pyrazolyloxy);

(66) a 8- to 12—membered fused aromatic heterocyclyloxy group
(e.g., benzofuranyloxy, isobénzofuranYloxy, benzothienyloxy,
isobenzothienyloxy, indolyloxy, isoindolyloxy} indazolyloxy,
benzimidazolyloxy, benzoxazolyloxy) ;

(67) a 3—hto'8—hembered monocyclic non-aromatic
heterocyclyloxy group (e.g., oxiranyloxy, azetidinyloxy,
oxetanyloxy, thietanyloxy, pyrrolidinyloxy, tetrahydrofuryloxy,
thiolanyloxy, piperidyloxy): |
(68) a 8- to l12-membered fused non-aromatic heterocyclyloxy
group (e.g., dihydrobenzofuranyloxy):;

(69) a carboxy group;

(70) a Ci-¢ alkoxy-carbonyl group;

(71) a Cy alkehyloxy—carbonyl group (e.g., vinyloxycarbonyl,
propenyloxycarbonyl, butenyloxycarbonyl, pentenyloxycarbonyl,
hexenyloxycarbonyld; B

(72) a Cz-g alkyny10xy—carbohyl group (e.g., ethynyloxycarbonyl,
propynyloxycarbony;, butynyloxycarbonyl, pentynyloxycarbonyi,
hexynyloxycarbonyl) ; |

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

(74) é Cs-g cycloalkenyloxy-carbonyl group (e.g.,
cyclopropenyloxycarbonyl, cyclobutenyloxycarbdnyl,
cyclopentenyloXycarbonyl, cyclohexenyloxycarbonyl) ;

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

naphthyloxycarbonyl, 2-naphthyloxycarbonyl) ;-
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(76) a Cs-g cyéloalkyl—C14 alkoxy-carbonyl grou?l(e.g.,
cyclopropylmethyloxycarbbnyl, cyclopropylethyloxycarbonyl,
cyclobutylmethyloxycarbonyl, cyclopentylmethyloxycarbonyl,
cyclohexylmethyloxycarbonyl, cyclohexylethyloxycarbonylj}

5 (77) a Cs-g cycloalkeﬁyl—cbﬁ alkoxy-carbonyl group (e.g.,
cyclopeﬁtenylmethyloxycarbonyl, cyclohexenylmethylbxycaﬁbonyl,
cyclohexenylethyloxycarbonyl, cyclohexenylpropyloxycarbonyl) ;
(78) a Cq.14 aralkyloxy-carbonyl group.(e.g., benzyloxycarbonyl,

~phenethyloxycarbonyl) ; |

10 (79) a mono-Ci-e alkyl-thiocarbamoyl group (e.g.,
methylthiocafbamoyl, ethylthiocarbamoyl, propylthiocarbamoyl);
(80) a di-Ci-¢ alkyl-thiocarbamoyl group (e.g.,

‘dimethylthiocarbamoyl,‘diethylthiocarbamoyl)
dipropylthiocarbamoyl) ; '

15 (81>'a Ci-¢ alkyl-carbonyloxy group (e.g., acetyloxy,
propanoyloxy, butanoylbxy, 2—methylpropanoylox§);

(82) an imino group optionally substituted by a Hydroxy group;
and

(83) a Ci6 alkylenedioxy group (e.g., méthylenedioxy,

20 ethylenedioxy) .
[0071)
| The above-mentioned Ci-10 cycloalkyl group, Ci-1g

'cycloalkenyl group and: C410 cycloalkadienyl group exempllfled
as the “hydrocarbon group” optionally have 1 to 5 (preferably

25 1 to 3) substituents at substitutable pOSltlon(S).’ Examples of
the substituent include substituents selected from the |
foliowing Substituent Group B. When the number of the
substituents is plural, the respective substituents may be the
same or different.

30 [0072].

-Subsﬁituent Group B: |

(1) the aboVe—mentioned Substituent Group A;

(2) a Ci-¢ alkyl group optionally substituted by 1 to 3
substituenté'selected from ’

35 (a) a halogen atom,

29



10

15

20

25

30

35

WO 2014/129668 PCT/JP2014/054780

(b) a cyano group,
(c) a hydroxy group, _
(d) a Cs-g cycloalkyl group optionally substituted by 1 to 3
substituents selected from
| (1) a halogen atom,
(ii) a cyano group, and- _
(iii) a Ci-¢ alkyl group optionally substituted by 1 to 3
halogen atoms, |
(e) a Ce¢-12 aryl group optionally substituted by 1 to 3
substituents selected from ' '
(1) a halogen atom,
(ii) a cyano group, and »
(1ii) a Cie alkyl group optionally substituted by 1 to 3
halogen‘atbms,
(f) a Ci-¢ alkoxy group optionally'substituted by 1 to 3
halogen atoms, _
(g) an amino group optionally mono or di-substituted by Ci-¢
alkyl group(s),
(h) a 5- or 6-membered monocyclic aromatic heterocyclic
group,
(i) a 8- to lZ—memberéd fused aromatic heterocyclic group,
(3J) a 3- to 8-membered monocyclic non—aromatic heterocyclic
group, ‘
(k) a 8- to l2-membered fused non-aromatic heterocyclic
group, |
(l).a carboxy group, and ;
(m) a Ci-¢ alkoxy-carbonylvgroup optionally substituted by 1

to 3 halogen atoms;

v(3} Cz-¢ alkenyl group optionally substituted by 1 to 3

’substituents_selected from

(a) a haldgen atom,

(b) a hydroxy group,

(c) a Cis alkoxy group, _

(d) an amino group optionally mono or di—substitutéd by Ci-¢

alkyl group(s),
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(e) a carboxy group, and

(£) a Ci-¢ alkoxy-carbonyl group;
(4) Cy-14 aralkyl group optionally substituted by 1 to 3
substituents selected from

{(a) a halogen atom,

(b) a»hydroxy group,

(c) a Ci-s alkoxy group, and

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

halegen atoms; and
(5) an exo group.
(00737

The above-mentioned Cg-14 aryl group, Coo14 aralkyl group

and Cg-13 aryl alkenyl group exemplified as the “hydrocarbon

group” optionally have 1 to 5 (preferably 1 to 3) Substituents

“at substitutable position(s). Examples of the substituent

include substituents selected from the above-mentioned
Substituent Group B excluding an oxo group. When the number ef
the substituents is plural, the respective substituents may be
the same or different.
[0074]

The “heterocyclic group” of the “optionally substituted

heterocyclic group” exemplified as the “substituent” for R' or

R? optionally has 1 to 5 (preferably 1 to 3) substituents at
substitutable position(s).' Examples of the substituent for the
aromatic heterocyclic group include substituents selected from
the above—mentioned Substituent Group B excluding_an OX0O group,
and examples of the substituent for the non-aromatic
heterocyclic group include substituents selected erm the
above-mentioned Substituent Group B. When the number of the
substituents is plural, the respective-substitueuts may be the
same or different.
[0075] ‘

 Examples of the “optionally substituted hydroxy group”
exemplified as the “substituent” for R’ or R?vinclude a hydroxy

group eptionally substituted by a substituent'selected-from a
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"Clﬂo alkyl group, a Cz-;0 alkenyl group, a Cs-ip cycloalkyl group,
é C3-10 cycloalkenyl group, a Cs-14 aryl group, a Cg-14 aralkyl
group, a Cg-13 aryl alkenyl group, a Ci.¢ alkyl-carbonyl group, a
heterocyclic group (e.g., an aromatic heterocyclic group, a

5 non-aromatic heterocyclic group) and the like, each of which
is optionally substituted. |
[0076] _

The Ci-10 alkyl group optionally has 1 to 5 (preferably 1
to 3) substituents at substitutable position(s). Examples of
10 the substituent include »
(1) a halogen atom;
(2) a cyano group;
(3) a nitro group;
(4) a hydroxy group; .
15 (5) a Cs-g cycloalkyl group optionally substituted by 1 to 3
substituents selected from. |
{a) a halogen atom,
(b) a cyano group,
(c) a Ci.g alkyl group optioﬁally substituted by 1 to 3
20 halogen atoms, and .
| (d) a Ci-g alkoxy group optionally substituted by 1 to 3
halogen atoms; '
(6) a Cr1a aryl group optionally substituted by 1 to 3
. substituents selected from |
25 (a) a halogen atom,
(b) a cyano group, ‘
(c) a Cyﬁialkyl group optionally substituted by 1 to 3
halogen atoms, and
(d) a Ci¢ alkoxy group optionally substituted by 1 to 3
0 halogen atoms;
(7) a Ci¢ alkoxy group optionally substituted by 1 to 3

~ substituents selected from

| (a) a halogen atom,
(b) a cyano group,

35 (c) a Cz-s cycloalkyl group optionally substituted by 1 to 3
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halogen atoms,

(d) . a

Cs-g cycloalkenYl group optionally substituted by 1 to

3 halogen atoms,

(e) a

quj aryl group optionally'substituted by 1 to 3

halogen atoms, and

(£) a

group;

5- or 6-membered monocyclic aromatic heterocyclic

(8) a Ci élkenyloxy group (e.g., vinyloxy, propenyloxy,

butenyloxy, pentenyloxy, hexenyloxy) optionally substituted by

1 to 3 halogen atoms;

(9) a Cy-s alkynyloxy group (e.g., ethynyloxy, propynyloxy,

butynyloxy, pentynyloxy, hexynyloxy) optionally substituted by

1 to 3 halogen atoms;

(10) a Cs.s cycloalkyloxy group (e.g., cyclopropyloxy,

cyclobutyloxy, cyclopentyloxy, cyclohexyloxy) optionally

substituted by 1 to 3 halogen atoms;

(11) a Csz-g cycloalkenyloxy group (e.g., cyclopropenyloxy,

cyclobutenyloxy, cyclopentenyloxy, cyclohexenyloxy) optionally

substituted by 1 to 3 halogen atoms;

(12) a Ce-14 aryloxy group optionally substituted by 1 to 3

halogen atoms;

(13) a Cy-14 aralkyloxy group optionally substituted by 1 to 3

halogen atoms;

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

substituent (s) selected frém

(a) a
(b) a
(c) a
"(d) a
(e) a
group,
(£) a
(g9) a
group,
(h) a

Ci-¢ alkyl group,

C}g cycloalkyl group,
Ce-14 aryl group,
Ci-¢ alkoxy group,

5- or 6-membered monocyclic aromatic heterocyclic

8- to 12-membered fused aromatic heterocyclic group}
3- to 8—membered monocyclic non-aromatic heterocyclic
and.

8- to 12-membered fused non-aromatic heterocyclic
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group;

(15) a sulfamoyl group optionally mono- or di;substituted'by

‘substituent (s) selected from

(a) a Ci-¢ alkyl group,

(b) a
(c)y a
(d). a
(e) a
group,

C3%_cycloalkyl group,
Ce-14 aryl group,
Ci-¢ alkoxy group,

5- or 6-membered monocyclic aromatic heterocyclic

(£) a 8- to 12-membered fused aromatic heterocyclic group,

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

group,

and

(h) a 8- to 1Z2-membered fused non-aromatic heterdcyélic

group;

(16) a formyl group;

(17) a Ci-¢ alkyl-carbonyl group;

(18) a Cz.¢ alkenyl-carbonyl group (e.g., acryloyl, butenoyl,

pentenoyl, hexenoyl, heptenoyl);

(19) a Cy alkynyl—cafbonyl group (e.g., propioloyl,

propynylcarbonyl, butynylcarbonyl, pentynylcarbonyl,

hexynylcarbonyl) ; , S

(20) a Cs-g cycloalkyl-carbonyl group (e.g., cyclopropylcarbonyl,

cyclobutylcarbonyl, cyclopentylcarbonyl, cyclohexylcarbonyl) ;

(21) a Cs-g cycloalkenyl—carbdnyl group (e.g.,

cyclopropenylcarbonyl, cyclobutenylcarbonyl,

cyclopentenylcarbonyl, cyclohexenylcarbonyl);

(22) a Cg-14 arylfcarbonyl group {(e.g., benzoyl, 1-

naphthylcarbonyl, 2-naphthylcarbonyl):;

(23) a Cs-g éycloalkyl—C14 alkyl-carbonyl group (e.g.,

cyclopropylacetyl, 3—cyclopropylpropionyl, cyclobutylacetyl,

cyclopentylacetyl, cyclohexylacetyl, cyclohexylpropionyl);

cyclopentenylacetyl, cyClohexeﬁylacetyl, 3-

- (24) a'C}@ cycloalkenyl-Ci.¢4 alkyl-carbonyl group (e.g.,

.cyclohexenylpropionyl, 3—cyclohe2enylpropionyl);

(25) a Cy-14 aralkyl-carbonyl group (e.g., phenylacetyl, 3~
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phenylproplonyl)

(26) a 5— or 6 membered monocyclic aromatic
heterocyclylcarbonyl‘group (e.g., furylcarbonyl,
thienylcarbonyl, pyrrolylcarbonyl, oxazolylcarbonyl,
isbxazolylcarbohyl, thiazolylcarbonyl, isothiazolylcarbonyl,
imidazolylcarbonyl, pyridylcarbonyl, pyrazolylcarbonyl);

(27) a 8—-to 12-membered fused aromatic heterocyclylcarbonyl

group (e.g., benzofuranylcarbonyl, isobenzofuranylcarbonyl,

'benzothienylcarbohyl, isobenzothienylcarbonyl, indolylcarbonyl,

isoindolylcarbonyl, indazolylcarbonyl, benzimidazolyldarbdnyl,‘
benzoxazolylcarbonyl) ; ' |
(28) a 3- to 8-membered monocyclic non-aromatic
heterocyclylcarbonyl group (e.g., oxiranylcarbonyl,
azetidinylcarbbnyl, oxetanylcarbonyl, thietanylcarbonyl,
pyrrolidinylcarbonyl, tetrahydfofurylcarbonyl,
thiclanylcarbonyl, piperidylcarbonyl);
(29) a 8~ to 1l2-membered fused non-aromatic
heterocyclylcarbonyl group (e.g.,
dihydrobenzdfuranylcarbonyl);
(30) an amino group optionally mono- or di-substituted by
substltuent( ) selected from

(a) a Cij-¢ alkyl group optlonally substituted by 1 to 3

- halogen atoms, .

(b) a Cij-g alkyl- carbonyl group optlonally substituted by 1

to 3 halogen atoms,

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

(d) a Cg-14 aryl—carbonyl group optidnally substituted by 1

to 3 halogen atoms,

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

heterocyclylcarbonyl group,

(f) a 8- to 12-membered fused aromatic heterocyclylcarbonyl

group,

(g) a 3- to 8 membered monocycllc non- aromatlc

heterqcyclylcarbonyl group, and

(h) a 8- to 12-membered fused non-aromatic
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heterocyciylcarbonyl group;
(31) a.sulfanyl group;
(32) a Ci-¢ alkylsulfanyl group (e.g., methylsulfanyl/
ethylsulfanyl); ‘
(33) a Czﬁ.alkenylsulfanyl group (e.g., vinylsulfaﬁyl,
propenylsulfanyl); | _ |
(34) a Co alkynylsulfanyl group (e.g., ethynylsulfanyl,
propynylsulfanyl)}, o .
(35) a Cs-3 cycloalkylsulfanyl group (e.g., cyclopropylsulfanyl,
cyclobutylsulfanyl)} ‘
(36) a Csg cyéloalkenylsulfanyl.group (e.g.,
cyclopropenylsulfanyl, cyclobutenylsulfanyl);
(37) a Cg-14 arylsulfanyl group (e.g., phenylsulfanyl);
(38) a C3%vcycloalkyl—cl4 alkylsulfanyl group (e.g.,
cyclopropylmethylsulfanyl); |
(39) a C3-3 cycloalkenyl-Ci.¢ alkylsulfanyl group (e.g.,
cyclopentenyimethylsulfanyl);
(40) a Cyi-¢ alkylsulfinyl group (e.g., methylsulfinyl,
ethylsulfinyl);
(41) a Cy-¢ alkenylsulfinyl group (e.g., vinylsulfinyl,
propenylsulfinyl);
(42) a Cz-¢ alkynylsulfinyl group (e.g., ethynylsulfinyl,
propynylsulfinyl); | o
(43) a Cag cyéloalkylsulfinyl group (e.g., cyclopropylsulfinyl,
cyclobutylsulfinyl); ' | ~
(44) a Cs-g cycloalkenylsﬁlfinyl group (e.g.,
cyclopropenyisulfinyl,‘cyclobutenylsulfinyl);
(45) a Ce1q arylsulfinyl group (e.g., phenylsulfinyl);
(46) a Cs.g cycloalkyl-Ci.6 alkylsulfinyl group (e.g.,
cyclopropylmethylsulfinyl) ; "
(47)»a Cs-g cycloalkenyl—clﬁ alkylsulfinyl group (e.g.,

cyclopentenylmethylsulfinyl);

(48) ‘a Ci-6 alkylsulfonyl group (e.g., methylsulfonyl,
ethylsulfonyl); ' v ‘ -
(49) a Cy-6 alkenylsulfonyl group (e.g., Vinylsulfonyl,
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propenylsulfonyl) ;

(50) é Cz-¢ alkynylsulfonyl group (e.g., ethynylsulfonyl,
propynylsulfonyl); |

(51) a Cs-g cycloalkylsulfonyl group (e.g., cyclopropylsqlfonyl,
.cyclobutylsulfonyl); '

(52) a‘Cyevcycloalkenylsulfonyl group ke.g.,
cyclopropenylsulfonyl, cyclobutenylsulfonyl);

(53) a C644'arylsulfonyl group (e.g., phenylsulfonyl);

(54) a Csz-g cycloalkyl—C14,alkylsulfonyl group (e.g.,
cycldpropylmethylsUlfonyl); , '

(55) a Cs-s cycloalkenyl-Ci¢ alkylsulfonyl group (e.g.,
cyclopentenylmethylsulfonyl);' | .

(56) a Cg-14 aryl-Cig alkylsulfonyl'grbup,(e.g.,
benzylsulfonyl); | |

(57) a 5~ or 6-membered monocyclic aromatic
heterocyclylsulfonyl group (e.g., fufylsulfonyl,
thienylsulfonyl, pyridylsuifonyl); é |

(58) a 8~ to 1l2-membered fused aromatic heterocyclylsulfonyl
group (e.g!, benzofuranylsulfonyl, isobenzofuranylsulfonyl);
(59) a 3~ to 8-membered monocyclic non-aromatic
heterocyclylsulfonyl grOup (e.g., oxiranylsulfonyl,
azetidinylsulfonyi);

(60) a 8- to 12-membered fused non-aromatic
heterocyclylsulfonyl group (e.g.,
dihydrobenzofuranyléulfonyl);

(61) a 5~ or 6-membered monocyclic.aromatic heterocyclic group
(e.g., furyl, thienyl, pyrrolyl, oxazélyi, isoxazolyl,
thiazolyi, isothiazoiyl, imidazolyl, pyridyl, pyrazolyl,

‘morpholinyl) optionally substituted by 1 to 3 substituents

selected from

’ (a) a halbgen atom,
(b) a Cig alkyl group optionally substituted by 1 to 3
halogeh atoms, and " _ ‘ ‘ _
(c) a Cig alkoxy group‘optionally substituted by 1 to 3

halogen atoms;
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(62) 5,8— to 12-membered fused aromatic heterocyclic group
(e.g., benzofuranyl, isobenzofuranyl, bénzothienyl,
isobénzothienyl, indolyi, isoindolyl, indazolyl,
benZimidaZolyl, ben20xazoiyl) optionally substituted by . 1 to 3
substituents selected from '
(a) a halOgen atom,
(b) a Ci-¢ alkyl group optionally substituﬁed by 1 to 3
halogen atoms, and
(c) a Ci¢ alkoxy group optionally substituted by 1 to 3
halogen atoms;
(63) a 3- to 8-membered monocyclic non-aromatic heterocyclic

group (e.g., oxiranyl, azetidinyl,.oxetanyl; thietanyl,

- pyrrolidinyl, tetrahydrofuryl, thiolanyl, piperidyl,

piperazinyl, dihydrooxadiazolyl, thiazolinyl) optionally
substituted by 1 to 3 substituents selected'from

(a) a halogen atom, ‘

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

halogen atoms,

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

halogen atoms; and

(d) an oxo group:;
(64) a 8- to 12~membered‘fused non~ardmatic heterocyclic group
(e.g., dihydrobenzofuranyl) optionally substituted by 1 to 3
substituents selected from

(a) a halogen atom, _ _ .

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

halogen atoms, , - '

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

halogen atoms, and ' :

(d) an oxo group:;
(65) a 5~ or b-membered monocyclic aromatic heterocyclyloxy
groﬁp (e.g., furyloxy, thienyloxy, pyrrolyloxy, oxazolyloxy,
isoxazolyloxy, thiazolyloxy, iSothiazolyloxy, imidazolyloxy,
pyridyloxy, pyrazolyloxy):; | _
(66) a 8- to 12-membered fused ardmatic‘heteroéyclyloxy'group
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(e.g., benzofuranYloxy, isobenzqfuranyloxy,,benzothienyloxy;
isobenzothienyldxy, indolyloxy, isoindolyloxy,‘indézolyloxy,
benzimidazolyloxy, benzoxazolyloxy);

(67) a 3- to 8—membered monocyclic non~aromatic
heterocyclyloxy group (e.g., oxiranyloxy, azetidinyloxy,
oxetanyloxy, thietanyloxy,‘pyrrolidinyloxy, tetrahydrofuryloxy,
thiolanyloxy, piperidyloxy);i |

(68) a 8- to l2-membered fused non-aromatic heterocyclyloxy
gréup (e.g;, dihydrobenzofuranyloxy) ;

(69) a carboxy group;

(70) a Ci-¢ alkoxy—carbonyl group:;

(71) a Cp-¢ alkenyloxy-carbonyl group (e;g,, vinyloxycarbonyl}
propenyloxycarbonyl, butenyloxycarbonyl, pentenyloxycarbonyl,

hexenyloxycarbonyl) ;

(72) a Cy-s alkynyloxy¥carbonyl group (e.g., ethynyloxycarbonyl,
propynyloxycarbonyl, butynyloxycarbonyl, pentynylocharbonyl,
hexynyloxycarbonyl) ; |

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

(74) a Cs-g cycloalkenyloxy-~carbonyl group (e.g.,
cyclopropenyloxycarbonyl, cyclobutenyloxycarbbnyl,
cyclopentenyloxycarbonyl, cyclohexenyloxycarbonyl};

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

(76) a Cs.g cycloalkyl-Cig alkoxy—cérbonyl group (e.g.,

.cyclopropylmethyloxycarbonyl, Cyclopropylethyloxycarbonyl,

cyclobutylmethyloxycarbonyl, cyclopentylmethyloxycarbonyl,

~cyclohexylmethyloxycarbonyl, cyclohexylethyloxycarbonyl);

(77) a Cs-g cycloalkenyl-C;-¢ alkoxy-carbonyl groupv(e.g.,
cyclopentenylmethyloxycarbonyl,'cyclohexenylmethyloxycarbonyl,
cyclohexénylethylbxycarbonyl; cyciohexenylpropyloxycarbonyl);
(785,a C7-14 aralkyloxy-carbonyl group (e.g.(-benzylokycarbonyl,
phenethyloxycarbonyl) ; ' ’

(79) a mono-Ci_g alkyl—thiodarbamoyl group (e.g., -
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methylthiocarbamoyl, ethylthiocarbamoyl, propylthiocarbamoyl);
(80) a di-Ci-¢ alkyl—thiocarbamoyl group (e.g., :.
dimethylthiocarbamoyl, diethylthiocerbamoyl,
dipropylthiocarbamoyl) ;

(81l) a Ci-¢ alkyl—carbonyloxy_group (e.qg., acetyloxyh
propanoYloxy, butanoyloxy, 2-methylpropanoyloxy):;

(82) an imino group optionally substituted by a hydroxy group}k
and

(8B3) a Ci-¢ alkylenedioxy group {(e.g., methylenedioxy,
ethylenedioxry) . | |

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

[0077] .

The Cs-10 cycloalkyl group, Csz-1p cycloalkenyl group and
non-aromatic heterocyclic group optionally have 1 to 5
(preferably 1 to 3) substituents at substttutable position(s).
Examples of the substituent include substituents selected from
the above-mentioned Substituent Group B. When the number of
the substituents is plural, the respective substituents may be
the same or different. | | ‘

[0078] . ,

The Ce-14 aryl group, Cg-14 aralkyl group, Cg-13 aryl alkenyl
group and aromatic heterocyclic group optionally have 1 to 5
(preferably 1 to 3) substituents at substitutable position(s).
EXamples of the substituent include substituents selected from
the above—mentioned Substituent Group B excluding an oxXo group.
When the number of the substituents 1s plural, the respective
substituents may be the same or different.

[0079]
‘Examples.of the “optionally substituted sulfenyl group”

exemplified as the “substituent” for R' or R? include a
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sulfanyl group optionaily substituted by a substituent

selected from a Ci-1p alkyl group,'é Cz-10 alkenyl grotip, a Cs:ig

cycloalkyl group, a Cs-igo cycloalkenyl group, a Ce-14 aryl group,

a Cj-14 aralkyl group,‘a Csﬂg aryl alkenyl group, a Ci-g alkyl-
carbonyl group, a heterocyclic group (e.g., an aromatic
heterocyclic group, a non—aromatic heterocyclic group) and the
like, each.of which is optionally Substituted. |
[0080] | |

The Ci-10 alkyl group, C,-i0 alkenyl group and Ci-¢ alkyl-
carbonyl group optiondlly have 1 to 5 (éfefe:ably 1 to 3)

substituents at substitutable position(s). Examples of the

substituent include substituents selected from the above-
mentioned Substituent Group A. When the number of the
substituents is plural, the respective substituents may be the
same or different.

[0081]

The Cs-1p cycloalkyl group, Cs-;0 cycloalkenyl group and
non-aromatic heterocyclic group optiocnally have 1 to 5
(preferably 1 to 3) substituents at substitutable position(s).
Examples of the substituent include substituents selected from
the above-mentioned Substituent Group B. When the number of
the substituents is plural, the respective substituents may be
the same or different. ‘

(0082]
" The Cqu aryl group, Ci-14 apalkyl,group, Cg-13 aryl alkenyl

group and aromatic heterocyclic group optionally have 1 to 5

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

Examples of the substituent include substituents selected from
the above-mentioned Substituent Group B excluding an oxo group.
When‘thé number of the substituents is plural, the respective
substituents may be the same or different.
[0083]

Examples of the “optionally substituted'amino group”'
exemplified as the “éubstituent” for R! or R? include an amino

group optionally mono- or di-substituted by substituent(s)
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selected from a Ci-19 alkyl group, a C,-10 alkenyl group, a Cs-ig

cycloalkyl group, a Cz-ig cycloalkenyl group, a Ce-14 aryl group,

a Cy-14 aralkyl group, a Cs13 aryl alkenyl group, a heterocyclic

group (e.g., an aromatic heterocyclic group, a non-aromatic

heterocyclic group) and the like, eech of which is optionally
substituted; and an acyl group. When the amino is die
substituted, the two substituents in combination optionally
form an optionally-substituted‘heterocyclic group.
[0084] , _ _ |

The Ci-190 alkyl group and Cp-19 alkenyl group optiOhally -
have 1 to 5 (preferably 1 to 3) substituents at substitutable
pesition(s). Examples of the substituent include substituents
selected erm the above-mentioned Substituent Group A. When
the number of the substituents is plural, the respective
substituents may be the same or different. '
[0085] o

The C3-1p cycloalkyl group, Cs-ip cycloalkenyl group and
non-aromatic heterocyclic group optionally have 1 to 5
(preferably 1 to 3) substituents at substitutable position(s).
Examples of the substituent include substituents selected from
the above-mentioned Substituent Group B.‘ When the number of
the substituents is plural, the respecﬁive substituents may be
the same or different.
[0086] |

- The Cg-14 aryl group, Cy-14 aralkyl group, Cg-13 aryl alkenyl

group and aromatic heterocyclic group optionally have'l to 5
(preferably 1 to 3) substituents at substitutable positioh(s).

Examples of the substituent include substituents selected from

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

When the number of the substituents is plural, the respective

substituents may be the same or different.
[0087]. |

Examples of the “acyl group” exemplified as the
substituent for the “amino group” include those similar to the

below-mentioned “acyl group” exemplified as the “substituent”
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for R!' or R
[0088]-

EXamples of the “acyl group” exemplified as the
“substituent” for R! or R? include a group represented by the
formula: -COR®, -CO-OR®, -SOsR*, -S(0).R*, ~-SOR®, ~CO-NR™R®, -
CS-NRMR®’ or ~S(O)2NR5’RB/ wherein R® is a hydrogen atom, an
optionally substituted hydrocarbon group or an optionally
substituted heterocyclic group, and R and R¥ are the same or
different and éach is a hydrogen atom, an optionally

substituted hydrocarbon group or -an optionally substituted

| heterocyclic group{'dr R* and R® optionally form, together

with the adjacent nitrogen atom, an optionally substituted
nitrogen-containing heterocycle, and the like.
[0089]

Examples of the “hydrpcarbon group” of the “optionally
substituted hydrocarbonvgroup for R®, R or R¥ include a Ci_1p
alkyl group, a C;.i9 alkenyl group} a Cy.10 alkynyl group, a Cs-1o
cycloalkyl group, a Cs.;p cycloalkenyl group, a Cy-1o
cycloalkadienyl group, a Ce-14 aryl group, a Cs-34 aralkyl group,
a Cg-13 aryl alkenyl group and the like.

[0090] | | |

The abovefmentioned Ci-10 alkyl group, Cy.i0 alkenyl group
and Cp_q0 alkynyl group exemplified as the “hydrocatbon group”
optionally have 1 to 5 (preferably 1 to 3) sSubstituents at
substitutablé position(s). Examples of the substitﬁent‘include'
substituents selected from the above-mentioned Substituent
Group A. When the number of the substituents is plural, the

respective substituents may be the same or different.

The above-mentioned Cs.19 cycloalkyl group, Cs-ip
cycloalkenyl group and C41p cycloalkadienyl group exemplified
as the “hydrocarbon group”_optionally have 1 to 5 (preferably
1 to 3) substituents at substitutable position(s). Examples of
the substituent include substituents selected from the above-

mentionéd Substituent Group B. When the number of the
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substituents is plural, the respective substituents may be the
same or different.v '
[0092]

The above-mentioned Ce-14 aryl group, Cs-14 aralkyl group
and Cg-13 aryl alkenyl group exemplified as the “hydrocarbon
group” optionally have 1 to 5 (preferably 1 to 3) substituents
at substitutable position(s). Examples of the substituent
include substituents selected from the above—menﬁionéd
Substituent Group B excluding an oxo group. When the number of
thé substituenté is plural, the respective substituents may be
the same or different. ‘

[0093]

The “heterocyclic group” of the “optionally substituted
heterocyclic group” for R®, R or R® optionally has 1 to 5
(preferably 1 to 3) substituents at substitutable position(s).
Examples of the substituent for the aromatic heterocyclic
group include substituents selected from the above-mentioned
Substituent Group B excluding an oxo group, and examples of
the substituent for the non-aromatic heterocyclic group
include substituents selected from the above-mentioned
Substituent Group B. When the number of the substituents is’
plural, the respective substituéhts may be the same or
different. |
(00941
Examples of the “nitrogen-containing heterocycle” of the
“optionally substituted nitrogen-containing heteroéycle”‘
formed by‘RA’ andARB’ together with the adjacent nitrogen atom
include a 5- to 7-membered nitrogen-containing heterocycle |
optionally containing, as a ring-constituting atom besidés
carbon atom, at least one nitrogen atom, and additional 1 or 2
hetero atoms selected from an oxygen atom, a sulfur atom and a
nitrogen atom. ;Preférable examples of the nitrogen-containing
heterocycle include ﬁyrrolidihe, imidazolidine,,pyrazolidine,.
piperidine, piperazine, morpholine, thiomorpholine and the

like,
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[0085]
The nitrogen-containing heterocycle optionally has 1 to 5
(preferably 1 to 3) substituents at substitutable position(s).
Examples of the substituent include substituenté selected from
the above-mentioned Substituent Group B. When the number of
the substituents is plural, the respective substituents may be
the same or different. |
[0096] |
Preferable examples of the “optionally substituted acyl”
include
(1) a formyl group;
(2) a carboxy group;

(3) a Ci6 alkyl—carbonyi group (e.g., acetyl) optionally

- substituted by 1 to 3 halogen atoms;

(4) a Cy;g alkoxy-carbonyl group (e.g., methoxycarbonyl,

ethoxycgrbonyl, propoxycarbonyl, tert-butoxycarbonyl)

optionally substituted by 1 to 3 halogen atoms;

(5) a Cz-10 cycloalkyl-carbonyl group (e.g., cyclopropylcarbonyl,

cyclopentylcarbonyl, cyclohexylcarbonyl);

(6) a Cg-14 aryl-carbonyl group (e.g., bénzoyl, 1—haphthoyl, 2-

naphthoyl) optionally substituted by 1 to 3 halogen atoms;

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

substituent(s) selected from _
(a) a Ci-6 alkyl groﬁp optionally substituted by 1 to 3
substituents selected from a halogen atom, a Ci—g alkoxy
group, a Ci-¢ alkoxy—-carbonyl group and a carboxy group, and
(b) an amino group optionally mono or di-substituted by Ci-6
alkoxy-carbonyl group(s):

(8) a Cig alkylsulfonyl group (e.g., methylsulfonyl,

ethylsulfonyl, isopropylsulfonyl) optionally substituted by 1

to 3 halogen atoms;

(9) a Cg-14 aryl sulfonyl group (e.g., benzenesulfonyl);

(10) a sulfamoyl group; | ‘

{11) a thioccarbamoyl group;

(12) an aromatic heterocyclylcarbonyl group‘(e.g.,
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furylcarbonyl, thienylcafbonyl) optionally substituted by 1 to
3 subStituehts‘selected from a Ci¢ alkyl group'optionally
substituted by 1 to 3 halogen atoms;

(13) a non-aromatic heterocyc;ylcarbonyl group (e.g.,
tetrahydrofurylcarbonyl, pyrrolidinocarbonyl) optionally
substituted by 1 to 3 substituents selected from a Cig alkyl
group optionally substituted by 1 to 3 halogen atoms;

and the like.

[0097]

Rr? is preferably an optionally substituted aromatic ring
grdup, ~-0R®, -NHR®, -NR°R® or -SR® wherein R® and R¥ are each
independently an optionally substituted.crqg alkyl group, an
optionally substituted Cj;-19 alkenyl group, an thionally’
substituted C;.1p alkynyl group, an optionally substituted Cs-10
cycloalkyl group, an optionally substituted Cjz-i1g cycloalkenyl
group, an optionally substituted C4.;0 cycloalkadienyl group, an
optionally substituted Ce¢-14 aryl group, an optionally
substituted Cg-14 aralkyl group or an optionally substituted Cs-
13 aryl alkenyl group.

[0098]

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

[0099] v

The Ci-19 alkyl group, C,-1p alkenyl group and Cjp-i;p alkynyl
group of the “optionally substituted Cj-;0 alkyl group”,
“optionally substituted Cz-;0 alkenyl grbup" and “optionally
substituted Cqu élkynyl group” for R® or R¥ each'optionally
have 1 to 5 (preferably 1 to 3) substituents at substitutable
positign(s). Examples of the substituent include substituents

selected from the above-mentioned Substituent Grouﬁ A. When
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‘the number of the substituents is plural, the respective
substituents may be the same or different.
[0100]

The C3-10 cycloalkyl group, Cs.i;0 cycloalkenyl group and Cy- -
10 cycloalkadienyl group of the “optionally substituted Cs-10
cycloalkyl group”, “optionally substituted Cs_io cycloalkenyl
grodp" and “optionally substituted Cs-10 cycloalkadienyl group”
for R® or R¥ each optionally have 1 to 5 (preferably 1 to 3)
substituents at substitutable position(s). Examples of the
substituent include substituents selécted from the above-
mentioned Substituent Group B. ‘When the number bf the
substituents is plural, the respective substituents may be the
same or different.
[0101] :
| The Cqu aryl group, Cs-14 aralkyl group and Cg-13 aryl
alkenyl group of the “optionally substituted Ce¢14 aryl group”,.
“optionally substituted Cg-14 aralkyl group” and “optionally
substituted Cg-13 aryl alkenyl group” for R® or R® each
optionally have 1 to 5 (preferably 1 to 3) substituents at
substitutable position(s). Examples of the‘substituent include
substituents selected from thg,abové—mentioned Substituent
Group B excluding an oxo group. When the number of the
substituents is plural, the respective substituents may be the
same or different.
[0102]

R' is

- more preferably an optionally substituted Cg14 aryl group, -OR®

30

35

or -SR® wherein R® is as defined above, |

further more preferably an'optionally substituted Cg.14 afyl
group; —ORa‘or -SR® wherein R® is an optionally éubstituted Ci-10
alkyl group (preferably a Cig alkyl group), an optionally
substituted C6ﬂ4-éryl group or an optionally substituted Cg-14
aralkyl grdup, -

still more preferably

(i) a Cg-14 aryl group (e.g., phényl),
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(11) ~OR® wherein R® is a Ci-10 alkyl group (preferably a Ci-s
alkylvgroup (e.g., methyl)) or a Ceia aryl group (e.g.,
phenyl)), or ‘

(1ii) -SR® wherein R® is a C&#4 aiyi group (e.g., phenyl).
(0103] |
| In another embodlment R! is , |
more preferably an optionally substltuted Cs-14 aryl group, or -
OR® wherein R® is as defined above,

further more preferably an optionally substituted Cg.1s aryl
group, or -OR® wherein R® is an optionally substituted Ci-q1g
alkyl group (preferably a Ci-¢ alkyl grdup), an optionally
substituted Cg14 aryl group or an optlonally substltuted Cg-114
aralkyl group,

still more preferably -OR® wherein R® is an optionally
éubstituted Ci-10 alkyl group (preferably a Cis alkyl group),
still more preferably a C;-;0 alkoxy group (preferably a Cig
alkoxy group),

still more preferably a Ci-¢ alkoxy group (e.g., methoxy),

particularly preferably methoxy.

[0104]

R? is'preferably (1) a hydrogen atom, (2) an optionally
substituted Ci-19 alkyl group, (3) ah optionally substituted C,-
10 alkenyl group, (4) an optlonally substituted Csr.1p alkynyl
group, or (5) an optionally substltuted C310 cycloalkyl group.
[0105]

R? is
more preferably a hydrogen atom, or an optionally substituted
Ci-10 alkyl group (preferably a Ci;-g alkyl group),
further more preferably a hydrogen atom or a Ci-ig alkyl group
(preferably'a Cﬁﬁ alkyl group),
still mdre preferably a hydrogén atom or a Ci-¢ alkyl group
(e.g., methyl), | ' '
still more preferably a'hydfogen atom of meﬁhyl,
particularly preferably a hydrogen atom. \

[0106] o
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As preferable combination,
R! is an optionally.substituted'aromatic ring group, ¥OR8, -NHR®,
-NR®R® or -SR® wherein R® and R® are each independentl&-an- |
optionally substituted C;_i;g alkyl group, an optionally
substituted C,.1p alkenyl group, an optionally substituted Cj,-1o
alkynyl group, an optionally substituted C3;o cycloalkyl group,

an optionally substituted Cji.ip cycloalkenyl group, an

- optionally substituted C419 cycloalkadienyl group, an

optionally substituted Cs.14 aryl group, an optionally
sﬁbstituted Cg-14 aralkyl‘group or an‘optionally substituted Cs-
13 aryl alkenyl group, and
R? is (1) a hydrogen atom, (2) an optionally substituted Ci-1o
alkyl group, (3) an optionally substituted C,.;p alkenyl group,
(4) an optionally substituted C,-10-alkynyl group, or (5) an
optionally substituted Cz-10 cycloalkyl group.
[0107]
| As more preferable combination,
R' is an optionally substituted Cg14 aryl group, -OR® or —SR8
wherein R%® is as defined above, and
R? is a hydrogen atom or an optionally substituted Ci-19 alkyl
grbup (preferably é Ci-¢ alkyl group).
[0108]

As further more preferable combination,
R! is an optionally substituted Cg.14 aryl group, -OR® or -SR®
wherein R® is an optionally substituted Ci-10 alkyl group
(preferably a Ci¢ alkyl group), an optionally-substituted Ce-14
aryl group or an optionally substituted Cg-yj4 aralkyl group, and

,Rz is a hydrogen atom or a Ci-10 alkyl group (preferably a Ci-g

alkyl group).
[0109]
As still more preferable combination,

R is

(i) a qug aryl group (e.g., phenyl),

(ii) -OR® wherein R?® is a Ci-10 alkyl group (preferably a Ci¢
alkyl group (e.g., methyl)) or a Ce¢-14 aryl group (é.g.,
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phenyl)), ox

(iii) —SRé.wherein RS is a Ce-14 aryl group (e.g., phenyl), and
R? is a hydrogen atom or a Ci-e alkyl group (e.g., methyl).
(01101 _ |
| Ring A is an optionally substituted aromatic ring.

The “aromatic ring” of the “optionally substituted

‘aromatic ring” for Ring A optionally has 1 to 5 (preferably 1

to 3) substituents at substitutable pbsition(s). Examples of
the substituent include substituents selectéd from the above-
mentioned Substituent Group B excluding an oxo group. When the
number of the substituents is plural, the respective
substituents may be the same or different. |
0111 |

Ring A is
preferably an optionally substituted Cg-14 aromatic hydrocarbon,
more preferably an optionally substituted benzene,
further more preferably benzene substituted by cyclic groupks)
(preferably a 5- or 6-membered monocyclic aromatic
heterocyclic group(s) (preferably pyrazolyl)), and optionally
further substituted, '

- still more preferably benzene substituted by 5- or 6-membered

monocycliq aromatic heterocyclic group(s) (preferably
pyrazolyl), and optionally further substituted by 1 to 5
(preferably 1 to 3) halogen atoms (preferably a fluorine atom),
still more preferably benzene substituted by one 5- or 6-
membered monocyclic aromatic heterocyclic group (prefefably
pyrazolyl), and further optionally substituted by 1 to 5
(preferably 1 to 3) halogen atoms (preferably a fluorine atom),
still more preferably benzene substituted by one 5- or 6-
mempered mdnocyclic aromatic heterocyclic group (preferably
pyrazolyl) and one halogen atom (preferably a fluorine atom),
particularly preferably benzene substituted by one fluorine
atom and one pyrazolyl (particularly 4- (pyrazol-1-yl)-2-
fluorobenzene) . .

[0112]
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| R*, R, R* and R*® are each independently an optionally
substituted'hydrocarﬁon group. | '
R%®, R*, R® and R® are each independently an optionally
substituted hydrocarbon group. '
R%>, R*, R® and R® are each independently an optionally
substituted hydrocarbon group. '

Examples of the “optibnally substituted hydrocarbon group”
for R*, Rr%, R, R%, R®, R*™, R®, R®, R’ R R’ or R® include
those similar to the “optionally substituted hydrocarbon group”
exemplified as the “substituent” for R or R?,

[0113]

R, R*, R™ and R® are
preferably each independently an_optionally substituted Ci_1g
alkyl group (preferably a Ci¢ alkyl grodp),
more preferably each independently é Ci-10 alkyl group
(preferably a Ci;.¢ alkyl group), .
still more preferably each independently a Cbgyalkyl group
(e.g., methyl), | |
particularly preferably all methyl.
[0114] _ _

R*®, R*®, R®® and R®™® are
preferably each independently an optionally substituted Ci-1o
alkyl group (preferably a Ci-g alkyl group), '
more preferably each independently a Cj-;0 alkyl group
(preferably a C16 alkyl group) _
Stlll more preferably each 1ndependently a Ci-g alkyl group
(e.g., methyl) '
particularly preferably all methyl

[0115]

R?’, R?, R® and R® are
preferably each independently an‘éptionally substituted C;_1p
alkyl group (preferably a Ci¢ alkyl group), o
more preferably each 1ndependently a Cy-yp alkyl group
(preferably a CL@ alkyl group),
still more preferably each independently a Ci-g alkyl group,
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(e.qg., methyl),‘ ,

particularly preferably all methyl.

[0116] |

R’ is an optionally substituted hydrocarbon group or an

- optionally substituted heterocyclic group.

Examples of the “optionally substituted hydrocarbon group”
for R’ include those similar to the “optionally substituted
'hydrocarbon group” exemplified as the “substituent” for_R1 or
R,

Examples of the “optionally substituted heterocyclic
group” for R’ include those similar to the “optibnally
substituted heterocyclic group” exemplified as the
“substituent” for R' or R?.

[0117]

R’ is o
preferably an optionally substituted hydrocarbon group,
more preferably an optionally substituted C4.14 aryl group,
still more preferably an optiocnally substituted phenyl,
particularly preferably phényl.

[0118] _

| R is -OR® wherein R’ is a substituent (excluding an
ethenyl group and a benzyl group); .

- Examples of the “substituent” for R® include those

similar to the “substituent” for R' or R’. An ethenyl group
and a benzyl group are excluded from R9._
[0119]

| R is
preferably -OR’ wherein R’ is an optionally substituted
hydrocarbon group (excluding an ethenyl group and a bénzyl
group), . | '
more preferably -OR? wherein R? is an optionally substituted Ci-

10 alkyi group (preferably a C;¢ alkyl group), an optionally

‘substituted Cg.1q aryl group or an optionally substituted Cg.1s

aralkyl group),.

further more preferably -OR® wherein R’ is an optionally
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- substituted C;-;0 alkyl group (preferably a Ci-¢ alkyl group),
still more preferably a Ci-1o alkoxy group (preferably a Ci

alkoxy group),
still more preferably a C,-s alkoxy group (e.g., methoxy),.
particularly preferably'methoxy.
[0120] |

R is a hydrogen atom or a substituent.-

Examples of the “substituent” for R*® include those
similar to the “substituent” for R' or RZ.
[0121] |

R?® is preferably (1) a hydrogen atom, (2) an optionally
substituted Cj-10 alkyl group, (3) an optionally substituted C,_
10 alkenyl group, (4) an optionally substituted Cj;.190 alkynyl
[0122]

R?® is

group, or (5) an opticnally substituted Csz.;0 cycloalkyl group.

more preferably a hydrogen atom, or an opticnally substituted
Ci-10 @lkyl group (preferably a Ci.¢ alkyl group),
further more preferably a hydrogen atom or a Ci;;9 alkyl group

(preferably a Ci¢ alkyl group),

still more preferably a hydrogen atom or a Ci.¢ alkyl group

(e.g., methyl),
still more preferably a hydrogen atom or methyl,
particularly preferably a hydrogen atom.
[0123]
Ring Aa is an optionally substituted aromatic ring.
Examples of the “optionally substituted aromatic ring”
for Ring Aa include those similar to the “optionally -
substituted aromatic ring” for Ring A. .
[0124]
Ring Aa is
preferably an optionally substitﬁted Ce-14 arbmatic;hydrocarpon,

more preferably an optionally substituted benzene,

~ further more prefeiably benzene substituted by cyclié group (s)

(preferably a 5- or 6-membered monocyclic aromatic
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heterocyclic group (s) (prefefably‘pyrazolyl)), and optionally
further sﬁbstituted, - _ '
still more preferébly benzeﬁe substituted by 5- or 6-membered
monocyclic aromatic heterocyclic group(s) (preferably
pyrazolyl), and optionally further substituted by 1 to 5
(preferably 1 to 3) halogen atoms (preferably a fluorine atbm),
still more preferably benzene substituted by one 5- or é-
membered monocyclic aromatic heterocyclic group (preferably
pyrazolyl), and further substituted by 1 to 5 (preferably 1 to
3) halogen atoms (preferably a fluorine atom),
still more preferably benzene substituted by one 5- or 6-
membered monocyclic aromatic heterocyclic group (preferably
pyrazolyl) and one halogeﬁ atom (preferably a fluofine atom),
particularly preferably benzene substituted by one fluorine
atom and one pyrazolyl (particularly 4-(pyrazol-1l-yl)-2-
fluorobenzene}.
[0125]

Prefe:able examples of compound (I) include
a compound wherein
R' is
(i) a Cg-14 aryl group (e.g., phenyl),
(11) -OR® wherein R® is a Ci-10 alkyl group (preferably a Ci-s
alkyl group (e.g., methyl)) or a Ce-14 aryl group (e.g.,
phenyl)), or. ' o |
(1iii) -SR® wherein R® is a Ce.14 aryl group (e.gf,‘phenyl),
R? is a hydrogen atom or a Ci.¢ alkyl group (e;g., methyl),
Ring A is benzene substituted by 5- or 6-membered monocyclic
aromatic heterocyclic group(s) (preferably pyrazolyl)) and
optionally further optionally substituted by 1 to 5
(preferably 1 to 3) halogen atoms (preferably a fluorine atom),

and

R’ is phenyl,
particularly'1—[2—fluoro—4—(1H—pyrazol—1—yl)phenyl];5—methoxy4

3-(l—phenyl—lH—pyrézol—S—yl)pyridazin—4(lH)~one (compound A).
(01261
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Each step in the production method of the present

invention is explained in the following.

The pyridazinone compound of the present invention is

produced according to the following'steps.

5 [0127]
R30 RS2 /.
N (Mia) P Q ‘
R4ao>- s R ~# N R? Z N

} |
. R N \ ,
o  Step 1 ooy U 0T V)

O] » . 0]
R2 or

R1

5

" - | @ @
N (k) 1 2
R4bo>— Reb R Z | R ZZ\)

o~ N Vo) N (Vb)
St 2 ) B &b B 6b
ep o = N R 5 = N R
RZ R5b or : R1 RSb

1 |
R'NH-NH, (V1) R\Z N® R~ N@

! ]

=N - N
Step 3 © () o -
R2_~ ,N,R-’ R~ N’R7

=N or =N

[0128] . _

wherein each symbol is as defined above.

Step 1

10 In this step, compound (IV)‘or compound (IV’) or a

mixture thereof is‘produced by reacting compound (II) with
compound . (IIIa) . ‘ »

This reaction can be carried'out'according to the method
described in Journal of Heterocyclic Chemistry, 1981, 18, 333~

15 334 or a method analogous thereto.

Examples of the compound (IIIa) include N,N-
dimethylformamide dimethyl acetal, N,N-dimethylformamide
diethyl acetal,.N,N—dimethylformamide diisopropyl acetal, N,N—‘
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dimethylformamide dipropyl acetal, N,N—diethylformamide

dimethyl acetal and the like.

The amount of compound (IIIa) to be used is generally 1
to 100 mol, preferably 1 to 50 mol, per 1 mol of compound (II).
, The reaction is carried out without solvent or in a
solvent inert to the reaction. The solvent is not particularly
limited as long as the reaction proceeds. Preferable examples

thereof ‘include alcohols (e.g., methanol, ethanol, propanol,

-butancl and the like), hydrocarbons (e.g., benzene, toluene,

xylene and the like), halogenated hydrocarbons (e.g},
chlorofofm, dichloromethane and the 1like), ethers (e.g.,
diethyl ether, diisbprdpyl ether, tetrahydrofuraﬁ and the
like), esters (e.g., ethyl acetate and the 1like), amides (e.qg.,
N,N-dimethylformamide, N,N-dimethylacetamide and the like),
nitfiles (e.g., acetonitrile and the like), sulfoxides
(e.g.,dimethylsulfoxide and the like), water and mixed
solvents théreof. |

The amount of the solvent to be used is generally 1 to
100-fold weights, preferably 1 to 80-fold weights, relative to
compound (II). ‘

The reaction is generally carried out at 0 to 150°C,
preferably 0 to 80°C, more preferably 0 to 70°C, still more
preferably 0 to 65°C. |

While the reaction time varies depending on the kind of

compound. (II) and compound (IIIa), and the reaction

temperature, it is generally 0.1 to 24 hr, preferably 0.5 to

10 hr. _

While the product can be used for the next reaction as
the reaction mixture or as a crude product,.or can also be
isolated according to a conventional method from the reaction
mixture, and can also be purified according to a separation
means such as recrystallization, distillationy'chromatogfaphy,
HPLC and the like, it is preferably directly uséd for the next
reaction as a érude product from the aspect of eaSiness. |

When a mixture of compound (IV) and compound (IV’') is
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obtained, while compound (IV) and compound (IV’') can be
isolatéd according to a separation meanS‘éuch as | »
recrystallization, distillation, chromatography, HPLC and the.
like,‘the mixture 1s preferably directly uéed for the next
reaction from the aspect of easiness. |
[0129] |

Since R! is different from R? in the present invéntion,

compound (IV) or compound (IV’/) or a mixture thereof is

. obtained in this step. The reaction proceeds selectively

depending on the combihation of R' and R?. For example,

" when R' is an optionally substituted aromatic ring group, -ORS,

~NHR?, -NR°R® or -SR® wherein each symbol is as defined above,
and

R? is (1) a hydrogen atom, (2) an optionally substituted Cj-1¢
alkyl group, (3) an optionally substituted C,-1p alkenyl group,
(4) an optionally substituted C;-10 alkynyl group, or (5) an
optionally substituted Cjz.i;o cycloalkyl group,

preferably when -

R' is optionally substituted Cg.14 aryl group, -OR® or -SRr®
wherein R® is as defined above

[preferably an optionally substituted Cs.14 aryl group, -OR® or
-sR® whereiﬁ Rr® is an‘optiohally substituted Ci-10 alkyl group
(preferably. a Ci-¢ -alkyl group), an optiohally substituted Cg-14
aryl group or an optionally substituted Cg.i4 aralkyl group,
more preferably

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

(ii) ~OR® wherein R® is a Ci.;0 alkyl group (preferably a Cig

alkyl group (e.g., methyl)) or a Cgi1g4 aryl group (e.g.,
phenyl)), or
(1ii) -SR® wherein R® is a Cg-14 aryl group (e.g., phenyl),

further more preferably a Ci-j9 alkoxy group (preferably Cig

alkoxy group),

still more preferably a Ci alkoky group (e.g., methoxy),
particularly preferably methoxy], and

R? is a hydrogen atom, or an optionally substituted Clﬂo'
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alkyl group (preferably a Ci;¢ alkyl gtoup) ‘
[preferably a hydrogen atom or a Ci-10 alkyl group (preferably a

' Ciog alkyl group) ’

more preferabiy a hydrogen atoﬁ or a Ci elkyl group (e.qg.,
methyl), | |
still more preferably a hydrogen atom or methyl,
particularly preferably a hydrogen atom],
compound (IV) 1is preferentially thaihed.
(01367
Step 2
' In this_step, compound (Vb) or compound (V’b) or a
mixture thereof is produced by reacting compound (IV) or
compound (IV') or a mixture thereof with compound (IIIb).
This step is carried out according to a method similar to
that in Step 1.
Examples of the compound (IIIb) include N,N-

dimethylformamide dimethyl acetal, N,N-dimethylformamide

. diethyl acetal, N,N—dimethylformamide diisopropyl acetal, N,N-

dimethylformamide dipropyl acetal, N,N-diethylformamide
dimethyl acetal and the like. '
The amount of compound (IIIb) to be used is geherally 1

to 100 mol, preferably 1 tc 50 mol, per 1 mol of compound (IV)

- or compound (IV’) or a mixture thereof.

, The reaction is carried out without solvent or in a
solvent inert to the reactien. The solvent is not particularly
limited as long as the reaction proceeds. Preferable examples
thereof include alcohols (e.g., methanol, ethanol, propanol,

butanol and the like), hydrocarbons (e.g., benzene, toluene,

xylene and the 'like), halogenated hydrocarbons (e.gqg.,

chloroform,'dichloromethane and the like), ethers (e.g.,

diethyl ether, diisopropyl ether,'tetrahydrofuran and the

like), eeters (e.g., ethyl acetate and the like), amides (e.g;,
N,N-dimethylformamide, N,N-dimethylacetamide and the like),
nitriles (e.g.; acetonitrile and the like), sulfoxides (e.g.,

dimethylsulfoxide and the like), water and mixed solvents
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thereof. |

The amount of the solvent to be used is generaily‘l'to
100~-fold weights, preferably 1 to 80-fold weights, relative to
compound (IV) or compoﬁnd (IV') or a mixture thereof.

The reaction 1s generally carried out ét 0 to 150°C,
preferably 0 to 80°C, more preferably O to 70°C, still more
preferably 0 to 65°C. \

While the reaction time varies depending on the kind of
compound (IV)‘or compound (IV’)'and compound (IIIb), and the
reaction temperature, it is generally 0.1 to 24 hr, preferably
0.5 to 10 hr. ‘ '

While the product can be used for the next reaction as
the reaction mixture or as a crude product, or can alsc be
isolated according to a conventional method from the reaction
mixture, and can also be purified according to a separation
means such as recrystallization, distillation, chromatography,
HPLC and the like, it is preferably directly used'for the next
reaction as a crude product from the aspect of easiness.

When a mixture of compound (Vb) and compound (V’'b) is
obtained, - while compound (Vb) and compound (V’b) can be
isolated according to a separation means such as
recrystallization, distillation, chromatography, HPLC and the
like, the mixture is preferably directly used for the next
reaction from the aspect of easiness.

[0131] ‘

Alternatively, compound (V) or dompound (V') or a mixture
thereof can also be produced by reacting compound (II) with

compound (III) (Step 1+2).

[0132] |
ROl Y o
R? H R4O>——N‘Re { ‘ ) | R ¥ P’J
N N v
oY ) Step 1+ 2 © RS
0 | o” N
RZ Rz R5 Qor
[0133]
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wherein each symbol is as defined above.

This reaction can be carried out according to the method
described in Journal of;Heterocyclic Chemistry, 1981, 18, 333-
334 or a method analogous thereto.. ‘

Examples of the compound (III) include N,N-
dimethylformamide dimethyl acetal, N,N-dimethylformamide
diethyl acetal, N,N—dimethylformamide diisopropyl acetal, N,N~
dimethylformamide dipropyl acetél, N,N-diethylformamide
dimethyl acetal énd the like. |

The amount of the compound (III) to be used is generally
1 to 200 mol, preferably 1 to 100 mol, per‘l mol of compound
(II). |

The reaction is carried out without solvent or in a
solvent inert to the reaction. The solvent is not particularly
limited as long as the reaction proceeds. Preferable examples
thereof include alcohols (e.g., methanol, ethanol, propanol)
butanol and the like), hydrocarbons (e.g., benzene, toluene,
xylene and the like), halogenated hydrocarbons (e.g.,
éhloroform, dichloromethane and the like), ethers (e.g.,

diethyl ether, diisopropyl ether, tetrahydrofuran and the

. like), esters (e.g., ethyl acetate and the like), amides (e.g.,

_ N,N~dimethylformamide, N,N—dimethylacetamide and the like),

nitriles (e.g., acetonitrile and the like), sulfoxides (e.g.,
dimethylsulfoxide ‘and the like), water and mixed solvents
thereof. .

The amount of the solvent to be used is generally 1 to
100~fold weights; preferably 1 to 80-fold weights, relative to
compound (II).

The reaction is generally carried out at 0 to 150°C,
preferably 0 to 80°C, more preferably 0 to 70°C, still more
preferably 0 to 65°C.

While the reaction time varies depending on the kind of
compound (II) and compound (III), and the react%on temperature,
it is generally 0.1 to 24 hr, preferably 0.5 to 10 hr.

While the product can be used for the next reaction as
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the reaction mixture or as a crude product, or can also be

‘iéolated according to a conventional method from the reaction.

mixture, and can also be purified acéording to a separation
means such as recrystallization, distillation, chromatography,
HPLC and the like, it is preferably directly used for the next
reaction as a crude product from thé aspecf of éasiness. |

When a mixture of compound (V) and compound (V') is

obtained, while compound (V) and compound (V’) can be isolated

according to a separation means such as recrystallizatibn,
distillation, chromatdgraphy, HPLC and the like, the mixture
is preferably directly used for thé_next,reaction from the-

aspect of easiness.

[0134]

Step 3

In this step, compound (I) or compound (I’) or a mixture
thereof isvproducedﬂby reacting compound (Vb) or compound
(V'b) or a mixture thereof (or compound (V) or compound (V')
or a mixture thereof) with compound (VI). Since‘compound (IV)’
is preferentially obtained by selecting the combination of R
and R® in Step 1, compound (I) is preferentially obtained from
compound (IV) via Step 2 and Step 3.

This reaction can be carried out according to .the method
described in Journal of Heterocyclic Chemistry, 1981, 18, 333-
334 or a method analogous thereto.

Examples of compound (VI) include phenylhydrazine,
methylhydrazine, ethylhydrazine, isopropylhydrazine and the
like.

The amount of compound (VI) to be used is generally 1 to

10 mol, _preferably 2 to 5 mol, per 1 mol of compound (Vb) or

compound (V'b) or a mixture‘tﬁereof (or compouhd (V) or
compound (V') or a mixture thereof) .

The reaction is carriéd out without solveﬁt or in a
solvent inert to thé réaction. The solvent is not particularly
limited as long as the reaction proceeds. Preferable examples

thereof include alcohols (e.g., methanol, ethanol, l-propanol,
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2—propanol, tért—butyl alcohol, 2-methoxyethanol and the like),
organic acidS'(e.g., formic acid, acetic acid, propionic acid,
trifluoroaoetic acid, methanesulfonic acid and the like),
water and mixed solvents thereof.

The amount of the solvent to be used is generally 1 to
100~fold weights, preferably lO.to 80~fold weights, relative
to compound (Vb) or compound (V’b) or a mixture thereof (or
compound (V) or compouhd (V/) or a mixture thereof).

The reaction is generally carried out under ice-cooling,
at room temperature or under heating with reflux, preferably
at 0°C to 80°C, more preferably 0°C to 40°C, still more
preferably 0°C to 30°C, particularly preferably at room
temperature (about 25°C (particularly 25i5°C)).

While the reaction time varies depending on the kind of
compound (Vb) or compound (V’b) (or compound (V) or compound
(V')), compound (VI) and the solvent, and the reaction
temperature, it 1s generally 0.1 to 10 hr, preferably 0.5 to 5
hr.

[0135]

Compound (I), compound (I’), compound (II), compound
(ITI), compound (IIIa), compound (ITIb), compound (IV),
compound (IV’), compound (Vb), compound (V’b), compound (V),
compound (V') and compound (VI) may be in the form of a salt,
preferably a pharmacologically acceptable salt. Examples of
the salt include salts with inorganic base, salts with organic
base, salts with inorganic acid, salts with organic acid,
salts with basic or acidic amino acid, and the like. |

Preferable examples of the salt with inorganic base
include alkali mefal salts such as sodium salt, potassium salt
and the like; alkaline earth metal salts such as calcium salt,
magnesium salt and the like; aluminum salt; ammonium salt and
the like. i , |

Preferable examples of the salt with organic‘base include
salts with trimethylamine, triethylamine, pyridine, picoline,

ethanolamine, diethanoclamine, triethanolamine, tromethamine
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[tris (hydroxymethyl)methylamine], tert-butylamine,
cyclohexylamine, benzylamine, dicyclohexylamiﬁe, N,N-
dibenzylethylenediamineland the‘like.

Preferable examples of the salt with inorganic acid
include salts with hydrogen chloride, hydrogen bromide, nitric
acid, sulfuric acid, phosphoric acid and the like.

Preferable examples of the salt with organic acid include
salts with formic aCid, acetic acid, trifluorocacetic acid,
phthalic acid, fumaric acid, oxalic acid, tartaric acid,
maleic acid, citric acid,‘succinic acid, malic acid,
methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic
acid and the like. . _

bPreferable examples of the salt with basic amino acid
include salts with arginine, lysine, ornithine and the like.

Preferable examples of the salt with acidic amino acid
include salts with aspartic acid, glutamic acid and the like.
[0136]

Compound (II) which is a Starting material can be
produced according to a method known‘per se, for example, the
method described in non?Patent Document 5.

Among compound (II), compound (IIa):

[0137]

P (lla)

R2a
[0138]
wherein each symbol is as - defined above,
is a novel compound. 1-Methoxy-3-(2-
phehylhydrazinylidene)pehtane—éié—dione and 1:phenoxy—3—(2-:
phenylhydrazinylideﬁe)pentane—Z,4fdione and a compound whéfein

R is an ethenyloxy group or a benzyloxy group are not

30 encompassed in compound (IIa).

Preferable embodiments‘of_Rm, R%? and Ring Aa of compound
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(ITa) include those exemplified as préferable embodiments for
le R?> and Ring A of cbmpound‘(II). Among compound (ITa), the

compound represented by the formula:

[0139] |
N »

o ~-N F

0~ Me
[0140] v
i.e., (3-{2-[2-fluoro-4-(lH-pyrazol-1~-
yl)phenyl]hydrazinylidene}Ql—methoxypentane~2,4—dione) or a

" salt thereof is preferable.

[01411 v
Compound (IIé) can be produced, for example, according to

the following method.

[0142]
‘ 0o 0
N*X ' R1a\)l\(lk/Rza
Step4 _ Steps lN :
‘I'I’ \VJLVJl\,Ra-———-——*> HN
(VI ' (VI (iX) ’ (lta)
- [0143]

wherein X° is an anion, and examples thereof include anions of

halogen atoms (e.g., a fluorine atom, a chlorine atom; a

-bromine atom, an iodine atom), tetrahalogenoborates (e.g.,

tetrafluoroborate) and hexahalogenophosphates (e.g.,
hexafluorophosphate); and the other symbols are'as defined
above. | | ' |
Step 4 _ _
In this step, compound (VIII) is produced by reacting
compound (VII) with a diazotizing agent. v_ | |
Examples of the diazotizing agent'include_alkali metal

nitrites such as sodium nitrite, potassium nitrite and the
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like; Cy-¢ alkyl nitrites such as t-butyl nitrite, isoamyl
nitrite and the like; nitrosyl chloride, nitrosylsulfuric acid,
nitric monoxide and the like. Among them, sodium nitrite is
preferable'from thé aspect of low cost and aVailability, and

an alkyl nitrite is preferable from the aspect of reactivity.

. Since an alkali metal nitrite is solid at an ambient

temperature, it may be used after dissolved in water.

The amount of the diazotizing agent to be used is
generally 1 to 5 mol, preferably 1 to 2 mol, per 1 mol’Qf
compound (VII), from.the aspect Qf reactivity and economic
efficiency. ' | |

» ‘The reaction is carried out in the presence of an acid,
if desired. |

‘Examples of the acid include hydrochloric acid, sulfuric
acid, acetic acid and the like, and it may be used in. a
mixture thereof.

The amount of the acid to be used is generally 1 to 100
mol, preferably 1 to 50 mol, per 1 mol of compound (VII).

The reaction i1s advantageously carried out without

solvent or in a solvent inert to the reaction. The solvent is

not particularly limited as long as the reaction proceeds.

Preferable examples thereof include water.

The reaction is generally carried out at rodm temperature
or low temperature, preferably -30°C to 10°C, more preferably
0°C to 10°C. | |

While the reaction time varies depending on the kind of
compound (VII), the diaiotizing agent and the solvent, and the
reaction temperature, it is generally 1 min to 3 hr,
preferably 1 min to 1 hr. oo
[0144)]

Step 5 -

In this step, compound (IIa) is producéd by ‘reacting
compouhd (VIII) with compound (IX). :

The reaction can be carried out according to the method

described in Tetrahedron Lett., 2008, 49(14), 2262-2264 or a
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method analogous thereto, where desired in the presencé of a

" base.

The_amount.of compound (IX) to be used is generally 1 to
5 mol, preferably 1 to 2 mol, per 1 mol of compound (VIII).

Examples of the base include sodium acetate. '

The amount of the base to be used is generally 1 to 10
equivalents, preferably 2 to 6 equivalents, per 1 mol of
compound (VIII).

The reaction is carried out without solvent or in a
solvent inert to the reaction. The solvent is not particularly
limited as long as the reaction proceeds. Preferable examples
thereof include mixed solvents of alcohols (e.g., methanol,
ethanol, l-propanol, 2-propanol, tert-butyl alcohol, 2-
methoxyethanol and the like) and water.

‘'The reaction is generally carried out at room temperature
or low temperature while cooling in an ice bath.

While the reaction time varies depending on the kind of

compound (VIII), compound (IX) and the solvent, and the

‘reaction temperature, it is generally 5 sec to 24 hr,

preferably 5 sec to 1 hr.

[0145]

| In the production method of the present invéntioﬁ, the
reaction proceeds in high yield by appropriately selecting the
reaction temperature in Step 1 and Step 2, and compound (I)
can be easily obtained at‘a low cost by appropriately

selecting the reaction temperature in Step 3. -Particularly, in

‘the present invention production method, when compound (I) is

1-[2—fluorb—4—(lH—pyrazol—l4yl)phenyl]—5—methoxy—3—(l—phehyl—
1H~pyrazol—5—yl)pyridazinf4(lH)—QneA(compound A), the reaction
is carried out generally at 0 to 150°C, g;efe;ébly 0 to 80°C,
further more preferably 0 to 70°C, still more preferably 0 to
65°C in Step 1 and Step 2. |
[0146]

Compound (IIa) may be in the form of a salt, preferably a

pharmacologically acceptable salt, and examples thereof
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include those similar to the salt exemplified for compound  (I)
and the like. | | '
101477, |

Compound (I), ccmpound (i’), compound (II), compound

(ITa), compound (III), compound (ITTa), compound (IIIb),

'compound (IV), compound (IV’), compound (Vb), compound (V’'b),

compound (V) , compound (V') and compound (VI) may be in the
form of a hydrate or non-hydrate, and they are each
encompassed in compound (I), compound (I”), compound (I1),
compound (IIa), compound (IiI), compound (IIIla), cocmpound
(IIIb), compound (IV), compound (IV’),vcompound (Vb), compound
(V'b), compound (V), compound (V') and»compound (VI).

[0148] ‘

Since compound (I) or compound (I") or a mixture thereof
produced in the production method of the present invention
(hereinafter to be collectively réferred to as compound (1))
has a superior PDEL10A inhibitory activity, it is useful for
the prophylaxis or treatment of, for example, the following
diseases and symptoms in mammals (e.g., humans, cows, horses,
dogs, cats, monkeys, mice, rats and the like, particularly
humans) .
psychotic disorder (e.g., bfief psychotic disorder, shared
psychotic disorder);
psychosis induced by alcohol, amphetamine, cannabis, cocaine,
hallucinogens, obesity, inhalants, opioids, or phencyclidine;
delusional disorder; |
anxiety disorder;
movement disorder;
mood disorder;
major depfessive disorder;

a major depreséive disorder superimposed on a psychotic
disorder comprising a delusional disorder or schizophxenia;
major depressive episode of the mild, moderate or severe type;
manic or mixed mood episode; |

hypomanic mood episode;
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depressive episode with atypical features;
depreésive episode With melancholic featﬁrés;
depressive episode with catatonid features;

mood episode with postpartum onset;

- post-stroke depression;

‘dysthymic disorder;

minor depressive disorder;
autism;
drug addiction;

neurodegenerative disorder;

‘neurodegeneration associated with cerebral trauma;

neurodegeneration associated with stroke;
neurodegeneration associated with cerebral infarct;
hypoglycemia—induced neurodegenerétion;
neurodegeneration associated with epileptic Séizure;
neurodegeneration associated with neurotoxin'poisoning;
multi-system atrophy;

Alzheimer's disease;

dementia;

multi-infarct dementia;

alcoholic dementia or other drug-related dementia;
dementia associatéd with intracranial tumors or cerebral
trauma; . _ .

dementia associated with Huntington's disease or Parkinson's
disease;

AIDS-related dementia;

Frontotemperal dementia;

delirium;

amnestic disbfder;

post-traumatic stfess disorder;

mental retardation; ‘

learning disorder (e.qg., reading disorder, mathematics

disorder, or a disorder of written expression);

attention-deficit/hyperactivity disorder;

age-related cognitive decline;
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premenstrual dysphoric disorder;

post-psychotic depressive disorder of schizophréhia;
bipolar disorder bomprising bipolar I disorder, bipolar II

disorder;

.cyclothymic disorder;

Parkinson's disease;
Huntington's disease;
paranoid;

schizophrenia (e.g., paranoid schizophrenia, disorganized

schizophrenia, disorganized schizophrenia, catatonic

schizophrenia, undifferentiated schizophrenia, residual
shhizophreniaf;r
schizophréniform disorder;
schizoaffective disQrder'of the delusional type or the
depressive type; '
personality disorder of the paranoid type;
personality'disorder of the schizoid type;
obesity; v
metabolic syndrome;
non-insulin dependént diabetes (NIDDM);
glucose intolerance; |
pulmonary arterial hypertension (PAH);
Tourette syndrome (TS}.
Bmong them, compound (I) is useful for the prophylaxis
treatment of schizophrenia. '

[0149]

Since compound (I) is superior in metabolic stability,

or

it

can be expected to have an excellent therapeutic effect on the

above-mentioned diseases even in a low dose.

Compound (I) shows low toxicity, and can be administered

safely, as it is, or in a dosage form which is manufactured

aécording to a per se known method for manufacturing

. pharmaceutical formulations (e.g., methods described in

Japanese Pharmacopoeia) such as tablet (including sugar—coated

tablet, film-coated tablet, sublingual tablet, orally
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disintegrating tablet and buccal), pill, powder, granule,

capsule (including soft capsule, microcapsule), troche,  syrup,

liguid, emulsion, release control preparation (e.g.,
immediate-release preparation, sustained-release preparation,
sustained-release microcapsule), aerosol, film (e.g., orally
disintegrating film, oral mucosa-adhesive film), injection
(e.g., subcutaneous injection, intravenous injection,

intramuscular injection, intraperitoneal injection), drip

‘infusion, transdermal absorption type preparation, ointment,

lotion, adhesive preparation, suppository (e.g., rectal
suppository, vaginal suppository), pellet, nasal preparation,
pulmonary preparation (inhalant), eye drop and the like,
orally ox parenterally (e.g., intravenous, intramuscular, -
subcutaneocus, intraorgan, intranasal, intradermal,
instillation, intracerebral, intrarectal, intravaginal,
intraperitoneal, and directly to lesion).
[0150] . »

Here, as a pharmacologically acceptable carrier, common
organic.or inorganic carrier substances are used as
formulation raw materials. Carriers are added as Vehicles,
lubricants,'binders, disintegrants and the like in the solid
formulatidns; and as solubilizing agents, suspénding agents,
isotonization agents,.buffers, soothing agents and the like in
the liQuid formulations. If desired, formulation additives
such as antiseptics, antioxidahts, colorants, sweeteners and
the like can be used. '
[0151) |

Preferable examples of the excipient'inélude lactose,
sucrose, D—mannitol} D-sorbitol, étarch, a—starch, dextrin,
crystalline cellulose, low-substituted hydroxypropyl cellulose,
sodium carboxymethyl cellﬁlose, gum Arabic, pullulan, light
silicic anhydr%de,\synthetic aluminum silicate and magnesium
metasilicic aluminate. | _ | ‘ ‘ |

Preferable examples of the lubricant include magnesium

stearate, calcium stearate, talc and colloidal silica.
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[0152] ;
| ' Préferable examples of the binder include a-starch,
sucrose, gelatin, gum Arabic, methyl cellulose, carboxymethyl
cellulose, sodium carboxymethyl cellulose, crystalline
cellulose, sucrose, D+maﬁnitol, trehalose, dextrin, pullulan,
hydroxypropyl cellulose, hydroxypropyl methyl cellulose and
polyvinylpyrrolidone.

[0153]

Preferable examples of the disintegrant include lactose, 
sdcrose, starch, carboxymethyl cellulose, calcium A
caerxymethyl cellulose, sodium croscarmellose, sodium
carboxymethyl starch, light silicic anhydride and low-
substituted hydroxypropyl cellulose. '

[0154]

Preferable examples bf the solvent include watef for
injection, physiologiéal saline, -Linger solution, alcohol,
propylene glycol, polyethylene glycol, sesame 0il, corn oil,
olive oil and cottonseedvoil.

[0155] | |

Preferable examples of the SOlubilizing agent include
polyethylene glycol, propylene glycol, D-mannitol, trehalose,
benzyl benzoate, ethanol, tris-aminomethane, cholesterol,
triethanolamine, sodium carbonate, sodium citrate, sodium
salicylate and sodium acetate.

[0156] | |

' Preferable examples of the suspending agent include
surfactants‘such as stearyl triethanolamine, sodium lauryl
sulfate, laurylamino propionic acid, lecithin; benzalkonium
chloride, benzethonium chloride and glycerin monostearate; -

hydrophilic polymers such as polyvinyl alcohol, polyvinyl

pyrrolidone, sodium carboxymethyl cellulose, methyl cellulose,

hydroxymethyl cellulose, hydroxyethyl cellulose and
hydroxypropyl cellulose; polysorbatés, and polyoxyethylene-
hardened castor oil. .

[0157]
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Preferable examples of the isotonization agent include
sodium chloride, glycerin, D-mannitol, D-sorbitol and glucose.

[0158]

Preferable examples of the buffer include buffer solution

of phosphates, acetates, carbonates and citrates.

Preferable examples of the soothing agent include benzyl
alcohol. ) |

Preferable examples of antiseptic include para-oxybenzoic
écid esters, chlorcbutanol, benzyl alcohol, phenethyl alcohol,
dehydroacetic acid and sorbic acid.

Preferable examples of antioxidant include sﬁlfites and -

. ascorbates.

[0159]

Preferable examples of the colorant include water soluble
edible tar dyes (e.g., edible dyes such as Food Red No. 2 and
No. 3,.Food Yellow No. 4 and NQ; 5, Food Blue No. 1 and 2),
water insoluble lake dyes (e.g., aluminum salts of the above-
mentioned water soluble edible tar dyes) and natural dyes
(e.g., P-carotene, chlorophyll, red iron oxide).

Preferable examples of the sweetener include sodium

saccharin, dipotassium glycyrrhizate, aspartame and stevia.

' [0160]

While the content of compound (I) in the pharmaceutical
composition of the present invention varies depending on the
dosage form, dose of compbund (I), and the like, it is, for
example, about 0.1 to 100 wt%,.preferably about 0.1-95 wt3,
relative to the entire amount of the composition.

(01611 _

While the dose of compound (I) varies depending on the
subject of administration, admihistration route, target
disease, symptom and the like, for example, for oral
administration to a schizophrenia patient (adult; about 60 kg
Qeight), it is generally about 0.1 to about 20 mg/kg body
weight; preférably about 0.2 to about 10 mg/kg body weight,
more preferably about 0.5 to about 10 mg/kg body weight as a-
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single dose, which is desirably adminiétered once to several
times (é.g., 3 times) a day.
[0162] _

Compound (I) can be administered as a single active
substance, or can be administered in combination with other
medicaments such as other drugs used in the treatment of
psychosis, specially schizophrenia and bipolar disorder,
obsessive-compulsive disorder, major>depression, Parkinson's
disease, Alzheimer's disease, cognitive impairment and/or
memory loss, for example, nicotinic o7 agonists, nicotinic a7
partial agonists, nicotinic o7 positive allosteric modulators,
PDE2 inhibitors, PDE4 inhibitors, PDE5 inhibitors, other PDE
inhibitors, calcium channel blockers, muscarinic ml and mz
modulators, adenosine receptor modulators, ampakines, glycine'
transporter 1 inhibitors; NMDA-R modulators, mGluR modulators,
dopamine modulators, serotonin modulators, selective serotonin
reuptake inhibitors, serotonin and norepinephrine reuptake
inhibitors, norepinephrine and dopamine reuptake inhibitors,
triple reuptake inhibitors, cannabinoid modulators and
éholinesterase inhibitors (e.g., donepezil, rivastigimine‘and
galantamine). In such combinations, each active‘ingredient can
be administered either in accordanée with their usual dosage
range or a dose below their usual dosage range, and can be
administeréd either simultaneously or sequentially. |
[0163] . ‘

Examples of the drug suitable for combination with
compound (I) (hereinafter to be referred to as concomitant
drug) include other suitable schizophrenia drugs including,
but not limited to, Haldol, Clozaril, Zyprexa,-RiSperdal,
Abilify, Geodon, Invega and Seroquel; bipolar disorder drﬁgs
including, but not limited to, Lithium, Zyprexa, Abilify and
Depakote; Parkinson’s disease drugs including, but not limited}

to, Levodopa, Parlodel, Permax, Mirapex, Tasmar, Kemadrin,

“Artane and Cogentin; agents used in the treatmént of major

depression including, but not limited to, Elavil, Tofranil,
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Norpramin, Pamelor, Paxii,'Prozac, Zoloft,'Wellbutrin, Lexapro,
Remeron, Effexor and Cymbalta; sgents used“in the treatment of
Alzheimer’s disease including, but not limited to, Reminyl,
Cognex, Aricept, Exelon, Akatinol, Neotropin, Eldepryl,
Estrogen and Cliquinol; agents used in the treatment of
dementia including, but not limited to, Mellaril, Haldol,
Risperdal, Cognex, Aricept and'Exelon; agents used in the
treatment of epilepsy including, but not limited to, Dilantin,
Luminal) Tegretol, Depakote, Depakene, Zarontin, Neurontin,

Barbita, Solfeton and Felbatol; agents used in the treatment

‘of multiple sclerosis including, but not limited to, Detrol,

Ditropan XL, OxyContin, Betaseron, Avonex, Azathioprine,
Trexall and Copaxone; agents used in the treatment of
Huntington’s disease including, but not limited to, Elavil,

Tofranil, Norpramin, Pamelor, Paxil, Prozac, Zoloft, Nitoman,

‘Haldol, Thorazine, Mellaril, Dogmatil, Seroquel, Clozaril and

Risperdal; agents used in the treatment of diabetes including,
but ndt limited to, PPAR ligands (e.g., agonists, antagonists,
such as Rosiglitazone, Troglitazone and Pioglitazoné), insulin
secretagogues (e.g., sulfdnylurea‘drugs such as Glyburide,
Glimepiride, Chlopropamide, Tolbutamide and Glipizide, and
non—sulfonyl'secreﬁagogues), a-glucosidase inhibitors (e.g.,

Acarbose, Miglitol and Voglibose), insulin sensitizers (e.g.,

‘the PPAR-y agonists such as glitazones and biguanides, PTP-1B
inhibitors, DPP-IV inhibitors and llbeta-HSD inhibitors),

hepatic glucose output lowering compounds (e.g., glucagoﬁ
antagonists and metformin, such as Glucophage and Glucophage
XR), insulin and insulin derivatives (both long and short
acting forms and formulatisns of insulin);_and antiobesity
drugs, including, but not limited to, B-3 agonists, CB-1
agonists, neuropeptide ¥5 inhibitors, Ciliary Neurotrophic

Factor .and derivatives (e.g., Axokine), appetite suppressants

'(e.g., Sibutramine) and lipase inhibitors (e.g., Orlistat).

(01641 .

The form of ‘administration of compound (I) with a
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concomitant drug is not particularly limited and is acceptable
as iong as compound (I) is combined with a concomitant drug at
the time of administration. Examples of such forms of ‘
administration are as follows:

(1) Administration of a single formula obtained simultaneous
formulation of compound (I) with a concomitant drug,

(2) Bimultaneous administration via the same administration
route for fwo kinds of formulas obtained by independent
formulations of compound (I) and a concomitant drug,

(3) Administrationé at different times via the same
administration route for two kinds of formulas obtained by
independent formulétionsyof cdﬁpound-(l) and a concomitant
drug, ' |

(4) Simultaneous administration via different administration
routes for two kinds of formulas obtained by independent
formulations of compound (I) and a concomitant drug,

(5) Administrations at different times via different
administration routes for two kinds of formulas obiained by
independent formulations of compound (I) and a concomitant
drug (for example, administration in the order of compdund (I)“
to a concomitant drug, or administration in the reversed
order). Hereilnafter, these forms of administration are

collectively abbreviated as the combination agent of the

‘present invention.

[01e5] .

: When admihistering the combination' agent of the present
invention, a concomitant drug and compound (I) can be
administered simultaneously. Alternatively, compound (I) can
be administered after a concomitant drug is administered, or é~
concomitant drug can be administered after comeund (I) 1is _ |
administered. When administering at different times, the time
difference depends upon the active ingredients toc be
administered,-drﬁg forms and methods of administration. For
example, when a concomitant drug is administered first,

compound (I) can be'administered within 1 min to 3 days,
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preferably within 10 min to 1 day, more preferably within 15
min to 1 hour after the concomitant drug is administered. When
compound (I) is adminiétered first, a concomitant drug can be
administered within 1 min to 1 day, preferably within'lo nmin
to 6 hours, mofe p?eferably within 15 min to 1 hour after
compound (I) is administered.

[0166], _

If there are no problems'with side effects of concomitant
drugs, any dosages can be set. A daily dosage as a concomitant
drug depends upon dosages, administration subjects,
administration routes, target diseases, symptoms and the like.
For example, for oral administration to a schizophrenia '
patient (adult, about 60 kg weight), it is generally about 0.1
to 20 mg/kg body weight, preferably about 0.2 to 10 mg/kg body
weight, more preferably about 0.5 to 10 mg/kg body weight as a
single dose, which is desirably administered once to several
times (e.g., 3 timesj a day.

If compound (I) is used in combination with a concomitant

drug, the respective dosages can be reduced within a safe

range with consideration of the opposite effects of the
respective drugs.
[0167]

The combination agent of the present invention shows low
toxicity. For example, the compound of (I) or({and) the above-
mentioned concbmitant drug can be combined with a

pharmacologically acceptable carrier according to the known

method to prepare a pharmaceutical composition such as tablet

(including sugar-coated tablet and film-coated tablet), powder,

'granule, qapsule (including soft capsule), liquid, injection,

suppository, sustained-release agent and the like.  These

compositions can be administered safely orally or parenterally

" (e.g., including locally, rectally, intravenously etc.).

(01681

The pharmacologically acceptablé carriers that can be

used for manufacturing the combination agent of the present .
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invention can be the same as those used in the pharmaceutical
composition comprising compound'(I) as mentioned above.
[0169]

A mixing ratio between compound. (I) and a concomitant
drug in the combination agent of the present invention can be
selected appropriately based on the administration subjects,
Aadministration routes and diseases.

The above—mentionéqvconcomitant drugs can be used in a
combination of two or more kinds thereof in an appropriate
ratio. | '

A dosage of the concomitant drug can be selected
approprlately based on the dosages used cllnlcally ‘In
addition, a mixing ratio between compound (I) and a
concomitant drug can be selected appfopriately based on the
administration subjects, administration routes, target
disesses, symptoms, combinations snd-the like. For example, 1if
the administration subject is human, a concomitsnt drug can be
used in an amount ranging f:om 0.01 to 100 parts by weight
relative to 100 parts by weight of compound (I).

[0170] |

For example,vthe content of compound (I) in the
combination agent of the present invention varies with the
drug form of formulation. Generally, it is within the range
from about 0.01 to 99.9 wt%, preferably from about 0.1 to‘50

wt%, more preferably from about 0.5 to 20 wt%, relative to the

entire amount of the formulation.

[0171] _

The content of a concomitant drug in the combination
agent of the present invention varies with the drug form of
formulation. Generally it is within the range from about 0.01
to 99.9 wt%, preferably froﬁ about 0.1 to 50 wt%, more
preferably from about 0.5 to 20 wt%,irelative to the entire
amount of the formulation. | |
(01721

The contént of an additive such as carriers in the
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combination agent of the present invention varies with the
drug form of formulation. Generally it is within the range
from about 1 to 99.99 wt%, preferably from about 10 to 90 wt%,
relative to the entire amount of the formulation.
[0173]

‘  When compound (I) and a concomitant drug are formulated
independently, the same contents can be applied. |
[0174] | |

| Since the dosages may fluctuate under varibus conditions
as mentioned above, a dosage less than the above-mentioned
dosages may be sufficient or it may.be necessary to administer
at a dosage exceeding the range. |
Examples
[0175]

: The present invention is explained in detail in the
following by referring to Reference examples and Examples, and
which are not to be construed as limitative.

In the Reference examples and Examples, the “room
temperature” means about 25°C.
[0176]

Reference example 1

.1)'1—methoxy—3—(l—phenyl—lH—pyrazol—S-yl)propan—Z—ol

To a solution of l-phenyl-lH-pyrazole (5.0 g) in
tetrahydrofuran (150 mL) was added drobwise 1.6M n- .
butyllithium n-hexane solution (22.8 mL) at -78°C. The mixture
was stirred at the same temperature fof 1 hr} and 2-
(methoxymethyl)okirane (9.2 g) was added thereto. The mixture

was stirred at room temperature for 1 hr, 1M hydroChloriC acid

‘was added thereto, and the mixture was concentrated under

reduced pressure to evaporate tetrahydrofuran. The residue was

~extracted with ethyl acetate, and the extract was purified by

silica gel column chromatography to give l-methoxy-3-(1-
,phenyl~1H—pyrazol—5—yl)propan—z—ol (2.44 g; 30%) . |
[0177] | |

2) 1-methoxy—3—(l—phényl—lH—pyrazol—S—yl)propan—Z—one
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To a solution of dimethylsdlfoXide (505 mg) in

tetrahydrofuran (3 mL) was added trifluoroacetié-anhydride
(407 mg) at -50°C, and the mixture was stirred for 15 min. A
solution of 1—methoxy;3—(l—phenyl—lH—pyrazol—S—yl)prbpan—Z—ol
(300 mg) in tetrahydrofuran (2 mL) was added thereto»at the

same.temperature. The mixture was stirred at 0°C for 15 min,

triethylamine (523 mg) was added thereto, and the mixture was

stirred for 1 hr. The mixture was stirred at room temperature
for additional 3 hr, and extracted with ethyl acetate and 10%
sodium carboﬁate aqueous solution. The organic layer wés
washed successively with 1M hydrochléric acid and 10% brine,
‘and concentrated undér reduced pressure. The residue was
purified by silica gel column chromatography to give 1~
methoxy-3~(l-phenyl-lH-pyrazol-5-yl)propan-2-one (183 mg, 62%).
[0178] - o
3) 1-{2-[2-fluoro-4-(lH-pyrazol-1-yl)phenyl]hydrazinylidene}-
3—methoxy—l—(1—phenyl—lH—pyrazol—5—yl)propan—Z—oné

To 3M hydrochloric acid (1.1 mL) was added 2-fluoro-4-
(1H-pyrazol-l1-yl)aniline hydrochloride (139 mg). A mixture of
sodium nitrite (67 mg) and water (0.2 mL) was added dropwise
thereto at 0°C, and the mixture was stirred at the same “
temperature for thr. This solution was added dropwise to a
solution of l-methoxy-3-(l-phenyl-1H-pyrazol-5-yl)propan-2-one
(150 mg) and sodium acetate~(321‘mg) in_methanol (1.4 mL) at’
0°C, and the mixture was stirred at the same temperature for 1
hr. The mixture was extractéd with water‘and ethyl acetate,
and the organic layer was éoncentrated under reduced‘pressure.
The residue was purified by silica gel column chromatography
to give 1-{2-[2-fluoro-4-(lH-pyrazol-1- ‘
yl)phenyl]hydrazinylidene}—3—methbxy¥l—(l—phenyl—lH—pyrazol—S—
yl)propan-2-one (1lQ mg, 40%). '
[0179] :
4) 1—[2ffluoro—4—(lH—pyraZol—l—yl)phényl]—5—methoxy—3—(1—
phenyl—lH—pyrazol—S—yl)pyridazin—4(1H)—one

To a solutidn of 1—{2—[2—fluoro—4—(lH—pyrazol¥1—
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yl)phenyl]hydrazinylidene}-3-methoxy-1-(1l-phenyl~1H-pyrazol~5-
yl)propan-2-one (100 mg) in N,N-dimethylacetamide (1 mL) was
added N,N-dimethylformamide dimethyl acetal (43 mg), and the

mixture was stirred at 80°C for 2 hr. Then, water (1.5 mlL) was

added thereto at room temperature, the mixture was stirred

overnight, and the crystals were collected by filtration. The
wet crystals were dried to give 1-{2-fluoro-4~ (1lH-pyrazol-1-
yl)phenyl] -5-methoxy-3- (l-phenyl-1H-pyrazol-5-yl)pyridazin-

4 (1H)-one (50 mg, 49%).

[01801

Reference example 2

1) 2—fluoro—4—(lH—pyrazol—l—yl)éniline

A mixture of 2-fluoro-4-iodoaniline (1000 g), 1H-pyrazole
(345 g), cesium carbonate (2887 g) and 1,2-dimethoxyethane (5
L) was degassed. To the ﬁeaction mixture were added copper (I)
iodide (24.1 g) and trans-1,Z-cyclohexanediamine (48.2 g) with
stirring, and the mixture was stirred under nitrogen
atmosphere at room temperatqré for 20 min, and then stirred

with heating at the internal température of 85°C to 86°C for 72

hr. The reaction mixture was diluted with water (7.5 L), and

extracted with ethyl acetate (10 L). The a@ueous layer was

extracted with ethyl acetate (10 L). The organic layers was
combined, Washed_with saturated brine (10 L), dried over
magnesium sulfate, and concentrated. The residue was purified
by silica gel column chromatography (ethyl acetate /hexane) to
give the title compound (650 g) as pale yellow crystals.
(01811 _' |

2) methyl 2—{2—[2~fluoro—4—(1H—pyrazol—1—

'y1)phenyl]hydrazinylidene}—4—methoxy—3—oxobutanoate

To a mixture of 2-fluoro-4-(1lH-pyrazol-l-ylyaniline (271
g) and 6N hydrochloric acid (1.53 L)bwas added dropwise a
solution df sodium nitrite (158 g)/water 1380 mL)‘over-BO min
at thé internal temperaturé of 5°C to 15°C, and the mixture was
stirred at the same temperature‘for 90 min. To a suSpension of

methyl 4-methoxy-3-oxobutanocate (223 g), sodium acetate (753
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g) and methanol (3 L) was added dropwise the above-mentioned
solution over 30 min at the internal temperature of 5°C to 21°C,
and the mixture was stirred at the same temperature for 20 min.
To the feaction mixture was added dropwise water (3 L) over 30
min at the same temperature, and the mixture was stirred at
the same temperature for 90 min. The resulting crystals were
collected by filtration, and washed with water (3 L). A
solution of ethanol (3.38 L)/diisopropyl ether (2.25 L) was
added thereto, and the mixture was stirred ét roomvtemperature
for 30 min. The crystals were collected by filtratidn, washed
successively with diisopropyl ether (1 L) and hexane (1 L),
and dried to give the title compound (472 g) as orange
crystals.

[0182] _

3) methyl 1-[2-fluoro-4-(lH-pyrazol-1-yl)phenyl]-5-methoxy-4-
oxo-1,4-dihydropyridazine-3-carboxylate

A mixture of methyl 2-{2-[2-fluoro-4-(1H-pyrazol-1-
yl)phenyl]hydrazinylidene}—4—methoxy—3—oxobutanoate (945 gy,
N,N-dimethylformamide dimethyl acetal (4.5 L) and N,N-
dimethylformamide (0.45 L) was stirred at the internal
temperature of 85°C for 60 min. The reaction mixture was
cooled to 5°C over 1 hr, and stirred at the same temperature
for 30 min. The resulting crystals were collected by
filtration, washed with a solution of'ethyl acetate (1.4
L)/hexanev(2.8 L), and dried to give the title compound (920
g) as pale yellow crystals. ‘

[0183].
4) 1-[2-fluoro-4-(lH-pyrazol-l-yl)phenyl]-5-methoxy-4-oxo-1,4-
dihydropyridazine-3-carboxylic acid _

To a mixture of methyl 1-[2-fluoro-4-(lH-pyrazol-1-
yl)phenyl]-5-methoxy-4-oxo-1, 4-dihydropyridazine~-3-carboxylate
(280 g) and methanol (5 L) was added dropwise 1N agueous
sodium hydroxide solution (1.63vL) over 30 min a£ the internal
temperature of 5°C to 10°C, and the mixture was stirred at room

temperature for 1 hr. To the reaction mixture was added
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dropwise 1N hydrochloric acid (1.63 L) over 30 min at the
internal temperature of 5°C to 10°C, and the mixture was
stirred at the same temperature for 30 min. The crystals were
collected by filtration, washed successively with water (0.75
L) and a solution of‘ethanol (0.84 L)/diisopropyl ether (0.56
L), and dried to give the ﬁitle cémpouhd (242 g) as pale
yellow crystals. '

(0184]

5) 1—[2—fluoro—4;(lH—pyrazol—l¥yl)phényll—N,5—dimethoxy—N—
methyl-4-oxo-1,4-dihydropyridazine-3~carboxamide

To a mixture of 1—[2—fludro-4—(lH—pyrazol—l—yl)phenyl}—5-‘

‘methoxy-4-oxo-1,4-dihydropyridazine~3-carboxylic acid (148.8

g) and N,N-dimethylformamide (576 mlL) were added N,O-
dimethylhydroxylamine hydrochloride (48.3 g), 1-
hydroxybenzotriazole monohydrate (76 g), l-ethyl-3-(3-
dimethylaminopropyl)-~carbodiimide hydrochloride (95 g) and
triethylamine (132 mL), and the mixture was stirred at .25°C for
3 hr. To the reaction mixture were‘added N, O-
dimethylhydroxylamine hydrochloride (8.80 g), 1-
hydroxybenzotriazole (13.8 g), l-ethyl-3-(3-

dimethylaminopropyl)-carbodiimide hydrochloride (17.3 g) and

triethylamine (25;1 nl), and the mixture was stirred at 25°C

for 3 hr. To the reaction mixture were added N,O-

dimethylhydroxylamine hydrochloride (8.80 g), 1-
hydrdxybenzotriazole (13.8 g), l-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide hydrochloride (17.3 g) and
triethylamine (25.1 mL), and the mixture was stirred overnight
at 30°C. To'the reaction mixture was added water (3.5 L), and
the mixture was stirred at 0°C for 4 hr. The resulting
crystals were collectéd.by filtration, and washed with water

(1 IL). A solution of ethanol (600 mL) /diisopropyl ether (400

mL) was added thereto, and the mixture was stirred. The

crystals were collécted'by filtration, and washed successively
with‘diisopropyl ether (200 mL) and hexane (200 mL) to give
the title compound (138.7 g). |
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[0185]
6) 3—acetyl¥1—[2—fluoro—4—(lH—pyrazol—l—yl)phenyli-S—
methoxypyridazin-4 (1H) -one

To 1-[2-fluoro-4- (1lH-pyrazol-1l-yl)phenyl]-N, 5-dimethoxy-
N-methyl-4-oxo-1,4~-dihydropyridazine-3-carboxamide (20 g) was
added tetrahydrofuian (1.6 L), and the mixture_was heated at
60°C to dissolve the compound, and allOWedbto be cooléd. M
methylmagnesium bromide tetrahydrofuran solution (200 mlL) was
cooled to -78°C, the above-mentioned solution was added
dropwise thereto at the internal temperature'of -78°C to -50°C,
and the reaction mixture was stirred at -78°C for 2 hr. To the
reaction mixture was added saturated aqueousAammonium chloride
solution (200 mL), and the mixture was allowed to be warmed to
room tempefature. The organic layer was washed with'saturated
brine (300 mL x3), and the.aqueous layers were combined, and
extracted with ethyl acetate (500 mL). The organic layers were
combined, and concentrated. The aqueous layer was removed by
decantation from the brownish-red résidue, tetrahydrofuran (30
mL) was added thereto, and the mixture was purified by silica
gel column chromatography (methanol/ethyl acetate). To-the
resulting crystals was added ethyl acetate (25 mL), and the
mixture was stirred, and diisopropyl ether (75 mL) was added
thereto. The crystals were collected by filtration, and washed
with a solution of ethyl acetate. (12.5 mL)/diisopropyl ether |
(37.5 mL) to giVe the title compound (13.9 g). |
[0186] ' |
7) 3—[3—(dimethylamino)prop—2—enoyl]—l—[2—fluoro—4—(1H—
pyrazol-l-yl)phenyl]-5-methoxypyridazin-4 (1H)-one

To a mixtﬁre of 3-acetyl-1-[2-fluoro-4-(1lH-pyrazol-1-
yl)phenyl]-5-methoxypyridazin-4 (1H)-one (700 g) and
acetonitrile (3.5 L) was added N,N-dimethylacetamide dimethyl
dgcetal (3.5 L) at the internal temperature of 15°C to 20°C.
The reaction mixture was stirred with heating at the internal
temperatﬁre of 8§°C for 4 hr,‘and ice-cooled for 1 hr. The

resulting crystals were collected by filtration, washed
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sudcessively with acetonitrile (3 L) and diisopropyl ether (3
L), and dried'under reduced pressure at 50°C for 6 hr to give

| the title compound (725.3 g) as brown crystals.
[0187] _

5‘8) 1-[2-fluoro-4-(1H-pyrazol-l-yl)phenyl]-5-methoxy-3-(1-

phenyl—lepyrazol—Sfyl)pyridazin—4(lH)—one

To a mixture of 3—{34(dimethylamino)prop—Z—enoyl]—l—[2—
fluoro—4-(1H—pyrézol—1—yl)phényl]45—methoxypyridazin—4(lH)-one
(774.8 g) and ethanol (3.9 L) was added dropwiée a solution of

10 phenylhydrazine (210.8 mL) in 10% trifluoroacetic acid/ethanol
(7.75 L) over 1 hr at the ihte;nal temperature of-O‘to 5°C, and
the mixture was stirred at the internal temperature of 20°C to
25°C for 3 days. The reaction mixture .was ice-cooled for 1 hr,
and the resulting crystals were collected by filtration,

15 washed with ethanol (3.9 L), and dried under reduced pressure
at 60°C for 6 hr to give crude crystals (826.0 g) of 1-[2-
fluoro-4-(1H-pyrazol-1-yl)phenyl]-5-methoxy-3- (1-phenyl-1H-
pyrazol-5-yl)pyridazin-4 (1H)-one as yellow crystals.

To the crude 1—[2—fluoro—4—(1H—pyraiol—1—yl)phenyl]—5—

20 methoxy-3-(l-phenyl-1H-pyrazol-5-yl)pyridazin-4(1H)-one (1.75
kg) was added dimethyléulfoxide (14.9 L); and the mixture was
heated at 70°C to dissolve the compound. The solution was
filtered, and the reaction contaiﬁer and filter were washed
with dimethylsulfoxide (0.88 L). To the filtrate was added

25 dropwise ethanol (15.0 L) over 1.5 hr at 60°C, and the mixture
was cooled to 4°C over 2 hr, and stirred at 2°C to. 4°C for 40
min. The resulting crystals were collected by filtration,
washed with ethanol (14 L), dried overnight in air, and then

hdried under reduced pressure at 60°C for 4 hr to give the

30 recrystallized (once) product (1.48 kg) of 1-[2-fluoro-4-(1H-
pyrazol-1-yl)phenyl]-5-methoxy-3-(1l-phenyl~1H-pyrazol-5-~
yl)pyridazinf4(lH)—one._ v‘

To the above-mentioned recrystallized (once) product
(1.48 kg).of 1—[2—fluoro—4—(lH—pyrazol—l—yl)phenyl]f5—methoxy—
35 3-(l-phenyl-1H-pyrazol-5-yl)pyridazin-4 (1H)-one was added
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dimethylsulfoxide (10.7 L), and the mixture was heated at 75°C
to dissolve the compound. To the solution was added dropWise
ethanol (13.1 L) over 1 hr at 65°C to 70°C, and the mixture was
cooled to 5°C over 1.5 hr, and stirred at.the internal
temperaturé of 2°C to 55C4for 45 min. The resulting crystals
wete collected by filtration, washed with ethanol (11.8 1),
dried overpight in air, and then dried under reduced pressure
at 50°C for 2 hr to give the recrystallized (twice)-product
(1.40 kg) of 1-[2-fluoro-4-(lH-pyrazol-1-yl)phenyl]-5-methoxy-
3-(l-phenyl-1H-pyrazol-5-yl)pyridazin-4 (1H) -one.
(0188] '
Reference example 3
1) 2-fluoro-4-(lH-pyrazol-l-yl)aniline

A mixture of 2-fluoro-4-iodoaniline (1000 g), 1lH-pyrazole
(345 q), besium carbonate (2887 g) and 1,2-dimethoxyethane (5
L) was degassed. To_the reaction mixture were added copper(I)
iodide (24.1 g) and trans—l,2—cyclohexénediamine (48.2 g) with
stirring, and the mixture was stirred at room temperature for
20 min under nitrogen atmosphere, and then stirred with
heating at the internal ﬁemperaturé of 85°C to 86°C for 72 hr.
The reaction mixture was diluted with watei-(7.5 L), and
extracted with ethyl acetate (10 L). The agueous layer was
extracted with ethyl acetate (10 L). The organic layers were
combined, washed with saturated brine (10 L), dried over
magnesium sulfate, and concentrated. The residue was purified
by silica gel column chromatography (ethyl acetate /hexane) to
give the title compound (650 g) as pale yellow crystals.
[0189] - _
2) methyl 2-{2-[2-fluoro-4-(lH~pyrazol-1- _
yl)phenyl]hydrazinylidene}—4-methoxy—Bfoxobutanoate

To a mixture of 2-fluoro-4- (1H-pyrazol-l-yl)aniline (271

g) and 6N hydrochloric acid (1.53 L) was added drépwiSe a
solution of sodium nitrite (158 g)/water (380 mL) over 30 min

at the internal temperature of 5°C to 15°C, and the mixtu:e was

stirred at the same temperature for 90 min. To a suspension of
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methyl 4—methoxy—3—oxobutanoate (223 g), sodium acetate (753

g) and methanol (3 L) was added dropwise the above-mentioned
solution over 30 min at the internal temperature of 5°C to:21°C,
and the mixture'wés stirred at the same temperature for 20 min.
To the reaction mixture was added dropwise water (3 L) over 30
min at the same temperature, and the mixture was stirred at
the same temperature for 90 min. The resulting crystals were
collected by filtration,‘and washed with water (3 L). A
solution of ethanol (3.38 L)/dllsopropyl ether (2 25 L) was
added thereto, and the mixture was stlrred at room temperature
fer 30 min. The crystals were collected by-flltratlon, washed
successively.with diisopropyl ether (1 L) and hexane (1 L), |
and dried to give the title compound (472 g) as orange
crystals.
[0190] . »
3) methyl 1-[2-fluoro-4-(lH-pyrazol-1l-yl)phenyl]-5-methoxy-4-
oxo-1,4~dihydropyridazine~-3-carboxylate |

A mixture of methYl 2—{2—[2—flﬁoro—4—(1H—pyraiol—1—
yl)phenyllhydrazinylidene}-4-methoxy-3-oxobutanoate (945 g),
N,N-dimethylformamide dimethyl acetal (4.5 L) and N,N-
dimethylformamide (0.45 L) was stirred at the internal
temperature of 85°C for 60 min. The reaction mixture was
cooled over 1 hr to 5°C, and stirred at the same temperature
for 30 min. The resulting crystals were collected by
filﬁration, washed with a solution of ethyl acetate (1.4
L) /hexane (2.8 L), and dried to give the title compound (920
g) as pale yellow crystals.
[0191] | | | |
4) 1—[2efluoro—4—(lH—pyrazol—l—yl)phenyl]—5—methoxy—4—0xo-1,4—‘
dihydropyridazine-3-carboxylic acid

To a mixture of methyl 1—[2—fluoro—4—(lH—pyrazel—l—
yl)phenyl]-5-methoxy-4-oxo- l 4~ dlhydropyrldaZLne 3- carboxylate
(280 g) and methanol (5 L) was added dropwise 1N agueous

- sodium hydroxide solution (1.63 L) over 30 min at the internal

temperature of 5°C to 10°C, and the mixture was stirred at room
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temperature for 1 hr. To the reaction mixture was added
dropwise 1N hydrochloric acid (1.63 L) over 30 min at the
internal temperature of 5°C to 10°C, and the mixture was
stirred at the same temperature for 30 min. The crystals were
collected by filtration,vwashed successively with wéter (0.75
L) and a solution of ethanol (0.84 L)/diisdpropyl ether (Of56
L), and dried to give the title compound (242 g) as pale
yellow crystals. |

[0192]

5) 5—({1—[2—fluoro—4—(1H—pyrazol4l—yl)phenyl]45-methoxy—4—oxo—
i,4—dihydropyridazin—3fyl}carbonyl)—2,2—dimethyl—l,3—dibxane—
4,6—dione _ :

A solution of 1—[2—fluoro—4—(1H¥pyrazol—l—yl)phenyl]—5—
methoxy—4—oxo—l,4—dihydropyridazine—3—carboxy1ic acid (625 qg),
N,N-dimethyl-4-aminopyridine (462 g), 2,2-dimethyl-1,3-
dioxane-4, 6-dione (273 g) and l-ethyl-3-(3-

~dimethylaminopropyl)carbodiimide hydrochloride (363 g) in N,N-

dimethylformamide (2.5 L) was stirred at room temperature for
3 days. The reaction mixture was diluted‘with water (7.5 L),
and sodium chloride (900 g) was added thereto. The resulting
solid was collected by filtration, and dried under reduced
pressure‘to give the title compound (870 g) as a white solid;
[0193] |
6).3—acetyl—l—[2—fluoro—4—(lH—pyrazol—l—yl)phenyl]—5—
methoxypyridazin-4 (1H) -one | _

- A mixture of 5—({1—[2-fluoro—44(1H—pyrazol—1—yl)phenyl}—
5~methoxy—4—oxo—1,4—dihydropyridazin—3—yl}carbonyl)—2,2—
dimethyl-1, 3-dioxane-4, 6~dione (300 g) and acetic acid (1500
mL) was heated with reflux for 2 hr. The reaction mixture was
concentrated under reduced pressure, the residue was diluted
with tetrahydrofuran, and the inscluble substance was removed
by filtration. The filtrate was purified by silica gel column
chromatography (tetrahydrofuran) to give the title compound
(76 g) as a pale yellow solid. |
[0194] o
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7 3-[3-(dimethylamino)prop-2-enoyl]-1-[2-fluocro-4-(1H-

pyrazol-1-yl)phenyl]-5-methoxypyridazin-4 (1H)-one

To a mixture of 3—acetyl—l—[2—fluoro—4—(1H—pyrazol-1¥
yl)phenyl]*S-methoxypyridazin-4(1H)—one (700 g) and
acetonitrile (3.5 L) was added N,N-dimethylacetamide dimethyl
acetai (3.5 L) at the internal temperature of 15°C to 20°C.
The reaction mixture was stirred with heating at the internal
temperature of 82°C for 4 hr, and ice-cooled for 1 hr. The
resulting crystals were collected by filtratibﬁ,>washed
successively with acetonitrile (3 L) and IPE (3 L), and dried
undef reduced pressure at 50°C for 5 hr to give the title
compound (725.3 g) as brown crystals. - o
[0195] - |
8) 1l-[2-fluoro-4-(lH-pyrazol-1l-yl)phenyl]-5-methoxy-3-(1-
phenyl-1H-pyrazol-5-yl)pyridazin-4 (1H) -one

To a mixture of 3-[3-(dimethylamino)prop-2-enoyl]-1-[2-

fluoro-4-(1lH-pyrazol-1-yl)phenyl]-5-methoxypyridazin-4 (1H)-one

(774.8 g) and ethanol (3.9 L) was added dropwise a solution of
phenylhydrazine (210.8 mL) in 10% trifluorocacetic acid
/ethanol (7.75 L)} over l.hr_at the_internal.temperature of O
to 5°C,‘and the mixture was stirred at the internal temperature

of 20°C to 25°C for 3 days. The reaction mixture was ice-

cooled for 1 hr, and the resulting crystals were collected by

filtration, washed with ethanol (3.9 L), and dried under

reduced pressure at 60°C for 6 hr to give crude crystals (826.0
g) of 14[2—fluoro—4—(1H—pyrazol—1—yl)phenyi]—5—methoxy—3—(14
phenyl-1H-pyrazol-5-yl)pyridazin-4 (1H) -one as yellow crystals.
To the crude 1-[2-fluocro-4-(lH-pyrazol-1-yl)phenyl]-5-
methoxy—B—(1fbhenyl—lH—pyrazol—54yl)pyridazin~4(1H)Fone (L.75
kg) was added»dimethyléulfoxide (14.9 L), and the mixture was
heated at 70°C to dissolve the compoundf_ The solution was

filtered, and the reaction container and filter were washed

with dimethylsulfoxide (0.88 L). To the filtrate was added

dropwise ethanol (15.0 L) over 1.5 hr at 60°C, and the mixture
was cooled to 4°C over 2 hr, and stirred at 2°C to 4°C for 40
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min. The resulting crystais were collected by filtration, -

washed with ethanol (14 L), dried overnight in air, and then
dried ﬁnder reduced pressure at 60°C for 4 hr to give the
recrystaliized (once) product (1.48 kg) of 1—[2—fluor§~4—(1H¥
pyrazol-1-yl)phenyl]-5-methoxy-3-(l-phenyl-1H-pyrazol-5-
yl)pyridazin-4 (1H) -one. |

To the above-mentioned recrystallized {(once) product
(1.48 kg) of 1—[2—fluoro—4—(1H—pyrazol—l—y1)phenyl]45—methoxy-

3= (l-phenyl-1H-pyrazol-5-yl)pyridazin-4 (1H) -one was added

~dimethylsulfoxide (10.7 L), and the mixture was heated at 75°C

" to dissolve the compound. To the solution was added dropwise

ethanol (13.1 L) over 1 hr at 65°C to 70°C, and the mixture was

‘cooled to 5°C over 1.5 hf, and stirred at the internal

temperature of 2°C to 5°C for 45 min. The resulting crystals'
were collected by filtration, washed with ethanol (11.8 L),
dried overnight in air, and then dried under reduced pressure
at 50°C for 2 hr to give the recrystallized (twice) product
(1.40 kg) of 1—[2—fluoro—4~(lH—pyraéol—l—yl)phenyl]—5—methoxy—
3—(l—phényi—lH-pyrazol—S—yl)pyridazin—4(1H)tone.
[0196]
Example 1 ’
3—[3—(dimethylamino)—2-methylprop—2—enoyl]—1—[2—fluoro—4—(lH—
pyrazol—lfyl)phenyl]-5—methoxypyridazin—4(1H)—one

To a solution of 3-{2-({2-fluoro-4-(lH-pyrazol-1-
yvl)phenyllhydrazinylidene}-1l-methoxyhexane-2,4-dione (300 mg)
in N,N-dimethylacetamide (3 mL) was added N,N-
dimethylformamide dimethyl acetal (323 mg) at room temperature,
and the mixture was stirred at 80°C for 1 hr. The mixture was
extracted with e€thyl acetate and saturated brine at room
temperature. The organic layer was concentrated under reduced
pressure, and the residue was purified by silica gel column
chromatography (ethyl acetate) to give 3—[3—(dimethylamino)—2—
methylprop-2-enoyl] -1-[2~fluoro-4- (1H-pyrazol-l-yl)phenyl]-5-
methoxypyridazin—4(lH)—one-(218 mg, 62%).
'H NMR (500 MHz, DMSO-d¢) 51.96 (3H, s), 3.08 (3H, brs), 3.79
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(3H, s), 6.60-6.68 (1H, m), 6.96 (1H, brs), 7.74-8.10 (4H, m),
8.44-8.51 (1H, m), 8.63-8.70 (1H, m).

- [0197]
- Example 2

3-[3~(dimethylamino)prop-2-enoyl]-1-[2-fluoro-4- (1H-pyrazol-1-
yl)phenyl]—5—phenbxypyridazin—4(1H)—0ne
To a solution of 3—{2f[2—flu0ro—4—(1pryrazol—l—

yl)phenyl]hydrazinylidene}—l—phenoxypentane¥2,4-dione (300 mg)
in DMAC (3 mL) waé added N,N-dimethylformamide dimethyl acetal
(282 mg) at room temperature, and the mixture was stirred at |
80°C for 1 hr. The mixture was extracted with ethyl acetate
and saturated brine at room temperature. The organic layer was
concentrated under reduced pressure, and the residue was |
purified by silica gel column chromatography (ethyl acetate)

to give 3—[3—(dimethylamino)prop—2—enoyl]—1—[2—fluoro—4—(lH—
pyrazol—l—yl)phenyl]—5—phehoxypyridazin—4(1H)—one (323 mg,

92%) . | |

'H NMR (500 MHz, DMSO-dg) &2.83 (3H, s), 3.12 (3H, brs), 5.19
(1H, brs), 6.60-6.69 (1H, m), 6.98-7.21 (3H, m),7.29-7.39 (2H,
m), 7.49 (1H, brs), 7.79-7.97 (3H, m), 8.01-8.08 (1H, m), 8.66
(1H, d, J = 2.2 Hz), 8.92 (1H, brs). '

[0198] |

Example 3 ‘

1) 2-fluoro-4-(1lH-pyrazol-l-yl)aniline hydrochloride

To dimethylsulfoxide (1400 mL) were added 2-fluoro-4-

iodoaniline (200 g), pyrazole (86.2 g) and tripotassium
phosphate (215.0 g). Copper(I) oxide (14.5 g) was added
‘thereto, and then DMSO (200 mL) was added thereto. The mixture
‘was stirred at 100°C for 5 hr. After the completion of the
reaction, water (2000 mL), ethyl acetate (2400 mL) and

10% (w/w) aqueous citric acid solution {2000 mL)'were added
thereto at 45°C, and the mixture was stirred at the same
temperature for 30 min, and-sepérated at room temperature. The
organic layer was washed successively with a’mixture of

12%(w/w) agqueous ammonia (1000 mL) and ZO%(w/w) aqueous
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ammonium chlofide solutidn (1000 mL), a mixture of 6%(w/w)
aqueous ammonia (1000 mL). and 20%(w/w).aqueous ammonium
chloride solution (1000 mL), 10%(w/w) aqueous ammonium
chloride solution (2000 mL); and water (2000 mL). To the
organic layer was added dropwise 4M hydrogen chloride-ethyl
aéetate solution (173 mlL) at rddm-temperature, and the mixture
was stirred. The crystals were collécted by filtration, and
washed with ethyl acetate (800 mL). The wet crystals were
dried to give 2—fluo£o—4—(1H—pyrazol—l—yl)aniline
hydrochloride (130.7 g, 73%). |

'Y NMR (500 MHz, DMSO-d¢) 56.49-6.51 (1H, m), 7.05-7.20 (1H, m),

'7.42-7.57 (1H, m), 7.60-7.71 (2H, m), 8.38 (1H, d, J = 2.5 Hz).

[0199]

2) 3—{2—[2—fluoro—4—(1H—pyrazol—1—yl)phenyl]hydrazinylidene}—

l-methoxypentane-2, 4~dione ' '
t-BuONa (33.2 g) was added to toluene (240 mL) at room

temperature. A solution of methyl methoxyacetate (30.0 g) in

acetone (16.7 g) was added thereto at 0-10°C, and theAmikture

was stirred at room temperature for 18 hr. The pH of the

mixture was adjusted to 10.5 with 2M hydrochloric acid (120

: mL) and 2M aqueous sodium hydroxide solution (80 mL) at O—lO°C.

After separation, to the aqueous layer were successively added
acetic acid (24.2 q), methanol (611 mL) and sodium acetate
(61.8 g) (Solution (1)).

In another container, to BM hydrochloric acid (256 mL)
was addéd 2—fluoro—4¥(lH—pyrazolFl—yl)aniline hydrochloride:
(32.2 g). A mixture of sodium nitrite (13.4 g) and water (32
mL) was added dropwise thereto at 0-10°C, and the mixture was
stirred at the same temperature for 1 hr (Solution (2)). To -
Soiution (1) was added dropwise Solution (2) at 0-10°C, and the
mixture was stirred at the same temperature for 2 hr. The
crystals were collected by filtration, and washed successively
with Water (640 mL) and 50%(v/v) agueous methanol~solution‘(64
mL). The wet crystals were dried to give 3-{2-[2-fluoro-4-(1H-
pyrazol—l—yl)phenyl]hydrazinylidene}—l—methoxypentane—Z,4—
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dione (45.0 g, 94%) .
'H NMR (500 MHz, DMSO-d¢) 2.42 (3H, brs), 3.32 (3H, s), 4.56
(3H, brs), 6.55-6.65 (l1H, m), 7.72-8.05 (4H, m), 8.56 (1lH, s),
14.49 (1H, brs). |
[0200]
3} 3-[3-(dimethylamino)prop-2-enoyl]-1-{2-fluoro-4-(1H~
pyrazol—l—yljphenyl]—S—methoxypyridazin—4(lH}—one

To a solution of N,N-dimethylformamide dimethyl acetal
(5.6 g) in N,N-dimethylacetamide (13.5 mL) was added 3-{2-[2-
fluoro—4—(1H—pyraz§l—l—yl)phenyl]hydrazinylidene}—l—
methoxypentane-2,4-dione (5 g) at room temperature, and the
container used for the compound was washed with N,N-
dimethylacetamide (1.5 mL). The mixture was stirred at 62°C

for 3 hr. Ethyl acetate (75 mL) was added thereto at 50°C, and
the mixture was stirred at room temperature for 2 hr. The
crystals were collected by filtration, and waShed with ethyl
acetate (15 mL). The wet crystals were dried to give 3-[3-
(dimethylamino)prop-2-enoyl]-1-[2-fluoro-4-(1lH-pyrazol-1-
yl)phenyl]—5—meﬁhoxypyridazin—4(1H)—one (40.1 g, 83%).

1§ NMR (500 MHz, DMSO-d¢) ©2.82 (3H, s), 3.09 (3H, brs), 3.79

(34, s), 5.24 (1H, brs), 6.60-6.67 (1H, m), 7.45 (1H, brs),
7.79-8.08 (4H, m), 8.46-8.52 (1H, m), 8.63-8.70 (1H, m).
(02017 , |
4)'l—[2—fluoro—4—(lH—pyrazol—l—yl)phenyl]—5—m§thoXy—3?(l—
phenylle—pyrazol—S—yl)pyridazin—4(lH)—one

To a solutidn of 3—[3—(dimethylamino)progFZ—enoyl]—1—[2—

fluoro-4-(1lH-pyrazol-1l-yl)phenyl]-5-methoxypyridazin-4 (1H)-one

(3 g) in acetic acid (22.5 mL) was added phenylhydrazine (889
mg) at room temperature, and the mixture was stirred_for 3 hr.
lM-HyerChloric acid (22.5 mL) was added dropwise thereto at
room temperature, and the mixture was stirred for 1 hr. ‘The
crystals werevcollected by filtration, and washed successively
with awmixturé of acetic acid (2.1 mL) and ethanol (3.9 ml),
and ethanol (15 mL). The wet crystéls were dfied to give 1-[2-
fluoro-4-(1lH-pyrazol-1-yl)phenyl]-5-methoxy-3~(l-phenyl-1H-
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‘pyraZol—S—yl)pyridazin—4(IH)-dne (3.0 g, 89%).

[0202]
Exémple 4
1) l-phenylpentane-2,4-dione

' To a suspenéion of t-BuOK (4.48 g) in THF (25 mL) was
added dropwise a solution of methyl phenylacetate (5.00 g) and
acetone (2.13 g) in THF (5 mL) at 0-10°C, and the mixture was _
stirred overnight at room temperature. The reaction mixture
was poured into 2M hydrochloric acid (20 mL), and the mixture
was extracted with ethyl acetate (20 mL). The organic layer

was washed With saturated brine (10 mL), and concentrated

‘under reduced pressure. The residue was purified by silica gel

column chromatography to give l-phenylpentane-2,4-~dione (1.12
g, 19.1%). ‘ v

'H NMR (500 MHz, CDCls) &2.02 (3H, s), 3.58 (2H, s), 5.43 (1H,
s), 7.22-7.40 (5H, m).

[0203]

2) 3-{2-[2-fluoro-4-(1H-pyrazol-l-yl)phenyllhydrazinylidene}- -
l-phenylpentane-2, 4-dione )

‘ To a mixture bf 2-fluoro-4- (1lH-pyrazol-l~yl)aniline
hydrochloride (1.10 g) and 3 M hydrochioric acid (8.8 mL) was
added dropwise a mixture of sodium nitrite (534 mg) and water
(1.1 mL) at 0-10°C, and the mixturebwas stirred at the same
temperature for 1 hr. The obtained reaction mixture was added
dropwise to a mixture of l-phenylpentane-2,4-dione (1.00 g) .
and sodium acetate (2;54 g) in methanol (11 mL) at 0-10°C. ' The
mixture was stirred at rdom temperature for 1 hr, and the |
crystals were collected by filtration, and washed successively

with water (10 mL) and 50% aqueous methanol (5 mL). The wet

‘crystals were dried to give crude 3—{2—[2—fluoro-4—(iH—

'pyrazol—1~yl)phenyl]hydrazinylidene}—l—phenylpentane—Z,4—dioné.

The crude 3-{2-[2-fluoro-4- (lH-pyrazol-1- ,
yl)phenyl]hydrazinylidene}fl—phenylpentane—Z,4—didne (1.26 qg)
was suspended in ethanol (12.6 mL), and the suspension was

stirred at 50°C for 1.5 hr. The mixture was allowed to be
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cooled to room temperature; and ﬁhe crystals were collected by
filtfation, and waéhed with ethanol (12.6 mL). The wet
crystalé weré dried to give 3-{2-[2-~fluoro-4-(lH-pyrazol-1—
yl)phenyl]hydrazinylidéne}—l—phenylpentané—2,4—di0ne (1.05 g,
80.6%) . - |
4 NMR (500 MHz, CDCls) §2.60 (3H, s), 4.25 (3H, s), 6.45-6.54
(1H, m), 7f23—7.36 (5H, m), 7.56-7.64 (2H, m), 7.71-7.76 (1H,
m), 7.81;7.88 (1H, m), 7.90—7.94‘(1H; m), 14.84 (1H, brs).
[(0204] ;
3) 3-[3-(dimethylamino)prop-2-enoyll-1-[2-fluoro-4-(1H-
pyrazol—l—yl)pheny1]—5—phenylpyrida2in—4(1H)—one
A mixture of 3-{2-[2-fluoro-4-(lH-pyrazol-1-

yl)phenyl]hydrazinylidene}—l—phenylpehtane—Z,4~dione (100 mg)
and dimethylformamide dimethyl acetal (2 ml) was stirred at
80°C for 5 hr. The reaction mixture was concentrated under
reduced pressure, and theiresidue was purified by silica gel
column chromatography to give 3-[3-(dimethylamino)prop-2-
enoyl]-1-{2-fluoro-4- (1H-pyrazol-1-yl)phenyl]-5-
phenylpyridazin-4(1H)-one (111 mg, 93.7%).
'H NMR (500 MHz, CDCls) 32.90 (3H, brs), 3.14 (3H, brs), 5.73
(1H, brs), 6.61-6.67 (1H; m), 7.36-7.49 (3ﬂ, m), 7.56-7.64 (1H,
m), 7.67-7.85 (5H, m), 7.97 (lH, d, J= 2.5 Hz), 8.25 (1lH, d,
J = 2.5 Hz).

[0205]
Example 5 _
1) tert-butyl 2-acetyl-3~oxo-4-(phenylsulfanyl)butanoate

' To a suspension .of t-BuONa (4.32 g) in THF (35 mL) was
added dropwise tert-butyl 3-oxobutanoate (7.12 g) at.0-10°C,
and ﬁhe mixture was stirred at room temperature for 1.5 hr.
(Phenylsﬁlfanyl)acetyl chloride (7.00 g) was added dropwise
thereto at 0-10°C, and the mixture was stirred overnight at
room temperature. To the reaction mixture was‘added 2M
hydrochloric acid (70 mL), and.the mixture was extracted with
ethyl acetate (70 mL). The organic‘layer was washed with

saturated brine (18 mlL), and concentrated under reduced
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pressure. The residue was purified by silica gel column
chromatography, and then purified by suspenéion with ethyl
acetate /hexane=1/1 (21 mlL) to give tert-butyl 2-acetyl-3-oxo-
4- (phenylsulfanyl)butanocate (3.90 g, 33.7%).

‘H NMR (500 MHz, CDCl;) 81.56 (9H, s), 2.36 (3H, s), 4.05 (2H,
s), 7.20-7.32 (3H, m), 7.38—7.43 (2H, m).

[0206]

2) 1—(phenylsulfanyl)pentane—2,4—dione

tert—Butyl(2—acetyl—3—oxo—4—(phenylsulfanyl)bdtanoate
(3.80 g) was dissolved in trifluoroacetic acid (11 mL), and
the solution was stirred overnight at room témperatufe. To the
reaction mixﬁure was added water (38 mL), and the'mixture_was

extracted with ethyl acetate (57 mL). The organic layer was

. washed successively with water (19 mL) and saturated brine (19

ml), and concentrated under reduced pressure, and the residue
was passed through a small amount of silica gel to give crude

1- (phenylsulfanyl)pentane-2,4~-dione. This was used for the

next step.

'H NMR (500 MHz, CDCl3) &2.04 (3H, s), 3.61 (2H, s), 5.71 (1H,
s), 7.14-7.43 (5H, m).
(0207] ‘
3) 3—{2—[2—fluoro—4-(1H—pyrazdl—1—yl)phenyl]hydrazinylidenef—
1- (phenylsulfanyl)pentane-2,4-dione

- To a mixture of 2—fluoro-4—(lH—pyrazol—l—yl)aniline
hydrochloride (1.85 g) and 3 M hydrochloric acid (15 mL) was
added dropwise a mixture of sodium nitrite (778 mg) and water
(1.9 mL) at 0-10°C, and the mixture was stirred at the same
temperature for 1 hr. The obtained reaction mixture was added
dropwise to a mixture of the crude.l—(phenylsulfanyl)pentanej
2,4-dione (2.71 qg), sodium acetate (3.56 g) and water (15 mL)
in methanol (28 mL) at 0-10°C. The mixture was stirred at room
temperature for 1 hr, and the crystals were collected by
filtration, and washed successively with water (19‘mL),and 50%
aqueoﬁé methanol (19 mL). The wet crYstais were dried to give

crude 3-{Z2-[2-fluoro-4- (lH-pyrazol-1-
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yl)phenyl]hydrazinylidene}—l—(phenylsulfanyl)pentane~2;4§dione.
The crude 3F{2-[2—fluoro—4—(lH—pyrazoI;l— |
yl)phenyl]hydrazinylidene}—l—(phenylsulfanyl)pentane—Z,4—dione
(500 mg) wasvsuspénded_in a mixture of ethyl acetate (1 mL).
and heptane (2 mL). Aftef stirring at room temperature for 1
hr, the crystals were collected by filtration, and washed with
a mixture of ethyl acetate (1 mL) and heptane (2 mL). The wet
crystals were driéd to give 3-{2-[2~fluoro-4-(1lH-pyrazol-1-
yl)phenyl}hydrazinylidene}—l—(phenylsulfanyl)pentane—Z,4—dione
(391 mg, 86.9%). | |

14 NMR (500 MHz, CDCls) 52.58 (3H, s), 4.22 (3H, s), 6.46-6.54

(1H, m), 7.15-7.24 (1H, m), 7.24-7.32 (2H, m), 7.39-~7.47 (2H,

m), 7.50-7.56 (1H, m), 7.57-7.66 (1H, m), 7.67=-7.77 (2H, m),

7.86-7.96 (lH, m), 14.84 (lH, brs).
[0208] | | ‘
4) 3-[3-(dimethylamino)prop-2-enoyl]-1-[2-fluoro-4-(1H-
pyrazol-l-yl)phényl]—S—(phenylsulfanyl)pyridazin—4(lH)—one

A mixture of 3-{2-[2-fluoro-4-(lH-pyrazol-1-
yl)phenyl]hydrazinylidene}—l—(phenylsulfanyl)pentahe—Z,4—dione
(100 mg) and dimethylformamide dimethyl acetal (0.7 mL) was

- concentrated under reduced pressure, to the residue was added

ethyl acetate (10 mL), and the mixture was stirred at room
temperature for 1 hr. The crystals were collected by
filtration, and washed with ethyl acetate. The wet crystals
were dried to give 3—[3—(dimethylamiﬁo)prop-2—enoyl]—1—[2—
flﬁoro—44(1H—pyrazol—l—yl)phenyl]—5—(phénylsulfanyl)pyridazin—
4 (1H)-one (110 mg, 77.4%). ,
'H NMR (500 MHz, DMSO—dg) 52.84 (3H, brs), 3.12 (3H, brs), 5.23
(1H, brs), 6.59-6.67 (1H, m), 7.30~7.48 (5H, m), 7.76-7.87 (2H,
m), 7.87-7.94 (1H, m), 7.95—8.05'(1H, m), 8.43 (1H, ‘brs),
8.59-8.67 (1H, m). o |
[0209]
Formulatioh'Example 1

A plain tablet (core tablet) containing compound A was

produced as follows at the composition ratio shown below. That
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is, compound A (17.660 g, the content was amended), D—mannitol,
(4257.0 g, the weight was amended), crystalline cellulose
(369.4 g) and sodium starch glycolate (263.9 g) were placed in
a fluidized bed dryer granulator (FD-5S, manufactured by
POWREX CORPORATION)) and the mixture was preheated and mixed.
The mixture was granulated while spraying an aqueous solution
(2638.0 g) of hydroxypropyl cellulose (158.3 g) in purified
water (2480;O'g) to give granulated powders. The obtained
granulated powders (4651.0 g) were passed through‘a powermill
(P-35, manufactured by Showa Kagaku Kikail Kosakusho) to give
sized pewders. The sized powders (4435.0 g),’crystalline
cellulose (138.6 g) and magnesium stearate  (46.217 g) were
placed in a tumbler mixer (TM-15, manufactured by Showa Kagaku
Kikai Kosakusho), and mixed to give mixed pOwders; The mixed
powders were tableted by a rotary tableting machine
(AQUAOS512SS2AT, manufactured by Kikusui Seisakusho, Ltd.)

using a 9 mm¢ punch to>give plain tablets (core tablets, 300 mg
per tablet).

[0210]
<Composition of plain tablet (core tablet) containing compound
A>
compouhd A 1 mg
‘D-mannitol : 242 mg
crystalline cellulose 30 mg
hydroxypropyl cellulose 9 mg
sodium starch glycolate 15 mg
magnesium stearate 3 mg
~ total : 300 mg

The obtained plain tablets (core tablet, 2991.0 g) were
placed in a film coating machine (DRC-500, manufactured by
POWREX CORPORATION), and a film coating solution (1448.0'g)
having the composition‘ratio shown below was sprayed thereto
to give rapid disintegrating tablets (about 312;2'mg per
tablet).

[0211]
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<Composition of coating solution>

Hypromellose : v 9 mg

'macrogol 6000 2 mg

titanium oxide , ‘ 1 mg

iron sesquioxide 0.067 mg
yellow iron sesquioxide 0.133 mg
purified water ; o 109.8 mg

total (solid content) 122 (12.2) mg .
[0212] '

Formulation Example 2

' A plain tablet (core tablet) containing compound A.was
producedvas follows at the composition ratio shown below. That
is, compound A (176.6 g, the content was amended), D-mannitol
(4098.0 g, the welght was amended), crystalline cellulose
(369.4 g) and sodium starch glycolate (263.9 g) were plaﬁed in
a fluidized bed dryer granulator (FD-5S, manufactured by
POWREX CORPORATION), and the mixture was preheated and mixed.
The mixture was granulated while spraying an aqueous solution
(2638.0 g) of hydroxypropyl cellulose (158;3 g) in purified
water (2480.0 g) to give granulated powders. The obtained
granulated powders (4651.0 g) were passed through a powérmill
(P—3S, manufactured by Showa Kagaku Kikai Kosakusho) to give
sized powders. The sized powders (4435.0 g), crystalline
celluloée (138.6 g) and magnesium stearate (46.212 g) were
placed in a tumbler mixer (TM-15, manufactured by Showa Kagaku
Kikai Kosakusho), and mixed to ‘give mixed powders. The mixed
powders were tableted by a rotary tableting machine

(AQUAO512SS2AI, manufactured by Kikusui Seisakusho, Ltd.)

using a 9 mmp punch to give plain tablets (core tablets, 300 mg

per tablet).

[0213] ’ | |
<Composition of plain tablet (core tablet) containing compound
A> |

chpodnd A o 10 mg

D-mannitol 233 mg
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crystalline cellulose | 30 mg
hydroxypropyl cellﬁlose 9 mg
scdium starch glycolate 15 mg
‘magnesium stearate 3 mg
‘total g | 300 mg

- The obtained plain tablets (core tablet, 2991.0 g) were
placed in a film coating machiné (DRC-500, maﬁufactured by
POWREX CORPORATION), énd_a film coating solution (1369.0 g)
having the cdmposition ratio shown in Formulation Example 1
was sprayed thereto to givé rapid disintegratiﬁg tablets
(about 312.2 mg per tablet). | ‘

[0214]
Formulation Example 3

A plain tablet }core tablet) containing compound A was
produced as follows at the compdéition ratio shown below. That
is, compound A (1766.0 g, the content was amended), D-mannitol
(2508.0 g, the weight was amended), crystalline cellulose
(369.4 ¢g) and sodium starch glycolate (263.9 g) were placed in
a fluidized bed dryer granulator (FD-5S, manufactured by
POWREX CORPORATION), and the mixture was preheated and mixed.
The mixture was granulated while spraying an aqueous solution
(2638.0 g)'of hydroxypropyl cellulose (158.3’g) in purified
water (2480.0 g) to give granulated powders. The obtained
granulated powders (4651.0 g) were passed through a powermill®
(P-3S, manufactured by Showa Kagaku Kikai Kosakusho) to give
sized powders. The sized‘pOWders (4435.0 g), cryétalline
Cellﬁlose (138.6 g) and magnesium stearate (46.207 g) were
placed in a tumbler mixer (TM-15, manufactured by Showa Kagaku
Kikai Kosakusho), and mixed to give mixed powders. The mixed
powders were tableted by a rotary tableting machine
(AQUAOS512SS2AI, manufactured by Kikusui Seisakusho, Ltd.)
using a 9 mm$ punch to give plain tablets (core tablets, 300 mg
per tablet). ' ' |
[0215]

<Composition of plain tablet (core tablet) containing compound
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A>

compound A 100 mg
D—mannitol ‘ 143 mg
crystélline cellulose 30 mg
hydroxypropyl cellulose 9 mg
sodiuf starch glycolate 15 mg
magnesium stearate 3 mg
total : | ‘ 300 mg

The obtained plain tablets (core tablet, 2991.0 g) were
placed in a film coating machine (DRC-500, manufactured by
POWREX CORPORATION), and a film coating solution (1458.0 g)
having the composition ratio shown in Formulation Example 1
was sprayed thereto to’give rapid disintegrating tablets
(about 312.2 mg-per tablet).

Industrial Applicability
[0216]

- According to the present invention, from compound (II) as
a starting material, which is an unsymmetric diketone,
pyridazinone compound (I) or (I') can be easily produced in
high yield, at a low cost, in a suitable method for industrial
production, with regioselectivity due to the structure of the

substituent.

[0217]

, This application is based on patent application'No.
032326/2013 filed in Japan, the contents of which are hereby

incorporated by reference.
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CLAIMS

1. A method of producing a compound represented by the formula

(I) or formula (I’):

~ wherein

R' and R? are each.independently a hydrogen atom or a
substituent (excluding a benzyloxy group),
Ring A is an optionally substituted aromatic ring, and

R’ is an optionally substituted hydrocarbon group or an

optionally substituted heterocyclic group,

provided that a compound wherein R!' and R? are same groups is
excluded, |

or a mixture thereof or a sélt thereof, which comprises

step (l): a step of reacting a compound represented by the

formula (II):

wherein each symbol is as defined above,

or a salt therebf, with a compound represented by the formula
(IIIa): o

R30 R5a

>_N‘\ ‘ (iha)

. R4ao RBa

wherein

R, R%, R and R®* are each independently an optlonally
substituted hydrocarbon group,

or a salt thereof, to give a compound represented by the

formula (IV) or formula (IV'):
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wherein eabh symbol is asvdefined above, -

or a mixture therecf or a salt thereof; ‘

step (2): a step of reacting the compound represented by the
5'formula (IV) or formula (IV") ot'a mixture thereof or a salt

‘thereof with a‘compound represented by the formula (IIIb):

R30O R5b '

>—Ni ’ (Iib)

RibG  Re

wherein

R®, R®, R® and R®™ are each independently an optionally
10 substituted hydrocarbon group,

or a salt thereof, to give a compound repreéented by the

- formula (Vb) or formula (V'b):

wherein each symbol is as defined above,‘

15 or a mixture thereof or a salt thereof; and
stép (3): a step of reacting the compound represented by
formulé (Vb) or formula (V’b) or a mixture thereof or a salt
thereof, with a compound representéd by ﬁhe formula (VI):
R'NH-NH, (V) | |

20 wherein each symbbl is as defined above,

or a salt thereof.

2. A method of produéing a compound representéd‘by the formula

(Vb) ‘or formula (V'Db):
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wherein

R} and R? are each independently a hydrogen atom or a
substituent (excluding é benzyloxy group), ’

Ring A is an éptionally substituted aromatic ring, and

R® and R®™ are each independently an optionally substituted
hydrocarbon group, '

provided that a compound wherein _R1 and R® are same groups is
excluded, '

or a mixture thereof or a salt thereof, which comprises

step (1): a step of reacting a compound represented by formula

(IT):

)

wherein each symbol is as defined above, _

or a salt thereof, with a compound represented by the formula
(ITIa):

) RSaO ,Rsa

' N (lla)

R0 ‘Rea

wherein
R%, R%, R* and R® are each independently an optionally
substituted hydrocarbon group, | »

or a salt thereof, to give a compound represented by the

formula (IV) or formula (IV'):
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wherein each symbol is as defined above,

or a mixture'thereof or a salt thereof;'and ‘

step (2): a’stép of reabting the compound représented by the
formula (IV) or formula (IV’) or a mixture thereof or a salt

thereof with a compound represented by formula (IIIb):

R3bo RSb
>_N’ : (I11b)
R4bo \Rﬁb

wherein R® and R* are each independently an optionally
substituted hydrocarbon group, and the other symbols are as
defined above,

or a salt thereof.

3. The method of claim 1 or 2, wherein the compound
represented by the obtained formula (IV) or formula (IV’) or a
mixture thereof or a salt thereof obtained in step (1) is

subjected to step (2) without isolation.

4. A method of producing a compound represented by the formula

(V) or formula (V’'):

R?Z RS

wherein

R' and R? are each'independently a hydrogen atom or a
substituent (excluding a benzyloxy group),

Ring A is an optionally substituted aromatic ring, and

R’ and R® are each independently an optionally substituted

hydrocarbon group,
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provided that a compound wherein R' and R?® are same groups is
excluded, | '
or a mixture thereof or a salt thereof, which comprises

step (1 and 2): a step of reacting a compound represented by

the formula (II):

(i

wherein each symbol is as defined above,

or a salt thereof, with a compound represented'by the formula
(III): '

RO R®

N ()

“R*O RS

wherein R® and R* are each independently an optionally
substituted hydrocarbon group, and the other symbols are as
defined above,

or a salt thereof.

5. The method of any of claims 1 to 3, wherein

R' is an optionally substituted‘aromatic ring group, -OR?, —NHR%
-NR®R® or -SR® wherein R® and R¥ are each independently an
optionally substituted Ci-ig alkyl group, an optionally"
substituted C,-19 alkenyl group, an optionally substituted Cz-19
alkynyl group, an'optionally substituted Cs.10 cycloalkyl group,
an opfionally substituted Ciz-19 cycloalkenyl group, an

optionally substituted Cy4-19 cycloalkadienyl group, an

optionally substituted Cei14 aryl group, an optionally

substituted Cg.14 aralkyl group or an optionally substituted Cs-
13 aryl alkenyl group, :

R’ is (1) a hydrogen atom, (2) an optionally substituted Ci-1o
alkyl group, (3) an optionally substituted C,.;p alkenyl group,
(4) an optionally substituted C,.ip alkynyl group, or (SX‘ani
optionally substituted Cs.19 cycloalkyl group, and '
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the compound represented by the formula (IV) or a salt thereof

"1s obtained in step (1).

6. The method of any of claims 1 to 5, wherein R! is methoxy,

and R* is a hydrogen atom.

7. The method of any of claims 1, 3,‘5 and 6, wherein Ring'A
is 4-(pyrazol-1l-yl)-2-fluorobenzene, and R’ is phenyl.

8. A cOmpound represented by the formula (IIé):

‘RZa '

wherein

R is -OR® wherein R’ is a substituent (excluding an ethenyl
group and a benzyl group), and |

R® is a hydrogen atom or a substituent, and

Ring Aa is an optionally substituted aromaticfriﬁg,

provided that

a compound wherein R'® and R*® are same groups is excluded, and

| l—methoxy—3—(2—phenylhydrazinylidene)pentane—Z,4—dione and 1-
‘phenoxy-3-(2-phenylhydrazinylidene)pentane-2;4-dione are

excluded,

or a salt thereof.

9. A compound represented by the formula:
N=
2

- N
MeO HB/E;:I/

o -N F

e .
which is (3-{2-[2-fluoro-4- (1H-pyrazol-1-
yl)phenyl]hydrazinylidene}—1—methoxypentaﬁe—2,4—dione) or a
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salt thereof.
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