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PIPERAZINE DERIVATIVES

FIELD OF. THE INVENTION

This invention relates to a piperazine derivative or
a salt thereof which is useful as a treating agent for
diseases in circulatory organs and the cerebral region.

BACKGROUND OF THE INVENTION

Some piperazine derivatives exhibit activities towaxrd

the central nervous system, such as anti-anxiety activity and

anti-convulsive activity, as disclosed in U.S. Patent

3,362,956. It is also known that a certain.kind of

piperazine derivatives possess calmodulin inhibitory activity

as reported in Arzneim.-Forsch., Vol. 37(4), pp. 498-502

(1987).

The piperazine derivatives represented by formula (I)

~according to the present invention are novel compounds whose

‘Physiological activity has not yet been reported.

©-In recent years, diseases of dirculatory organs or in
the cerebral region, such as’ hypertension, cardiac
insufficiency, angina pectoris, apoplexy, cerebral
infarction, Alzheimer’s disease, and Parkinson’s diéease,
have been increasing, and various drugs for prevention and
treatment of these diséases-have been developed. On the
other hand, compounds with calmodulin inhibitory activity
have been discovered, and some of them have been réQealed to

have antihypertensive activity and vasodilatory aétivity.
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SUMMARY OF THE INVENTION
An object of the present invention is to provide a
compound useful as treating agent for various diseases of
circulatory organs or the cerebral region, particularly those

diseases caused by excessive activation of calmodulin.

As a result of extensive investigations, the present
inventors haﬁe succeeded in preparing novel piperazine
derivatives represented by formula (I) shown below and salts
thereof and have ascertained that these compounds have
déi/;dulln inhibitory activity, éﬁ/lhypox1a actxvxty,
K/hlbltory activity onbéélayed neuronal death -in the
Yhippocampus of merions (Meriones shawi), and improving
Jactivity on cerebral edema. That is, the inventors have
elucidated that the compounds of formulaj(I) exhibit not only
calmodulin inhibitory activity but Strong-EEEEEEEE_EESEEEEEXE
activity.

—_—

The present invention relates to a compound

represented by formula (I):

I
R—Z-N N-Q (1)
' ./
wherein
Q represents
an aryl group, This Sheet Has Been Rep laced

a heterocyclic group, I




Carton with Article Sgparating Keelg Structure 25

a diarylmethyl group,

an aralkyl group composed of an aryl group and an alkylene
group having from 1 to 6 carbon atoms,

an alkyl group having from 1 to.8 carbon atoms,

or a cycloalkyl group having from 3 to 8 carbon atoms,

in which the aryl group, heterocy;lic group, and the aryl
moiety of the diarylmethyl group and aralkyl group may be
substituted with one or more substituents selected from a
group of .

an alkyl group having from 1 to 6 carbon atoms!

an alkoxyl group having from 1 to 6 carbonzgtoméf

a trifluoromethyl group,

a 2,2,2-trifluoroethyl group,

a trifluoromethoxyl group,

a 2,2,2—trifluoroe£hoxyl group,

an alkylthio group having from 1 to 6 carbon atoms,

an alkylsulfinyl group having from 1 to 6 carbon atoms,

an alkylsulfonyl group having from 1 to 6 carbon atoms,

an alkanoyl group composed of an alkyl group having from 1 to
6 carbon atoms and a carbonyl group,

an alkanoyloxy group having from 2 to 7 carbon atoms,

an alkanoylamino group having from 2 to 7 carbon atoms,

an amino group,

a monoalkylamino group having from 1 to 6 carbon atoms in the

alkyl moiety thereof,
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This invention relateszfo a carton accommdating a plurality of articles
whi ch includes a keel ‘construction upstanding internall’y of the carton to
provi de both separating

a dialkylamino group having from 1 to 6 carbon atoms in each
alkyl moiety thereof,

a hydroxyl group,

a halogen atom, - .

a perfluoroalkyl group having from 2 to 6 carbon atoms,

a cyano group, -

a nitro group,

a carboxyl group,

an alkoxycarbonyl group composed of an alkoxyl group having
‘from 1 to 6 carbon atoms and a carbonyl group;_

a tetrazolyl group, T

a sulfamoyl group,

a methylenedioxy group,

an ethylenedioxy group,

a morpholinosulfonyl group,

a piperazinosulfonyl group,

a 4-alkylpiperazinosulfonyl group having from 1 to 6 carbon
atoms,

a 4-dialkylaminopiperidino group having from 1 to 6 carbon
atoms in each alkyl moiety thereof,

a 4-monoalkylaminopiperidino group having from 1 to 6 carbon
atoms in the alkyl moiety thereof,

and a 4-aminopiperidino group;

R represents a bicyclic nitrogen-containing heterocyclic
group,

or a phenyl group,
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and retaining neans for.the packaged articles. TyplcalLy the articles
conpri se tubs, pots or-jars containing foodstuff.

in which the nitrogen-containing heterocyclic group is
composed of a 6-membered ring and a 5-membered ring,

one or two nitrogen atoms are present on the 5-membered ring,
the 5-membered nitrogen-containing ring may be.an aromatic
ring or a saturated ring,

the nitrogen-containing saturated-ring may contain a ketone
moiety,

and the phenyl group or the 5-membered ring of the bicyclic

heterocyclic group is substituted by a substituent G selected

from a group of ' o )

an alkyl group having from 1 to 6 carbon aééms,f"

a substituted or unsubstituted phenyl group,

a benzﬁyl group with the phenyl moiety thereof substituted or
unsubstituted,

a benzylcarbonyl group with the phenyl moiety thereof
substituted or unsubstituted,

a benzoylmethyl group with the phenyl moiety thereof
substituted or unsubstituted,

an a-hydroxybenzyl group with the phenyl moiety thereof
substituted or unsubstituted,

a substituted or unsubstituted 5-membered aromatic
heterocyclic group containing a nitrogen atom, an oxygen atom
or a sulfur atom as a hetero atom (wherein a nitrogen atom is

present as the hetero atom, this has a hydrogen atom oxr an

alkyl group having from 1 to 6 carbon atoms, or it is the
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The invention provides™a carton accommodating a plurality of articles of
the type having an internal keel structure which protrudes inwardly of the

carton to forma

~f

site of bonding to the bicyclic nitrogen-containing
heterocyclic group or the phenyl group),

a substituted or unsubstituted 5—membered_aromatic'
heterocyclic group containing one nitrégen atom and, a
nitrogen atom, an oxygen atom or a sulfur atom as the second
hetero atom (wherein a nitrogen a;om is present as the second
hetero atom, this has a hfdrogen atom or an alkyl group
haVing from 1l to 6 carbon atoms, or it is the site of bonding

to the bicyclic nitrogen-containing heterocyclic group or the

phenyl group),

.-
e

a substituted or unsubstituted 5-membered aromatic
heterocyclic group containiné two nitrogen atoms and, a
nitrogen atom, an oxygen atom or a sulfur atom as the third
hetero atom (wherein a nitrogen atom is present as the third
hetero atom, this has a hydrogen atom or an alkyl group
having from 1 to 6 carbon atoms, or it is the site of bonding
to the bicyclic nitrogen-containing heterocyclic group or the
phenyl group),

a substituted or unsubstituted 6-membered aromatic
heterocyclic group containing one or two nitrogen atoms,

a heterocyclic grouﬁ substituted-alkyl group composed of a
substituted or unsubstituted 5-membered aromatic heterocyciic
group containing a nitrogen atom, an oxygen atom or a sulfur
atom as a hetero atom (wherein a nitrogen atom is present as

the hetero atom, this has a hydrogen atom or an alkyl group
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separator to space-apart adj acent articles on either side of the keel
structure, said keel structure conpr|5|ng two portions arranged in spaced
rel ationship with respect to each

having from 1 to 6 carbon atoms) and an alkylene group of
from 1 to 3 carbon atoms,

a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted 5-membered aromatic heterocyclic
group containing one nitrogen atom and, a nitiogen atom, an
oxygen atom or a sulfur atom as fhe second hetero atom
(wherein a nitrogen atom is present as the second hetero
atom, this has a hydrogeh atom or an alkyl group having from

1 to 6 carbon atoms or it is the site of bonding to the

alkylene group) and an alkylene group of from'l to 3 carbon

Ted

-

atoms,
a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted 5-membered Aromatic heterocyclic
group containing two nitrogen atoms and, a nitrogen atom, an
oxygen atom or a sulfur atom as the third hetero atom
(wherein a nitrogen atom is present as the thirxrd hetero atom,
this has a hydrogen atom or an alkyl group having from 1 to 6
carbon atoms or it is the site of bonding to the alkylene
group) and an alkylene group of from 1 to 3 carbon atoms,

a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted 6-membered aromatic heterocyclic
group containing one or two nitrogen atoms and an alkylene
group of from 1 to 3 carbon atoms,

a phenylhydroxyalkyl group composed of an alkylene.group
having one hydroxyl group and 2 to 3 carbon atoms and a

subs §)ituted or unsubstituted phenyl group,

S —
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other, each of which portions is provided by at |east,one side panel, said
carton being characterised in that said keel portions conprise
conpl ementary securing portions which

a 2-phenylethenyl group wherein the phenyl group may be
substituted,

a tetrazolyl group,

a morpholino group, - .

an alkanoylamino group having from 2 to 7 carbon atoms,

a tetrazolylalkyl group composed ;f a tetrazolyl group and an
alkylene group having from 1 to 3 carbon atoms wherein the
alkylene group is bonded to the carbon atom or nitrogen atom
of the tetrazolyl group, |

a morpholinoalkyl group composed of a morphollno group and an
alkylene group having from 1 to 3 carbon atoms,.'

a 4-alkoxycarbonylcyclohexyl group having from 1 to 6 carbon
atoms in the alkoxyl group thereof,

an alkoxycarbonyl group having from 1 to 6 carbon atoms in
the alkoxyl moiety thereof,

ah alkoxycarbonylalkyl group composed of an alkoxyl group
having from 1 to 6 carbon atoms and an alkylene group having
from 1 tb 3 carbon atoms,

a l-alkylindol-2-yl group having from 1 to 6 carbon atoms in
the alkyl moiety therxreof wherein the indole moiety may
further be substituted,

a substituted or unsubstituted pyrrolidon-l-yl group,

a  2-guanidinothiazolyl group,

a (2-guanidinothiazolyl)alkyl group composed of a 2-
guanidinothiazolyl group and an alkylene group having from 1

to 3 carbon atoms,

oy
BEEN
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cooperate to forma bridge el ement and thereby set up.the said keel
structure. Accordirng to a feature of the invention, each keel portion

may conprise a side panel

-

a substituted or unsubstituted 1,4-dihydropyridyl group,

a (4-alkylpiperazino)alkyl group composed of a 4-alkyl-
piperazino having an alkyl group of from 1 to 6 carbon atoms
and an alkylene group of from 1_to 6 carbon atoms,

a [(4-(morpholinosulfonyl)phenyl]alkyl group composed of 4-
(morpholinosulfonyl)phenyl group ;nd an alkylene group of
from 1 to 6 carbon atoms,

a [4-(piperazinosulfonyl)phenyl]alkyl group composed of 4-
(piperazinosulfonyl)phenyl group and an alkylene group of
from 1 to 6 carbon atoms, ]

a [4-(4-alkylpiperazinosulfonyl)phenyl]alk;i gréﬁp coméosed
of 4-(4-alkylpiperazinosulfonyl)phenyl group wherein the
-alkyl group on piperazino group is that of from 1 to 6 carbon
atoms, and an alkylene group of from 1 to 6 carbon atoms,

an alkoxycarbonylalkyl group composed of an alkoxyl group of
from 1 to 6 carbon atoms and a carbonyl group and an alkylene
group of from 1 to 6 carbon atoms,

a carboxyalkyl group composed of a carboxyl group and an
alkylene group of from 1 to 6 carbon atoms,

a [4-(4-dialkylaminopiperidino)phenyllalkyl group composed of
a phenyl group having a 4-dialkylaminopiperidino group at 4-
position, wherein each of the alkyl moiety of the
dialkylamino group has from 1 to 6 carbon atoms
independently, and an alkylene group of from 1 to 6 carbon

atoms,
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which is hingably attached to said one carton panel and.a top panel which
I's hingably attached to the keel side panel and which provi des one of said

securing portions.

a [4-(4-monoalkylaminopiperidino)phenyl]alkyl group composed
of a phenyl group having a 4-monoalkylaminopiperidino group
at 4-position, wherein the alkyl moiety of the monoalkylamino
group has from 1 to 6'carbon atoms, and an alkylene group of
from i to 6 carbon atoms,

a [4—(4—aminopiperidino)phenyl]aiiyl group composed of a
phenyl group having a 4-aminopiperidino group at 4-position
and an alkylene group of from 1 to 6 carbon atoms, a (4~
dialkylaminopiperidino)alkyl group composed of a 4-
dialkylaminopiperidino group, wherein each of the alkyl
moiety of the dialkylamino group has from f'to é"carboﬁ atoms
independently, and an alkyleﬁe group of from 1 to 6 carbon
atoms,

a (4-alkylaminopiperidino)alkyl group composed of a 4-
alkylaminopiperidino group, wherein the-alkyl moiety of the
alkylamino group has from 1 to 6 carbon atoms, and an
alkylene group of from 1 to 6 carbon atoms,

a (4-aminopiperidino)alkyl group composed of a 4-
aminopiperidino group and an alkylene group of from 1 to 6
carbon atoms,

a phenylalkyl group composed of a substituted or

unsubstituted phenyl group and an alkylene group of from 1 to

6 carbon atoms, .
R

e
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wherein in case the substituent G has a
substituent(s), the substituent(s) is a member(s)
selected from a group of

an alkyl group having from 1 to 6 carbon atoms,

an alkoxyl group having from 1 to 6 carbon atoms,

a trifluoromethyl group, )

a 2,2,2-trifluoroethyl group,

a trifluoromethoxyl group,

a 2,2,2-trifluo:oethoxyl group,

an alkylthio group having from 1 to 6 carbon atoms,
an alkylsulfinyl group having from=1 to & carbén
atoms, | |

an alkylsulfonyl group having from 1 to 6 carbon
atoms,

an alkanoyl group composed of an alkyl group having
from 1 to 6 carbon atoms and a carbonyl group,

an alkanoyloxy group having from 2 to 7 carbon atoms,
an alkanoylamino group having from 2 to 7 carbon
atoms,

an amino group,

a monoalkylamino group having from 1 to 6 carbon
atoms in the alkyl moiety thereof,

a dialkylamino group having from 1 to 6 carbon. atoms
in each alkyl moiety thereof,

a hydroxyl group,

a halogen atom,
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a perfluorocalkyl group having from 2 to 6 carbon
atoms,
.a cyano group,
a nitro group, -
a carboxyl group,
an alkoxycarbonyl group c;mposed of an alkoxyl group
having from 1 to 6 carbon atoms and a carbohyl group,
a tetrazolyl group,
a sulfamoyl group,
a methylenedioxy group,
an ethylenedioxy group,
a morpholinosulfonyl'group,
a piperazinosulfonyl group,
a 4-allepiperazinosulfonyl group having from 1 to 6
carbon atoms,
a 4-dialkylaminopiperidino group having from 1 to 6
carbon atoms in each alkyl moiety thereof,
a 4-monoalkylaminopiperidino group having from 1 to 6
carbon atoms in the alkyl moiety thereof,
and a 4-aminopiperidino group;
and 2 represents
an alkylene group having from 1 to 3 carbon atoms,
an alkenylene group having from 2 to 4 carbon atoms,
an alkylene group having one hydroxyl group and from 1 to 3
carbon atoms,

a carbonyl group,

IS SHEET HAS BEEN
REPLACED
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an alkylene group containing a carbonyl group at one end or
on the middle of the carbon chain thereof,
or an oxalyl group,

or a salt thexeof. - ' .

This invention further relates to a compound of

formula (I), wherein the substituent R has a structure

represented by the following formula:

R‘l

R2>\.l'

S~ AN
| .-
G )

or

R1

rZ [ |

NNa

wherein G is as defined before, and R' and R? independently

represents

-an alkyl group having from 1 to 6 carbon atoms,

an alkoxyl group having from 1 to 6 carbon atoms,

a trifluoromethyl group, |

a 2,2,2-trifluoroethyl group,

a trifluoromethoxyl group,

a 2,2,2-trifluoroethoxyl group,

“an alkylthio group having from 1 to 6 carbon atoms,

an alkylsulfinyl group having from 1 to 6 carbon atoms,

an af(kylsulfonyl group having from 1 to 6 carbon atoms,

B §
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an alkanoyl group composed of an alkyl group having from 1 to
6 carbon atoms and a carbonyl group,
an alkanoyloxy group having from 2 to 7 carbon atoms,

an alkanoylamino group having from 2 to 7 carbon atoms,

an amino group,

a monoalkylamino group having from 1 to 6 carbon atoms in the
alkyl moiety thereof,

a dialkylamino group having from 1 to 6 carbon atoms in each
alkyl moiety thereof,
a hydroxyl group,

a halogen atom,

a perfluoroalkyl group haviﬁg from 2 to 6 carbon atoms,
a cyano group, |

a nitro group,

a carboxyl group,

an alkoxycarbonyl group composed of an alkoxyl group having
from 1 to 6 carbon atoms and a carbonyl group,

a tetrazolyl group,

a sulfamoyl group,

a methylenedioxy group,

an ethylenedioxy group,

a morpholinosulfonyl group,

a piperazinosulfonyl group,

a 4-alkylpiperazinosulfonyl group having from 1 to 6 carbon

atoms,

_—
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a 4-dialkylaminopiperidino group having from 1 to 6 carbon
atoms 'in each alkyl moiety thereof, _

a 4-monoalkylaminopiperidino group having from 1 to 6 carbon
atoms in the alkyl moiety thereof, .

or a 4-aminopiperidino group.
This invention also relates to a compound of formula

(I), wherein the substituent R has a structure represented by

the following formula:

R1
2 -

l
G
This invention further relates to a compound of

formula (I), wherein the substituent R has a structure

represented by the following formula:

This invention also relates to a compound of formula
(I), wherein the substituent Q is aiphenyl group having at
least one substituent at the meta~position of the connecting
position of the phenyl group to the piperazine moiety..

This invention further relates to a cempound of
formula (I), wherein the meta-substituent of the phenyl group

for the substituent Q is a halogen atom.
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This invention also relates to a compound of formula
(I), wherein Q is a 2-methyl-3-chlorophenyl group.

This invention further relates to a compound of
formula (I), wherein Z is the alkylene group having 2 or 3

carbon atoms.

This invention also relates to a compound of formula
(I), wherein Z is the alkylene group having 2 carbon atoms.

This invention further relates to a compound of
formula (I), wherein the substituent R has a 5,6~-dimethoxy-

l1H~indazole moiety.

e

This invention also relates to a compouﬂ& of férmula
(2), wherein the substituent R has a 5,6-methylenedioxy-1H-
indazole moiety.

This invention further relates to a compound of
formula (I), wherein the substituent G on R is a member
selected from a group of a 3,4-dimethoxybenzyl group, 4-
imidazolylmethyl group, a 2-pyridylmethyl group, 3-
pyridylmethyl group and a 4-pyridylmethyl group.

This inveﬁtion also relates to a compound of formula
(I), wherein the substituent R has 2-substituted-4,5-
dimethoxy-phenyl moiety.

This invention further relates to a compound of
formula (I), wherein the substituent R has 2-substituted-4,5-
methylenedioxyphenyl moiety.

The present invention also relates to a treating

agent for a circulatory disease or a disease in the cerebral
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TEET HAS BEEN

Ty
A




region which contains the novel piperazine derivative
_ represented by formula (I) or a salt thereof and exhibits
calmodulin inhibitory activity.

DETAILED DESCRIPTIQN OF THE INVENTION

The salts of the compound of formula (I) typically
include acid addition salts. Aci&s for preparing the acid
addition salts of the compound of formula (I) may be organic
or inorganic and include hydrochloric acid, sulfuric acid,
nitric acid, phésphoric acid, carboxylic acids (e.g.,. acetic
acid, propionic acid, lactic acid, maleic aciq, and fumaric
acid), and sulfonic acids (e.g., methanesuf%onié“aqid,-
benzenesulfonic acid, and toluenesulfonic acid). As a matter
of course, the compound of formula (I) can be administered to
humans in the form of an acid addition salt as far as the
salt-forming acid is harmless to humans.

In case when a compound of the present invention of
formula (I) have an acidic substituent, such a compound may
be converted to a salt with an organic or an inorganic bases.
And the compound of the present invention or the salts
thereof may form as hydrate(s).

The compound according to the present invention
consists of a piperazine ring with a partial structure
represented by Q bonded to one nitrogen atom thereof énd a

partial structure represented by R bonded to the other

nitrogen atom via a connecting group represented by Z.
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Partial structure Q is a substituent selected from
(1) an aryl group, (2) a heterocyclic group, (3) a
diarylmethyl group, (4) an aralkyl group having from 1 to 6
carbon atoms in the alkyl moiety thereof, (5) an alkyl group
having from 1 to 8 carbon atoms, and (6) a cycloalkyl group
having from 3 to 8 carbon atoms. .

The aryl group (1) is a substituent derived from an
aromatic compound, such as a phenyl group or a naphthyl
group. While the term "aromatic compound" as noted above
includes heterocyclic aromatic compouﬁds, thé”fubs@ituent
derived from aromatic hydrocarbon compounds“are'éépeciélly
preferable aryl groups for the present invention.

The heterocyclic group (2) is a substituent derived
from a heterocyclic compound, preferably a nitrogen-~
containing heterocyclic compound. While the term "nitrogen-
containing heterocyclic compound" as noted above includes
aromatic ones, partially saturated ones, saturated ones, the
heterocyclic group as Q is preferably the one derived from an
aromatic nitrogen-containing heterocyclic compound, such as
pyrrole, imidazole, pyrazole, pyridine, pyridazine,
pyrimidine, pyrazine, indole, quinoline, isoquinoline,
cinnoline, phthalazine, quinazoline, quinoxaline,
naphthylidene, pyridopyridines, carbazole, carboline,
phenanthridine, and acridine. Preferred of these nitrogen-
containing aromatic heterocyclic groups are pyridyl,

pyrimidyl and isoquinolyl groups.
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Besides the nitrogen-containing heterocyclic group,
the heterocyclic group (2) includes thosé containing an
oxygen atom or a sulfur atom, which may be saturated,
partially saturated or aromatic. Examples are -thienyl,
benzothienyl, furyl, furanyl; benzofuranyl, and chromenyl
groups, with a benzofuranyl group-and a dihydrobénzofuranyl
group being preferred.

Additionally, the heterocyclic group (2) may be a
heterocyclic group containing two or more different hetero
atoms, such as an isothiazolyl group, an isoxa?olyl group or
an oxazinyl group. T |

The diarylmethyl group (3) is a substituent in which
two hydrogen atoms of a methyl group are each replaced by an
aryl group. The aryl group is selected from those enumerated
above. The most typical diarylmethyl group is a
diphenylmethyl group.

The aralkyl group (4) is a substituent in which an
alkylene group having from 1 to 6 carbon atoms is bonded at
one end thereof to the above-mentioned aryl group, typically
including a benzyl group and a phenethyl group.

The alkyl group (5), which contains ffom 1 to
8 carbon atoms, may have a straight chain structure of a
branched structure.

The cycloalkyl group (65, which contains from 3 to B
carbon atoms, includes a cyclopropyl group, a cyclobutyl

)
-
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group, a cyclopentyl group, a cyclohexyl group, and a

cyclooctyl group.

Each of the substituents (1) to (6) mentioned above

as Q, particularly the aryl group, heterocyclic group, and

the aryl moiety of the diarylmethyl group, may be substituted

with one or more substituents selected from the following

groups.

1. 2An alkyl group having from 1 to 6 carbon atoms, which may
be straight or branched, or cyclic.

2. An alkoxyl group having from 1 to 6 carbén atoms, the
alkyl moiety of which may be stralght granched or
cyclic.

3. A trifluoromethyl group and a 2,2,2-trifluoroethyl group.

4. A trifluoromethoxyl group and a 2,2,2-trifluoroethoxyl
group.

5. An alkylthio group composed of an alkyl group having from
1 to 6 carbon atoms and a sulfur atom as represented by a
structural formula:

alkyl-Ss—-,
the alkyl group of which may be straight, branched or
cyclic.

6. An alkylsulfiny; group derived from the above-mentioned
alkylthio group by oxidizing the sulfur atom with one
oxygen atom as represented by a structural formula:

I alkyl-SO-.
heet Has Been Replaced
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According to another feature of the invention, each keel

7. An alkylsulfonyl group derived from the above-mentioned
alkylthio group by oxidizing the su;fur atom with two
oxygen atoms as represented by a structural formula:

| alkyl-S0,-. .

8. An alkanoyl group derived from an aliphatic carboxylic
acid by_rembving the hydroxyl group from the carboxyl
grouplthereof, as represented by a structural formula:

alkyl-CO-.

9. An alkanoyloxy group derived from oxygen and the above-
mentioned alkanoyl group or by hydrogen fépoﬁal from the
carboxyl group of an aliphatic carboxyllc‘aéfd, as.
represented by a structural formula:

alkyl-CO-O-.

10. An alkanoylamino group derived by replacing one of the
two hydrogen atoms of an amino group with an alkanoyl
group, as represented by a structural formula:

alkyl-CO-NH-.

11. An amino group.

12. A monoalkylamino group derived by replacing one of the
two hydrogen atoms of ah amino group with an alkyl group.

13. A dialkylamino group derived by replacing each of the two

hydrogen atoms of an amino group with an alkyl group.

14. A hydroxyl group.

e

15. A halogen atom. —_—
eet Has Been Replaced
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securing portion may conprise a tab which abuts the othgr

16. A perfluoroalkyl group composed of a straight chain,
branched or cyclic alkyl group with all the hydrogen
atoms replaced with fluorine atoms.

17. A cyano group. - .

18. A nitro group.

19. A carboxyl group. -

20. An alkoxycarbonyl group compoéed of a straight chain,
branched or cyclic alkyl group and a carbonyl group,
connected via an oxygen atom, as represented by a
structural formula:

alkyl-0-CO-. "

21. A tetrazolyl group, a S-ﬁembered heterocyclic group.

22. A sulfamoyl group.

23. A methylenedioxy group, an ethylenedioxy group, and a
propylenedioxy group, represented by a structural
formula:

-0~ (CH, ) 4-O-
wherein q is 1, 2 to 3, and the carbon atoms (where q'is
2 oxr 3) to which the two oxygen atoms are each bonded are
adjacent to each other.

24. A morpholinosulfonyl group, represented by a structural
formula:

morpholino(or 4-morpholinyl)-SO,-.

25. A piperazinosulfonyl group, represented by a structural
formula:

(l-piperazinyl)-SO,-
-
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keel securing portion rn face contacting'relationship.. .

26. A 4-alkylpiperazinosulfonyl group composed of 4-alkyl-
piperazinyl group and sulfonyl group wherein the alkyl
group at 4-position has from 1 to 6 carbon atoms,
represented by a structural_formula: .

(4-alkyl-piperazin-1-yl)-S0,-.

27. A 4-dialkylaminopiperidino group; a piperidine group
having a dialkylamino group at 4-position thereof,
wherein each of the alkyl moiety of the dialkylamino
group has from 1 to 6 carbon atoms independently.

28. A 4-moncalkylaminopiperidino group; a Riﬁé;idine group
having an alkylamino group at 4—positi6h fhéfeof, Qherein
the alkyl moiety of the élkylamino group has from 1 to 6
carbon atoms.

29. A 4-aminopiperidino group; a piperidine group having an
amino group at 4-position thereof. | |

Where the group Q has two or more substituents, the
plural substituents may be the same or different.

These substituents may be on the alkyl group (or
moiety) or cycloalkyl group (or moiety) of Q.

To the other nitrogen atom of the piperazine moiety
is bonded a partial structure R (i.e., (1) a bicyclic
nitrogen-containing heterocyclic group or (2) a phenyl group)
via a connecting group 2 (i.e., (1) an alkylene group having
from 1 to 3 carbon atoms, (2) an alkenylene group having from
2 to 4 carbon atoms, (3) an alkylene group having from 1 to 3

carbon atoms and one hydroxyl group, (4) a carbonyl group,
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In constructions where this feature is adopted, the keek

(5) an. alkylene group having one or two carbon atoms and
containing one carbonyl group at the end or middle of the
carbon chain thereof, or (6) an oxalyl group).

The alkylene group (1) as Z is represented by a

structural formula:

= (CHz )~/
wherein r is 1, 2, or 3.
The alkenylene group (2) as Z has one carbon-carbon
double bond either at the terminal or in the middle of the

carbon chain.

- ..

The alkylene group (3) having one hydfo#fl groﬁp and
from 1 to 3 carbon atoms has its hydroxyl group bonded to
either the terminal or the middle of the carbon chain.

The carbonyl group (4) has a structural formula:

-CO-.

The alkylene group (5) having one carbonyl group at
the end or in the middle.of the carbon chain has a structural
formula:

-CO-CH,-, -CH,-CO-, —CO—CHZ;-CHz—, -CH,~CO-CH,- or -CH,-CH,-CO-.
The oxalyl group (6) has a structural formula:
-CO-CO-.

The partial structure as R is (1) a bicyclic
nitrogen-containing heterocyclic group or (2) a phenyl-group.

The bicyclic heterocyclic group (1) as R is
structurally characterized in that: (i) a 6-membered ring and

a 5-membered ring are fused, (ii) there are one or two

- 24 -
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| Y securing portions may conprise conplenentary tabs which

nitrogen atoms, which is/are on the 5-membered ring, (iii)
the nitrogen-containing ring may be an aromatic ring or a
saturated ring, and (iv) where the ring containing the

nitrogen atom(s) is saturated, that ring may contain a ketone

moiety.

The bicyclic heterocyclic-group having such
structural characteristics (i) to (iv) includes those derived
from indole, isoindole, indazole, and benz[d]imidazole.

Those having a nitrogen atom between two condensed rings,
such as those derived from 1ndollzlne, benzo[a]pyrazole,
benzo[e]pyrazole, benzf{a]limidazole and benz[e]lmldazole, are
also included. The bicyclic nitrogen-containing heterocyclic
group (1) is bonded to the connecting group, 2, at the |
nitrogen atom or carbon atom of the 5-membered ring thereof.

Specific examples of the bicyclic heterocyclic group
(1) as R are indol-1-yl, indol-2-yl, indol-3-yl, 2,3-
dihydroindol-1-yl, 2,3-dihydroindol-2-yl, 2,3-dihydroindol-3-
yl, 3H-indol-2-yl, 3H-ihdol-3—yl, 2-oxoindol-1-yl, 2-
oxoindol-3-~yl, indazol-1-yl, indazol-3-yl, 2,3-
dihydroindazol-1-yl, 2,3-dihydroindazol-2-yl, 2,3-
dihydroindazol-3-yl, 3H-indazol-3-yl, 2,3-dihydro-3-
oxoindazol-1-yl, 2,3-~dihydro-3-oxoindazol-2-yl, isoiﬁdol-l-
yl, isoindol~2-yl, isoindol-3-yl, 1,3-dihydroisoindol-1-yl,
1,3-dihydroisoindol-2-yl, 1,3-dihydroisoindol-3-yl, 1,3-
dihydro-3-oxoisoindol-1-yl, 1,3-dihydro-3-oxoisoindol-2-yl,

1,3~¥ihydro-l-oxoisoindol-2-yl, 1,3-dihydro-l-oxoisoindol-3-
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vl, benz{d]imidazol-1l-yl, benz[d]imidazol-2-yl, 2,3-

dihydrobenz[d]imidazol-1l-yl, 2,3-dihydrobenz[d]imidazoi—z-yl,

and 2,3-dihydro-2-oxobenz[d]imidazol-1-yl groups.

The bicyclic nitrogen-containing heterocyclic. group

(1) or phenyl group (2) as R is substituted with one or more

substituents selected from the following groups. The two or

more substituents may be the same or different. The

substituent of the phenyl group (2) is preferably on the

carbon atom adjacent to the carbon atom bonded to Z. The

substituent of the bicyclic nitrogen-containing heterocyclic

et

group (1) is preferably on the nitrogen atom or carbon atom

of the nitrogen-containing 5-membered ring.

1.

A straight chain, branched or cyclic ‘alkyl group having
from 1 to 6 carbon atoms.

A substituted or unsubstituted phenyl group.

A benzoyl group the phenyl moiety of which may be
substitutedl

A benzylcarbonyl group the phenyl moiety of which may be
substituted.

A benzoylmethyl group the phenyl moiety of which may be
substituted.

An a-hydroxybenzyl group the phenyl moiety of which may
be substituted.

A substituted or unsubstituted 5-membered aromatic
heterocyclic group containing a nitrogen atom, an oxygen

atom or a sulfur atom as a hetero atom (wherein a
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Qet-up'position. .

nitrogen atom is present as a hetero atom, this has a
hydrogen atom or an alkyl group having from 1 to 6 carbon
atoms, or it is the site for bonding to the bicyclic
nitrogen-containing heterocyclic group (1) -or phenyl
group (2)), such as a pyrrolyl group, a furyl group or a
thienyl group. This substitﬁ;nt may be bonded to the
bicyclic nitrogen-containing heterocyclic group (1) or
phenyl group (2) at any of possible sites thereof.

A substituted or unsubstituted 5-membered aromatic

heterocyclic group containing one nitrogén atom and, as a

st

second hetero atom, a nitrogen atom, an ongéh atom or a
sulfur atom (wherein a nitrogen atom is present as the
second hetero atem, this has a hydrogen atom or an alkyl
group having from 1 to 6 carbon atoms, or it is the site
of bonding to the bicyclic nitrogen-containing
heterocyclic group (1) or phenyl group (2)), such as a
pyrazolyl group, an imidazolyl group, a thiazolyl group,
an isothiazolyl group, an oxazolyl group, or an
isoxazolyl group. This substituent may be bonded to the
bicyclic nitrogen-containing heterocyclic group (1) or
phenyl group (2) at any of possible sites thereof.

A substituted or unsubstituted 5-membered aromatic
lheterocyclic group containing two nitrogén atoms and, as
a third hetero atom, a nitrogen atom, an oxygen atom or a
sulfur atom (wherein a nitrogen atom is present as the

third hetero atom, this has a hydrogen atom or an alkyl

This Sheet Has Been Replaced

- 27 -




10.

11.

group having from 1 to 6 carbon atoms, or it is the site
of bonding to the bicyclic nitrogen-containing
heterocyclic group (2) or phenyl group (2)), such as a
1,2,3-triazolyl group, a 152,4—triazolyl group, a 1,2,3-
thiadiazyl group, a 1,2,4-thiadiazyl group, a 1,2,5-
thiadiazyl group, a 1,3,4—thi;diazyl-group, a l,2,3-
oxadiazyl group, a 1,2,4-oxadiazyi group, a 1,2,5-
oxadiazyl group, or a 1,3,4-oxadiazyl group. This
substituent may be bonded to the bicyclic nitrogen-

containing heterocyclic group (1) or phefiyl group (2) at

any of possible sites thereof.
A substituted or unsubstituted 6-membered aromatic
heterocyclic ring containing one or two nitrogen atoms,'
such as a pyridyl group, a pyridazinyl group, a pyrimidyl
group, or a pyrazinyl group. This substituent may be
bonded to the bicyclic nitrogen-containing heterocyclic
group (1) or phenyl group (2) at any of possible sites
thereof.

A heterocyclic group-substifuted alkyl group composed of

a substituted or unsubstituted 5-membered aromatic

. heterocyclic group containing a nitrogen atom, an oxygen

atom or a sulfur atom as a hetero atom and an alkylene
group having from 1 to 3 carbon atoms (wherein a nitrogen
atom is present as a hetero atom, this has a hydrogen
atom or an alkyl group having from 1 to 6 carbon atoms),

such as a pyrrolyl-substituted methyl, ethyl or propyl
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According to yet another feature of the Invention one of.

12.

13.

group, a thienyl-substituted methyl, ethyl or propyl
group, or a furyl-substituted methyl, ethyl or propyl
group. The alkylene group may be bonded to any of
possible sites of the heterocyclic ring. .

A heterocyclic ‘group-substituted alkyl group composed of
a substituted or unsubstituteé S5-membered aromatic
heterocyclic'ring containing one nitrogen atom as a first
hetero atom and, as a second hetero atom, a nitrogen
atom, an oxygen atom or a sulfur atom and an alkylene
group having from 1 to 3 carbon atoms (wﬁéfein_a nitrogen
atom is present as the second hetero at;m; tﬁis ha§ a
hydrogen atom or an alkyl group having from 1 to 6 carbon
atoms or is bonded to the alkylene group), such as a
pyrazolyl-substituted methyl, ethyl or propyl group, an
imidazolyl-substituted methyl, ethyl or propyl group, a
thiazolyl-substituted methyl, ethyl or propyl group, or
an oxazolyl-substituted methyl, ethyl or propyl group.
The alkylene group may be bonded to any of possible sites
of the heterocyclic ring.

A heterocyclic group-substituted alkyl group composed of
a substituted or unsubstituted S5-membered aromatic
heterocyclic ring containing two nitrogen atoms as first
and second hetero atoms and, as a fhird hetero atom, a
nitrogen atom, an oxygen atom or a sulfur atom and an
alkylene group having from 1 to 3 carbon atoms (wherein a
nitrogen atom is present as the third hetero atom, this

e —
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10 the keel securing’portions may conprise an aperture and

has a hydrogen atom or an alkyl group having from 1 to 6
carbon atoms or is bonded to the alkylene group), such as
a 1,2,3-triazolyl-substituted methyl, ethyl or propyl
group,'a 1,2,4-triazolyl-substituted methyl, ethyl or
propyl group, a 1,2,3-thiadiazyl-substituted methyl,
ethyl or propyl group, a 1,2,;-thiadiazyl-substituted
methyl, ethyl or propyl group, a 1,2,5-thiadiazyl-
substituted methyl, ethyl or propyl group, a 1,3,4-
thi&diazyl-substituted methyl, ethyl or propyl group, a
1,2,3-oxadiazyl-substituted methyl, ethyl or propyl
group, a 1,2,4-oxadiazyl-substituted methyl, ethyl oxr
propyl group, a l,2,5—oxadiazyl—substituted methyl, ethyl
or propyl group, or a 1,3,4-oxadiazyl-substituted methyl,
ethyl or propyl group. The alkylene Qroup may be bonded
to any of possible sites of the heterocyclic ring.

1l4. A heterocyclic group-substituted alkyl group composed of
a substituted or unsubstituted 6-membered aromatic
heterocyclic ring contaihing one of two nitrogen atoms
and an alkylené group having from 1 to 3 carbon atoms,
such as a pyridyl-substituted methyl, ethyl or propyl
group,.a pyridazinyl-substituted methyl, éthyl or propyl
group, a pyrimidyl-substituted methyl, ethyl or propyl
group, or a pyrazinyl-substituted methyl, ethyl or.propyl

group. The alkylene group may be bonded to any of

possible sites of the heterocyclic ring.
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the other of the keel Securing portions rfay conprise G

15. A phenylhydroxyalkyl group composed of an alkylene group
having one hydroxyl group and 2 to 3 carbon atoms and a
substituted or unsubstituted phenyl group, such as a 1-
hydroxy-2-phenylethyl éroup‘ a 2-hydroxy-2-phenylethyl
group, a l-hydroxy-3-phenylpropyl group, a 2-hydroxy-3-
phenylpropyl group or a 3-hyd;oxy—3—phenylpropyl group.

16. A 2-phenylethynyl group wherein the phenyl group may be
substituted.

17. A tetrazolyl group.

18. A morpholino group.

e -

19. An alkanoylamino group having from 2 to 7 -carbon aﬁoms.

20. A tetrazolylalkyl group éomposed of a tetrazolyl group
and an alkylene group having from 1 to 3 carbon atoms,
wherein the alkylene group is bonded to the carbon atom
or nitrogen atom of the tetrazolyl group, such as a
tetrazolylmethyl group, a tetrazolylethyl group or a
tetrazolylpropyl gxroup.

21. A morpholinoalkyl group composed of a morpholino group
and an alkylene group having from 1 to 3 carbon atoms,
such as a morpholinomethyl group, a morpholinoethyl group
or a morpholinopropyl group.

22. A 4-alkoxycarbonylcyclohexyl group having from 1 to 6
carbon atoms in the alkoxy moiety thereof, wherein.the
alkoxycarbonyl moiety and the bond at the l-position may
have a trans-structure or a cis-structure or may be in

if:ial or equatorial positions.

By T,&r Brc\‘
,..,’C’“D
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{ab which passes through the aperture whén.the keel is in

23.

24.

25.

26.

27.

28.

29.

30.

An alkoxycarbonyl group having from 1 to 6 carbon atoms
in the alkoxy moiety thereof.

An alkoxycarbonylalkyl group composed of an
alkoxycarbonyl group having from 1 to 6 carbon atoms in

the alkoxy moiety thereof and an alkylene group having

from 1 to 3 carbon atoms, such as an alkoxycarbonylmethyl

group, an alkoxycarbonylethyl group or an
alkoxycarbonylpropyl group.
A l-alkylindol-2-yl group wherein the alkyl moiety has

from 1 to 6 carbon atoms and the indole ¥ing may further

e

be substituted.
A substituted or unsubstituted pyrrolidone-l-yl group
wherein the oxo moiety is at the 2- or 3-position, and
the pyrrolidine moiety may be substituted, especially by
alkyl group(s).

A 2-guanidinothiazolyl group.

A (2;guanidinothiazolyl)-alkyl group composed of a 2-
guanidinothiazolyl group and an alkylene group having
from 1 to 3 carbon atoms.

A substituted or unsubstituted 1,4-dihydropyridyl group
wherein the substituent includes an alkyl group and a
carboxyl group, such as a 2,6-bis(methoxycarbonyl)-3,5-
dimethyl-1,4-dihydropyridyl group.

A 4-alkyl-piperazino-alkyl group composed of a 4-alkyl-
piperazine having an alkyl group of from 1 to 6 carbon
atom and an alkylene group of from 1 to 6 carbon atoms.

e
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31.

32.

" 33.

The examples are; a 4-methylpiperazinomethyl group, a 4-
ethylpiperazinomethyl group, a 4-pr9pylpiperazinomethyl
group, a 2-(4-methylpiperazino)ethyl group, a 2-(4-
ethylpiperazino)ethyl group_and a 2-(4-propylpiperazino)-
ethyl group, and the like. |

A 4—(morpholinosulfonyl)phenyialkyl group composed of 4-
(morpholinosulfonyl)phenyl group and an alkylene group of
from 1 to 6 carbon atoms. The examples are; a 4-
(morpholinosulfonyl )phenylmethyl group, a 2-[4-
(morpholinosulfonyl )phenyl ]ethyl group, a 3 [4-
(morpholinosulfonyl )phenyl ]propyl group, and “the llke

A 4-(piperazinosulfonyl)phenylalkyl group composed of 4-
(piperazinosulfonyl)phenyl group and an alkylene group of
from 1 to 6 carbon atoms. The examples are; a 4-
(piperazinosulfonyl)phenylmethyl group, a 2-[4-
(piperazinosulfonyl)phenyl]ethyl group, a 3-[4-
(piperazinosulfonyl )phenyl ]propyl group, and the like.

A 4-(4-alkylpiperazinosulfonyl)phenylalkyl group composed
of 4—(4—alkylpiperazinosulfonyl)phenyl group, wherein the
alkyl group on piperazino group is that of from 1 to 6
carbon atoms, and an alkylene group of from 1 to.6 carbon
atoms. The examples are; a 4-(4-methylpiperazino-
sulfonyl)phenylmethyl group, a 2-[4-(4-methylpiperazino-
sulfonyl )phenyljethyl group, a 3-[4-(4-methylpiperazino-

sulfonyl)phenyl]propyl group, and the like.
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35.

36.

37.

An alkoxycarbonylalkyl group composed of an alkoxy group
of from 1 to 6 carbon atoms and a carbonyl group and an

alkylene group of from 1 to 6 carbon atoms. The examples

| are; a methoxycarbonylmethyl group, an ethoxycarbonyl-

methyl group, a propoxycarbonylmethyl group, a 2-
(methoxycarbonyl )ethyl group,-a 2-(ethoxycarbonyl )ethyl
group, a 2-(propoxycarbonyl)ethyl grqup, and the like.

A carboxyalkyl group composed of a carboxyl group and an
alkylene group of from 1 to 6 carbon atoms. The examples
are; a carboxymethyl group, a 2-carboxyef§yethyl group,
3-carboxypropyl group, 4-carboxybutyl é&oup;"S—carboxy—
pentyl group and 6—carbo#yhexyl group. '

A 4-[(4-dialkylaminopiperidino) ]phenylalkyl group
composed of a phenyl group having a 4-dialkylamino-
piperidino group, wherein the alkyl groups of dialkyl-
amino group are those of from 1 to 6 carbon atoms
independently, at 4-position and an alkylene group of
from 1 to 6 carbon atoms. The examples are; a [4-(4-
dimethylaminopiperidino)phenyl]methyl'groué, a 2-[4-(4-
dimethylaminopiperidino)phenyljethyl group, a 3~-[4-(4-
dimethylaminopiperidino)phenyl]propyl group, a [4-[4-(N-
methyl-N-ethylamino)piperidino]phenyl Jmethyl group, a
[4—(4-diethyléminopiperidino)phenyl]methyl group, and the
like.

A 4-[ (4-monoalkylaminopiperidino)jphenylalkyl group

composed of a phenyl group having a 4-monoalkylamino-
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According to a further feature of the invention, said

38.

39.

piperidino group, wherein the alkyl group of
monomethylamino group is that of from 1 to 6 carbon
atoms, at 4-position and an alkylene group of from 1 to 6
carbon atoms. The examples.are; a [4-(4-methylamino-
piperidino)phenyl Jmethyl group, a 2-[4-(4-methylamino-
piperidino)phenyl}ethyl group; a 3-[4-(4-methylamino-=
piperidino)phenyl]propyl group, a [4-(4-ethylamino-
piperidino)phenyl]methyl group, a 2-[{4-(4-ethylamino-
piperidino)phenyl]ethyl group, a 3-[4-(4-ethylamino-
piperidino)phenyljpropyl group, and the llke

A 4-[ (4-aminopiperidino) Jphenylalkyl group composed of a
phenyl group having a 4-aminopiperidino group at 4-
position and an alkylene group of from 1 to 6 carbon
atoms. The examples are; a [4-(4-aminopiperidino)-
phenyllmethyl group, a 2-[4-(4-aminopiperidino)phenyl]-
ethyl group, a 3-[4-(4-aminopiperidino)phenyl]propyl
group, and the like.

A (4-dialkylaminopiperidino)alkyl group composed of a 4-
dialkylaminopiperidino group, wherein the alkyl groups of
dialkylamino group are those of from 1 to 6 carbon atoms
independently, and an alkylene group of from 1 to 6
carbon atoms. The examples are; a (4-dimethylamino-
piperidino)methyl group, a 2-(4-dimethylaminopiperidino)-
ethyl group, a 3-~(4-dimethylaminopiperidino)propyl group,
a 4-[(N-methyl-N-ethylamino)piperidino)methyl group, a

(4-diethylaminopiperidino)methyl group, and the like.
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40. A (4-alkylaminopiperidino)alkyl group composed of a 4-
alkylaminopiperidino group, wherein the alkyl group of
monomethylamino group is that of from 1 to 6 carbon
atoms, and an alkylene group of from 1 to 6 carbon atoms.
The examples are; a (4-methylaminopiperidino)methyl
group, a 2-(4—methylaminopipe;idino)ethyl group, a 3-(4-
methylaminopiperidino)propyl group, a (4-ethylamino-
piperidino)methyl group, a 2-(4-ethylaminopiperidino)-
ethyl group, a 3-(4-ethylaminopiperidino)propyl group,
and the like.

41. A (4-aminopiperidino)alkyl group compos:d"bfué 4-
aminopiperidino group (4-éminopiperidin—l-yl group) and
an alkylene group of from 1 to 6 carbon atoms. The
examples are; a (4-aminopiperidino)methyl group, a 2-(4-
aminopiperidino)ethyl group, a 3-(4-aminopiperidino)-
propyl group, and the like.

42. A hydrogen atom.

Where the above-mentioned substituents 1 to 42 are
substituted, they are substituted with one or more of the
following groups which may be the same or different.

1. An alkyl group having from 1 to 6 carbon atoms.

2. An alkoxyl group having from 1 to 6 carbon atoms.

3. A trifluoromethyl group and a 2,2,2-trifluorcethyl .group.

4. A trifluoromethoxyl group and a 2,2,2-trifluoroethoxyl
group.

~

5. An alkylthio group having from 1 to & carbon atoms.
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6.
7.
8.

10.
11.
12.
13.

14.
15.
16.
17.
18.
19.
20.

21.
22.
23.

24.
25.
26.

An alkylsulfinyl group having from 1 to_6 carbon atoms.
An alkylsulfonyl group having from 1 to 6 carbon atoms.
An alkanoyl group composed of an alkyl group having from
1 to 6 carbon qtoms and a carbonyl group. .

An alkanoyloxy group having from 2 to 7 carbon atoms.

An alkanoylamino group having-from 2 to 7 carbon atoms.
An amino group.

A monoalkylamino group having from 1 to 6 carbon atoms.
A dialkylamino group having from 1 to 6 carbon atoms in
each alkyl moiety thereof.
A hydroxyl group.

A halogen atom.

A perfluoroalkyl group having from 2 to 6 carbon atoms.
A cyano group;

A nitro group.

A carboxyl group.

An alkoxycarbonyl group composed of an alkoxyl group
having from 1 to 6 carbon atoms and a carbonyl group.
A tetrazolyl group.

A sulfamoyl group.

A methylenedioxy group, an ethylenedioxy group, and a
propylenedioxy group. |

A morpholinosulfonyl group.

A piperazinosulfonyl group.

A 4-alkylpiperazinosulfonyl group having from 1 to 6

(firbon atoms.
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27. A 4-dialkylaminopiperidino group having from 1 to 6
carbon atoms in each alkyl moiety thereof.
28. A 4-monoalkylaminopiperidino group having from 1 to 6
carbon atoms in the alkyl moiety thereof. -
29. A 4-aninopiperidino group.
A partial structure abbre;iated as R for the compound

of the present invention, a nitrogen-containing heterocyclic

group is exemplified by the following formula:

wherein R‘,If and G are as defined before, K represents N, C
or C=0, although, the substituent G may present at the 2-

position of the indazole;

and a phenyl group is exemplified by the formula:

wherein Rl, R’ and G are as defined before.
Among the nitrogen-containing heterocyclic group,

indazole group of the following formula:
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is a preferable one. The indazole group and the phenyl group
is the favorable group as R, and the indazole group is more
favorable between the two.

As for the substituent G, a substituent on the R, the
preferable substituent G for the indazole nggp within those
previously mentioned are: S |
an alkyl group having from 1 to 6 carbon atoms,

a substituted or unsubstituted phenyl group,

a benzoyl group with the phenyl moiety thereof substituted or
unsubstituted, |

a benzylcarbonyl group with the phenyl moiety thereof
substituted or unsubstituted,

a benzolmethyl group with the phenyl moiety thereof
substituted or unsubstituted,

an a-hydroxybenzyl group with the phenyl moiety thereof
substituted or unsubstituted,.

a substituted or unsubstituted 6-membered aromatic
heterocyclic group containing one or two nitrogen atoms,

a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted S5-membered aromatic heterocyclic

group containing a nitrogen atom, an oxygen atom or a sulfur
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atom as a hetero atom and an alkylene group of from 1 to 3

carbon atoms,

"a heterocyclic group substituted-alkyl group composed of a

substituted or unsubstituted 5-membered aromatic heterocyclic
group containing one nitrogen atom and, a nitrogen atom, an
oxygen atom or a sulfur atom as the second hetero atom and an
alkylene group of from 1 to 3 carbon atoms,

a heterocyclic group substituted-alkyl group composed of a

substituted or unsubstituted 5-membered aromatic heterocyclic

group containing two nitrogen atoms and, a nitrogen atom, an
oxygen atom or a sulfur atom as the third.ﬁéteré"atom and an
alkylene group of from 1 to.j carbon atoms,

a heterocyclic group substituted-alkyl group composed of a
substituted or unsubsﬁituted 6-membered aromatic heterocyclic
group containing one or two nitrogen atoms and an alkylene
group of from 1 té 3 carbon atoms,

a phenylhydroxyalkyl group composed of an alkylene group
having one hydroxyl group and 2 to 3 carbon atoms and a
substituted or unsubstituted phenyl group,

a 2-~phenylethenyl group wherein the phenyl group may be
substituted,

an alkanoylamino group having from 2 to 7 carbon atoms,

a tetrazolyalkyl group composed of a tetrazolyl group and an
alkylene group having from 1 to 3 carbon atoms wherein the

alkylene group is bonded to the carbon atom or nitrogen atom

of the tetrazolyl group,
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According to a still forther feature of the invention, &

a morpholinoalkyl group composed of a morpholino group and an
alkylene group having from 1 to 3 carbon atoms,

an alkoxycarbonylalkyl group composed of from 1 to 6 carbon
atoms in the alkyl moiety thereof and an alkylene group
having from 1 to 3 carbon atoms,

a substituted or unsubstituted pf?rolidon—l—yl group,

a (2-guanidinothiazolyl)alkyl group composed of a 2-
guanidinothiazolyl group and an alkylene group having from 1
to 3 carbon atoms,

a substituted or unsubstituted 1, 4-d1hydropyrldyl group,

a (4-alkylpiperazino)alkyl group composed of a 4- alkyl-
piperazine having an alkyl group of from 1 to 6 carbon atoms
and an alkylene group of from 1 to 6 carbon atoms,

a [4-(morpholinosulfonyl)phenyl]alkyl group composed of 4-
(morpholinosulfonyl)phenyl group and an alkylene group of
from 1 to 6 carbon atomé,

a [4-(piperazinosulfonyl)phenyljalkyl group composed of 4-
(piperazinosulfonyl)phenyl group and an alkylene group of
from 1 to 6 carbon atoms,

a [4-(4-alkylpiperazinosulfonyl)phenyljalkyl group composed
of 4-(4—alkylpiperézinosulfonyl)phen?l group wherein the
alkyl group on piperaziho group is thét of from 1 to 6 carbon
atoms, and an alkylene groﬁp of from 1 to 6 carbon atoms,

an alkoxycarbonylalkyl group composed of an alkoxyl group of
from 1 to 6 carbon atoms and a carbonyl group and an alkylene

group of from 1 to 6 carbon atoms,
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a carboxyalkyl group composed of a carboxyl group and an
alkylene group of from 1 to 6 carbon atoms,

a [4-(4-dialkylaminopiperidino)phenyl]alkyl group composed of
a phenyl group having a 4-dialkylaminopiperidino group at 4-
position, wherein each of the alkyl moiety of the
dialkylamino group has from 1 to.6 carbon atoms
independently, and an alkylene group of from 1 to 6 carbon
atoms,

a [4-(4-monocalkylaminopiperidino)phenyl]alkyl group composed
of a phenyl group having a 4-monoalkylaminopigeridino group
at 4-position, wherein the alkyl moiety of“the ﬁénoalk&lamino
group has from 1 to 6 carbon atomg, and an alkylene group of
from 1 to 6 carbon atoms,

a t4-(4~aminopiperidino)phenyl]alkyl group composed of a
phenyl group having’a 4-aminopiperidino group at 4-position
and an alkylene group of from 1 to 6 carbon atoms,

a (4-dialkylaminopiperidino)alkyl group composed of a 4-
dialkylaminopiperidino group, wherein each of the alkyl
moiety of the dialkylamino gfoup has from 1 to 6 carbon atoms
independently, and an alkylene group of from 1 to 6 carbon
atoms, '

a (4—alk§laminopiperidino)alkyl group composed of a 4-
alkylaminopiperidino .group, wherein the alkyl moiety of the
monoalkyiamino group has from 1 to 6 carbon atoms, and an

alkylene group of from 1 to 6 carbon atoms,
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whi ch each keel acts tg,separate two adjacent articlesy;

a (4-aminopiperidino)alkyl group composed of a 4-
aminopiperidino group and an alkylene group of from 1 to 6
carbon atoms,
a phenylalkyl group composed of_a substituted or
unsubstituted phenyl group and an alkylene group of from 1 to
6 carbon atoms, )
and a hydrogen atoms.

And further, the more preferable substituent G for
indazole within those are:
a heterocyclic group substituted-alkyl group composed of a
‘substituted or unsubstituted S5-membered aroﬁatlc heterocycllc
group containing a nitrogen étom, an oxygen atom or a sulfur
atom as a hetero atom and an alkylene group of from 1 to 3
carbon atoms,
a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted 5-membered aromatic heterocyclic
group containing one nitrogen atom and, a nitrogen atom, an
oxygen atom or a sulfur atom as the second hetero atom and an
alkylene group of from 1 to' 3 carbon atoms,
a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted S5-membered aromatic heterocyclic
group containing two nitrogen atoms and, a nitrogen atom, an
oxygen atom or a sulfur atom as the third hetero atom and an
alkylene group of from 1 to 3 carbon atoms,
a heterocyclic group substituted-alkyl group composed of a

substituted or unsubstituted 6-membered aromatic heterocyclic
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group containing one or two nitiogen atoms and an alkylene
group of from 1 to 3 carbon atoms,

a tetrazolylalkyl group,

a (2-guanidinothiazolyl)alkyl group,

a [4-(morpholinosulfonyl)phenyl]alkfl group,
a [4-(piperazinosulfonyl)phenyl]éikyl group,
a [4-(4-alkylpiperazinosulfonyl)phenyljalkyl group,

an alkoxycarbonylalkyl group,

a carboxyalkyl group,

a [4-(4-dialkylaminopiperidino)phenyljalkyl group,

a [4-(4-monoalkylaminopiperidino)phenyl]alﬁ}ljérouﬁ,

a [4-(4-aminopiperidino)phenyl]alkyl group,

a (4-dialkylaminopiperidino)alkyl group,

a (4-alkylaminopiperidino)alkyl group,

a (4-aminopiperidino)alkyl group,

a phenylalkyl group,

and a hydrogen atom.

Further, the especially preferable substituent G for
indazole is a heterocyclic group substituted-alkyl group or a
phenylalkyl group.

One of the preferable substituent G for indazole is
an aralkyl group composed of an arfl group and an alkylene
group of from 1 to 6 carbon atoms. As for the aryl group of
the aralkyl group, not only those derived from the aromatic
hydrocarbon, but the aromatic heterocyclic group are

incluﬁed. The examples of the aralkyl group are:

-
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Various embodinents of the invention wll pow be

an a-hydroxybenzyl group; a heterocyclic group substituted-
alkyl group composed of a-S-membered aromatic heterocyclic
group containing a nitrogen atom, an oxygen atom or a sulfur
atom as a hetero atom and an alkylene group; a_heterocyclic
group substituted-alkyl group composed of a S5-membered
aromatic heterocyclic group containing one nitrogen atom and,
a nitrogen atom, an oxygen atom or a sulfur atom as the
second hetero atom and an alkylene group; a heterocyclic
group substituted-alkyl group composed of a S5-membered
aromatic heterocyclic group containing two n:.trogen atoms
and, a nltrogen atom, an oxygen atom or a sulfur ‘atom as the
third hetero atom and an alkylene group; a heterocyclic group
substituted-alkyl group composed of a 6-membered aromatic
heterocyclic group containing one or two nitrogen aﬁoms and
an alkylene group; a phenylhydroxyalkyl group composed of an
alkylene group having one hydroxyl group and 2 to 3 carbon
atoms and a phenyl group; a 2-phenylethenyl group; a
tetrazolylalkyl group composed of a tetrazolyl group and an
alkylene group; a (2-guanidinothiazolyl)alkyl group composed
of a 2-guanidinothiazolyl group and an alkylene group; a ([4-
(morpholinosulfonyl)phenyljalkyl group composed of 4-
(morpholinosulfonyl)phenyl group and an alkylene group; a [4-
(piperazinosulfonyl)phenyl]alkyl group composed of 4-
(piperazinosulfonyl)phenyl group and an alkylene group; a [4-
(4-alkylpiperazinosulfonyl )phenyljalkyl group composed of 4-

(4-alkylpiperazinosulfonyl)phenyl group and an alkylene

This Sheet Has Been Replace: - 43 - ’ Uinis st

[T




gdescri bed, by way of ezgnple only, with reference to tﬁe

group; a [4-(4-dialkylaminopiperidino)phenyljalkyl group
composed of a 4-(4-dialkylaminopiperidino)phenyl group and an
alkylene group; a [4-(4-monoalkylaminopiperidino)phenyl]alkyl
group composed of a 4-(4-monoalkylaminopiperidino)phenyl
group and an alkylene group; a [4-(4-aminopiperidino)-
phenyljalkyl group composed of a E—(aminopiperidino)phenyl
group and an alkylene group; a phenylalkyl group composed of
a phenyl group and an alkylene group.

Among the aralkyl group, those having one or two
alkylene chain are more preferable. And further, those
having one carbon chain, i.e., the arylmetﬁ&lrgibup, are more
preferable within the two. As for the arylmethyl group, both
hetercarylmethyl group and arylmethyl group are favorable.

A preferable substituent for indazole such as R! and
R? within those previously mentioned is:
an alkoxyl group of from 1 to 6 carbon atoms; a
trifluoromethoxyl group; a 2,2,2-trifluoroethoxyl group; an
alkylthio group having from 1 to 6 carbon atoms; an
alkylsulfinyl group having from 1 to 6 carbon atoms; an
alkylsulfonyl group having from 1 to 6 carbon atoms; an
alkanoyl group composed of an alkyl group having from 1 to 6
carbon atoms and a carbonyl group; an alkanoylamino group
having from 2 to 7 carbon atoms; a monoalkylamino group
having from 1l to 6 carbon toms in the alkyl moiety thereof; a
dialkylamino group having from 1 to 6 carbon atoms in each

alkyl moiety thereof; a hydroxyl group; a halogen atom; a
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acconpanyi ng draw ngs,:7i_n which: -

carboxyl group; an alkoxycarbonyl group composed of an alkoxy
group having from 1 to 6 carbon atoms and a carbonyl group; a
tetrazolyl group; a sulfamoyl group; a methylenedioxy group;
an ethylenedioxy group; a morphglinosulfonyl group; a
piperazinosulfonyl group; a 4-alkylpiperazinosulfonyl group
having from 1 to 6 carbon atomé; a 4-dialkylaminopiperidino
group having from 1 to 6 carbon atoms in each alkyl moiety
thereof; a 4-monoalkylaminopiperidino group having from 1 to
6 carbon atoms in the alkyl moiety thereof; and a 4-
aminopiperidino group.

Within those, the more preferable éﬁbékitﬁ;nt for
indazole is:
an alkoxyl group of from 1 to 6 carbon atoms; a
trifluoromethoxyl group; a 2,2,2-trifluoroethoxyl group; a
hydroxyl group; a halogen atom, especially a fluorine atom; a
tetrazolyl group; a sulfamoyl group; a methylenedioxy group;
an ethylenedioxy group; a morpholinosulfonyl group; a
piperazinosulfonyl group; a 4—aikylpiperazinosulfonyl group
having from 1 to 6 carbon atoms; a 4-dialkylaminopiperidino
group having from 1 to 6 carbon atoms in each alkyl moiety
thereof; a 4-monoalkylaminopiperidino group having from 1 to
6 carbon atoms in the alkyl moiety thereof; and a 4-
aminopiperidino group.

The especially preferable substituent for indazole

is:
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an alkoxyl group of from 1 to 6 carbon atoms; a halogen atom,

especially a fluorine atom; a tetrazolyl group; a sulfamoyl

group; a methylenedioxy group;-and an ethylenedioxy group.
As for the substituent G on the phenyl group, the

preferable ones within the preQEously mentioneé substituents

are: ' -

a substituted or unsubstituted phenyl group,

a substituted or unsubstituted 5-membered aromatic

heterocyclic group containing a nitrogen atoms, an oxygen

atom or a sulfur atom as a hetero atom,

a substituted or unsubstituted 5-membered aromatic

heterocyclic group containing one nitrogen atom and, a

nitrogen atom, an oxygen atom or a sulfur atom as the second

hetero atom,

a substituted or unsubstituted S5-membered aromatic

heterocyclic group containing two nitrogen atoms and, a

nitrogen atom, an oxygen atom or a sulfur atom as the thixd

hetero atom,

a substituted or unsubstituted 6-membered aromatic

heterocyclic group containing one or two nitrogen atoms,

a tetrazolyl group,

a l-alkylindol-2-yl group having from 1 to 6 carbon atoms in

the alkyl moiety thereof wherein the indole moiety may

further be substituted, |

a 2-guanidinothiazolyl group, and

a substituted or unsubstituted 1,4-dihydropyridyl group.
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In case when the substituent R is a phenyl group, an
aryl group is preferable for the substituent G. And this
case, again, not only those derived from the aromatic '
hydrocarbon, but the aromatic heterocyclic group are
preferable for G.

In case when the substituént R is a phenyl group, the
preferable substituent for the phenyl group such as R! and R?
is the same as those previously explained for indazole.

An example of the most preferable substituént R is

1H-indazole group having two methoxy groups or a

T

methylenedioxy group, or a phenyl Qroup having»tﬁb metﬁoxy
groups or a methylenedioxy group.

As for the substituent Q, the aryl group is
preferable among the previously mentioned substituents.
Within the aryl group, a phenyl group is preferable. And
further, the phenyl group having at least one substituent at
the meta-position of the connecting position of the phenyl
group to the piperazine moiety is preferable. A halogen
atom, especially a chlorine atom, and a trifluoromethyl group
are the suitable substituents for the meta—sﬁbstituent. In
case when tﬁe meta-substituent is halogen atom, an alkyl
group is preferable for the second substituent on the phenyl
éroup. And for the trifluoromethyl group, an alkoxyl group

is a preferable one.
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The present inventors consider an electron attractive
substituent is suitable for the meta-substituent, and an
electron donative substituent is suitable for the second
substituent. -

As for the connecting group Z, an alkylene group is
preferable among the previously m;ntioned groups. And those
having two or three carbon atoms are more preferable. |

The examples of the preferable compounds are:
3-[2~[4~-(3-chloro-2-methylphenyl)-l-piperazinyl]ethyl]-5,6-
dimethoxy-lJ(3,4—dimethoxybenzyl)—1H-indazolé19r a_ salt
thereof;- IR -
3-[2—[4—(3-chloro-2-methylphényl)—l-piperazinyl]ethyl]—s,6—
methylenedioxy-1-(3,4-dimethoxybenzyl)-1H-indazole or a salt
thereof; .
3-[{2-[4~(3-chloro-2-methylphenyl)-l-piperazinyljethyl}-5,6-
dimethoxy-1-(4-imidazolylmethyl)-1H-indazole or a salt
thereof;
3-[{2-[4~(3-chloro-2-methylphenyl)-l-piperazinyljethyl]-5,6-
methylenedioxy—l—(4-imidazolylmethyl)-lH—indazole or a salt
thereof; .
3-[2-[4-(3-chloro-2-methylphenyl)-1l-piperazinyl]ethyl]-5,6-
dimethoxy-1-(2-pyridylmethyl)-1H-indazole or a salt fhereof}
3—[2—[4—(3—chloro—2-methylphenyl)-l—piperaéinyl]ethyl]75,6-
methylenedioxy-1-(2-pyridylmethyl)-1H-indazole or a salt

thereof;

¥
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3-{2-[4-(3-chloro-2-methylphenyl)-l-piperazinyl)ethyl}-5,6-

e

dimethoxy-l-(3;pyridylmethyl)—1H-indazole or a salt thereof
3-[2-[4-(3-chloro-2—methylphenyl)-l—piperazinyl]ethyl]—s,6-
methylenedioxy—l;(3—pyridylmethyl)-1H-indazole-or a salt
thereof;
.3-[2-[4-(3—chloro-2-meﬁhylphenyl);l—piperazinyl]ethyl]-S,6-
dimethoxy-1-(4-pyridylmethyl)-1H-indazole or a salt thereof;
3-[2-[4-(3-chloro-2-methylphenyl)-l-piperazinyljethyl]-5,6-
methylenedioxy-1l-(4-pyridylmethyl)-1H-indazole or a salt

thereof;

.-
e

3-[2-[4—(3—chloro—6-methoxyphenyl)—1—piperazinyiiethylj—5,6-
dimethoxy-l-(3,4-dimethoxybeﬁzyl)-lHaindazole or a salt
thereof;
3-[2-[4—(3-chloro—6-methquphenyl)—l-piperazinyl]ethyl]—5,6-
methylenedioxy-1-(3,4-dimethoxybenzyl)-1H-indazole or a salt
thereof; |
3-[2-[4-(3—¥rif1uor§methy1pheny1)-1-piperaziny1]ethy1]-5,6-
dimethoxy—l—(B,4—dimethoxybenzyl)-1H-indazole or a salt
thereof;
3—[2—[4;(3—trifluoromethylphenyl)-l—piperazinyl]ethyl]—s,6-
methylenedioxy-1-(3,4-dimethoxybenzyl)-1H-indazole or a salt
thereof;
5,6-dimethoxy-2-[[4,5-dimethoxy-2-[4-(2-methoxyphenyl)-1-
piperazinyl]ethy;]phenyl]—l—methylindole or a salt thereof;
5,6—dimethoxy—2~[[4,5—methylenedioxy—2—[4-(2—methoxyphenyl)—

l-piperazinyljethyl Jphenyl]-l1-methylindole or a salt thereof;

I —
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1-(3-chloro-2-methylphenyl)-4-[2-[[4,5-dimethoxy-2-(3,4~
dimethoxyphenyl) Jphenyl]ethyl ]Jpiperazine or a salt thereof;
1-(3-chloro-2-methylphenyl)-4-[2-[[4,5-methylenedioxy-2-(3,4-~
dimethoxyphenyl) Jphenyl Jethyl Jpiperazine or a salt ﬁhereof;
3~[2-[4-(3~chloro-2-methylphenyl)-l-piperazinyljpropyl}-5,6-
dimethoxy—L—(3,4-dimethoxybenzyl);lH-indazole or a salt
thereof;
3-[2-[4-(3-chloro-2-methylphenyl)-l-piperazinyl]propyl]-5,6-
methylenedioxy-1-(3,4-dimethoxybenzyl)-1H-indazole or a salt
thereof; _ B
3—[2—[4-(3—chloro-2—methylphenyl)-l—piperé;;nyijbropylj—S,6—
-dimetﬁoxy-l-(4-imidazolylmetﬁyl)-1H-indézole or a salt
thereaf;
3—[2-[4-(3—chloro—2—methylphenyl)—l—piperazinyl]propyl]-5,67
methylenedioxy—l-(4—imidazolylmethyl)—lH—indazole or a salt
thereof;
3—[2-[4—(3—chloro—2-methylphenyl)-1—piperazinyl]propyl];5,6-
dimethoxy-1-(2-pyridylmethyl)-1H-indazole or .a salt thereof;
3-[2-[4-(3-chloro-2-methylphenyl)-l-piperazinyl]propyl]-5,6-
methylenedloxy-l (2-pyridylmethyl)-1H-indazole or a salt
thereof
3-[2—[4—(3-chloro—2—methylphenyl)—l—piperazinyl]propyl]-5,6—
dimethoxy-l—(3-pyridylmethyl)—lH—indazole or a salt thereof;
3-[2—[4-(3-éhloro—2—methylphenyl)—l-piperazinyl]propyl]—5,6—'
methylenedioxy-1~(3-pyridylmethyl)-1H-indazole or a salt

thereof;
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3-[2-[4-(3-chloro-2-methylphenyl)-l-piperazinyl ]propyl]-5,6-
dimethoiy-l-(4-pyridylmethyl)—1H—indazole or a salt thereof;
3-[2-[4-(3~chloro-2-methylphenyl)-l-piperazinyl propyl]}-5,6-
methylenedioxy-1-(4-pyridylmethyl)-1H-indazole or a salt
thereof;.
3—[2—[4-(3—chloro—6-methoxyphenyl3—1—piperazinyl]propyl]-s,6—
dimethoxy-1-(3,4-dimethoxybenzyl)-1H-indazole or a salt
thereof;
3-[{2-[4-(3-chloro-6-methoxyphenyl)-1-piperazinyl]propyl]-5,6-
methylenedioxy-l-(3,4-diméthoxybenzyl)elH—iﬁdézole or a salt
thereof; ST |
3-[{2-{4-(3-trifluoromethylphenyl)-l-piperazinyl ]propyl]~-5,6-
dimethoxy-1-(3,4-dimethoxybenzyl)-1H-indazole or a salt
thereof;
3-{2-[4-(3-trifluoromethylphenyl)-l-piperazinyl]propyl]-5,6-
methylenedioxy-1-(3,4-dimethoxybenzyl)-1H-indazole or a salt
thereof;
5,6-dimethoxy~-2-([4,5-dimethoxy-2-{4-(2-methoxyphenyl)-1-
piperazinyl]propyl]phenyl]—l—methylindoie or a salt thereof;
5,6-dimethoxy-2-[{4,5-methylenedioxy-2-[4-(2-methoxyphenyl)-
l-piperazinyl ]propyl ]phenyl]-l1-methylindole or a salt
thereof;
l1-(3-chloro-2+methylphenyl)}-4-[{2-~[{[4,5-dimethoxy-2-(3,4-
dimethoxyphenyl) )phenyl]propyl ]piperazine or a salt thereof;

and
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l-(3-chloro-2-methylphenyl)-4-[2-[[4,5~-methylenedioxy-2-(3,4-
dimethoxyphenyl) Jphenyl Jpropyl]-piperazine or a salt thereof.

The compounds of formula (I) according to the present
invention can be prepared, for example, by the. following
processes A to E:

[Process A]

7N\
HN NG ()
R—Z— COOH .
ll - “- '
(1) R—Z—-CON NQ '-R?duct_lon; 0
7 T .
(Iv)
[Process B]
(“') Reduction
(V)
[Process C}
N\
R—2Z— HNY . NQ
CH2 L R "
(V1)
{Process D]
QN(CH,»CH,Cl
R_—Z_-NH2 ( 2 2 )2 R (D
(Vi)
-
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[Process E]

Ry 7\
N-Q Z—N\_Jﬂ—Q
N a3w
l
N - .
(Vi) K:C N, C=0 ¢ (IX)
) R N\
R, ol Moo l@fz-u\—/n-a
_/ R ]
R, < | , NG
-t (X) | (X1)

Processes A to E will be explained b&low in detail.

P

-

[Process A]

Carboxylic acid deri&ative (II), which is prepared
according to a known process as hereinafter described, and
piperazine derivative (III) are condensed to yield amide
compound (IV). The condensation reaction is carried out in
the presence of a condensing agent, such as dicyclohexyl-
carbodiimide, carbodiimidazole, pyridyl disulfide-
triphenylphosphine, etc. Amide compound (IV) is then reduced
to yield compound (I). The reduction reaction is usually
carried out by using a metal hydride cdmpound, such as
lithium aluminum hydride, sodium bis(2-methoxyethoxy)aluminum
hydride, sodium borohydride-lithium bromide, borane or a
borane-tetrahydrofuran complex, in an inert solvent, such as
an ether (e.g., diethyl ether, tetrahydrofuran, dioxane or
1l,2~dimethoxyethane) or an aromatic hydrocarbon (e.qg.,

benzene), at room temperature or, if necessary, at a
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temperature of from -20°C up to the boiling point of the
solvent used.

[Process B]

Carboxylic aéid (IX) is_converted to acid chloride
(V), and acid chloride (V) is reacted with piperazine
derivative (III) to yield amide cémpound (IV), which is then
reduced to compound (I).

The reaction for obtaining acid chloride (V) is
effected by using thionyl chloride 6r oxalyl chloride with or
without an inert solvent, such as a haloéenoé¥¥ane_(e.g.,
dichloromethane or dichloroethane) or an argmatié'hydré-
carbon, at a temperature of from -20°C up to the boiling
point of the solvent used.

The reaction between acid chloride (V) and piperazine
derivative (III) is conducted in an inert solvent, such as a
halogencalkane (e.g., dichloromethane or dichloroethane), an
ether (e.g., diethyl ether, tetrahydrofuran, dioxane or 1,2-
dimethoxyethane), an amide (e.g., acetamide, dimethylform-
amide or N-methyl-2-pyrrolidone), acetonitrile or an aromatic
hydrocarbon, at a temperature of from -20°C up to the
refluxing temperature of the solvent used. Reduction of
amide compound (IV) is performed in the same manner as in
Process A.

[Process C]

Compound (VI) [wherein L represents a leaving group

selected from a halogen atom and a substituted sulfonyl
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group, such as an alkylsulfonyl group (e.g., a mesyloxy
group) or an arylsulfonyl group (e.g., a tosyloxy group), the
alkyl moiety or aryl moiety of which may be substituted with
a halogen atom, an alkyl group,.etc.], which is synthesized
~according to a known process as hereinafter described, is
reacted with piperazine derivativ; (III).

The reaction is preferably carried out in the
presence of an organic or inorganic base. Suitable inorganic
bases include a carbonate, hydrogencarbonate, etc. of an
alkali metal, such as potassium carbonate, séd?um carbonate,
lithium carbonate, potassium hydrogencarboﬁéte,'éodium-
hydrogencarbonate or lithium.hydrogencarbonate. Suitable
organic bases include tertiary amines, such as trialkylamines
(e.g., triethylamine, tributylamine, and diethylisopropyl-
amine); aromatic amines, such as dialkylanilines (e.g., N,N-
dimethylaniline and N,N-diethylaniline); and heterocyclic

compounds, such as saturated or aromatic heterocyclic
compounds (e.g., an N-alkylpiperazine; an N-alkylmorpholine,
pyridine, and 4-dimethylaminopyridine).

Instead of using a base, the reaction may be carried
out by using piperazine derivative (III) in excess, i.e., 2
oxr mofe molar equivalents to compoﬁnd (VI).

| The reaction between compound (VI) and piperazine
derivative (III) is usually conducted in an inert solvent,

such as a halogenoalkane (e.g., dichloromethane or

dichlorocethane), an amide (e.g., acetamide, dimethylformamide
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or N-methyl-2-pyrrolidone), a dialkyiketone (e.g., acetone or
methyl ethyl ketone), acetonitrile or an aromatic hydro-
carbon, at a temperature of from -20°C up to the boiling
point of the solvent used. - .

[Process D]

.Amino derivative (VII), which is obtained by a known
process as hereinafter described, is reacted with a bis(2-
chloroethyl )amino derivative.

The reaction is performed in a basic condition, for
example in the presence of an organic or inofgénic;base as
described in process C or by using compoundw(VIly'in eécess.

The reaction is effected in an inert solvent,
preferably in the presence of NaI, etc. at é temperature of
from -20°C up to the boiling point of the solvent used.
Suitable solvents include halogenocalkanes, e.g., dichloro-
methane and dichloroethane; amides, e.g., acetamide,
dimethylformamide and N-methyl-2-pyrrolidone; dialkylketones,
e.g., acetone and methyl ethyl ketone; acetonitrile; aromatic
hydrocarbons; and halogenobenzene, e.g., chlorobenzene.
[Process E]

The compound of formula (I) can also be synthesized
by once preparing compound (VIII) or (X) and afterward
introducing a desired substituent as represented by G..

Compound (VIII) is reacted with G-L [wherein L

represents a leaving group selected from a halogen atom or a

substf tuted sulfonyl group, such as an alkylsulfonyl group
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(e.g, a mesyloxy group) or an arylsulfonyl group (e.g., a
tosyloxy group), the alkyl or aryl moiety of which may be
substituted with a halogen atom, an alkyl group, etc.] in the
presence of an appropriate base, such as sodium hydride,
sodium methoxide, potassium carbonate, sodium hydroxide,
lithium methoxide, butyl lithium ér potassium hydride, to
provide compound (IX). '

The reaction may be conducted in the presence of an
inert solvent, such as an amide (e.g., acetamide,
dimethylformamide or N—methyl-z-pyrrolidone);1§ dialkyl
ketone (e.g., acetone or methyl ethyl ketogé); an ethef
(e.g., diethyl ether, tetrahfdrofuran, dioxane or 1,2-
dimethoxyethane), acetonitrile or dimethyl sulfoxide. The
reaction temperature is from -20°C up to the refluxing
temperature of the solvent used.

Where G is a residue of a substituted benzene
derivative, compound (IX) caﬁ be obtained by applying the

method of M.A. Khan, et al. described in Chemical &

Pharmaceutical Bulletin, Vol. 25, No. 11, Pp. 3110-3114

(1977). That is, compound (VIII) is reacted with a
halogenated benzene derivative, such as a bromobenzene or
iodobenzene derivative, in the presence of an appropriate
copper compound, such as a copper salt (e.g., copper bromide
or copper chloride) or copper oxide. The reaction is carried
out in the presence or absence of potassium carbonate, with

or without a solvent, such as an amide (e.g., acetamide,

[
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FIGURE 1 is a perspective view of a formed carton accqﬁding

dimethylformamide or N-methyl-2-pyrrolidone), dimethyl
sulfoxide, hexamethylphosphoramide; pyridine or quinoline, at
a temperature of from room temperature up to the boiling
point of the solvent used. R .

when starting with compound (X) in which the
releasable group L is a halogen a;om (e.g., bromine or
iodine), a substituted phenyl group and substituted phenol
group can be introduced as G by Ullmann type reaction using

copper powder or an appropriate copper compound, such as a

copper salt. : o N

Tt

Introduction of an acetylene side chain can be
achieved by using copper acetylide synthesized by the process

of J.R. Carson et al. described in J. Med. Chem., Vol. 31,

pp. 630-636 (1988). The reaction is carried out with or
without a solvent, such as pyridine,.quinoline, dimethyl-
formamide, dimethyl sulfoxide or hexamethylphosphoramide, at
a temperature of from room temperature up to the refluxing
temperature of the solvent used.

Where the leaving group L is a halogen atom (e.g.,
bromine, iodine or chlorine), the halogenated benzene
derivative is reacted with a metallic lithium derivative,
such as butyl lithium or LDA, in an appropriate solvent, such
as tetrahydrofuran or diethyl ether, at a temperature of from
-100°C up to the refluxing temperature of the solvent used,

reacting the prbduct with an aldehyde derivative G-CHO, and

-
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further treating the product by a combination of general
syntheses.

Where L.in compound (X) is a proton, introduction of
an acyl type substituent can be carried out in an appropriate
solvent, such as dichloromethane, dichloroethane or '
nitrobenzene, in the presenéé of.a Lewis acid, such as
aluminum chloride, zinc chloride, stannic chloride or boron
trifluoride, or a protonic acid, such as'sulfuric acid or

polyphosphoric acid, at a temperature of -from -20°C up to the

refluxing temperature of the solvent used. 7 B

2t

While compounds (VIII) to (XI) shown above with
respect to process E have two substituents (R1 and Rz) on the
indazole or phenyl nucleus for the sake of illustration, this
is not meant to limit the number of substituents to two.

The pértial structure R in the compounds of formula
(I) can be prepared by various processes. Typical processes
will be described below.

[Process 1]

Compounds (I) having an indazole skeleton in R can be
synthesized as follows. A l-substituted indazole-3-
carboxylic acid is synthesized in accordance with the process

of G. Corsi, et al. described in Journal of Medicinal

Chemistry, Vol. 19, pp. 778-783 (1976). This compound.,
either as produced or after adding one or two carbon atoms to

the carboxylic acid moiety by known chemical means, can be
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led to compound (I) by any of processes A to E or a
combination thereof.

3-Chloromethyl-1H-indazole obtained by the process
described in Synthetic Communication, Vol. 18,.pp. 259-264
(1988) can also be led to compound (I) by any of processes A
to E or a combination thereof. -

A piperazine derivative having an indazole skeleton
can also be obtained by the process described in JP-B-41-9779
(the term "JP-B" as used herein means an "examined published
Japanese patent application"). Further, a désired
substituent G may be introduced thereinto ;;cofaing to.
process E.

[Process 2]

Compounds having an indole skeleton in R can be

synthesized by applying the process of M.E. Speeter, ét al.

described in Journal of American Chemical Society, Vol. 76,

pp 6208-6210 (1954) to an indole derivative synthesized by a
known process, reacting the resulting indole derivative with
oxalyl chloride and piperazine derivative (III) in a solvent,
such as diethyl ether or tetrahydrofuran, at a temperature of
from -100°C up to the refluxing temperature of the solvent
used to synthesizé a diketone compound, and reducing the
diketone compound by. using lithium aluminum hydride, etc. in
a solvent, such as diethyl ether or tetrahydrofuran, at a
temperature of from -20°C up to the refluxing temperature of

the solvent used.
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FIGURE 2 is a pl an vi ew.of the unfornmed bl ank for fornﬂn

The resulting indole derivative may further be.
subjected to process E to yield compound (I).

[Process 3]

Compounds having an indolone skeleton in R can be
synthesized by applying the process described in JP-A-2-73062
(the term "JP-A" as. used herein means an “"unexamined
published Japanese patent application"). Compounds having an
alkoxyl group at the 5- and 6-positions of an indolone
skeleton can be obtained by, for example, reacting 3,4-
dimethoxyphenylacetonitrile with ethylene oxi@g in_the
presence of sodium amide to synthesize 1-hf&r0x§:3—(3,4-
dimethoxy)butyronitrile, subjecting the 1l-hydroxy-3-(3,4-
dimethoxy)butyronitrile to acid hydrolysis and lactonization,
introducing a nitro group into the lactone, followed by
catalytic hydrogenation (in the presence of platinum oxide,
etc.) and cyclization to synthesize 5,6-dimethoxy-3-hydroxy-
2-oxoindole, and leading the 5,6-dimethoxy-3-hydroxy-2-
oxoindole to compound (I) by any of processes A to E or a
combination thereof.

[Process 4]

Compounds having a bisaryl skeleton in R can be

synthesized by applying the process described in Tetrahedron

Letters, Vol. 13, pp. 1665-1668 (1990), that is, cross-
coupling of an aryl group having an alkylboronic acid radical

using a palladium catalyst.

e
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Further, an orthomethoxyphenyloxazoline derivative,

described in Journal of Organic Chemistry, Vol. 43, pp. 1372-

1379 (1978), is reacted with an aryl Grignard reagent to
synthesize a bisaryl derivative, which is further treated by
a combination of known chemical means.

[Process 5]

Of compounds having the partial structure R shown in
compound (X), those having a deoxybenzoin type substituent as
Z can be synthesized by introducing-a deoxybenzoin type
substituent into an ethyl phenylacetate deriﬁ@?ive_in the
presence of a Lewis acid, such as aluminum ;hlbride, with or
without a solvent, such as dichloromethane or dichloroethane,
according to a Friedel-Crafts reaction and, if necessary
protecting the carboxyl group, leading the resulting compound
to compound (I) by a combination of known chemical means and
any of processes A to E. e

In the preparation of the compound of formula (I),
where a starting compound contains a carboxyl group, an amino
group, an N-H group, a hydroxyl group, a thiol group or a
like functional substituent, it is recommended in some'cases
that such a functional group is- once protected with an
appropriate protective group and, after completion of.the
necessary reaction(s), the protective group is removed.

These functional groups do not need to be protected unless

they are inactive to the reaction.

&
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The piperazine derivatives of formula (I) thus

synthesized and their salts and/or hydrates have excellent
calmodulin inhibitory activity. The piperazine derivatives
(I) manifest their effect when given either orally or non-

orally so that they can be administered through oral or non-

oral routes.

The dose of the compound is decided appropriately in
accordance with the symptoms, age, and body weight of a
patient. An oral dose generally ranges from 1 to 1000 mg,
preferably from 10 to 500 mg, per day for an adult in a
single or several divided doses. Oral dose forms 1nclude
tablets, capsules, powders, and granules. These dose forms
are prepared using general addi;ives, such as vehicles,
lubricants énd binders, in a known manner. For non-oral
administration, the compound is given by subcutaneous
injection, intravenous injection or intravenous infusion at a
‘dose generally ranging from 1 to 2000 mg, preferably from 10
to 500 mg, per day for an adult.

When combined with other drugs, the piperazine
derivative of formula (I) is expected to produce an additive
effect or a synergistic effect in prevention and treatment of
various diseases. Suitable drugs with which the compouﬁd of
the present invention can be combined include drugé'for
cerebral circulation improvement (e.g., Cinepazide maleate),
drugs for cerebral metabolism improvement (e.g., Idebenone,

Indeloxazine), psychotropic drugs (e.g., Timiperone,
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Imipramine, and Diazepam), intracranial antihypertensive
agents (e.g., Glyceol), antihypertensive agents, vasodilators
(e.g., Trapidil), antipyretic, analgesic, antiinflammatory
agents, antiinflammatory steroids, anti-blood platelet drugs
(e.g., Ticlopidine), anticoagulants (e.g., Heparin), drugs
for inducing fibrinolysis (e.g., ;issue plasminogen
activator), diuretics, antihyperlipemic agents (e.g.,
Probucol), treating agents for digestive ulcers, blood

substitutes, drugs for hepatic diseases, and anti-malignancy

agents.

el

The compounds of the present invention and the.
pharmacologically acceptable salts thereof exhibit excellent
_calmodulin inhibitory activity and excellent antihypoxia
activity as well. Additionally, the compounds showed
excellent efficacy on various disease models at dose levels
causing no significant central inhibitory action through oral
or non-oral administration (for example, inhibitory action on
delayed neuronal death of the hippocampus in merions and
anti-edema action).

Accordingly, the compounds of the present invention
and their pharmacologically acceptable salts are of high
utility as drugs for inhibiting intracellular calcium
physiological activities in which calmodulin takes part in.
That is, they are useful as a preventing and treating agent
for various diseases induced by excessive activation of

calmodulin, especially hypertension, ischemic diseases in the
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brain, the heart, the kidney, etc. (e.g., cerebral

infarction, cerebral embolism, transient cerebral ischemic
attack, cerebral thrombosis, cardiac infarction, angina
pectoris, cardiac insufficiency, acute renal insufficiency,
and nephritis), diseases in the brain region (e.g.,
Alzheimer’s disease, Parkinson's-Aisease, and dementia of
Binswanger), chemical poisoning, gas poisoning, traumatic
cerebral diseases and symptoms based on these diseases (e.g.,
reduction of spontaneity, depression, and dysmnesia).

The present invention will now be iIlEstrqted in
greater detail with reference to Reference“Exambies, |
Examples, and Test Examples, but the present invention should
not be construed as being limited thereto. In Examples, all
the mixing ratios in mixed solvents, such as a developing
solvent for chromatography, are by volume unless otherwise
indicated.

TEST EXAMPLE 1

Calmodulin (CaM) inhibitory activity

The calmodulin inhibitory activity of a compound was

evaluated by using_its effect of inhibiting calmodulin-
——— e T -
depending cyclic nucleotide phosphodiesterase((PDEl,as an

index. The assay for PDE inhibitory activity was carried out

by the following procedure described by Thompson (Advances in

Cyclic Nucleotide Research, 10, 69, 1979) with a

modification. The first-stage incubation was carried out at

30°C for 10 minutes with the following reaction mixture:

5T HAS BEEN
LACED
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50 mM Tris-HCl buffer (pH 7.5), 5 mM MgCl,, 1 mg/ml bovine
serum albumin, CaM from bovine brain, [3H]-cGMP, 1 mM CaCl,
or 1 mM EGTA, PDE from bovine brain, and a test compound in a
total volume of 0.5 ml. After the incubation,- the mixture
was heated on a boiling water bath for 1 minute. Then, 50 ul
of snake venom (1 mg/ml) was added to the reaction mixture
and the whole mixture was incubated at 30°C for 10 minutes.
After the incubation, 0.5 ml of AGl-X2 resin (1:1 slurry in
water) was added to the mixture and centrifuged at 3000Xrpm
for 20 min. The radioactivity of the.supefpéﬁant solution
was measured by a liquid scintillation countei.-“The ICs
value was determined as the concentration showing 50%
inhibition of PDE activity potentiated by CaM. The results
obtained are shown in Table 1 below. |
TABLE 1

Inhibitory Activity on Ca/Calmodulin-Dependent PDE Activity

Test Compound ICsq_
Compound of 3.1
Example 17 '

Compound of 5.5
Example 23
Compound of 9.4
Example 81
Comparative 33.5

Compound ™ (W-7)
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Activity on Nitrogen-induced Hypoxia Model in Mouse

Nine to ten mice per group were each orally given

—

30 mg of a test compound. After 60 minutes from the
administration, each mouse was put in a 500 m¢-volume
transparent container having a veht hole, and nitrogen gas
was introduced into the container at a rate of 5000 m¢/min.
The time from the start of nitrogen introduction to
respiratory standstill was measured, and a rate of increase
of the time over that of a control group (100%) was obtained.
The results obtained are shown in Table 2 gélow:" -
TABLE 2
Activity on Nitrogen-induced Hypoxia Model in Mouse

Rate of Increase
Test Compound of Survival Time
(¢, 30 mg/kg, p.o.)

Compound of 19.2
Example 17
Compound of 15.1
Example 23

EXAMPLE 1

5,6-Dimethoxy~1-(3,4-dimethoxyphenyl)-3-[2-
[4-(2-methoxyphenvl)~l-piperazinvl]ethyllindole

A ‘solution of 1.0 g of 5,6-dimethoxyindole in 120lm2
of anhydrous ethyl ether was added dropwise to 0.49 m¢ of
oxalyl chloride at 0°C, followed by stirring for 20 miﬁutes.
To the mixture was added 1.08 g of 2-methoxyphenylpiperazine,

and the mixture was further stirred at that temperature for

ST HAS BEEN
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30 minutes. After completion of the reaction, water was
added thereto, and the mixture was extracted with ethyl
acetate. The extract was dried over anhydrous sodium
sulfate, and the solvent was evaporated to yield 1.5 g of a

crude amide compound crystal.

The crystal was dried and then added to a suspension
of 260 mg of lithium aluminum hydride in 50 m¢ of
tetrahydrofuran while heating under reflux. After completion
of the reaction, 0.26 mf of water, 0.26 m¢ of a 10% sodium

hydroxide aqueous solution, and 0.78 m{ of water were

et

successively added to the reaction mixture. Thé"insolﬁble
material was removed by filtration using Celite and dried
over anhydrous sodium sulfate. The solvent was evaporated,
and the residue was purified by silica gel column
chromatography. From the fraction eluted with ethyl acetate
was recovered 820 mg of a piperazine derivative.

The resulting piperazine derivative (820 mg) was
added to a suspension of 124 mg of 60% sodium hydride in
dimeﬁhylformamide. After stirring at room temperature for
30 minutes, 960 mg of 3,4-dimethoxybenzyl chloride was added
thereto, followed by stirring at room temperature for 1 hour.
After the reaction, water was added to the reaction hixture,
followed by extraction with ethyl acetate. The extract was
washed successively with water and a saturated sodium
chloride aqueous solution, dried over anhydrous sodium

sulffte, and the solvent was evaporated. The residue was
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purified by silica gel column chromatography. From the
fraction eluted with ethyl acetate was obtained 600 mg of the
title compound as a yellow oily substance.

IR (KBr) va., (cm’): 1503, 1464, 1242, 1137, 1026

'H-NMR (CDC(,) & ppm: )
2.7-3.0 (6H, m), 3.9-3.3 (4H, m), 3.78 (3H, s), 3.84
(3H, s), 3.86 (3H, s), 3.93 (3H, s), 3.7-4.0 (2H, m),
5.14 (2H, s), 6.6-7.1 (10H, m)

REFERENCE EXAMPLE 1

4,S-Dimethoxy-g—amino-a—chloroace}éﬁhenone

In 40 m¢ of 1,1,2,2—;etrachloroethane'w;; dissolved
4.0 g of 3,4-dimethoxyaniline, and to the solution was added
28 mmol of boron trichloride in an argon atmosphere while
cooling with ice. To the reaction mixture was further added
2.3 g of chloroacetonitrile, followed by heating under reflux
for 1.5 hours.

After cooling, 20 m¢ of 2N hydrochloric acid was
added to the reaction mixture. After stirring at 80°C for
30 minutes, the supernatant liquor was removed by
decantation. The residue was extracted with dichloromethane.
The residue was collected, neutralized with a sodium
hydroxide aqueous solution, filtered using Celite, and again
extracted with dichloromethane. The organic layer was-dried
over anhydrous sodium sulfate and the solvent was evaporated.

The residue was purified by silica gel column chromatography
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(hexane:ethyl acetate=3:1) to yield 809 mg of the title

compound .

'H-NMR (CDC(;) & ppm:
3.82 (3H, s), 3.87 (3H~s), 4.70 (2H, s), 6.12 (1H,
s), 7.03 (1H, s)

EXAMPLE 2

5,6-Dimethoxy~3-[[4~(2~methoxyphenyl)-
l-piperazinyl methvl]-1H-indazole

In 20 m?¢ of concentrated hydrochloric acid was

dissolved 800 mg of 4,5-dimethoxy-2-amino-a-
chloroacetophenone, and a solution of 264 my !3-8 hmol) of
sodium ni£rite in 4.0 m{ of water was added thereto at -10°C
followed by stirring for 1 hour. Three equivalents of
stannous chloride and 110 m¢ of concentrated hydrochloric
acid were further added thereto, followed by stirring for

1 hour. The precipitate thus formed-was collected by
filtration, washed once with water, and air-dried. The solid
was dissolved in dimethyl sulfoxide, and 700 mg of N-(2-
methoxyphenyl )piperazine and 3.0 g of potassium carbonate
were added to the solution. Thirty minutes later, ethyl
acetate was added, and the solution was washed three times
with water and once with a saturated sodium chloride aqueous
solution. The organic layer was dried, and the solvent was
evaporated. Purification of the residue by silica gel-column
chromatography (ethyl acetate:ethanol=6:1) gave 594 mg of the

title compound.
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IR (KBr) va. (cm'): 3376, 1503, 1488, 1317, 1242, 1209

Melting point: 192°C

'H-NMR (CDC?;) § ppm:
2.6-2.8 (4H, m), 2.9-3.2 (5H, m), 3.84- (3H, m), 3.93
(6H, br. s), 6.8-7.0 (5H,_m), 7.26 (1H, s)
' EXAMPLE 3

5,6-Dimethoxy-1-(3,4-dimethoxyphenyl )methyl-3-
[[4-{2-methoxyphenyl)-1-piperazinyl methyl]-1H-indazole

In dimethylformamide was suspended 61.6 mg of sodium
hydride at 0°C, and 590 mg of 5,6-dimethoxy-3-[[4~(2-
methoxyphenyl)-l-piperazinyl Jmethyl}indazole ﬁés“aaded'
thereto, followed by stirring for 30 minﬁtes. To the mixture
was added 290 mg of 3,4-dimethoxyphenylmethyl cﬁldride.

After 1.5 hours, 2.0 m¢ of water was added to the reaction
mixture, followed by evaporation of the solvent. The residue
was purified by silica gel column chromatography
(chloroform:ethanol=20:1) and récrystallized from ethanol to
yield 654 mg of the title compound.
Melting point: 149-150°C
IR (em™): 1506, 1473, 1257, 1158, 1140, 1029
'H-NMR (CDCe,) & ppm:
7.26 (s, 1H), 7.0-6.5 (m, BH), 5.45 (s, 2H), 3.95 (s,
2H), 3.92 (s, 3H), 3.86 (s, 3H), 3.84 (s, 6H), 3.76

(s, 3H), 3.2-3.0 (m, 4H), 2.8-2.6 (m, 4H)
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N-(3,4-Dimethoxyphenethvl)-2-(4,5-dimethoxyphenyl Jacetamide

A dry dichloromethane solution (1000 m¢) of 3,4-

dimethoxyphenylacetyl chloride prepared from 325 g of 3,4-
dimethoxyphenylacetic acid and 3061m2 of thionyl chloride was
slowly added to a two-phase solveht consisting of 300 g of
3,4-dimethoxyphenethylamine, 850 m¢ of 2N sodium hydroxide,
and 2000 m¢ of dichloromethane while stirring under ice--
cooling. Chloroform was added to the mixture to dissolve the
precipitated solid. The aqueous layer was ré@9ved! and the
organic layer was washed with a saturated szdfuﬁm |
hydrogencarbonate agueous solution, dried, and the solvent
was evaporated. To the residue was added methanol, the
mixture was heated and allowed to cool, and the thus
precipitated crystal was collected by filtration to yield
570 g of tﬁe title compound.

REFERENCE EXAMPLE 3

1-(3,4-Dimethoxybenzyl)-3,4-dihydro-
6 .7-dimethoxyisoquinoline Hydrochloride

A solution of 570 g of N-(3,4-dimethoxyphenethyl)-2-
(4,5-dimethoxyphenyl)acetamide and 500 m¢ of phosphorus
oxychloride in 3500 m¢ of acetonitrile was heated under
reflux for 0.5 hour. The solvent was evaporated, and ethanol
was added to the residue, followed by allowing to stand. The
thus precipitated crystal was coliected by filtration to

yield 590 g of the titled compound.

- 74 -




FIGURE 6 is a plan vigﬁ[of a carton blank for formng.the

This Sheet Has Been Replaced

7.63 (s, 1H), 7.26 (s, 1H), 7.11 (s, 1H), 7.0-6.8 (m,

'H-NMR (d4-DMSO) &:

2H), 4.58 (s, 2H), 3.88 (s, 3H), 3.83 (s, 3H),, 3.74
(s, 3H), 3.70 (s, 3H), 4.0-3.8 (m, 2H), 3.1-2.9
(broad t, J=7Hz, 2H)

REFERENCE EXAMPLE 4

Trans-2-acetyl-6,7-dimethoxy-1-(4,5~
dimethoxybenzylidenel—l;2,3.4-tetrahydroisoquinoline

To 600 g of 1-(4,5-dimethoxybenzyl)-3,4-dihydro-6,7-
dimethoxyisoquinoline hydrochloride was added 2000 m¢ of
acetic anhydride, and the mixture was refluxeq'ﬁqr‘s héurs,
followed by allowing to cool overnight. The thus
precipitated crystal was collected by filtration and
recrystallized from ethanol to give 500 g of the title
compound.

IR (ecm™): 1632, 1518, 1263, 1245
'H-NMR (CDC(,) § ppm:

7.13 (s, 1H), 7.05 (s, lH), 6.90 (s, 1H), 6.71 (s,

1H), 6.62 (s, 1H), 5.05 (d, J=9Hz, 1H), 3.97 (s, 3H),

3.89 (s, 9H), 3.8-2.5 (m, 4H), 1.81 (s, 3H)

‘REFERENCE EXAMPLE 5

2~(2-Acetamidoethyl)-4,4’,5,5’'-tetramethoxydeoxyvbenzoin

To 500 g of trans-2-acetyl-6,7-dimethoxy-1-(4,5-
dimethoxybenzylidene)-1,2,3,4-tetrahydroisoquinoline were
added 1000 m¢ of 10% hydrochloric acid and 500 m¢ of

methanol, and the mixture was refluxed. The reaction mixture
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was poured into a sodium carbonate aqueous solution and

extracted.with methylene chloride. The solvent was removed
from the exttact under reduced pressure. Recrystallization
of the residue from ethanol gawe 270 g of the title compound.
IR (cm'): 1680, 1638, 1515, 1128
'H-NMR (CDC¢,) & ppm:
7.26 (s, 1H), 6.9-6.75 (m, 4H), 6.7-6.5 (br, 1H),
4.15 (s, 2H), 3.91 (s, 3H), 3.89 (s, 3H), 3.86 (s,
3H), 3.85 (s, 3H), 3.6-3.4 (m, 2H), 2.92 (t, J=7.2Hz,
2H), 1.89 (s, 3H) h‘"'

REFERENCE EXAMPLE 6

2-(2-Acetamidoethyl)-2’~-nitro-
4',5

4, .5’'-tetramethoxyvdeoxybenzoin

To a solution of 200 g of 2-(2-acetamidoethyl)-
4,4',5,5'-tetramethoxydeoxybenzoin in 2000 m¢ of acetic acid
was slowly added 60 m¢ of 70% nitric acid at 0°C.

Immediately after the addition, the mixture was poured into
water and extracted with methylene chloride. The extract was
neutralized with a sodium hydrogencarbonate aqueoﬁs solution
and washed with a saturated sodium chloride agqueous solution.
The solvent was removed under reduced pressure, and the
residue was recrystallized from ethanol to yield 196 g of the
title compound.

Melting point: 142-144°C

IR (cm™'): 1524, 1272, 1128

\.
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'H-NMR (CDCl;) & ppm:
7.79 (s, 1H), 7.36 (s, 1H), 6.80 (s, 1H), 6.76 (s,
1H), 6.4 (bx, 1H), 4.60 (s, 2H), 4.0 (br, 12H), 3.45
(q, J=7.2Hz, 2H), 2.94 «(t, J=7.2Hz, 2H), 1.85 (s, 3H)
REFERENCE EXAMPLE 7

2~-[2-(2-Acetamidoethyl)-4,5-
dimethoxyphenyli]-5,6-dimethoxyvindole

To a 80% acetic acid solution of 4.60 g of 2-(2-
acetamidoethyl)-?'-nitro—4,4',5,5’—tetramethoxydeoxybenzoin
was slpwly added 4.7 g of zinc at 85°C. The reaction mixture
was filtered, washed with ethanol, and the“so?bent-waS'
evaporated. To the residue was added an ammonium hydroxide
aqueous solution, and the mixture was extracted with efhyl
acetate. The solvent was evaporated, and the residue was
purified by silica gel column chromatography (ethyl acetate)
to yield 1.84 g of the title compound.

'H-NMR (CDCt;) & ppm:

8.10 (s, 2H), 8.08 (s, 1H), 8.06 (s, 1lH), 7.72 (s,

1H), 7.44 (s, 1H), 6.80 (br, 1H), 3.92 (s, 6H), 3.88

(s, 6H), 3.5-3.3 (m, 2H), 3.0-2.8 (m, 2H), 1.92 (s,

3H)

REFERENCE EXAMPLE 8

2-[2-(2-Acetamidoethyl)-4,5~
dimethoxyphenyvl]1-5,6-dimethoxy-l-methvlindole -

In dimethyl sulfoxide was slowly suspended 480 mg of
35% potassium hydride, and 1.37 g of 2—[2—(2—acetamidoethy1)-

4,5-dimethoxyphenyl}-5,6-dimethoxyindole was added to the
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suspension, féllowed by stirring for 10 minutes. To the

mixture was further added 700 mg of dimethylsulfate, followed
by stirring for 30 minutes. The reaction mixture was poured
into water and extracted with methylene chloride. The
extract was washed successively with water and a saturated
.sodium chloride aqueous solution,-and the solvent was removed
under reduced pressure. Récrystallization of the residue

from ethanol yielded 1.20 g of the title compound.

IR (cm™): 3376, 1168, 1486, 1222

'H-NMR (CDCl3;) § ppm: 3
7.11 (s, 1H), 6.87 (s, 2H), 6.81 (s, in; 6.34 (s,
1H), 5.4 (br, 1H), 3.97 (s, 3H), 3.93 (s, 6H), 3.84
(s, 3H), 3.48 (s, 3H), 3.4-3.0 (m, 2H), 2.65 (t,
J=7.2Hz, 2H), 1.84 (s, 3H)
REFERENCE EXAMPLE 9

2-[2-(2-Aminoethyl)-4,5-dimethoxyphenyl]-
5,6- dlmethoxv—l—methvllndole Hydrochloride

A 2N hydrochloric acid solution of 53.0 g of 2-[2-(2-
acetamidoethyl)-4,5~-dimethoxyphenyl]-5,6-dimethoxy-1-
methylindole was heated under reflux for 17 hours. The
reaction mixture was azeotropically distilled under reduced
pressure with ethanol and benzene, and the residue was
recrystallized from ethanol to yield 48 g of the title
compound . '

IR (cm™'): 3272, 2832, 1504, 1454, 1244, 1010
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'H-NMR (CDCl;) § ppm:
6.98 (br, 3H), 7.06 (s, 1H), 7.00 (s, 1H), 6.9-6.7
(m, 2H), 6.35 (s, 1H), 3.94 (s, 3H), 3.90 (s, 3H),
3.87 (s, 3H), 3.80 (s, -3H), 3.45 (s, 3H), 3.0-2.7
(br, 4H) _

EXAMPLE 4

5,6-Dimethoxy-2-{[4,5-dimethoxy-2-[4- (2~

methonghenxl)-l—plgera21nvl]ethvl]phenvl] l-methvlindole

A solution of 47 g of 2-[2-(2-aminoethyl)-4,5-

dimethoxyphenyl]-5,6-dimethoxy-1-methylindole hydrochloride,
30.7 g of o-bis(2-chloroethyl)aminoanisole:‘3?.2u§ of sodium
iodide, and 34.0 g of potassium carbonate in 200 m¢ of |
dimethylformamide was heated at 80°C for 1 hour. To the
solution was added 17 g of potassium carbonate and, 3 hours
later, 17 g of potassium carbonate was further added,
followed by heating for 15 hours. The solvent was removed
under reduced pressure, and the residue was dissolved in
water and extracted with methylene chloride. The éxtract was
purified by silica gel column chromatography (ethyl acetate)
and recrystallized from ethanol to give 32 g (51%) of the
title compound.

Melting point: 171-173°C

IR (cm™'): 1500, 1486, 1236, 1212
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'H-NMR (CDCl,) & ppm:
7.10 (s, 1H), 7.0-6.8 (m, 7H), 3.98 (s, 3H), 3.94 (s,
3H), 3.84 (s, 3H), 3.82 (s, 3H), 2.94 (s, 3H), 3.1-
2.9 (m, 4H), 2.8-2.4 (m, B8H) ' .
REFERENCE EXAMPLE 10

4,5-Dimethoxy-2-(l1-pyrrolvl)benzenemethanol

In 100 m¢ of tetrahydrofuran was dissolved 14.5 g of
methyl 4,5-dimethoxy-2-(l-pyrrolyl)benzenecarboxylate, and
24.5 m¢ (3.4 M) of sodium bis(2-methoxyethoxy)aluminum
hydride was added thereto dropwise with sti;figg while
cooling with ice. After the addition, the ﬁiitufé was.warmed
to room temperature and heatéd for 6 hours. After completion
of- the reaction, 0.63 m¢ of a saturated sodium hydrogen-
carbonate aqueous solution and 1.55 m¢ of water were added to
the reaction mixture in this order, and the precipitate was
removed by filtration. The filtrate was evaporated, and the
residue was subjected to column chromatography on silica gel.
From the fraction eluted with chloroform was recovered 10.3 g
of a brown oily substance. Recrystallization from ethyl
ether gave the title cémpound as a colorless crystal.

Melting point: 92-93°C

IR (KBr, cm'): 3530, 2960, 2930, 1610, 1520

'H-NMR (CDCl;) § ppm:
3.86 (3H, s), 3.95 (3H, s), 4.45 (2H, d, J=5.3Hz),
6.30 (2H, t, J=2.1Hz), 6.84 (2H, t, J=2.1Hz), 7.04

(l1H, s)
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REFERENCE EXAMPLE 11

Diethyl (2-(4,5-Dimethoxy-2-(l-pyrrolyl)phenyl)ethylimalonate

In 15 m¢ of ethyl ether was dissolved 3.0 g of 4,5-

dimethoxy-2-(1l-pyrrolyl)benzenemethanol, and 15 m{ of
concentrated hydrochloric acid was added thereto, followed by
stirring at room temperature for i hour. To the reaction
mixture was added 50 m¢ of water, and the mixture was
neutralized with a saturated sodium carbonate agqueous
solution and extracted with chloroform. The extract was
dried over anhydrous sodium sulfate, and the’ §olvent was
removed under reduced pressure to yield a S;own 011y
substance. Separately, 460 mg of metallic sodium was
dissolved in 25 m¢ of ethanol, and 6.18 g of ethyl malonate
was added thereto to prepare a solution. To this solution
was added a tetrahydrofuran solution (25 m¢{) of the above-
prepared brown oily substance. After stirring at room
temperature for 3 hours, the solvent was removed under
reduced pressure. Water was added to the residue, and the
mixture was made acidic with concentrated hydrochloric acid
and then extracted with chloroform. The organic layer was
dried over anhydrous sodium sulfate, and the solvent was
removed under reduced pressure. Purification of the residue

by silica gel column chromatography (chloroform) gave 3.10 g

of the title compound as a brown oily substance.
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'H-NMR (CDC;) & ppm:

1.16 (6H, t, J=7.0Hz), 3.00-3.25 (2H, m), 3.70-3.90

(1H, m), 3.83, 3.88 (3H, s), 4.08 (4H, q, J=7.0Hz),

6.30 (2H, t, J=2.0Hz), 6.77 (2H, s) - -
REFERENCE_EXAMPLE 12

Ethvyl 3-(4,5-Dimethoxy—2-(l-gzrrolzl)ghenxl)propionate

In 50 m¢ of ethanol was dissolved 3.1 g of diethyl

(2-(4,5-dimethoxy-2-(l-pyrrolyl)phenyl)ethyl )malonate, and
5.0 m{ of 35% sodium hydroxide was added to the solution,
followed by heating under reflux for 3 hours. The solvent
was removed under reduced pressure, and waﬁer'wéé addea to
- the residue. The residue was made acidic with concentrated
hydrochloric acid and extracted with chloroform. ‘The extract
was dried over anhydrous sodium sulfate, and the solvent was
removed under reduced pressure to yield pale brown powder.
The powder was heated at 150°C for 10 minutes, allowed to
cool, and purified by silica gel column chromatography
(chloroform-methanol) to obtain 2.1 g of pale brown powder.
Recrystallization from chloroform-ethyl ether gave the title
compound as a colo;less crystal.
Melting point: 170-173°C
‘H-NMR (CDCl,) & ppm:
2.83 (2H, t, J=7.8Hz), 2.77 (2H, t, J=7.8Hz), 3.84,
3.90 (3H, s), 6.30, 6.74 (2H, t, J=2.0Hz), 6.78 (2H,

s)
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1-(3-(4,5-Dimethoxy-2-(1l-pyrrolyl)phenyl)-
1-oxopropyl)-4-(2-methoxyphenvl )piperazine

EXAMPLE ‘5

In 20 m¢ of tetrahydrofuran was dissolved 1.20 g of
N,N-carbonyldiimidazole, and a ;olution of 2.0-g of ethyl 3-
(4,5-dimethoxy~-2~(1l-pyrrolyl)phenyl)propionate in 40 m¢ of
tetrahydrofuran was added to the solution at room temperature
while stirring. The stirring was continued at that
temperature for additional 1 hour, 2.98 g of 1-(2-
methoxyphenyl )piperazine was added thereto, followed by
stirring at 40° to 60°C for 6 hours. The solvent was removed
under reduced pressure, and the residue was purified by
silica gel column chromatography (chloroform-methanol) to
yield 1.9 g of a colorless oily substance. Recrystallization
from ethanol gave the title compound as a colorless crystal.
Melting point: 141-142°C
IR (KBr, cm™'): 2940, 2840, 1630, 1590, 1520

'H-NMR (CDCl;) & ppm:

1.15-1.45 (2H, m), 2.70-3.15 (6H, m), 3.15-3.90 (4H,

m), 3.83, 3.84, 3.91 (each 3H, s), 6.27 (2H, t,

J=2.2Hz), 6.60-7.05 (8H, m)

Elementary analysis.for CgH3 N30, s
Calcd. (%): C 69.47; H 6.95; N 9.35

Found (%): C 69.37; H 6.88; N 9.14
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1-(3-(4,5-Dimethoxy-2~(1-pyrrolyl)phenyl)propyl)-4-

(2-methoxyphenyvl)piperazine Dihvdrochloride Hemihvdrate

To 100 m¢ of tetrahydrofuran were added 18 m{ of

EXAMPLE 6

1.0 M borane-tetrahydrofuran cahplex and 1.14 é of 1-(3-(4,5-
dimethoxy-2-(1-pyrrolyl)phenyl)-l-oxopropyl)-4-(2-

- methoxyphenyl)piperazine at room temperature, and the mixture
was heated under reflux for 27 hours. Since it was found
that the reaction had not completed, 10 m¢ of the borane-
tetrahydrofuran complex was further added, and the refluxing
was continued for additional 9 hours. After ?oo;ing to room
temperature, 10 m{ of water was added to the reaction
mixture, and the solvent was removed under reduced pressure.
To the residue was added 35 m¢ of 5% hydrochloric acid,
followed by heating at 50° to 60°C for 2 hours. The reaction
mixture was dried over anhydrous sodium sulfate and the
solvent was evaporated. The residue was purified by silica
gel column chromatography (chloroform) to yield 780 mg of a
pale yellow oily substance, which was dissolved in 15 m{ of
ethanol, 1.0 m¢ of concentrated hydrochloric acid was added
thereto, and the solvent was removed under reduced pressure.
Recrystallization of the residue from ethanol-ethyl ether
yielded 500 mg of the title compound as a colorless prism
crystal. -

Melting point: 210-212°C
IR (KBr, cm''): 2950, 2750-2000, 1600, 1510
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'H-NMR (CDC?;) § ppm:
1.65-2.10 (2H, m), 2.50-3.15 (4H, m), 3.15-3.80 (4H,
m), 3.86, 3.94, 4.08 (3H, s), 4.00-4.60 (2H, m),
4.90-5.40 (2H, m), 6.28—(2H, t, J=2.0Hz), 6.78 (4H,
s), 7.00-7.80 (3H, m), 8.25 (1H, d, J=7.8Hz)
Elementary analysis for CpeH33N305+ 2HCE « 1/ 2H,0::
Calcd. (%): C 60.35; H 7.01; N 8.12
Found (%): C 60.61; H 6.95; N 8.02
REFERENCE EXAMPLE 13

m-Meconine

A mixture of 250 g of veratric acid, f?Suha of
formaldehyde (40%), and 1000 m¢ of concentrated hydrochloric
acid was heated at 60° to 70°C for 12 hours while stirring.
An equal volume of ice-water was added to the reaction
mixture, and the mixture was vigorouély stirred on an ice
bath. The insoluble material was removed by filtration, and
the filtrate was allowed to stand at 5°C to room temperature
for 24 hours, whereupon crude crystals were precipitated,
which were collected by filtration, washed with a sodium
sulfate aqueous solution, and recrystallized from ethanol to
yield 50 g of m~meconin¢.

Melting poinf: 155°C
'H-NMR (CDC{,) & ppm:
3.98, 3.94 (each 3H, s), 6.90, 7.31 (each 1H), 5.23

(2H)

- 85 -




Has Been Replaced

i

REFERENCE EXAMPLE 14

m-Hemipinic Acid

A mixture of 7.8 g of m-meconine, 80 m¢ of water and
1N sodium hydroxide was stirred_at 50° to 70°C.for about
1 hour in a water bath for hydrolysis. After cooling on an
ice bath, 3.36 g of sodium hydrog;ncarbonate was added
thereto with stirring, and 160 m¢ of 1/3 M potassium
permanganate was then added thereto over 5 minutes. Ten
minutes latexr, the ice bath was removed. After 30 minutes,
heat generation subsided, and the reaction cdﬁyleted. The
reaction mixture was filtered, and the filt;ate Gas,reﬁdered
acidic with concentrated hydrochloric acid, followed by
concentration under reduced pressure to yield 5.3 g of m-
hemipinic acid crystals having a melting point of 180°C.

REFERENCE EXAMPLE 15

m-Hemipinic Anhvdride

Two grams of m-hemipinic acid were dehydrated and
sublimated at 180° to 200°C in a sublimation purifying
apparatus to obtain 1.6 g of m-hemipinic anhydride having a
melting point of 174-176°C.

IR (KBr, cm'): 1764
EXAMPLE 7

5,6-Dimethoxy-1,3-dioxo-N-2-(4-(2~

methoxyphenvyl)-l-piperazinyl)ethyl-isoindole

A mixture of 1-(2-Amino)ethyl-4-(2-methoxyphenyl)-

piperazine (640 mg) and 723 mg of m-hemipinic anhydride in
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10 m¢ of toluene was refluxed for 5 hours, followed by

allowing to stand at room temperature, whereupon crystals
precipitated, which were collected by filtration. The mother
liquor was purified by silica gel column chromatography and
recrystallization from toluene to yield colorless crystals.
The total yield was 700 mg. .
Melting point: 206°C
'H-NMR (CDC?;) § ppm:
4.00 (6H, s), 3.85 (3H, s), 7.31 (2H, s), 6.8-7.0
(4H, m)
A hydrochloride of the compound wag-pfeééred.
Melting point: 237-242°C
Elementary analysis for C,3H,;N;O5+2HC¢ «1/2H,0:
Calcd. (%): C 54.44; H 5.98; N 8.28
Found (%): C 54.83; H 5.94; N 8.64
EXAMPLE 8

5,6-Dimethoxy-l—oxo—N—2—(4—(2—methoxy—
phenyl)-l-piperazinvljethyl-isoindole

5,6-Dimethoxy-1,3~dioxo-2-(4-(2-methoxyphenyl)-1-
piperazinyl )ethyl-isoindole (900 mg) was refluxed in 34 m¢ of
acetic acid in the presence of 1.8 g of zinc for 200 minutes.
The reactisn mixture was filtered, concentrated under reduced
pressure, and purified by silica gel column chromatography
(dichloromethane-methanol=30:1) to yield 600 mg of an .
amorphous compound. The resulting compound was dissolvéd in

a small amount of ethanol, and 3% hydrogen chloride in
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ethanol was added thereto in excess to yield a hydrochloride

of the title compound.
Melting point: 267-269°C
Elementary analysis for C,3H,gN,0,+2HC? -H,0:

Calcd. (%): C 54.98; H 6:62; N 8.36

Found (%): C 54.48; H 6.78; N 8.18

REFERENCE EXAMPLE 16
5,6-Dimethoxy-3-benzylidenephthalide

In a 25 m{ flask were charged 4.0 g of m-hemipinic
anhydride, 4.54 g of homoveratric acid, anqﬂéégium_acetate,
and the flask was buried in a sand bath at 235° to 240°C to
allow the mixture to react for 6 hours. The reaction mixture

was purified by silica gel column chromatography (dichloro-

methane) to yield the title compound as a colorless amorphous

compound .
'H-NMR (CDCs;) § ppm:
3.9-4.0 (each 3H x 4), 6.24 (H, s), 6.89 (1H, d,
J=9.0Hz), 7.09, 7.29 (1H x 2, s x 2), 7.32 (1H, dd,
J=1.8, 9.0Hz), 7.50 (1lH, d, J=1.8Hz)
REFERENCE EXAMPLE 17

4,5-Dimethoxy-2-~(3,4-dimethoxyphenyl )acetyl-N-
2-(4-(2-methoxyphenvyl)-l-piperazinvl)ethyl-benzamide

A mixture of 5,6-Dimethoxy-3-benzylidenephthalide
(3.0.g) and 3.0 g of 1-(2-amino)ethyl-4-(2-methoxyphenyl)-
piperazine in ethanol-toluene was refluxed for 5 hours.

After, completion of the reaction, the solvent was
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concentrated, and the residue was purified by silica gel

column chromatography (dichloromethane:methanol=40:1) to
yield 5.2 g of the title compound as an amorphous compound.
EXAMPLE 9 - -
5,6~Dimethoxy-1-(3,4~-dimethoxy)benzylidene-

3—oxo 2-(4-(2-methoxyphenyl)-l-piperazinyl)-
ethyl-iscindole Dihydrochloride Sesquihydrate

A mixture of 1.06 g of 4,5-dimethoxy-2-(3,4-
dimethoxyphenyl )acetyl-N-2-(4-(2-methoxyphenyl)-1-
piperazinyl)ethyl-benzamide in acetic anhydride ﬁas refluxed
for 1 hour. Acetic anhydride was removed undé; reduced
pressure, and the residue was purified by gllidé"gel célumn
chromatography (dichloromethéne:methanolﬁ40:1).
Recrystallization from methanol gave 850 mg of a colorless
crystal.

Melting point: 127-128°C
'H-NMR (CDCe,) & ppm:

6.55 (1H, bs),ﬂ4.05 (2H, m), 2.8 (2H, bs), 2.9 (4H,

bs), 3.2 (4H, bs)

The resulting crystal Qas dissolved in a small amount
of ethanol, and 3% hydrogen chloride in ethanol was added |
thereto in excess. Recrystallization from ethanol gave
800 mg of the title compound as a colorless crystal.

Melting point: 240-241°C
Elementary analysis for Cs;,H;;N;N,<2HC( +»3/2H,0:
Calcd. (Q): C 58.27; H 6.42; N 6.37

Found (%): C 58.47; H 6.45; N 6.25
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EXAMPLE 10

5,6-Dimethoxy-1-~(3,4~-dimethoxy)benzyl-
3-ox0-2~(4~(2-methoxyphenyl)-l-piperazinyl)-

ethyl-isoindole Dihydrochloride Hemihydrate

5,6-Dimethoxy-1-(3,4-dimethoxy)benzylidene-3-oxo-2-
(4-(2-methoxyphenyl)-l-piperazinyid)ethyl-isoindole was
catalytically reduced in ethanol in the presence of 5%
palladium-on-carbon. The catalyst was removed by filtration,
3% hydrogen chloride in ethanol was added to the filtrate,
the solvent was removed under reduced pressure, and acetone
was added to the residue, and the hydrochloride .was collected
by filtration.
Melting point: 159-165°C (with decomposition)

Elementary analysié for CnH”N£k-2HCQ-l/2H£h
Calcd. (%): C 559.72; H 6.58; N 6.53
Found (%): C 59.67; H 6.67; N 6.62-
REFERENCE EXAMPLE 18
3,4-Dimethoxyphenylcopper Acetylide

In 15 m¢{ of agueous ammonia was dissolved 0.39 g of
copper iodide, and the solution was added to a solution of
0.33 g of 3,4-dimethoxyphenylacetylene in 20 m¢ of ethanol at
room temperature. The mixture was stirred for 1 hour,
filtered, washed five times with water, once with ethanol,
and once with ethyl ether, and dried under reduced preésure

at 40°C to yield 110 mg of the title compound.
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EXAMPLE 11

1-(2-(2-(3,4-Dimethoxyphenyl )ethynyl)-
4 ,5-dimethoxyphenyl )ethyl-4-(2-methoxy-

phenyl )piperazine Dihvdrochloride Monohvdrate

In 50 m¢{ of pyridine was dissolved 1.58 g of 1-(2-
iodo-4,5-dimethoxyphenyl)ethyl-4-(2-methoxyphenyl )piperazine,
~and 0.80 g of 3,4-dimethoxyphenyl;opper acetylide was added
thereto. The mixture was heated to 120°C in a nitrogen
atmosphere for 24 hours. The reaction mixture was poured
into water and extracted with ethyl acetate. The two-phase
(organic and aqueous) liquid was filtered usiﬁg Celite and
then again separated into two phases. The:;rgaﬂic layér was
washed with a saturated sodium chloride agqueous solution,
dried over sodium sulfate, filtered, and evaporated.to yield
3.75 g of an oily residue. Purification of the residue by
silica gel column chromatography gave 0.75 g of amorphous 1-
2-(2-(3,4-dimethoxyphenyl)ethynyl)-4,5-dimethoxyphenyl )ethyl-
4-(2-methoxyphenyl )piperazine, which was then converted to a
hydrochloride and recrystallized from ethanol gave 0.70 g of
the tiﬁle compound as a colorless crfstal.

Melting point: 164-167°C

IR (cm™): 2210

Mass Spectrum (EI): 516 (M', 5.28)

'H-NMR (CDCl,) § ppm:
2.96 (4H, m), 3.36 (6H, m), 3.80-3.96 (2H, m), 3.84
(3H, s), 3.89 (3H, s), 3.91 (6H, s), 3.92 (6H, s),

6.86-7.20 (4H, m), 7.35 (3H, m), 7.53 (2H, m)
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Elementary analysis for C;N3N,0s+2HC( +H,0:

Calcd. (%): C 61.28; N 6.64; N 4.61
Found (%): C 61.37; H 6.78; N 4.55
EXAMPLE 12 -

1-[2-[4,5-Dimethoxy~2-[ (3,4-dimethoxyphenyl )hydroxy-
methyl]lphenvliethyl-4-(2-methoxyphenyl)piperazine

To a tetrahydrofuran solution of 1.80 g of 1-[2-[2-
bromo-4,S—dimethoxyphenyl]ethyl]—4-(2-me£hoxyphenyl)—
piperazine was added a 15% hexane solution of 5.0 mmol of
butyl lithium at -78°C. After stirring for a while, 830 mg
of veratric aldehyde was added thereto, and“t@é mixture was
heated to 0°C. Water was added to the reaction mixture,
followed by extraction with ethyl acetate. The solvent was
removed from the extract by evaporation, and the residue was
purified by silica gel column chromatography to yield 1.62 g
of the title compound.

'H-NMR (CDC¢,) § ppm:

7.05-6.8 (m, 7H), 6.70 (s, 1H), 6.60 (s, 1H), 5.93

(br, 1H), 3.89 (s, 6H), 3.85 (s, 6H), 3.71 (s, 3H),

3.4-2.4 (m, 13H)

EXAMPLE 13

1-{2-[4,5-dimethoxy-2-(3,4-dimethoxyphenyl)-
methvl Iphenvllethyl-4-(2-methoxyphenvl)piperazine

An acetic acid solution of 1.62 g of 1-[2-[4,5-
dimethoxy-2-[(3,4-dimethoxyphenyl )hydroxymethyl ] ]phenyl]-
ethyl-4-(2-methoxyphenyl)piperazine was subjected to

hydrogenation in the presence of a palladium-on-carbon
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catalyst. After the reaction, the catalyst was removed by

filtration, and the solvent was azeotropically removed with
benzene to yield 1.60 g of the title compound.
'H-NMR (CDCl3) & ppm: -
7.1-6.6 (m, 9H), 3.93 (s, 2H), 3.89 (s, 3H), 3.86 (s,
3H), 3.85 (s, 3H), 3.82 (s, 3H), 3.81 (s, 3H), 3.3~
2.7 (m, 14H)
EXAMPLE 14

1-[2-[4,5-Dimethoxy-2~[ (3,4-dimethoxyphenyl )~
acetyl jphenyljethyl-4-(2-methoxyphenyl )piperazine

To a tetrahydrofuran solution of 5.?0'6 Qf_l—[z-[z—

bromo-4,5-dimethoxyphenyl]ethyl]-4-(2-methoxyphenyl)-
piperazine was added 9.44 m¢ of a 15% hexane solution of
butyl lithium at -78°C. After stirring for a while, the
temperature was raised under reduced pressure for degassing.
To the solution was added 1.92 g of pivaloyl chloride at
-78°C.

Separately, 10.2 m{ of a 15% hexane solution of butyl
lithium and 2.98 g of ethyl 3,4-dimethoxyphenylacetate were
added to a tetrahydrofuran solution of 1.6 g of diisopropyl-
amine at -78°C, followed by stirring for 30 minutes. The
resulting éolution was added drdpwise to the above—prepared
solution. The temperature was elevated up to 0°C, at which
the mixtufe was stirred for 2 hours. Water was added'.
thereto, and the mixture was extracted with ethyl acetate.

The extract was washed with a saturated sodium chloride
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aqueous solution, dried over anhydrous sodium sulfate and the
solvent was evaporated. The residue was primarily purified
by silica gel column chromatography. 4N Hydrochloric acid
was added thereto, followed by heating at 100°C for
15 minutes, to provide a clear solution. The solution was
cooled, neutralized with a satura;ed sodium hydrogencarbonate
aqueous solution, and extracted with methylene chloride. The
extract was purified by silica gel column chromatography
(hexane, ethyl acetate) to yield 490 mg of the title compound
as an amorphous powder.
'H-NMR (CDCl;) § ppm:
7.1-6.7 (m, 9H), 4.13 (s, 2H), 3.92 (s, 3H), 3.87 (s,
6H), 3.86 (s, 3H), 3.85 (s, 3H), 3.3-2.6 (m, 12H)
REFERENCE EXAMPLE 19

1-[ (2-Amino-4,5-dimethoxy)-
phenyl Jacetyl-4-(2-methoxyphenvl )piperazine

A methylene chloride solution containing 15 g of
(4,5-dimethoxy-2-nitro)phenylacetic acid, 12 g of 2-
methoxyphenylpiperazine, and 13 g of dicyclohexylcarbodiimide
was stirred at room temperature for 3 hours. A precipitate
waé removed by filtration, and the solvent was evaporated.
The residue was washed with ethyl acetate, followed by
filtration to yield 19.7 g of a solid. To the solid were
added 400 m¢ of ethyl acetate and 1.0 g of platinum oxide,
and hydrogenation was performed overnight. The reaction

mixture was filtered, the solvent was evaporated, and the
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residue was crystallized from ethyl acetate to yield 7.5 g of
the title compound.

Melting point: 113-116°C

IR (cm*): 3348, 1606, 1520, 1500, 1462, 1240, 1212, 1038

'H-NMR (CDCl,;) § ppm:
7.1-6.8 (m, 4H), 6.96 (s, 1H), 6.91 (s, 1H), 3.87 (s,
3H), 3.82 (s, 3H), 3.79 (s, 3H), 3.62 (s, 2H), 3.3-
2.7 (m, 8H)
REFERENCE EXAMPLE 20

1-[[2-(4-Chlorobutyrylamino)-5, 6-d1methoxy]—
phenvyljethyl- 4—12~methoxvphenvl)Dlperaz¢ne

To a tetrahydrofuran suspension of 300 mg of lithium
aluminum hydride under refluxing was added 1.5 g of 1-[(2-
amino-4,5-dimethoxy)phenyl Jacetyl~4-(2-methoxyphenyl)-
piperazine. A saturated sodium sulfate aqueous solution was
added thereto, and the mixture was extracted with ethyl
acetate. The solvent was azeotropically removed with
benzene, and to the residue were immediately added 50 m¢ of
methylene chloride, 1.0 m{ of triethylamine, and 5.50 g of 4-
chlorobutyryl chloride. A sodium hydrogencarbonate agqueous
solution was added thereto, and the mixture was extracted
with methylene chloride. The solvent was evaporated, and the
residue was purified by silica gel column chromatography

(ethyl acetate) to yield 700 mg of the title compound.
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'H-NMR (CDCl;) & ppm:

7.57 (s, 1H), 7.25 (s, 1H), 7.1-6.8 (m, 4H), 6.62 (s,
1H), 3.85 (s, 9H), 3.66 (t, 2H, J=7Hz), 3.2-3.0 (m,
4H), 2.8-2.0 (m, 10H), 2.0-1.5 (m, 2H)-

EXAMPLE 15

N-[2-[2-[4~(2-Methoxyphenyl )piperazinyl]-~
ethyli]-4,5-dimethoxy]phenyl ipyrrolidone

To a dimethylformamide solution of 110 mg of sodium
hydride was added 660 mg of 1-[[2-(4-chlorobutyrylamino)-5,6-
dimethoxy]phenyljethyl-4-(2-methoxyphenyl)piperazine, and the
mixture was heated at 80°C. After completion:bﬁnthe
reaction, the reaction mixture was extracted with methylene
chloride, and the solvent was azeotropically removed with
water and benzene unaer reduced pressure. Purification by
silica gel column chfomatography'(B% ethanol/chloroform)
vielded 463 mg of the title compoundl»

'H-NMR (CDCe;) & ppm: |

7.24 (s, 1H), 7.0-6.8 (m, 4H), 6.61 (s, 1H), 3.88 (s,

3H), 3.87 (s, 3H), 3.84 (s, 3H), 3.8-3.6 (m, 2H),

3.2-3.0 (m, 4H), 2.8-2.5 (m, 10H), 2.3-2.2 (m, 2H),
1.3-1.1 (m, 2H) -
REFERENCE EXAMPLE 21

Ethyl 5,6-Dimethoxy-1-(3,4-
dimethoxvbenzvl)-1H-indazole-3-carboxvylate

In 5000 m¢{ of dimethyl sulfoxide, having been dried
over Molecular Sieve 4A, was suspended 250.2 g of ethyl 5,6-

dihethoxy-lH—indazole—3—carboxylate, and 38.0 g of lithium
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- methoxide was added thereto. After stirring at room
temperature for 1 hour, 185.6 g of 3,4-dimethoxybenzyl
chloride (prepared from 336.4 g of 3,4-dimethoxybenzyl
alcohol, 300 m¢ of cohcentrated_hydrochloric acid, and 500 m¢
of ethyl ether) was added thereto dropwise at room
temperature over 10 minufes. .Aft;r stirring at room
temperature for 1 hour, 55.6 g of 3,4-dimethoxybenzyl
chloride was added, followed by stirring at room temperature
for 1 hour. To the mixture was further added 55.6 g of 3,4-
dimethoxybenzyl chloride, followed by stlrrlng at room
temperature for 1 hour. The reaction mlxture“was poured into
30000 m¢ of ice-water while stirring. The supernatant liquor
was discarded by decantation, and 15000 m¢ of water was added
to the residue, followed by stirring at room temperature
overnight. The supernatant liquor was removed by
decantation, and the residue was dissolved in 10000 m¢ of
chloroform. The solution was dried over_sodium sulfate and
filtered, and the solvent was removed under reduced pressure.
The residue weighing 497.0 g was purified by column
chromatography on silica gel (2 kg x 9) using chloro-
form:carbon tetrachloride:ethyl acetate=5:5:1 and then on
silica gel (2 kg x 4) using ethyl acetate:hexane=2:1. The
resulting eluate was recrystallized from ethyl acetate.to
yield 205.0 g of the titlé compound as a colorless prism
crystal.

Melting point: 138-141°C
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IR (KBr) cm™: 1728, 1496, 1266, 1216, 1204, 1138, 1022

'H-NMR (CDCl;) § ppm:
1.49 (3H, t, J=6.8Hz), 3.78 (3H, s), 3.85 (6H, s),
3.95 (3H, s), 4.53 (2H,~q, J=6.8Hz), 5:58 (2H, s),
6.63 (1H, s), 6.76 (1H, s), 6.80 (2H, s), 7.56 (1H,
5)

Elementary analysis for C,H;,N,04:
Calcd. (%): C 62.99; H 6.04; N 7.00
Found (%): C 62.83; H 5.99; N 6.93

REFERENCE EXAMPLE 22 .

5,6—Dimethoxv—1—(3,4—dimethovaenzyl)—1H—indé%ole—3-Methanol

In 1500 m¢ of tetrahydrofuran was suspended 205.0 g
of ethyl 5,6-dimethoxy-1-(3,4-dimethoxybenzyl)-1H-indazole-3-
carboxylate, having been ground'to powder in a mortar, at
room temperature, .and 96.8 g of sodium borohydride was added
thereto, followed by stirring at room temperature. To the
mixture was added dropwise 300 m¢ of methanol over
30 minutes. Aftet the addition, the reaction mixture was
warmed to 50°C and stirred for 5 hours. To the mixture were
further added 19.4 g of sodium borohydride and 60 m¢ of
methanol. The reacfion mixture was slowly poured into a
mixture of 200 m¢ of concentrated hydrochloric acid, 5000 m¢
of water, and 1 kg of ice while stirring. A saturated- sodium
hydrogencarbonate aqueous solution was added to the aqueous
layer at room temperature while stirring until the pH became

about 8, whereupon a colorless solid began to precipitate.
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The solid was collected by filtration, washed with two 500 m¢
portions of water, dissolved in 10000 m¢ of chloroform, dried
over sodium sulfate, filtered, and evaporation of the solvent
gave 185.2 g of a colorless solid. This solid.was used in
the subsequent reaction without further purification.
Separately, a small aliqﬁgt of the solid above
obtained was recrystallized from ethanol to yield a colorless
prism crystal having a melting point of 187 to 188°C.
IR (KBr) cm™
3272, 1520, 1470, 1438, 1418, 1318{~i?§4,,;256, 1210,
1166, 1140, 1062, 1026, 870, 834 - |
'H-NMR (CDC?;) § ppm:
3.77 (3H, s), 3.82 (3H, s), 3. 87 (3H, s), 3.92 (3H,
s), 4.97 (2H, s), 5.40 (2H, s), 6.62 (1H, s), 6.69
(1H, m), 6.75 (2H, m), 7.13 (1H, s)
REFERENCE EXAMPLE 23

3-Chloromethyl-5, 6-dimethoxy-
1-(3,4- dlmethovaenzvl) l1H-indazole

In 1500 m¢ of dichloromethane was dissolved 184.0 g
of 5,6-dimethoxy-1-(3,4-dimethoxybenzyl)-3-hydroxymethyl-1H-
indazole at room temperature, followed by stirring under
cooling wi£h ice. To the solution was added dropwise 75.4 m¢
of thionyl chloride over 20 minutes. One minute later, the
spot of the starting material on a thin layer chromatoéram
(ethyl acetate:hexane=2:1) disappeared. The reaction mixture

was warmed to room temperature, and 3500 m¢ of dichloro-
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methane was added thereto. The mixture was washed with
1000 m¢ of a saturéted sodium hydrogencgrbonate aqueous
solution, dried over sodium sulfate, filtered, and the
evaporation of the solvent gave 189.7 g of a colorless solid.
This solid was used in the subsequent reaction without
further purification. .
'H-NMR (CDC?;) & ppm:
3.78 (3H, s), 3.84 (3H, s), 3.88 (3H, s), 3.95 (3H,
s), 4.95 (2H, s), 5.44 (2H, s), 6.65 (1H, s), 6.71
(3H, m), 7.10 (1H, s)
REFERENCE EXAMPLEl24 -

5,6-Dimethoxy-1-(3,4-dimethoxy-

benzyl)-1H-indazole-3-acetonitrile

In 1000 m¢ of dimethyl sulfoxide was dissolved

187.0 g of 3-chloromethyl-5,6-dimethoxy-1-(3,4-dimethoxy-
benzyl)-1H~indazole, followed by stirring at room
temperature. To the solution was added 134.0 g of potassium
cyanide, having been groﬁnd to powder in a mortar, followed
by stirring at 50°C for 2 hours. The reaction mixture was
cooled to room temperature, poured into 15000 m¢ of water,
and stirred for 1 hour. A precipitated solid was collected,
washed with three 1000 m¢{ portions of water, dissolved in
- 5000 m¢ of chloroform, dried over sodium sulfate, filtered,
and the solvent was evaporated. The residue was purified by
silica gel column chromatography using'2 kg of silica gel and

chloroform:ethanol=50:1 and then 2 kg of silica gel and ethyl
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acetate:hexane=3:1, to yield 111.0.g of a pale brown solid.
This solid was used in the subsequent reaction without
further purification.
'H-NMR (CDCe,) § ppm: - ]
3.80 (3H, s), 3.84 (3H, s), 3.89 (3H, s), 3.94 (3H,
s), 4.02 (2H, s), 5.43 (2%, s), 6.66 (1H, s), 6.72
(2H, m), 6.69 (1H, m), 7.06 (1H, m)
REFERENCE EXAMPLE 25

5,6-Dimethoxy-1-(3,4~dimethoxy-
benzvl)-1H-indazole-3-acetic Agid

In 1000 m¢ of ethanol was suspended~l¥1.g g of-5,6-
dimethpxy-l—(3,4-dimethoxybenzyl)-lH—indazole-3—acetonitri1e
at room temperature and stirred. A 10N sodium hydroxide
aqueous solution was added to the suspension, followed by
heating under reflux for 2 hours. The reaction mixture was
cooled to room temperature and evaporated to remove ethanol.
To the residue was added 2000 m¢ of water, followed by
stirring at room temperature overnight.. Any insoluble
material was removed by filtration, and 500 m¢ of ethyl ether
was added to the filtrate. The organic solvent-soluble
material was removed, and the agueous layer was adjusted to
PH 4 to 5 with concentrated hydrochloric acid. A precipitate
was collected and fractionally recrystallized from ethanol to
vield 41.0 g of the title compound. This compound was-used

in the subsequent reaction without further recrystallization.
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'3.77 (3H, s), 3.84 (3H, s), 3.88 (3H, s), 3.91 (3H,

'H-NMR (CDC?;) & ppm:

s), 4.03 (2H, s), 5.44 (2H, s), 6.64 (1H, s), 6.72
(2H, m), 6.77 (1H, m), 6.96 (1H, s) ;
EXAMPLE 16

1-((5,6-Dimethoxy-1-(3,4-dimethoxybenzyl)-1H-

indazol-3—vl)acetvl)-4—13-chloro-2-methxlphenzl)gigerazine

In 500 m¢{ of dichloromethane was suspended 41.0 g of

5,6-dimethoxy-1-(3,4-dimethoxybenzyl)-1H-indazole-3-acetic
acid, and 24.5 g of 2,2-dipyridyl disulfide and 30.0 g of
triphenylphosphine were added to the mixture, followed by
stirring at room temperature. To the mixture was added
dropwise a solution of 23.5 g of (3-chloro-2-methylphenyl)-
piperazine in 200 me'of dichloromethane over 5 minutes,
followed by stirring at room temperature for 30 minutes.
After confirming disappearance of thé spot of the starting
material on a thin layer chromatogram (ethyl acetate:hexane=
2:1), 1000 m¢ of dichloromethane was added to the reaction
mixture, and the reaction mixture was washed with water. The
organic layer was dried over sodium sulfate, filtered, and
the solvent was evaporated. The residue was purified by
silica gel column chromatography (ethyl acetate:hexaﬁe=2:l;
silica gel: 2 kg) to yieldIGl.S g of a colorless solid, which
was used in the following reaction without further -

purification. A small aliquot of the solid was recrystal-
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lized from ethanol to give a colorless prism cfystal having a

melting point of 165 to 169°C.

IR (KBr) cm™': 1652, 1516, 1264, 1236

'H-NMR (CDC?,) § ppm: - ]
1.24 (1.5H, t, J=7.3Hz, Me of EtOH), 1.65 (4H, s),
2.55 (2H, m), 2.75 (2H, m), 3.72 (1H, m, CH, of
EtOH), 3.76 (3H, s), 3.78 (3H, s), 3.89 (3H, s), 3.94
(3H, s), 4.09 (2H, s), 5.41 (2H, s), 6.65 (1H, s),
6.69 (2H, m), 6.73 (1H, s), 7.03 (1H, t, J=7.8Hz),
7.09 (1H, d, J=6.8Hz), 7.19 (1H, s) .

EXAMPLE 17

3-(2-(4-(3~-Chloro-2-methylphenyl)-l-piperazinyl)-
1)=-5,6-dimethoxy-1-(3,4-dimethoxybenzyvl)-1H-indazole

In 1000 m¢ of tetrahydrofuran was suspended 60.5 g of
1-((5,6-dimethoxy-1-(3,4-dimethoxybenzyl)~-1H-indazol-3-
yl)acetyl)-4-(3-chloro-2-methylphenyl)piperazine, and 500 m{
of a tetrahydrofuran solution containing 1.0 mol of a borane-
tetrahydrofuran cbmplex was added thereto, followed by
refluxing for 2 hours. The reaction mixture was cooled to
room temperature, and 30 m¢ of water was added thereto to
decompose the excess reagent. Tetrahydrofuran was removed
under reduced pressure, and 300 m¢ of concentrated
hydrochloric acid was added to the residue, followed by
stirring at 50°C for 1 hour. The aqueous layer was cooled to
room temperature, made alkaline with potassium carbonate, and

extracted with 3000 m¢ of chloroform. The organic layer was
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dried over sodium sulfate, filtered, and the solvent was
removed under reduced pressure. The residue was purified by
silica gel column chromatography (chloroform:ethanol=40:1) to
yield 50.0 g of a colorless solid. Recrystallization from
ethanol gave 46.3 g of a colorless prism crystal.
Melting point: 148-150°C -
IR (KBr) cm':
1518, 1466, 1454, 1260, 1236, 1140, 1022, 1004
'H-NMR (CDCl,) § ppm:
2.35 (3H, s), 2.85 (2H, m), 3.02 (4H, m), 3.26 (2H,
m), 3.78 (3H, s), 3.83 (3H, s), 3.87 {31, s), 3.94
(3H, s), 5.43 (2H, s), 6.62 (1H, s), 6.72 (2H, s),
6.78 (1H, m), 6.96 (1H, m), 7.11 (3H, m)
Elementary analysis for C,,H,;;N,0,Cl:
Calcd. (%): C 65.89; H 6.60; N 9.91; C¢: 6.27
Found (%): C 65.65; H 6.59; N 9.58; Ct: 6.36

EXAMPLE 18

5,6-Dimethoxy-1-(3,4-dimethoxyphenylmethyl)~
3-(2-(4-(2-methoxyphenyl)}-l-piperazinyl)-
ethyl)-1H-indazole Dihydrochloride Monohvydrate

In 100 m¢ of dichloromethane was dissolved 2.2 g of
5,6—dimethoxy-l-(3,ﬁ-dimethoxyphenylmethyl)—1H—indazole—3~
acetic acid, and to the solution were added 1.5 g of
triphenylphosphine, 1.26 g of 2,2-dipyridyl disulfide, - and
1.1 g of 2-methoxyphenylpiperazine, followed by stirring at
room temperature for 1 hour. The reaction mixture was poured

into water and extracted with dichloromethane. The organic
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layer was dried over sodium sulfate, and the solvent was

removed under reduced pressure. The residue was purified by
'silica gel column chromatography (ethyl $cetate:hexane) to
yield 2.6 - g of a'colorless oil. The oil (2.6 g) was
dissolved in 40 m¢! of tetrahydrofuran, and 40 m¢ of a 1.0N
borane-tetrahydrofuran complex saiution was added thereto,
followed by stirring at room temperature for 8 hours. To the
solution was added 5.0 m¢ of water uﬁder ice-cooling, and the
mixture was stirred and then the solvent was evaporated. To
the residue was added 20 m¢{ of concentrated hYdrothoric
acid, followed by stirring at 60°C for 30 z:inutéé. The
solution was poured into a saturated sodium carbonate agqueous
solution to be rendered basic and extracted with chloroform.
The organic layer was dried over sodium Sulfate, and the
solvent was removed under reduced pressure.. The residue was
purified by silica gel column chromatography (dichloro-
methane:ethanol=20:1) to yield 2.4 g of a colorless oil. The
oil was dissolved in ethanol, and 10 m¢ of 1N hydrochloric
acid was added to the solution, followed by stirring. The
solvent was removed under reduced pressure. Recrystalliza-
tion of the residue from ethyl acetate/ethanol gave 2.7 g of
the title compound as a colorless crystal.
Melting point: 190-193°C
IR (KBr) cm’
3348, 2940, 2836, 1632, 1516, 1466, 1262, 1160, 1024,

862, 752
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8.05 (1H, m), 7.42 (1H, t), 7.25 (1H, s), 7.04 (2H,

'H-NMR (CDC#,) & ppm:

m), 6.84 (2H, m), 6.76 (1H, m), 6.65 (1H, s), 5.45

(2H, m), 4.85 (2H, m), 4.27 (2H, m), 4-06, 3.98,

3.90, 3.84, 3.83 (each 3H, s), 3.70 (2H, s), 3.88-

3.56 (4H, m) |

Elementary énalysis for Cj3;N3gN,0sCl,:

Calcd. (%): C 58.40; H 6.64; N 8.79; C¢ 11.12

Found (%): C 58.55; H 6.50; N 8.64; C¢ 11.40
REFERENCE EXAMPLE 26

e

1-Hydroxy-3-(3,4~-dimethoxyphenvl )butyronitrile

To a dry benzene solution containing 46 g of sodium
amide was slowly added 177 g of 3,4-dimethoxyphenylaceto-
nitrile under cooling with ice. The mixture was heated under
reflux for 30 minutes, followed by cooling to room
temperature. Into the reaction mixture was slowly blown
50 m¢ of ethylene oxide, followed by stirring overnight.
Water was added thereto, and the mixture was made acidic with
10% hydrochloric acid. The extracted benzene layer was
purified by silica gel column chromatography (hexane:
acetone=2:1 to 1:1) to yield 48 g of the title compound.

'H-NMR (CDC(,) & ppm: |
7.0-6.8 (m, 3H), 4.05 (t, 1H, J=7.3Hz), 3.90 (s, 3H),
3.89 (s, 3H), 3.9-3.7 (m, 2H), 2.3-2.0 (m, 2H)
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REFERENCE EXAMPLE 27

o—(3,4-Dimethoxyphenv]l)-butyrolactone

A solution (100 m¢) of 35 g of l-hydroxy-3-(3,4-
dimethoxyphenyl)butyronitrile in a 1:1 mixture.of isopropyl
alcohol and concentrated hydrochloric acid was heated under
reflux overnight. The reaction mixture was extracted three
times with methylene chloride. The organic layer was washed
successively with a sodium hydrogencarbonate aqueous solution
and a saturated sodium chloride aqueous solution, dried over
sodium sulfate, and the solvent was evaporatéd: The residue
was purified-by silica gel column chromafog;aphf" |
(hexane:acetone=2:1 to 1:1) fo yvield 28.3 g of the title
compound .

'H-NMR (CDCl,) & ppm:

6.9-6.8 (m, 3H), 4.5-4.4 (m,-1H), 4.4-4.3 (m, 1H),

3.89 (s, 3H), 3.87 (s, 3H), 3.77 (dd, 1H, J=8.8,

10.2Hz), 2.8-2.6 (m, 1H), 2.5-2.3 (s, 1H)

REFERENCE EXAMPLE 28

a—-{2-Nitro-4,5-dimethoxyphenvl)-butyrolactone

Concentrated hydrochloric acid (3.0 mt) was added to
a solution of 4.0 g of a~(3,4-dimethoxyphenyl)-butyrolactone
- in 30 m¢ of a 2:1 mixture of acetic acid and acetic
anhydride. The reaction mixture was poured into a sodium
hydrogencarbonate aqueous solution and extracted three times.
with methylene chloride. The organic layer was washed with a

saturated sodium chloride aqueous solution and dried over
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sodium sulfate. The solvent was evaporated, and the residue

was crystallized from ethanol to yield 3.36 g of the title
compound.
Melting point: 144-147°C

— -

'H-NMR (CDCl,) § ppm:

7.70 (s,- 1H), 6.76 (s, 1H), 4.6-4.4 (m, 2H), 3.97 (s,

3H), 3.96 (s, 3H), 2.95-2.8 (m, 1H), 2.5-2.3 (m, 1H)
REFERENCE EXAMPLE 29.

5,6-Dimethoxy-3-hyvdroxvethyl-1,3-dihyvdro-2(2H)-indolone

An ethyl acetate solution containing"g;o g. of a-(2-
nitro—4,S—dimethoxyphenyl)—butyrolactonelaﬁd SOd"mg of‘
platinum oxide was stirred in a 2.0 atm. hydrogen gas
atmosphere. Ethanol was added to the reaction mixture,
followed by filtration. The solvent was evaporated to yield
1.76 g of the title compound.

'H-NMR (CDCl;) & ppm:

9.1-9.0 (br 1H), 6.83 (s, 1H), 6.54 (s, 1H), 4.75-4.4

(m, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 3.9-3.5 (m, 2H),

2.3-2.0 (m, 2H) |

REFERENCE EXAMPLE 30

5,6-Dimethoxy-3-methylthio-3-
hydroxyethyl-1,3-dihydro-2(2H)-indolone

To 50 m¢ of dimethylformamide was added 360 mg of
sodium hydride, and 1.76 g of 5,6-dimethoxy-3-hydroxyethyl-
1,3~-dihydro-2(2H)-indolone and 706 mg of dimethyl disulfide

were added thereto. To the reaction mixture was added a
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sodium hydrogencarbonate aqueous solution, and the solvent

was evaporated. The residue was extracted three times with
méthylene chloride, and the organic layer was dried over
sodium sulfate. The solvent was evaporated, and the residue
was purified by silica gel column chromatography (ethyl
acetate) to yield 1.21 g of the fitle compound.
'H-NMR (CDCl3) & ppm: '
9.1-9.0 (br 1H), 6.85 (s, 1H), 6.55 (s, 1H), 3.88 (s,
6H), 3.8-3.5 (m, 2H), 2.5-2.0 (m, 2H), 1.85 (s, 3H)
REFERENCE EXAMPLE 31 -

5,6-Dimethoxy—3—[2—[4-(2-methoxyphenyl)ll-

piperazinyllethyli-3-methylthio-1,3-dihydro-2(2H)-indolone

To a methylene chloride solution of 330 mg of 5,6-
dimethoxy-3-methylthio-3-hydroxyethyl-1,3-dihydro-2(2H)~
indolone and 0.5 m¢ of triethylamine was added
2.2 equivalents of mesyl chloride under cooling with ice. A
sodium hydrogencarbonate aqueous solution was added to the
reaction mixture, and the mixture was extracted three times

with ethyl acetate. The organic layer was washed with a
saturated sodium chloride aqueous solution and dried over
sodium sulfate. The solvent was evaporated, and the residue
was purified by silica gel column chromatography (ethyl
acetate). The product was dissolved in dimethylformamide,
and to the solution were added 300 mg of (2-methoxypheﬁyl)—
_piperazine, 200 mg of potassium carbonate, and 200 mg of

sodium iodide, followed by stirring overnight. A sodium
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hydrogencarbonate aqueous solution was added thereto, and the
reaction mixture was extracted three times with méthylene
chloride. The organic layer was washed with a saturated
sodium chloride aqueous solutiqQn, dried over sodium sulfate,
and the solvent was evaporated. The residue was purified by
silica gel column chromatography‘(ethyl acetate) to yield
140 mg of the title compound.
'H-NMR (CDCl;) § ppm:
9.5-9.4 (br 1H), 7.0-6.7 (m, 5H), 6.58 (s, 1H), 3.89
(s, 3H), 3.88 (s, 3H), 3.79 (s, 3H)‘,".'§.8—l_.9 (m,
12H), 1.80 (s, 3H) S |
EXAMPLE 19

5,6-Dimethoxy-1-[(3,4-dimethoxyphenyl )methyl}-3-
[2-[4-({2-methoxyphenv] )piperazinyllethyl]-2-oxoindole

In dimethylformamide was suspended 38 mg of sodium
hydride. To the suspension were added 285 mg of 5,6-
dimethoxy-3~[2-[4-(2~-methoxyphenyl)-l-piperazinyl]ethyl]-3-
methylthio-1,3-dihydro-2(2H)-indolone and 140 mg of 3,4-
dimethoxybenzyl chloride. A sodium hydrogencarbonate aqueous
solution was added to the reaction mixture, and the mixture
was extracted three times with ethyl acetate. The orgaﬁic
layer was washed with a saturated sodium chloride aqueous
solution and dried over anhydrous sodium sulfate. The
solvent was evaporafed, and the reéidue was dissolved in
ethanol. Separately, an acetone solution containing 2.0 g of

Raney nickel was refluxed, and the solvent was removed by
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decantation. To the résidue was added the above prepared
ethanol solution, followed by refluxing for 15 minutesp A
precipitate was removed by filtration, the solvent was
evaporated, and the residue wasg purified by silica gél column
chromatography (hexane:ethyl acetate=1:2 to 0:1) to obtain
201 mg of the title compound. -
'H-NMR (CDCl;) & ppm

7.0-6.7 (m, 8H), 6.38 (s, 1H), 4.13 (d, 1H, J=6.9Hz),

4.10 (d, 1H, J=7.3Hz), 3.85 (s, 3H), 3.85 (s, 6H),

3.83 (s, 3H), 3.78 (s, 3H), 3.7-3. 5 (m, lH), 3 2-2.2

(m, 12H) -

REFERENéE EXAMPLE 32
1—[74(2,3—Dihzdrobenzofuranzl)]gigerazine

In 10 m¢ of acetic acid was dissolved 884.0 mg of 1-
(7-benzofuranyl)piperazine, and 56.7 mg of Pearman’s catalyst
was added thereto. The mixture was stirred at 65°C in a
hydrogen stream for 4 hours. .After completion of the
reaction, the catalyst was removed by filtratidn using
Celite. The solvent was evaporated, and the residue was
subjected to silica gel column chromatography. From the
fraction eluted with 10 vol$% chloroform-methanol was obtained
729.4 mg of a crude 2,3-dihydrobenzofuran compound, which was

used in the subsequent reaction without further purification.
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3-[2-[4-[7-(2,3-Dihydrobenzofuranyl))-1l-piperazinyl]-
ethyl]-5,6-dimethoxy~1-(3,4-dimethoxybenzyl)~-1H-indazole

EXAMPLE 20

In 15 m¢ of anhydrous dichloromethane was dissolved
1.28 g of 5,G-dimethoxy-l-(3,4:aimethoxybenzy13-lﬂ—
indazolylacetic acid. To the solution were added
successively 868.6 mg of triphenylphosphine, 729.4 mg of 2,2-
dipyridyl disulfide, and 729.4 mg of 1-[7-(2,3-dihydro-
benzofuranyl) ]piperazine, followed by stirring at room
temperature for 10 minutes. After completiop_of the
reaction, water was added thereto, and thermiXture was
extracted with dichloromethane. The extract was dried over
anhydrous sodium sulfate, the solvent was evaporated, and the
residue was subjected to silica gel column chromatography
(ethyl acetate) to yield 1.16 g of an amide cbmpound as a
colorless oily substance. The oily product was dissolved_in
20 m¢ of anhydrous tetrahydrofuran, and 8.1 m¢ of a 1.0 M
solution of a borane-tetrahydrofuran complex was added
thereto; followed by refluxing for 1 hour. After completion
of the reaction, 10 m¢ of a 10% hydrochloric acid was added
to the reaction mixture, followed by further refluxing for
1 hour. " After codling, sodium hydrogencarbonate powder was
added thereto for neutralization, and the mixture was
extracted with chloroform. The extract was dried over-
anhydrous sodium sulfate, the solvent was evaporatéd, and the

residue was purified by silica.gel column chromatography
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(ethyl acetate) to yield 529.3 mg of the title compound as a

colorless oily substance.

IR (KBr) cm™: 1514, 1486, 1260, 1028

'H-NMR (CDC?;) § ppm: - .
3.70-3.77 (4H, m), 3.79, 3.83, 3.88, 3.94 (each 3H,
s), 5.43 (2H, s), 6.62-7.61 (8H, m)

Elementary analysis for C;,HigN,Os5°1/2H,0:
Calcd. (%): C 67.70; H 6.92; N 9.86
Found (%): C 67.62; H 6.59; N 9.24

REFERENCE EXAMPLE 33 .

1—[(2-Methoxycarbonyl—4,S—dimethoiy)-

phenyllethyl-4-(2-methoxyphenyl )piperazine

To a tetrahydrofﬁran solution of 3.8 g of 1-[(2-
bromo-4,5~-dimethoxy)phenyl Jethyl-4-(2-methoxyphenyl)-
piperazine was added 6.4 m¢ of a 15% hexane solution of n-
butyl lithium at -78°C. After stirring for a while, 0.5 g of
solid carbon dioxide was added thereto. The solvent was
removed by evaporétion. Methanol was added to the residue,
and then about 1 m¢ of concentrated hydrochloric acid was
added, followed by heating under reflux overnight; The
reaction mixture was carefully neuﬁralized with a sodium
hydrogencarbonate agueous solution, and ethyl acetate was
added thereto. The organic la?er was separated. The aqueous
layer was made acidic, extracted with methylene chloride, and

again subjected to esterification. The resulting organic
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layer was evaporated, and the residue was crystallized from

ethanol to yield 530 mg of the title compound.

Melting point: 118°C

'H-NMR (CDCl;, 400 MHz) & ppm: — .
7.52 (s, 1H), 7.05-6.75 (m, 5H), 3.93 (s, 3H), 3.91
(s, 3H), 3.89 (s, 3H), 3.88 (s, 3H), 3.4-2.6 (m, 12H)

EXAMPLE 21
1-[2-[4,5-Dimethoxy-2-(2-

pyridyl)acetyl]phenyl Jethyl-4-(2-methoxy-
phenvl)piperazine Dihydrochloride Dihvdrate

To a tetrahydrofuran solution of lsguﬁg of.
diisopropylamine were successively added 1.0 ﬁﬂ.éf a 15%
hexane solution of n-butyl lithium and 145 mg of 2-picoline
at -78°C, followed by stirring for a while. To the solution
was added 650 mg.of 1-[(2-methoxycarbonyl-4,5-dimethoxy)-
phenyl]ethyl-4-(2-methoxyphenyl )piperazine. The temperature
was gradﬁally elevated to room temperature, at which the
mixture was stirred for 20 minutes. A saturated ammonium
chloride aqueous solution was added to the reaction mixture,
and the reaction mixture was extracted three times with ethyl
acetate. The organic layer was washed with a saturated
sodium chloride aqueous solution, dried over sodium sulfate,
and the solvent was evaporated. The residue was purified by
silica gel column chromatography (ethyl acetate:ethanol=10:1)
to yield 360 mg of the title compound.

Melting point:

179-181°C (once melted and then re-solidified)
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IR (cm™): 2500, 1682, 1520, 1504, 1344, 1272, 1246, 1124
'H-NMR (an equivalent mixture of keto form:enol
form=2:1) & ppm:
8.56 (d, J=4.9Hz, 2/3H) 8.28 (d, J=4.5Hz, 1/3H),
7.7-7.15 (m,.3H),' 7.05-6.75 (m, 6H), 5.62 (s, 1/3H),
4.42 (s, 2/3H), 3.92 (s, 2/3*3H), 3.91 (s, 1/3*3H),
3.90 (s, 2/3*3H), 3.99 (s, 1/3%3H), 3.87 (s, 2/3*%3H,
3.85 (1/3*3H), 3.3-2.6 (m, 12H)
REFERENCE EXAMPLE 34

Ethyl 5,6-Dimethoxy-1-(l-trityl- 4~
1m1dazolvl)methvl l1H-indazole-3- carboxvlate

In 5000 m¢ of dimethyl sulfoxide was suspended
250.2 g of ethyl 5,6-dimethoxyindazole-3-carboxylate, and
40.2 g of lithium methoxide was added to the suspension,
followed by stirring at room temperature for 1 hour. A
solution of 447.8 g of 4-chloromethyl-l-tritylimidazole in
2000 m¢ of dimethyl sulfoxide was addéd dropwise thereto at
room temperature over 10 minutes. After stirring at room
temperature for 2 hours, 4.2 g of lithium methoxide and
44.8 g of 4-chloromethyl-l-tritylimidazole were further added
thereto, followed by stirring at room temperature for 1 hour.
The reaction mixture was poured into 30000 m¢ of ice-water
while stirring. A precipitated crystal was collected, washed
with three 2000 m{ portions of water, and dried. The ;olid
was dissolved in 10000 m¢ of chloroform, and the solution was

dried over sodium sulfate, filtered, and the solvent was
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evaporated. The residue was purified by silica gel column

10

chromatography (chloroform:ethanol=50:1)'and recrystallized
from chloroform/isopropyl alcohol to yield 222.0 g of the
title compound as a colorless prism crystal. . |
Melting point: 184-186°C

IR (KBr) cm™': 1704, 1496, 1268, 1146, 1132, 1092, 748, 700
'H-NMR (CDC?,) § ppm:
1.21 (6H, d, J=5.9Hz, Me of iso-PrOH), 1.46 (3H, t,
J=7.3Hz), 3.93 (3H, s), 3.97 (3H, s), 4.01 (1H, m, CH
of iso-érOH), 4.49 (2H, q, J=7.3Hz), 5.61 (2H, s),
6.79 (1H, s), 7.03 (5H, m), 7.13 (1H,”s), 7.28 (10H,
m), 7.47 (1H, s), 7.51 (1H, s)
Elementary analysis for C,;sH;;N,0,+C3HO:
Calcd. (%): C 72.13; H 6.37; N 8.85
Found (%): C 71.53; H 6.37; N 8.70
REFERENCE EXAMPLE 35

5,6-Dimethoxy-1-(l-trityl-4-
imidazolyl imethyl-1H-indazole-3-methanol

In 1300 m¢ of tetrahydrofuran was suspended 222.0 g
of ethyl 5,6-dimethoxy-1-(1l-trityl-4-imidazolyl)methyl)~-1H-
indazole-3-carboxylate, having been ground to powder in a
mortar, at room temperature, and the suspension was cooled
with ice-water. To the suspension was added about 250.0 mi
of a 3.4M toluene solution of sodium bismethoxyethoxyaluminum.
hydride over 15 minutes, followed by stirring under ice-

cooling for 30 minutes. A supersaturated sodium sulfate
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aqueous solution was added to the reaction mixture. After

stirring for 1 hour, sodium sulfate was added thereto,
followed by filtration. The sodium sulfate on the filter was
washed with five 500 m¢ portions of hot chloroform. The
filtrate and the washing were combined and the solvent was
evaporated to yield 220.1 g of a ;olorless solid.
-Recrystallization of the solid from chloroform gave 181.0 g
of the title compound as a colorless prism crystal.
Melting point: 115-120°C (with decomposition)
IR (KBr) cm™
3216, 3172, 3008, 2936, 1510, 1488;.1475; 1444; 1302,
1260, 1172, 1156, 1128, 1102, 1036, 1014, 836, 764,
702, 678, 666, 636
'H-NMR (CDCl;) § ppm:
3.91 (3H, s), 3.92 (3H, s), 4.92 -(2H, s), 5.44 (2H,
s), 6.76 (1H, s), 6.95 (1H, s), 7.05 (5H, m), 7.26
(1H, s, CHC?¢3), 7.28 (1H, s), 7.31 (10H, m), 7.46
(1H, s)
Elementary analysis for Cj3H;,N,O;<CHCe,:
Calcd..(%): C 62.83; H 4.81; N 8.62
Found (%): C 62.50; H 4.63; N 8.42
REFERENCE EXAMPLE 36

3-Chloromethyl-5,6-dimethoxy-1-
{l-tritvl-4-imidazolyvl ) methvl-1H-indazole

In 1700 m¢ of dichloromethane was suspended 180.0 g

of 5,6-dimethoxy-1-(1l-trityl-4-imidazolyl)methyl-1H-indazole-
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3-methanol, having been ground to powder in a mortar, at room

temperature, followed by stirring while_cdoling with ice. To
the reaction mixture was added dropwise 48.6 m¢ of thionyl
chloride over 5 minutes. One minute later, the spot of the
starting material on a thin layer chromatogram
(chloroform:ethanol=30:1) disappeared The reaction mixture
was poured into 2000 m¢ of a saturated sodium
hydrogencarbonate.aqueous solution and extracted with 5000 m¢
of dhlbroform. The extract was dried over sodium sulfate,
filtered, and the solvent was evaporated to yield 165.1 g of
a colorless solid. This solid was used in ;he subsequent
reaction without further purification.
'H-NMR (CDC?,) & ppm:
3.95 (3H, s), 4.09 (3H, s), 4.83 (2H, s), 5.67 (2H,
s), 7.02 (8H, m), 7.37 (10H, m), 7.88 (1lH, br)
REFERENCE EXAMPLE 37

5,6~Dimethoxy-1-(1l-trityl-4-
imidazolvl imethyvl-lH-indazole~3-acetonitrile

In 1200 mé of dimethyl sulfoxide was suspended
165.0 g of 3-chloromethyl-5,6-dimethoxy-1-(l-trityl-4-
imidazolyl )methyl-1H-indazole, followed by stirring at room
temperature. To the suspension was added 43.6 g of potassium
cyanide, having been ground to powder in a mortar, and the
mixture was stirred at 70°C for 1 hour. The reaction ﬁixture
was cooled to room temperature and poured into 15060 m¢ of

water with vigorous stirring, followed by stirring for
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1 hour. A precipitated solid was collécted, washed with
three 1000 m¢ portions of water, and dissolved in 5000 m¢ of
chloroform. The solution was dried over.sodium sulfate,
filtered, and the solvent was evaporated. Silica gel column
chromatography (ethyl acetate) of the residue yielded 108.7 g
of a pale brown solid, which was Lsed in the next reaction as
such.
'H-NMR (CDCe;) & ppm:
3.92 (3H, s), 3.94 (3H, s), 3.97 (2H, s), 5.42 (2H,
s), 6.79 (14, s), 7.00 (1H, s), 7.0_;"'_('._11{, s), 7.06
(5H, m), 7.30 (10H, m), 7.46 (1H, s-) - |
REFERENCE EXAMPLE 38

5,6-Dimethoxy-1-(1-trityl-4-

imidazolyl )methyl-1H-indazole-3-acetic Acid
- In 1000 m¢ of ethanol was suspended 107.0 g of 5,6-

dimethoxy-1-(1l-trityl-4-imidazolyl)methyl-1H~indazole-3-
acetonitrile at room temperature, and a 10N sodium hydroxide
agueous solution, prepared from 40.0 g of sodium hydroxide
and 100 m¢ of water, was added thereto, followed by refluxing
for 6 hours. The reaction mixture was cooled to room
temperature and poured into 5000 m¢ of water. On adjusting
to pH 3 to 4 with 10% hydrochloric acid, a colorless solid
precipitated, which was collected by filtration, washed with
three 500 m¢ portions of water,-and dissolved in 5000 ﬁa of
chloroform. The solution was dried over sodium sulfate,

filtered, and the solvent was evaporated to yield 134.0 g of
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the title compound, which was used in the next reaction as

such.
'H-NMR (CDC?;) & ppm:
3.84 (3H, s), 3.87 (3H~s), 3.89 (2H, s), 5.43 (2H,
s), 6.76 (1H, s), 6.88 (1H, s), 6.93 (1H, s), 7.03
(5H, m), 7.28 (10H, m); 7.48 (1H, s)
EXAMPLE 22
4-(3-Chloro-2-methylphenyl)-1-((5,6-

dimethoxy-1-(l-trityl-4-imidazolyl)-
methyl-1H-indazol-3-yl)acetyl)piperazine

In 1000 m¢ of dichloromethane was suéggnded 134.0 g
of 5,6-dimethoxy-1-(1-trityl-4-imidazolyl)methyl 1H-indazole-
3-acetic acid. To the suspeﬁsion were added 63.5 g of 2,2-
dipyridyl disulfide and 75.6 g of triphenylphosphine,
followed by stirring at room temperature, whereupon the
suspension turned uniformly transparent. A solution of
60.7 g of 4-(3-chloro-2-methylphenyl)piperazine in 200 m¢ of
dichloromethane was added thereto dropwise over a period of
5 minutes, and the mixture was stirred at room temperature
for 5 hours. The solvent was removed under reduced
pressure, and to the residue-was added hot ethyl acetate,
followed by stirring. A precipitated solid was collected by
filtration, washed with two 500 m{ portions of ethyl acetate,
and dried to yield 140.4 g of a colorless solid. The solid
was purified by silica gel column chromatography

(chloroform:ethanol=30:1) to give 134.9 g of a colorless
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solid. Recrystallization from ethanol gave 120.0 g of a
colorless prism crystal.
| Melting point: 1Q3—105°C
IR (KBr) cm’': - ]
1646, 1628, 1508, 1466, 1450, 1430, 1260, 750, 702
'H-NMR (CDCl,) & ppm:
1.23 (1.2H, t, J=6.8Hz, Me of EtOH), 2.28 (3H, s),
2.55 (2H, m), 2.73 (2H, m), 3.67 (4H, m), 3.71 (0.8H,
q, J=6.8Hz, CH, of EtOH), 3.90 (3H, s), 3.93 (3H, s),
4.03 (2H, s), 5.43 (2H, s), 6.68 (1H,. s), 6.72 (1H,
d, J=8.3Hz), 6.90 (1H, s), 7.03 (7H, @), 7.14 (1H,
s), 7.27 (10H, m), 7.41 (1H, s)
Elementary analysis for C“H“Nghcc;0.4EtOH-th
Calcd. (%): C 70.10; H 5.70; N 10.70; Cl 4.72
Found (%): C 70.02; H 5.78; N 10.60; C¢ 5.11
EXAMPLE 23

3-(2-(4-(3-Chloro-2-methylphenyl)-l-piperazinyl)-
ethyl)-5,6-dimethoxy-1-(4-imidazolvimethyl)}-1H-indazole

In 1000 m¢ of tetrahydrofuran was suspended 120.0 g
of 4-(3-chloro-2-methylphenyl)-1-(5,6-dimethoxy-1-(1-trityl-
4-imidazolyl)methyl)indazol-3-yl)acetyl)piperazine. To the
suspension was added 800 m¢ of a 1.0M borane-tetrahydrofuran
.complex, followed by refluxing for 90 minutes. The regction
mixture was éooled to room temperature, and 30 m¢ of water
was added thereto to decompose the excess reagent.

Tetrahydrofuran was removed under reduced pressure, and
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150 m¢ of concentrated hydrochloric acid, 200 m¢ of water,
and 40 m¢ of ethanoi were added to the residue, followed by
stirring at 50°C for 1 hour. The aqueous layer was cooled to
'room temperature, made alkaline with potassium.carbonate,.and
extracted with 3000 m¢ of chloroform. The organic layer was
dried over sodium sulfate, filter;d, and the solvent was
evaporated. The residue was purified by silica gel column
chromatography (chloroform:ethanol=40:1) to yield a colorless

solid, which was then recrystallized from isopropyl

alcohol/isopropyl ether to give 71.0 g of the’ title compound

e

as a colorless prism crystal.
Melting point: 143-144.5°C
IR (KBr) cm™: 1510, 1464, 1432, 1272, 1238, 1206, 1006
'H-NMR (CDC{,) § ppm:
2.34 (3H, s), 2.78 (4H, m), 2.90 (2H, m), 2.97 (4H,
m), 3.17 (2, m), 3.90 (3H, s), 3.91 (3H, s), 5.45
(2H, s), 6.83 (1H, s), 6.84 (l1H, s), 6.92 (1H, m),
7.00 (1H, s), 7.09 (2H, m), 7.52 (1lH, s)
Elementary analysis for C,4H;NgO,Cl :
Calcd. (%): C 63.09; H 6.31; N 16.98; C? 7.16
Found (%).: C 62.93; H 6.30; N 16.88; C¢ 7.16

REFERENCE EXAMPLE 39

l-Benzyloxycarbonyl-4-(3-(2-ethoxycarbonyl)-
ethyl)carbonvlamino-2-methylphenvyl )piperazine

In 50 m{ of methylene chloride were dissolved 5.15 g

" of 4-(3-amino-2-methylphenyl)-l-benzyloxycarbonylpiperazine
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and 3.08 g of ethylsuccinyl chloride, and 5.17 g of potassium
carbonate was added thereto, followed by heating under reflux
for 2 hours. The reaction mixture was cooled to room
temperature, and methylene éhleride was added thereto. The
mixture was washed with water, dried over sédium sulfate,
filtered, and the solvent was evaéorated. The residue was
purified by silica gel column chromatogréphy (ethyl
acetate:hexane=1:2) to yield 5.32 g of the title compound.
'H-NMR (CDC?,) & ppm:

1.27 (3H, t, J=6.8Hz), 2.23 (3H, s), 2.71 (2H, m),

2.75 (24, m), 2.83 (4H, m), 3.66 (4H,“mj; 4.14.(2H,

q, J=6.8Hz), 5.17 (2ﬁ, s), 6.84 (1H, d, J=7.8Hz),

7.16 (1H, t, J=8.3Hz), 7.37 (5H, m), 7.53 (1H, d,

-J=7.8Hz)

EXAMPLE 24

5,6-Dimethoxy-1-(3,4-dimethoxybenzyl)-3-(2-(4-(2-ethyl-
3-{l-succinimidyl)phenyl-l-piperazinvl)ethvl)}-1H-indazole

In 50 m¢ of methanol was dissolved 1.50 g of 1-
benzyloxycarbonyl-4-(3-(2-ethoxycarbonylethyl)carbonylamino-
2-methylphenyl)piperazine, and 1.0 g of 10% palladium-on-
carbon was added thereto, followed by stirring at room
temperaturé in a hydrogen atmosphere for 2 hours. The
reaction mixture was filtered and the solvent was evaporated
to yield 0.99 g of 3-(2—ethoxycérbonylethy1)carbonylamino—z-
methylphenylpiperazine, which was used in the next reaction

without purification.
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In 30 m¢ of methylene chloride were dissolved 800 mg
of 5,6-dimethoxy-1-(3,4-dimethoxybenzyl)-1H-indazole-3-
ethanol and 270 mg of mesyl chloride. To the solution was
added 1.0 m¢ of triethylamine while stirring under cooling
with ice for 30 minutes. Methylene chloride was added to the
reaction mixture, and the reactioh mixture was washed with
water, dried over sodium sulfate, filtered, and the solvent
was evaporated. The residue was dissolved in 30 mf¢ of
dimethylformamide, and 990 mg of the above—preparéd 3-(2-
ethoxycarbonylethyl)carbonylamiﬁo—2—methylphé§ylpiperazine
and 3.0 g of potassium carbonate were addeé‘to the solﬁtion.
The mixture was stirred at 66°C for 2 hours. Dimethyl-
formamide was removed under reduced pressure, and the residue
was extracted with ethyl acetate. The extract was washed
with water, dried over sodium sulfate, filtered, and the
solvent was evaporated. The residue was purified by silica
gel column chromatography (ethyl acetate), and the resulting
solid was recrystallized from isopropyl alcohol to yield
520 mg of 5,6-dimethoxy-1~(3,4-dimethoxybenzyl)-3-(2-(4~(2-
methyl-3-(l-succinimidyl)phenyl)-1l-piperazinyl)ethyl)-1H-
indazole hemihydrate. '

Melting point: 99.5-103.5°C
Mass Spectrum (FAB): M'+1: 628

IR (KBr) cm™': 1780
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'H-NMR (CDCt,;) & ppm
2.08 (3H, s), 2.76 (4H, m), 2.93 (6H, m), 3.00 (4H,
m), 3.19 (2H, m), 3.79 (3H, s), 3.83 (3H, s), 3.87
(3H, s), 3.93 (3H, s), 5.43 (2H, 's), 6:62 (1H, s),
6.77 (4H, m), 7.03 (1H, s), 7.14 (1H, m), 7.27 (1H,
m)

Elementary analysis for CisH;;NsOgz+1/2H,0:
Calcd. (%): C 66.02; H 6.65; N 10.09
Found (%): C 65.98; H 6.95; N 10.08

REFERENCE EXAMPLE 40 L

e

4;4-Dimethvl—2—(2,4,5-trimethoxvphenvl)—Zro;azoline

To 30 g of trimethoxybenzoic acid was added 30 m¢ of
thionyl chloride, and the solution was heated under reflux
for 12 hours. Thionyl chloride was removed under reduced
pressure. The residue was added to 50 m¢ of a methylene
chloride solution containing 25 g of 2-amino-2-methyl-1-
propanol while cooling with ice, followed by stirring
overnight. A precipitate was removed by filtration, and the
solvent was removed under reduced pressure to yield an oily
amide compound. To the residual amide compound was added
dropwise 10 m¢ of thionyl chloride, followed by stirring, and
ethyl ether was added thereto. A precipitate was collected
by filtration, neutralized with a sodium hydroxide aqueous
solution, and extracted with methylene chloride. The solvent
was evaporated, and the residual crystal was washed with

hexane to yield. 22.4 g of the title compound.
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Melting point: 84-86°C

'H-NMR (coca;) § ppm:
7.30 (s, 1H), 7.26 (s, 1H), 6.53 (s, 1lH), 4.11 (s,
2H), 3.92 (s, 3H), 3.9Q (s, 3H), 3.87 -(s, 3H), 1.42
(s, 6H) |

REFERENCE EXAMPLE 41.

2-[4,5-Dimethoxy-2-(3,4-
dimethoxyphenyl)]-4,4-dimethvl-2-oxazoline

Dimethoxyphenylmagnesium bromide prepared from
bromoveratrol was slowly added to a tetrahydrofuran solution
of 2.65 g of 4,4-dimethyl-2-(2,4,5-trimethoxyphenyl)-2-
oxazoline, followed by stirring overnight. An ammonium
chloride aqueous solution was added thereto, and the mixture
was extracted with ﬁethylene chloride. The extract was
purified by silica gel column chromatography (hexane:ethyl
acetate=2:3-ethyl acetate). Recrysfallization from hexane
yielded 1.9 g-of the title compound.

Melting point: 109-110°C
'H-NMR (CDCl,) & ppm:

7.27 (s, 1H), 6.9-6.8 (m, 4H), 3.97 (s, 3H), 3.92 (s,

6H), 3.89 (s, 3H), 3.80 (s, 2H), 1.31 (s, 6H)

REFERENCE EXAMPLE 42

4,5-Dimethoxy-2-(3,4-dimethoxyphenyl)benzoic Acid
A solution of 2.6 g of 2-[4,5-dimethoxy-2-(3,4-
dimethoxyphenyl)]~4,4-dimethyl-2-oxazoline in methyl iodide

was stirred overnight to give 3.0 g of a precipitate. A 20%
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sodium hydroxide agueous solution was added to the
precipitate, followed by heating under reflux overnight. The
reaction mixture was neutralized with 5N hydrochloric acid
and extracted with methylene chloride. The solvent was
evaporated, and the resulting crystal was washed with ethanol
to yield 1.51 g of the title comp;und.
IR (cm™): 1692, 1508, 1256, 1176, 1026
'H-NMR (CDC?,) & ppm:
9.7 (bx, 1H), 7.52 (s, 1lH), 6.9-6.8 (m, 4H), 3.94 (s,
3H), 3.91 (s, 6H), 3.85 (s, 3H) T

REFERENCE EXAMPLE 43

4-Chloromethyl-1,2-dimethoxy-5-(3,4-dimethoxyphenvl)benzene

A tetrahydrofuran suspensién of 1.5 g of lithium
aluminum hydride was refluxed, and 2.43 g of 4,5-dimethoxy-2-
(3,4-dimethoxyphenyl )benzoic acid was added thereto. After~
allowing to cool, a supérsaturated sodium sulfate aqueous
solution was slowly added thereto. The precipitate was
removed by filtration. The solvent was evaporated, and the
residue was dissolved in methylene chloride. Concentrated
hydrochloric acid was added to the solution, and the mixture
was stirred for 2 hours, followed by extraction. Purifica-
tion by silica gel cplumn chromatography (hexane:ethyl
acetate=5:1 to 1:1) of the extract yielded 820 mg of the

title compound.
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7.1-6.9 (m, 4H), 6.78 (s, 1H), 4.52 (s, 2H), 3.95 (s,

'H-NMR (CDC{,) § ppm:

3H), 3.93 (s, 3H), 3.92 (s, 3H), 3.89 (s, 3H)

REFERENCE EXAMPLE 44 .

I[4,5-Dimethoxy-2-(3,4-dimethoxyphenyl) jphenyljacetic Acid

A dimethylformamide solution containing 1.4 g of 4-

chloromethyl-1,2-dimethoxy-5-(3,4-dimethoxyphenyl)benzene and
565 mg of potassium cyanide was stirred at 50°C for one day.
The solvent was removed under reduced pressure, and ethyl
acetate was added to the residue. The soluti?p was washed
successively with water and a saturéted soéium Eﬁloridé
aqueous solution. The solveﬁt was evaporated, and to the
residue were added 40 m{ of a 20% sodium hydroxide aqueous
solution and 15 m¢ of ethanol, followed by heating under
reflux overnight. After cooling, water was added, and the
' reaction mixture was washed.with ethyl ether. The aqueous
layer was rendered acidic with hydrochloric acid and
extracted with methylene chloride. The solvent was removed
under reduced pressure to yield 1.16 g of the title compound
as an oily substance.
'H-NMR (CDC?;) & ppm:
6.9-6.8 (m, 4H), 6.8 (s, 1H), 3.91 (s, 6H), 3.87 (s,

3H), 3.85 (s, 3H), 3.57 (s, 2H)
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EXAMPLE 25

1-[2-[4,5-Dimethoxy-2-(3, 4-d1methoxyphenyl)]-
phenvyl Jacetyl-4-(2-methoxyphenvl)piperazine

One drop of dimethylformamide was added to a thionyl

chloride solution of 517 mg of T[4,5-dimethoxyL2—(3,4-
dimethoxy-2-(3,4-dimethoxyphenyl )-]phenyl]acetic acid.
Thionyl chloride was removed by azeotropic evaporation with
benzene. To a methjlene chloride solution of the residue was
added 2-methoxyphenylpiperazine. After stirring for a while,
the organic layer was extracted and purified“py silica gel
column chromatography (hexane:ethyl acetate=l:l-ethyl
acetate) to yield 599 mg oflthe title compound.
'H-NMR (CDCe,;) & ppm:
7.0-6.7 (m, 9H), 3.91 (s, 6H), 3.87 (s, 6H), 3.85 (s,
3H), 3.9-3.6 (m, 2H), 3.4-3.2 (m, 2H), 3.0-2.8 (m,
2H), 2.8-2.6 (m, 2H)
EXAMPLE 26

1-[2-[[4,5-Dimethoxy-2-(3,4-dimethoxyphenyl) ]~

phenvyl Jethyl1-4-(2-methoxyphenyl )piperazine

To a tetrahydrofuran suspension of 150 mg of lithium
aluminum hydride was added 593 mg of 1-[2-[[4,5-dimethoxy-2-
(3,4—dimethoxyphenyl)]phenyl]acetyl]—4-(2—methoxyphenyl)—
piperazine while refluxing. After allowing to cool, a
supersaturated sodium sulfate aqueous solution was added to
the reaction mixture, followed by extracting with ethyl

acetate. The solvent was evaporated, and the residue was
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crystallized from isopropyl alcohol to yield 415 mg of the

~title compound.
Melting point: 111-113°C
IR (em™): 1504, 1464, 1252, 1174, 1340, 1026
'H-NMR (CDC{,;) § ppms:
8.0~7.7 (m, 9H), 3.92 (br s, 9H), 3.84 (s, 6H), 3.2-
2.9 (br, 4H), 2.9~2.4 (m, 8H) |
EXAMPLE 27

l1-(3-Chloro~2-methylphenyl)-4-[2-[[4,5-dimethoxy-
2-(3,4-dimethoxyphenyl) lphenvlijacetyl]-piperazine

The title compound was synthesized“ihja-yield of
748 mg in the same manner as ‘described above, except for
using 654 mg of [[4,5-dimethoxy-2-(3,4-dimethoxyphenyl)]-
phenyllacetic acid, 2.0 m¢ of thionyl chloride, and 500 mg of
(3-chloro-2-methylphenyl)piperazine.
'H-NMR (CDC(;) § ppm:
7.1-7.0 (m, 2H), 6.9-6.7 (m, 6H), 3.92 (s, 6H), 3.87
(s, 6H), 3.63 (s, 2H), 3.8-3.6 (m, 2H), 3.4-3.2 (m,
2H), 2.8-2.6 (s, 2H), 2.6-2.4 (m, 2H), 2.32 (s, 3H)
EXAMPLE 28

1-(3-Chloro-2-methylphenyl)-4-[2-[[4,5-dimethoxy~
. 2=(3,4-dimethoxyphenyl) Jphenyl jethyl]-piperazine

The title compound was synthesized in a yield of
540 mg in the same manner as described above, except for
using 740 mg of 1-(3-chloro-2-methylphenyl)-4~-[2-[[4,5-
dimethoxy—Z-(3,4—&imethoxyphenyl)]phenyl]acetyl]-piperazine
¥

and 170 mg of lithium aluminum hydride.
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Melting poiﬁt: 137-139°C

IR (cm™): 1504, 1464, 1250, 1136, 1008

'H-NMR (CDC¢,) § ppm:
8.2-7.7 (m, 8H), 3.93 (s, 9H), 3.87 (s; 3H), 3.2-2.5
(m, 12H), 2.30 (s, 3H)

EXAMPLES 29 TO 99

Compounds having the formula shown below, in which
the symbols, Rl,If, K, G, 2, and Q are defined in Table 3
below, were synthesized in the same manner as in the
foregoing Examples. Compounds wherein K igﬂxéﬂ are indole
compounds, and those wherein_K is "N" is ;ndaiolé compounds.
In these compounds, G is a 3,4-dimethoxybenzyl group unless
otherwise shown in the Table. In those compounds wherein R’
and R? both represent a methoxy group, the methoxy group is

at the 5- and 6-positions except where noted.
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Exampie
No.
(salt or

adduct)

29
{HC1)

30
(HCL)

31
(HCL. H,0)

32
(HC1. H,0)

33
(HC1)

34
(HC1)

35
(HCL)

36
(2HC1. H,0)

37
(HCL. H,0)

T e

R!, R?
-0Me, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe

I~

TABLE 3

This Sheet Has Been Rep

I

/oL
o]
C:z _ -(CHy),-

~(CH,),-
- (CHz)z‘

- (CHy) -

- (CHy),-

-{CH,),-
-(CHjy) -

-(CHz)z'

- (CH,),-

- 132 -

i

Y
l{l_.

PLACED

Melting
Q Point
- (°C)
127-129
0~
—_fg:;? 206-208
CH, CH,
- e N \
“ g\ '129-131
. ON=
-——fi:;? 128-132
0 o
—/
[
146-150
[
__<:::> 259-265
° 149-153
W
Q
g::>_'\
g CHy .127-131
\
CH,
Ny 197-202
1 HAS BEEN




Example
No.
(salt or

adduct)

38
(HCl. H,0)

39
(HC1. H,0)

40
(HC1. H,0)

41
(HC1)

42

(2HC1l. 2H,0)

43

(2HC1. 2H,0)

44
(2HCL. H,0)

45
(2HC1)

46
(HC1. H,0)

R!, B2
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -0OMe

I

This Sheet Has Been Replac
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Z Q
- CHy
- (CHz)z-
HyC
M
7 N\
- (CHZ)Z- —_— )
N L0
-(CHp)p= = '~ | ;::
2 2. . /_.0
H4C

-(CHy) 5~

- (CH,), N

- (CH,),- ;::2
Chy F

-(CHy) - 'c; ;::0
‘o

Melting
Point
(°C)

161-172

129-135

-161-166

74-77

205-206

193-197

142-149

182-189

110-120




This Sheet Has Been Réplaced

Example
No.
(salt or

adduct)

I

Rl Rr2

47

(HC1) -0Me, -OMe N

48
(2HCL.
1/2H,0)

-0OMe, -0OMe N

49
(2HCL.
3/2H,0)

-OMe, -OMe N

50
(HC1.
3/2H,0)

-0OMe, -OMe N

51

(2HCL) -OMe, -OMe N

52
(2HCL.
1/2H,0)

-OMe, -~-OMe N

53 -OMe, -OMe" N

54 -OMe, -OMe N

- 134 -

-(CH,),-
- (cﬂz)z—
-(CHZ)Z;
£
- (CH3),- @
Ct
-(CH,;),- zc
W
N
“(Cﬂz)z' CH3 —0
NH
\
CH,

Melting
Point
(°C)

180-185

195-202

183-185

119-131

173-178

107-111

103-104

106-108
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Example
No.
{salt or _ Melting
adduct) R}, R? K G 2 Q Point
(°C)
55 - - H
(2HC1) -OMe, -OMe N - (CHz) o~ _(/:\>_.|_F 2264-229
. N F
56 y \
(2HC1) -OMe, -OMe N | - (CHy)g- . 120-122
F
F
57
58 ' b
(HC1. H,0) ~Ote, -OMe N - (CHy),- S, 204-207
N
CH,
' ci
59
(HC1. H,0) ~OMe, -OMe N - (CHp) o~ ‘fj 194-1895
o
N
CH,
F F
60
(HC1. H,0) ~OMe. -OMe N ~(CH,),- “d 208.5-210
o]
\
CH,
61 -OMe, -OMe N -(CHy)q- —Q 111-112
CHy Ci )

62 -OMe, -OMe N - (CHy),- <:\> " 146-147.5

[ol]
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transverse fold lines 18 and 20 respectively. The base ﬁﬂ

Example
No.
(salt or

adduct)

63

64

65

66

67

68
(HC1)

69
(HCL. H,0)

70
(HCl1)

R!, R?
-0OMe, -OMe
-OMe, -OMe
-OMe, -0OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe

I=
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136

G 4 Q
- -F
- (CH,),-
cl
- (CHy) 5~ _Q
£ clt
CH,
o CH
-(Cﬂz)z— -t d 3
]”\ -(CH,), O
2 W,
N
N - (CH) 5~ .
l_ CH,
F e
- (CHy) - cH,
CH,
- (CHy) - 0% ; |
CH, CH,
-(CH,),- a CHy
; CH,
CH,

Melting

Point

(°c)

113.5-115

108-109

129-131

148-149

128-129

97-102

110-114

109-115




t.he carton conprises base panels 22 and 24 hinged to si_ae'
‘ s 22 o2 G o7 TN b
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Example
No.
(salt or Melting
adduct) R!, R? K G A Q Point
(°C)
- - N
71 OMe, -OMe N CH & 198-202
(io1y ~ ~OMe. -OMe ~(Chz)e- = -
- CHy CI
N
72 a
(26c1y  -OMe, -OMe N - (CH,),- ] 133-138
CHy
73 -OMe, -OMe N \/—@j -(CHp)p- 7 137-137.5 .
) = TcHy C1 -
: 131.5-
- - o . -
74 OMe, -OMe N /"@2‘J (CH,), —Q 132.5
e} CH3 cCi
75 -OMe, -OMe N - (CH,),- " 175-180
7 M
76 -OMe, -OMe N . =(CH,),- — 142-143
CH3 Cci
77 OMe, -OMe N (cH, 7 162-168
(2HC1) ' - (CHz)2- N -

78 -OMe, -OMe N -(CH;) - CH:Q 130-131

79 \
-OMe, -OMe N W o -(CHy),- @ 245-248
(HC1) e
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wal | panels 14 and 16 along transverse fold |ines 26 anﬁ;
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Example
No.
(salt or
adduct) Rl, R?
80 -OMe, -OMe
8l -OMe, -OMe
82 -OMe, -OMe
83
(HCL. H,0) -OMe. -OMMe
84 -OMe, -OMe
85 ~ -OMe, -OMe
86 -OMe, -~-OMe
87
(HCL. Hy0) ~OMe. -OMe
88
(2HC1) . -OMe, —OMe_

I~

138

G Z__ Q
- - OH
CHa'N \
3
"'CH3 [of}
“ =9
/. ’(Cﬁz)z"
— CHy Ci
OH '
I
~CHCH,- HoC  CI

X
w

(9]

O

| 1
Q— 0O Q=0
Q > O
m 0 [ ] :
~ nN
| 1
? ? al

HyC Cl
~-CH=CH-
CH,-

H G CH

CH, O—CH,
~(CHy), é
-(CHy),- :::; F

£

n

Melting
Point
(°C)

132-137

175-176

78-79

176-180

115.5-
116.5

156-157

131-133

125-128

111-116




28, resbect ively. A kee'!._f_.struct ure Kis formed from par};l.
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Example
No.
(salt or Melting
adduct) R!, Rr? K G z Q Point
(°C)
89 -OMe, -OMe N = -(CH,) ,- F 208-212
(2HC1. H,0) ’ 272 -
- CHy
%0 { “cny
-OMe, -OMe N -(CHy),-  CHy N 109-115

(ZHCL. 4H,0)

91 -OMe, -OMe N H ~(CH,) - —Q 175-176

92 -OMe, -OMe C H -(CH;) - 110-111
CH,
(ch31) -OMe, -OMe C LQ_S'CH’ -(CH,),- ‘Q 210-214
, H4C ct
94 N—
(3HCL) -OMe, -OMe C </ - (CHy) ,- 155-160
CHy CI
95
(HC1) -OMe, -OMe C \_<] - (CH,),- 212-214
CHy Ci
96 ° :
(HC1) -OMe, -OMe C \—Q_FFC“’ - (CH,) - 218-221
° CHy CI
97 )
(3HC1) -OMe, -OMe C »——@-r -(CHy)p- ‘-Q 238-240
N CHy CI )
28 OCH,
(CI.HLOA- ‘OMe, -OMe C _CHZ_ 133_134
1/2H,0) ocH, o
' CHj

=




sections 30, 32 and 34,:36. More specifically, the kegE.

Thxs‘ Sheet Has Been Repl
Example
No.
(salt or . . Melting
adduct) R!, R? K G _z Q Point
(°C)
99 o;g . J/A\%

(2HCL. -OMe, -OMe N ~(CH,),- 110-118

EXAMPLES 100 TO 118
Compounds having the formula shown below, in which

the symbols, Rl, Rz, G, Z2, and Q are defined in Table 4

below, were synthesized in the same manner-as -in_the

foregoing Examples. In those compounds wherein R' and R?

both represent a meﬁhoxy group, the methoxy group is at the

5- and 6-positions except where noted.
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structure conprises side walls 30 and-34-hinged to base,

This Sheet Has Beenfiﬁllii:ed
TABLE 4
Example
No.
(salt or L 2 Melting
adduct) R, R -G pA 0 Point
- ) (°c)
100 - -OMe, -OMe . H - (CHy) o~ OC 85-86
‘CH3
101 Hatma
~
(HC1) -OMe, -OMe -N<;] -(CH,) .- _@ 241-242
102 _ '@
(2HCl. -OMe, -OMe /csc—@ ~(CHy) - 7 X '204-209
a]
HzO) \
- CH,
103 ~ H;C-0
(2HC1l. -OMe, -OMe —N@ ~CH,- 218-220
EtOH) =
ina f“:
104 -OMe, -OMe N ¢ -(CH,),- 189-191
' - wo,cm 0~
105 —@
(2HC1. -OMe, -OMe ——G -(CH;) .- 222-225
H,0) ' %
CH,
° -
106 -OMe, -OMe I -(CH,),- 80-82
-NHC (CH,) ,CH, A
- CH,
107 5 H3C—0
184.5-
(2HC1.  -OMe, -OMe /\Q -(CH;),-
1/2H,0) \ / - 186.5
108 -OMe, -OMe , N\ 4/ ~(CH,),- 0>/: 128-130
— CH, \
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panel s 22 and 24 respeetively, along intefrupted transverse
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Example
No.

(salt or L 9 : Melting

adduct) R, R S © Z Q Point

(°c)
103 -OMe, . -OMe 7 —(CHz);— >/: 165-168
(HC1) _ ] : o

CH,0,C €o,CH, ‘@
110 -OMe, -0OMe I -(CH;) 5~ 5 98-100

CH,
111 TR £0,CH, —Q
(Ec1) ~ -OMe, -OMe TN ~(CHp)p-.. - /= 216-218
T CHy NN N ewy . G- .
CH,
112 ~-OMe OM 2 CH —-@ '
(HC1) ¢ TOTE ¢ —(CHz)p- 5 140-142
‘CHa .
~0 O~CH,y - @
113 _CH,
-OMe, -OMe 0 -(CH,),— -
(HC1) ’ (CH;). 5 175-176
O—CH3 \CH.,
~0 0~CH,
114 CH, )
(HCl)  ~OMe, -OMe o~ - (CHy) ,~ 186-187
o—CH, CHy CI
| ZN—-OH 0-CH,
115 . CH
(ac1) ~ ~OMe, -OMe 1@""/ 7 -(CHy),- . 230-231
- o-cH, CHy C1
116 -OM oM 2 CH
(2HC1) e, ~UHe ;N ~(CHz) - .229-233
- CHJ (o]
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fold lines 38 and 40. Reel K further conprises two top:;

A
Example
No.
(salt or . ) Melting
adduct) R, R G Z 0 Point
(°C)

\ .
117  -OMe, -OMe  Ne " ~(CHy) - 111-113
_Q\I:E ,CHa- 0‘
0 CH,
118 -OMe, -OMe \Tfi>”—°”3 ~(CHy) o ;:: 92-93
o

CH,

EXAMPLE 119

5,6-Dimethoxy-1- (4 1m1dazolylmethyl) -3-[2271-[4= (3 -chloro-
2—meth lphenyl)piperazinyliljethyl]-1H-indazole«2HCl.3.5H,0

A mixture of 4.95 g of 5,6-dimethoxy-1-(4-
imidazolylmethyl)-3-[2-[1-[4-(3-chloro-2-methylphenyl)-
piperazinyl]]ethyl]-1H-indazole and 20 ml of 1N hydfochloric
acid was stirred and to the mixture was added water till the
overall volume reached to 49.5 ml. The suspension was
refluxed with Stirring till the mixture turned to a clear
solution. After cooling to room temperature, the solution
was stirred at that temperature for overnight. A
precipitated crystal was collected'by filtration. The
crystal was dried under atmospheric pressure for two days to
yield 5.5 g of the titled compound as a colorless prism.

Melting point: 166-167°C
IR (KBr, cm™'): |
3400, 2850, 1625, 1505, 1460, 1425, 1245, 1150, 1010,

840.
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portions 32 and 36. Keel top panel partion 32 js.-
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'H-NMR (d¢-DMSO) § ppm: _
2.39 (3H, s), 3.30-3.80 (20H, m), 5.74 (2H, s), 7.15
(1H, dd), 7.28 (1H, s), 7.30 (1H, dd), 7.43 (1H, s),
7.52 (1H, s), 7.69 (1H.s), 9.13 (1H, s), 11.80 (1H,
bs), 14.80 (1H, bs). '

Elementary analysis for C%HnNghél-ZHCl-B.Sth
Calcd. (%): C 49.41; H 6.54; N 13.30; Cl 16.83
Found (%): C 49.15; H 6.44; N 13.29; Cl 16.99

REFERENCE EXAMPLE 45

5,6-Dimethoxy-1-[4~-(1- trltyllmldazolyl)—
methvllindazole-3-propionic ac1d

To an ice-cooled solution of diethyl malonate
(2.25 g) in tetrahydrofuran (50 ml), was added sodium hydride
(0.56 g) and the mixture was stirred for 15 minutes. To the
mixture was added dropwise a solution of 3-chloromethyl-5,6-
dimethoxy-l—[4—(l-tritylimidazolyl)ﬁethyl]indazole (7.70 g)

- in tetrahydrofuran (50 ml). After the mixtu:e was stirred
for 1 hour, the mixture was diluted with ethyl acetate. The
mixture was washed with water and dried over anhydrbus sodium
sulfate.

The solvent was evaporated and a residue (5.5 g,
diester derivative, 'H-NMR (400 MHz, ppm, CDClg) §: 1.14 (6H,
t, J=6.8Hz), 3.46 (2H, t, J=7.8Hz), 3.87 (3H, s), 3.90 (lH;
t, J=7.8Hz), 3.92 (3H, s), 4.09 (4H, g, J=6.8Hz), 5.38 (2H,
s), 6.64 (1H, s), 6.83 (1H, s), 6.97 (lH, s), 7.06 (6H, m),

7.29 (9H, m), 7.36 (1H, s)) was dissolved in a mixture of
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water and ethanol (1:1, v/v). To the solution was added

potassium hydroxide (1.32 g),land the mixture was heated
under reflux for 1 hour. The mixture was cooled to room
temperature and adjusted to pH_2.5 with 1N hydrochloric acid.
A precipitated solid was collected and dried (dicarboxylic
acid derivaﬁive, 4.40 g, 'H-NMR (;00 MHz, ppm, CDCl;) &: 3.54

(2H, t, J=5.9 Hz), 3.65 (1H, t, J=5.4Hz), 3.68 (3H, s), 3.90
(34, s), 5.09 (2H, s), 6.30 (1H, s), 6.43 (1H, s), 6.98 (7H,
m), 7.30 (9H, m), 7.74 (1lH, s)), then heated at 120°C for 30
minutes to yield 4.00 g of the titled compodﬁé.

'H-NMR (CDCl,;, 400 MHz) & ppm: S
2.81 (2H, t, J=7.3Hz), 3.17 (2H, t, J=7.3Hz), 3.85
(3H, s), 3.89 (3H, s), 5.32 (2H, s), 6.67 (1lH, s),
6.75 (1H, s), 6.93 (1H, s), 7.05 (6H, m), 7.29 (9H,
m), 7.74 (1H, s).

REFERENCE EXAMPLE 46

4-(3-Chloro-2-methylphenyl)-1-[[5,6-dimethoxy-1-[4~(1-
tritylimidazolyl)methyl-1H-indazol-3-vllpropvllpiperazine

To a mixture of 5,6-dimethoxy-1-[4-(1-
tritylimidazolyl)methylindazole-3-prgpionic acid (3.6 g) in
dichloromethane (30 ml) were added 2,2’'-dipyridyl disulfide
(1.66 g) and triphenylphosphine (1.98 g). Then a solution of
4-(3-chloro-2-methylphenyl)piperazine (1.60 g) in '
dichloromethane (30 mlj was added to the mixture in 1 ﬁinute.
The mixture was stirred for additional 1 hour, and then

diluted with dichloromethane. The mixture was washed with
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fold line 42 whilst keéFtop pamer—portion 36 is hingably
This Sheet Has Been Replaced

[T

water, dried over anhydrous sodium sulfate, and the solvent

was removed under reduced pressure. A residue was

chromatographed on silica gel using ethyl acetate as an

eluant to yield 4.3 g of the tirled compound. .

'H-NMR (CDCl,, 400 MHz) § ppm:
2.32 (34, s), 2.57 (2H, m), 2.72 (2H, m), 2.83 (2H,
t, J=7.8Hz), 3.25 (2H, t, J=7.8Hz), 3.49 (2H, m),
3.74 (2H, m), 3.87 (3H, s), 3.92 (3H, s), 5.40 (2H,
s), 6.69 (1H, s), 6.77 (1H, d, J=7.8Hz), 6.84 (1H,
s), 7.01 (1H, s), 7.05 (6H, m), 7.{? {2H,.m),.7.29
(9H, m), 7.35 (1H, m). S |

ExAﬁPLE'120

5,6-Dimethoxy-1-(4~imidazolylmethyl)-3-[2-[1-[4-
(3-chloro-2-methylphenvl)piperazinyli]]propyl]-1H-indazole

. To a solution of 4-(3-chloro-2-methylphenyl)-1-[[5,6-
dimethoxy—l—[4-(i—tritylimidazolyl)methyl]—lH—indaiol-B—
yl]lpropyl]piperazine (4.3 g) in tetrahydrofuran (100 ml), was
added 1.0M solution of borane-tetrahydrofuran complex (56

. ml), and the mixture was refluxed under an argon gas
atmosphere for 90 minutes. The mixture was cooled to room
temperature and water was added to the mixture. Tetrahydro-
furan was removed under reduced pressure, and to the mixture
were added concd. hydrochloric acid (10 ml), water (10 ml)
and ethanol (20 ml); The mixture was stirred at 50°C for 1
hour, then cooled to the room temperature. The mixture was

adjusted to alkaline, then extracted with chloroform. The

- 146 -




COﬂHQQLQQ_LQ_keeL—steiﬁaII panel 34 al ong interruptedmfpld
heet Has Been Replaced

T M

extract was dried over anhydrous sbdium sulfate, filtered,
and the solvent was evaporated. A residue was
chromatographed on silica gel with a mixture of chloroform
and ethanol (40:1, v/v) as an elﬁant. .
A crude product was collected and recrystallized from
a mixture.of isopropanol and isoé?opyl ether to yield 2.8 g
of the title compound as a colorless prism.
Melting point: 85-89°C
'H-NMR (CDCl,, 400 MHz) § ppm:
2.03 (2H, m), 2.32 (3H, s), 2.53 (2H,'t J=7. 8Hz),
2.63 (4H, m), 2.91 (6H, m), 3.91 (3H, s), 3.92 (3H,
s), 5.45 (24, s), 6.85 (1H, s), 6.92 (1H, m), 6.96
(l1H, s), 7.08 (2H, m), 7.54 (1H, d, J=1.0Hz).
Elementary analysis for C,;H;3N,0,Cl: '
Calcd. (%): C 61.53; H 6.69; N 15.94; C1 6.73
Found (%): C 61.44; H 6.98; N 15.66; Cl‘6.59
EXAMPLE 121

5,6-Dimethoxy-1- (4—morphollnosulfonamldebenzyl) 3-[2-[1-
1[4~ (3 chloro- 2—methvlphenvl)plpera21nvl11ethvl1 l1H-indazole

To a mixture of 3-[2-[1-[4-(3-chloro-2-methylphenyl)-
piperazinyl]]ethyl])-1H-indazole (700 mg) in_dimethylsulfoxide
(10 ml), iithium methoxide (140 mg) was added and the mixture
was stirred at room temperature for 15 minutes. Then a
solution of 4-morpholinosulfonamidebenzyl brogide (1576 mg,
68% purity, containing 32% of 4-morphlinosulfonamidebenzyl-

alcohol) in dimethylsulfoxide (10 ml) was added to the

- 147 -

THIS SHEET HAS BEEN
EPLACED




ey

l.i ne 44. Keel top paﬁ%l 32 conprises a tab receiving...

This Sheet Has Been Rep

T

solution in 1 minute. The mixture was stirred at 50°C for 1
hour. The mixture was poured into water, and a solid
precipitated was collected and washed with water, then dried.
The solid was dissolved in chquoform and the solution was
dried over anhydrous sodium sulfate. The solvent was
gvaporated and a residue was chrohatographed on silica gel
using a mixture of chloroform and ethanol (100:1, v/v) to
vield 0.84 g of the titled compound as a white solid.
IR (KBr, cm™):
2952, 2824, 1590, 1512, 1466, 1434, 1352, 1262, 1166,
1114, 1094, 1004, 944, 730 . '
'H-NMR (CDCl,, 400 MHz) § ppm:
2.35 (3H, s), 2.77 (4H, m), 2.97 (10H, m), 3.21 (2H,
m), 3.73 (4H, m), 3.90 (3H, s), 3.95 (3H, s), 5.58
(2H, s), 6.60 (1H, s), 6.95 (1H, m), 7.09 (3H, m),
7.24 (2H, m), 7.67 (2H, m). |
EXAMPLE 122

5 6-Dimethoxy-1-(4-pyridylmethyl)-3-[2-[1-[4-
{3- chloro 2-methylphenvl)piperazinyvl]jethyl]-1H-indazole

To a mixture of 3-[2-[1-[4-(3-chloro-2-methylphenyl)-
piperazinyl]]jethyl]-1H-indazole (1 g) in dimethylsulfoxide
(10 ml), was added lithium methoxide (200-mg),.and the
mixture was stirred at 50°C for 15 minutes. Then, to the
solution was added 4-chloromethylpyridine hydrochloridé (433
mg), and the mixture was stirred at 50°C for 1 houf‘ The
mixture was poured into watef, and a solid precipitated was

}
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collected, washed with water and dried. The solid was
dissolved in chloroform and the solution was dried over
anhydrous sodium sulfate.

The solvent was evaporated and a residue was
chromatographed on silica gel using a mixture of chloroform
and ethanol (15:1, v/v) to yield 535 mg of the titled
compound as a colorless needle.

Melting point: 117-118.5°C
IR (KBr, cm'):

2820, 1512, 1464, 1432, 1416, 12705'1238,_1212, 1162,

1132, 1038, 1006 | I |
'{-NMR (CDCl,, 400 MHz) § ppm:

2.35 (3H, s), 2.76-2.91 (4H, m), 2.93-2.97 (6H, m),

3.17-3.21 (2H, m), 3.87 (3H, s), 3.94 (3H, s), 5.50

(2H, s), 6.56 (1H, s), 6.94-6.97 (3H, m), 7.07-7.10

(34, m), 8.52 (2H, d, J=4.40Hz).

‘Elementary analysis for C,gH;,Ns0,Cl:
Calcd. (%): C 66.46; H 6.37; N 13.84; Cl 7.01
Found (%): C 66.43; H 6.42; N 13.74; Cl 7.26
EXAMPLE 123

3-[2-[1-[4~(3-Chloro-2-methylphenyl)piperazinyl]Jethyl]-
l-(4-imidazolylmethyl)-5,6-methvlenedioxy-1H-indazole

1.0M solution of borane-tetrahydrofuran complex
(10 ml) was added to 4-(3-chloro-2-methylphenyl)-1-[[5,6-
dimethoxy-1-[4-(l-tritylimidazolyl)methyl]~1H-indazole-3-

yljethyl ]piperazine (1.91 g) in tetrahydrofuran (10 ml) and
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refluxed under an argon atmosphere for 90 minutes. The

reaction mixture was cooled to room temperature and then
added water for the break of excess reagents. After
evaporation of tetrahydrofuran,_conc. hydrochloric acid
(1.0 ml), water (1.0 ml) and ethanol (2.0 ml) were added to
this mixture, then stirred at 50°& for 1 hour. The reaction
mixture wés cooled to room temperature and adjusted to
alkaline, then extracted Qith chloroform. Organic layer was:
dried over anhydrbus sodium sulfate and was filtered and the
solvent was evaporated. The residue was chromatographed on
silica gel with a mixture of chloroform-anéﬂethéﬁol (25:1)
and recrystallized with isopfopyl alcoholéisopropyl ether to
yield 820 mg of 3-[2-[l-[4-(3-chloro-2-methylphenyl)-
pipefézinyl]]ethyl]-1-(4-imidazolylmethyl)-5,6—
methylenedioxy-1H-indazole as colorless crystals.
Melting point: 176-177°C
IR (KBr, cm’'):
2944, 2900, 2832, 1462, 1374, 1274, 1244, 1004, 938,
838. |
'H-NMR (CDCl,, 400 MHz) & ppm:
2.34 (3H, s), 2.73 (4H, m), 2.82-2.86 (2H, m), 2.93-
2.95 (4H, m), 3.08-3.12 (2H, m), 5.40 (2H, s), 5.97
(2H, s), 6.79-6.96 (2H, m), 6.94 (1H, s), 7.06-7.10
(1H, m), 7.09 (1H, s), 7.54 (1H, s), 9.62 (1lH, s).
While the invention has been described in detail and

with reference to specific examples thereof, it will be
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apparent to one skilled in the art that various changes and

\

modifications can be made therein without departing from the

spirit and scope thereof.
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WHAT IS CLAIMED IS:

1. A compound represented by formula (I):
I
R—Z-N N-Q (1)
N/

wherein

Q represents

an aryl group,

a heterocyclic group,
a diarylmethyl group,
an aralkyl group composed of an aryl group and an alkylene
group having from 1 to 6 carbon atoms,

an alkyl group having from 1 to 8 carbon atoms,

or a cycloalkyl group having from 3 to 8 carbon atoms,

in which the aryl group, heterocyclic group, and the aryl
moiety of the diarylmethyl group and aralkyl group may be
substituted with one or more substituents selected from a
group of

an alkyl group having from 1 to 6 carbon atoms,

an alkoxyl group having from 1 to 6 carbon atoms,

a trifluoromethyl group,

a 2,2,2-trifluorocethyl group,

a trifluoromethoxyl group, s Sheet Has Been Replaced

st oo i
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an alkylthio group having from 1 to 6 cafbon atoms,

an alkylsulfinyl group having from 1 to 6 carbon atoms,

an alkylsulfonyl group having from 1 to 6 carbon atoms,

an alkanoyl group composed of an alkyl group having from 1 to
6 carbon atoms and a carbonyl group,

an alkanoyloxy group having from é to 7 carbon atoms,

an alkanoylamino group having from 2 to 7 carbon atoms,

an amino group,

a monoalkylamino group having from 1 to 6 carbon atoms in the

alkyl moiety thereof, '“; )

a dialkylamino group having from 1 to. 6 caggon'éfoms iﬁ each
alkyl moiety thereof, |

a hydroxyl group,

a halogen atom,

a perfluoroalkyl group having from 2 to 6 ¢arbon atoms,

a cyano group, |

a nitro group,

a carboxyl group,

an alkoxycarbonyl group composed of an-alkoxyl group having
from 1 to 6 carbon atoms and a carbonyl group,

a tetrazolyl gfoup,

a sulfamoyl group,

a methylenedioxy group,

an ethylenedioxy group,

a morpholinosulfonyl group, | This Sheet Has Been Replaced

¢ pipersisontons srow, |IIIIIIHIIIIHMHIHIII
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a 4-alkylpiperazinosulfonyl group having from 1 to 6 carbon
atoms,

a 4-dialkylaminopiperidino group having from 1 to 6 carbon
atoms in each alkyl moiety thexeof, | -

a 4-monoalkylaminopiperidino group having from 1 to 6 carbon
atoms in the alkyl moiety thereof;

and a 4-aminopiperidino group;

R represents a bicyclic nitrogen-containing heterocyclic

group,

or a phenyl group,

kg

in which the nitrogen-containing heterocyclic‘gféup is-
composed of a 6-membered riné and a 5-membered ring,

one or two nitrogen atoms are present on the 5-membered ring,
the 5-membered nitrbgen-containing ring may be an aromatic
ring or a saturated ring,

the nitrogen-containing séturated ring may contain a ketone
moiety,

and the phenyl group or the 5-membered ring of the bicyclic
heterocyclic group is substituted by a substituent G selected
from a group of

an alkyl group having from 1 to 6 carbon atéms,

a substituted or unsubstituted phenyl group,

a benzoyl group with the phenyl moiety thereof substituted or
unsubstituted,

a benzylcarbonyl group with ﬁhe phenyl moiety thereof

subs¥ituted or unsubstituted,

This Sheet Has Been Replaced - 154 -
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a benzoylmethyl group with the phenyl moiety thereof
substituted or unsubstituted, _
an a-hydroxybenzyl group with the phenyl moiety thereof
substituted or unsubstituted, _ .
a substituted or unsubstituted 5-membered aromatic
- heterocyclic group containing a n;trogen atom, an oxygen atom
or a sulfur atom as a hetero atom (wherein a nitrogen atom is
present as the hetero atom; this has a hydrogen atom or an

alkyl group having from 1 to 6 carbon atoms, or it is the

site of bonding tc the bicyclic nitrogen-containing

-

heterocyclic group or the phenyl group),
a substituted or unsubstituted 5-membered aromatic
heterocyclic group containing one nitrogen atom and, a
nitrogen atom, an oxygen atom or a sulfur atom as the second
hetero atom (wherein a nitrogen atom is present as the second
hetero atom, this has a hydrogen atom or an alkyl group
having from 1 to 6 carbon atoms, or it is the site of bonding
to the bicyclic nitrogen-containing heterocyclic group or the
phenyl group),

a substituted or unsubstituted 5-membered aromatic
heterocyclic group containing two nitrogen atoms énd, a
nitrogen atom, an oxygen atom or a sulfur atom as the third
hetero étom (wherein a nitrogen atom is present as the. third
hetero atom, this has a hydrogen atom or an alkyl group

having from 1 to 6 carbon atoms, or it is the site of bonding

This Sheet Has Been Replaced
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to the bicyclic nitrogen-containing heterocyclic group or the
phenyl group),

a substituted or unsubstituted 6-membered aromatic
heterocyclic group containing ane or two nitrogen atoms,

a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted S-meﬁbered aromatic heterocyclic
group containing a nitrogen atom, an oxygen atom or a sulfur
atom as a hetero atom (wherein a nitrogen atom is present as
the hetero atom, this has a hydrogen atom or an alkyl group
having from 1 to 6 carbon atoms) and an alkylgpe group of
from 1 to 3 carbon atoms, ST |

a heterocyclic group substituted-alkyl group composed of a
‘substituted or unsubstituted 5-membered aromatic heterocyclic
group containing one nitrogen atom and, a nitrogen atom, an
oxygen atom or a sulfur atom as the .second heteroc atom
(wherein a nitrogen atom is present as the second hetero
atom, this has a hydrogen atom or an alkyl group having from
1l to 6 carbon atoms or it is the site of bonding to the
alkylene group) and an alkylene group of from 1 to 3 carbon
atoms,

a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted S5-membered aromatic heterocyclic
group containing two nitrogen atoms and, a nitrogen atom, an
oxygen atom or a sulfur atom as the third hetero atom

(wherein a nitrogen atom is present as the third hetero atom,

this has a hydrogen atom or an alkyl group having from 1 to 6

This Sheet Has Been Replaced - 156
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carbon atoms or it is the site of bonding to the alkylene
group) and an alkylene group of from 1 to 3 carbon atoms,

a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted 6-membered aromatic heterocyclic
group containing one or two nitrogen atoms and an alkylene
group of from 1 to 3 carbon atoms)

a phenylhydroxyalkyl group composed of an alkylene group
having one hydroxyl group and 2 to 3 carbon atoms and a
substituted or unsubstituted phenyl group,

a 2-phenylethenyl group wherein the phenyl gfde may be
substituted, Tl '
a tetrazolyl group;

a morpholino group,

an alkanoylamino group-having from 2 to 7 carbon atoms,

a tetrazolylalkyl group composed of a tetrazolyl group and an
alkylene group having from 1 to 3 carbon atoms wherein the
alkylene group is bonded to the carbon atom or nitrogen atom
of the tetrazolyl group, |

a morpholinocalkyl group cémposed of a morpholino group and an
alkylene group having from 1 to 3 carbon atoms,

a 4—alkoxycarbonylcyclohexyl group having from 1 to 6 carbon
atoms in the alkoxyl group thereof,

an alkoxycarbonyl group having from 1 to 6 carbon atoms in

the alkoxyl moiety thereof,

This Sheet Has Been Replaced
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an alkoxycarbonylalkyl group composed of an alkoxyl group
having from 1 to 6 carbon atoms and an alkylene group having
from 1 to 3 carbon atoms,

a l-alkylindol-2-yl group having from 1 to 6 carbon atoms in
the alkyl moiety thereof wherein the indole moiety may
further be substituted, -

a substituted or unsubstituted pyrrolidon-l-yl group,

a 2-guanidinothiazolyl group,

a (2-guanidinothiazolyl)alkyl group composed of a 2-
guanidinothiazolyl group and an alkylene grohg having from 1
to 3 carbon atoms, ‘ T |

a substituted or unsubstituted 1,4-dihydropyridyl group;

a (4-alkylpiperazino)alkyl group composed of a 4-alkyl-
piperazine having an alkyl group of from 1 to 6 carbon atoms
and an alkylene group of from 1 to 6 carbon atoms,

a [4-(morpholinosulfonyl)phenyl]alkyl group composed of 4-
(morpholinosulfonyl )phenyl group and an alkylene group of
from 1 to 6 carbon atoms,

a [4-(piperazinosulfonyl)phenyljlalkyl group composed of 4-
(piperazinosulfonyl )phenyl group and an alkylene group of
from 1 to 6 carbon atoms,

a [4—(4—alkylpiperaéinosulfonyl)phenyl]alkyl group composed
of 4-(4-alkylpiperazinosulfonyl)phenyl group wherein the
alkyl group on piperazino group is that of from 1 to 6 carbon

atoms, and an alkylene group of from 1 to 6 carbon atoms,

I —
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an alkoxycarbonylalkyl group composed of an alkoxyl group of
from 1 to 6 carbon atoms. and a carbonyl group and an alkylene
group of from 1 to 6 carbon atoms,

a carboxyalkyl group composed of a carboxyl group and an
alkylene group of from 1 to 6 carbon atoms,

a [4-(4-dialkylaminopiperidino)pﬂényl]alkyl group composed of
a phenyl group having a 4-dialkylaminopiperidino group at 4-
position, wherein each of the alkyl moiety of the dialkyl-
amino group has from 1 to 6 carbon atoms independently, and
an alkylene group of from 1 to 6 carbon atoms,

a [4- (4-monoalkylamlnoplperldlno)phenyl]alk;l group composed
of a phenyl group having a 4-monoalkylaminopiperidino group
at 4—position, wherein the alkyl moiety of the monocalkylamino
group has from 1 to 6 carbon atoms, and an alkylene group of
from 1 to 6 carbon atoms,

a [4-(4-aminopiperidino)phenyljalkyl group composed of a
phenyl group having a 4-aminopiperidino group at 4-position
and an alkylene group of from 1 to 6 carbon atoms,

a (4-dialkylaminopiperidino)alkyl group composed of a 4-
dialkylaminopiperidino group, wherein each of the aikyl
moiety of the dialkylamino oroup has from 1 to 6 carbon atoms
independently, and an alkylene group of from 1 to 6 carbon
atoms,

a (4-alkylaminopiperidino)alkyl group composed of a 4-

alkylaminopiperidino group, wherein the alkyl moiety of the
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alkylamino group has from 1 to 6 carbon atoms, and an

alkylene group of from 1 to 6 carbon atoms,

a (4-aminopiperidino)alkyl group composed of a 4-
aminopiperidino group and an alkylene group of. from 1 to 6
carbon atoms,

a phenylalkyl group composed of ; substituted or
unsubstituted pheﬁyl groﬁp and an alkylene grbup of from 1 to
6 carbon atoms,

and a hydrogen atom,

wherein in case the substituent G hasg a

Tl

substituent(s), the substituent(s) is-a.ﬁemberks)

selected from a groué of

an alkyl group having from 1 to 6 carbon atoms,

an alkoxyl group having from 1 to 6 carbon atoms,

a trifluoromethyl group,

a 2,2,2-trifluoroethyl group,

a trifluoromethoxyl group,

a 2,2,2-trifluoroethoxyl group,

an alkylthio group having from 1 to é carbon atoms,

an alkylsulfinyl group having from 1 to 6 carbon

atoms,

an alkylsuifonyl'group having from 1 to 6 carbon

atoms, | | |

an alkénoyl group composed of an alkyl group having

from 1 to 6 carbon atoms and a carbonyl gréup,

¥ an alkanoyloxy group having from 2 to 7 carbon atoms,

I
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an a;kanoylamino group having from 2 to 7 carbon
atoms,

an amino group,

a monoalkylamino group -having from 1 to 6 carbon
atomé in the alkyl moiety thereof,

a dialkylamino group haviﬁg from 1 to 6 carbon atoms
in each alkyl moiety thereof,

a hydroxyl group,

a halogen atom,

a perfluoroalkyl group having from 2 to 6 carbon

P

atoms,

a cyano group,

a nitro group,

a carboxyl group,

an alkoxycarbonyl group composed of an alkoxyl group
having from 1 to 6 carbon atoms and a carbonyl group,
a tetrazolyl group,

a sulfamoyl group,

a methylenedioxy group,

an ethylenedioxy group,

a morpholinosulfonyl group,

a piperazinosulfonyl group,

a 4-alkylpiperazinosulfonyl group having from 1 to 6
carbon atoms,

a 4-dialkylaminopiperidino group having from 1 to 6

carbon atoms in each alkyl moiety thereof,
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a 4-monoalkylaminopiperidino group having from 1 to 6
carbon atoms in the alkyl moiety thereof,
and a 4-aminopiperidino group;
and Z represents - .
an alkyléne group having from 1 to 3 carbon atoms,
an alkenylene group having from 2-to 4 carbon atoms,
an alkylene group having one hydroxyl group and from 1 to 3
carbon atoms,
a carbonyl group,
an alkylene group containing a carbonyl grodp;at one end or
on the middle of the carbon chain thereof,h‘ - |
or an oxalyl group,
or a salt thereof.

2. A compound as claimed in claim 1, wherein the

substituent R has a structure represented by the following

9516 l {‘
B R2 81’\ | .
TTiﬁ’iiﬁ‘fi’ii:ﬁiﬂ“:i] i
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wherein G is as defined in claim 1, and R! and R?

independently represents.

an alkyl group having from 1 to_6 carbon atoms;,

an alkoxyl group having from 1 to 6 carbon atoms,

a trifluoromethyl group;

a 2,2,2-trifluoroethyl group,

a trifluoromethoxyl group,

a 2,2,2-trifluorcethoxyl group,

an alkylthio group.having from 1 to 6 carbonugiémg, -

an alkylsulfinyl group having from 1 to 6 carbon aéoms,

an alkylsulfonyl group having from 1 to 6 carbon atoms,

an alkanoyl group composed of an alkyl grdup having from 1 to.
6 carbon atoms and a carbonyl group, |
an alkanoyloxy group having from 2 to 7 carbon atoms,

an alkanoylamino group having from 2 to 7 carbon atoms,

an amino group,

a monoalkylamino droup having from 1 to 6 carbon atoms in the
alkyl moiety thereof,

a dialkylamino group having from 1 to 6 carbon atoms in each
alkyl moiety thereof,

a hydroxyl group,

a halogen atom,

a perfluoroalkyl group having from 2 to 6 carbon atoms,

a cyano group,

a nitro group, This Sheet Has Been Replaced
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an alkoxycarbonyl group composed of an alkoxyl group having
from 1 to 6 carbon atoms and a carbonyl group,
a tetrazolyl group, -
a sulfamoyl group,
a methylenedioxy group,
an ethylenedioxy group,
a morpholinosulfonyl group,
a piperazinosulfonyl group,
a 4-alkylpiperazinosulfonyl group having from:&‘gb-s'barbbn
atoms, |
a 4-dialkylaminopiperidino group having from 1 to 6 carbon
atoms in each alkyl moie£y thereof,
a 4-monoalkylaminopiperidino group having from 1 to 6 carbon
atoms in the alkyl moiety thereof,
or a 4~aminopiperidino'group.

3. A compound as claimed in claim 2, wherein the
substituent R has a structure represented by the following

formula:

R‘i

x -

' l This Sheet Has Been Replaced
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4. A compound as claimed in claim 2, wherein the

substituent R has a structure represented by the following
' ,  E—
formula: ] hﬂSSEgETHASBEEN
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5. A compound asnclaimed in claim 1, 2, 3, or 4,
wherein the substituent Q is a phenyl group having at least
one substituent at the meta-position of the connecting
position of the phenyl group to the piperazine“mdiety.

6. A compound as claimed in claim 5, wherein the
meta-substituent of the phenyl group is a halogen atom.

7. A compound as cléimed in claim 6, wherein Q is a
2-methyl-3-chlorophenyl group.

8. A compound as claimed in claim 1, 2, 3, 4, 5, 6,
or 7, wherein 2 is the alkylene group hafing 2 or 3 carbon
atoms.

9. A compound as claimed in claim 8, wherein Z is
the alkylene group having 2 carbon atoms.

10. A compound as claimed in claim 1, 2, 3, 5, 6, 7,
8, or 9, wherein the substituent R has a 5,6-dimethoxy-1H-
indazole moiety. .

11. A compound as claimed in claim 1, 2, 3, 53, 6, 7,
8, or 9, wherein the substituent R has a 5,6-methylenedioxy-
l1H-indazole moiety.

12. A compound as claimed in claim 10 or 11, wherein

the substituent G on R is a member selected from a group of a
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3,4-dimethoxybenzyl group, 4-imidazolylmethyl group, a 2-
pyiidylmethyl group, 3-pyridylmethyl group and a 4-
pyridylmethyl group.

13. A compound as claimed in claim 1, 2, 4, 5, 6, 7,

8, or 9, wherein the substituent R has 2-substituted-4,5-

dimethoxyphenyl moiety.

14. A compound-.a claimed in claim 1, 2, 4, 5, 6, 7,
8, or 9, wherein the substituent R has 2-substituted-4,5-

methylenedioxyphenyl moiety.

L
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ABSTRACT OF THE DISCLOSURE

A compound represented by formula (I):

N | (1)

wherein Q represents an aryl group, a heterocyclic group, a
diarylmethyl group, an aralkyl group composed of'gn aryl
.group and an alkylene group, an alkyl grbup.ofﬂa-ciéloalkyl
group, in which the aryl group, heterocyclic group, and the
aryl moiety of the diarylmethyl group and aralkyl group may
be substituted with one or more substituents; R represents a
bicyclic, subsﬁituted, nitrogen~-containing heterocyclic group
or a substituted phenyl group, in which the nitrogen-
containing heterocyclic group is composed of a 5-membered,
substituted, arocmatic or saturated ring containing one or two
nitrogen atoms and a 6-membered ring; and Z represents an
kylene group,‘an alkenylene group, an alkylene group, a
carbonyl group, an alkylene group containing a carbonyl group
or an oxalyl group,
or a salt thereof. The compound has calmodulin inhibitory
activity and is useful as a treating agent for disease§ in
the circulatory organs or in the cerebral region which are
caused by excessive activation of calmodulin.
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This invention relates to a piperazine derivative or

a salt thereof which is useful as a treating agent for |

diseases in circulatory organs and the cerebral region.

BACKGROUND OF THE INVENTION

Some piperazine derivatives exhibit activities toward

the central nervous system, such as anti-anxiety activity and

anti-convulsive activity, as disclosed in U.S. Patent

3,362,956. It is also known that a certain kind of

piperazine derivatives possess calmodulin inhibitory activity

as reportéd in Arzneim.-Forsch., Vol. 37(4), pp. 498-502

(1987).

The piperazine derivatives represented by formula (I)

according to the present invention are novel compounds whose

physiological activity has not yet been‘ieported

In recent years, diseases of circulatory organs or in

the cerebral region, such as hypertension, -cardiac

insufficiency, angina pectoris, apoplexy, éerebral

*  infarction, Alzheimer’s disease, and Parklnson s disease,

have been increasing, and various drugs for prevents.on and

treatment of these diseases have been- devﬁloped On the

other hand, compounds with calmodulin inhibitory actlva.ty

have been discovered, and some of them have been revealed to

have antihypertensive activity and vasodilatory activity.
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SUMMARY OF THE INVENTION

An object of the present invention is to provide a
compound useful as treating agent for various diseases of
circulatory organs or the cerebral region, particularly those
diseases caused by excessive activation of calmodulin,

As a result of extensive investigations, the present
inventors have succeeded in preparing novel piperazine
derivatives represented by formula (I) shown below and salts
thereof and have ascertained that these compounds have
cdlmodulin inhibitory activity, anhtihypoxia activity,
inhibitory activity on delayed neuronal death in the
“hippocampus of merions (Meriones shawi), and improving
activity on cerebral edema. That is, the inventors have
elucidéted that the compounds of formula (I) exhibit not only
calmodulin inhibitory activity but strong cerebral protective
activity. .

The present invention-relates to a compound

represented by formula (I):

/N
R-Z—-N N-—Q (1)
/

wherein
Q represents
an aryl group,

a heterocyclic group,
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a diarylmethyl group,

an aralkyl group composed of an aryl group and an alkylene
group'having from 1 to 6 carbon atoms,

an.alkyl group havinglfrom 1 to 8 carbon atoms,

or a cycloalkyl group having from 3 to 8 carbon atoms,

in which the aryl group, heterocyclic group, and the aryl
moiety of the diarylmethyl group and aralkyl group may be
substituted with one or more substituents selected from a
group of

an alkyl group having from 1 fo 6 carbon atoms,

an alkoxyl group having from 1 to 6 carbon atoms,

a trifluoromethyl group,

a 2,2,2-trifluoroethyl group,

a trifluoromethoxyl group,

a 2,2,2-trifluoroethoxyl group,

an alkylthio group having from 1 to 6 carbon atoms,

an alkylsulfinyl group having from 1 to 6 carbon atoms,

an alkylsulfonyl group having from 1 to 6 carbon atoms,

an alkanoyl group composed of an alkyl group having from 1 to
6 carbon atoms and a carbonyl group,

an alkanoyloxy group having from 2 to 7 carbon atoms,

an alkanoylamino group having from 2 to 7 carbon atoms,

an amino group,

a monoalkylamino group having from 1 to 6 carbon atoms in the

alkyl moiety thereof,




This Sheet Has Been Replaced o2 oeT 1996

T - |

a dialkylamino group having from-1 to 6 carbon atoms in each

alkyl moiety thereof,

a hydroxyl group,

a halogen atom,

a perfluoroalkyl group having from 2 to 6 carbon atoms,

a cyano group,

a nitro group,

a carboxyl group,

an alkoxycarbonyl group composed of an alkoxyl group having
from 1 to 6 carbon atoms and a carbonyl group,

a tetrazolyl group,

a sulfamoyl group,

a methylenedioxy group,

an ethylenedioxy group,

a morpholinosulfonyl group,

a piperazinosulfonyl group,

a 4-alkylpiperazinosulfonyl group having from 1 to 6 carbon
atoms,

a 4-dialkylaminopiperidino group having from 1 to 6 carbon
atoms in each alkyl moiety thereof,

a 4-monoalkylaminopiperidino group having from 1 to 6 carbon
atoms in the alkyl moiety thereof,

énd a 4-aminopiperidino group;

R represents a bicyclic nitrogen-containing heterocyclic
group, |

or a phenyl group,
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in which the nitrogen-containing heterocyclic group is

composed of a 6-membered ring and a 5-membered ring,

one or two nitrogen atoms are present on the 5-membered ring,
the 5-membered nitrogen-containing ring may be an aromatic
ring or a saturatedzring,

the nitrogen-containing saturated ring may contain a ketone
moiety,

and the phenyl group or the 5-membered ring of the bicyclic
heterocyclic group is substituted by a substituent G selected
from a group of

an alkyl group having from 1 to 6 carbon atoms,

a substituted or unsubstituted phenyl group,

a benzoyl group with the phenyl moiety thereof substituted or
unsubstituted,

a benzylcarbonyl group with the phenyl moiety thereof
substituted or unsubstituted,

a benzqylmethyl group with the phenyl moiety thereofl
substituted or unsubstituted,

an c-hydroxybenzyl group with the phenyl moiety thereof
substituted or unsubstituted,

‘a substituted or unsubstituted S5-membered aromatic
heterocyclic group containing a nitrogen atom, an oxygen atom
or a sulfur atom as a hetero atom (wherein a nitrogen atom is
present as the hetero atom, this has a hydrogen atom or an

alkyl group having from 1 to 6 carbon atoms, or it is the
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site of bonding to the bicyclic nitrogen-containing

heterocyclic group or the phenyl group),

a substituted or unsubstituted S5-membered aromatic
heterocyclic group containing one nitrogen atom and, a
nitrogen atom, an oxygen atom or a sulfur atom as the second
hetero atom (wherein a nitrogen atom is present as the second
hetero atom, this has a hydrogen atom or an alkyl group
having from 1 to 6 carbon atoms, or it is the site of bonding
to the bicyclic nitrogen-containing heterocyclic group or the
phenyl group),

a substituted or unsubstituted 5-membered aromatic
heterocyclic group containiné two nitrogen atoms and, a
nitrogen atom, an oxygen atom or a sulfur atom as the third
hetero atom (wherein a nitrogen atom is present aé the third
hetero atoﬁ,'this has a hydrogen atom or an alkyl group
having from 1 to 6 carbon atoms, or it is the site of bonding
to the bicyclic nitrogen-containing heterocyclic group or the
phenyl group),

a substituted or unsubstituted 6-membered aromatic
heterocyclic group containing one or two nitrogen atoms,

a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted S-membered aromatic heterocyclic
group containing a nitrogen atom, an oxygen atom or a sulfur
atom as a hetero atom (wherein a nitrogen atom is present as

the hetero atom, this has a hydrogen atom or an alkyl group
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having from 1 to 6 carbon atoms) and an alkylene group of

from 1 to 3 carbon atoms,

a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted 5-membered aromatic heterocyclic
group containing one nitrogen atom and, a nitrogen atom, an
oxygen atom or a sulfur atom as the second hetéro atom
(wherein a nitrogen atom is present as the second hetero
atom, this has a hydrogen atom or an alkyl group having from
1 to 6 carbon atoms or it is the site of bonding to the
alkylene group) and an alkylene group of from 1 to 3 carbon
atoms,

a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted 5-membered éromatic heterocyclic
group containing two nitrogen atoms and, a nitrogen atom, an
oxygen atom or a sulfur atom as the third hetero atom
(wherein a nitrogen atom is present as the third hetero atom,
this has a hydrogen atom or an alkyl group having from 1 to 6
carbon atoms or it is the site of bonding to the alkylene
group) and an alkylene group of from 1 to 3 carbon atoms,

a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted 6-membered aromatic heterocyclic
group containing one or two nitrogen atoms and an alkylene
group of from 1 to 3 carbon atoms,

a phenylhydroxyalkyl group composed of an alkylene group
having one hydroxyl group and 2 to 3 carbon atoms and a

substituted or unsubstituted phenyl group,
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substituted,

a tetrazolyl group,

a morpholino group,

an alkanoylamino group having from 2 to 7 carbon atoms,

a tetrazolylalkyl group composed of a tetrazolyl group and an
alkylene group having from 1 to 3 carbon atoms wherein the
alkylene group is bonded to the carbon atom or nitrogen atom
of the tetrazolyl group,

a morpholinoalkyl group composed of a morpholino group and an
alkylene group having from 1 to 3 carbon atoms,

a 4-alkoxycarbonylcyclohexyl.group having £rom 1 to 6 carbon
atoms in the alkoxyl group thereof,

an alkoxycarbonyl group having from 1 to 6 carbon atoms in
the alkoxyl moiety thereof,

an alkoxycarbonylalkyl group composed of an alkoxyl group
having from 1 to 6 carbon atoms and an alkylene group having
from 1 to 3 carbon atoms,

a l-alkylindol-2-yl group having from 1 to 6 carbon atoms in
the alkyl moiety thereof wherein the indole moiety may
further be substituted,

a substituted or unsubstituted pyrrolidon-l1-yl group,

a 2-guanidinothiazolyl group,

a (Z-Quanidinothiazolyl)alkyl group composed of a 2-
guanidinothiazolyl group and an alkylene group having from 1

to 3 carbon atoms,




Referring now to Figures 5 to 9 there is shown anot her

a substituted or unsubstituted 1,4-dihydropyridyl group,

a (4-alkylpiperazino)alkyl group composed of a 4-alkyl-
piperazino having an alkyl group of from 1 to 6 carbon atoms
and an alkylene group of from 1 to 6 carbon atoms,

a [4-(morpholinosulfonyl)phenyl]alkyl group composed of 4-
(morphélinosulfonyl)phenyl group and an alkylene group of
from 1 to 6 carbon atoms, |

a [4-(piperazinosulfonyl)phenyljalkyl group composed of 4-
(piperazinosulfonyl )phenyl group and an alkylene group of
from 1 to 6 carbon atoms, |

a [4-(4-alkylpiperézinosulfonyl)phenyl]alkyl group composed
of 4-(4-alkylpiperazinosulfonyl)phenyl group wherein the
alkyl group on piperazino group is that of fiom 1 to 6 carbon
atoms, and an alkylene group of from 1 to 6 carbon atoms,

an alkoxycarbonylalkyl group composed of an alkoxyl group of
from 1 to 6 carbon atoms and a carbonyl group and an alkylene
group of from 1 to 6 carbon atoms,

a carboxyalkyl group composed of a carboxyl group and an
alkylene group of from 1 to 6 carbon atoms,

a [4-(4-dialkylaminopiperidino)phenyljalkyl group composed of
a phenyl group having a 4-dialkylaminopiperidino group at 4-
position, wherein each of the alkyl moiety of the
dialkylamino group has from 1 to 6 carbon atoms
independently, and an alkylene group of from 1 to 6 carbon

atoms,
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a [4-(4-monoalkylaminopiperidino)phenyljalkyl group composed
of a phenyl group having a 4-monoalkylaminopiperidino group
at 4-position, wherein the alkyl moiety of the monoalkylamino
group has from 1 to 6 carbon atoms, and an alkylene group of
from i to 6 carbon atoms,

a [4-(4-aminopiperidino)phenylj]alkyl group composed of a
phenyl group having a 4-aminopiperidino group at 4-position
and an alkylene group of from 1 to 6 carbon atoms, a (4~
dialkylaminopiperidino)alkyl group composed of a 4-
dialkylaminopiperidino group, wherein each of the alkyl
moiety of the dialkylamino group has from 1 to 6 carbon atoms
independently, and an alkylene group of from 1 to 6 carbon
atoms,

a (4-alkylaminopiperidino)alkyl group composed of a 4-
alkylaminopiperidino group, wherein the alkyl moiety of the
alkylamino group has from 1 to 6 carbon atoms, and an
alkylene group of from 1 to 6 carbon atoms,

a (4-aminopiperidino)alkyl group composed of a 4-
aminopiperidino group and an alkylene group of from 1 to 6
carbon atoms,

a phenylalkyl group composed of a substituted or
.unsubstituted phenyl group and an alkylene group of from 1 to

6 carbon atoms,

and a hydrogen atom,
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wherein in case the substituent G has a
substituent(s), the substituent(s) is a member(s)
selected from a group of

an alkyl group having from 1 to 6 carbon atoms,

an alkoxyl group having from 1 to 6 carbon atoms,

a trifluoromethyl group,

a 2,2,2-trifluoroethyl group,

a trifluoromethoxyl group,

a 2,2,2-trifluoroethoxyl group,

an alkylthio group having from 1 to 6 carbon atoms,
an alkylsulfinyl group having from 1 to 6 carbon
atoms, | |

an alkylsulfonyl group having from 1 to & carbon
atoms,

an alkanoyl group composed of an alkyl group having
from 1 to 6 carbon atoms and a carbonyl group,

an alkanoyloxy group having from 2 to 7 carbon atoms,
an alkanoylamino group having from 2 to 7 carbon
atoms,

an amino group,

a monoalkylamino group having from 1 to 6 carbon
atoms in the alkyl moiety thereof,

a dialkylamino group having from 1 to 6 carbon atoms
in each alkyl moiety thereof,

a hydroxyl group,

a halogen atom,
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a perfluoroalkyl group having from 2 to 6 carbon
atoms,
a cyano group,
a nitro group,
a carboxyl group,
an alkoxycarbonyl group composed of an alkoxyl group
having from 1 to 6 carbon atoms and a carbonyl groﬁp,
a tetrazolyl group,
a sulfamoyl group,
a methylenedioxy group,
an ethylenedioxy group,
a morpholinosulfonyl group,
a piperazinosulfonyl group,
a 4-alkylpiperazinosulfonyl group having from 1 to 6
carbon atoms,
a 4-dialkylaminopiperidino group having from 1l to 6
carbon atoms in each alkyl moiety thereof,
a 4-monoalkylaminopiperidino group having from 1 to 6
carbon atoms in the alkyl moiety thereof,
and a 4-aminopiperidino group;
and Z represents
an alkylene group having from 1 to 3 carbon atoms,
an alkenyléne group having from 2 to 4 carbon atoms,
an alkylene group having one hydroxyl group and from 1 to 3
carbon atoms,

a carbonyl group,
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an alkylene group containing a carbonyl group at one end or

on the middle of the carbon chain thereof,
or an oxalyl group,
or a salt thereof.
This invention further relates to a compound of
formula (I), wherein the substituent R has a structure

represented by the following formula:

R1
R2>\.| '
SN
|
G
or
R'l
R? I
N"Na

wherein G is as defined before, and R' and R’ independently
represents

an alkyl group having from 1 to 6 cérbon atoms,

an alkoxyl group having from 1 to 6 carbon atoms,

a trifluoromethyl group,

a 2,2,2-trifluoroethyl group,

a trifluoromethoxyl group,

a 2,2,2-trifluoroethoxyl group,

an alkylthio group having from 1 to 6 carbon atoms,

an alkylsulfinyl group having from 1 to 6 carbon atoms,

an alkylsulfonyl group having from 1 to 6 carbon atoms,
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6 carbon atoms and a carbonyl group,

an alkanoyloxy group having from 2 to 7 carbon atoms,

an alkanoylamino group having from 2 to 7 carbon atoms,

an amino group, |

a monoalkylamino group having from 1 to 6 carbon atoms in the
alkyl moiety thereof,

a dialkylamino group having from 1 to 6 carbon atoms in each
alkyl moiety thereof,

a hydroxyl group,

a halogen atom,

a perfluorocalkyl group having from 2 to 6 carbon atoms,

a cyano group,

a nitro group,

a carboxyl group,

an alkoxycarbonyl group composed of an alkoxyl group having
from 1 to 6 carbon atoms and a carbonyl group,

a tetrazolyl group,

a sulfamoyl group,

a methylenedioxy group,

an ethylenedioxy group,

a morpholinosulfonyl group,

a piperazinosulfonyl group,

a 4-alkylpiperazinosulfonyl group having from 1 to 6 carbon

atoms,
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panel portions 12a and 12a' and side panels 14a and 16a,
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a 4-dialkylaminopiperidino group having from 1 to 6 carbon
atoms in each alkyl moiety thereof,
a'4-monoalkylaminopiperidino group having from 1 to 6 carbon
atoms in the alkyl moiety thereof,
or a 4-aminopiperidino group.

This invention also relates to a compound of formula
(I), wherein the substituent R has a structure represented by

the following formula:

R‘l
R >( -
x N'N

|
G
This invention further relates to a compound of

formula (I), wherein the substituent R has a structure

represented by the following formula:

R1
R? |
NG

This invention also relates to a compound of formula
(I), wherein the substituent Q is a phenyl group having at
least one substituent at the meta-position of the connecting
position of the phenyl group to the piperazine moiety.

This invention further relates to a compound of
formula (I), wherein the meta-substituent of the phenyl group

for the substituent Q is a halogen atom.

e
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This invention also relates to a compound of formula

(I), wherein Q is a 2-methyl-3-chlorophenyl group.

This invention further relates to a compound of
formula (I), wherein Z is the alkylene group having 2 or 3
carbon atoms.

This invention also relates to a compound of formula
(I), wherein % is the alkylene group having 2 carbon atoms.

This invention further relates to a compound of
formula (I), wherein the substituent R has a 5,6-~dimethoxy-
1H-indazole moiety.

This invention also relates to a compound of formula
(2), wherein the substituent.R has a 5,6-methylenedioxy-1H-
indazole moiety.

This invention further relates to a compound of
formula (I), wherein the substituent G on R is a member
selected from a group of a 3,4-dimethoxybenzyl group, 4-
imidazolylmethyl group, a 2~pyridylmethyl group, 3-
pyridylmethyl group and a 4-pyridylmethyl group.

This invention also relates to a compound of formula
(I), wherein the substituent R has 2-substituted-4,5-
dimethoxy-phenyl moiety.

This invention further relates to a compound of
formula (I), wherein the substituent R has 2-substituted-4,5-
methylenedioxyphenyl moiety.

The present invention also relates to a treating

agent for a circulatory disease or a disease in the cerebral

A 5:,:[--}"’“’1‘ ”’\S BEEN
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region which contains the novel piperazine derivative
represented by formula (I) or a salt thereof and exhibits

calmodulin inhibitory activity.

DETAILED DESCRIPTION OF THE INVENTION

The salts of the compound of formula (I) typically
include acid addition salts. Acids for preparing the acid
addition salts of the compound of formula (I) may be organic
or inorganic and include hydrochloric acid, sulfuric acid,
nitric acid, phosphoric acid, carboxylic acids (e.g.;_acetic
acid, propionic acid, lactic acid, maleic acid, and fumaric
acid), and sulfonic acids {e.g., methanesulfonic acid,
benzenesulfonic acid, and toluenesulfonic acid). As a matter
of course, the compound of formula (I) can be administered to
humans in the form of an acid addition salt as far as the
salt-forming acid is harmless to humans.

In case when a compound of the present invention of
formula (I) have an acidic substituent, such a compound may
be converted to a salt with an organic or an inorganic bases.
And the compound of the present invention or the salts
thereof may form as hydrate(s).

The compound according to the present invention
consists of a piperazine ring with a partial structure
represented by Q bonded to one nitrogen atom thereof and a
partial structure represented by R bonded to the other

nitrogen atom via a connecting group represented by Z.

THIS| SHEET JAE };rg\? EEN
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Partial structure Q is a substituent selected from
(1) an aryl group, (2) a heterocyclic group, (3) a
diarylmethyl group, (4) an aralkyl group having from 1 to 6
carbon atoms in the alkyl moiety thereof, (5) an alkyl group
having from 1 to 8 carbon atoms, and (6) a cycloalkyl group
having from 3 to 8 carbon atoms.

The aryl group (1) is a substituent derived from an
arométic compound, such as a phenyl group or a naphthyl
group. While the term "aromatic compound" as noted above
includes heterocyclic aromatic compounds, the substituent
derived from aromatic hydrocarbon compounds are especially
preferable aryl groups for the present invention.

The heterocyclic group (2) is a substituent derived
from a heterocyclic compound, preferably a nitrogen-
containing heterocyclic compound. While the term "nitrogen-
containing heterocyclic compound" as noted above includes
aromatic ones, partially saturated ones, saturated ones, the
heterocyclic group as Q is preferably the one derived from an
aromatic nitrogen-containing heterocyclic compound, such as
pyrrole, imidazole, pyrazole, pyridine, pyridazine,
pyrimidine, pyrazine, indole, gquinoline, isoéuinoline,
cinnoline, phthalazine, quinazoline, quinoxaline,
naphthylidene, pyridopyridines, carbazole, carboline,
phenanthridine, and acridine. Preferred of these nitrogen-
containing aromatic heterocyclic groups are pyridyl,

pyrimidyl and isoquinolyl groups.
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Besides the nitrogen-containing heterocyclic group,
the heterocyclic group (2) includes those containing an
oxygen atom or a sulfur atom, which may be saturated,
partially saturated or aromatic. Examples are thienyl,
benzothienyl, furyl, furanyl, benzofuranyl, and chromenyl
groups, with a benzofuranyl group and a dihydrobenzofuranyl
group being preferred. |

Additionally, the heterocyclic group (2) may be a
heterocyclic group containing two or more differeht hetero
atoms, such as an isothiazolyl group, an isoxazolyl group or
an oxazinyl group.

The diarylmethyl groub (3) is a substituent in which
two hydrogen atoms of a methyl group are each replaced by an
aryl group. The aryl group is selected from those enumerated
above. The most typical diarylmethyl group is a
diphenylmethyl group.

The aralkyl group (4) is a substituent in which an
alkylene group having from 1 to 6 carbon atoms is bonded at
one end thereof to thg above-mentioned aryl group, typically
including a benzyl group and a phenethyl group.

The alkyl group (5), which contains from 1 to
8 carbon atoms, may have a straight chain structure or a
branched structure.

The cycloalkyl group (6), which contains from 3 to 8

carbon atoms, includes a cyclopropyl group, a cyclobutyl
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transverse fold line 20a and top panel portion 12a' is
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group, a cyclopentyl group, a cyclohexyl group, and a

cyclooctyl group.

Each of the substituents (1) to (6) mentioned above
as Q, particularly the aryl group, heterocyclic group, and
the aryl moiety of the diarylmethyl group, may be substituted
with one or more substituents selected from the following
groups.

1. An alkyl group having from 1 to 6 carbon atoms, which may
be straight or branched, or cyclic.

2. An alkoxyl group having from 1 to 6 carbon atoms, the
alkyl moiety of which may be straight, branched or
cyclic. |

3. A trifluoromethyl group and a 2,2,2-trifluorocethyl group.

4. A trifluoromethoxyl group and a 2,2,2-trifluoroethoxyl
group.

5. An alkylthio group composed of an alkyl group having from
1 to 6 carbon atoms and a sulfur atom as represented by a
structural formula:

alkyl-Ss-,
the alkyl group of which may be straight, branched or
cyclic.

6. An alkylsulfinyl group derived from the above-mentioned
alkylthio group by oxidizing the sulfur atom with one
oxygen atom as represented by a structural formula:

-_— alkyl-SO-.
This Sheet Has Been
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An alkylsulfonyl group derived from the above-mentioned
alkylthio group by oxidizing the sulfur atom with two
oxygen atoms as represented by a structural formula:
alkyl-SO,-.
An alkanoyl group derived from an aliphatic carboxylic
acid by removing the hydroxyl group from the carboxyl
group thereof, as represented by a structural formuia:
alkyl-CO-.
An alkanoyloxy group derived from oxygen and the above-
mentioned alkanoyl group or by hydrogen removal from the
carboxyl group of an aliphatic carboxylic acid, as
represented by a structufal formula:
alkyl-CO-0-.
An alkanoylamino group derived by replacing one of the
two hydrogen atoms of an amino group with an alkanoyl
group, as represented by a structural formula:
alkyl-CO-NH-.
An amino group.
A monoalkylamino group derived by replacing one of the
two hydrogen atoms of an amino group with an alkyl group.
A dialkylamino group derived'by replacing each of the two
hydrogen atoms of an amino group with an alkyl group.

A hydroxyl group.

A halogen atom. This Sheet Has Been Repla
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A perfluoroalkyl group composed of a straight chain,
branched or cyclic alkyl group with all the hydrogen
atoms replaced with fluorine atoms.
A Eyano group.
A nitro group.
A carboxyl group.
An alkoxycarbonyl group composed of a straight chain,
branched or cyclic alkyl group and a carbonyl group,
connected via an oxygen atom, as represented by a
structural formula:

alkyl-0-CO-.
A tetrazolyl group, a 5-membered heterocyclic group.
A sulfamoyl group.
A methylenedioxy group, an ethylenedioxy group, and a
propylenedioxy group, represented by a structural
formula:

-0~ (CH,) -0~
wherein g is 1, 2 to 3, and the carbon atoms (where q is
2 or 3) to which the two oxygen atoms are each bonded are
adjacent to each other.
A morpholinosulfonyl group, represented by a structural
formula:

morpholino(or 4-morpholinyl)-SO,-.

A piperazinosulfonyl group, represented by a structural

formula:

(l-piperazinyl)-~S0O,-.
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26. A 4-alkylpiperazinosulfonyl group composéd of 4-alkyl-
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piperazinyl group and sulfonyl group wherein the alkyl

group at 4-position has from 1 to 6 carbon atoms,

represented by a structural formula:
(4~alkyl-piperazin-1-yl)-S0,-.

27. A 4-dialkylaminopiperidino group; a piperidine\group
having a dialkylamino gfoup at 4—position thereof,
wherein each of the alkyl moiety of the dialkylamino
group has from 1 to 6 carbon atoms independently.

28. A 4-monoalkylaminopiperidino group; a piperidine group
having an alkylamino group at 4-position thereof, wherein
the alkyl moiety of the alkylamino group has from 1 to 6
carbon atoms. |

29. A 4-aminopiperidino group; a piperidine group having an
amino group at 4-position fhereof.

Where the group Q has two or more substituents, the
plural substituents may be the same or different.

These substituents may be on the alkyl group (or
moiety) or cycloalkyl group (or moiety) of Q.

To the other nitrogen atom of the piperazine moiety
is bonded a partial structure R (i.e., (1) a bicyclic
-nitrogen-containing heterocyclic group or (2) a phenyl group)
via a connecting group % (i.e., (1) an alkylene group having
from 1 to 3 carbon atoms, (2) an alkenylene group having from
2 to 4 carbon atoms, (3) an alkylene group having from 1 to 3

carbon atoms and one hydroxyl group, (4) a carbonyl group,
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(5) an alkylene group having one or two carbon atoms and

containing one carbonyl group at the end or middle of the
carbon chain thereof, of (6) an oxalyl group).

The alkylene group (1) as Z is represented by a
structural formula:

=(CHz) .~
wherein r is 1, 2, or 3.

The alkenylene group (2) as Z has one carbon-carbon
double bond either at the terminal or in the middle of the
carbon chain.

The alkylene group (3) having one hydroxyl group and
from 1 to 3 carbon atoms has its hydroxyl group bonded to
either the terminal or the middle of the carbon chain.

The carbonyl group (4) has a structural fprmula:

~-CO-.

The alkylene group (5) having one carbonyl group at
the end or in the middle of the carbon chain has a structural
formula:

-CO-CH,~-, -CH,-CO-, -CO-CH,-CH,-, -CH,-CO-CH,- or -CH,-CH,-CO-.
The oxalyl group (6) has a structural formula:
-CO-CO-.

The partial structure as R is (1) a bicyclic
nitrogen-containing heterocyclic group or (2) a phenyl-group.

The bicyclic heterocyclic group (1) as R is
structurally characterized in that: (i) a 6-membered ring and

a 5-membered ring are fused, (ii) there are one or two
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nitrogen atoms, which is/are on the 5-membered ring, (iii)
the nitrogen-~containing ring may be an aromatic ring or a
saturated ring, and (iv) where the ring containing the
nitrogen atom(s) is saturated, that ring may contain a ketone
moiety.

The bicyclic heterocyclic group having such
structural characteristics (i) to (iv) includes those derived
from indole, isoindole, indazole, and benz[d]imidazole.

Those having a nitrogen atom between two condensed rings,
such as those derived from indolizine, benzo[a]pyrazole,
benio[e]pyrazole, benz[a]imidazole and benz[e]imidazole, are
also included. The bicyclic nitrogen-containing heterocyclic
group (1) is bonded to the connecting group, %, at the
nitrogen atom or carbon atom of the 5-membered ring thereof.

Specific examples of the bicyclic heterocyclic group
(1) as R are indol-1l-yl, indol-2-yl, indol-3-yl, 2,3-
dihydroindol-1-yl1, 2,3-dihydroindol—2—yl, 2,3-dihydroindol-3-
yl, 3H-indol-2-yl, 3H-indol-3-yl, 2-oxoindol-l-yl, 2-
oxoindol-3-yl, indazol-l-yl, indazol-3-yl, 2,3-
dihydroindazol-l-yl, 2,3-dihydroindazol-2-yl, 2,3-
dihydroindazol-3-yl, 3H-indazol-3-yl, 2,3-dihydro-3-
oxoindazol-1-yl, 2,3-dihydro-3-oxoindazol-2-yl, isoindol-1-
yl, isoindol-2-yl, isoindol-3-yl, 1,3-dihydroisoindol-1-yl1,
1,3-dihydroisoindol-2-yl, 1,3-dihydroisoindol-3-yl, 1,3-
dihydro—3-6xoisoindol-1-yl, 1,3-dihydro-3-oxoisoindol-2-yl1,

1,3-dihydro-1-oxoisoindol-2-yl, 1,3-dihydro-l-oxoisoindol-3-
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vl, benz[d]imidazol-1-yl, benz[d]imidazol-2-yl, 2,3-

dihydrobenz[d]imidazol-1-yl, 2,3-dihydrobenz{d}imidazol-2-yl,
and 2,3-dihydro-2-oxobenz[d]}imidazol-1-~yl groups.
The bicyclic nitrogen—containing heterocyclic group

(1) or phenyl group (2) as R is substituted with one or more

substituents selected from the following groups. The two or

more substituents may be the same or different. The

substituent of the phenyl group (2) is preferably on the.

carbon atom adjacent to the carbon atom bonded to Z. The

substituent of the bicyclic nitrogen-containing heterocyclic

group (1) is preferably on the nitrogen atom or carbon atom

of the nitrogen-containing S;membered ring.

1. A straight chain, branched orx cyélic‘alkyl group having’
from 1 to 6 carbon atoms.

2. A substituted or unsubstituted phenyl group.

3. A benzoyl group the phenyl moiety of which may be
substituted.

4. A benzylcarbonyl group the phenyl moiety of which may be
substituted.

5. A benzoylmethyl group the phenyl moiety of which may be
substituted.

6. An o-hydroxybenzyl group the phenyl moiety of which may
be substituted.

7. A substituted or unsubstituted 5-membered aromatic
heterocyclic group containing a nitrogen atom, an oxygen

atom or a sulfur atom as a hetero atom (wherein a
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nitrogen atom is present as a hetero atom, this has a
hydrogen atom or an alkyl group having from 1 to 6 carbon
atoms, or it is the site for bonding to the bicyclic
nitrogen-containing heterocyclic group (1) or phenyl
group (2)), such as a pyrrolyl group, a furyl group or a
thienyl group. This substituent may be bonded to the
bicyclic nitrogen-containing heterocyclic group (1) or
phenyl group (2) at any of possible sites thereof.

A substituted or unsubstituted 5-membered aromatic
heterocyclic group containing one nitrogen atom and, as a
second hetero atom, a nitrogen atom, an oxygen atom or a
sulfur atom (wherein a nitrogen atom is present as the
second hetero atom, this has a hydrogen atom or an alkyl
group having from 1 to 6 carbon atoms, or it is the site
of bonding to the bicyclic nitrogen-containing
heterocyclic group (1) or phenyl group (2)), such as a
pyrazolyl group, an imidazolyl group, a thiazolyl group,
an isothiazolyl group, an oxazolyl group, or an
isoxazolyl group. This substituent may be bonded to the
bicyclic nitrogen-containing heterocyclic group (1) or
phenyl group (2) at any. of possible sites thereof.

A substituted or unsubstituted 5-membered aromatic
heterocyclic group containing two nitrogen atoms and, as
a third hetero atom, a nitrogen atom, an oxygen atom or a
sulfur atom (wherein a nitrogen atom is present as the

third hetero atom, this has a hydrogen atom or an alkyl
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group having from 1 to 6 carbon atoms, or it is the site

e !

of bonding to the bicyclic nitrogen-containing
heterocyclic group (2) or phenyl group (2)), such as a
1,2,3-triazolyl group, a 1,2,4-triazolyl group, a 1,2,3-
thiadiazyl group, a 1,2,4-thiadiazyl group, a 1,2,5-
thiadiazyl group, a 1,3,4-thiadiazyl group, a 1,2,3-
oxadiazyl group, a 1,2,4-oxadiazyl group, a 1,2,5-
oxadiazyl group, or a 1,3,4~oxadiazyl group. This
substituent may be bonded to the bicyclic nitrogen-
containing heterocyclic group (1) or phenyl group (2) at
any of possible sites thereof.

10. A substituted orx unsubstituted 6-membered aromatic
heterocyclic ring containing one or two nitrogen atoms,
such as a pyridyl group, a pyridazinyl group, a pyrimidyl
group, or a pyrazinyl group. This substituent may be
bonded to the bicyclic nitrqgen—containing heterocyclic
group (1) or phenyl group (2) at any of possible sites
thereof.

11. A heterocyclic group-substituted alkyl group composed of
a substituted or unsubstituted 5-membered aromatic
heterocyclic group containing a nitrogen atom, an oxygen
atom or a sulfur atom as a hetero atom and an alkylene
group having from 1 to 3 carbon atoms (wherein a nitrogen
atom is present as a hetero atom, this has a hydrogen
atom or an alkyl group having from 1 to 6 carbon atoms),

such as a pyrrolyl-substituted methyl, ethyl or propyl
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group, a thienyl;substituted methyl, ethyl or propyl

group, or a furyl-substituted methyl, ethyl or propyl
group. 'The alkylene group may be bonded to any of
possible sites of the heterocyclic ring.

12. A heterocyclic ‘group-substituted alkyl group composed of
a substituted or unsubstituted 5-membered aromatic
heterocyclic ring containing one nitrogen atom as a first
hetero atom and, as a second hetero atom, a nitrogen
atom, an oxygen atom or a sulfur atom and an alkylene
group having from 1 to 3 carbon atoms (wherein a nitrogen
atom is present as the second hetero atom, this has a
hydrogen atom or an alkyl group having from 1 to 6 caxrbon
atoms or is bonded to the alkylene group), such as a
pyrazolyl-substituted methyl, ethyl or propyl group, an
imidazolyl-substituted methyl, ethyl or propyl group, a
thiazolyl-substituted ﬁethyl, ethyl or propyl group, or
an oxazolyl-substituted methyl, ethyl or propyl group.
The alkylene group may be bonded to any of possible sites
of the heterocyclic ring.

13. A heterocyclic group-substituted alkyl group composed of
a substituted or unsubstituted 5-membered aromatic
heterocyclic ring containing two nitrogen atoms as first
and second hetero atoms and, as a third hetero atom, a
nitrogen atom, an oxygen atom or a sulfur atom and an
alkylene group having from 1 to 3 carbon atoms (wherein a
nitrogen atom is present as the third hetero atom, this
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has a hydrogen atom or an alkyl group having from 1 to 6
carbon atoms or is bonded to the alkylene group), such as
a 1,2,3-triazolyl-substituted methyl, ethyl or propyl
group, a 1,2,4-triazolyl-substituted methyl, ethyl or
propyl group, a 1,2,3-thiadiazyl-substituted methyl,
ethyl or propyl group, a 1,2,4-thiadiazyl-substituted
methyl, ethyl or propyl group, a 1,2,5-thiadiazyl-
substituted methyl, ethyl or propyl group, a 1,3,4-
thiadiazyl-substituted methyl, ethyl or propyl group, a
1,2,3-oxadiazyl-substituted methyl, ethyl or propyl
group, a 1,2,4-oxadiazyl-substituted methyl, ethyl or
propyl group, a 1,2,5-oxadiazyl-substituted methyl, ethyl
or propyl group, or a 1,3,4-oxadiazyl-substituted methyl,
ethyl or propyl group. The alkylene group may be bonded
to any of possible sites of the heterocyclic ring.

A heterocyclic group-substituted alkyl group composed of
a substituted or unsubstituted 6-membered aromatic |
heterocyclic ring containing one or two nitrogen atoms
and an alkylene group having from 1 to 3 carbon atoms,
such as a pyridyl-substituted methyl, ethyl or propyl
group, a pyridazinyl-substituted methyl, ethyl or propyl
group, a pyrimidyl-substituted methyl, ethyl or propyl
group, or a pyrazinyl-substituted methyl, ethyl or.propyl
group. The alkylene group may be bonded to any of

possible sites of the heterocyclic ring.
-
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15. A phenylhydroxyalkyl group composed of an alkylene group
having one hydroxyl group and 2 to 3 carbon atoms and a
substituted or unsubstituted phenyl group, such as a 1-
hydroxy-2-phenylethyl group, a 2-hydroxy-2-phenylethyl
group, a 1-hydroxy—3-pheny1propyl group, a 2-hydroxy-3-
phenylpropyl group or a 3-hydroxy-3-phenylpropyl group.

16. A 2-phenylethynyl group wherein the phenyl group may be
substituted.

17. A tetrazolyl group.

18. A morpholino group.

19. An alkanoylamino group having from 2 to 7 carbon atoms.

20. A tetrazolylalkyl group c§mposed of a tetrazolyl group
and an alkylene group having from 1 to 3 carbon atoms,
wherein the alkylene group is bonded to the carbon atom
or nitrogen atom of the tetrazolyl group, such as a
tetrazolylmethyl group, a tetrazolylethyl group or a
tetrazolylpropyl group.

21. A morpholinoalkyl group composed of a mofpholino group
and an alkylene group having from 1 to 3 carbon atoms,
such as a morpholinomethyl group, a morpholinoethyl group
or a morpholinopropyl group.

22. A 4-alkoxycarbonylcyclohexyl group having from 1 to 6
carbon atoms in the alkoxy moiety thereof, wherein the
alkoxycarbonyl moiety and the bond at the l-position may
have a trans-structure or a cis-structure or may be in

axial or equatorial positions.
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An alkoxycarbonyl group having from 1 to 6 carbon atoms
in the alkoxy moiety thereof.

An alkoxycarbonylalkyl group composed of an
alkoxycarbonyl group having from 1 to 6 carbon atoms in
the alkoxy moiety thereof and an alkylene group having
from 1 to 3 carbon atoms, such as an alkoxycarbonylmethyl
group, an alkoxycarbonylethyl group or an
alkoxycarbonylpropyl group.

A l-alkylindol-2-yl group wherein the alkyl moiety has
from 1 to 6 carbon atoms and the indole ring may further
be substituted.

A substituted or unsubstituted pyrrolidone-1l-yl group
wherein the oxo moiety is at the 2- or 3-position, and
the pyrrolidine moiety may be substituted, especially by
alkyl group(s).

A 2-guanidinothiazolyl group.

A (2-guanidinothiazolyl)-alkyl group composed of a 2-
guanidinothiazolyl group and an alkylene group having
from 1 to 3 carbon atoms.

A substituted or unsubstituted 1,4-dihydropyridyl group
wherein the substituent includes an alkyl group and a
carboxyl group, such as a 2,6-bis(methoxycarbonyl)-3,5-
dimethyl-1,4-dihydropyridyl group.

A 4-a1ky1—piperazino-alkyl.group composed of a 4-alkyl-
piperazine having an alkyl group of from 1 to 6 carbon

atom and an alkylene group of from 1 to 6 carbon atoms.
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The examples are; a 4-methylpiperazinomethyl group, a‘;-
ethylpiperazinomethyl group, a 4-propylpiperazinomethyl
group, a 2-(4—methylpiperazino)ethyl group, a 2-(4-
ethylpiperazino)ethyl group and a 2-(4-propylpiperazino)-
ethyl group, and the like.

A 4-(morpholinosulfonyl)phenylalkyl group composed of 4-
(morpholinosulfonyl)phenyl group and an alkylene group of
from 1 to 6 carbon atoms. The examples are; a 4-
(morpholinosulfonyl )phenylmethyl group, a 2-[4-
(morpholinosulfonyl)phenyljethyl group, a 3-{4-
(morpholinosulfonyl )phenyl ]propyl group, and the like.

A 4-(piperazinosulfonyl)phenylalkyl group composed of 4-
(piperazinosulfonyl)phenyl group and an alkylene group of
from 1 to 6 carbon atoms. The examples are; a 4-
(piperazinosulfonyl)phenylmethyl group, a 2-[4-
(piperazinosulfonyl)phenyl ]ethyl group, a 3-[4-
(piperazinosulfonyl)phenyl ]propyl group, and the like.

A 4-(4-alkylpiperazindsulfonyl)phenylalkyl group composed
of 4-(4-alkylpiperazinosulfonyl)phenyl group, wherein the
alkyl group on piperazino group is that of from 1 to 6
carbon atoms, and an alkylene group of from 1 to 6 carbon
atoms. The examples are; a 4-(4-methylpiperazino-
sulfonyl )phenylmethyl group, a 2-[4-(4-methylpiperazino-
sulfonyl )phenyl jethyl group,.a 3-[4-(4-methylpiperazino-

sulfonyl)phenyl]propyl group, and the like.
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An alkoxycarbonylalkyl group composed of an alkoxy group
of from 1 to 6 carbon atoms and a carbonyl group and an
alkylene group of from 1 to 6 carbon atoms. The examples
are; a methoxycarbonylmethyl group, an ethoxycarbonyl-
methyl group, a propoxycarbonylmethyl group, a 2-
(methoxycarbonyl )ethyl group, a 2-(ethoxycarbonyl)ethyl
group, a 2-(propoxycarbonyl)ethyl group, and the like.

A carboxyalkyl group composed of a carboxyl group and an
alkylene group of from 1 to 6 carbon atoms. The examples
are; a carboxymethyl group, a 2-carboxyethyethyl group,
3-carboxypropyl group, 4-carboxybutyl group, 5-carboxy-
pentyl group and 6-carboxyhexyl group.

A 4-[(4-dialkylaminopiperidino)]phenylalkyl group
composed of a phenyl group having a 4-dialkylamino-
piperidino group, wherein the alkyl groups of dialkyl-
amino group are those of from 1 to 6 carbon atoms
independently, at 4—position and an alkylene group of
from 1 to 6 carbon.atoms. The examples are; a [4-(4-
dimethylaminopiperidino)phenyl jmethyl group, a 2-[4-(4-
dimethylaminopiperidino)phenyl]jethyl group, a 3-[4-(4-
dimethylaminopiperidino)phenyl}propyl group, a [4-[4-(N-

methyl-N-ethylamino)piperidino]phenyl Jmethyl group, a

- [4-(4-diethylaminopiperidino)phenyl ]methyl group, and the

like.
A 4-[(4-monoalkylaminopiperidino)]jphenylalkyl group

composed of a phenyl group having a 4-monoalkylamino-
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piperidino group, wherein the alkyl group of
monomethylamino group is that of from 1 to 6 carbon
atoms, at 4-position and an alkylene group of from 1 to -6
carbon atoms. The examples are; a [4-(4-methylamino-
piperidino)phenyl Jmethyl group, a 2-[4-(4-methylamino-
piperidino)phenyl}ethyl group, a 3-[4-(4-methylamino-
piperidino)phenyl Jpropyl group, a [4-(4-ethylamino-
piperidino)phenyl Jmethyl group, a 2-[4-(4-ethylamino-
piperidino)phenyljethyl group, a 3—[4-(4-ethylamino-
piperidino)phenyl]propyl group, and the like.

A 4—[(4-aminopiperidino)]phenylalkyl group composed of a
phenyl group having a 4-aminopiperidino group at 4-
position and an alkylene group of from 1 to 6 carbon
atoms. The examples are; a [4-(4-aminopiperidino)-
phenyl Jmethyl group, a 2-[4-(4-aminopiperidino)phenyl]-
ethyl group, a 3-[4-(4-aminopiperidino)phenyl ]propyl
group, and the like.

A (4-dialkylaminopiperidino)alkyl group composed of a 4-
dialkylaminopiperidino group, wherein the alkyl groups of
dialkylamino group are those of from 1 to 6 carbon atoms
independently, and an alkylene group of from 1 to 6
carbon atoms. The examples are; a (4-dimethylamino-
piperidino)methyl group, a 2-(4-dimethylaminopiperidino)-
ethyl group, a 3-(4-dimethylaminopiperidino)propyl group,
a 4-[ (N-methyl-N-ethylamino)piperidino]methyl group, a
(4—diethylamino§iperidino)methyl group, and the like.
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40. A (4-alkylaminopiperidino)alkyl group composed of a 4-
alkylaminopiperidino group, wherein the alkyl group of
monomethylamino group is that of from 1 to 6 carbon
atoms, and an alkylene group of from 1 to 6 carbon atoms.
The examples are; a (4-methylaminopiperidino)methyl
group, a 2-(4-methylaminopipe£idino)ethyl group, a 3-(4-
methylaminopiperidino)propyl group, a (4-ethylamino-
piperidino)methyl group, a 2-(4-ethylaminopiperidino)-
ethyl group, a 3-(4-ethylaminopiperidino)propyl group,
and the like. |

41. A (4-aminopiperidino)alkyl group composed of a 4-
aminopiperidino group (4;aminopiperidin—l-yl group) and
an alkylene group of from 1 to 6 carbon atoms. The
examples are; a (4-aminopiperidino)methyl group, a 2-(4-
aminopiperidino)ethyl group, a 3-(4-aminopiperidino)-
propyl group, and the like. |

42, A hydrogen atom.

Where the above-mentioned substituents 1 to 42 are
substituted, they are substituted with one or more of the
following groups which may be the same or different.

1. An alkyl group having from 1 to 6 carbon atoms.

2. An alkoxyl group having from 1 to 6 carbon atoms.

3. A trifluoromethyl group and a 2,2,2-trifluoroethyl .group.

4, A trifluoromethoxyl group and a 2,2,2-trifluoroethoxyl
group.

5. An alkylthio group having from 1 to 6 carbon atoms.
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An alkylsulfinyl group having from 1 to 6 carbon atoms.

An alkylsulfonyl group having from 1 to 6 carbon atoms.

An alkanoyl group composed of an alkyl group having from

1 to 6 carbon atoms and a carbonyl group.

An alkanoyloxy group having from 2 to 7 carbon atoms.
An alkanoylamino group having from 2 to 7 carbon atoms.
An amino group.

A monoalkylamino group having from 1 to 6 carbon atoms.

A dialkylamino group having from 1 to 6 carbon atoms in

each alkyl moiety thereof.

hydroxyl group.

halogen atom.

perfluoroalkyl group having from 2 to 6 carbon atoms.

cyano group.

P op P P

nitro group.

A carboxyl group.

An alkoxycarbonyl group composed of an alkoxyl group

having from 1 to 6 carbon atoms and a carbonyl group.
A tetrazolyl group.

A sulfamoyl group.

A methylenedioxy group, an ethylenedioxy group, and a
propylenedioxy group.

A morpholinosulfonyl group.

A piperazinosulfonyl group.

A 4-alkylpiperazinosulfonyl group having from 1 to 6

carbon atoms.

[
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27. A 4-dialkylaminopiperidino group having from 1 to 6
carbon atoms in each alkyl moiety thereof.
28. A 4-monoalkylaminopiperidino group having from 1 to 6
carbon atoms in the alkyl moiety thereof.
29. A 4-aminopiperidino group.
A partial structure abbreviated as R for the compound
of the present invention, a nitrogen-containing heterocyclic

group is exemplified by the following formula:

wherein R}, R? and G are as defined before, K represents N, C

or C=0, although, the substituent G may present at the 2-
position of the indazole;

and a phenyl group is exemplified by the formula:

R1
R? l
NG
wherein Rl,lf and G are as defined before.

Among the nitrogen-containing heterocyclic group,

indazole group of the following formula:
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is a preferable one. The indazole group and the phenyl group
is the favorable group as R, and the indazole group is more
favorable between the two.

As for the substituent G, a substituent on the R, the
preferable substituept G for the indazole group withih those
previously mentioned are: _
an alkyl group having from 1 to 6 carbon atoms,

a substituted or unsubstituted phenyl group,

a benzoyl group with the phenyl moiety thereof substituted or
unsubstituted,

a benzylcarbonyl grouﬁ with the phenyl moiety thereof
substituted or unsubstituted,

a benzolmethyl group with the phenyl moiety thereof
substituted or unsubstituted,

an a-hydroxybenzyl group with the,phenyl.moiety thereof
substituted or unsubstituted,

a substituted or unsubstituted 6-membered aromatic
heterocyclic group containing one or two nitrogen atoms,

a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted 5-membered aromatic heterocyclic

group containing a nitrogen atom, an oxygen atom or a sulfur
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atom as a hetero atom and an élkylene group ¢
carbon atoms,

a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted 5-membered aromatic heterocyclic
group containing one nitrogen atom and, a nitrogen atom, an
oxygen atom or a sulfur atom as the second hetero atom and an
alkylene group of from 1 to 3 carbon atoms,

a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted 5-membered aromatic heterocyclic
group containing two nitrogen atoms and, a nitrogen atom, an
oxygen atom or a sulfur atom as the third hetero atom and an
alkylene group of from 1 to 3 carbon atoms, |

a heterocyclic group substituted-alkyl group composed of a
substitutéd or unsubstituted 6-membered aromatic heterocyclic
group containing one or two nitrogen atoms and an alkylene
group of from 1 to 3 carbon atoms,

a phenylhydroxyalkyl group composed of an alkylene group
having one hydroxyl group and 2 to 3.carbon atoms and a
substituted or unsubstituted phenyl group,

a 2~-phenylethenyl group wherein the phenyl group may be
substituted,

an alkanoylamino group having from 2 to 7 carbon atoms,

a tetrazolyalkyl group composed of a tetrazolyl group and an
alkylene group having from 1 to 3 carbon atoms wherein the
alkylene group is bonded to the carbon atom or nitrogen atom

of the tetrazolyl group,
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alkylene group having from 1 to 3 carbon atoms, .

an alkoxycarbonylalkyl group composed of from 1 to 6 carbon
atoms in the alkyl moiety thereof and an alkylene group
having from 1 to 3 carbon atoms,

a substituted or unsubstituted pyrrolidon-l-yl group,

a (2-guanidinothiazolyl)alkyl group composed of a 2-
guanidinothiazolyl group and an alkylene group having from 1
to 3 carbon atoms,

a substituted or unsubstituted 1,4-dihydropyridyl group,

a (4-alkylpiperazino)alkyl group composed of a 4-alkyl-
piperazine having an alkyl group of from 1 to 6 carbon atoms
and an alkylene group of from 1 to 6 carbon atoms,

a [4—(morpholinqsulfonyl)phenyl]alkyl group composed of 4-
(morpholinosulfonyl)phenyl group and an alkylene group of
from 1 to 6 carbon atoms,

a [4-(piperazinosulfonyl)phenyl]alkyl group composed of 4-
(piperazinosulfonyl)phenyl group and an alkylene group of
from 1 to 6 carbon atoms,

a [4-(4-alkylpiperazinosulfonyl)phenyljalkyl group composed
of'4—(4-alkylpiperazinosulfoﬁyl)phenyl group wherein the
alkyl group on piperazino group is that of from 1 to 6 carbon
atoms, and an alkylene group of from 1 to 6 carbon atoms,

an alkoxycarbonylalkyl group composed of an alkoxyl group of
from 1 to 6 carbon atoms and a carbonyl group and an alkylene

group of from 1 to 6 carbon atoms,
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a carboxyalkyl group composed of a carboxyl group and an
alkylene group of from 1 to 6 carbon atoms,

a [4-(4-dialkylaminopiperidino)phenyljalkyl group composed of
a phenyl group having a 4-dialkylaminopiperidino group at 4-
position, whefein each of the alkyl moiety of the
dialkylamino group has from 1 to 6 carbon atoms
independently, and an alkylene group of from 1 to 6 carbon
atoms,

a [4-(4-monoalkylaminopiperidino)phenyljalkyl group composed
of a phenyl group having a 4-moncalkylaminopiperidino group
at 4-position, wherein the alkyl moiety of the monocalkylamino
group has from 1 to 6 carbon atoms, and an alkylene group of
from 1 to 6 carbon atoms,

a [4-(4-aminopiperidino)phenyl]alkyl group composed of a
phenyl group having a 4-aminopiperidino group at 4-position
and an alkylene group of from 1 to 6 carbon atoms;

a (4-dialkylaminopiperidino)alkyl group composed of a 4-
dialkylaminopiperidino group, wherein each of the alkyl
moiety of the dialkylamino group has from 1 to 6 carbon atoms
independently, and an alkylene group of from 1 to 6 carbon
atoms, '

a (4-alkylaminopiperidino)alkyl group composed of a 4-
alkylaminopiperidino group, wherein the alkyl moiety of the
monoalkylamino group has from 1 to 6 carbon atoms, and an

alkylene group of fiom 1l to 6 carbon atoms,
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a (4-aminopiperidino)alkyl group composed of a 4-
aminopiperidino group and an alkylene group of from 1 to 6
carbon atoms,
a phenylalkyl group composed of a substituted or
unsubstituted phenyl group and an alkylene group of from 1 to
6 carbon atoms,
and a hydrogen atoms.

And further, the more preferable substituent G for
indazole within those are:
a heterocyclic group substituﬁed—alkyl group composed of a
substituted or unsubstituted S5-membered aromatic heterocyclic
group containing a nitrogen étom, an oxygen atom or a sulfur
atom as a hetero atom and an alkylene group of from 1 to 3
carbon atoms,
a heterocyclic group substituted-alkyl group composed of a
substituted or unéubstituted 5-membered aromatié heterocyclic
group containing one nitrogen atom and, a nitrogen atom, an
oxygen atom or a sulfur atom as the second hetero étom and an
alkylene group of from 1 to 3 carbon atoms,
a heterocyclic group substituted-alkyl group composed'of a
substituted or unsubstituted S5-membered aromatic heterocyciic
group containing two nitrogen atoms and, a nitrogen atom, an
oxygen atom or a sulfur atom as the third hetero atom and an
alkylene group of from 1 to 3 carbon atoms,
a heterocyclic group substituted-alkyl group composed of a

substituted or unsubstituted 6-membered aromatic heterocyclic
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group containing one or two nitrogen atoms and an alkylene
group of from 1 to 3 carbon atoms,

a tetrazolylalkyl group,

a (2-guanidinothiazolyl)alkyl group,

a [4-(morpholinosulfonyl)phenyljalkyl group,

a [4-(piperazinosulfonyl)phenyl]alkyl group,

a [4-(4-alkylpiperazinosulfonyl)phenyljalkyl group,
an alkoxycarbonylalkyl group,

a carboxyalkyl group,

a [4-(4-dialkylaminopiperidino)phenyljalkyl group, .
a [4-(4-monoalkylaminopiperidino)phenyljalkyl group,
a [4-(4-aminopiperidino)phenyl]alkyl group,

a (4-dialkylaminopiperidino)alkyl group,

a (4-alkylaminopiperidino)alkyl group,

a (4-aminopiperidino)alkyl group,

a phenylalkyl group,

and a hydrogen atom.

Further, the especially preferable substituent G for
indazole is a heterocyclic group substituted-alkyl group or a
phenylalkyl group.

One of the preferable substituent G for indazole is
an aralkyl group composed of an aryl group and an alkylene
group of from 1 to 6 carbon atoms. As for the aryl group of
the aralkyl group, not only those derived from the aromatic
hydrocarbon, but the aromatic heterocyclic group are
included. The examples of the aralkyl group are:

\
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an a-hydroxybenzyl group; a heterocyclic group substituted-
alkyl group composed of a 5-membered aromatic heterocyclic
group containing a nitrogen atom, an oxygen atom or a sulfur
atom as a hetero atom and an alkylene group; a heterocyclic
group substituted-alkyl group composed of a 5-membered
aromatic heterocyclic group containing one nitrogen atom and,
a nitrogen atom, an oxygen atom or a sulfur atom as the
second hetero atom and an alkylene group; a heterocyclic
group substituted-alkyl group composed of a 5-membered
aromatic heterocyclic group containing two nitrogen atoms
and, a nitrogen atom, an oxygen atom or a sulfur atom as the
third hetero atom and an alleene group; a heterocyclic group
substituted-alkyl group composed of a 6-membered aromatic
‘heterocyclic group containing one or two nitrogen atoms and
an alkylene group; a phenylhydroxyalkyl group composed of an
alkylene group having one hydroxyl group and 2 to 3 carbon
atoms and a phenyl group; a 2-phenylethenyl group; a
tetrazolylalkyl group composed of a tetrazolyl group and an
alkylene group; a (2-guanidinothiazolyl)alkyl group composed
of a 2-guanidinothiazolyl group and an alkylene group; a [4-
(morpholinosulfonyl)phenyljalkyl group composed of 4-
(morpholinosulfonyl)phenyl group and an alkylene group; a [4-
(piperazinosulfonyl )phenyljalkyl group composed of 4-
(piperazinosulfonyl)phenyl group and an alkylene group; a [4-
(4-alkylpiperazinosulfonyl)phenyljalkyl group composed of 4-

(4-alkylpiperazinosulfonyl)phenyl group and an alkylene
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group; a [4-(4-dialkylaminopiperidino)phenyljalkyl group
composed of a 4-(4-dialkylaminopiperidino)phenyl group and an
alkylene group; a [4-(4-monoalkylaminopiperidino)phenyl]alkyl
group composed of a 4-(4-monoalkylaminopiperidino)phenyl
group and an alkylene group; a [4-(4-aminopiperidino)-
phenyljalkyl group composed of a 4-~(aminopiperidino)phenyl
group and an alkylene group; a phenylalkyl group composed of
a phenyl group and an alkylene group.

Among the aralkyl group, those having one or two
alkylene chain are more preferable. And further, those
having one carbon chain, i.e., the arylmethyl group, are more
preferable within the two. As for the arylmethyl group, both
heteroarylmethyl group and arylmethyl group are favorable.

A preferable sﬁbstituent for indazole such as R! and
R? within those previously mentioned is:
an alkoxyl group of from 1 to 6 carbon atoms; a
trifluoromethoxyl group; a 2,2,2-trifluoroethoxyl group; an
alkylthio group having from 1 to 6 carbon atoms; an
alkylsulfinyl group having from 1 to 6 carbon atoms; an
alkylsulfonyl group having from 1 to 6 carbon atoms; an
alkanoyl group composed of an alkyl group having from 1 to 6
carbon atoms and a carbonyl group; an alkanoylamino group
having from 2 to 7 carbon atoms; a monoalkylamino group
having from 1 to 6 carbon toms in the alkyl moiety thereof; a
diélkylamino group having from 1 to 6 carbon atoms in each

alkyl moiety thereof; a hydroxyl group; a halogen atom; a
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carboxyl group; an alkoxycarbonyl group composed of an alkoxy

group having from 1 to 6 carbon atoms and a carbonyl group; a
tetrazolyl group; a sulfamoyl group; a methylenedioxy group;
an ethylenedioxy group; a morpholinosulfonyl group; a
piperazinosulfonyl group; a 4-alkylpiperazinosulfonyl grdup
having from 1 to 6 carbon atoms; a 4-dialkylaminopiperidino
group having from 1 to 6 carbon atoms in each alkyl moiety
thereof; a 4-monoalkylaminopiperidino group having from 1 to
6 carbon atoms in the alkyl moiety thereof; and a 4-
aminopiperidino group.

Within those, the more preferable substituent for
indazole is:
an alkoxyl group of from 1 to 6 carbon atoms; a
trifluoromethoxyl group; a 2,2,2-trifluoroethoxyl group; a
hydroxyl group; a halogen atom, especially a fluorine atom; a
tetrazolyl group; a sulfamoyl group; a methylenedioxy group;
an ethylenedioxy group; a morpholinosulfonyl group; a
piperazinosulfonyl group; a 4-alkylpiperazinosulfonyl group
having from 1 to 6 carbon atoms; a 4-dialkylaminopiperidino
group having from 1 to 6 carbon atoms in each alkyl moiety
thereof; a 4—monoalkylaminopiperidino group having from 1 to
6 carbon atoms in the alkyl moiety thereof; and a 4-
aminopiperidino group.

The especially preferable substituent for indazole

is:
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an alkoxyl group of from 1 to 6 carbon atoms; a halogen atom,

especially a fluorine atom; a tetrazolyl group; a sulfamoyl

group; a methylenedioxy group; and an ethylenedioxy group.
As for the substituent G on the phenyl group, the

preferable ones within the previously mentioned substituents

are:

a substituted or unsubstituted phenyl group,

a substituted or unsubstituted 5-membered aromatic

heterocyclic group containing a nitrogen atoms, an oxygen

atom or a sulfur atom as a hetero atom,

a substituted or unsubstituted 5-membered aromatic

heterocyclic group containing one nitrogen atom and, a

nitrogen atom, an oxygen atom or a sulfur atom as the second

hetero atom,

a substituted or unsubstituted 5-membered aromatic

heterocyclic group containing two nitrogen atoms and, a

nitrogen atom, an oxygen atom or a sulfur atom as the third

hetero atom,

a substituted or unsubstituted 6-membered aromatic

heterocyclic group containing one or two nitrogen atoms,

a tetrazolyl group, |

a l—alkylihdol—2-yl group having from 1 to 6 carbon atoms in

the alkyl moiety thereof wherein the indole moiety may

further be substituted,

a 2-guanidinothiazolyl group, and

a substituted or unsubstituted 1,4-dihydropyridyl group.
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aryl group is preferable for the substituent G. And this

In case when the substituent R is a phenyl group, an

case, again, not only those derived from the aromatic
hydrocarbon, but the aromatic heterocyclic group are

preferable for G.
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In case when the substituent R is a phenyl group, the

preferable substituent for the phenyl group such as R! and R?
is the same as those previously explained for indazole.

An example of the most preferable substituent R is
lH-indazole group having two methoxy groups or a
methylenedioxy group, or a phenyl group having two methoxy
groups or a methylenedioxy group.

As for the substituent Q, the aryl group is
preferable among the previously mentioned substituents.
Within the aryl group, a phenyl group is preferable. And
further, the phenyl group having at least one substituent at
the meta-position of the connecting position of the phenyl

group to the piperazine moiety is preferable. A halogen

atom, especially a chlorine atom, and a trifluoromethyl group

are the suitable substituents for the meta-substituent. In
case when the meta-substituent is halogen atom, an alkyl

group is preferable for the second substituent on the phenyl
group. And for the trifluoromethyl group, an alkoxyl group

is a preferable one.
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The present inventors consider an electron attractive

substituent is suitable for the meta-substituent, and an
electron donative substituent is suitable for the second
substituent.

As for the connecting group Z, an alkylene group is
preferable among the previously mentioned groups. And those
having two or three carbon atoms are more preferable.

The examples of the preferable compounds are:
3-[2-[4-(3-chloro-2-methylphenyl)-l-piperazinyljethyl]-5,6-

'dimethoxy-l-(3,4-dimethoxybenzyl)-1H—indazole or a salt
thereof;
3—[2—[4-(3-chloro—2~methylphényl)-1-piperazinyl]ethyl]-S,6-
methylenedioxy-1-(3,4~-dimethoxybenzyl)-1H~indazole or a salt
thereof; |
3—[2—[4-(3—chloro—2-methylphenyl)—l-piperazinyl]ethyl]-5,6—
dimethoxy-1-(4-imidazolylmethyl)-1H-indazole or a salt
thereof;
3-[2-[4-(3-chloro-2-methylphenyl)-l-piperazinylj]ethyl]-5,6-
methylenedioxy—l—(4—imidazolylmethyl)—lH-indazole or a salt
thereof:;
3-[2-[4~(3-chloro-2-methylphenyl)-l-piperazinyl]ethyl]-5,6-
dimethoxy-1-(2-pyridylmethyl)-1H-indazole or a salt thereof;
3~[2-[4~(3~chloro-2-methylphenyl)-l-piperazinyl]ethyl}=5,6-
methylenedioxy-1-(2-pyridylmethyl)-1H-indazole or a salt

thereof;
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3—[2-[4-(3-chloro-2-methylphenyl)-14piperazinyl]ethyl]-s,6-
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dimethoxy-1-(3-pyridylmethyl)-1H~indazole or a salt thereof;
3—[2-[4-(3-chloro-2—ﬁethylphenyl)-1-piperazinyl]ethyl]-5,6—
methylenedioxy-1-(3-pyridylmethyl)-1H-indazole or a salt
thereof;
3-[2-[4-(3~chloro-2-methylphenyl)-l-piperazinyljethyl]-5,6-
dimethoxy-l-(4-pyridylmethyl)QlH—indazole or a salt thereof;
3-[2-[4-(3-chloro-2-methylphenyl)~l-piperazinyljethyl]-5,6~-
methylenedioxy-1-(4-pyridylmethyl)-1H-indazole or a salt
thereof;
3-[2-[4~(3-chloro-6-methoxyphenyl)-l-piperazinyljethyl]-5,6~
dimethoxy-l—(3,4-dimethoxybeﬁzyl)-1H—indazole or a salt
thereof; |
3-[2-[4-(3-chloro-6-methoxyphenyl)-l-piperazinyl]ethyl]-5,6-
methylenedioxy-1-(3,4-dimethoxybenzyl)-1H-indazole or a salt
thereof;
3-[2-[4-(3-trifluoromethylphenyl)-l-piperazinyl)}ethyl}-5,6-
dimethoxy-1-(3,4-dimethoxybenzyl)-1H-indazole or a salt
thereof;
3-[2-[4-(3-trifluoromethylphenyl)-l-piperazinyllethyl]-5,6-
methylenedioxy-1-(3,4~-dimethoxybenzyl)-1H-indazole or a salt
thereof;
5,6-dimethoxy-2-[[4,5-dimethoxy-2-[4-(2-methoxyphenyl)-1-
piperazinyl]ethyl]phenyl]-l-methylindole or a salt thereof;
5,6-dimethoxy-2-[[4,5-methylenedioxy-2-[4-(2-methoxyphenyl)-

l-piperazinyl]ethyl]phenyl]-l-methylindole or a salt thereof;
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1-(3-chloro-2-methylphenyl)-4-[2-[[4,5~dimethoxy-2~(3,4~

dimethoxyphenyl) ]Jphenyllethyl]piperazine or a salt thereof;
1-(3-chloro-2-methylphenyl)-4~-[2-[[4,5-methylenedioxy-2-(3,4-
dimethoxyphenyl) ]phenyl Jethyl }Jpiperazine or a salt thereof;
3-[2-[4~(3~chloro-2-methylphenyl)-l-piperazinyl }propyl]-5,6-
dimethoxy-1-(3,4-dimethoxybenzyl)-1H-indazole or a salt
thereof;
3-[2-[4-(3~chloro-2-methylphenyl)-l-piperazinyl ]propyl]-5,6-
methylenedioxy—l-(3,4—dimethoxybenzyl)—lH-indazole or a salt
thereof;
3-[2-[4-(3~chloro-2-methylphenyl)-l-piperazinyl ]propyl]-5,6-
dimethoxy-l-(4—imidazolylmethyl)-lH-indazole or a salt
thereof;
3-[2-[4-(3-chloro~-2-methylphenyl)-l-piperazinyl ]propyl]}-5,6-
methylehedioxy—l—(4—imidazolylmethyl)-lH-indazole or a salt
thereof;
3-[2~[4-(3-chloro-2-methylphenyl)-l-piperazinyl]propyl]-5,6-
dimethoxy-1-(2-pyridylmethyl)-1H-indazole or a salt thereof;
3-[2-[4-(3-chloro-2-methylphenyl)~l-piperazinyl]propyl]-5,6—-
methylenedioxy-1-(2-pyridylmethyl)-1H-indazole or a salt
thereof;
3-[2-[4~(3~chloro-2-methylphenyl)-l-piperazinyl]propyl]-5,6-
dimethoxy—l—(3—pyridylmethyl)?1H—indazole or a salt thereof;
3-{2-[4~-(3-chloro-2-methylphenyl)-l-piperazinyl }propyl}-5,6-
ﬁethylenedioky—l—(3—pyridylmethyl)—1H-indazole or a salt

thereof;
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3-[2-[4-(3-chloro-2-methylphenyl)-l-piperazinyl]propyl]-5,6-

dimethoxy-1-(4-pyridylmethyl)-l1H-indazole or a salt thereof;
3-[2-[4-(3-chloro~2-methylphenyl)-l-piperazinyl]}propyl]-5,6-
methylenedioxy-1-(4-pyridylmethyl)-1H-indazole or a salt
thereof;l
3-[2-[4-(3-chloro-6-methoxyphenyl)-l-piperazinyl Jpropyl]-5,6-
dimethoxy-1-(3,4-dimethoxybenzyl)~-1H-indazole or a salt
thereof;
3-[2-[4-(3-chloro-6-methoxyphenyl)-l-piperazinyl ]Jpropyl}-5,6-
methylenedioxy-1-(3,4~dimethoxybenzyl)-1H-indazole or a salt
thereof; |
3-[2-[4-(3-trifluoromethylphenyl)-~l-piperazinyl ]propyl]}-5,6-
dimethoxy-1-(3,4-dimethoxybenzyl)-1H-indazole or a salt
thereof;
3-[2-[4~-(3-trifluoromethylphenyl)-l-piperazinyl ]propyl]-5,6-
methylenedioxy-1-(3,4~dimethoxybenzyl)-1H-indazole or a salt
thereof;
5,6-dimethoxy-2~[[4,5-dimethoxy-2-[4~(2-methoxyphenyl)-1-
piperazinyl]propyl]phenyl]-l-methylindole or a salt thereof;
5,6~dimethoxy-2-{[4,5-methylenedioxy-2-[4-(2-methoxyphenyl)-
l-piperazinyl]propyl ]phenyl]-l-methylindole or a salt
thereof;
1-(3-chloro-2-methylphenyl)-4-[2-[[4,5-dimethoxy-2-(3,4~
dimethoxyphenyl) ]Jphenyl ]propyl Jpiperazine or a salt thereof;

and
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1-(3-chloro-2-methylphenyl)-4-[2-[[4,5-methylenedioxy-2-(3,4-

dimethoxyphenyl) lphenyl ]propyl]-piperazine or a salt thereof.

The compounds of formula (I) according to the present
invention can be'prepared, for example, by the following
processes A té E:

[Process A]

/N
HLNQ (1)
R—Z— COOH -
Il 7\ '
(1) R—7—CON NG Reduction | 0
s
(V)
[Process B]
(111) Reduction
() ——> R—-Z—-COCI ——— (V) ()
(V) .
[Process C]
I\
R 7o MLNG
ol S
V1)
‘[Process D]
QN(CH,CH.Cl
R—2Z— NH, (CHzCA, )2ﬁ~ (1)

(Vi)

e
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[Process E]
R4
\_/ R, | :
' \\ N'K
H &
VIl K:C, N, C=0 (IX)
R Ry Z—N  N-Q
1 Z-N N-Q | \_/
R
R, < | - 7 a
i (X) | (X1)

Processes A to E will be explained below in detail.
[Process A]

Carboxylic acid deriQative (II), which is prepared
according to a known process as hereinafter described, and
piperazine derivative (III) are condensed to yield amide
compound (IV). The condensation reaction is carried out in
the presence of a condensing agent, such as dicyclohexyl-
carbodiimide, carbodiimidazole, pyridyl disulfide-
triphenylphosphine, etc. Amide compound (IV) is then reduced
to yield compound (I). The reduction reaction is usually
carried out by using a metal hydride compound, such as
lithium aluminum hydride, sodium bis(2-methoxyethoxy)aluminum
hydride, sodium borohydride-lithium bromide, borane or a
borane-tetrahydrofuran complex, in an inert solvent, such as
an ether (e.g., diethyl ether, tetrahydrofuran, dioxane or
1,2-dimethoxyethane) or an aromatic hydrocarbon (e.q.,

benzene), at room temperature or, if necessary, at a
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temperature of from -20°C up to the boiling point of the

solvent used.
[Process B]

Carboxylic acid (II) is converted to acid chloride
(V), and acid chloride (V) is reacted with piperazine
derivative (III) to yield amide compound (IV), which is then
reduced to compound (I).

The reaction for obtaining acid chloride (V) is
effected by using thionyl chloride or oxalyl chloride with or
without an inert solvent, such as a haloéenoalkane-(e.g.,
dichloromethane or dichloroethane) or an aromatic hydro-
carbon, at a temperature of from -20°C up to the boiling
point of the solvent used.

The reaction between acid chloride (V) and piperazine
derivative (III) is conducted in an inert solvent, such as a
halogenocalkane (e.g., dichloromethane or dichlorocethane), an
ether (e.g., diethyl ether, tetrahydrofuran, dioxane or 1,2-
dimethoxyethane), an amide (e.g., acetamide, dimethylform-
amide or N-methyl-2-pyrrolidone), acetonitrile or an aromatic
hydrocarbon, at a temperature of from -20°C up to the
refluxing temperature of the solvent used. Reduction of
amide compound (IV) is performed in the same manner as in
Process A. |
[Process C]

Compound (VI) [wherein L represents a leaving group

selected from a halogen atom and a substituted sulfonyl
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group) or an arylsulfonyl group (e.g., a tosyloxy group), the
alkyl moiety or aryl moiety of which may be substituted with
a halogen atom, an alkyl group, etc.], which is synthesized
according to a known process as hereinafter described, is
reacted with piperazine derivative (III).

The reaction is preferably carried out in the
presence of an organic or inorganic base. Suitable inorganic
bases include a carbonate, hydrogencarbonate, etc. of an
alkali metal, such as potassium carbonate, sodium carbonate,
lithium carbonate, potassium hydrogencarbonate, sodium
hydrogencarbonate or lithiumlhydrogencarbonate. Suitable
organic bases include tertiary amines, such as trialkylamines
(e.g., triethylamine, tributylamine, and diethylisopropyl-
amine); aromatic amines, such as dialkylanilines (e.g., N,N-
dimethylaniline and N,N-diethylaniline); and heterocyclic
compounds, such as saturated or aromatic heterocyclic
compounds (e.g., an N-alkylpiperazine, an N-alkylmorpholine,
pyridine, and 4-dimethylaminopyridine).

Instead of using a base, the reaction may be carried
out by using piperazine derivative (III) in excess, i.e., 2
or more molar equivalents to compound (VI).

The reaction between compound (VI) and piperazine
derivative (III) is usually conducted in an inert solvent,
such as a halogenocalkane (e.g., dichloromethane orxr

dichloroethane), an amide (e.g., acetamide, dimethylformamide
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or N-methyl-2-pyrrolidone), a dialkylketone (e.g., acetone or
methyl ethyl ketone), acetonitrile or an aromatic hydro-
carbon, at a tempefature of from -20°C up to the boiling
point of the solvent used.

[Process D]

Amino derivative (VII), which is obtained by a known
process as hereinafter described, is reacted with a bis(2-
chloroethyl )amino derivative.

The reaction is performed in a basic condition, for
example in the presence of an organic or inorganic base as
described in process C or by using compound (VII) in excess.

The reaction is effected in an inert solvent,
preferably in the presence of Nal, etc. at a temperature of
from -20°C up to the boiling point of the solvent used.
Suitable solvents include halogenoalkanes, e.g., dichloro-
methane and dichloroethane; amides, e.qg., acetamide,
dimethylformamide and N-methyl-2-pyrrolidone; dialkylketones,
e.g., acetone and methyl efhyl ketone; aceﬁonitrile; aromatic
hydrocarbons; and halogenobenzene, e.g., chlorobenzene.
[Process E]

The compound of formula (I) can also be synthesized
by once preparing compound (VIII) or (X) and afterward
introducing a desired substituent as represented by G.

Compound (VIII) is reacted with G-L [wherein L
represents a leaving group selected from a halogen atom or a

substituted sulfonyl group, such as an alkylsulfonyl group
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(e.g, a mesyloxy group) or an arylsulfonyl group (e.éff“a

tosyloxy group), the alkyl or aryl moiety of which may be
substituted with a halogen atom, an alkyl group, etc.] in the
presence of an appropriate base, such as sodium hydride,
sodium methoxide, potassium carbonate, sodium hydroxide,
lithium methoxide, butyl lithium or potassium hydride, to
provide compound (IX).

The reaction may be conducted in the presence of an
inert solvent, such as an amide (e.g., acetamide,
dimethylformamide or N-methyl-2-pyrrolidone), a dialkyl
ketone (e.g., acetone or methyl ethyl ketone), an ether
(e.g., diethyl ether, tetrahydrofuran, dioxane or 1,2-
dimethoxyethane), acetonitrile or dimethyl sulfoxide. The
reaction temperature is from -20°C up to the refluxing
temperature of the solvent used.

Where G is a residue of a substituted benzene
derivative, compound (IX) can be obtained by applying the
method of M.A. Khan, et al. described in Chemical &
Pharmaceutical Bulletin, Vol. 25, No. 11, pp. 3110-3114
(1977). That is, compound (VIII) is reacted with a
halogenated benzene derivative, such as a bromobenzene or
iodobenzene derivative, in the presence of an appropriate
copper compound, such as a copper salt (e.g., copper bromide
or copper chloride) or copper oxide. The reaction is carried
out in the presence or absence of potassium carbonate, with

or without a solvent, such as an amide (e.g., acetamide,
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dimethylformamide or N-methyl-2-pyrrolidone), dimethyl

60

sulfoxide, hexamethylphosphoramide, pyridine or quinoline, at
a temperature of from room temperature up to the boilihg
point of the solvent used.

When starting with compound (X) in which the
releasable group L is a halogen atom (e.g., bromine or
iodine), a substituted phenyl group and substituted phenol
group can be introduced as G by Ullmann type reaction using
copper powder or an appropriate copper compound, such as a
copper salt.

Introduction of an acetylene side chain can be
achieved by using copper acetylide synthesized by the process

of J.R. Carson et al. described in J. Med. Chem., Vol. 31,

pp. 630-636 (1988). The reaction is carried out with or
without a solvent, such as pyridine, quinoline, dimethyl-
formamide, dimethyl sulfoxide or hexamethylphosphofamide, at
a temperature of from room temperature up to the refluxing
temperature of the solvent used.

Where the leaving group L is a halogen atom (e.g.,
bromine, iodine or chlorine), the halogenated benzene
derivative is reaqted with a metallic lithium derivative,
such as butyl lithium or LDA, in an appropriate solvent, such
as tetrahydrofuran or diethyl ether, at a temperature of from
-100°C up to the refluxing temperature of the solvent used,

reacting the product with an aldehyde derivative G-CHO, and
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further treating the product by a combination of general

syntheses.

Where L in compound (X) is a proton, introduction of
an acyl type substituent can be carried out in an appropriate
solvent, such as dichloromethane, dichloroethane or
nitrobenzene, in the presence of a Lewis acid, such as
aluminum chloride, zinc chloride, stannic chloride or boron
trifluoride, or a protonic acid, such as sulfuric acid or
polyphosphoric acid, at a temperature of -from -20°C up to the
refluxing temperature of the solvent used.

While compounds (VIII) to (XI) shown above with

respect to process E have two substituents (R1 and Rz) on the

indazole or phenyl nucleus for the sake of illustration, this
is not meant to limit the number of substituents to two.

The pértial structure R in the compounds of formula
(I) can be prepared by various processes. Typical processes
will be described below.

[Process 1]

Compounds (I) having an indazole skeleton in R can be
synthesized as follows. A l-substituted indazole-3-
carboxylic acid is synthesized in accordance with the process

of G. Coxsi, et al. described in Journal of Medicinal

Chemistry, Vol. 19, pp. 778-783 (1976). This compound,
either as produced or after adding one or two carbon atoms to

the carboxylic acid moiety by known chemical means, can be
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led to compound (I) by any of processes A to E or a

combination thereof.

3-Chloromethyl-lH-ihdazole obtained by the process
described in Synthetic Communication, Vol. 18, pp. 259-264
(1988) can also be led to compound (I) by any of proéesses A
to E or a combination thereof.

A piperazine derivative having an indazole skeleton
can also be obtained by the process described in JP-B-41-~9779
{the term "JP-B" as used herein means an "examined published
Japanese patent application"). Further, a desired -
substituent G may be introduced thereinto according to
process E.

[Process 2]

Compounds having an indole skeleton in R can be

synthesized by applying the process of M.E. Speeter, et al.

described in Journal of American Chemical Society, Vol. 76,

pp 6208-6210 (1954) to an indole derivative synthesized by a
known process, reacting the resulting indole derivative with
oxalyl chloride and piperazine derivative (III) in a solvent,
such as diethyl ether or tetrahydrofuran, at a temperature of
from -100°C up to the refluxing temperature of the solvent
used to synthesize a diketone compound, and reducing the
diketone compound by using lithium aluminum hydride, etc. in
a solvent, such as diethyl ether or tetrahydrofuran, at a
temperature of from -20°C up to the refluxing temperature of

the solvent used.
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The resulting indole derivative may further be.
subjected to process E to yield compound (I).

[Process 3]

Compounds having an indolone skeleton in R can be
synthesized by applying the process described in JP-A-2-73062
(the term "JP-A" as used herein means an "unexamined
published Japanese patent application"). ‘Compounds having an
alkoxyl group at the 5~ and 6-positions of an indolone
skeleton can be obtained by, for example, reacting 3,4-
dimethoxyphenylacetonitrile with ethylene oxide in the
presence of sodium amide to synthesize l-hydroxy-3-(3,4-
dimethoxy)butyronitrile, subjecting the l-hydroxy-3-(3,4-
dimethoxy)butyronitrile to acid hydrolysis and lactonization,
‘introducing a nitro group into the lactone, followed by
catalytic hydrogenation (in the presence of platinum oxide,
etc.) and cyclization to synthesize 5,6-dimethoxy-3-hydroxy-
2~oxoindole, and leading the 5,6-dimethoxy-3-hydroxy-2-
oxoindole to compound (I) by any of processes A to E or a
combination thereof.

[Process 4]

Compounds having a bisaryl skeleton in R can be
synthesized by applying the -process described in Tetrahedron
Letters, Vol. 13, pp. 1665-1668 (1990), that is, cross-
coupling of an aryl group having an alkylboronic acid radical

using a palladium catalyst.
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Further, an orthomethoxyphenyloxazoline derivative,

described in Journal of Organic Chemistry, Vol. 43, pp. 1372-

1379 (1978), is reacted with an aryl Grignard reagent to
synthesize a bisaryl derivative, which is further treated by
a combination of known chemical means.

[Prereess 5]

Of compounds having the partial structure R shown in
compound (X), those having a deoxybenzoin type substituent as
Z can be synthesized by introducing a deoxybenzoin type
substituent into an ethyl phenylacetate derivative in the
presence of a Lewis acid, such as aluminum chloride, with or
without a solvent, such as dichloromethane or dichloroethane,
according to a Friedel-Crafts reaction and, if necessary
protecting the carboxyl group, leading the resulting compound
to compound (I) by a combination of known chemical means and
any of processes A to E.

In the preparation of the compound of formula (I),
where a starting compound contains a carboxyl group, an amino
group, an N-H group, a hydroxyl group, a thiol group or a
like functional substituent, it is recommended in some cases
that such a functional group is- once protected with an
appropriate protective group and, after completion of the
necessary reaction(s), the protective group is removed.

These functional groups do not need to be protected unless

they are inactive to the reaction.
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The piperazine derivatives of formula (I) thus

synthesized and their salts and/or hydrates have excellent
calmodulin inhibitory activity. The piperazine derivatives
(I) manifest their effect when given either orally or non-
orally so that they can be administered through oral or non-
oral routes.

The dose of the compound is decided appropriately in
accordance with the symptoms, age, and body weight of a
patient. An oral dose generally ranges from 1 to 1000 mg,
preferably from 10 to 500 mg, per day for an adult in a
single or several divided doses. Oral dose forms include
tablets, capsules, powders, and granules. These.dose forms
are prepared using general additives, such as vehicles,
lubricants and binders, in a known manner. For non-oral
administration, the compound is given by subcutaneous
injection, intravenous injéction or intravenous infusion at a
dose generally ranging from 1 to 2000 mg, preferably from 10
to 500 mg, per day for an adult.

When combined with other drugs, the piperazine
derivative of formula (I) is expected to produce an additive
effect or a synergistic effect in prevention and treatment of
various diseases. Suitable drugs with which the compound of
the present invention can be combined include drugs for
cerebral circulation improvement (é.g., Cinepazide maleate),
drugs for cerebral metabolism improvement (e.g., Idebenone,

Indeloxazine), psychotropic drugs (e.g., Timiperone,
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agents (e.g., Glyceol), antihypertensive agents, vasodilators
(e.g., Trapidil), antipyretic, analgesic, antiinflammatory
agents, antiinflammatory steroids, anti-blood platelet drugs
(e.g., Ticlopidine), anticoagulants (e.g., Heparin), drugs
for inducing fibrinolysis (e.g., tissue plasminogen
activator), diuretics, antihyperlipemic agents (e.g.,
Probucol), treating agents for digestive ulcers, blood
substitutes, drugs for hepatic diseases, and anti-malignancy
agents.

The compounds of the present invention and the
~pharmacologically acceptable salts thereof exhibit excellent
calmodulin inhibitory activity and excellent antihypoxia
activity as well. Additionally, the compounds showed
excellent efficacy on various disease models at dose levels
causing no significant central inhibitory action through oral
or non-oral administration (for example, inhibitory action on
delayed neuronal death of the hippocampus in merions and
anti-edema action).

Accordingly, the compounds of the present invention
and their pharmacologically acceptable salts are of high
utility as drugs for inhibiting intracellular calcium
physiological activities in which calmodulin takes part in.
That is, they are useful as a preventing and treating agent
for various diseases induced by excessive activation of

calmodulin, especially hypertension, ischemic diseases in the
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brain, the heart, the kidney, etc. (e.g., cerebral

infarction, cerebral embolism, transient cerebral ischemic
attack, cerebral thrombosis, cardiac infarction, angina
pectoris, cardiac insufficiency, acute renal insufficiency,
and nephritis), diseases in the brain region (e.g.,
Alzheimer’s disease, Parkinson’s disease, and dementia of
Binswanger), chemical poisoning, gas poisoning, traumatic
cerebral diseases and symptoms based on these diseases (e.g.,
reduction of spontaneity, depression, and dysmnesia).

The present invention will now be illustrated in
greater detail with reference to Reference Examples,
Examples, and Test Examples, but the present invention should
not be construed as being limited thereto. 1In Examples, all
the mixing ratios in mixed solvents, such as a developing
solvent for chromatography, are by volume unless otherwise
indicated. |

| TEST EXAMPLE 1
Calmodulin (CaM) inhibitory activity

The calmodulin inhibitory activity of a compound was
evaluated by using its effect of inhibiting calmodulin-
depending cyclic nucleotide phosphodiesterase (PDE) as an
index. The assay for PDE inhibitory activity was carried out

by the following procedure described by Thompson (Advances in

Cvclic Nucleotide Research, 10, 69, 1979) with a

modification. The first-stage incubation was carried out at

30°C for 10 minutes with the following reaction mixture:
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50 mM Tris-HCl buffer (pH 7.5), 5 mM MgCl,, 1 mg/ml bovine
serum albumin, CaM from bovine brain, [SH]-CGMP, 1 mM CaCl,
or 1 mM EGTA, PDE from bovine brain, and a test compound in a
total volume of 0.5 ml. After the incubation, the mixture
was heated on a boiling water bath for 1 minute. Then, 50 ul
of snake venom (1 mg/ml) was added to the reaction mixture
and the whole mixture was incubated at 30°C for 10 minutes.
After the incubation, 0.5 ml of AGl-X2 resin (1:1 slurry in
water) was added to the mixture and centrifuged at 3000Xrpm
for 20 min. The radiocactivity of the supernatant solution
was measured by a liguid scintillation counter. The ICs
value was determined as the concentration showing 50%
inhibition of PDE activity potentiated by CaM. The results
obtained are shown in Table 1 below.

TABLE 1

Inhibitory Activity on Ca/Calmodulin-Dependent PDE Activity

Test Compound ICs0
Compound of 3.1
Example 17
Compound of 5.5
Example 23
Compound of 9.4
Example 81
Comparative 33.5

Compound (W-7)
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TEST EXAMPLE 2
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Activity on Nitrogen-induced Hypoxia Model in Mouse

Nine to ten mice per group were each orally given

30 mg of a test compound. After 60 minutes from the

administration, each mouse was put in a 500 m¢{-volume

transparent container having a vent hole, and nitrogen gas

was introduced into the container at a rate of 5000 m¢ /min.

The time from the start of nitrogen introduction to

respiratory standstill was measured, and a rate of increase

of the time over that of a control group (100%) was obtained.

The results obtained are shown in Table 2 below.

TABLE 2

Activity on Nitrogen-induced Hypoxia Model in Mouse

Rate of Increase
Test Compound of Survival Time

(%,

Compound of

Example 17
Compound of
Example 23
EXAMPLE 1

30 mg/kg, p.o.)

19.2

15.1

5,6-Dimethoxy-1-(3,4-dimethoxyphenyl)-3-[2-

[4-(2-methoxyphenyl)-l-piperazinyl]ethyljindole

A solution of 1.0 g of 5,6~-dimethoxyindole in 120 m¢

of anhydrous ethyl ether waé added dropwise to 0.49 m¢ of

oxalyl chloride at 0°C, followed by stirring for 20 minutes.

To the mixture was added 1.08 g of 2-methoxyphenylpiperazine,

and the mixture was further stirred at that temperature for
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30 minutes. After completion of the reaction, water was
added thereto, and the mixture was extracted with ethyl
acetate. The extract was dried over anhydrous sodium
sulfate, and the solvent was evaporated to yield 1.5 g of a
crude amide compound crystal.

The crystal was dried and then added to a suspension
of 260 mg of lithium aluminum hydride in 50 m¢ of
tetrahydréfuran while heating under reflux. After completion
of the reaction, 0.26 m¢ of water, 0.26 m{¢ of a 10% sodium
hydroxide aqueous solution, and 0.78 m¢ of water were
successively added to the reaction mixture. The insoluble
material was removed by filtration using Celite and dried
over anhydrous sodium sulfate. The solvent was evaporated,
and the residue was purified by silica gel column
chromatography. From the fraction eluted with ethyl acetate
was recovered 820 mg of a piperazine derivative.

The resulting piperazine derivative (820 mg) was
added to a suspension of 124 mg of 60% sodium hydride in
dimeﬁhylformamide. After stirring at room temperature for
30 minutes, 960 mg of 3,4-dimethoxybenzyl chloride was added
thereto, followed by stirring at room temperature for 1 hour.
After the reaction, water was added to the reaction mixture,
followed by extraction with ethyl acetate. The extract was
washed successively with water and a saturated sodium
chloride aqueous solution, dried over anhydrous sodium

sulfate, and the solvent was evaporated. The residue was
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purified by silica gel column chromatography. From the
fraction eluted with ethyl acetate was obtained 600 mg of the
title compound as a yellow oily substance.
IR (KBr) vmx (cm™'): 1503, 1464, 1242, 1137, 1026
'H-NMR (CDCt;) & ppm:
2.7-3.0 (6H, m), 3.9-3.3 (4H, m), 3.78 (3H, s), 3.84
(34, s), 3.86 (3H, s), 3.93 (3H, s), 3.7-4.0 (2H, m),
5.14 (2H, s), 6.6-7.1 (10H, m)
REFERENCE EXAMPLE 1

~4,5-Dimethoxy-2-amino-a~chloroacetophenone

In 40 m¢ of l,1,2,2—tetrachloroethane was dissolved
4.0 g of 3,4~-dimethoxyaniline, and to the solution was added
28 mmol of boron trichloride in an argon atmosphere while
cooling with ice. To the reaction mixture was further added
2.3 g of chloroacetonitrile, followed by heating under reflux
for 1.5 hours.

After cooling, 20 m¢{ of 2N hydrochloric acid was
added to the reaction mixture. After stirring at 80°C for
30 minutes, the supernatant liquor was removed by
decantation. The residue was extracted with dichloromethane.
The residue was collected, neutralized with a sodium
hydroxide aqueous solution, filtered using Celite, and again
extracted with dichloromethane. The organic layer was-dried
over anhydrous sodium sulfate and the solvent was evaporated.

The residue was purified by silica gel column chrométography
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(hexane:ethyl acetate=3:1) to yield 809 mg of the title
compound.
'H-NMR (CDC?,) & ppm:
3.82 (3H, s), 3.87 (3H, s), 4.70 (2H, s), 6.12 (1H,
s), 7.03 (1H, s)
EXAMPLE 2

5,6-Dimethoxy~3-[[4-(2-methoxyphenyl)-
l-piperazinyl jmethyl]-1H-indazole

In 20 m{ of concentrated hydrochloric acid was

dissolved 800 mg of 4,5-dimethoxy-2-émino-a—
chloroacetophenone, and a solution of 264 mg (3.8 mmol) of
sodium nitrite in 4.0 m¢ of water was added thereto at -10°C,
followed by stirring for 1 hour. Three equivalents of
stannous chloride and 110 m¢{ of concentrated hydrochloric
acid were further added thereto, followed by stirring for

1 hour. The precipitate thus formed was collected by
filtration, washed once with water, and air-dried. The solid
was dissolved in dimethyl sulfoxide, and 700 mg of N-(2-
methoxyphenyl )piperazine and 3.0 g of potassium carbonate
were added to the solution. Thirty minutes later, ethyl
acetate was added, and the solution was washed three times
with water and once with a saturated sodium chloride agueous
solution. The organic layer was dried, and the solvent was
evaporated. Purificatibn of the residue by silica gel column
chromatography (ethyl acetate:ethanol=6:1) gave 594 mg of the

title compound.

Ly
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Melting point: 192°C
IR (KBr) vm (Cm'): 3376, 1503, 1488, 1317, 1242, 1209
'H-NMR (CDC0,) & ppm:
2.6-2.8 (4H, m), 2.9-3.2 (5H, m), 3.84 (3H, m), 3.93
(6H, br. s), 6.8-7.0 (5H, m), 7.26 (lH, s)
EXAMPLE 3

5,6-Dimethoxy-1-(3,4-dimethoxyphenyl )methyl-3-~
[[4-(2-methoxyphenyl)-1-piperazinyl ]lmethyl]-1H-indazole

In dimethylformamide was suspended 61.6 mg of sodium
hydride at 0°C, and 590 mg of 5,6-dimethoxy-3-[[4-(2-
methoxyphenyl )-l-piperazinyl Jmethyl]indazole was added
thereto, followed by stirring for 30 minutes. To the mixture
was added 290 mg of 3,4-dimethoxyphenylmethyl chloride.

After 1.5 hours, 2.0 m! of water was added to the reaction
mixture, followed by evaporation of the solvent. The residue
was purified by silica gel column chromatography
(chloroform:ethanol=20:1) and recrystallized from ethanol to
yvield 654 mg of the title compound.
Melting point: 149-150°C
IR (cm™'): 1506, 1473, 1257, 1158, 1140, 1029
'H-NMR (CDCl,) & ppm:
7.26 (s, 1H), 7.0-6.5 (m, 8H), 5.45 (s, 2H), 3.95 (s,
2H), 3.92 (s, 3H), 3.86 (s, 3H), 3.84 (s, 6H), 3.76

(s, 3H), 3.2-3.0 (m, 4H), 2.8-2.6 (m, 4H)
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REFERENCE EXAMPLE 2

N-(3,4~Dimethoxyphenethyvl}-2-(4,5-dimethoxyphenyl lacetamide

A dry dichloromethane solution (1000 m¢) of 3,4-
dimethoxyphenylacetyl chloride prepared from 325 g of 3,4-
dimethoxyphenylacetic acid énd 300 m¢ of thionyl chloride was
slowly added to a two-phase solvent consisting of 300 g of
3,4~-dimethoxyphenethylamine, 850 m{ of 2N sodium hydroxide,
and 2000 m¢ of dichloromethane while stirring under ice-
cooling. Chloroform was added to the mixture to dissolve the
precipitated solid. The aqueous layer was removed, and the
organic layer was washed with a saturated sodium
hydrogencarbonate aqueous solution, dried, and the solvent
was evaporated. To the residue was added methanol, the
mixture was heated and allowed to cool, and the thus
precipitated crystal was collected by filtration to yield
570 g of tﬂe title compound.

REFERENCE EXAMPLE 3

1-(3,4-Dimethoxybenzyl)-3,4-dihydro-
6,7-dimethoxyisoquinoline Hydrochloride

A solution of 570 g of N-(3,4-dimethoxyphenethyl)-2-
(4,5-dimethoxyphenyl )acetamide and 500 m¢{ of phosphorus
oxychloride in 3500 m¢{ of acetonitrile was heated under
reflux for 0.5 hour. The solven£ was evaporated, and ethanol
was added to the residue, followed by allowing to stand. The
thus precipitated crystal was collected by filtration to

yield 590 g of the titled compound.
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'H-NMR (d4-DMSO) §:

7.63 (s, 1H), 7.26 (s, 1H), 7.11 (s, 1H), 7.0-6.8 (m,
2H), 4.58 (s, 2H), 3.88 (s, 3H), 3.83 (s, 3H),, 3.74
(s, 3H), 3.70 (s, 3H), 4.0-3.8 (m, 2H), 3.1-2.9
(broad t, J=7Hz, 2H)

REFERENCE_EXAMPLE 4

Trans-2-acetyl-6,7-dimethoxy-1-(4,5~
dimethoxvbenzvlidene)-1,2,3,4-tetrahvdroisoguinoline

To 600 g of 1-(4,5~-dimethoxybenzyl)-3,4-dihydro-6,7-
dimethoxyisoquinoline hydrochloride was added 2000 m{ of
acetic anhydride, and the mixture was refluxed for 6 hours,
followed by allowing to cool overnight. The thus
precipitated crystal was collected by filtration and
recrystallized from ethanol to give 500 g of the title
compound.

IR (cm™'): 1632, 1518, 1263, 1245
'H-NMR (CDC¢;) § ppm:

7.13 (s, 1H), 7.05 (s, 1H), 6.90 (s, 1H), 6.71 (s,

1H), 6.62 (s, 1H), 5.05 (d, J=9Hz, 1H), 3.97 (s, 3H),

3.89 (s, 9H), 3.8-2.5 (m, 4H), 1.81 (s, 3H)

REFERENCE EXAMPLE 5

2—-(2-Acetamidoethyl)-4, 4 5,5'-tetramethoxvdeoxybenzoin

To 500 g of trans-2-acetyl-6,7-dimethoxy-1-(4,5-
dimethoxybenzylidene)-1,2,3,4-tetrahydroisoquinoline were
added 1000 m¢ of 10% hydrochloric acid and 500 m¢ of

methanol, and the mixture was refluxed. The reaction mixture
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was poured into a sodium carbonate agueous solution and
extracted with methylene chloride. The solvent was. removed
from the extract under reduced pressure. Recrystallization
of the residue from ethanol gave 270 g of the title compound.
IR (cm™'): 1680, 1638, 1515, 1128
'H-NMR (CDC(,) § ppm:
7.26 (s, 1H), 6.9-6.75 (m, 4H), 6.7-6.5 (br, 1lH),
4.15 (s, 2H), 3.91 (s, 3H), 3.89 (s, 3H), 3.86 (s,
3H), 3.85 (s, 3H), 3.6-3.4 (m, 2H), 2.92 (t, J=7.2Hz,
2H), 1.89 (s, 3H)
REFERENCE EXAMPLE 6

2-(2-Acetamidoethyl)~-2’'-nitro-
4,4',5,5'-tetramethoxyvdeoxybenzoin

To a solution of 200 g of 2-(2-acetamidoethyl)-
4,4',5,5'-tetramethoxydeoxybenzoin in 2000 m¢ of acetic acid
was slowly added 60 m¢ of 70% nitric acid at 0°C.

Immediately after the addition, the mixture was poured into
water and extracted with methylene chloride. The extract was
neutralized with a sodium hydrogencarbonate agueous solution
and washed with a saturated sodium chloride agqueous solution.
The solvent was removed under reduced pressure, and the
residue was recrystallized from ethanol to yield 196 g of the
title compound. |
Melting point: 142-144°C

IR (ecm™'): 1524, 1272, 1128

————

-
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'H-NMR (CDC(;) & ppm:
7.79 (s, 1H), 7.36 (s, 1H), 6.80 (s, 1H), 6.76 (s,
1H), 6.4 (br, 1H), 4.60 (s, 2H), 4.0 (br, 12H), 3.45
(q, J=7.2Hz, 2H), 2.94 (t, J=7.2Hz, 2H), 1.85 (s, 3H)
REFERENCE EXAMPLE 7

2-[{2-(2-Acetamidoethyl)-~4,5~
dimethoxyphenyl]-5,6-dimethoxyindole

To a 80% acetic acid solution of 4.60 g of 2-(2-
acetamidoethyl)-2'-nitro-4,4',5,5'~tetramethoxydeoxybenzoin
was slowly added 4.7 g of zinc at 85°C. The reaction mixture
was filtered, washed with ethanol, and the solvent was
evaporated. To the residue was added an ammonium hydroxide
aqueous solution, and the mixture was extracted with ethyl
acetate. The solvent was evaporated, and the residue was
purified by silica gel column chromatography (ethyl acetate)
to yield 1.84 g of the title compound.

'H-NMR (CDCl;) § ppm:

8.10 (s, 2H), 8.08 (s, 1lH), 8.06 (s, 1H), 7.72 (s,

1H), 7.44 (s, 1H), 6.80 (br, 1H), 3.92 (s, 6H), 3.88

(s, 6H), 3.5-3.3 (m, 2H), 3.0-2.8 (m, 2H), 1.92 (s,

3H)

REFERENCE EXAMPLE 8

2-[{2-(2-Acetamidoethyl)-4,5-
dimethoxyphenvyl]1-5,6-dimethoxy-l-methylindole

In dimethyl sulfoxide was slowly suspended 480 mg of
35% potassium hydride, and 1.37 g of 2-[2-(2-acetamidoethyl)-

4,5-dimethoxyphenyl]-5,6-dimethoxyindole was added to the
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suspension, followed by stirring for 10 minutes. To the
mixture was further added 700 mg of dimethylsulfate, followed
by stirring for 30 minutes. The reaction mixture was poured
into water and extracted with methylene chloride. The
extract was washed successively with water and a saturated
sodium chloride aqueous solution, and the solvent was removed
under reduced pressure. Recrystallization of the residue
from ethanol yielded 1.20 g of the title compound.
IR (cm™'): 3376, 1168, 1486, 1222
'H-NMR (CDC;) § ppm:
7.11 (s, 1H), 6.87 (s, 2H), 6.81 (s, 1H), 6.34 (s,
1H), 5.4 (br, 1H), 3.97 (s, 3H), 3.93 (s, 6H), 3.84
(s, 3H), 3.48 (s, 3H), 3.4-3.0 (m, 2H), 2.65 (t,
J=7.2Hz, 2H), 1.84 (s, 3H)
REFERENCE EXAMPLE 9

2-[{2-(2-Aminoethyl)-4,5-dimethoxyphenyl]-
5,6~dimethoxy-l-methylindole Hydrochloride

A 2N hydrochloric acid solution of 53.0 g of 2-[2-(2-
acetamidoethyl)-4,5-dimethoxyphenyl]-5,6-dimethoxy-1-
methylindole was heated under reflux for 17 hours. The
reéction mixture was azeotropically distilled under reduced
pressure with ethanol and benzene, and the residue was
recrystallized from ethanol to yield 48 g of the title
compound.

IR (Cmd): 3272, 2832, 1504, 1454, 1244, 1010
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'H-NMR (CDCl,) & ppm:
6.98 (br, 3H), 7.06 (s, 1H), 7.00 (s, 1H), 6.9-6.7
(m, 2H), 6.35 (s, 1H), 3.94 (s, 3H), 3.90 (s, 3H),
3.87 (s, 3H), 3.80 (s, 3H), 3.45 (s, 3H), 3.0-2.7
(br, 4H)
EXAMPLE 4

5,6-Dimethoxy-2-[[4,5-dimethoxy-2-[4-(2-

methoxyphenyl)-1-piperazinyl jethyl ]phenvl]-l-methylindole

A solution of 47 g of 2-[2-(2-aminoethyl)-4,5-
dimethoxyphenyl]-5,6-dimethoxy-l-methylindole hydrochloride,
30.7 g of o-bis(2-chloroethyl)aminoanisole, 37.2 g of sodium
iodide, and 34.0 g of potassium carbonate in 200 m¢ of
dimethylformamide was heated at 80°C for 1 hour. To the
solution was added 17 g of potassium carbonate and, 3 hours
later, 17 g of potassium carbonate was further added,
followed by heating for 15 hours. The solvent was removed
under reduced pressure, and the residue was dissolved in
water and extracted with methylene chloride. The éxtract was
purified by silica gel column chromatography (ethyl acetate)
and recrystallized from ethanol to give 32 g (51%) of the
title compound.

Melting point: 171-173°C

IR (cm™'): 1500, 1486, 1236, 1212
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'H-NMR (CDC?;) § ppm:

7.10 (s, 1H), 7.0-6.8 (m, 7H), 3.98 (s, 3H), 3.%4 (s,

3H), 3.84 (s, 3H), 3.82 (s, 3H), 2.94 (s, 3H), 3.1-

2.9 (m, 4H), 2.8-2.4 (m, 8H)

REFERENCE EXAMPLE 10
4,5-Dimethoxy-2-({1-pyrrolyl)benzenemethanol

In 100 m¢{ of tetrahydrofuran was dissolved 14.5 g of
methyl 4,5-dimethoxy~-2-(1l-pyrrolyl)benzenecarboxylate, and
24.5 m¢ (3.4 M) of sodium bis(2-methoxyethoxy)aluminum
hydride'was added thereto dropwise with stirring while
cooling with ice. After the addition, the mixture was warmed
to room temperature and heatéd for 6 hours. After completion
of the reaction, 0.63 m¢ of a saturated sodium hydrogen-
carbonate aqueous solution and 1.55 m¢ of water were added to
the reaction mixture in this order, and the precipitate was
removed by filtration. The filtrate was evaporated, and the
residue was subjected to column chromatography on silica gel.
From the fraction eluted with chloroform was recovered 10.3 g
of a brown oily substance. Recrystallization from ethyl
ether gave the title compound as a colorless crystal.
Melting point: 92-93°C

IR (KBr, cmd): 3530, 2960, 2930, 1610, 1520
'H-NMR (CDCl,) § ppm:
3.86 (3H, s), 3.95 (3H, s), 4.45 (2H, d, J=5.3Hz),
6.30 (2H, t, J=2.1Hz), 6.84 (2H, t, J=2.1Hz), 7.04

(1H, s)
I
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REFERENCE EXAMPLE 11

Diethyl (2-(4,5-Dimethoxy-2-(l-pyrrolyl)phenyl)ethyl)malonate

In 15 m¢ of ethyl ether was dissolved 3.0 g of 4,5-
dimethoxy-2-(1l-pyrrolyl)benzenemethanol, and 15 m¢ of
concentrated hydrochloric acid was added thereto, followed by
stirring at room temperature for 1 hour. To the reaction
mixture was added 50 m{ of water, and the mixture was
neutralized with a saturated sodium carbonate aqueous
solution and extracted with chloroform. The extract was
dried over anhydrous sodium sulfate, and the solvent was
removed under reduced pressure to yield a brown oily
substance. Separately, 460 mg of metallic sodium was
dissolved in 25 m¢ of ethanol, and 6.18 g of ethyl malonate
was added thereto to prepare a solution. To this solution
was added a tetrahydrofuran solution (25 m¢) of the above-
prepared brown oily subétance. After stirring at room
temperature for 3 hours, the solvent was removed under
reduced pressure. Water was added to the residue, and the
mixture was made acidic with concentrated hydrochloric acid
and then extiacted with chloroform. The organic layer was
dried over anhydrous sodium sulfate, and the solvent was
removed under reduced pressure. Purification of the residue
by silica gel column chromatography (chloroform) gave 3.10 g

of the title compound as a brown oily substance.
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'H-NMR (CDCf;) & ppm:
1.16 (6H, t, J=7.0Hz), 3.00-3.25 (2H, m), 3.70-3.90
(14, m), 3.83, 3.88 (3H, s), 4.08 (4H, g, J=7.0Hz),
6.30 (2H, t, J=2.0Hz), 6.77 (2H, s)
REFERENCE EXAMPLE 12

Ethyl 3-(4,5-Dimethoxy-2-(1l-pyrrolvyl)phenyl)propionate

In 50 m¢ of ethanol was dissolved 3.1 g of diethyl
(2-(4,5-dimethoxy-2-(l-pyrrolyl)phenyl)ethyl)malonate, and
5.0 m¢ of 35% sodium hydroxide wés added to the solution,
followed by heating under reflux for 3 hours. The solvent
was removed under reduced pressure, and water was added to
the residue. The residue was made acidic with concentrated
hydrochloric acid and extracted with chloroform. The extract
was dried over anhydrous sodium sulfate, and the solvent was
removed under reduced pressure to yield pale brown powder.
The powder was heated at 150°C for 10 minutes, allowed to
cool, and purified by silica gel column chromatography
(chloroform-methanol) to obtain 2.1 g of pale brown powder.
Recrystallization from chloroform-ethyl ether gave the title
compound as a colorless crystal.

Melting point: 170-173°C

'H-NMR (CDCl;) & ppm:
2.83 (2H, t, J=7.8Hz), 2.77 (2H, t, J=7.8Hz), 3.84,
3.90 (3H, s), 6.30, 6.74 (2H, t, J=2.0Hz), 6.78 (2H,

S)
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EXAMPLE 5

1-(3-(4,5-Dimethoxy-2~(1l-pyrrolyl )phenyl)-
l-oxopropyl)~-4~(2-methoxyphenyl )Jpiperazine

In 20 m¢ of tetrahydrofuran was dissolved 1.20 g of

N,N-carbonyldiimidazole, and a solution of 2.0 g of ethyl 3-
(4,5~dimethoxy-2-(1-pyrrolyl)phenyl)propionate in 40 m¢ of
tetrahydrofuran was added to the solution at room temperature
while stirring. The stirring was continued at that
temperature for additional 1 hour, 2.98 g of 1-(2-
methoxyphenyl )piperazine was added thereto, followed by
stirring at 40° to 60°C for 6 hours.' The solvent was removed
under reduced pressure, and the residue was purified by
silica gel column chromatography (chloroform-methanol) to
yvield 1.9 g of a colorless oily substance. Recrystallization
from ethanol gave the title compound as a colorless crystal.
Melting point: 141-142°C
IR (KBr, cm™'): 2940, 2840, 1630, 1590, 1520
'H-NMR (CDCl;) & ppm:
1.15-1.45 (2H, m), 2.70-3.15 (6H, m), 3.15-3.90 (4H,
m), 3.83, 3.84, 3.91 (each 3H, s), 6.27 (2H, t,
J=2.2Hz), 6.60-7.05 (8H, m)
Elementary analysis for C,sH; N;0,:
Caled. (%): C 69.47; H 6.95; N 9.35
Found (%): C 69.37; H 6.88; N 9.14
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EXAMPLE 6

1-(3-(4,5-Dimethoxy-2-(l-pyrrolyl)phenyl)propyl)-4-

(2-methoxyphenvl)piperazine Dihydrochloride Hemihvdrate

To 100 m¢ of tetrahydrofuran were added 18 m¢ of

1.0 M borane-tetrahydrofuran complex and 1.14 g of 1-(3-(4,5~
dimethoxy-2-(1l-pyrrolyl)phenyl)-Il-oxopropyl)-4-(2-
methoxyphenyl)piperazine at room temperature, and the mixture
was heated under reflux for 27 hours. Since it was found
that the reaction had not completed, 10 m¢ of the borane-
tetrahydrofuran complex was further added, and the refluxing
was continued for additional 9 hours. After cooling to room
temperature, 10 m{ of water was added to the reaction

| mixture, and the solvent was removed undér reduced pressure.
To the residue was added 35 m¢ of 5% hydrochloric acid,
followed by heating at 50° to 60°C for 2 hours. The reaction
mixture was dried over anhydrous sodium sulfate and the
solvent was evaporated. The residue was purified by silica
gel column chromatography (chloroform)-to yield 780 mg of a
pale yellow oily substance, which was dissolved in 15 m¢ of
ethanol, 1.0 m¢{ of concentrated hydrochloric acid was added
thereto, and the solvent was removed under reduced pressure.
Recrystallization of the residue from ethanol-ethyl ether
yielded 500 mg of the title compound as a colorless prism
crystal.
Melting point: 210-212°C

IR (KBr, cm™'): 2950, 2750-2000, 1600, 1510

-
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'H-NMR (CDCl;) & ppm:
1.65-2.10 (2H, m), 2.50-3.15 (4H, m), 3.15-3.80 (4H,
m), 3.86, 3.94, 4.08 (3H, s), 4.00-4.60 (2H, m),
4.90-5.40 (2H, m), 6.28 (2H, t, J=2.0Hz), 6.78 (4H,
s), 7.00-7.80 (3H, m), 8.25 (1H, d, J=7.8Hz)
Elementary analysis for C,sH33N;05¢ 2HCL »1/2H,0: -
Calcd. (%): C 60.35; H 7.01; N 8.12
Found (%): C 60.61; H 6.95; N 8.02
REFERENCE EXAMPLE 13

m-Meconine

A mixture of 250 g of veratric acid, 275 m@ of
formaldehyde (40%), and 1000 m¢ of concentrated hydrochloric
acid was heated at 60° to 70°C for 12 hours while stirringf
An equal volume of ice-water was added to the reaction
mixture, and the mixture was vigorously stirred on an ice
bath. The insoluble material was removed by filtration, and
the filtrate was allowed to stand at 5°C to room temperature
for 24 hours, whereupon crude crystals were precipitated,
which were collected by filtration, washed with a sodium
sulfate aqueous solution, and recrystallized from ethanol to
yield 50 g of m-meconine.

Melting point: 155°C
'H-NMR (CDC{,) § ppm:
3.98, 3.94 (each 3H, s), 6.90, 7.31 (each 1H), 5.23

(2H)

_—
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REFERENCE EXAMPLE 14 L—~«~m~mum«m

m-Hemipinic Acid

A mixture of 7.8 g of m-meconine, 80 m{ of water and

1N sodium hydroxide was stirred at 50° to 70°C for about
1 hour in a water bath for hydrolysis. After cooling on an
ice bath, 3.36 g of sodium hydrogencarbonate was added
.thereto with stirring, and 160 m¢{ of 1/3 M potassium
permanganate was then added thereto over 5 minutes. Ten
minutes later, the ice bath was removed. After 30 minutes,
heat generation subsided, and the reaction completed. The
reaction mixture was filﬁered, and the filtrate was rendered
acidic with concentrated hydrochloric acid, followed by
concentration under reduced pressure to yield 5.3 g of m-
hemipinic acid crystals having a melting point of 180°C.
REFERENCE EXAMPLE 15
m-Hemipinic Anhvydride
Two grams of m-hemipinic acid were dehydrated and
sublimated at 180° to 200°C in a sublimation purifying
apparatus to obtain 1.6 g of m-hemipinic anhydride having a
melting point of 174-176°C.
IR (KBr, cm'): 1764
EXAMPLE 7

5,6~Dimethoxy-1, 3-dioxo~-N-2-(4-(2-

methoxyphenvyl)-l-piperazinyl)ethyl-isoindole
A mixture of 1-(2-Amino)ethyl-4-(2-methoxyphenyl)-

piperazine (640 mg) and 723 mg of m-hemipinic anhydride in
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10 m¢ of toluene was refluxed for 5 hours, followed by
allowing to stand at room temperature, whereupon crystals
precipitated, which were collected by filtration. The mother
liquor was purified by silica gel column chromatography and
recrystallization from toluene to yield colorless crystals.
The total yield was 700 mg.
Melting point: 206°C
'H-NMR (CDC?;) & ppm:
4.00 (6H, s), 3.85 (3H, s), 7.31 (2H, s), 6.8-7.0
(4H, m)
A hydrochloride of the compound was prepared.
Melting point: 237-242°C
Elementary analysis for C,3H;;N;0s2HCe »1/2H,0:
Calcd. (%): C 54.44; H 5.98; N 8.28
Found (%): C 54.83; H 5.94; N 8.64
EXAMPLE 8

5,6-Dimethoxy-1-0x0-N-2-(4-(2-methoxy-
phenvl)-l-piperazinyl)ethyl-isoindole

5,6-Dimethoxy-1, 3~-dioxo-2-(4-(2-methoxyphenyl)-1-
piperazinyl)ethyl-isoindole (900 mg) was refluxed in 34 m{ of
acetic acid in the presence of 1.8 g of zinc for 200 minutes.
The reaction mixture was filtered, concentrated under reduced
pressure, and purified by silica gel column chromatography
(dichloromethane-methanol=30:1) to yield 600 mg of an
amorphous compound. The resulting compound was dissolved in

a small amount of ethanol, and 3% hydrogen chloride in
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ethanol was added thereto in excess to yield a hydrochloride

of the title compound.
Melting point: 267-269°C
Elementary analysis for C,3H,N;0,¢«2HC{ «H,0:
Caled. (%): C 54.98; H 6:62; N 8.36
Found (%): C 54.48; H 6.78; N 8.18
REFERENCE EXAMPLE 16
5,6-Dimethoxy-3-benzylidenephthalide
In a 25 m¢ flask were charged 4.0 g of m-hemipinic
anhydride, 4.54 g of homoveratric acid, and sodium écetate,
and the flask was buried in a sand bath at 235° to 240°C to
allow thé mixture to react for 6 hours. The reaction mixture
was purified by silica gel column chromafography (dichloro-
methane) to yield the title compound as a colorless amorphous
compound .
'H-NMR (CDCf,) & ppm:
3.9-4.0 (each 3H x 4), 6.24 (H, s), 6.89 (1lH, d,
J=9.0Hz), 7.09, 7.29 (1H x 2, s x 2), 7.32 (1H, dd,
J=1.8, 9.0Hz), 7.50 (1H, d, J=1.8Hz)
REFERENCE EXAMPLE 17

4,5-Dimethoxy-2-(3,4-dimethoxyphenyl)acetyl-N-
2-(4-(2-methoxyphenvl)-l-piperazinyl)ethyvl-benzamide

A mixture of 5,6-Dimethoxy-3-benzylidenephthalide
(3.0 g) and 3.0 g of 1-(2-amino)ethyl-4-(2-methoxyphenyl)-
piperazine in ethanol-toluene was refluxed for 5 hours.

After completion of the reaction, the solvent was
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concentrated, and the residue was purified by silica gel

column chromatography (dichloromethane:methanol=40:1) to

yield 5.2 g of the title compound as an amorphous compound.
EXAMPLE 9

5,6-Dimethoxy-~1-(3,4-dimethoxy)benzylidene-
3-oxo 2-(4-(2-methoxyphenyl)-l-piperazinyl)-

ethyl-isoindole Dihydrochloride Sesquihydrate

A mixture of 1.06 g of 4,5-dimethoxy-2-(3,4-
dimethoxyphenyl)acetyl-N-2-(4-(2-methoxyphenyl)-1-
piperazinyl)ethyl-benzamide in acetic anhydride was refluxed
for 1 hour. Acetic anhydride was removed under reduced
pressure, and the residue was purified by silica gel column
chromatography (dichloromethéne:methanolé40:1).
Recrystallization from methanol gave 850 mg of a colorless
crystal. |

Melting point: 127-128°C
'H-NMR (CDCl;) § ppm:

6.55 (1H, bs), 4.05 (2H, m), 2.8 (2H, bs), 2.9 (4H,

bs), 3.2 (4H, bs)

The resulting crystal was dissolved in a small amount
of ethanol, and 3% hydrogen chloride in ethanol was added
thereto in excess. Recrystallization from ethanol gave
800 mg of the title compound as a colorless crystal.

Melting point: 240-241°C
Elementary analysis for C3,H;3;N;Ng « 2HCO - 3/2H,0:.
Caled. (%): C 58.27; H 6.42; N 6.37

Found (%): C 58.47; H 6.45; N 6.25
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EXAMPLE 10

5,6-Dimethoxy-1-(3,4~dimethoxy)benzyl-
3-ox0-2~-(4~(2-methoxyphenyl)-l-piperazinyl)-
ethyl-isoindole Dihydrochloride Hemihydrate

5,6-Dimethoxy-1-(3,4-dimethoxy)benzylidene-3-o0x0-2-
(4-(2-methoxyphenyl)-l-piperazinyil)ethyl-isoindole was
catalytically reduced in ethanol in the presence of 5%
palladium-on-carbon. The catalyst was removed by filtration,
3% hydrogen chloride in ethanol was added to the filtrate,
the solvent was removed under reduced pressure, and acetone
was added to the residue, and the hydrochloride was collected
by filtration.
Melting point: 159-165°C (with decomposition)
Elementary analysis for C;,HjoN;O4+2HC( »1/2H,0:
Calcd. (%): C 59.72; H 6.58; N 6.53
Found (%): C 59.67; H 6.67; N 6.62
REFERENCE EXAMPLE 18

3,4-Dimethoxyphenvlcopper Acetylide

In 15 m¢ of aqueous ammonia was dissolved 0.39 g of
copper iqdide, and the solution was added to a solution of
0.33 g of 3,4-dimethoxyphenylacetylene in 20 m¢ of ethanol at
room temperature. The mixture was stirred for 1 hour,
filtered, washed five times with water, once with ethanol,
and once with ethyl ether, and dried under reduced pressure

at 40°C to yield 110 mg of the title compound.
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EXAMPLE 11

1-{2-(2-(3,4-Dimethoxyphenyl)ethynyl)-
4 ,5-dimethoxyphenyl )ethyl~4~(2-methoxy-
phenyl )piperazine Dihydrochloride Monohydrate

In 50 m¢ of pyridine was dissolved 1.58 g of 1-(2-
iodo-4,5-dimethoxyphenyl)ethyl-4-(2-methoxyphenyl )piperazine,
and 0.80 g of 3,4-dimethoxyphenylcopper acetylide was added
thereto. The mixture was heated to 120°C in a nitrogen
atmosphere for 24 hours. The reaction mixture was poured
into water and extracted with ethyl acetate. The two-phase
(organic and aqueous) liquid was filtered using Celite and
then again separated into two phases. The organic layer was
washed with a saturated sodium chloride aqueous solution,
dried over sodium sulfate, filtered, and evaporated to yield
3.75 g of an oily residue. Purification of the residue by
silica gel column chromatography gave 0.75 g of amorphous 1-
2-(2-(3,4-dimethoxyphenyl)ethynyl)-4,5-dimethoxyphenyl)ethyl-
4-(2-methoxyphenyl )piperazine, which was then converted to a
hydrochloride and recrystallized from ethanol gave 0.70 g of
the title compound as a colorless crfstal.

Melting point: 164-167°C

IR (cm™): 2210

Mass Spectrum (EI): 516 (M', 5.28)
'H-NMR (CDC?,) & ppm:

2.96 (4H, m), 3.36 (6H, m), 3.80-3.96 (2H, m), 3.84

(34, s), 3.89 (3H, s), 3.91 (6H, s), 3.92 (6H, s),

6.86-7.20 (4H, m), 7.35 (3H, m), 7.53 (2H, m)
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Elementary analysis for Cj;;N;N,05+2HCE +H,0:
Calcd. (%): C 61.28; N 6.64; N 4.61
Found (%): C 61.37; H 6.78; N 4.55
EXAMPLE 12

1-[2-[4,5-Dimethoxy-2-[ (3,4-dimethoxyphenyl )hydroxy-
_methyl]iphenylijethyl-4-(2-methoxyphenyl)piperazine

To a tetrahydrofuran solution of 1.80 g of 1-[2~[2-
bromo-4,5-dimethoxypheny1]ethyl]-4-(2—me£hoxyphenyl)-
piperazine was added a 15% hexane solution of 5.0 mmol of
butyl lithium at -78°C. After stirring for a while, 830 mg
of veratric aldehyde was added thereto, and the mixture was
heated to 0°C. Water was added to the reaction mixture,
followed by extraction with ethyl acetate. The solvent was
removed from the extract by evaéoration, and the residue was
purified by silica gel column chromatography to yield 1.62 g
of the title compound.

'H-NMR (CDCl,) & ppm:

7.05-6.8 (m, 7H), 6.70 (s, 1H), 6.60 (s, 1H), 5.93

(br, 1H), 3.89 (s, 6H), 3.85 (s,l6H), 3.71 (s, 3H),

3.4-2.4 (m, 13H)

EXAMPLE 13

1-[2-[4,5-dimethoxy-2-(3,4-dimethoxyphenyl)-
methyl Jphenyl jethvl-4-(2-methoxyphenyl)piperazine

An acetic acid solution of 1.62 g of 1-{2-[4,5-
dimethoxy-2-[ (3,4~dimethoxyphenyl )hydroxymethyl] ]phenyl]-
ethyl-4-(2-methoxyphenyl )piperazine was subjected to

hydrogenation in the presence of a palladium-on-carbon
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catalyst. After the reaction, the catalyst was removed by
filtration, and the solvent was azeotropically removed with
benzene to yield 1.60 g of the title compound.
'H-NMR (CDCl ) 8 ppm:
7.1-6.6 (m, 9H), 3.93 (s, 2H), 3.89 (s, 3H), 3 86 (s,
3H), 3.85 (s, 3H), 3.82 (s, 3H), 3.81 (s, 3H), 3.3-
2.7 (m, 14H)
EXAMPLE 14

1-[2-[4,5-Dimethoxy-2-[(3,4-dimethoxyphenyl)-.
acetyl Jphenvyl jethyl-~-4-~(2-methoxyphenyl)piperazine

To a tetrahydrofuran solution of 5.80 g of 1-[2-[2-
bromo-4,5-dimethoxyphenyl]ethyl ]-4-(2-methoxyphenyl)-
piperazine was added 9.44 m¢ of a 15% hexane solution of
butyl lithium at -78°C. After stirring for a while, the
.temperature was raised under reduced pressure for degassing.
To the solution was added 1.92 g of pivaloyl chloride at
-78°C.

Separately, 10.2 m{ of a 15% hexane solution of butyl
lithium and 2.98 g of ethyl 3,4-dimethoxyphenylacetate were
added to a tetrahydrofuran solution of 1.6 g of diisopropyl-
amine at -78°C, followed by stirring for 30 minutes. The
resulting solution was added dropwise to the above-prepared
solution. The temperature Qas elevated up to 0°C, at which
the mixture was stirred for 2 hours. Water was added
thereto, and the mixture was extracted with ethyl acetate.

The extract was washed with a saturated sodium chloride
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aqueous solution, dried over anhydrous sodium sulfate and the
solvent was evaporated. The residue was primarily purified
by silica gel column chromatography. 4N Hydrochloric acid
was added thereto, followed by heating at 100°C for
15 minutes, to provide a clear solution. The solution was
cooled, neutralized with a saturated sodium hydrogencarbonate
agueous solution, and extracted with methylene chloride. The
extract was purified by silica gel column chromatography
(hexane, ethyl acetate) to yield 490 mg of the title compound
as an amorphous powder.
'H-NMR (CDCl,) § ppm:
7.1-6.7 (m, 9H), 4.13 (s, 2H), 3.92 (s, 3H), 3.87 (s,
6H), 3.86 (s, 3H), 3.85 (s, 3H), 3.3-2.6 (m, 12H)
REFERENCE EXAMPLE 19

1-[(2—Amino-4,5—dimethoxy)-
phenvl Jacetyl-4-(2-methoxyphenvl }piperazine

A methylene chloride solution containing 15 g of
(4,5-dimethoxy-2-nitro)phenylacetic acid, 12 g of 2-
methoxyphenylpiperazine, and 13 g of dicyclohexylcarbodiimide
was stirred at room temperature for 3 hours. A precipitate
was removed by filtration, and the solvent was evaporated.
The residue was washed with ethyl acetate, followed by
filtration to yield 19.7 g of a solid. To the solid were
added 400 m¢ of ethyl acetate and 1.0 g of platinum oxide,
and hydrogenation was performed overnight. The reaction

mixture was filtered, the solvent was evaporated, and the
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residue was crystallized from ethyl acetate to yield 7.5 g of
the title compound.
Melting point: 113-116°C
IR (cmd): 3348, 1606, 1520, 1500, 1462, 1240, 1212, 1038
'H-NMR (CDCf,) & ppm:
7.1-6.8 (m, 4H), 6.96 (s, 1H), 6.91 (s, 1H), 3.87 (s,
3H), 3.82 (s, 3H), 3.79 (s, 3H), 3.62 (s, 2H), 3.3-
2.7 (m, 8H)
REFERENCE EXAMPLE 20

1-[[2~(4~-Chlorobutyrylamino)-5,6~-dimethoxy]-
phenyl Jethyl-4-(2-methoxyphenyl)piperazine

To a tetrahydrofuran suspension of 300 mg of lithium

aluminum hydride under refluxing was added 1.5 g of 1-[(2-
amino-4,5~dimethoxy)phenyl Jacetyl-4-(2-methoxyphenyl)-~
piperazine. A saturated sodium sulfate aqueous solution was
added thereto, and the mixture was extracted with ethyl
acetate. The solvent was azeotropically removed with
benzene, and to the residue were immediately added 50 m{ of
methylene chloride, 1.0 m¢{ of triethylamine, and 5.50 g of 4-
chlorobutyryl chloride. A sodium hydrogencarbonate aqueous
solution was added thereto, and the mixture was extracted
with methylene chloride. The solvent was evaporated, and the
residue was purified by silica gel column chromatography

(ethyl acetate) to yield 700 mg of the title compound.
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'H-NMR (CDCl;) & ppm:
7.57 (s, 1H), 7.25 (s, 1H), 7.1-6.8 (m, 4H), 6.62 (s,
1H), 3.85 (s, 9H), 3.66 (t, 2H, J=7Hz), 3.2-3.0 (m,
4H), 2.8-2.0 (m, 10H), 2.0-1.5 (m, 2H)
EXAMPLE 15

N-[2-[2-[4-(2~-Methoxyphenyl)piperazinyl]-~
ethyl]-4,5-dimethoxy]phenyl]pyrrolidone

To a dimethylformamide solution of 110 mg of sodium
hydride was added 660 mg of 1l-[[2-(4-chlorobutyrylamino)-5,6-
dimethoxy]phenyl ]ethyl-4-(2-methoxyphenyl )piperazine, and the
mixture was heated at 80°C. After completion of the
reaction, the reaction mixture was extracted with methylene
chloride, and the solvent was azeotropically removed with
water and benzene under reduced pressure. Purification by
silica gel column chromatography (3% ethanol/chloroform)
yielded 463 mg of the title compound.

'H-NMR (CDCf,) & ppm:

7.24 (s, 1H), 7.0-6.8 (m, 4H), 6.61 (s, 1H), 3.88 (s,

34), 3.87 (s, 3H), 3.84 (s, 3H), 3.8-3.6 (m, 2H),

3.2-3.0 (m, 4H), 2.8-2.5 (m, 10H), 2.3-2.2 (m, 2H),

1.3-1.1 (m, 2H)
REFERENCE EXAMPLE 21

Ethyl 5,6-Dimethoxy-1-(3,4-

dimethoxybenzyl)-1H-indazole-3~-carboxylate

In 5000 m¢ of dimethyl sulfoxide, having been dried
over Molecular Sieve 4A, was suspended 250.2 g of ethyl 5,6-

dimethoxy-1H-indazole-3-carboxylate, and 38.0 g of lithium
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methoxide was added thereto. After stirring at room
temperature for 1 hour, 185.6 g of 3,4-dimethoxybenzyl
chloride (prepared from 336.4 g of 3,4-dimethoxybenzyl
alcohol, 300 m¢ of concentrated hydrochloric acid, and 500 me
of ethyl ether) was added thereto dropwise at room
temperature over 10 minutes. After stirring at room
temperature for 1 hour, 55.6 g of 3,4-dimethoxybenzyl
chloride was added, followed by stirring at room temperature
for 1 hour. To the mixture was further added 55.6 g of 3,4-
dimethoxybenzyl chloride, followed by stirring at room
temperature for 1 hour. The reaction mixture was poured into
30000 m¢ of ice-water while stirring. The supernatant liquor
was discarded by decantation, and 15000 ml¢ of water was added
to the residue, followed by stirring at room temperature
overnight. The supernatant liquor was removed by
_decantation, and the residue was dissolved in 10000 m¢ of
chloroform. The solution was dried over'sodium sulfate and
filtered, and the solvent was removed under reduced pressure.
The residue weighing 497.0 g was purified by column
chromatography on silica gel (2 kg x 9) using chloro-
form:carbon tetrachloride:ethyl acetate=5:5:1 and then on
silica gel (2 kg x 4) using ethyl acetate:hexane=2:1. The
resulting eluate was recrystallized from ethyl acetate.to
yield 205.0 g of the title compound as a colorless prism
crystal.

Melting point: 138-141°C
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IR (KBr) cm™: 1728, 1496, 1266, 1216, 1204, 1138, 1022

'H-NMR (CDCl3) § ppm:
1.49 (3H, t, J=6.8Hz), 3.78 (3H, s), 3.85 (6H, s),
3.95 (3H, s), 4.53 (2H, g, J=6.8Hz), 5.58 (2H, s),
6.63 (1H, s), 6.76 (1H, s), 6.80 (2H, s), 7.56 (1H,
s)

Elementary analysis for Cj;H,;N,0:
Calcd. (%): C 62.99; H 6.04; N 7.00
Found (%): C 62.83; H 5.99; N 6.93

REFERENCE EXAMPLE 22

5,6-Dimethoxy-1-({3,4~-dimethoxvbenzyl)-1H~-indazole-3-Methanol

In 1500 m¢ of tetrahydrofuran was suspended 205.0 g
of ethyl 5,6~-dimethoxy-1-(3,4-dimethoxybenzyl)-1H-indazole-3-
carboxylate, having been ground to powder in a mortar, at
room temperature, and 96.8 g of sodium borohydride was added
thereto, followed by stirring at room temperature. To the
mixture was added dropwise 300 m¢ of methanol over
30 minutes. After the addition, the reaction mixture was
warmed to 50°C and stirred for 5 hours. To the mixture were
further added 19.4 g of sodium borohydride and 60 m¢ of
methanol. The reaction mixture was slowly poured into a
mixture of 200 m¢ of concentrated hydrochloric acid, 5000 m¢
of water, and 1 kg of ice while stirring. A saturated sodium
hydrogencarbonate aqueous solution was added to the aqueous
layei at room temperature while stirring until the pH became

about 8, whereupon a colorless solid began to precipitate.

-_—

This Sheet Has Been R

T




REPLACEMENT SHEET

29

The solid was collected by filtration, washed with two 500 m¢
portions of water, dissolved in 10000 m? of chloroform, dried
over sodium sulfate, filtered, and evaporation of the solvent
gave 185.2 g of a colorless solid. This solid was used in
the subsequent reaction without further purification.
Separately, a small aliquot of the solid above
obtained was recrystallized from ethanol to yield a colorless
prism crystal having a melting point of 187 to 188°C.
IR (KBr) cm™
3272, 1520, 1470, 1438, 1418, 1318, 1284, 1256, 1210,
1166, 1140, 1062, 1026, 870, 834.
'H-NMR (CDC(;) § ppm:
3.77 (3H, s), 3.82 (3H; s), 3.87.(3H, s), 3.92 (3H,
s), 4.97 (2H, s), 5.40 (2H, s), 6.62 (1H, s), 6.69
(1H, m), 6.75 (2H, m), 7.13 (1H, s)
REFERENCE EXAMPLE 23

3-Chloromethyl-5,6-dimethoxy-
1-(3,4-dimethoxybenzyl)-1H-indazole

In 1500 m¢{ of dichloromethane was dissolved 184.0 g
of 5,6-dimethoxy-1~(3,4-dimethoxybenzyl)-3-hydroxymethyl-1H-
indazole at room temperature, followed by stirring under
cooling with ice. To the solution was added dropwise 75.4 m¢
of thionyl chloride over 20 minutes. One minute later, the
spot of the starting material on a thin layer chromatogram
(ethyl acetate:hexane=2:1) disappeared. The reaction mixture

was warmed to room temperature, and 3500 m¢ of dichloro-
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methane was added thereto. The mixture was washed with
1000 m¢ of a saturated sodium hydrogencarbonate aqueous
solution, dried over sodium sulfate, filtered, and the
e&aporation of the solvent gave 189.7 g of a colorless solid.
This solid was used in the subsequent reaction without
further purification.
'H-NMR (CDC;) § ppm:

3.78 (3H, s), 3.84 (3H, s), 3.88 (3H, s), 3.95 (3H,

s), 4.95 (2H, s), 5.44 (2H, s), 6.65 (1H, s), 6.71

(3H, m), 7.10 (1H, s)

REFERENCE EXAMPLE 24

5,6-Dimethoxy-1~(3,4-dimethoxy-
benzvl)-1H-indazole-3-acetonitrile

In 1000 m¢ of dimethyl sulfoxide was dissolved
187.0 g of 3-chloromethyl-5,6-dimethoxy-1~(3,4-dimethoxy-
benzyl)-1H-indazole, followed by stirring at room
temperature. To the solution was added 134.0 g of potassium
cyanide, having been ground to powder in a mortar, followed:
by stirring at 50°C for 2 hours. The reaction mixture was
cooled to room temperature, poured into 15000 m¢ of water,
and stirred for 1 hour. A precipitated solid was collected,
washed with three 1000 m¢ portions of water, dissolved in
5000 mé of chloroform, dried over sodium sulfate, filtered,
and the solvent was evaporated. - The residue was purified by
silica gel column chromatography using 2 kg of silica gel and

chloroform:ethanol=50:1 and then 2 kg of silica gel and ethyl
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acetate:hexane=3:1, to yield 111.0 g of a p&le brown solid.
This solid was used in the subsequent reaction without
further purification.
'H-NMR (CDCl;) & ppm:
3.80 (3H, s), 3.84 (3H, s), 3.89 (3H, s), 3.94 (3H,
s), 4.02 (2H, s), 5.43 (2H, s), 6.66 (1lH, s), 6.72
(24, m), 6.69 (1H, m), 7.06 (1H, m)
REFERENCE EXAMPLE 25

5,6-Dimethoxy-1-(3,4-dimethoxy-
benzyl)-l1H-indazole-3-acetic Acid

In 1000 m¢ of ethanol was suspended 111.0 g of 5,6~

dimethoxy-1-(3,4-dimethoxybenzyl)-1H-indazole-3-acetonitrile
at room temperature and stirred. A 10N sodium hydroxide
aqueous solution was added to the suspension, followed by
heating under reflux for 2 hours. The reaction mixture was
cooled to room temperature and evaporated to remove ethanol.
To the residue was added 2000 m¢ of water, followed by
stirring at room temperature overnight. Any insoluble
material was removed by filtration, and 500 m¢ of ethyl ether
was added to the filtrate. The organic solvent-soluble
material was removed, and the aqueous layer was adjusted to
pPH 4 to 5 with concentrated hydrochloric acid. A precipitate
was collected and fractionally recrystallized from ethanol to
vield 41.0 g of the title compound. This compound was used

in the subsequent reaction without further recrystallization.
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'H-NMR (CDC?;) & ppm:
3.77 (34, s), 3.84 (3H, s), 3.88 (3H, s), 3.91 (3H,
s), 4.03 (2H, s), 5.44 (2H, s), 6.64 (1H, s), 6.72
(2H, m), 6.77 (1H, m), 6.96 (1H, s)
| EXAMPLE 16

1-((5,6-Dimethoxy-1-(3,4~dimethoxybenzyl)-1H-
indazol-3-vljacetvl}~-4-(3-chloro-2-methylphenvl)piperazine

In 500 m¢{ of dichloromethane was suspended 41.0 g of
5,6-dimethoxy-1-(3,4~-dimethoxybenzyl)-1H-indazole-3~-acetic
acid, and 24.5 g of 2,2-dipyridyl disulfide and 30.0 g of
triphenylphosphine were added to the mixture, followed by
stirring at room temperature. To the mixture was added
dropwise a solution of 23.5 g of (3-chloro-2-methylphenyl)-
piperazine in 200 m¢{ of dichloromethane over 5 minutes,
followed by stirring at room temperature for 30 minutes.
After confirming disappearance of the spot of the starting
material on a thin layer chromatogram (ethyl acetate:hexane=
2:1), 1000 m¢ of dichloromethane was addéd to the reaction
nixture, and the reaction mixture was washed with water. The
organic layer was dried over sodium sulfate, filtered, and
the solvent was evaporated. The residue was purified by
silica gel column chromatography (ethyl acetate:hexane=2:1;
silica gel: 2 kg) to yield 61.5 g of a colorless solid, which
was used in the following reaction without further

purification. A small aliquot of the solid was recrystal-
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lized from ethanol to give a colorless prism crystal having a

melting point of 165 to 169°C.

IR (KBr) cm™': 1652, 1516, 1264, 1236

'H-NMR (CDCl;) § ppm:
1.24 (1.5H, t, J=7.3Hz, Me of EtOH), 1.65 (4H, s),
2.55 (2H, m), 2.75 (2H, m), 3.72 (1H, m, CH, of
EtOH), 3.76 (3H, s), 3.78 (3H, s), 3.89 (3H, s), 3.94
(3H, s), 4.09 (2H, s), 5.41 (2H, s), 6.65 (1H, s),
6.69 (2H, m), 6.73 (1H, s), 7.03 (1H, t, J=7.8Hz),
7.09 (1H, d, J=6.8Hz), 7.19 (lH, s)

EXAMPLE 17

3-(2-(4~(3-Chloro-2-methylphenyl)-l-piperazinyl)-
ethvl)-5,6~-dimethoxy-1~-({3,4-dimethoxybenzyl)-1H-indazole

In 1000 m{ of tetrahydrofuran was suspended 60.5 g of
1-((5,6~-dimethoxy-1~(3,4~dimethoxybenzyl)-1H~-indazol-3-
yl)acetyl)54—(3-chloro-2—methylphenyl)piperazine, and 500 m¢
of a tetrahydrofuran solution containing 1.0 mol of a borane-
tetrahydrofuran complex was added thereto, followed by
refluxing for 2 hours. The reaction mixture was cooled to
room temperature, and 30 m¢ of water was added thereto to
decompose the excess reagent. Tetrahydrofuran was removed
under reduced pressure, and 300 m¢ of concentrated
hydrochloric acid was added to the residue, followed by
stirring at 50°C for 1 hour. The aqueous layer was cooled to
room temperature, made alkaline with potassium carbonate, and

extracted with 3000 m¢ of chloroform. The organic layer was
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dried over sodium sulfate, filtered, and the solvent was
removed under reduced pressure. The residue was purified by
silica gel column chromatography (chloroform:ethanol=40:1) to
yield 50.0 g of a colorless solid. Recrystallization from
ethanol gave 46.3 g of a colorless prism crystal.
Melting point: 148-150°C
IR (KBr) cm':
1518, 1466, 1454, 1260, 1236, 1140, 1022, 1004
'H-NMR (CDCl;) & ppm:
2.35 (3H, s), 2.85 (2H, m), 3.02 (4H, m), 3.26 (2H,
m), 3.78 (3H, s), 3.83 (3H, s), 3.87 (3H, s), 3.94
(34, s), 5.43 (2H, s), 6.62 (1H, s), 6.72 (2H, s),
6.78 (lH, m), 6.96 (1H, m), 7.11 (3H, m)
Elementary analysis for C,;H4;N,0,CL:
Calcd. (%): C 65.89; H 6.60; N 9.91; C¢: 6.27
Found (%): C 65.65; H 6.59; N 9.58; C¢: 6.36
EXAMPLE 18
5,6-Dimethoxy-1-(3,4-dimethoxyphenylmethyl)-

3-(2-(4~(2-methoxyphenyl)-l-piperazinyl)-
ethyl)-l1H-indazole Dihydrochloride Monohydrate

In 100 m¢ of dichloromethane was dissolved 2.2 g of
5,6-dimethoxy-1-(3,4-dimethoxyphenylmethyl)~-1H-indazole-3-
| acetic acid, and to the solution were added 1.5 g of
triphenylphosphine, 1.26 g of 2,2-dipyridyl disulfide, and
1.1 g of 2-methoxyphenylpiperazine, followed by stirring at
room temperature for 1 hour. The reaction mixture was poured
into water and extracted with dichloromethane. The organic
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layer was dried over sodium sulfate, and the solvent was
removed under reduced pressure. The residue was purified by
silica gel column chromatography (ethyl écetate:hexane) to
vield 2.6 g of a colorless oil. The oil (2.6 g) was
dissolved in 40 m¢ of tetrahydrofuran, and 40 m¢{ of a 1.0N
borane-tetrahydrofuran complex solution was added thereto,
followed by stirring at room temperature for 8 hours. To the
solution was added 5.0 m{ of water under ice-cooling, and the
mixture was stirred and then the solvent was evaporated. To
the residue was added 20 m¢ of concentrated hydrochloric
acid, followed by stirring at 60°C for 30 minutes. The
solution was poured into a saturated sodium carbonate aqueous
solution to be rendered basic and extracted with chloroform.
The organic layer was dried over sodium sulfate, and the
solvent was removed under reduced pressure. The residue was
purified by silica gel column chromatography (dichloro-
methane:ethanol=20:1) to yield 2.4 g of a colorless oil. The
oil was dissolved in ethanol, and 10 m¢ of 1N hydrochloric
acid was added to the solution, followed by stirring. The
solvent was removed under reduced pressure. Recrystalliza-
tion of the residue from ethyl acetate/ethanol gave 2.7 g of
the title compound as a colorless crystal.
Melting point: 190-193°C
IR (KBr) cm ':
3348, 2940, 2836, 1632, 1516, 1466, 1262, 1160, 1024,

862, 752
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'H-NMR (CDCf,) & ppm:
8.05 (1H, m), 7.42 le, t), 7.25 (1H, s), 7.04 (2H,
m), 6.84 (2H, m), 6.76 (1H, m), 6.65 (1H, s), 5.45
(2H, m), 4.85 (2H, m), 4.27 (2H, m), 4.06, 3.98,
3.90, 3.84, 3.83 (each 3H, s), 3.70 (2H, s), 3.88-
3.56 (4H, m)

Elementary analysis for C; N;gN,05Cl,:
Calcd. (%): C 58.40; H 6.64; N 8.79; C¢ 11.12
Found (%): C 58.55; H 6.50; N 8.64; C¢ 11.40

REFERENCE EXAMPLE 26

1-Hydroxy-3-(3,4~-dimethoxyphenyl )butyronitrile

To a dry benzene solution containing 46 g of sodium
- amide was slowly added 177 g of 3,4—diméthoxyphenylaceto-
nitrile under cooling with ice. The mixture was heated under
reflux for 30 minutes, followed by cooling to room
temperature. Into the reaction mixture was slowly blown
50 m{ of ethylene oxide, followed by stirring overnight.
Water was added thereto, and the mixture was made acidic with
10% hydrochloric acid. The extracted benzene layer was
purified by silica gel column chromatography (hexane:
acetone=2:1 to 1:1) to yield 48 g of the title compound.
'H-NMR (CDCl3;) § ppm:
7.0-6.8 (m, 3H), 4.05 (t, 1H, J=7.3Hz), 3.90 (s, 3H),
3.89 (s, 3H), 3.9-3.7 (m, 2H), 2.3-2.0 (m, 2H)
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REFERENCE EXAMPLE 27

a-(3,4-Dimethoxyphenyl)-butyrolactone

A solution (100 m¢) of 35 g of l-hydroxy-3-(3,4-
dimethoxyphenyl )butyronitrile in a 1l:1 mixture of isopropyl
‘alcohol énd concentrated hydrochloric acid was heated under
reflux overnight. The reaction mixture was extracted three
times with methylene chloride. The organic layer was washed
successively with a sodium hydrogencarbonate aqueous solution
and a saturated sodium chloride aqueous solution, dried over
sodium sulfate, and the solvent was evaporated. The residue
was purified by silica gel column chromatography
(hexane:acetone=2:1 to 1:1) fo yield 28.3 g of the title
compound.

'H-NMR (CDC?,) & ppm:

6.9-6.8 (m, 3H), 4.5-4.4 (m, 1H), 4.4-4.3 (m, 1H),

3.89 (s, 3H), 3.87 (s, 3H), 3.77 (dd, 1H, J=8.8,

10.2Hz), 2.8-2.6 (m, 1H), 2.5-2.3 (s, 1H)

REFERENCE EXAMPLE 28

a-(2-Nitro-4,5-dimethoxyphenvyl)-butyrolactone

Concentrated hydrochloric acid (3.0 m¢) was added to
a solution of 4.0 g of a-(3,4-dimethoxyphenyl)-butyrolactone
in 30 m¢ of a 2:1 mixture of acetic acid and acetic
anhydride. The reaction mixture was poured into a sodium
hydrogencarbonate aqueous solution and extracted three times
with methylene chloride. The organic layer was washed with a

saturated sodium chloride agqueous solution and dried over

e
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sodium sulfate. The solvent was evaporated, and the residue
was crystallized from ethanol to yield 3.36 g of the title
compound.
Melting point: 144-147°C
'H-NMR (CDC?,) & ppm:
| 7.70 (s, 1H), 6.76 (s, 1H), 4.6-4.4 (m, 2H), 3.97 (s,
3H), 3.96 (s, 3H), 2.95-2.8 (m, 1H), 2.5-2.3 (m, 1lH)
REFERENCE EXAMPLE 29'

5,6-Diméthoxz-3—hzdroxxethxl-1,3-dihzdro-2(2H)-indolone

An ethyl acetate solution containing 2.0 g of a~(2-
nitro-4,5~dimethoxyphenyl)-butyrolactone and 500 mg of
platinum oxide was stirred in a 2.0 atm. hydrogen gas
atmosphere. Ethanol was added to the reaction mixture,
followed by filtration. The solvent was evéporated to yield
1.76 g of the title compound.

'H-NMR (cnca,) 5 ppm:

9.1-9.0 (br 1H), 6.83 (s, 1H), 6.54 (s, 1H), 4.75-4.4

(m, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 3.9-3.5 (m, 2H),

2.3-2.0 (m, 2H)

REFERENCE EXAMPLE 30

5,6-Dimethoxy-3-methylthio-3-
hydroxyethvl-1,3-dihydro-2(2H)-indolone

To 50 m¢ of dimethylformamide was added 360 mg of
sodium hydride, and 1.76 g of 5,6-dimethoxy-3-hydroxyethyl-
1l,3-dihydro-2(2H)~indolone and 706 mg of dimethyl disulfide

were added thereto. To the reaction mixture was added a

—_—
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.sodium hydrogencarbonate aqueous solution, and the solvent
was evaporated. The residue was extracted three times with
methylene chloride, and the organic layer was dried over
sodium sulfate. The solvent was evaporated, and the residue
was purified by silica gel column chromatography (ethyl
acetate) to yield 1.21 g of the title compound.
'H-NMR (CDC#;) & ppm:
9.1-9.0 (br 1H), 6.85 (s, 1H), 6.55 (s, 1H), 3.88 (s,
6H), 3.8-3.5 (m, 2H), 2.5-2.0 (m, 2H), 1.85 (s, 3H)
REFERENCE EXAMPLE 31

5,6-Dimethoxy-3~[2-[4-(2-methoxyphenyl)-1-
piperazinylj]ethyl]-3-methylthio-1,3-dihydro-2(2H)-indolone

To a methylene chloride solution of 330 mg of 5,6-

dimethoxy-3-methylthio-3~hydroxyethyl-1,3-dihydro-2(2H)-
indolone and 0.5 m¢ of triethylamine was added

2.2 equivalents of mesyl chloride under cooling with ice. A
sodium hydrogencarbonate'aqueous solution was added to the
reaction mixture, and the mixture was extracted three times
with ethyl acetate. The organic layer was washed with a
saturated sodium chloride aqueous solution and dried over
sodium sulfate. The solvent was evaporated, and the residue
was purified by silica gel column chromatography (ethyl
acetate). The product was dissolved in dimethylformamide,
and to the solution were added 300 mg of (2-methoxyphenyl)-
Ppiperazine, 200 mg of potassium carbonate, and 200 mg of

sodium iodide, followed by stirring overnight. A sodium
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hydrogencarbonate aqueous solution was added thereto, and the
reaction mixture was extracted three times with methylene
chloride. The organic layer was washed with a saturated
sodium chloride aqueous solution, dried over sodium sulfate,
and the solvent was evaporated. The residue was purified by
silica gel column chromatography (ethyl acetate) to yield
140 mg of the title compound.
'H-NMR (CDCl;) § ppm:

$.5-9.4 (br 1H), 7.0-6.7 (m, 5H), 6.58 (s, 1H), 3.89

(s, 3H), 3.88 (s, 3H), 3.79 (s, 3H), 3.8-1.9 (m,

12H), 1.80 (s, 3H)

EXAMPLE 19

5,6-Dimethoxy-1-{ (3,4-dimethoxyphenyl )methyl]-3-
[2-[4~-(2-methoxyphenyl )piperazinyl]ethyl]j-2-oxoindole

In dimethylformamide was suspended 38 mg of sodium
hydride. To the suspension were added 285 mg of 5,6-
dimethoxy-3—[2-[4-(2-methoxyphenyl)-1—piperazinyl]ethy1]-3—
methylthio-1,3-dihydro-2(2H)-indolone and 140 mg of 3,4-
dimethoxybenzyl chloride. A sodium hydrogencarbonate agueous
solution was added to the reaction mixture, and the mixture
was extracted three times with ethyl acetate. The organic
layer was washed with a saturated sodium chloride aqueous
solution and dried over anhydrous sodium sulfate. The
solvent was evaporated, and the residue was dissolved in
ethanol. Separately, an acetone solution containing 2.0 g of

Raney nickel was refluxed, and the solvent was removed by
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decantation. To the residue was added the above prepared
ethanol solution, followed by refluxing for 15 minutes. A
precipitate was removed by filtration, the solvent was
evaporated, and the residue was purified by silica gel column
chromatography (hexane:ethyl acetate=1:2 to 0:1) to obtain
201 mg of the title compound.
'H-NMR (CDC¢3) & ppm
7.0-6.7 (m, 8H), 6.38 (s, 1H), 4.13 (d, 1H, J=6.9Hz),
4.10 (d, 1H, J=7.3Hz), 3.85 (s, 3H), 3.85 (s, 6H),
3.83 (s, 3H), 3.78 (s, 3H), 3.7-3.5 (m, 1lH), 3.2-2.2
(m, 12H)
REFERENCE EXAMPLE 32

1—[7-(2,3—Dihzdrobenzofuranvli1gigerazine

In 10 m¢ of acetic acid was dissolved 884.0 mg of 1-

(7-benzofuranyl)piperazine, and 56.7 mg of Pearman’s catalyst
was added thereto. The mixture was stirred at 65°C in a
hydrogen stream for 4 hours. After completion of the
reaction, the catalyst was removed by filtration using
Celite. The solvent was evaporated, and the residue was
subjected to silica gel column chromatography. From the
fraction eluted with 10 vol% chloroform-methanol was obtained
729.4 mg of a crude 2,3-dihydrobenzofuran compound, which was

used in the subsequent reaction without further purification.
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EXAMPLE 20

3-[2-[4-[7-(2,3-Dihydrobenzofuranyl)]-l-piperazinyl]-
ethyl]-5,6-dimethoxy-1-(3,4-dimethoxybenzyl)-1H~indazole

In 15 m{ of anhydrous dichloromethane was dissolved

1.28 g of 5,6-dimethoxy-1-(3,4-dimethoxybenzyl)-1H-
indazolylacetic acid. To the solution were added
successively 868.6 mg of triphenylphosphine, 729.4 mg of 2,2-
dipyridyl disulfide, and 729.4 mg of 1-[7-(2,3~-dihydro-
benzofuranyl) ]piperazine, followed by stirring at room
temperature for 10 minutes. After completion of the
reaction, water was added thereto, and the mixture was
extracted with dichloromethane. The extract was dried over
anhydrous sodium sulfate, the solvent was evaporated, and the
residue was subjected to silica gel column chromatography
(ethyl acetate) to yield 1.16 g of an amide compound as a
colorless oily substance. The oily product was dissolved in
20 m¢ of anhydrous tetrahydrofuran, and 8.1 m{ of a 1.0 M
solution of a borane-tetrahydrofuran complex was added
thereto, followed by refluxing for 1 hour. After completion
of the reaction, 10 m{ of a 10% hydrochloric acid was added
to the reaction mixture, followed by further refluxing for

1 hour. After cooling, sodium hydrogencarbonate powder was
added thereto for neutralization, and the mixture was
extracted with chloroform. The extract wés dried over
anhydrous sodium sulfate, the solvent was evaporated, and the

residue was purified by silica gel column chromatography
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(ethyl acetate) to yield 729.3 mg of the title compound as";w

colorless oily substance.

IR (KBr) cm™: 1514, 1486, 1260, 1028

'H-NMR (CDC?,) § ppm:
3.70-3.77 (4H, m), 3.79, 3.83, 3.88, 3.94 (each 3H,
s), 5.43 (2H, s), 5.62—7.61 (8H, m)

Elementary analysis for CuH“NAk-l/Zth'
Caled. (%): C 67.70; H 6.92; N 9.86
Found (%): C 67.62; H 6.59; N 9.24

REFERENCE EXAMPLE 33

1-[ (2-Methoxycarbonyl-4,5-dimethoxy)-
phenyl Jethyl-4-(2-methoxyphenyl)piperazine

To a tetrahydrofuran solution of 3.8 g of 1-[(2-

bromo-4,5-dimethoxy)phenyljethyl-4-(2-methoxyphenyl)-
piperazine was added 6.4 m{ of a 15% hexane solution of n-
butyl lithium at -78°C. After stirring for a while, 0.5 g of
solid carbon dioxide was added thereto. The solvent was
removed by evaporation. Methanol was added to the residue,
and then about 1 m{ of concentrated hydrochloric acid was
added, followed by heating under reflux overnight. The
reéction mixture was carefully neutralized with a sodium
hydrogencarbonate aqueous solution, and ethyl acetate was
added thereto. The organic layer was separated. The aqueous
layer was made acidic, extracted with methylene chloride, and
again subjected to esterification. The resulting organic
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layer was evaporated, and the residue was cryéE;IIIEEH"TTBm““~«'
ethanol to yield 530 mg of the title compound.
Melting point: 118°C
'H-NMR (CDC?,, 400 MHz) & ppm:
7.52 (s, 1H), 7.05-6.75 (m, 5H), 3.93 (s, 3H), 3.91
(s, 3H), 3.89 (s, 3H), 3.88 (s, 3H), 3.4-2.6 (m, 12H)
EXAMPLE 21

1-[2-[4,5-Dimethoxy-2-(2-
pyridyl)acetyl ]phenyl Jethyl-4-(2-methoxy-

phenvyl)piperazine Dihydrochloride Dihydrate

To a tetrahydrofuran solution of 158 mg of
diisopropylamine were successively added 1.0 m¢{ of a 15%
hexane solution of n-butyl lithium and 145 mg of 2-picoline
at -78°C, followed by stirring for a while. To the solution
was added 650 mg of l-[(2-meth6xycarbonyl-4,S-dimethoxy)—
phenyllethyl-4-(2-methoxyphenyl )piperazine. The temperature
was gradually elevated to room temperature, at which the
mixture was stirred for 20 minutes. A saturated ammonium
chloride agueous solution was added to the reaction mixture,
and the reaction mixture was extracted three times with ethyl
acetate. The organic layer was washed with a saturated
sodium chloride aqueous solution, dried over sodium sulfate,
and the solvent was evaporated. The residue was purified by
silica gel column chromatography (ethyl acetate:ethanol=10:1)
to yield 360 mg of the title compound.

Melting point:
179-181°C (once melted and then re-solidified)
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IR (cm™'): 2500, 1682, 1520, 1504, 1344, 1272, 1246, 1124
'H-NMR (an equivalent mixture of keto form:enol
form=2:1) § ppm:
8.56 (d, J=4.9Hz, 2/3H), 8.28 (d, J=4.5Hz, 1/3H),
7.7-7.15 (m, 3H), 7.05-6.75 (m, 6H), 5.62 (s, 1/3H),
4.42 (s, 2/3H), 3.92 (s, 2/3*3H), 3.91 (s, 1/3*3H),
3.90 (s, 2/3%*3H), 3.99 (s, 1/3*3H), 3.87 (s, 2/3*3H,
3.85 (1/3*3H), 3.3-2.6 (m, 12H)
REFERENCE EXAMPLE 34

Ethyl 5,6-Dimethoxy-1-(1-trityl-4-
imidazolyl )methyl-~1H-indazole-3-carboxylate

In 5000 m¢ of dimethyl sulfoxide was suspended

250.2 g of ethyl 5,G-dimethoxyindazole-3-carboxylate, and
40.2 g of lithium methoxide was added to the suspension,
followed by stirring at room temperature for 1 hour. A
solution of 447.8 g of 4-chloromethyl-l-tritylimidazole in
2000 m¢ of dimethyl sulfoxide was added dropwise thereto at
room temperature over 10 minutes. After stirring at room
temperature for 2 hours, 4.2 g of lithium methoxide and

44.8 g of 4-chloromethyl-l-tritylimidazole were further added
thereto, followed by stirring at room temperature for 1 hour.
The reaction mixture was poured into 30000 m¢ of ice-water
while stirring. A precipitated crystal was collected, washed
with three 2000 m¢ portions of water, and dried. The solid
was dissolved in 10000 m¢ of chloroform, and the solution was

dried over sodium sulfate, filtered, and the solvent was
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evaporated. The residue was purified by silica gel column
chromatography (chloroform:ethanol=50:1) ‘and recrystallized
from chloroform/isopropyl alcohol to yield 222.0 g of the
title compound as a colorless prism crystal.
Melting point: 184-186°C
IR (KBr) em': 1704, 1496, 1268, 1146, 1132, 1092, 748, 700
'H-NMR (CDCl;) § ppm:
1.21 (6H, d, J=5.9Hz, Me of iso-PrOH), 1.46 (3H, t,
J=7.3Hz), 3.93 (3H, s), 3.97 (3H, s), 4.01 (1H, m, CH
of iso-PrOH), 4.49 (2H, q, J=7.3Hz), 5.61 (2H, s),
6.79 (1H, s), 7.03 (5H, m), 7.13 (1H, s), 7.28 (10H,
m), 7.47 (1H, s), 7.51 (1lH, s)
Elementary analysis for C”HMNAth§hO:
Calcd. (%): C 72.13; H 6.37; N 8.85
Found (%): C 71.53; H 6.37; N 8.70
REFERENCE EXAMPLE 35

5,6-Dimethoxy-1~(l-trityl-4-
imidazolylimethyl-1H-indazole~-3-methanol

In 1300 m¢ of tetrahydrofuran was suspended 222.0 g
of ethyl 5,6-dimethoxy-1-(l-trityl-4-imidazolyl)methyl)-1H-
indazole-3-carboxylate, having been ground to powder in a
mortar, at room temperature, and the suspension was cooled
with ice-water. To the suspension was added about 250.0 m¢
of a 3.4M toluene solution of sodium bismethoxyethoxyaluminum
hydride over 15 minutes, followed by stirring under ice-
cooling for 30 minutes. A supersaturated sodium sulfate

I
heet Has Been Replaced - . SEEN

i




. . cLAUEMENT SHEET
Keel part Kd further conprises top panel portiohsi32d—and
G2 GCT 1955

117

aqueous solution was added to the reaction mixture. After
stirring for 1 hour, sodium sulfate was added thereto,
followed by filtration. The sodium sulfate on the filter was
washed with five 500 m¢ portions of hot chloroform. The
filtrate and the washing were combined and the solvent was
evaporated to yield 220.1 g of a colorless solid.
Recrystallization of the solid from chloroform gave 181.0 g
of the title compound as a colorless prism crystal.
Melting point: 115-120°C (with decomposition)
IR (KBr) cm™:
3216, 3172, 3008, 2936, 1510, 1488, 1472, 1444, 1302,
1260, 1172, 1156, 1128, 1102, 1036, 1014, 836, 764,
702, 678, 666, 636
'H-NMR (CDCl,) § ppm:
3.91 (3H, s), 3.92 (3H, s), 4.92 (2H, s), 5.44 (2H,
s), 6.76 (1H, s), 6.95 (1H, s), 7.05 (5H, m), 7.26
(l1H, s, CHCl3), 7.28 (1H, s), 7.31 (10H, m), 7.46
(1H, s)
Elementary analysis for Ci;H;N,0;+CHCl,:
Calcd.'(%): C 62.83; H 4.81; N 8.62
Found (%): C 62.50; H 4.63; N 8.42

REFERENCE EXAMPLE 36

. 3-Chloromethyl-5,6-dimethoxy-1-
(l-trityl-4- 1m1dazolvl)methvl lH-indazole

In 1700 m¢ of dichloromethane was suspended 180.0 g

of 5,6-dimethoxy-l-(l—trityl-4-imidazolyl)methyl-lH—indazole—
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3-methanol, having been ground to powder in a mortar, at room
temperature, followed by stirring while cooling with ice. To
the reaction_mixture was added dropwise 48.6 m¢{ of thionyl
chloride over 5 minutes. One minute later, the spot of the
starting material on a thin layer chromatogram
(chloroform:ethanol=30:1) disappeared. The reaction mixture
" was poured into 2000 m¢ of a saturated sodium
hydrogencarbonate aqueous solution and extracted with 5000 m¢
of chloroform. The extract was dried over sodium sulfate,
filtered, and the solvent was evaporated to yield 165.1 g of
a colorless solid. ' This solid was used in the subsequent
reaction without further purification.
'H-NMR (CDCf,) § ppm:
3.95 (3H, s), 4.09 (3H, s), 4.83 (2H, s), 5.67 (2H,
s), 7.02 (8H, m), 7.37 (10H, m), 7.88 (1H, br)
REFERENCE EXAMPLE 37

5,6-Dimethoxy—1-(1-trityl-4-
imidazolyl)methyl-1H-indazole-3-acetonitrile

In 1200 m¢{ of dimethyl sulfoxide was suspended
165.0 g of 3-chloromethyl-5,6-dimethoxy-1-(1l-trityl-4-
imidazolyl)methyl-1H-indazole, followed by stirring at room
temperature. To the suspension was added 43.6 g of potéssium
cyanide, having been ground to powder in a mortar, and the
mixture was stirred at 70°C for 1 hour. The reaction mixture
was cooled to room temperature and poured into 15000 m¢ of

water with vigorous stirring, followed by stirring for
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1 hour. A precipitated solid was collected, ‘washed with
three 1000 m¢ portions of water, and dissolved in 5000 m¢ of
chloroform. The solution was dried 6ver.sodium sulfate,
filtered, and the solvent was evaporated. Silica gel column
chromatography (ethyl acetate) of the residue yielded 108.7 g
. of a pale brown solid, which was used in the next reaction as
such.
'H-NMR (CDCl;) § ppm:

3.92 (3H, s), 3.94 (3H, s), 3.97 (2H, s), 5.42 (2H,

s), 6.79 (1H, s), 7.00 (1H, s), 7.02 (1H, s), 7.06

(SH, m), 7.30 (10H, m), 7.46 (1lH, s)

REFERENCE EXAMPLE 38

5,6-Dimethoxy-1~(l-trityl-4-
imidazolyl )methyl-1H-indazole-3-acetic Acid

In 1000 m¢ of ethanol was suspended 107.0 g of 5,6~
dimethoxy-1-(l-trityl-4-imidazolyl)methyl-1H-indazole-3-
acetonitrile at room temperature, and a 10N sodium hydroxide
agueous solution, prepared from 40.0 g of sodium hydroxide
and 100 m¢ of water, was added thereto, followed by refluxing
for 6 hours. The reaction mixture was cooled to room
teﬁperature and poured into 5000 m{ of water. On adjusting
to pH 3 to 4 with 10% hydrochloric acid, a colorless solid
precipitated, which was collected by filtration, washed with
three 500 m¢ portions of water, and dissolved in 5000 m¢ of
chloroform. The solution was dried over sodium sulfate,
filtered, and the solvent was evaporated to yield 134.0 g of
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the title compound, which was used in the next reaction as

such.
'H-NMR (CDC?,) § ppm:
3.84 (3H, s), 3.87 (3H, s), 3.89 (2H, s), 5.43 (2H,
s), 6.76 (1H, s), 6.88 (1H, s), 6.93 (13, s), 7.03
(5, m), 7.28 (10H, m), 7.48 (1lH, s)
EXAMPLE 22
4-(3-Chloro-2-methylphenyl)-1-((5,6-

dimethoxy-1-(l-trityl-4-imidazolyl)-
methyl-1H-indazol-3-yl)acetyl)piperazine

In 1000 m{ of dichloromethane was suspended 134.0 g
of 5,6-dimethoxy-1-(l-trityl-4-imidazolyl)methyl-1H~indazole-
3-acetic acid. To the suspension were added 63.5 g of 2,2-
dipyridyl disulfide and 75.6 g of triphenylphosphine,
followed by stirring at room temperature, whereupon the
suspension turned uniformly transparent. A solution of
60.7 g of 4-(3-chloro-2-methylphenyl)piperazine in 200 m{ of

- dichloromethane was added thereto dropwise over a period of
5 minutes, and the mixture was stirred at room temperature
for 5 hours. The solvent was removed under reduced
pressure, and to the residue was added hot ethyl acetate,
followed by stirring. A precipitated solid was collected by
filtration, washed with two 500 m¢ portions of ethyl acetate,
and dried to yield 140.4 g of a colorless solid. The solid
was purified by silica gel column chromatography

(chloroform:ethanol=30:1) to give 134.9 g of a colorless
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lsolid. Recrystallization from ethanol gave 120.0 g of a
colorless prism crystal. ’
Melting point: 103-105°C
IR (KBr) cm™
1646, 1628, 1508, 1466, 1450, 1430, 1260, 750, 702
'4-NMR (CDCl;) & ppm:
1.23 (1.2H, t, J=6.8Hz, Me of EtOH), 2.28 (3H, s),
2.55 (2H, m), 2.73 (2H, m), 3.67 (4H, m), 3.71 (0.8H,
q, J=6.8Hz, CH, of EtOH), 3.90 (3H, s), 3.93 (3H, s),
4.03 (2H, s), 5.43 (2H, s), 6.68 (1H, s), 6.72 (1H,
d, J=8.3Hz), 6.90 (1H, s), 7.03 (7H, m), 7.14 (1H,
s), 7.27 (10H, m), 7.41] (1lH, s)
Elementary analysis for C,sH,3N;0;Cl «0.4EtOH+H,0:
Calcd. (%): C 70.10; H 5.70; N 10.70; C? 4.72
Found (%): C 70.02; H 5.78; N 10.60; Ct 5.11
EXAMPLE 23

3-(2-(4-(3-Chloro-2-methylphenyl)-l-piperazinyl)-
ethyl)-5,6-dimethoxy-1-(4-imidazolvlimethyl)-1H-indazole

In 1000 m¢ of tetrahydrofuran was suspended 120.0 g
of 4-(3-chloro-2-methylphenyl)-1-(5,6-dimethoxy-1-(1l-trityl-
4-imidazolyl)methyl)indazol-3-yl)acetyl)piperazine. To the
suspension was added 800 m¢ of a 1.0M borane-tetrahydrofuran
complex, followed by refluxing for 90 minutes. The reaction
mixture was cooled to room temperature, and 30 m¢{ of water
was added thereto to decompose the excess reagent.

Tetrahydrofuran was removed under reduced pressure, and
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150 m¢ of concentrated hydrochloric acid, 200 m{ of water,
and 40 m¢ of ethanol were added to the residue, followed by
stirring at 50°C for 1 hour. The aqueous layer was cooled to
room temperature, made alkaline with potassium carbonate,.and
extracted with 3000 malof-chlorofo;m. The organic layer was
dried over sodium sulfate, filtered, and the solvent was
evaporated. The residue was purified by silica gel column
chromatography (chloroform:ethanocl=40:1) to yield a colorless
solid, which was then recrystallized from isopropyl
alcohol/isopropyl ether to give 71.0 g of the title compound
as a colorless prism crystal.
Melting point: 143-144.5°C
IR (KBr) cm™': 1510, 1464, 1432, 1272, 1238, 1206, 1006
'H-NMR (CDC?,) & ppm:
2.34 (3H, s), 2.78 (4H, m), 2.90 (2H, m), 2.97 (4H,
m), 3.17 (2H, m), 3.90 (3H, s), 3.91 (3H, s), 5.45
(2H, s), 6.83 (1H, s), 6.84 (1H, s), 6.92 (1H, m),
7.00 (1H, s), 7.09 (2H, m), 7.52 (1H, s)
Elementary analysis for C,gH; NgO,Ce :
Calcd. (%): C 63.09; H 6.31; N 16.98; C¢ 7.16
Found (%): C 62.93; H 6.30; N 16.88; C¢ 7.16
REFERENCE EXAMPLE 39

l1-Benzyloxycarbonyl-4-(3-(2-ethoxycarbonyl)-
ethvl)carbonvlamino-2-methylphenvl piperazine

In 50 m¢ of methylene chloride were dissolved 5.15 g

of 4-(3-amino-2-methylphenyl)-1l-benzyloxycarbonylpiperazine
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and 3.08 g of ethylsuccinyl chloride, and 5.17 g of potassium
carbonate was added thereto, followed by heating under reflux
for 2 hours. The reaction mixture was cooled to room
temperature, and methylene chloride was added thereto. The
nmixture was washed with water, dried over sodium sulfate,
filtered, and the solvent was evaporated. The residue was
purified by silica gel column chromatography (ethyl
acetate:hexane=1:2) to yield 5.32 g of the title compound.
'H-NMR (CDCl;) & ppm:

1.27 (3H, t, J=6.8Hz), 2.23 (3H, s), 2.71 (2H, m),

2.75 (2H, m), 2.83 (4H, m), 3.66 (4H, m), 4.14 (2H,

q, J=6.8Hz), 5.17 (2&, s), 6.84 (1H, d, J=7.8Hz),

7.16 (1H, t, J=8.3Hz), 7.37 (5H, m), 7.53 (1H, d,

J=7.8Hz)

EXAMPLE 24

5,6-Dimethoxy-1-(3,4~dimethoxybenzyl)-3-(2-(4-(2-ethyl-
3-(l-succinimidyl )phenyl-l-piperazinvyl)ethyl)-1H-indazole

In 50 m¢ of methanol was dissolved 1.50 g of 1-
benzyloxycarbonyl-4-(3-(2~ethoxycarbonylethyl )carbonylamino-
2-methylphenyl )piperazine, and 1.0 g of 10% palladium-on-
carbon was added théreto, followed by stirring at room
temperature in a hydrogen atmosphere for 2 hours. The
reaction mixture was filtered and the solvent was evaporated
to yiéld 0.99 g of 3-(2-ethoxycarbonylethyl )carbonylamino-2-
methylphenylpiperazine, which was used in the next reaction

without purification.
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In 30 ¢ of methylene chloride were dlssolved 800 mg
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of 5,6-dimethoxy-1-(3,4-dimethoxybenzyl);lH-indazole-3-
ethanol and 270 mg of mesyl chloride. To the solution was
added 1.0 mf of triethylamine while stirring under cooling
with ice for 30 minutes. Methylene chloride was added to the
reaction mixture, and the reaction mixture was washed with
water, dried over sodium sulfate, filtered, and the solvent
was evaporated. The residue was dissolved in 30 m{ of
dimethylformamide, and 990 mg of the above-prepared 3-(2-
ethoxycarbonylethyl )carbonylamino-2-methylphenylpiperazine
and 3.0 g of potassium carbonate were added to the solution.
The mixture was stirred at 60°C for 2 hours. Dimethyl-~
formamide was removed under reduced pressure, and the residue
was extracted with ethyl acetate. The extract was washed
with water, dried over sodium sulfate, filtered, and the
solvent was evaporated. The residue was purified by silica
gel column chromatography (ethyl acetate), and the resulting
solid was recrystallized from isopropyl alcohol to yield

520 mg of 5,6-dimethoxy-1-(3,4-dimethoxybenzyl)-3-(2-(4-(2-
methyl-3-(1l-succinimidyl )phenyl)-~l-piperazinyl)ethyl)-1H-
indazole hemihydrate.

.Melting point: 99.5-103.5°C

Mass Spectrum (FAB): M'+1: 628

IR (KBr) cm™': 1780
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'H-NMR (CDCl;) & ppm
2.08 (3H, s), 2.76 (4H, m), 2.93 (6H, m), 3.00 (4H,
m), 3.19 (2H, m), 3.79 (3H, s), 3.83 (3H, s), 3.87
(3, s), 3.93 (3H, s), 5.43 (2H, s), 6.62 (1lH, s),
6.77 (44, m), 7.03 (1H, s), 7.14 (1H, m), 7.27 (1H,
m)

Elementary analysis for C,sH,;N;Og+1/2H,0:
Calcd. (%): C 66.02; H 6.65; N 10.09
Found (%): C 65.98; H 6.95; N 10.08

REFERENCE EXAMPLE 40

4,4-Dimethyl-2-(2,4,5-trimethoxyphenyl)-2-oxazoline

To 30 g of trimethoxybenzoic acid was added 30 m¢ of
thionyl chloride, and the solution was heated under reflux
for 12 hours. Thionyl chloride was removed under reduced
pressure. The residue was added to 50 m¢ of a methylene
chloride solution containing 25 g of 2-amino-2-methyl-1-
propanocl while cooling with ice, followed by stirring_
overnight. A precipitate was removed by filtration, and the
solvent was removed under reduced pressure to yield an oily
amide compound. To the residual amide compound was added
dropwise 10 m{ of thionyl chloride, followed by stirring, and
ethyl ether was added thereto. A precipitate was collected
by filtration, neutralized with a sodium hydroxide aqueous
solution, and extracted with methylene chloride. The solvent
was evaporated, and the residual crystal was washed with
hexane to yield 22.4 g of the title compound.
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Melting point: 84-86°C
'H-NMR (CDC¢,) § ppm:
7.30 (s, 1H), 7.26 (s, 1H), 6.53 (s, 1H), 4.11 (s,
2H), 3.92 (s, 3H), 3.90 (s, 3H), 3.87 (s, 3H), 1.42
(s, 6H)
REFERENCE EXAMPLE 41.

2-[4,5-Dimethoxy-2-(3,4-
dlmethoxvphenvl)] 4,4-dimethyl~-2-oxazoline

Dimethoxyphenylmagnesium bromide prepared from
bromoveratrol was slowly added to a tetrahydrofuran solution
of 2.65 g of 4,4-dimethyl-2-(2,4,5-trimethoxyphenyl)-2-
oxazoline, followed by stirring overnight. An ammonium
chloride aqueous solution was added thereto, and the mixture
was extracted with methyiene chloride. The extract was
purified by silica gel column chromatography (hexane:ethyl
acetate=2:3-ethyl acetate). Recrystallization from hexane
yielded 1.9 g of the title compound.

Melting point: 109-110°C
'H-NMR (CDCl,) 6 ppm:

7.27 (s, 1H), 6.9-6.8 (m, 4H), 3.97 (s, 3H), 3.92 (s,

6H), 3.89 (s, 3H), 3.80 (s, 2H), 1.31 (s, 6H)

REFERENCE EXAMPLE 42

4,5-Dimethoxy-2-(3,4-dimethoxyphenvl )benzoic Acid

A solution of 2.6 g of 2-[4,5-dimethoxy-2- (3,4~
dimethoxyphenyl)]-4,4-dimethyl-2-oxazoline in methyl iodide

was stirred overnight to give 3.0 g of a precipitate. A 20%
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sodium hydroxide aqueous solution was added to the
precipitate, followed by heating under reflux overnight. The
reaction mixture was neutralized with 5N hydrochloric acid
and extracted with methylene chloride. The solvent was
evaporated, and the resulting crystal was washed with ethanol
to yield 1.51 g of the title compound.
IR (cm™'): 1692, 1508, 1256, 1176, 1026
'H-NMR (CDC¢,) § ppm:
9.7 (br, 1H), 7.52 (s, 1H), 6.9-6.8 (m, 4H), 3.94 (s,
3H), 3.91 (s, 6H), 3.85 (s, 3H)
REFERENCE EXAMPLE 43

4-Chloromethyl-1,2-dimethoxy-5-(3,4-dimethoxyphenyl)benzene

A tetrahydrofuran suspension of 1.5 g of lithium
aluminum hydride was refluxed, and 2.43 g of 4,5-dimethoxy-2-
(3,4-dimethoxyphenyl)benzoic acid was added thereto. After
allowing to cool, a supersaturated sodium sulfate aqueous
solution was slowly added thereto. The precipitate was
removed by filtration. The solvent was evaporated, and the
residue was dissolved in methylene chloride. Concentrated
hydrochloric acid was added to the solution, and the mixture
was stirred for 2 hours, followed by extraction. Purifica-
tion by silica gel column chromatography (hexane:ethyl
acetate=5:1 to 1l:1) of the extract yielded 820 mg of the

title compound.
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'H-NMR (CDC?,) § ppm:
7.1-6.9 (m, 4H), 6.78 (s, 1H), 4.52 (s, 2H), 3.95 (s,
3H), 3.93 (s, 3H), 3.92 (s, 3H), 3.89 (s, 3H)
REFERENCE EXAMPLE 44

[[4,5-Dimethoxy-2-(3,4-dimethoxyphenvl) Jphenyl jacetic Acid

A dimethylformamide solution containing 1.4 g of 4-
chléromethyl-l,2-dimethoxy-5-(3,4-dimethoxyphenyl)benzene and
565 mg of potassium cyanide was stirr;d at 50°C for one day.
The solvent was removed under reduced pressure, and ethyl
acetate was added to the residue. The solution was washed
successively with water and a saturated sodium chloride
aqueous solution. The solvent was evaporated, and to the
residue were added 40 m{ of a 20% sodium hydroxide aqueous
'solution and 15 m¢ of ethanol, followed by heating under
reflux overnight. After cooling, water was added, and the
reaction mixture was washed with ethyl ether. The agqueous
layer was rendered acidic with hydrochloric acid and
extracted with methylene chloride. The solvent was removed
under reduced pressure to yield 1.16 g of the title compound
as an olly substance.

'H-NMR (CDCl#;) & ppm:
6.9-6.8 (m, 4H), 6.8 (s, 1H), 3.91 (s, 6H), 3.87 (s,

3H), 3.85 (s, 3H), 3.57 (s, 2H)
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EXAMPLE 25

1-[2-[4,5-Dimethoxy-2-(3,4~-dimethoxyphenyl)]-
_pbhenyl jacetyl-4-(2-methoxyphenyl )piperazine

One drop of dimethylformamide was added to a thionyl

chloride solution of 517 mg of [[4,5-dimethoxy-2-(3,4-
dimethoxy-2-(3,4-dimethoxyphenyl )-]phenyl]acetic acid.
Thionyl chloride was removed by azeotropic evaporation with
benzene. To a methylene chloride solution of the residue was
added 2-methoxyphenylpiperazine. After stirring for a while,
the organic layer was extracted and purified by silica gel
column chromatography (hexane:ethyl acetate=l:l-ethyl
acetate) to yield 599 mg of the title compound.
'H-NMR (CDC(;) & ppm:
7.0-6.7 (m, 9H), 3.91 (s, 6H), 3.87 (s, 6H), 3.85 (s,
3H), 3.9-3.6 (m, 2H), 3.4-3.2 (m, 2H), 3.0-2.8 (m,
2H), 2.8-2.6 (m, 2H)
EXAMPLE 26

1-[2-[[4,5-Dimethoxy-2-(3,4-dimethoxyphenyl)]-
phenvljethyl]1-4-(2-methoxyphenvl piperazine

To a tetrahydrofuran suspension of 150 mg of lithium
aluminum hydride was added 593 mg of 1-[2-[[4,5-dimethoxy-2-
(3,4—dimethoxyphenyl)]phenyl]acetyl]-4-(2-methoxyphenyl)—
piperazine while refluxing. Aftef allowing to cool, a
supersaturated sodium sulfate aqueous solution was added to
the reaction mixture, followed by extracting with ethyl

acetate. The solvent was evaporated, and the residue was
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crystallized from isopropyl alcohol to yield 415 mg of the

title compound.
Melting point; 111-113°C
IR (cm’'): 1504, 1464, 1252, 1174, 1340, 1026
'H-NMR (CDCl¢3;) & ppm:
8.0-7.7 (m, 9H), 3.92 (br s, 9H), 3.84 (s, 6H), 3.2-
2.9 (br, 4H), 2.9-2.4 (m, 8H)
EXAMPLE 27

1-(3-Chloro-2-methylphenyl)-4-[2-[[4,5~dimethoxy-
2-(3,4-dimethoxyphenvyl) ]phenyljacetyl]-piperazine

The title compound was synthesized in a yield of
748 mg in the same manner as described above, except for
using 654 mg of [[4,5-dimethoxy-2-(3,4-dimethoxyphenyl)]-
‘phenyl]acetic acid, 2.0 m¢ of thionyl chloride, and 500 mg of
(3-chloro-2-methylphenyl )piperazine.
'H-NMR (CDCf,) & ppm:
7.1-7.0 (m, 2H), 6.9-6.7 (m, 6H), 3.92 (s, 6H), 3.87
(s, 6H), 3.63 (s, 2H), 3.8-3.6 (m, 2H), 3.4-3.2 (m,
2H), 2.8-2.6 (s, 2H), 2.6-2.4 (m, 2H), 2.32 (s, 3H)
EXAMPLE 28

1-(3-Chloro-2-methylphenyl)-4-[2-[[4,5-dimethoxy-
2-(3,4-dimethoxyphenyl) lphenyl Jethyl ]-piperazine

The title compound was synthesized in a yield of
540 mg in the same manner as described above, except for
using 740 mg of 1-(3~-chloro-2-methylphenyl)-4-[2-[[4,5-
dimethoxy—Z-(3,4-diméthoxyphenyl)]bhenyl]acetyl]—piperazine

and 170 mg of lithium aluminum hydride.
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Melting point: 137-139°C

IR (cm™): 1504, 1464, 1250, 1136, 1008
'H-NMR (CDCt,) & ppm:
8.2-7.7 (m, 8H), 3.93 (s, 9H), 3.87 (s, 3H), 3.2-2.5
(m, 12H), 2.30 (s, 3H)
EXAMPLES 29 TO 99
Compounds having the formula shown below, in which
the symbols, Rl,If, K, G, 2, and Q are defined in Table 3
below, were synthesized in the same manner as in the
foregoing Examples. Compounds wherein K is "C" are indole
compounds, and those wherein K is "N" is indazole compounds.
In these compounds, G is a 3,4-dimethoxybenzyl group unless
otherwise shown in the Table. 1In those compounds wherein R'

and R® both represent a methoxy group, the methoxy group is

at the 5- and 6-positions except where noted.

N\
N N
n_/

—_—_—
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Example
No.
(salt or

adduct)

29
(HC1)

30
(HC1)

31
(HC1. H,0)

32
(HCl. H,0)

33
(HC1)

34
(HCL)

35
(HC1)

36
(2HC1. H,0)

37
(HCL. H,0)

enbodi nent of a keel

-0Me,

-0OMe,

-0OMe,

-OMe,

-OMe,

-OMe,

-OMe,

~-0OMe,

~-OMe,

-OMe

-0OMe

-OMe

-0OMe

-OMe

-0Me

-0Me

-0OMe

~-0OMe

TABLE 3 T
. Melting
K G z Q Point
(°C)
i
o .
N Qo -(CH,), 127-129
/ 0L
HyC
N - (CH,),- _Q 206-208
CH4 CHy
N
N -(CH;), _</:\> 129-131
=
N -(CH,), Q 128-132
0 0
s/
[
N - (CH,),- 146-150
F
N - (CH,),- _O 259-265
O
N -(CH,), \@ 149-153
Q—O\
N -(CHy)p- CHy .127-131
\
CH,
N -(CH,),- 7 197-202
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panel 30e and 34e. The keel panels are struck from base%‘
§
133 %
1
Example
No.
(salt or Melting
adduct) R!, R? K G Z_ Q Point
(°c)
CH,
38
(HC1. H,0) ~OMe, -OMe N - (CHy)p- 161-172
H3C
N
39 N
(Hcl. @,0) ~OHe, -OMe N - (CHyz) - — 129-135
N0
40 -OMe, -OMe N - (CH,) .- _Q 161-166
(HC1. H,0) ! 2 2. ~0
H,C
. i
(HCL) -OMe, -OMe N -(CHy) - 4‘0 74-77
42 -OMe, -OMe N (CH,) 205-206
(2HC1. 2H,0) ' - 272- -
(2HCL. 2H,0) ~ '~ -(CHy),- -
(2HC1. H,0) ~OMe. -OMe N - (CHp) 5~ = 142-149
45 '
(2HC1) -OMe, -OMe N - (CHy) 5~ 182-189
CH3 F
46 OMe, -OMe N CH 110-120
(HCL. H,0) ~rer - “(CH2am L M=o -
0

\_.CH

3
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panel

Example
No.
(salt or

adduct)

47
(HCL)

48
(2HCL.
1/2H,0)

49
(2HCL.
3/2H,0)

50
(HCL.
3/2H,0)

51
(2HCI1)

52
(2HC1.
1/2H,0)

53

54

R!, R?
-0OMe, -OMe
-OMe, -0Me
-OMe, -OMe
-OMe, -OMe
-0OMe, -0OMe
-0OMe, -OMe
-0OMe, -OMe
-OMe, -OMe

=

22e-and are foIdany connected thereto al ong hinge

REPLACEMENT SHEET]

134 02 GCY 9%
_ Melting
G Z Q Point
(°C)
J
N
-(CHy),- 7\ 180-185
O
~(CHj) - _© 195-202
N
s \
-(CH,) ,- — 183-185
CH,

. ( CHy
-(CH,),- N—/ 119-131
- (CH,),- _Q 173-178

F
- (CH,) ,- _'<C::? 107-111
: o
-(CH,),- ::zc 103-104
W
N
"(Cﬂz)z CH3 (o] 106-108
NH
\
CHy
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| i nes 38e and 40e respectively. The side wall panels 30e

135 i
Example
No. .
{salt or Melting
adduct) R!, R? K G 2 Q Point
(°C)
33 -OMe, -OMe N -(CH,),- TN . 226-229
(2HC1) ' 272 _ £
N F
N
56 &
(28013 -OMe, -OMe N - (CH,),- . 120-122
F Pl
57 7/ N\
(ZHCL) -OMe, -OMe N -(CH,),- N = 187-191
F ok
38 -OMe, -OMe N (CH,) ;::2 204-207
(HCL. H,0) v Tyer2eT o ci
AN
CH,
' o
>9 OMe, -OMe N CH,) 194-195
(HCl. H,0) ~ o0 ~OM€ - (CH,) - -
0]
\
. CHy
F F
60 OMe, -OMe N CH 208.5-210
(HCl. H,0) ~— o ~O0€ - (CHy) 2~ .5-
0
\
CH,
61 -OMe, -OMe N - (CH,),- 111-112
CHy Ci
: F
62 -OMe, -OMe N -(CH,),- "'<C::?" 146-147.5
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and 34e are hinged upwardly about said hinges 38e and E(%iﬁ{:?”mhﬁg 5?
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136
Example
No.
(salt or Melting
adduct) R}, R? K G z Q Point
(°C)
F .
63 -OMe, -OMe N -(CH,),- _Q 113.5-115
cl
64 -OMe, -OMe N ~(CH,),- _Q 108-109

65 -OMe, -OMe N - (CHy),- 02 SCHB 129-131
66 -OMe, -OMe N IN\ - (CHy),- . 148-149
-~

LI

67 -OMe, -OMe N N\ -(CH,) 5~ ¢ 128-129
» CH,
F e
68
(HC1) -Oie, -OMe N - (CHy) - ¢, 97-102
CH,
69 OMe, -OMe N
(HCL. H0) ~oor ~U%€ ~(CHy),~ d 110-114
70 OMe, -OMe N
(HC1) -tle, -Utle - (CHy) ;- 109-115
S
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and top panel portions 32e and 36e are brou
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Example
No.
(salt or Melting
adduct) R!, ®? K G z Q Point
(°C)
N
1 OMe, -OMe N CH,) & 198-202
(HC1) -Oie, -OMe - (CHz)z- = -
CHy ClI
N
72 s\
(2HC1) -OMe, -OMe N - (CH,),- ; 133-138
“cH,
73 -OMe, -OMe N \/—@‘j -(CH,),- 137-137.5
o CHy CI
131.5-
- - o . -
74 OMe, -OMe N /‘@*) (CH,), _Q 1223
(8] CH3 ci
75 -OMe, -OMe N - (CH,) 5~ " 175-180
7 M
76 -OMe, -OMe N - (CH,y) - — 142-143
CH3 (o}
o -OMe, -OMe N (CH,) / 162-168
(2HC1) * T =Ltz )2~ _\
78 -OMe, -OMe N -(CHy),- CEHs QEN\O 130-131
79 /\
(HC1) -OMe, -OMe N e - (CH,),~ 245-248
— CHy CI
_
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abutting relation.

" Example
No.
(salt or

adduct)

80

81

82

83
(HC1l. H,0)

84

85

86

87
(HCLl. H,0)

88
(2HC1)

Top panel
R!, Rr?
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-0Me, -OMe
-OMe, -OMe
-OMe, -OMe

portion 32e conprises articl

oy

Y

!
62 GCTe0 |
138 §
Melting
] . Z 0 Point
(°C)
oH
] - (cHy,- ! 132-137
CHy N
0
i ] (CHy ), 175-176
CHy C1I
N
N 7.\ -(CHy),- ‘Q -7
- CH, CI
OH
i I 176-180
~CHCH,- HaC Cl
N il) _Q 115.5-
116.5
-CCH, H4C i
OAc
) ' 156-157
-CCH, H4C ci
2 HEC Ct
CH; O—CHy
i -(cay), @ 125-128
; ~(Cly), <:§ . 111-116
F™
I
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recei ving recess,

Example
No.
(salt or
adduct) R!, R?
89
(2HC1. H,0) ~OMe, -OMe
90
(2HCL. 4H,0) ~OMe, -OMe
91 -OMe, -0OMe
92 -OMe, -OMe
93
(HC1) -OMe, -0OMe
94
(3HCL) -OMe, -0OMe
95
(HC1) -OMe, -OMe
96
(HC1) -0OMe, -OMe
97
(3HC1) ~-OMe, -OMe
98
(C,H,0,. -OMe, -OMe
1/2H,0)

flap receiving recess Re and nargi nal

139

K G z Q
CHy,
(e
N - (CHy)p- CiHa ;N—/
N H - (CH,),- _Q
H,C (o]
c H - (CHp) - :
0\
CH,
CH
HyC  Cl
~(CHy),-
\/ CHy ClI
c g e R
CHy  ClI
i
¢ DM, -(CHy,
IOI CHy CI
¢ >_©—F - (CHy) ,- @
c

This Sheet Has Been
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CH,

(@]

©

CHy

Melting
Point
(°C)

208-212

109-115

175-176

110-111

210-214

155-160

212-214

218-221

238-240

133-134




flaps f[err] and f[err]. Top panel 32e is hingably co rgg@tg

140 02 GCT 095
Example
No.
(salt or Melting
adduct) R!, R? K G z Point

(°C)

99 OCH,

Q
(2HCL.  -OMe, -OMe N - (CH,),- °_/° 110-118
3/2H,0) OCH; @

EXAMPLES 100 TO 118
Compounds having the formula shown below, in which
the symbols, Rl, Rz, G, Z, and Q are defined in Table 4
below, were synthesized in the same manner as in the
foregoing Examples. In those compounds wherein R' and R?
both represent a methoxy group, the methoxy group is at the

5- and 6-positions except where noted.
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TABLE 4
Example
No.
(salt or Meltin
adduct ) R', R’ S _ G A o) Point.
(°C)
100 ~0Me, -OMe H -(CH;) .- ; 85-86
o
‘cH,
Lo1 ~ HyC—0
(HCI) ~-OMe, -OMe —-N@ -(CH,),- t) 241-242
102
(2HC1. -OMe, -OMe c-——.=—c—© ~(CH,),- -
0.0) ' _ (CH;), Jd 204-209
cH,
103 ~ HyC=0
(2HC1. -OMe, -OMe ——NG —CH,- 218-
Om) ’ _ 2 18-220
ﬁ“s f”a
104 -OMe, -OMe mo - (CH,) ,- 189-191
\ O’CHa 0 /.
105
(2HC1. -OMe, -OMe —-<:| = (CHy),- 222-225
H,0) °
CH,
106 -OMe, -OMe I -(CH, ) ,- >/: 80-82
~NHC (CH, ) ,CH, %
CH,
107 '5 H3C-=0
(2HC1. -OMe, -OMe -~ (CHy),- 184.5-
1/2H,0) ’ \ / (CHz)2 186.5
108 -OMe, -OMe , N\ /% - (CH,),- Q 128-130
— CH, 0
CH,
This Sheet Has Been Replaced
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Example
No.
(salt or L s Melting
adduct) R, R G _ yA Q Point
(°C)
109 _oMe, -OMe 7 ~(CH,) ,- Q 165-168
(HCl) ! 272 o -
\CH3
CH40,C €O,CH, : _Q
110 ~-OMe, -OMe I -(CH;) - 98-100
cHy” N7 “cH, 0‘
H CH,
111 CH40,C CO,CH
(HC1) -OMe, -OMe “Jflj: 7 —(CH,),- Q 216-218
) CHy N7 SCH, 0\
. CHy
112 20 —@
(gc1)  ~OMe, -OMe . ~(CHy),- . 140-142
- "CH,
~£0 O~CH, @
113 ~CH;3
-OMe, -OMe 0 - (CH,) .- -
(HC1) ! L<:§‘ (CHz), 5 175-176
0—'.‘.H3 \CHB
0 O-CH:,|
114 CH .
(HCl) "‘OMe, —OMe 0/ ? "(CHz)z— @ 186"187
O—CH3 l':H3 (o]
. ZN=-OH 0~CH,
115 CH
(HC1) -OMe, -OMe 0”2 _(CHy),- 230-231
O0—CH,4 CH3 [og}
~0
116 -
(2uC1)  ~OMe, -OMe AR\ -(CH,) - 229-233
— CH3 cl
This Sheet Has Been Replaced
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- Example
No.
(salt or L 2 Melting
adduct) R, R G Z Q P?}nt
(°C)

DUk ~
117 -OMe, -OMe N 0 ~(CH,) - 111-113
0 CH,

118 —OMe, -OMe ‘\T§i>M_CH3 -(CH,),- ;:: 92-93

o

A Y

CH,

EXAMPLE 119

5,6-Dimethoxy-1-(4-imidazolylmethyl)~-3~[2~[1-[4~(3~chloro-
2-methylphenyl )piperazinyl]jlethyl]-1H-indazole+*2HCl+3.5H,0

A mixture of 4.95 g of 5,6-dimethoxy-1-(4-
imidazolylmethyl)-3-[2~[1~[4-(3-chloro-2-methylphenyl)-
piperazinyl]jethyl]-1H~-indazole and 20 ml of 1N hydrochloric
acid was stirred and to the mixture was added water till the
overall volume reached to 49.5 ml. The suspension was
refluxed with stirrihg till the mixture turned to a clear
solution. After cooling to room temperature, the solution
was stirred at that temperature for overnight. A
precipitated crystal was collected by filtration. The
crystal was dried under atmospheric pressure for two days to
yield 5.5 g of the titled compound as a colorless prism.

Melting point: 166-167°C
IR (KBr, cm'):
3400, 2850, 1625, 1505, 1460, 1425, 1245, 1150, 1010,

840.
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'H-NMR (d¢-DMSO) & ppm:
2.39 (34, s), 3.30-3.80 (20H, m), 5.74 (2H, s), 7.15
(1H, dd), 7.28 (1H, s), 7.30 (1H, dd), 7.43 (1H, s),
7.52 (1H, s), 7.69 (1H, s), 9.13 (1H, s), 11.80 (1H,
bs), 14.80 (1H, bs). '

Elementary analysis for C,¢H;;Ng0,Cl+2HCl+3.5H,0:
Calcd. (%): C 49.41; H 6.54; N 13.30; Cl 16.83
Found (%): C 49.15; H 6.44; N 13.29; Cl 16.99

REFERENCE EXAMPLE 45

5,6-Dimethoxy-1-[{4-(1l-tritylimidazolyl)-
methyllindazole-3-propionic acid

To an ice-cooled solution of diethyl malonafe
(2.25 g) in tetrahydrofuran (50 ml), was added sodium hydride
(0.56 g) and the mixture was stirred for 15 minutes. To the
mixture was added dropwise a solution of 3-chloromethyl-5,6-
dimethoxy-1-[4-(1l-tritylimidazolyl)methyl]lindazole (7.70 g)
in tetrahydrofuran (50 ml). After the mixture was stirred
for 1 hour, the mixture was diluted with ethyl acetate. The
mixture was washed with water and dried over anhydrous sodium
sulfate.

The solvent was evaporated and a residue (5.5 g,
diester derivative, 'H-NMR (400 MHz, ppm, CDCl;) &: 1.14 (6H,.
t, J=6.8Hz), 3.46 (2H, t, J=7.8Hz), 3.87 (3H, s), 3.90 (1H,
t, J=7.8Hz), 3.92 (3H, s), 4.09 (4H, q, J=6.8Hz), 5.38 (2H,
s), 6.64 (1H, s), 6.83 (1H, s), 6.97 (1H, s), 7.06 (6H, m),

7.29 (9H, m), 7.36 (1H, s)) was dissolved in a mixture of

-
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water and ethanol (1:1, v/v). To the solution was added
potassium hydroxide (1.32 g), and the mixture was heated
under reflux for 1 hour. The mixture was cooled to room
'~ temperature and adjusted to pH 2.5 with 1N hydrochloric acid.
A precipitated solid was collected and dried (dicarboxylic
acid derivative, 4.40 g, 'H-NMR (400 MHz, ppm, CDCl;) &: 3.54
(2H, t, J=5.9 Hz), 3.65 (1H, t, J=5.4Hz), 3.68 (3H, s), 3.90
(34, s), 5.09 (2H, s), 6.30 (1H, s), 6.43 (1H, s), 6.98 (7H,
m), 7.30 (9H, m), 7.74 (1H, s)), then heated at 120°C for 30
minutes to yield 4.00 g of the titled compound. ' \
'H-NMR (CDC1;, 400 MHz) & ppm:
2.81 (2H, t, J=7.3Hz), 3.17 (2H, t, J=7.3Hz), 3.85
(3H, s), 3.89 (3H, s), 5.32 (2H, s), 6.67 (1H, s),
6.75 (1H, s), 6.93 (1H, s), 7.05 (6H, m), 7.29 (9H,
m), 7.74 (1lH, s).
REFERENCE EXAMPLE 46

4-(3-Chloro-2-methylphenyl)~1~[[5,6-dimethoxy-1~-[4~(1-
tritylimidazolyl)methyl-1H-indazol-3-yl]propyl]piperazine

To a mixture of 5,6-dimethoxy-1-[4-(1-
tritylimidazolyl)methylindazole-3-propionic acid (3.6 g) in
dichloromethane (30 ml) were added 2,2’'-dipyridyl disulfide
(1.66 g) and triphenylphosphine (1.98 g). Then a solution of
4-(3-chloro-2-methylphenyl)piperazine (1.60 g) in
dichloromethane (30 ml) was added to the mixture in 1 minute.
The mixture was stirred for additional 1 hour, and then

diluted with dichloromethane. The mixture was washed with

_—_—
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water, dried ovei anhydrous sodium sulfate, and the solvent
was removed under reduced pressure. A residue was
chromatographed on silica gel using ethyl acetate as an
eluant to yield 4.3 g of the titled compound.
'H-NMR (CDCl,, 400 MHz) & ppm:
2.32 (3H, s), 2.57 (2H, m), 2.72 (2H, m), 2.83 (2H,
t, J=7.8Hz), 3.25 (2H, t, J=7.8Hz), 3.49 (2H, m),
3.74 (2H, m), 3.87 (3H, s), 3.92 (3H, s), 5.40 (2H,
s), 6.69 (1H, s), 6.77 (l1H, d, J=7.8Hz), 6.84 (1H,
s), 7.01 (1H, s), 7.05 (6H, m), 7.12 (2H, m),-7.29
(9H, m), 7.35 (1H, m).
EXAﬁPLE 120

5,6-Dimethoxy-1-(4-imidazolylmethyl)-3~[2~[1-[4-
(3—chloro-2—methvlphenvl)piperazinvll]prqpvl]-lH—indazole

To a solution of 4-(3-chloro-2-methylphenyl)-1-[[5,6-
dimethoxy-l-f4-(l-tritylimidazolyl)methyl]-lH-indazol—3—
yllpropyllpiperazine (4.3 g) in tetrahydrofuran (100 ml), was
added 1.0M solution of borane-tetrahydrofuran complex (56
ml), and the mixture was refluxed under an argon gas
atmosphere for 90 minutes. The mixture was cooled to room
temperature and water was added to the mixture. Tetrahydro-
furan was removed under reduced pressure, and to the mixture
were added concd. hydrochlofic acid (10 ml), water (10 ml)
and ethanol (20 ml). The mixture was stirred at 50°C for 1
hour, then cooled to the room temperature. The mixture was

adjusted to alkaline, then extracted with chloroform. The
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extract was dried over anhydrous sodium sulfate, filtered,
and the solvent was evaporated. A residue was
chromatographed on silica gel with a mixture of chloroform
and ethanol (40:1, v/v) as an eluant.
A crude product was collected and recrystallized from
a mixture of isopropanol and isopropyl ether to yield 2.8 g
of the title compound as a colorless prism. .
Melting point: 85-89°C
'H-NMR (CDCl,, 400 MHz) § ppm:
2.03 (2H, m), 2.32 (3H, s), 2.53 (2H, t, J=7.8Hz),
2.63 (4H, m), 2.91 (6H, m), 3.91 (3H, s), 3.92 (3H,
s), 5.45 (2H, s), 6.é5 (1H, s), 6.92 (1H, m), 6.96
(1H, s), 7.08 (2H, m), 7.54 (1H, d, J=1.0Hz).
Elementary analysis for C,;H;3Ng0,Cl:
Calcd. (%): C 61.53; H 6.69; N 15.94; C1 6.73
Found (%): C 61.44; H 6.98; N 15.66; Cl1 6.59
EXAMPLE 121

5,6-Dimethoxy-1-(4-morpholinosulfonamidebenzyl)-3-[2-[1-
[4-(3-chloro-2-methylphenyl)piperazinyl]jlethyl]l-1H-indazole

To a mixture of 3-[2-[1-[4-(3-chloro-2-methylphenyl)-
piperazinyl]jethyl]-1H~-indazole (700 mg) in dimethylsulfoxide
(10 ml), lithium methoxide (140 mg) was added and the mixture
was stirred at room temperature for 15 minutes. Then a
solution of 4-morpholinosulfonamidebenzyl bromide (1570 mg,
68% purity, containing 32% of 4-morphlinosulfonamidebenzyl-

alcochol) in dimethylsulfoxide (10 ml) was added to the
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solution in 1 minute. The mixture was stirred at 50°C for 1
hour. The mixture was poured into water, and a solid
precipitated was collected and washed with water, then dried.
The solid was dissolved in chloroform and the solution was
dried over anhydrous sodium sulfate. The solvent was
evaporated and a residue was chromatographed on silica gel
using a mixture of chloroform and ethanol (100:1, v/v) to
vield 0.84 g of the titled compound as a white solid.
IR (KBr, cm'):
2952, 2824, 1590, 1512, 1466, 1434, 1352, 1262, 1166,
1114, 1094, 1004, 944, 730
'H-NMR (CDCl,, 400 MHz) & ppm:
2.35 (34, s), 2.77 (4H, m), 2.97 (10H, m), 3.21 (2H,
m), 3.73 (4H, m), 3.90 (3H, s), 3.95 (3H, s), 5.58
(2H, s), 6.60 (1H, s), 6.95 (1H, m), 7.09 (3H, m),
7.24 (2H, m), 7.67 (2H, m).
EXAMPLE 122

5,6-Dimethoxy-1-(4-pyridylmethyl)-3-[2-[1-[4-
(3-chloro-2-methylphenyl)piperazinyl]jethyl]-1H-indazole

To a mixture of 3-[2-[1-[4~(3~-chloro-2-methylphenyl)-
piperazinyl]}ethyl]-1H-indazole (1 g) in dimethylsulfoxide
(10 ml), was added lithium methoxide (200 mg), and the
mixture was stirred at 50°C for 15 minﬁtes. Then, to the
solution was added 4-chloromethylpyridine hydrochloride (433
mg), and the mixture was stirred at 50°C for 1 hour. The

mixture was poured into water, and a solid precipitated was

R

ect Has Been Replaced

e




AT SHEET|

149

collected, washed with water and dried. The solid was
 dissolved in chloroform and the solution was dried over
anhydrous sodium sulfate.

The solvent was evaporated and a residue was
chromatographed on silica gel using a mixture of chloroform
and ethanol (15:1, v/v) to yield 235 mg of the titled
compound as a colorless needle. |

Melting point: 117-118.5°C

IR (KBr, cm'):
2820, 1512, 1464, 1432, 1416, 1270, 1238, 1212, 1162,
1132, 1038, 1006

'H-NMR (CDCl1,, 400 MHz) § ppm:

2.35 (34, s), 2.76~2.91 (4H, m), 2.93-2.97 (6H, m),

3.17-3.21 (2H, m), 3.87 (3H, s), 3.94 (3H, s), 5.50

(2H, s), 6.56 (1H, s), 6.94-6.97 (3H, m), 7.07-7.10

(3H, m), 8.52 (2H, d, J=4.40Hz).

Elementary analysis for C,gH4,Ns0,Cl:
Calcd. (%): C 66.46; H 6.37; N 13.84; Cl 7.01
Found (%): C 66.43; H 6.42; N 13.74; Cl 7.26
EXAMPLE 123

3-[2-[{1-[4-(3-Chloro-2-methylphenyl)piperazinyl]]ethyl]-
l1-(4-imidazolylmethyl)-5,6-methvlenedioxv~-1H-indazole

1.0M solution of borane-tetrahydrofuran complex
(10 ml) was added to 4-(3-chloro-2-methylphenyl)-1-[[5,6—-
dimethoxy-1-[{4-(l-tritylimidazolyl)methyl]-1H~-indazole-3-

yljethyl]piperazine (1.91 g) in tetrahydrofuran (10 ml) and
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refluxed under an argon atmosphere for 90 minutes. The
reaction mixture was cooled to room temperature and then
added water for the break of excess reagents. After
evaporation of tetrahydrofuran, conc. hydrochloric acid
(1.0 ml), water (1.0 ml) and ethanol (2.0 ml) were added to
this mixture, then stirred at 50°C for 1 hour. The reaction
mixture was cooled to room temperature and adjusted to
alkaline, then extracted with chloroform. Organic layer was
dried over anhydrous sodium sulfate and was filtered and the
solvent was evaporated. The residue was chromatographed on
silica gel with a mixture of chloroform and ethanol (25:1)
and recrystallized with isopropyl alcohol-isopropyl ether to
yield 820 mg of 3-[2-[1~[4~(3-chloro-2-methylphenyl)-
piperézinyl]]ethyl]-1-(4-imidazolylmethyl)—5,6-
methylenedioxy-l1H-indazole as colorless crystals.
Melting point: 176-177°C
IR (KBr, cm™):
2944, 2900, 2832, 1462, 1374, 1274, 1244, 1004, 938,
838.
'H-NMR (CDCl1,, 400 MHz) & ppm:
2.34 (34, s), 2.73 (4H, m), 2.82-2.86 (2H, m), 2.93-
2.95 (4H, m), 3.08-3.12 (2H, m), 5.40 (2H, s), 5.97
(2H, s), 6.79-6.96 (2H, m), 6.94 (1H, s), 7.06-7.10
(l1H, m), 7.09 (1H, s), 7.54 (1H, s), 9.62 (1lH, s).
While the invention has been described in detail and

with reference to specific examples thereof, it will be
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apparent to one skilled in the art that various changes and

modifications can be made therein without departing from the

spirit and scope thereof.
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WHAT IS CLAIMED IS:

1. A compound represented by formula (I):
(1)
R—Z—N N-Q |
N/ :

wherein

Q represents

an aryl group,

a heterocyclic group,

a diarylmethyl group,

an aralkyl group composed of an aryl group and an alkylene
group having from 1 to 6 carbon atoms,

an alkyl group having from 1 ﬁo 8 carbon atoms,

or a cycloalkyl group having from 3 to 8 carbon atoms,

in which the aryl group, heterocyclic group, and the aryl
moiety of the diarylmethyl group and aralkyl group may be
substituted with one or more substituents selected from a
group of

an alkyl group having from 1 to 6 carbon atoms,

an alkoxyl group having from 1 to 6 carbon atoms,

a trifluoromethyl group,

a 2,2,2-trifluoroethyl group,

a trifluoromethoxyl group,
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an alkylthio group having from 1 to 6 carbon atoms,

an alkylsulfinyl group having from 1 to 6 carbon atoms,

an alkylsulfonyl group having from 1 to 6 carbon atoms,

an alkanoyl group composed of an alkyl group having from 1 to
6 carbon atoms and a carbonyl group,

an alkanoyloxy group having from 2 to 7 carbon atoms,

an alkanoylamino group having from 2 to 7 carbon atoms,

an amino group,

a monoalkylamino group having from 1 to 6 carbon atoms in the
alkyl moiety thereof,

a dialkylamino group having from 1 to 6 carbon atoms in each
alkyl moiety thereof,

a hydroxyl group,

a halogen atom,

a perfluoroalkyl group having from 2 to 6 carbon atoms,

a cyano group,

a nitro group,

a carboxyl group,

an alkoxycarbonyl group composed of an alkoxyl group having
from 1 to 6 carbon atoms and a carbonyl group,

a tetrazolyl group,

a sulfamoyl group,

a methylenedioxy group,

an ethylenedioxy group,

a morpholinosulfonyl group,
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a 4-alkylpiperazinosulfonyl group having from 1 to 6 carbon
atoms,

a 4-dialkylaminopiperidino group having from 1 to 6 carbon
atoms in each alkyl moiety thereof,

a 4-monoalkylaminopiperidino group having from 1 to 6 carbon
atoms in the alkyl moiety thereof,

and a 4-aminopiperidino group;

R repfesents a bicyclic nitrogen-containing heterocyclic
group,

or a phenyl group,

in which the nitrogen-containing heterocyclic group is
composed of a 6-membered ring and a 5-membered ring,

one or two nitrogen atoms are present on the 5-membered ring,
the 5-membered nitrogen-containing ring may be an aromatic
ring or a saturated ring,

the nitrogen-containing saturated ring may contain a ketone
moiety,

and the phenyl group or the 5-membered ring of the bicyclic
heterocyclic group is substituted by a substituent G selected
from a group of

an alkyl group having from 1 to 6 carbon atoms,

a substituted or unsubstituted phenyl group,

a benzoyl group with the phenyl moiety thereof substituted or
unsubstituted,

a benzylcarbonyl group with the phenyl moiety thereof

substituted or unsubstituted,
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a benzoylmethyl group with the phenyl moiety thereof
substituted or unsubstituted,
an a-hydroxybenzyl group with the phenyl moiety thereof
substituted or unsubstituted,
a substituted or unsubstituted 5-membered aromatic
- heterocyclic group containing a nitrogen atom, an oxygen atom
or a sulfur atom as a hetero atbm (wherein a nitrogen atom is
present as the hetero atom, this has a hydrogen atom or an
alkyl group having from 1 to 6 carbon atoms, or it is the
site of bonding to the bicyclic nitrogen-containing
heterocyclic group or the phenyl group),
a substituted or unsubstituted 5-membéred aromatic
heterocyclic group containing one nitrogen atom and, a
nitrogen atom, an oxygen atom or a sulfur atom as the second
hetero atom (wherein a nitrogen atom is present as the second
hetero atom, this has a hydrogen atom or an alkyl Qroup
having from 1 to 6 carbon atoms, or it is the site of bonding
to the bicyclic nitrogen-containing heterocyclic group or the
phenyl group),
a substituted or unsubstituted S-membered aromatic
heterocyclic group containing two nitrogen atoms and, a
nitrogen atom, an oxygen atom or a sulfur atom as the third
hetero atom (wherein a nitrogen atom is present as the third
hetero atom, this has a hydrogen atom or an alkyl group

having from 1 to 6 carbon atoms, or it is the site of bonding

This Sheet Has Been Replaced

1T HAS BEEN
e ™




to side_panel_ 34e al ong hinge |line 44e where panel 36e

R YD 0 || o oerme

to the bicyclic nitrogen-containing heterocyclic group or the
phenyl group),

a substituted or unsubstituted 6-membered aromatic
heterocyclic group containing one or two nitrogen atoms,

a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted 5-membered aromatic heterocyclic
group containing a nitrogen atom, an oxygen atom or a sulfur
atom as a hetero atom (wherein a nitrogen atom is present as
the hetero atom, this has a hydrogen atom or an alkyl group
having from 1 to 6 carbon atoms) and an alkylene group of
from 1 to.3 carbon atoms,

a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted 5-membered aromatic heterocyclic
groﬁp containing one nitrogen atom and, a nitrogen atom, an
oxygen atom or a sulfur atom as the second hetero atom
(wherein a nitrogen atom is present as the second hetero
atom, this has a hydrogen atom or an alkyl group having from
1 to 6 carbon atoms or it is the site of-bonding to the
alkylene group) and an alkylene group of from 1 to 3 carbon
atoms,

a heterocyclic group substituted-alkyl group composed of a
substituted or uﬁsubstituted 5-membered aromatic heterocyclic
group containing two nitrogen atoms and, a nitrogen atom, an
oxygen atom or a sulfur atom as the third hetero atom
(wherein a nitrogen atom is present as the thifd hetero atom,
this has a hydrogen atom or an alkyl group having from 1 to 6

-
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carbon atoms or it is the site of bonding to the alkylene
group) and an alkylene group of from 1 to 3 carbon atoms,

a heterocyclic group substituted-alkyl group composed of a
substituted or unsubstituted 6-membered aromatic heterocyclic
group containing one or two nitrogen atoms and an alkylene
group of from 1 to 3 carbon atoms,

a phenylhydroxyalkyl group composed of an alkylene group
having one hydroxyl group and 2 tp 3 carbon atoms and a
substituted or unsubstituted phenyl group,

a 2-phenylethenyl group wherein the phenyl group may be
substituted,

a tetrazolyl group,

a morpholino group,

an alkanoylamino group having from 2 to 7 carbon atoms,

a tetrazolylalkyl group composed of a tetrazolyl group and an
alkylene group having from 1 to 3 carbon atoms wherein the
alkylene group is bonded to the carbon atom or nitrogen atom
of the tetrazolyl group,

a morpholinoalkyl group composed of a morpholino group and an
alkylene group having from 1 to 3 carbon atoms,

a 4-alkoxycarbonylcyclohexyl group having from 1 to 6 carbon
atoms in the alkoxyl group thereof,

an alkoxycarbonyl group having from 1 to 6 carbon atoms in

the alkoxyl moiety thereof,
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an alkoxycarbonylalkyl group composed of an alkoxyl group
having from 1 to 6 carbon atoms and an alkylene group having
from 1 to 3 carbon atoms,

a l-alkylindol-2-yl group having from 1 to 6 carbon atoms in
the alkyl moiety thereof wherein the indole moiety may
further be substituted,

a substituted or unsubstituted pyrrolidon-l-yl group,

a 2-guanidinothiazolyl group,

a (2~guanidinothiazolyl)alkyl group composed of a 2-
guanidinothiazolyl group and an alkylene group having from 1
to 3 carbon atoms,

a substituted or unsubstituted 1,4-dihydropyridyl group,

a (4-alkylpiperazino)alkyl group composed of a 4-alkyl-
piperazine having an alkyl group of from 1 to 6 carbon atoms
and an alkylene group of from 1 to 6 carbon atoms,

a [4-(morpholinosulfonyl)phenyljalkyl group composed of 4-
(morpholinosulfonyl)phenyl group and an alkylene group of
from 1 to 6 carbon atoms,

a [4-(piperazinosulfonyl)phenyl]alkyl group composed of 4-
(piperazinosulfonyl )phenyl -group and an alkylene group of
from 1 to 6 carbon atoms,

a [4-(4-alkylpiperazinosulfonyl)phenyl)alkyl group composed
of 4-(4-alkylpiperazinosulfonyl)phenyl group wherein the
alkyl group on piperazino group is that of from 1 to 6 carbon

atoms, and an alkylene group of from 1 to 6 carbon atoms,
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an alkoxycarbonylalkyl group composed of an alkoxyl group of

from 1 to 6 carbon atoms and a carbonyl group and an alkylene

group of from 1 to 6 carbon atoms,

a carboxyalkyl group composed of a carboxyl group and an
alkylene group of from 1 to 6 carbon atoms,

a [4-(4-dialkylaminopiperidino)phenyljalkyl group composed of
a phenyl group having a 4-dialkylaminopiperidino group at 4-
position, wherein each of the alkyl moiety of the dialkyl-
amino group has from 1 to 6 carbon atoms independently, and
an alkylene group of from 1 to 6 carbon atoms,

a [4-(4-monoalkylaminopiperidino)phenyllalkyl group composed

~of a phenyl group having a 4-monoalkylaminopiperidino group

at 4-position, wherein the alkyl moiety of the monoalkylamino
group has from 1 to 6 carbon atoms, and an alkylene group of
from 1 to 6 carbon atoms,

a [4-(4-aminopiperidino)phenyl]jalkyl group composed of a
phenyl group having a 4-aminopiperidino group at 4-position
and an alkylene group of from 1 to 6 carbon atoms,

a (4-dialkylaminopiperidino)alkyl group composed of a 4-
dialkylaminopiperidino group, wherein each of the alkyl

moiety of the dialkylamino group has from 1 t6 6 carbon atoms

‘independently, and an alkylene group of from 1 to 6 carbon

atoms,
a (4-alkylaminopiperidino)alkyl group composed of a 4-

alkylaminopiperidino group, wherein the alkyl moiety of the

This Sheet Has Been Replaced

T




panel s 32e and 36e are engaged so that tab 50c |ies beneaﬁﬁ%ﬁgﬁgﬁﬁgﬁg'sggﬁT.

NI AL p—

160

alkylamino group has from 1 to 6 carbon atoms, and an
alkylene group of from 1 to 6 carbon atoms,
.a (4-aminopiperidino)alkyl group composed of a 4-
aminopiperidino group and an alkylene group of from 1 to 6
carbon atoms, |
a phenylalkyl group composed of a substituted or
unsubstituted phenyl group and an alkylene group of from 1 to
6 carbon atoms,
and a hydrogen atom,
wherein in case the substituent G has a
substituent(s), the substituent(s) is a member(s)
selected from a group of
an alkyl group having from 1 to 6 carbon atoms,
an alkoxyl group having from 1 to 6 carbon atoms,
a trifluoromethyl group,
a 2,2,2-trifluoroe£hyl group,
a trifluoromethoxyl group,
a 2,2,2-trifluoroethoxyl group,
an alkylthio group having from 1 to 6 carbon atoms,
an alkylsulfinyl group having from 1 to 6 carbon
atoms,
an alkylsulfonyl group having from 1 to 6 carbon
atoms,
an alkanoyl group composed of an alkyl group having
from 1 to 6 carbon atoms and a carbonyl group,
an alkanoyloxy group having from 2 to 7 carbon atoms,

R
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an alkanoylamino group having from 2 to 7 carbon
atoms,

an amino group,

a monoalkylamino group having from 1 to 6 carbon
atoms in the alkyl moiety thereof,

a dialkylamino group having from 1 to 6 carbon atoms
in each alkyl moiety thereof,

a hydroxyl group,

a halogen atom,

a perfluoroalkyl group having from 2 to 6 carbon
atoms,

a cyano group,

a nitro group,

a carboxyl group,

an alkoxycarbonyl group composed of an alkoxyl group
having from 1 to 6 carbon atoms and a carbonyl group,
a tetrazolyl group,

a sulfamoyl group,

a methylenedioxy group,

an ethylenedioxy group,

a morpholinosulfonyl group,

a piperazinosulfonyl group,

a 4-alkylpiperazinosulfonyl group having from 1 to 6
carbon atoms,

a 4-dialkylaminopiperidino group having from 1 to 6

carbon atoms in each alkyl moiety thereof,
_—
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a 4—monoalkyléminopiperidino group having from 1 to 6
carbon atoms in the alkyl moiety thereof,
and a 4-aminopiperidino group;
and Z represents
an alkylene group having from 1 to 3 carbon atoms,
an alkenylene group having from 2.to 4 carbon atoms,
an alkylene group having one hydroxyl group and from 1 to 3
carbon atoms,
a carbonyl group,
an alkylene group containing a carbonyl group at one end or
on the middle of the carbon chain thereof,
or an oxalyl group,
or a salt thereof.
2. A compound as claimed in claim 1, wherein the

substituent R has a structure represented by the following

formula:
R1
R? >( I
N N'N
|
G
orx R1
RZ > | o
N"Ng
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wherein G is as defined in claim 1, and R' and R?

independently represents

an alkyl group having from 1 to 6 carbon atoms,

an alkoxyl group having from 1 to 6 carbon atoms,

a trifluoromethyl group,

a 2,2,2-trifluoroethyl group,

a trifluoromethoxyl group,

a 2,2,2-trifluoroethoxyl group,

an alkylthio group having from 1 to 6 carbon atoms,

an alkylsulfinyl group having from 1 to 6 carbon atoms,

an alkylsulfonyl group having from 1 to 6 carbon atoms,

an alkanoyl group composed of an alkyl group having from 1 to
6 carbon atoms and a carbonyl group,

an alkanoyloxy group having from 2 to 7 carbon atoms,

an alkanoylamino group having from 2 to 7 carbon atoms,

an amino group,

a monoalkylamino group having from 1 to 6 carbon atoms in the
alkyl moiety thereof,

a dialkylamino group having from 1 to 6 carbon atoms in each
alkyl moiety thereof;

a hydroxyl group,

a halogen atom,

a perfluoroalkyl group having from 2 to 6 carbon atoms,

a cyano group,

a nitro group,

a carboxyl group, This Sheet Has Been Replaced
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an alkoxycarbonyl group composed of an alkoxyl group having
from 1 to 6 carbon atoms and a carbonyl group,
a tetrazolyl group,
a sulfamoyl group,
a methylenedioxy group,
an ethylenedioxy group,
a morpholinosulfonyl group,
a piperazinosulfonyl group,
a 4-alkylpiperazinosulfonyl group having from 1 to 6 carbon
atoms,
a 4-dialkylaminopiperidino group ha§ing from 1 to 6 carbon
atoms in each alkyl moiety thereof,
a 4-monoalkylaminopiperidino group having from 1 to 6 carbon
atoms in the alkyl moiety thereof,
or a 4-aminopiperidino group.
3. A compound as claimed in claim 2, wherein the

substituent R has a structure represented by the following

formula:
R
R ]
S N,N
|
- G

4. A compound as claimed in claim 2, wherein the
substituent R has a structure represented by the following

formula:
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5. A compound as claimed in claim 1, 2, 3, or 4,
wherein the substituent Q is a phenyl group having at least
one substituent at the meta-position of the connecting
position of the phenyl group to the piperazine moiety.

6. A compound as claimed in claim 5, wherein the
meta-substituent of the phenyl group is é halogen atom.

7. A compound as cléimed in claim 6, wherein Q is a
2-methyl-3~chlorophenyl group.

8. A compound as claimed in claim 1, 2, 3, 4, 5, 6,
or 7, wherein Z is the alkylene group having 2 or 3 carbon
atoms.

9. A compound as claimed in claim 8, wherein Z is
the alkylene group having 2 carbon atoms.

10. A compound as claimed in claim 1, 2, 3, 5, 6, 7,
8, or 9, wherein the substituent R has a 5,6-dimethoxy-1H-
indazole moiety. |

11. A compound as claimed in claim 1, 2, 3, 5, 6, 7,
8, or 9, wherein the substituent R has a 5,6-methylenedioxy-
1H-indazole moiety.

12. A compound as claimed in claim 10 or 11, wherein

the substituent G on R is a member selected from a group of a

R
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3,4-dimethoxybenzyl group, 4-imidazolylmethyl group, a 2-
pyridylmethyl group, 3-pyridylmethyl group and a 4-
pyridylmethyl group.
. 13. A compound as claimed in claim 1, 2, 4, 5, 6, 7,
8, or 9, wherein the substituent R has 2-substituted-4,5-
dimethoxyphenyl moiety.
14. A compound a claimed in claim 1,.2, 4, 5, 6, 7,

8, or 9, wherein the substituent R has 2-substituted-4,5-

methylenedioxyphenyl moiety.
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ABSTRACT OF THE DISCLOSURE

PIPERAZINE DERIVATIVES

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

wherein Q represents an aryl group, a heterocyclic group, a
diarylmethyl group, an aralkyl group composed of an aryl
.group and an alkylene group, an alkyl group or a cycléalkyl
group, in which the aryl group, heterocyclic group, and the
aryl moiety of the diarylmethyl group and aralkyl group may
be substituted with one or more substituents; R represents a
bicyclic, substituted, nitrogen-containing heterocyclic group
or a substituted phenyl gréup, in which the nitrogen-
containing heterocyclic group is composed of a 5-membered,
substituted, aromatic or saturated ring containing one or two
nitrogen atoms and a 6-membered ring; and Z represents an
alkylene group, an alkenylene group, an alkylene group, a
carbonyl group, an alkylene group containing a carbonyl group
or.an oxalyl group,

or a salt thereof. The compound has calmodulin inhibitory
activity and is useful as a treating agent for diseases in
the circulatory organs or in the cerebral region which are

caused by excessive activation of calmodulin.
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PIPERAZINE DERIVATIVES USEFUL AS CALMODULIN INHIBITORS: =REPM€EMENT§Ff”“m
EET

Description

FIELD OF THE INVENTION

This invention relates to piperazine derivativesor salts thereof which are useful as a treating agent for diseases in
circulatory organs and the cerebrai region.

BACKGROUND OF THE INVENTION

Some piperazine derivatives exhibit activities toward the central nervous system, such as anti-anxiety activity and
anti-convulsive activity, as disciosed in U.S. Patent 3,362, 956. It is also known that a certain kind of piperazine deriv-
atives possess calmodulin mh:bltory activity as reported in Arzneim.-Forsch.. Vol. 37(4), pp. 498-502 (1987) and WO
94/078785. E—

A further class of piperazine compounds is useful for treatment and prophyiaxis of cerebrovascular disorders, such
as cerebral stroke, cerebroanenosclerosw. transient ischemic attacks, myocard ischemia and high blood pressure,
see EP-A- 126 480.

The piperazine derivatives reprasented by formula (I) according to the present invention are novel compounds
whose physiological activity has not yet been reported. '

In recent years, diseases of circulatory organs or in the cersbral region, such as hypertension, cardiac insufficiency,
angina pectoris, apoplexy, cerebral infarction, Alzheimer's diseasa, and Parkinson's disease, have been increasing,
and various drugs for prevention and treatment of these diseases have been deveioped. On the other hand, compounds
with calmodulin inhibitory activity have been discovered, and some ot them have been revealed to have antihyperten-
sive activity and vasodilatory activity.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a compound useful as treating agent for various diseases of circu-
latory organs or the cerebral region, particularly those diseases caused by excessive activation of calmodulin.

As a result of extensive investigations, the present inventors have succeeded in preparing novet piperazine deriv-
atives represented by formula (1) shown below and salts thereof and have ascertained that these compaunds have
calmodulin inhibitory activity, antihypoxia activity, inhibitory activity on delayed neuronal death in the hippacampus of
merions (Meriones shawi), and improving activity on cerebral edema. That is, the inventors have elucidated that the
compounds of formula (1) exhibit not only caimodulin inhibitory activity but strong cerebral protective activity.

The present invention relates to a compound represented by formuia (1):

50 1
R-zZ-N N-Q (1)
v -

Q represents

- a phenyl or naphthyl group,

- aheterocyclic group, selected from pyrrole, imidazole, pyrazole, pyridine, pyridazine, pyrimidine, pyrazine, indole,
quinoline, isoquinoline, cinnoline, phthalazine, quinazoline, quinoxaline, naphthylidene, pyridopyridines, carba-
zole, carboline, phenanthridine, acridine, thienyl, benzothienyl, furyl, furanyl, benzofuranyl, chromenyl, isothiazoiyl,
isoxazolyl, or oxazinyl, and the corresponding partially saturated or saturated groups,

- adiphenyimethyl group,

- an aralkyl group composed of an aryl group and an alkylene group having from 1 to & carbon atoms, .

- an alkyl group having from 1 to 8 carbon atoms.

- or a cycloalkyl group having from 3 to 8 carbon atoms,

wherein the above mentioned phenyl or naphthy! group, heteracyclic group. and the phenyl moiety of the diphenyimethyt
group and aralkyl group may be substituted with one or more substituents selected from

* an alkyl group having from 1 to 6 carbon atoms,
* an alkoxyl group having from 1 to 6 carbon atoms,
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+  atriflucromethoxyl group,

e a2,2.2-trifluarcethoxyl group,

« an alkylthio group having from 1 to & carbon atoms, _

« an alkylsulfinyl group having fromn 1 to 6 carbon atoms,

« an alkylsulfonyl group having from 1 to 6 carbon atoms,

« an alkanoy! group composed of an alkyt group having from 1 to 6 carbon atoms and a carbony! group,
« an alkanoyloxy group having from 2 (o 7 carbon atomns,

« an alkanoylamino group having from 2 to 7 carbon atoms,

s an amino group, .

« a monoalkylamino group having from 1 to 8 carbon atoms in the alkyl moiety thereot,

» adialkylamino group having from 1 to 6 carbon atoms in each alkyl meiety thereof,

« ahydroxyl group,

«  ahalogen atom,

+ aperfluorcalkyl group having from 2 to 6 carbon atoms,

e  acyano group, -

* & nitro group,

+ acarboxyl group,

« . an alkoxycarbonyl group composed of an aikoxy! group having from 1 to 6 carbon atoms and a carbony! group,
* atetrazolyl group,

+  a sulfamoyl group,

« a methylenedioxy group,

« an sthylenedioxy group,

+  a propylenedioxy group,

* amorpholinosulfonyl group,

* a piperazinosulfonyl group,

+ a 4-alkylpiperazinosulfonyl group having from 1 to & carbon atoms,

+  a 4-dialkylaminopiperidino group having from 1 to 6 carbon atoms in each alkyl moiety thereof,

* a 4-monocalkylaminopiperidino group having from 1 to 6 carbon atoms in the alkyl moiety thereot,
e and a 4-aminopiperidino group;

R represents

-  a substituent having the following formula:

R1
R? }
(II)
T.H
G
or
R‘l
R? ]
G (I1I)

wherein A and R2 independently represent
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« an alky! group having from 1 1o 6 carbon atoms,

« an alkoxyl group having from 1 10 6 carbon atoms,

« a trifluoromethyl group,

o a2.2.2-trifluorcethyl group,

«  a trifluoromethoxyl group,

o a222-trifluoroethoxyl group.

«  an alkylthio group having from 1 to & carbon atoms, -
e an alkylsulfinyl group having from 1 to 6 carbon atoms,
« an aikylsulfonyl group having from 1 to 6 carbon atoms,
» an alkanoyl group composed of an alkyl group having from 1 to 6 carbon atoms and a carbonyl group.

< an alkanoyloxy group having from 2 to 7 carbon atoms,

« an alkanoytamino group having from 2 to 7 carbon atoms,

+  an amino group,

«  a monoalkylamine group having from 1 to & carbon atoms in the alkyl moiety thereof,

«  adialkylamino group having from 1 to 6 carbon atoms in each alkyl moiety therect,

»  a hydroxyl group, '

* a halogen atom,

« a perfluoroalkyl group having from 2 to 6 carbon atoms,

e acyano group,

= anitro group,

* a carboxyl group,

« an alkoxycarbonyl group composed of an alkoxyl group having from 1 to 6 carbon atoms and a carbonyt group,
¢ atetrazolyl group,

« a sulfamoy! group,

« a methylenedioxy group,

«  an ethylenedioxy group,

« a morpholinosuifonyl group,

* apiperazinosulfony! group,

* a 4-alkylpiperazinosulfonyl group having from 1 to 6 carbon atoms,

*  a a-dialkylaminopiperidino group having from 1 to 6 carbon atoms in each alkyl moiety thereot,

» a 4-moncalkylaminopiperidino group having from 1 to 8 carbon atoms in the alkyl moiety thereof,

e ora 1-aminopiperidino group, and

wherein the substituent G is selected from

* an alkyl group having from 1 to 6 carbon atoms,

+ a substituted or unsubstituted phenyl group,

« abenzoyl group with the phenyl moiety thereof substituted or unsubstituted,

« abenzylcarbonyl group with the phenyl moiety thereof substituted or unsubstituted,

* a benzoyimethyl group with the phenyl moisty therecf substituted or unsubstituted,

« an a-hydroxybenzyl group with the phenyl moiety thereof substituted or unsubstituted,

* 2 substituted or unsubstituted S-membered aromatic heterocyclic group containing a nitrogen atom, an oxygen
atom or a sulfur atom as a heteroatom (wherein, when a nitrogen atom is present as the heteroatom, this has a
hydrogen atom or an alkyl group having from 1 to 6 carbon atoms, or is the site of bonding to the bicyclic nitrogen-
containing heterocyclic group or the phenyl group),

«  a substituted or unsubstituted S-membered aromatic heterocyclic group containing one nitragen atom and, 2 ni-
trogen atom, an oxygen atom or a sulfur atom as the second heteroatom (wherein, when a nitrogen atom is present
as the second heteroatom, this has a hydrogen atom or an alkyi group having from 1 to § carbon atoms, or is the
site of bonding to the bicyclic nitrogen-containing hetarocyclic group or the pheny! group). .

*  a substituted or unsubstituted S5-membered aromatic heterocyclic group containing two nitrogen atoms and, a
nitrogen atom, an oxygen atom or a sulfur atom as the third heteroatom (wherain, when a nitrogen atom is present
as the third heteroatom, this has a hydrogen atom or an alkyl group having from 1 to & carbon atoms, or is the site
of bonding to the bicyclic nitrogen-containing heterocyclic group or the phenyt group.

< a substituted or unsubstituted 6-membered aromatic heterocyclic group containing one or two nitrogen atoms,

*  a heterocyclic group substituted-alkyl group composed of a substituted or unsubstituted 5-membered aromatic
heteracyclic group containing a nitrogen atom, an oxygen atom or a sulfur atom as a heteroatom (wherein, when
a nitrogen atom is present as the heteroatom, this has a hydrogen atom or an alky! group having from 1 to 6 carbon
atoms) and an atkylene group of from 1 to 3 carbon atoms, '
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« a heterocyclic group substituted-alky! group composed of a substituted or unsubstituted 5-membered aromatic

" heterocyclic group conlaining one nitrogen atom and. a nitragen atom, an.oxygen atom or & sulfur atom as the
second heteroatom (wherein, when a nitrogen atom is present as the second heteroatom. this has a hydrogen
atom or an alkyl graup having from 1 to 8 carbon atoms or is the site of bonding to the alkylene group) and an
alkylene group of from 1 to 3 carbon atoms.

«  a heterocyclic group substituted-alkyl group composed ofa substnuted or unsubstituted S-membered aromatic
heterocyclic group containing two nitrogen atoms and, a nitrogen atom, an oxygen atom or a sulfur atom as the
third heteroatom (wherein, when a nitrogen atom is present as the third heteroatom, this has a hycrogen atom or
an alkyl group having from 1 to 8 carbon atoms or is the site of bonding to the alkylene group) and an alkylene
group of from 1 to 3 carbon atoms,

e a heterocyclic group substituted-aikyl group composed of a substituted or unsubstituted 6-membered aromatic
heterocyclic group containing one or two nitrogen atoms and an alkyiene group of from 1 to 3 carbon atoms,

«  a phenylhydroxyalkyl group composed of an alkylene group having one hydroxy! group and 2 to 3 carbon atoms
and a substituted or unsubstituted phenyl group,

s a 2-phenylethenyl group wherein the phenyl group may be substituted,

« a 2-phenylethynyl group wherein the phenyl group may be substituted,

« atetrazolyl group, ’

« a morpholino group,

« an alkanoylamino group having from 2 to 7 carbon atoms,

+ a tetrazolylalkyl group composed of a tetrazolyl group and an alkylene group having from 1 t¢ 3 carbon atoms
wherein the alkylene group is bonded to the carbon atom or nitregen atom of the tetrazolyl group.

« amorpholinoalkyl group composed of a morpholinc group and an alkylene group having from 1 to 3 carbon atoms,

«  a 4-alkoxycarbonylcyclohexyl group having from 1 to 6 carbon atoms in the alkoxy! group thereof,

e an alkoxycarbonyl group having from 1 to 6 carbon atoms in the alkoxyl moiety thereof,

» an alkoxycarbonylalky! group composed of an alkoxyl group having from 1 to 6 carbon atoms and an alkylene
group having from 1 to 3 carbon atoms,

e a 1-alkylindol-2-yl group having from 1 to 6 carbon atoms in the alkyl moiety thereof wherein the mdole moiety
may further be substituted,

e a substituted or unsubstituted pyrrolidon-1-y! group,

« a 2-guanidinothiazolyl group,

« a (2-guanidinothiazolyl)alkyl group composed of a 2-guanidinothiazolyl group and an alkylene group having from
1 to 3 carbon atoms,

*  a substituted or unsubstituted 1,4-dihydropyridyl group,

 a(4-alkylpiperazino)alkyl group composed of a 4-alkylpiperazine group having an alkyl group of from 1 to 6 carbon
atoms and an atkylene group of from 1 to 6 carbon atoms,

» a{4-{morpholinosulionyl)phenyilalkyl group composed of a 4-{morpholinosulfonyl)phenyl group and an alkylene
group of from 1 to 8 carbon atoms,

»  a [a-(piperazinosulfonyl)phenyljaikyl group composed of a 4-(piperazinosulfonyl)phenyl group and an alkylene
group of from 1 to & carbon atoms,

e a [4-(4-alkylpiperazinosulfonyl)phenyljalkyl group composed of a 4-(4-alkylpipsrazinosulfonyl)-phenyl group
wherein the alkyl group on the piperazino group is that of {rom 1 to 6 carbon atomns, and an alkylene group of trom

1 to & carbon atoms, )

< an alkoxycarbonylalky! group composed of an alkoxy! group of from 1 to 6 carbon atoms and a carbonyl group
and an alkylene group of from 1 to 6 carbon atoms, '

» a carboxyalkyl group comosed of a carboxyl group and an alkylene group of from 1 to 6 carbon atoms,

+  a [4-(4-dialkylaminopiperidino)phenyllaiky! group composed of a phenyl group having a 4-dialkylaminopiperidino
group at 4-position, wherein each of the alkyl moiety of the dialkylamino group has from 1 to 6 carbon atoms
independently, and an alkylene group of from t to 6 carbon atoms,

+  a[4-{4-moncalkylaminopiperidino)phenyl]aiky! group composed of a pheny! group having a 4-monoalkylam|n0p|-
peridino group at 4-position, wherein the alkyl moiety of the monoalkylamino group has from 1 to 6 carbon atoms,
and an alkylene group of from 1 106 carbon atomns,

«  al[4-{a-aminopiperidino)phenyllalkyl group composed of a phenyl group having a 4-aminopiperidino group at 4-po-
sition and an alkylene group of from 1 to & carbon atoms,

+  a (4-dialkylaminopiperidino)alky! group composed of a 4-dialkylaminopiperidino group. wherein each of the aikyl
moiety of the dialkylamirio group has from 1 to 8 carbon atoms independently, and an alkylene group of from 1 t0
6 carbon atoms,

«  a(4-alkylaminapiperidino)alkyl group compased of a 4-alkylaminopiperidino group, wherein the alkyl moiety of the
alkylamino group has from 1 ta & carbon atoms, and an alkylene group of from 1 to 6 carbon atoms,

-
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a (4-aminopiperidinojalkyl group composed of a 4-aminopiperidino group and an alkylene group cf from 1 10 8
carbon atoms,

a phenylaikyl group composed of a subsmuted or unsubstituted phenyl group and an aikylene group of from 1 to

6 carbon atoms, and

a hydrogen atom;

wherein in case the substituent G has a subslituent(s), the substituent(s) is (are) selected from

LT SN I N 2 N N N BN NN BN N N N ¢

an alkyl group having from 1 to & carbon atoms,

an alkoxyl group having from 1 to § carbon atoms,

a trifluoromethyl group,

a 2,2,2-trifluoroethy! group,

a trifluoromethoxyl group,

a 2,2.2-trifluorcethoxyl group,

an alkyithio group having from 1 to § carbon atoms,

an alkyisulfinyl group having from 1 to 6 carbon atoms,

an alkylsultonyl group having from 1 to 6.carbon atoms,

an alkanoyl group composed of an alkyl group having from 1 to 6 carbon atoms and a carbonyl group,
an alkanoyloxy group having from 2 to 7 carbon atoms,

an alkanoylamino group having from 2 lo 7 carbon atoms,

an amino group,

a monoalkylamino group having from 1 to 8 carbon atoms in the alkyl moiety thereof,

a diatkylamino group having from 1 to 6 carbon atoms in each alkyl moiety thereof,

a hydroxyl group., '

a halegen atom,

a perﬂuoroalkyl group havmg from 2 to 6 carbon atoms,

a cyano group,

a nitro group,

a carboxyl group,

an atkoxycarbonyl group composed of an alkoxyl group having from 1 to & carbon atoms and a carbonyl group,
a tetrazoly! group,

a sulfamoyl group,

a methylenedioxy group,

an ethylenedioxy group,

a morpholinosuifonyl group,

a piperazinosulfonyl group,

a 4-alkylpiperazinosulfonyl group having from 1 to 6 carbon atoms,

a 4-dialkylaminopiperidino group having from 1 to 8 carbon atomns in each alkyl moiety therecf,
a 4-monoalkylaminopiperidino group having from 1 to 6 carbon atoms in the alkyl moiety thereof, and
a 4-aminopiperidino group; :

and Z represents

an alkylene group having from 1 to 3 carbon atoms,
an alkenylene group having from 2 to 4 carbon atoms,

" an alkylene group having one hydroxy! group and from 1 to 3 carbon atoms,

a carbonyl group,
an alkylene group containing a carbonyl group at one end or on the middle of the carbon chain thereo!, or
an oxalyl group;

or a sait thereof.

Prefaerably the substituent R has a structure represented by.the following formula:



or by the following formuia:

This invention preferably relates to a compound of farmula (1), wherein the substituent Q is a phenyl group having
at least one substituent at the meta-position of the connecting position of the phenyl group to the piperazine moiety.

This invention further preferably relates to a compound of formula (I), wherein the meta-substituent of the phenyl
group for the substituent Q is a halogen atom. :

Preferably Q is a 2-methy(-3-chlorophenyf group.

This invention further preferably relates 1o a compound of formula (1), wherein Z is the alkylene group having 2 or
3 carbon atoms, in particular 2 carbon atoms.

This invention further preferably relates to a compound of formula (1), wherein the substituent R has a 5,6-<dimeth-
oxy-1H-indazole moiety, in particular a 5,6-methylenedioxy-1H-indazole moiety.

The substituent G on R is preferably a member selected from a group of a 3,4-dimethoxybenzyi group, 4-imida-
zolyimethyl group, a 2-pyridyimethyl group, 3-pyridylmethyt group and a 4-pyridyimethyl group.

This invention further relates to a compound of formula (I), wherein the substituent R has a 2-substituted-
4,5-dimethoxy-phenyl moiety.

This invention further relates to a compound of formula (1), wherein the substituent R has a 2-substituted-4,5-meth-
ylenedioxyphenyl moiety.

The present invention also relates to a treating agent for a circulatory disease or a disease in the cerebral region
which contains the novel piperazine derivative represented by formula (1) or a salt thereof and exhibits calmedulin
inhibitory activity.

DETAILED DESCHIPTION OF THE INVENTION

The salts of the compound of formula (1} typically include acid addition salts. Acids for preparing the acid addition
salts of the compound of formula (I) may be organic or inorganic and include hydrochloric acid, sulfuric acid, nitric acid,
phosphoric acid, carboxylic acids (e.g.. acetic acid, propionic acid, lactic acid, maleic acid, and fumaric acid), and
sulfonic acids (e.g.. methanesulfonic acid, benzenesulfonic acid, and toluenesulfonic acid). As a matter of course, the
compound of formula (1) can be administered to humans in the form of an acid addition salt as tar as the salt-forming
acid is harmless to humans. ’

In case when a compound of the present invention of formula (1) have an acidic substituent, such a compound
may be converted to a salt with an organic or an inorganic bases. And the compound of the present invention or the
salts thereof may form as hydrate(s).

The compound according to the present invention consists of a piperazine ring with a partial structure represented
by Q bonded to one nitrogen atom thereof and a partial structure represented by A bonded to the other nitrogen atom
via a connecting group represented by Z. ’

Partial structure Q is a substituent selected from (1) an aryl group, (2) a heterocyclic group. (3) a diaryimethyl
group. (4) an aralkyl group having from 1 to 8 carbon atoms in the alkyl moiety thereot, (5) an alkyl group having from
1 to 8 carbon atoms, and (6} a cycloalkyl group having from 3 to 8 carbon atoms.

The aryl group (1) is a substituent derived from an aromatic compound, such as a phenyl group or a naphthyl
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group. While the term “aromatic compound® as noted above includes heterocyclic aromatic compounds, the substituent
derived from aromatic hydrocarbon compounds are especially preferable ary! groups for the present invention.

The heterocyclic group (2) is a substituent derived from a heteracyclic compound, preferably a nitrogen-containing
heterocyclic compound. While the term “nitrogen-containing heterocyclic compound" as noted above includes aromatic
ones, partially saturated ones, saturated ones, the heterocyclic group as Q is preferably the-one derived from an
aromatic nitrogen-containing heterocyclic compound, such as pyrrole, imidazole, pyrazole. pyridine, pyridazine, pyri-
midine, pyrazine, indole, quinoline, isoquinoline, cinnoline, phthalazine, quinazoline, quinoxaline, naphthylidene, pyri-
dopyridines, carbazole, carboline, phenanthridine, and acridine. Preferred of these nitrogen-containing aromatic het-
erocyclic groups are pyridyl, pyrimidyl and isocquinolyl groups.

Besides the nitrogen-containing heterocyclic group, the heterocyclic group (2} includes those containing an oxygen
atom or a sulfur atomn. which may be saturated, partially saturated or aromatic. Examples are thienyl, benzothienyl,
furyl, furanyl, benzofuranyl, and chromeny! groups, with a benzofuranyl group and a dihydrobenzofurany! group being
preferred.

Additionally, the heterocyclic group (2) may be a heterocyclic group containing two or more different hetero atoms,
such as an isothiazolyl group, an isoxazolyl group or an oxazinyl group.

The diaryimethyl group (3) is a substituent in which two hydrogen atoms of a methyl group are sach repiaced by
an aryt group. The aryl group is selected from those enumerated above. The most typical diaryimethyl group is a
diphenylmethyi group. '

The aralky! group (4) is a substituent in which an alkylene group having from 1 to & carbon atoms is bonded at
one end thereof to the above-mentioned aryl group, typically including a benzyl group and a phenethyl group.

The alkyl group (5), which contains from 1 to 8 carbon atoms, may have a straight chain structure or a branched
structure.

The cycloalkyl group (6), which contains from 3 to 8 carbon atoms, includes a cyclopropyl group, a cyclobutyl
group, a cyclopentyl group, a cyclohexyt group, and a cyclooctyl group.

Each of the substituents (1) to (6) mentioned above as Q, particularly the aryl group, heterocyclic group, and the
aryl mouety of the diaryimethyl group, may be substituted with one or more substituents selected from the following
groups.

1. An aikyl group having from 1 to 6 carbon atoms, which may be straight or branched, or cyclic.

2. An alkoxy! group having from 1 to & carbon atoms, the alkyl moiety of which may be straight, branched or cyclic.
3. A triflucromethyl group and a 2,2, 2-trifluorcethyl group.

4. A trifluoromethoxyl group and a 2,2,2-trifluoroethoxyl group.

5. An alkylthio group composed of an alkyl group having from 1 to 8 carbon atoms and a sulfur atom as represented
by a structural formula: -

alkyl-S-,

the alkyl group of which may be straight, branched or cyclic.
6. An alkyisulfinyl group derived from the above-mentioned alkylthio group by oxidizing the sulfur atom with one
oxygen atom as represented by a structural formula:

alkyl-SO-.

7. An alkylsulfony! group derived from the above-mentioned alkylthio group by oxidizing the sulfur atom with two
oxygen atoms as represented by a structural formula: '

alkyl-SO,-.

8. An alkanoyl group derived from an aliphatic carboxylic acid by rermnoving the hydroxy! group from the carboxyl
group thereof, as represented by a structural formula:

alkyt-CO-.

9. An alkanoyloxy group derived from oxygen and the above-mentioned alkanoyl group or by hydrogen removal



hi ngably attached to the keel side panel and which provides lone of sard
securing portions. 3. Acarton as cI aimed in claimZ® aor TEayaR 4999

vvher_ei n at Ieast one of said keel

AECLAVERENT SHEET

-8 - REPLACEMENT SHERf

{rom the. carboxyl group of an aliphatic carboxylic acid, as represented by a structural formula:

alkyl-CO-O-.

10. An alkanoylamino group derived by replacing cne of the two hydrogen atams of an amino group with an alkanoyt
group, as represented by a structural formula: - . -

alkyl-CO-NH-.

11. An amino group.

12. A menoalkylamino group derived by replacing one of the two hydrogen atoms of an amino group with an alkyl
group.

13. A dialkylamino group derived by replacing sach of the two hydrogen atoms of an amino group with an alkyl
group. -

14. A hydroxyl group.

15. A halogen atom.

18. A perfiuoroalkyl group composed of a straight chain, branched or cyclic alkyl group with all the hydrogen atoms
replaced with fluorine atoms.

17. A cyano group.

18. A nitro group.

18. A carboxyl group.

20. An alkoxycarbanyl group composed of a straight chain, branched or cyclic alkyl group and a carbonyl group,
connected via an oxygen atom, as represented by a structural formula:

alkyl-O-CO-.

21. Atetrazolyl group, a S-membered heterocyclic group.

22. A sulfamoyl group.

23. A methylenedloxy group, an ethylenedioxy group, and a propylenedioxy group, represented by a structural
formula:

-O-(CH,),-O-

wherein g is 1, 2o 3, and the carbon atoms (wheré q is 2 or 3) to which the two oxygen atoms are each bonded
are adjacent to each other. :
24. A morpholinosulfonyl group, represented by a structural formula:

morpholino(or 4-morpholinyl )-SO,-.
25. A piperazinosulfonyl group, represented by a structural formula:
(1-piperaziny}-SO,-.

28. A 4-alkylpiperazinosulfonyl group composed of 4-alkylpiperazinyi group and sulfonyl group wherein the alkyl
group at 4-position has from 1 to & carbon atoms, represented by a structural formula:

(4-alkyl-piperazin-1-y)-SO,-.

27. A 4-dialkylaminopiperidino group; a piperidine group having a dialkylamino group at 4-position thereof,
wherein each of the alky! moiety of the dialkylamino group has from 1 to & carbon atoms independently.
25. A 4-monoalkylaminopiperidino group: a piperidine group having an alkylamino group at 4-position thereof,
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wherain the alkyl moisty of the alkylamino group has from 1 lo & carbon atoms.
29. A 4-aminopiperidino group: a piperidine group having an amina group at 4-position thereof.

Wherae the group Q has two or more substituents, the plural substituents may be the same or different.

These substituents may be on the alky! group (or moiety) or cycloalkyl group (or moiety) of-Q.

To the other nitrogen atom of the piperazine moiety is bonded a partial structure R (i.e., (1) a bicyclic nitrogen-
contair;ing heteracyclic group or (2) a phenyl group)-via a connecting group Z (i.e., (1) an alkylene group having from
1 to 3 carbon atoms, (2) an alkenyiene group having from 2 to 4 carbon atoms, (3) an alkylene group having trem 1 to
3 carbon atoms and ona hydroxyl group, (4) a carbonyl group, (5) an alkylene group having one or two carbon atoms
and containing one carbonyl group at the end or middle of the carbon chain thersof, or (6) an oxalyl group).

The alkylene group (1) as Z is represented by a structural formuia:

-(CHz)f-'

wherein ris 1, 2, or 3.

The alkenylene group (2) as Z has one carbon-carbon double bond either at the terminal or in the middle of the
carbon chain.

The alkylene group (3) having ene hydroxyl group and from 1 to 3 carbon atoms has its hydroxyl group bonded to
either the terminal or the middle of the carbon chain.

The carbonyl group (4) has a structural formula:

-CO-.

The alkylene group (5) having one carbonyl group at the end or in the middle of the carbon chain has a structural
formula:

-CO-CH,-, -CH,-CO-, -CO-CH,-CH,-, -CH,-CO-CH,- or -CH,-CH,-CO-.
The oxalyl group (8) has a structural formula:
-CO-CO-.

The partial structure as R is (1) a bicyclic nitrogen-containing heterocyclic group or (2} a phenyl group.

The bicyclic heterocyclic group (1) as R is structurally characterized in that: (i) a 6-membered ring and a 5-mem-
bered ring are fused, (i) there are one or two nitrogen atoms, which is/are on the 5-membered ring, (iii) the nitrogen-
containing ring may be an aromatic ring or a saturated ring, and (iv) where the ring containing the nitrogen atom(s} is
saturated, that ring may contain a ketone moiety.

The bicyclic heterocyelic group having such structural characteristics (i) to (iv) includes those derived from indole,
isoindole, indazole, and benz{djimidazole. Those having a nitrogen atom between two condensed rings. such as those
derived from indolizine, benzofa]pyrazole, benzole]pyrazole, benz[ajimidazole and benz[e]imidazole, are aiso includ-
ed. The bicyclic nitrogen-containing heterocyclic group (1) is bonded to the connecting group, Z, at the nitragen atom
or carbon atom of the 5-membered ring tharact,

Specific examples of the bicyclic heterocyclic group (1) as R are indol-1-yl, indol-2-yl, indol-3-yl, 2,3-dihydreindol-
1-yl, 2,3-dihydraindol-2-yl, 2,3-dihydroindol-3-yl, 3H-indol-2-yl, 3H-indol-3-yl, 2-oxoindoi-1-yl, 2-oxcindol-3-yi, indazol-
1-yl, indazol-3-yl, 2,3-dihydroindazol-1-yl, 2.3-dihydroindazol-2-yl, 2,3-dihydroindazol-3-yl, 3H-indazol-3-y!, 2,3-dihy-

' ro-3-oxoindazol-1-yl, 2,3-dihydro-3-oxcindazol-2-yl, isoindol-1-yl, isoindol-2-yl, isoindol-3-yi, 1,3-dihydroisoindoi-1-yl,

1,3-dihydroiscindol-2-yl, 1,3-dihydroisoindol-3-yl, 1,3-dihydro-3-oxoisoindol-1-yl, 1,3-dihydro-3-oxoisoindol-2-yl,

'1,3-dihydro-1-oxaisoindol-2-yi, 1,3-dihydro-1-oxoisoindoi-3-yl. benz{d]imidazol-1-yi, benz[d]imidazol-2-yl, 2,3-dihyd-
robenz[dlimidazol-1-yl, 2,3-dihydrobenz[d]imidazol-2-yl, and 2,3-dihydro-2-oxobenz(d]imidazol- 1-yi groups.

The bicyclic nitrogen-containing heteracyclic group (1) or phenyl group (2) as R is substituted with one or more
substituents selected from the following groups. The two or more substituents may be the same or different. The
substituent of the pheny! group (2) is preterably on the carbon atom adjacent to the carbon atom bonded to Z. The
substituent of the bicyclic nitragen-containing heterocyclic group (1) is preferably on the nitrogen atom or carbon aton
of the nitrogen-containing 5-membered ring.
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1. A straight chain, branched or cyclic alkyl group having from 1 to 6 carbon atoms. 1
2. A substituted or unsubstituted pheny! group. . :
3. A benzoyl group the pheny! moiety of which may be substituted.
4. A benzylcarbonyl group' the phenyl moiety of which may be substituted.
5. A benzoyimethyl group the phenyl maiety of which may be substituted.
8. An a-hydroxybenzyl group the phenyl maiety of which may be substituted.
7. A substituted or unsubstituted S-membered aromatic heterocyclic group containing a nitrogen atom, an oxygen

atom or a suitur atom as a hetero atom (wherein a nitrogen atom is present as a hetero atom, this has a hydrogen

‘atom or an alky! group having from 1 to & carbon atoms, or it is the site for bonding to the bicyclic nitrogen-containing

heterocyclic group (1) or phenyl group (2)), such as a pyrrolyl group, a turyl group or a thienyl group. This substituent
may be bonded to the bicyclic nitrogen-containing heterocyclic group (1) or phenyl group (2) at any of possible
sites thereof. -

8. A substituted or unsubstituted S-membered aromatic heterocyclic group containing one nitrogen atom and, as
a second hetero atom, a nitrogen atom, an oxygen atorn or a sulfur atom (wherein a nitrogen atom is present as
the second hetero atom, this has a hydrogen atom or an alky! group having from 1 to 6 carbon atoms, or it is the
site of bonding to the bicyclic nitrogen-containing heterocyclic group (1) or phenyl group (2)), such as a pyrazolyl
group, an imidazolyl group, a thiazolyl group, an isothiazolyl group, an oxazolyl group, or an isoxazoly! group. This
substituent may be bonded to the bicyclic nitrogen-containing heterocyclic group (1) or phenyl group (2) at any of
possibie sites thereof.

9. A substituted or unsubstituted 5-membered aromatic heterocyclic group containing two nitrogen atoms and, as
a third hetero atom, a nitrogen atom, an oxygen atom or a sulfur atom (wherein a nitrogen atom is present as the
third hetero atom, this has a hydrogen atom or an alkyl group having from 1 to 6 carbon atoms, or it is the site of
bonding to the bicyclic nitrogen-containing heterocyclic group (2) or phenyl group (2)), such as a 1,2,3-triazoly!

" group, a 1.2.4-triazolyl group, a 1,2,-3-thiadiazyl group, a 1,2.4-thiadiazyl group, a 1,2,5-thiadiazyl group, a

1,3,4-thiadiazyl group, a 1,2.3-oxadiazyl group, a 1,2,4-oxadiazyl group, a 1,2,5-oxadiazyl group, or a 1,3,4-cxa-
diazyl group. This substituent may be bonded to the bicyclic nitrogen-containing heterocyclic group (1) or phenyl
group (2) at any of possible sites thereof.

10. A substituted or unsubstituted 6-membered aromatic heterocyclic ring comtaining one or two nitrogen atoms,
such as a pyridyl group, a pyridazinyl group, a pyrimidyl group, or a pyrazinyl group. This substituent may be
bonded to the bicyclic nitrogen-containing heterocyclic group (1) or phenyl group (2) at any of possible sites thereof.
11. A heterocyclic group-substituted alkyl group composed of a substituted or unsubstituted S-membered aromatic
heterocyclic group containing a nitrogen atom, an oxygen atom or a sulfur atom as a hetero atom and an alkylene
group having from 1 to 3 carbon atoms (wherein a nitrogen atom is present as a hetero atom, this has a hydrogen
atom or an aikyl group having from 1 to 6 carbon atoms), such as a pyrrolyl-substituted methyl, ethyl or propyl
group, a thienyl-substituted methyt, ethy! or propyl group, or a furyl-substituted methyl, ethyl or propyl group. The
alkylene group may be bonded to any of possible sites of the heterocyclic ring.

12. A heterocyclic group-substituted alkyl group composed of a substituted or unsubstituted 5-membered aromatic
heterocyclic ring containing one nitrogen atom as a first hetero atom and, as a second hetero atom, a nitrogen
atom, an oxygen atom or a sulfur atom and an alkylene group having from 1 to 3 carbon atoms (wherein a nitrogen
atom is present as the second hetero atom, this has a hydrogen atom or an alkyl group having from 1 to 6 carbon
atoms or is bonded to the alkylene group), such as a pyrazolyl-substituted methyl, ethyl or propy! group, an imi-
dazolyi-substituted methyl, ethyt or propyl group, a thiazolyl-substituted methyl, ethy! or propyl group, or an oxa-
zolyl-substituted methyl, ethyl or propyl group. The alkylene group may be bonded to any of possible sites of the
heterocyclic ring. '

13. A heterocyclic group-substituted alky! group composed of a substituted or unsubstituted S-membered aromatic
heterocyclic ring containing two nitrcgen atoms as first and second hetero atorns and, as a third hetero atom, a
nitrogen atom, an oxygen atomn or a suifur atom and an alkylene group having from 1 to 3 carbon atoms (wherein
a nitrogen atom is present as the third hetero atom, this has a hydrogen atom or an alky! group having from 1 to
6 carbon atoms or is bonded to the alkylene group), such as a 1,2.3-triazolyl-substituted methyl, ethyt or propyl
group, a 1.2.4-lriazolyl-substituted methyl, ethyl or propyl group, a 1,2.3-thiadiazyl-substituted methyl, ethy! or
propyl group, a 1.2,4-thiadiazyl-substituted methyl, ethyl or propyl group. a 1,2,5-thiadiazyl-substituted miethyt,
ethyl or propyl group, a 1.3.4-thiadiazyl-substituted methyl, ethyl or propyl group, a 1.2,3-oxadiazyl-substituted
methyl, ethyl or propyl group. a 1.2.4-oxadiazyl-substituted methyl, ethyl or propy! group, a 1,2,5-oxadiazyi-sub-
stituted methyl, ethyl or propyl group, or a 1,3,4-oxadiazyl-substituted methyl, ethyl or propyl group. The alkylene
group may be bonded to any of possibie sites of ths heterocyclic ring.

14. A helerocyclic group-substituted alkyl group compased of a substituted or unsubstituted 8-membered aromatic
heterocyclic ring containing one or two nitrogen atoms and an alkylene group having from 1 to 3 carbon atoms,
such as a pyridyl-substituted methy!, ethyl or propyl group, a pyridazinyl-substituted methyl, ethyt or propyl group,
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a pyrimidyl-substituted methyl, sthyl or propyl group, or a pyrazinyl-substituted methy!, ethyl or propyi group. The
alkytene group may be banded to any of possible sites of the heterocyclic ring.

15. A phenylhydroxyalkyi group composed of an alkylene group having one hydroxyl group and 2 to 3 carbon
atoms and a substituted or unsubstituted phenyt group, such as a 1-hydroxy-2-phenylethyl group, a 2-hydroxy-
2-phenylethyl-group, a 1-hydroxy-3-phenylpropy! group, a 2-hydroxy-3-phenylpropy! group or a 3-hydroxy-3-phe-
nylpropyt group. '

16. A 2-phenylethynyl group wherein the phenyl group may be substituted.

17. A tetrazolyl group.

18. A morphalino group.

19. An alkanoylamino group having from 2 to 7 carbon atoms.

20. A tatrazolylalkyl group composed of a tetrazolyl group and an alkylene group having from 1 to 3 carbon atoms,
wherein the alkylene group is bonded to the carbon atom or nitrogen atom of the tetrazolyl group. such as a
tetrazolyimethyl group, a tetrazolylethyl group or a tetrazolylpropyt group.

21. A morpholinoalkyi group composed of a morpholino group and an alkylene group having from 1 to 3 carbon
atoms, such as a morpholinomethyl group, a morpholinoethyl group or a merpholinopropyl group.

22. A 4-alkoxycarbonylcyclohexyl group having from 1 to 6 carbon atoms in the alkoxy moiety thereof, wherein the
alkoxycarbonyl moiety and the bond at the 1-position may have a trans-structure or a cis-structure or may be in
axial or equatorial positions.

23. An atkoxycarbony! group having from 1 to 6 carbon atoms in the alkoxy moiety thereof.

24. An alkoxycarbonylalkyl group composed of an alkoxycarbony! group having from 1 to 6 carbon atoms in the
alkoxy moiety thereof and an alkylene group having from 1 to 3 carbon atoms, such as an altkoxycarbonyimethyl
group, an alkoxycarbonylethy! group or an alkoxycarbonylprepyl group.

25. A 1-alkylindol-2-yl group wherein the alkyl moiety has from 1 to 6 carbon atoms and the indole nng may further
be substituted.

286. A substituted ar unsubstituted pyrrolidone-1-yi group wherein the oxo moiety is at the 2- or 3-position, and the
pyrrolldme moiety may be substituted, especially by alkyl group(s).

27. A 2-guanidinothiazolyl group.

28. A (2-guanidincthiazolyl)-alky! group composed of a- 2-guamdmoﬂ’nazolyl group and an alkylene group having
from 1 to 3 carbon atoms,

29. A substituted or unsubstituted 1,4-dihydropyridyl group wherein the substituent includes an alkyl group and a
carboxy! group, such as a 2,6-bis{methoxycarbonyl)-3,5-dimethyl-1,4-dihydropyridyl group.

30. A 4-alkyl-piperazino-alkyl group composed of a 4-alkylpipserazine having an aikyl group of from 1 to 6 carbon
atom and an alkylene group of {from 1 to 6 carbon atoms. The examples are; a 4-methyipiperazinomethyl group,
a 4-ethylpiperazinomethyl group, a 4-propylpiperazinomethyl group, a 2-(4-methylpiperazino)ethyl group, a 2-
{4-ethylpiperazino)ethyl group and a 2-{4-propyipiperazino)-ethyl group, and the like. .
31. A 4-(morpholinosulfonyl)phenylalkyl group composed of 4-(morpholinosulfonyl)phenyl group and an alkylene
group of from 1 to 6 carbon atoms. The examples are; a 4-{morpholinosulfonyl)phenylmethyl group, a 2-[4-(mor-
pholinosuifonyl)phenyl)ethyl group, a 3-[4-(merpholinosulfonyl)phenylpropy! group, and the like.

32. A 4-(piperazinosulfonyl)phenylalkyl group composed of 4-(piperazinosulfonyl)phenyl group and an atkkylene
group of from 1 to 8 carbon atoms. The axamples are; a 4-(piperazinosulfonyl)phenylimethy! group, a 2-{4-(piper-
azinosulfenyl)phenyl]ethyl group, a 3-[4-(piperazinosulfonyl)phenyllpropy! group, and the like.

33. A 4-(4-alkylpiperazinosulfonyl)phenyialkyl group composed of 4-{4-alkyipiperazinosulfonyl)pheny! group,
wherein the alkyl group on piperazino group is that of from 1 to 6 carbon atoms, and an alkylene group of from 1
o & carbon atoms. The examples are: a 4-(4-methylpiperazinosulfonyl)phenylmethyl group, a 2-{4-(4-methyipiper-
azinosultonyl)phenyljethy! group, a 3-[4-(4-methyipiperazinosulfonyl)phenyljpropyl group, and the like.

34. An alkoxycarbonylaikyl group composed of an alkoxy group of from 1 to 6 carbon atoms and a carbonyl group
and an alkylene group of from 1 1o 6 carbon atoms. The examples are; a methoxycarbonyimethyl group, an ethox-
ycarbonyimethyl group, a propoxycarbonyimethy! group, a 2-(methoxycarbonyl)ethyl group. a 2-(ethoxycarbonyl)
ethyl group, a 2-(propoxycarbonyl)ethyl group, and the like. .

35. A carboxyalkyl group composed of a carboxyl group and an alkylene group of from 1 to 6 carbon atoms. The
examples are; a carboxymethyl group, a 2-carboxysthyethyl group, 3-carboxypropyl group, 4-carboxybutyl group,
S-carboxy-pentyl group and 8-carboxyhexy! group.

36. A 4-[(4-dialkylaminopiperidino)jphenylalkyl group composed of a phenyl group having a 4-diatkylaminopipe-
ridino group, wherein the alkyl groups of dialkylamino group are those of from 1 to 6 carbon atoms independently.
at 4-position and an alkylene group of from 1 1o 8 carbon atoms. The examples are: a [4-(4-dimsthylaminopipe-
ridino)phenyljmethyl group, a 2-[4-(4-dimethylaminopiperidino)phenyi)ethyl group, a 3-[4-(4-dimethylaminopipe-
ridino)phenyi]propyl group, a {44{4-(N-methyl- N-ethylammo)p|pend|no]phenyllmethyl group, a [4-(4-dlathylam|no-
piperidina)phenyl)methyl group, and the like.



conpri ses an aperture and the ot her of the keel

a. tab which tab passes through t he aperture when t he keel Es n.a §g§
operative position. - . _ P13 MAR VY

. REPLACEMENT SHEET

37. A 4-{(4-monoalkylaminopiperidino)jphenylalkyl group composed of a phenyl group Raving a d-monoaikylami-
nopiperidino group, wherein the alkyl group of monomethylamino group is that of from 1 to 6 carbon atoms, at
4-position and an alkylene group of from 1 to 6 carbon atoms. The examples are; a [4-(4-methylaminopiperidino)
phenyl]methyl group, a 2-[4-(4-methylaminopiperidino)phanyljethyi group, a 3-[4-(4-methylaminopiperndino)phe-
nyljpropy! group. a [4-(4-ethylaminopiperidino)phenyl]methyl group, a 2-[4-(4-ethylaminopiperidino)phenyl]ethyl
group, a 3-[4-(4-ethylaminopiperidino)phenyl]propyl group. and the like.

38. A 4-{(4-aminopiperidino)jphenylaikyl group.composed.of a phenyl group having a 4-aminopiperidinc group at
4-position and an alkylene group of from 1 to 6 carbon atoms. The examples are: a [4-(4-aminopiperidino)-phenyl]
methyl group, a 2-{4-(4-aminopiperidino)phenyl]-ethyl group, a 3-[4-(4-aminopiperidino)phenyi]propyl group, and
the like. )

39. A (4-dialkylaminopiperidino)alkyl group composed of a 4-dialkylaminopiperidino group. wherein the alkyl groups
of dialkylamino group are those of from 1 to 6 carbon atoms independently, and an alkylene group of trom 110 &
carben atomns. The examples are; a (4-dimethylaminopiperidino)methy! group, a 2-{4-dimethylaminopiperidinc)-
ethyl group, a 3-(4-dimathylaminopiperidino)propyl group, a 4-{(N-methyl-N-ethylamino)piperidino]methyt group,
a (4-diethylaminopiperidino)methyl group, and the like.

40. A (4-alkylaminopiperidino)alkyl group composed of a 4-alkylaminopiperidino group, wherein the alky! group of
monomethylamino group is that of from 1 to 6 carbon atoms, and an alkylene group of from 1 to 6 carbon atoms.
The examples are; a (4-methylaminopiperidino)methy!l group, a 2-{4-methylaminopiperidino)ethyl group, a 3-
{4-methylaminopiperidirio)propyl group, a {4-ethylaminopiperidino)methyl group, a 2-{4-ethylaminopiperidino)-
ethy! group, a 3-(4-sthylaminopiperidino)prapyl group, and the like.

41. A (4-aminopiperidinojalkyl group composed of a 4-aminopiperidino group (4-aminopiperidin-1-yl group) and
an alkylene group of from 1 to 6 carbon atoms. The examples are; a (4-aminopiperidino)methyl group, a 2-(4-ami-
nopiperidino)ethyl group, a 3-(4-aminopiperidino)-propyl group, and the like.

42. A hydrogen atom.

Whers the above-mentioned substituents 1 to 42 are substituted, they are substituted with one or more of thg
following groups which may be the same or different.

. An alky! group having from 1 to & carbon atoms.

. An alkoxy! group having from 1 to 8 carbon atoms.

. A trifluoromethyl group and a 2,2, 2-trifluoroethy! group.

. A trifluoromethoxyl group and a 2,2,2-trifluoroethoxy! group.

. An alkylthio group having from 1 to 6 carbon atoms.

. An alkylsulfinyl group having from 1 to 6 carbon atoms.

. An alkyisulfonyl group having from 1 to 6 carbon atomns.

. An aikanoy! group composed of an alkyl group having from 1 to 6 carbon atoms and a carbonyl group.
. An alkanoyloxy group having from 2 to 7 carbon atoms.

OWoO~NOWL AWM~

10. An alkanoylamino group having from 2 to 7-carbon atoms.
11. An amino group.
- 12. A monoalkylamino group having from 1 to 6 carbon atoms.
13. A dialkylamino group having from 1 to 6 carbon atoms in each alkyl moiety thereof.
14. A hydroxy! group.
15. A halogen atom.
18. A perfluoroalkyl group having from 2 to 8 carbon atoms,
17. A cyano group.
13. A nitro group.
19. A carboxyl group.
20. An alkoxycarbonyl group composed of an alkoxyl group having from 1 to 6 carbon atoms and a carbony! group.
21. Atetrazolyl group. .
22. A sulfamoyl group.
23. A methylenedioxy group, an ethylenedioxy group, and a propylenedioxy group.
24. A morpholinosutfonyl group.
25. A piperazinosulfony! group.
26. A 4-alkyipiperazinosulfonyl group having from 1 to 6 carbon atoms.
27. A 4-dialkylaminopiperidino group having from 1 to 6 carbon atoms in each alkyl moiety thereof.
28. A 4-menoalkylaminopipendino group having from 1 to 6 carbon atoms in the alkyl moiety thereof.
28

. A 4-aminopiperidino group.
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A partial structure abbreviated as R for the compound of the present invention, a nitrogen-containing heterocyclic
group is exempiified by the following formula:

wherein R1, R2 and G are as defined before, K represents N, C or C=0, although, the substituent G may present at
the 2-position of the indazole;
and a phenyl group is exemplified by the formula:

R? |

wherein R!, A2 and G are as defined before.
Among the nitrogen-containing heteracyclic group, indazole group of the following formula:

H1

is a preferable one. The indazole group and the phenyl group is the favorable group as R, and the indazole group is
more favorable between the two.

As for the substituent G, a substituent on the R, the preferable substituent G for the indazole group within those
previously mentioned are:

an alkyl group having from 1 to 6 carbon atoms,

a substituted or unsubstituted phenyl group,

a benzoyi group with the pheny! moiety thereof substituted or unsubstituted,

a benzylcarbonyl group with the phenyl moiety thereof substituted or unsubstituted, .

a benzolmethyl group with the phenyl moiety thereof substituted or unsubstituted,

an a-hydroxybenzyl group with the phenyl moiety thereof substituted or unsubstituted,

a substituted or unsubstituted 6-membered aromatic hetarocyclic group containing one or two nitrogen atoms,

a heterocyclic group substituted-alkyl group composed of a substituted or unsubstituted S-membered aromatic
heterocyclic group containing a nitrogen atom, an oxygen atom or a sulfur atom as a hetero atom and an alkylene
group of from 1 to 3 carbon atoms,

a heterocyclic group substituted-alky! group composed of a substituted or unsubstituted 5-membered aromatic
heterocyclic group containing one nitrogen atom and, a nitrogen atom, an oxygen atom or a suifur atom as the
second hetero atom and an aikylene group of from 1 to 3 carbon atoms,
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a hetsrocyclic group substituted-alkyl group composed of a substituted or unsubstituted S-membered aromatic
heterocyclic group containing two nitrogen atoms and, a nitrogen atom, an oxygen atom or a sulfur atem as the
third hetero atom and an alkylene group of from 1 o 3 carbon aioms,

a heterocyclic group substituted-alkyl group composed of a substituted or unsubstituted 6-membered aromatic
heterocyclic group cantaining one or two nitrogen atoms and an aikylene group of from 1 to 3 carbon atoms,

a phenylhydroxyalkyl group composed of an alkylene group having one hydroxyl group and 2 to 3 carbon atorns
and a substituted or unsubstituted phenyl group: S

a 2-phenylethenyl group wherein the phenyt group may be substituted.

an atkanoylamino group having from 2 to 7 carbon atoms,

a tetrazolyalkyl group composed of a tetrazolyl group and an alkylene group having from 1 to 3 carbon atoms
wherein the alkylene group is bonded to the carbon atom or nitrogen atom of the tetrazoiyl group,

a morpholincaikyl group composed of a morpholino group and an alkylene group having from 1 to 3 carbon atoms,
an alkoxycarbonylalkyl group composed of from 1 to 6 carbon atoms in the alkyl moiety thereof and an alkylene
group having from 1 to 3 carbon atoms,

a substituted or unsubstituted pyrrolidon-1-yi group, a (2-guanidinothiazolyl)alky! group composed of a 2-guanid-
inothiazolyl group and an alkylene group having frem 1 to 3 carbon atems,

a substituted or unsubstituted 1,4-dihydropyridyl group, a (4-alkylpiperazino)alkyl group composed of a 4-alkyl-
piperazine having an alkyl group of from 1 to 6 carbon atoms and an alkylene group of trom 1 to & carbon atoms,
a [4-(momholinosulfonyl)phenyllalkyl group composed of 4-(morphalinosulfonyl)phenyl group and an alkylene
group of from 1 to & carbon atoms,

a[4-(piperazinosulfonyl)phenyljalky! group composed of 4-(piperazinosulfonyl)phenyl group and an alkylene group
of from 1 to & carbon atoms,

a [4-{4-alkylpiperazinosulfonyl)phenyljaiky! group compased of 4-(4-alkylpiperazinosulfonyi)phenyl group wherein
the alkyl group on piperazino group is that of from 1 to 6 carbon atoms, and an alkylene group of from 1 to 6 carbon
atoms,

an alkoxycarbonylalkyl group composed of an alkoxyl group of from 1 to 6 carbon atoms and a carbonyl group
and an alkylene group of from 1 to & carbon atomns,

a carboxyalky! group composed of a carboxyl group and an alkylene group of from 1 to & carbon atoms,

a [4-(4-dialkylaminopiperidino)phenyilalky! group composed of a phenyl group having a 4-dialkylaminopiperidino
group at 4-position, wherein each of the alkyl moiety of the dialkylamino group has from 1 to & carbon atoms
independently, and an alkyiene group of from 1 to 8 carbon atoms,

_ a[4-(4-monoaikylamincpiperidino)phenyllalkyl group composed of a phenyl group having a 4-rmonoalkylaminopi-

peridino group at 4-position, wherein the aikyl moiety of the monoalkylamino group has from 1 to § carbon atoms,
and an alkylene group of from 1 to § carbon atoms,

a [4-(a-aminopiperidino)phenyl]alky! group composed of a phenyl group having a 4-aminapiperidino group at 4-po-
sition and an alkylene group of from 1 to 6 carbon atoms,

a (4-dialkylaminopiperidino)alkyl group composed of a 4-dialkylaminopiperidino group, wherein each of the alkyl
moiety of the dialkylamino group has from 1 to § carbon atoms independently, and an alkylene group of from 1 to
6 carbon atormns,

a (4-alkylaminopiperidino)alkyl group composed of a 4-alkylaminop|pendmo group, wherein the alkyl mmety of the
monoalkylamino group has from 1 to 6 carbon atorns, and an alkylene group of from 1 to 6 carbon atomns,

a (4-aminopiperidinojalkyl group composed of a 4-aminopiperidino group and an alkylene group of from 1 to 6
carbaon atoms,

a phenylalkyl group composed of a substituted or unsubstituted phenyl group and an alkylene group of from 1 to
6 carbon atoms,

and a hydrogen atoms.

And further, the more preferable substituent G for indazole within those are:

a heterocyclic group substituted-alkyl group composed of a substituted or unsubstituted 5-membered aromatic
heterocyciic group containing a nitrogen atom. an oxygen atom or a sulfur atom as a hetero atom and an alkylene
group of from 1 to 3 carbon atomns,

a heterocyclic group substituted-alkyl group composed of a substituted or unsubstituted 5-membered aromatic
heterccyclic group containing one nitrogen atom and, a nitrogen atom, an oxygen atom or a sulfur atom as the
second hetero atom and an alkylene group of from 1 to 3 cartyon atoms,

a heterocyclic group substituted-alkyl group composed of a substituted or unsubstituted 5-membered aromatic
heterocyclic group containing two nitrogen atoms and. a nitrogen atom, an oxygen atom or a sulfur atom as the
third hatero atom and an alkylene group of from 1 to 3 carbon atoms,

-
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a hetarocyclic group substituted-alkyl group composed of a substituted or unsubstituted 5-membered aromatic
hetaerccyclic group containing one or two nitrogen atorns and an alkylene group of from 1 to 3 carbon atoms,
a tetrazolylalkyl group,

a (2-guanidinothiazolyl)alkyl group,

a [4-(morpholincsuifanyliphenyljalkyl group,

a [4-(piperazinosulfonyl)phenyilalkyl group,

a [4-{4-alkylpiperazinosulfonyi)phenyljalky! group,

an alkoxycarbonyialkyl group,

a carboxyalkyl group,

a(4- (4-d|alkylammcpxpendmo)phenyl]alkyl group,

a [4-(4-monoalkylaminopiperidino)phenyijalkyl group,

a {4-(4-aminopiperidino)phenyilaikyi group,

a (4-dialkylaminopiperidino)alkyl group,

a (4-alkylaminopiperidino)alkyl group.

a (4-aminopiperidino)alky! group,

a phenyialkyl group,

and a hydrogen atom.

Further, the especially preferable substituent G for indazole is a heterocyclic group substituted-alkyl group or a
phenylalkyl group.

One of the preferable substituent G for indazole is an aralky! group composed of an aryl group and an alkylene
group of from 1 to & carbon atoms. As for the aryl group of the aralkyl group, not only those derived from the aromatic
hydrocarbon, but the aromatic heterocyclic group are included. The examples of the aralky! group are:
an a-hydroxybenzyl group; a heterocyelic group substituted-alky! group composed of a 5-membered aromatic hetero-
cyclic group containing a nitrogen atom, an oxygen atom or a sulfur atom as a hetero atom and an alkylene group; a
heterccyclic group substituted-alky! group composed of a 5-membered aromatic heterocyclic group containing one
nitrogen atom and, a nitrogen atom, an oxygen atom or a sulfur atom as the second hetero atom and an alkylene
group; a heterocyclic group substituted-alkyl group composed of a S-membered aromatic heterocyclic group containing
two nitrogen atoms and, a nitrogen atorn, an oxygen atom or a sulfur atom as the third hetero atom and an alkylene
group; a heteracyclic group substituted-atkyl group composed of a 6-membered aromatic heterocyclic group containing
one or two nitrogen atoms and an aikylene group; a phenylhydroxyalkyl group composed of an alkylene group having
one hydroxyl group and 2 to 3 carbon atoms and a phenyl group; a 2-phenylethenyl group; a tetrazolylalkyl group
composed of a tetrazolyl group and an alkylene group; a (2-guanidincthiazolyl)alkyl group composed of a 2-guanidi-
nothiazelyl group and an alkylene group; a f4{morpholinosultonyl)phenylalkyl group composed of 4-(morpholinosul-
fonyl)phenyl group and an alkylene group; a (4-(piperazinosuifonyl)phenyllaikyl group composed of 4-(piperazinosul-
fonyl)phenyl group and an alkylene group; a [4-(4-alkylpiperazinosulfonyl)phenyijalkyl group composed of 4-(4-alkyl-
piperazinosulfonyl)phenyi group and an alkylene group; a [4-(4-dialkylaminopiperidino)phenyijalkyl group composed
of a 4-(4-dialkylaminopiperidino)phenyl group and an alkylene group; a [4-(4-moncalkylaminopiperidino)phenyllaikyl
group composed of a 4-{4-moncaikylaminopiperidino)phenyl group and an alkylene group; a [4-(4-aminopiperidino)-
phenyllalkyl group composed of a 4-(aminopiperidino)phenyl group and an alkylene group; a phenylalkyl group com-
posed of a pheny! group and an alkylene group.

Among the aralkyl group, those having one or two alkylene chain are more preterable. And further, those having
one carbon chain, i.e., the arylmethyl group, are more preferable within the two. As for the arylmethyl group, both
heteroaryimathyl group and aryimethyl group are favorable.

A preferable substituent for indazole such as R! and R2 within those previously mentioned is:
an alkoxy! group of from 1 to & carbon atoms; a triflucromethoxyl group; a 2,2,2-triflucroethoxyl group; an alkylthio
group having from 1 to § carbon atoms; an alkylsulfinyl group having from 1 to 6 carbon atomns; an alkylsuttonyl group
having from 1 to 6 carbon atoms; an alkanoyl group composed of an alkyl group having from 1 to 6 carbon atoms and
a carbonyl group: an alkanoylamino group having from 2 to 7 carbon atoms; a monoalkylamino group having from 1
to § carbon tams in the alkyl moiety thereof; a dialkylamino group having from 1 to 6 carbon atoms in each alkyl moiety
thereof; a hydroxyl group: a halogen atom; a carboxyl group; an alkoxycarbonyl group composed of an alkoxy group
having from 1 to 6 carbon atoms and a carbonyl group; a tetrazolyi group; a sulfamoy! group; a methylenedioxy group;
an ethylenedioxy group; a morpholinosulfonyl group; a piperazinosulionyl group; a 4-a]kylpiperazinosulfonyl group
having from 1 to 6 carbon atoms; a 4-dialkylaminopiperidino group having from 1 to 6 carbon atoms in sach alkyl moiety
thereof: a 4-monoalkylammopnpendmo group having from 1 to 6 carbon atoms in the alkyt moisty thereof; and a 4-ami-
nopiperidino group.

Within those. the more preferable substituent for indazole is:
an alkoxyl group of from 1 to 6 carbon atoms; a trifluoromethoxyl group: a 2.2,2-triflucroethoxyl group; a hydrox');l group;

-
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a halogen atom, especially a fluorine atom; a tetrazoly! group: a sultamoyl group: a methylgnedioxy group: an ethyl-
enedioxy group: a morphaiinosulfonyl group; a piperazinosu tfonyl group: a 4-alkylpiperazinosultcnyl group having from
1 10 6 carbon atoms: a 4-dialkylamincpiperidino group having from 1 to 6 carbon atoms in each alkyl moiety thereof;
a 4-monoalkylamincpiperidino group having from 1 to § carbon atoms in the alkyl moiety thereof; and a 4-aminopipe-
ridino group. ) .

The especially preferable substituent for indazole is:
an atkoxyl group of from 1 to 6 carbon atoms; 2 halogen atom, especially a fluorine atom; a tetrazolyl group; a sulfamoyl
group: a methylenedioxy group: and an ethylenedioxy group.

As for the substituent G on the phenyl group, the preferabie ones within the previously mentioned substituents are:

a substituted or unsubstituted phenyl group,

a substituted or unsubstituted 5-membered aromatic heterocyclic group containing a nitrogen atoms, an oxygen
atom or a sulfur atom as a hetero atom, _

a substituted or unsubstituted 5-membered aromatic heterocyclic group containing one nitrogen atom and, a ni-
trogen atorn, an oxygen atom or a sulfur atom as the second hetero atom,

a substituted or unsubstituted 5-membered aromatic heterocyclic group containing two nitrogen atoms and, a
nitrogen atom, an oxygen atom or a sulfur atom as the third hetero atom,

a substituted or unsubstituted 8-membered aromatic heterocyclic group containing one or two nitrogen atoms,

a tetrazolyl group,

a 1-alkytindol-2-y! group having from 1 to 6 carbon atoms in the alky! moiety thereot wherein the incole moiety
may further be substituted, '

a 2-guanidinothiazolyl group, and

a substituted or unsubstituted 1,4-dihydropyridyl group.

. In case when the substituent R is a pheny! group, an aryl group is preferable for the substituent G. And this case,

again, not only those derived from the aromatic hydrocarben, but the aromatic heterocyclic group are preferable for G.
in case when the substituent R is a phenyl group, the preferable substituent for the phenyl group such as R* and

A2 is the same as those previously explained for indazole. :

An example of the most preferable substituent R is 1H-indazole group having two methoxy groups or a methylen-
edioxy group, or a phenyl group having two methoxy groups or a methylenedioxy group.

As for the substituent Q, the aryl group is preferable among the previously mentioned substituents. Within the aryl
group, a phenyl group is preferable. And further, the phenyl group having at least one substituent at the meta-position
of the connecting position of the phenyl group to the piperazine moiety is preferable. A halogen atom, especially a
chlorine atom, and a triflucromethy! group are the suitable substituents for the meta-substituent. In case when the
meta-substituent is halogen atom, an alkyl group is preferable for the second substituent on the phenyl group. And for
the trifluoromethyl group, an alkoxyl group is a preferable one. .

The present inventors consider an electron attractive substituent is suitable for the meta-substituent, and an elec-
tron donative substituent is suitable for the second substituent.

As for the connecting group Z, an alkylene group is preferable among the previously mentioned groups. And those
having two cor three carbon atoms are more preferable.

The examples of the preterable compounds are:

3-[2-[4-(3-chloro-2-methylphenyi)-1-piperazinyl]jethyl}-5,6-dimethoxy-1-(3,4-dimethoxybenzyl)-1 H-indazole or a
salt thereof: '
3-[2-[4-(3-chloro-2-methyiphenyl)-1-piperazinyl]ethyl]-5.6-methylenedioxy-1-(3,4-dimethoxybenzyl)-1H-indazole
or a salt thereof:
3-[2-{4-(3-chloro-2-methylphenyl)-1-piperazinyl)ethyl]-5.6-dimethoxy-1-(4-imidazolyimethyf)-1H-indazole or a salt
thereof; ’
3-[2-{4-(3-chloro-2-methylphenyl)-1-piperazinyllethyl}-5.8-mathylenedioxy-1-{4-imidazolyimethyl)-1H-indazole or
a salt thereof; ' :
3-[2-{4-(3-chloro-2-methyiphenyl)-1-piperazinyl)ethyl]-5,6-dimethoxy-1-(2-pyridyimethyl)-1H-indazole or a salt

thereof;

3-[2-{4-(3-chloro-2-methylphenyl)-1 -piperazinyljethyl]-5.6-methylenedioxy-1 -(2-pyridyimethyl)-1H-indazole or 2
salt thereol;

3-[2-{4-(3-chloro-2-methylphenyl)- 1-piperazinyi]ethyl]-5,6-dimethoxy-1-(3-pyridyimethyl)-1H-indazole or a salt
thereof:

3-[2-[4-(3-chloro-2-methylphenyl)-1-piperazinyljethyl]-5.6-methylenedioxy- 1-(3-pyridyimethyl)- 1H-indazole or a
sait-thereof;
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32 -[4-(3-chloro-2-methylphenyl)-1-piperazinyljethyi}-5.6-dimethoxy-1-(4-pyridyimethyl)-1 H-indazole or a salt
thereof;
3-[2-(4-(3-chlora-2-methyiphenyl)-1-pipezinyl]ethyl]-5 ,B-methylenedioxy-1- (&pyrldylmethyl)- 1H-incazole or a salt
thereof;
3-[2-{4-(3-chloro-8-methoxyphenyi)-1 -pxperazznyl]ethyl] -5,6-dimethoxy-1-(3, A-dlmethoxybenzyl) -1H-indazole or a
salt thereof.
3-{2-[4-(3-chloro-6-methoxyphenyl)- 1~p|peraz|nyllethyll-5 §-methylenedioxy-1-(3.4-dimethoxybenzyi)-1H-inda-
zole or a salt thereof;
3-[2-{4-(3-trifluoromethyiphenyl)-1-piperazinyljethyl]- 5 ,6-dimethoxy-1-(3,4-dimethoxybenzyl)-1H-indazole or a
salt thereof; _
3-{2-{4-(3-triflucromethylphenyl)-1 -piperazinyljethyl]-5,6-methylenedioxy-1-(3,4-dimethoxybenzyl)-1H-indazole or
a salt thereof; - '
5.5-dimethoxy-2-{[4.5-dimethoxy-2-{4-(2-methoxyphenyl)-1-piperazinyl)ethyllphenyl]-1-methylindcle or a salt
therecf:
5,5-dimethoxy-2-{[4.5-methylenedioxy-2-{4-(2-methoxyphenyl)- 1 -piperazinyllethyllphenyl]-1-methylindole or a
salt thereof;

-(a-chloro-2-methylphenyl)-4-[2~[[4 5-d|methoxy~2-(3 4-d|memoxyphenyl)]phenyl]eﬂ'xyt]plperazlne orasaltthere-
of;
1-(3-chloro-2-methylphenyl)-4-[2-[[4.5-methylenedioxy-2-(3.4-dimethoxyphenyl)]phenyl]ethyl]plperazme or a salt
thereof;
3-[2-[4-(3-chloro-2-methylphenyl)-1 -plperazmyl]propyl]-s &-dimethoxy-1-(3,4-dimethoxybenzyl)-1H-indazoie or a
salt thereof;
3-{2-[4-(3-chloro-2-methyiphenyl)-1 -pxperazmyl]propyl]-s 6-methylenedioxy-1-(3,4-dimethoxybenzyl)-1H-inda-
Zole or a salt thereof;
3-[2-[4-(3-chloro-2-methylphenyl)-1 -pnperazmyl]propyl]-s 6-dimethoxy-1-{4-imidazolylmethyl)-1H-indazole or a
salt thereot;
3-[2-{4-(3-chloro-2-methyiphenyl)-1-piperazinyllpropyl)-5,6-methylenedioxy-1 -(4-|m|dazolylmethyl)-1 H-indazole
or a salt thereof;
3-[2-{4-{3-chloro-2-methylphenyl)-1-piperazinyl]propyl]-5, o-dumethoxy-1 -(2-pyridylmethyl)-1H-indazole or a salt
thereof;
3-[2-[4-(3-chloro-2-methyiphenyl)-1 -piperazinyl]propyl]-s.S-methylenedioxy-1-(2-pyridylmethyl)-1 H-indazole or a
salt thereof;
3-[2-[4-(3-chloro-2-methylphenyl)- -piperazinyljpropyi]-5,6-dimethoxy-1-(3-pyridyimethyl)-1H-indazole or a sait
thereof;
3-[2-{4-(3-chloro-2-methyiphenyl)-1-piperazinyljpropyl]-5,6-methylenedioxy-1-{3-pyridyimethyl)-1H-indazole or a
salt thereof;
3-[{2-[4-(3-chloro-2-methyiphenyl)-1-piperazinyljpropy)-5,6-dimethoxy-1-(4-pyridyimethyl)-1 H-indazoie or a salt
thereof; :
3-{2-[4-(3-chloro-2-methylphenyl)-1-piperazinyllpropyl)-5. §-methylenedioxy-1-(4-pyridyimethyl)-1H-indazole or 2
salt thereof;
3-{2-{4-{3-chioro-6-methoxyphenyl)-1-piperazinyljpropyl)-5,6-dimethoxy-1+(3, 4-d|methoxybenzy|) 1H-mdazole or
a salt thereof;
3-[2-{4-(3-chloro-6-methoxyphenyl)-1 -piparazinyljpropy]-5,6-methylenedioxy-1-(3,4-dimethoxybenzyl)-1 H-inda-
zole or a sait thereof;
3-[2-{4-(3-triflucromethylphenyl)-1-piperazinyl]propyl)-5,6-dimethoxy-1-(3,4-dimethoxybenzyl)- 1H-indazole or a
sait thereof;
3-{2-{4-(3-trifluoromethylphenyl)- 1-piperaziny!]propyl)-5,6-methylenedioxy-1-(3,4-dimethoxybenzyl)-1 H-indazole
or a salt thereof;
5.5-dimethoxy-2-{[4,5-dimethoxy-2-[4-(2-methoxyphenyl)-1-piperazinyljpropyllphenyl]-1-methylindole. or ‘a salt
thereof;
5,6-dimethoxy-2-{[4,5-methylenedioxy-2-[{4-(2-methoxyphenyl)- 1-plperazmyl]propyl]phenyl] 1-methylindole or a
salt thereof;
1-(3-chioro-2-methylphenyl)-4-(2-{[4,5-dimethoxy-2-(3, 4-dxmethcxyphenyl)]phenyl]propyl]plperazme or a salt
thereof. and

1-{3-chloro-2-methyipheny!)-4-{2-[{4, S-methylenedloxy-Z (3.4-dimethoxyphenyl)|phenyli]propyil- piperazing or a
salt thereof.

The compounds of formula (I} according to the present invention can be prepared, for exampls, by the féllowing

s
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processes A to E:

[Process A]

..
i HLNQ (1)
! I Reducti
(1) A—Zz-CON NQ eucllon; 0
A
(V)
(Process B]
(1) Reduction
() — R-Z—COCl (Iv) (1)
)
(Process Cj]
HN - NQ
R-Z— CH2 L > 0
(Vi)
[Process D)
QN(CH,CH2Cl),
R—Z—NH> > (N

(ViD)
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[Process E]} . {

R,
R,
:.
vy -
R,
R, |

~G
LT (X) ; %Y

Processes A to E will be explained below in detail.
[Process A]

Carboxylic acid derivative (I1), which is prepared according t0 a known process as hersinafter described, and
piperazine derivative (Il1) are condensed to yield amide compound (IV). The condensation reaction is carried out in the
presence of a condensing agent, such as dicyclohexylcarbodiimide, carbodiimidazole, pyridyl disuffide-triphenyliphos-.
phine, etc. Amide compound (IV) is then reduced to yield compound (1). The reduction reaction is usually carried out
by using a metal hydride compound, such as lithium aluminum hydride, sodium bis{2-methoxyethoxy)aluminum hy-
- dride, sodium borohydride-lithium bromide, borane or a borane-tetrahydrofuran complex, in an inert solvent, such as
an ether (e.g., diethyl sther, tetrahydrofuran, dioxane or 1,2-dimethoxysthane) or an aromatic hydrocarbon (e.g., ben-
Zene), at room temperature or, if necessary, at a temperature of from -20°C up to the boeiling paint of the solvent used.

[Process B]

Carboxylic acid {1} is converted to acid chloride (V), and acid chioride (V) is reacted with piperazine derivative (l11)
to yield amide compound (1V), which is then reduced to compound (1).

The reaction for obtaining acid chloride (V) is effected by using thionyl chloride or oxalyl chioride with or without
an inert solvent, such as a halogenocalkane (e.g.. dichioromethane or dichloroethane) or an aromatic hydrocarbon, at
a temperature of from -20°C up to the boiling point of the soivent used.

The reaction between acid chloride (V) and piperazine derivative (lll) is conducted in an inert solvent, such as a
halogenoalkane (e.g., dichioromethane or dichloroethane), an ether (e.g., diethy! ether, tetrahydrofuran, dioxane or
1,2-dimethoxyethane), an amide (e.g., acetamide, dimethylformamide or N-methyi-2-pyrrolidone), acetenitrile or an
aromatic hydrocarbon, at a temperature of from -20°C up to the refluxing temperature of the solvent used. Reduction
of amide compound (IV) is performed in the same manner as in Process A.

[Process Cj

Compound (VI [wherein L represents a leaving group selected from a halogen atom and a substituted sulfonyl
group, such as an alkylsulfonyl group {e.g.. a mesyloxy group) or an arylsulfonyl group (e.g., a tosyloxy group), the
alkyt moiety or aryl moiety of which may be substituted with a halogen atom, an alky! group, etc.], which is synthesized
according to a known process as hereinafter described, is reacted with piperazine derivative {I11).

The reaction is preferably carried out in the presence of an organic or inorganic base. Suitable inorganic bases
include a carbonate, hydrogencarbonate, etc. of an alkali metal, such as potassium carbonate. sodium carbonate,
lithium carbonate, potassium hydrogencarbonate, sodium hydrogencarbonate or lithium hydrogencarbonate. Suitable
organic bases include tertiary amines, such as trialkylamines (e.g.. triethylamine, tributylamine, and diethylisopro-
pylamine); aromatic amines, such as dialkylanilines (e.g., N.N-dimethylaniline and N,N-diethylaniline); and heterocyclic
compounds, such as saturated or aromatic heterccyclic compounds (e.g.. an N-alkylpiperazine, an N-alkylmorpholine,
pyridine, and 4-dimsthylaminopyridine).

Instead of using a base, the reaction may be carried out by using piperazine derivative (Ill) in excess. i.e., 2 or

-
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more molar equivaients to compound (VI).

The reaction between compound (V1) and piperazine derivative {Ill) is usually conducted in an inen solvent, such
as a halogenoalkane (e.g.. dichloromethane or dichloroethane), an amide (e.g.. acetamids, dimethylformarde or N-
methyl-2-pyrrolidone), a dialkytketone {e.g., acetone or methyl ethy! ketone), acetonitrile or an aromatic hydrocarbon,
at a tamperature of from -20°C up to the boiling point of the solvent used. :

(Process D} : -

Amino derivative (Vil), which is obtamed by a known procsss as hereinafter described, is reacted with a bis(2-chlo-
roethyl)amino derivative.

The reaction is performed in a basic condition, for example in the presence of an organic or inorganic base as
described in process C or by using compound (V1) in excess.

The reaction is effected in an inert soivent, preferably in the presence of Nal, etc. ata temnperature of from -20°C
up to the boiling point of the solvent used. Suitabie solvents include halogenoalkanes, e.g., dichloromethane and dichio-
roethane; amides, e.g.. acetamide, dimethylformamide and N-methyl-2-pyrrolidone; dialkylkstones, e.g.. acetone and
methyl ethyl ketone; acetonitrile; aromatic hydrocarbons: and halogencbenzene, e.g., chiorobenzene.

[Process E}

The compound of formula (i) can also be synthesized by once preparing compound (VIll) or (X) and afterward
intreducing a desired substituent as represented by G.

Compound (VIIf) is reacted with G-L [wherein L represents a lsaving group selected from a halogen atom or &
substituted sulfony! group, such as an alkylsulfony! group (e.g, @ mesyloxy group) or an arylsulfonyl group (e.g.. a
tosyloxy group), the alkyl ar aryl moiety of which may be substituted with a halogen atom, an atkyt group, etc.] in the
presence of an appropriate base, such as sodium hydride, sodium methoxide, potassnum carbonate, sodium hydroxide,
lithium methoxide, butyl lithium or potassium hydride, to provide compound (IX).

"The reaction may be conducted in the presence of an inert solvent, such as an amide (e.g.. acetamide, dimethyl-
tormamide or N-methyi-2-pyrrolidone), a dialkyl ketone (2.g., acetone or methyl ethyl ketone), an ether (e.g., diethy!
ether, tetrahydrofuran, dioxane or 1,2-dimethoxyethane), acetonitrile or dimethyl sulfoxide. The reaction temperature
is from -20°C up to the refluxing temperature of the soivent used.

Where G is a residue of a substituted banzene dsrivative, compound (IX) can be obtained by applying the method
of M.A. Khan, et al. described in Chemical & Pharmaceutical Bulletin, Vol. 25, No. 11, pp. 3110-3114 (1977). That is,
compound (V1) is reacted with a halogenated benzene derivative, suchas a bromobenzene or iodobenzene derivative,
in the presence of an appropriate copper compound, such as a copper salt (e.g., copper bromide or copper chioride)
or copper oxide. The reaction is carried out in the presence or absence of potassium carbonate, with or without a
solvent, such as an amide (e.g., acetamide, dimethylformamide or N-methyl-2-pyrrolidone), dimethyl sulfoxide, hex-
amethylphosphoramide, pyridine or quinoline, at a temperature of from room temperature up to the boiling point of the
solvent used,

When starting with compound (X) in which the releasable group L is a halogen atom (e.g., bromine or iodine), 2
substituted phenyl group and substituted phenol group can be introduced as G by Ullmann type reaction using copper
powder or an appropriate copper compound, such as a copper sait.

Introduction of an acetylene side chain can be achieved by using copper acetylide synthesized by the process of
J.R. Carson et al. described in J. Med. Chem., Vol. 31, pp. 630-636 (1988). The reaction is carried out with or without
a solvent, such as pyridine, quinoline, dimethylformamide, dimethyl sulfoxide or hexamethylphosphoramide, at a tem-
perature of from room temperature up to the refluxing temperature of the solvent used.

Where tHe leaving group Lis a halogen atom (e.g., bromine, iodine or chiorine), the halogenated benzene derivative
is reacted with a metallic lithium derivative, such as butyl lithium or LDA, in an appropriate solvent, such as tetrahy-
drofuran or diethyl ether, at a temperature of from -100°C up to the refluxing temperature of the soivent used, reacting
the product with an aldehyde derivative G-CHO, and further treating the product by a combination of generaj syntheses.

Where L in compound (X) is a proton, introduction of an acyl type substituent can be carried out in an appropriate
soivent, such as dichloromethane, dichloroethane or nitrabenzene, in the presence of a Lewis acid, such as aluminum
chloride, zinc chloride, stannic chioride or baron triflucride, or a protonic acid, such as sulturic acid or polyphasphoric
acid, at a temperature of from -20°C up to the refluxing temperature of the solvent used.

While compounds (VIH) to (XI) shown above with respect to process E have two substituents (R' and R2) on the
indazole or phenyl nucleus for the sake of iliustration, this is not meant to limit the number of substituents to two.

The pantial structure R in the compounds of formula (1) can be prepared by various processes. Typical processes

. will be described below.
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[Process 1)

Compounds (I) having an indazole' skeleton in R can be synthesized as follows. A 1-substituted indazote-3-car-

~ boxylic acid is synthesized in accordance with the process of G. Corsi. et al. described in Journal of Medicinal Chemistry,

Vol. 19, pp. 778-783 (1976). This compound, either as produced or after adding one or two carbon atoms to the car-
boxylic acid moiety by known chemical means, can be led to compound (1) by any of processes AtoEora comblnauon
thereof.

3-Chioromethyl-1H-indazote obtained by the process described in Synthetic Communication, Vol. 18, pp. 259-264
(1988) can also be led to compound (1) by any of processes A to E or a combination thereol.

A piperazine derivative having an indazole skeleton can also be obtained by the process described in JP-B-41-8779
(the term °JP-B" as used hergin means an "examined published Japanese patent application®). Further, a desired
substituent G may be introduced thereinto according to process E.

{Process 2]

Compounds having an indote skeleton in R can be synthesized by applying the procass of M.E. Speeter, et al.
described in Journal of American Chemical Scciety, Vol. 76, pp 6208-6210 (1954) to an indole derivative synthesized
by a known process, reacting the resulting indole derivative with oxalyt chloride and piperazine derivative (Ill) in a
solvent, such as diethyl ether or tetrahydrofuran, at a temperature of from -100°C up to the refluxing temperature cf
the solvent used to synthesize a diketone compound, and reducing the diketone compound by using lithium aluminum
hydride, etc. in a solvent, such as diethyl ether or tetrahydrofuran, at a temperature of from -20°C up to the refluxing
temperature of the solvent used.

The resulting indole derivative may further be subjected to process E to yield compound (1).

[Process 3]

Compounds having an indolone skeleton in R can be synthesized by applying the process described in JP-A-
2-730862 (the term *JP-A" as used herain means an "unexamined published Japanese patent application”). Compounds
having an alkoxy! group at the 5- and 6-positions of an indolone skeiston can be obtained by, for exampie, reacting
3,4-dimethoxyphenylacetonitrile with ethylene oxide in the presence of sodium amide 1o synthesize 1-hydroxy-3-
(3,4-dimethoxy)butyronitrile, subjecting the 1-hydroxy-3-(3,4-dimethoxy)butyronitrile to acid hydrolysis and lactoniza-
tion, intreducing a nitro group into the lactone, tollowed by catalytic hydrogenation (in the presence of platinum oxide,
etc.) and cyclization to synthesize 5,6-dimethoxy-3-hydroxy-2-oxoindole, and leading the 5,6-dimethoxy-3-hydroxy-
2-oxoindoie to compound (1) by any of processes A to E or a combination thereof.

[Process 4]

Compounds having a bisaryl skeleten in R can be synthesized by applying the process described in Tetrahedron

Letters, Vol. 13, pp. 1685-1668 (1990), that is, cross-coupling of an aryl group having an alkylboronic acid radical using

a palladium catalyst.

Further, an orthomethoxyphenyloxazoline derivative, described in Journal of Organic Chemistry, Vol. 43, pp.
1372-1378 (1978), is reacted with an aryl Grignard reagent to synthesize a bisaryl derivative, which is further treated
by a combination of known chemical means.

[Process 5]

Of compounds having the partial structure R shown in compound (X}, those having a deoxybenzoin type substituent
as Z can be synthesized by introducing a deoxybenzoin type substituent into an ethyl phenylacetate derivative in the
presenca of a Lewis acid, such as aluminum chicride, with or without a solvent, such as dichtoromethane or dichlo-
roethane, according to a Friedsl-Crafts reaction and, if necessary protecting the carboxyl group, leading the resulting
compound to compound (I) by a combination of known chemical means and any of processes A to E.

In the preparation of the compound of formula (1), where a starting compound contains a carboxyl group. an amino
group. an N-H group. a hydroxyl group, a thiol group or a like functional substituent, it is recommended in some cases
that such a functional group is once protected with an appropriate protective group and, after completion of the nec-
essary reaction(s), the protective group is removed. These functional groups do not need to be protected unless they
are inactive to the reaction.

The piperazine derivatives of formuta {1} thus synthesized and their salts and/or hydrates have excellent caimodulin
inhibitory activity. The piperazine derivatives (1) manifest their effect when given either orally or non-orally so that they
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can be administered through oral or non-oral routas. :

The dose of the compound is decided appropriately in accordance with the symptoms. age. and boedy weight of a
patient. An oral dose generally ranges {rom 1 to 1000 mg, preferably from 10 to 500 mg, per day for an adult in a singie
or several divided doses. Oral cose forms includs tablets, capsules, powders. and granules. These dose fcrms are
prepared using general additives, such as vehicles, lubricants and binders, in a known manner. For non-oral acminis-
tration, the compound is given by subcutaneous injection, intravenous injection or intravencus infusion at a dose gen-
erally ranging from 1 to 2000 mg, preferably from.10 10500 mg, per day for an adult.

When combined with other drugs. the piperazine denvatlve of formula (1) is expected to produce an additive effect
or a synergistic effect in pre_vennon and treatment of various diseases. Suitable drugs with which the compound of the
present invention can be combined include drugs for cerebral circulation improvement (e.g., Cinepazide maleate),
drugs for cerebral metabolism improvement (e.g., Idebenone. Indeloxazine), psychotropic drugs (e.g., Timiperone,
Imipramine, and Diazepam), intracranial antihypertensive agents (e.g., Glycecl), antihypertensive agents, vasadilators
(e.g.. Trapidil), antipyretic, analgesic, antiinflammatory agents, antiinflammatory steroids, anti-blood platelet drugs (e.
g.. Ticlopidine), anticoagulants {e.g., Heparin), drugs for inducing fibrinolysis (e.g., tissue plasminogen activator), diu-
retics, antihyperlipemic agents (e.g.. Probucol), treating agents for digestive ulcers, blood substitutes, drugs for hepatic
diseases, and anti-malignancy agents. -

The compounds of the present invention and the pharmacologically acceptable salts thereof exhibit excellent cal-
modulin inhibitory activity and excellent antinypoxia activity as weil. Additionally, the compounds showed excellent
efficacy on various disease models at dose levels causing no significant central inhibitory action through oral or non-
oral administration (for example inhibitory action on delayed neuronal death of the hippocampus in merions and anti-
edema action).

Accordingly, the compounds of the present invention and their pharmacologically acceptable salts are of high utility
as drugs for inhibiting intracelluiar calcium physiclogical activities in which calmodulin takes part in. That is, they are
useful as a preventing and treating agent for various diseases induced by excessive activation of calmodulin, especially
hypertension, ischemic diseases in the brain, the hear, the kidney, etc. (e.g.. cerebral infarction, cerebral embolism,
transient cerebral ischemic attack, cerebral thrombosis, cardiac infarction, angina pectoris, cardiac insufficiency, acute
renal insufficiency, and nephritis), diseases in the brain region (e.g., Alzheimer's disease, Parkinson's disease, and
dementia of Binswanger), chemical poisoning, gas poisoning, traumatic cerebral diseases and symptoms based on
these diseases (e.g., reduction of spontaneity, depression, and dysmnesia). )

The present invention will now be illustrated in greater detail with reference to Reference Examples, Examples,
and Test Examples, but the present invention shouid not be construed as being limited thersto. In Examples, all the
mixing ratios in mixed solvents, such as a developing solvent for chromatography, are by voiume unless otherwise
indicated.

TEST EXAMPLE 1

Calmeodulin (CaM) inhibitory activity

The calmodulin inhibitory activity of a compound was evaluated by using its effect of inhibiting calmodulin-depend-
ing cyclic nucleotide phosphodiesterase (PDE) as an index. The assay for PDE inhibitory activity was carried out by
the following procedure described by Thempson (Advances in Cyclic Nucleotide Research, 10, 69, 1979) with a mod-
ification. The first-stage incubation was carried out at 30°C for 10 minutes with the foliowing reaction mixture: 50 mM
Tris-HCl buffer (pH 7.5), 5 mM MgCl,, 1 mg/mi bovine serum albumin, CaM from bovine brain, [3H]-cGMP, 1 mM CaCl,
or 1 mM EGTA. PDE from bovine brain, and a test compound in a total volume of 0.5 mi. After the incubation, the
mixture was heated on a boifing water bath for 1 minute. Then, 50 pl of snake venom {1 mg/ml) was added to the
reaction mixture and the whole mixture was incubated at 30°C for 10 minutes. After the incubation, 0.5 ml of AG1-X2
resin (1:1 slurry in water) was added to the mixture and centrifuged at 3000Xrpm for 20 min. The radioactivity of the
supernatant solution was measured by a liquid scintillation counter. The ICg4 value was determined as the concentration
showing 50% inhibition of PDE activity potentiated by CaM. The results obtained are shown in Tabie 1 below.

TABLE 1
Inhibitory Activity on Ca/Caimoduiin-Dependent PDE Activity
Test Compound ICsq
Compound of Example 12 3.1
Compound of Example 15 5.5
Compound of Example 59 9.4
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TABLE 1 (continued)-
Inhibitory Activity on Ca/Calmodulin-Dependent PDE Activity

Test Compound 1ICsq
Comparative Compound (W-7) 335

TEST EXAMPLE 2

Activity on Nitrogen-inducad Hvooxia Model in Mouse

Nine to ten mice per group were each orally given 30 mg of a test compound. After 60 minutes from the adminis-
tration, each mouse was put in a 500 mé-volume transparent container having a vent hole, and nitrogen gas was
introduced into the container at a rate of 5000 mé&/min. The time from the start of nitrogen introduction to respiratory
standstill was measured, and a rate of increase of the time over that of a control group (100%) was obtained. The
results obtained are shown in Table 2 below.

TABLE 2
Activity on Nitrogen-induced Hypoxia Model in Mouse

Test Compound Rate of Increase of Survival Time
(%. 30 mg/kg, p.o.)

Compound of Example 12 18.2
Compound of Example 15 . 15.1

REFERENCE EXAMPLE 1

4.5-Dimethoxy-2-aminc-a-chiorcacetophenone

In 40 m¢€ of 1,1,2,2-tetrachloroethane was dissolved 4.0 g of 3,4-dimethoxyaniline, and to the solution was added
28 mmol of boron trichioride in an argon atmosphere while cooling with ice. To the reaction mixture was further added

- 2.3 g of chioroacetonitrile, followed by heating under reflux for 1.5 hours.

After cooling, 20 m¢ of 2N hydrochloric acid was added to the reaction mixture. After stirring at 80°C for 30 minutes,
the supernatant liquor was removed by decantation. The residue was extracted with dichloromethane. The residue
was collected, neutralized with a sodium hydroxide aqueous solution, filtered using Celite, and again extracted with
dichloromethane, The organic layer was dried over anhydrous sodium sulfate and the solvent was evaporated. The
residue was purified by silica gel column chromatography (hexane:ethyl acetate=3:1) to yield 809 mg of the title com-
pound.

TH-NMR (COCY,) Sppm:  3.82 (3H, s), 3.67 (3H, 5), 4.70(2H, 5), 6.12 (1H, 5), 7.03 (1H, 8)
EXAMPLE 1 '

5.6-Dimethoxy-3-[[4-(2-methoxyphenyi)-1-piperazinylimethyl]-1H-indazole

In 20 m¢ of concentrated hydrochloric acid was dissolved 8C0 mg of 4.5-dimethoxy-2-amino-a-chloroacetophe-
none, and a solution of 264 mg (3.8 mmol) of sodium nitrite in 4.0 m¢ of water was added thereto at -10°C, followed
by stirring for 1 hour. Three equivalents of stannous chioride and 110 mé of concentrated hydrochloric acid were further
added thereto, followed by stirring for 1 hour. The precipitate thus formed was collected by filtration, washed once with

~ water, and air-dried. The solid was dissolved in dimethyl sulfoxide, and 700 mg of N-(2-methoxyphenyl)piperazine and
* 3.0 got potassium carbonate were added to the solution. Thirty minutes later, ethyl acetate was added, and the solution

was washed three times with water and once with a saturated sodium chioride aqueous solution. The organic layer
was dried, and the solvent was evaporated. Purification of the residue by silica gel column chromatography (ethyl
acetate:ethanol=5.1) gave 594 mg of the title compound.

Melting point: 192°C

1A (KBr) Vg cm1): 3376. 1503, 1488, 1317, 1242, 1209
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EXAMPLE 2

-1-(3.4-dimethoxyphenvi)methyi-3-{(4-(2-methoxyohenvi)- -1H-indazole

5.6-Dimethox 1-piperazinviimethy!

In dimethylformamide was suspended §1.6 mg of sodium hydride at 0°C, and 590 mg of 5,8-dimethoxy-3-{{4-
(2-methoxyphenyl)- 1 -piperazinyljmethyllindazole was added thereto. followed by stirring for 30 minutes. To the mixiure
was added 290 mg of 3,4-dimethoxyphenylmethyl chloride. After 1.5 hours, 2.0 mé of water was added to the reaction
mixture. followed by evaporation of the solvent. The residue was purified by silica gel column chromatography (chio-
roform:ethanol=20:1) and recrystallized from ethanol to yield 654 mg of the title compound.

Melting point: 148-150°C

IR (cm-t): 15086, 1473, 1257, 1158, 1140, 1029

TH-NMR (CDC¢;) & ppm: 7.26 (s, 1H), 7.0-6.5 {(m,8H), 5.45 (s, 2H), 3.95 (s, 2H), 3.92 (s, 3H), 3.86 (s, 3H), 3.84
(s, 8H), 3.76 (s, 3H), 3.2-3.0 (m, 4H), 2.8-2.6 (m, 4H)

REFERENCE EXAMPLE 2

N-(3,4-Dimethoxyphenethyl)-2-{4.5-dimethoxyphenyi)acstamide .

A dry dichloromethane solution (1000 m¢) of 3,4-dimethoxyphenylacetyl chloride prepared from 325 g of
3,4-dimethoxyphenylacetic acid and 300 m¢ of thionyl chloride was slowly added to a two-phase solvent consisting of
300 g of 3.4-dimethoxyphenethylamine, 850 m¢ of 2N sodium hydroxide, and 2000 m¢ of dichloromethane while stirring
under icecooling. Chiorotorm was added to the mixture to dissoive the precipitated solid. The aqueous layer was re-
moved, and the organic layer was washed with a saturated sodium hydrogencarbonate aqueous solution, dried, and
the solvent was evaporated. To the residue was added methanol, the mixture was heated and allowed to cool, and the
thus precipitated crystal was coilected by filtration to yield 570 g of the title compound. '

REFERENCE EXAMPLE 3

1-(3.4-Dimethogbenyn-3.4-dihydro-6.7-dimethm.isgguinoline Hydrochloride

A solution of 570 g of N-{3,4-dimethoxyphenethyl)-2-(4,5-dimethoxyphenyl)acetamide and 500 m¢ of phosphorus
oxychloride in 3500 m¢é of acetonitrile was heated under reflux for 0.5 hour. The solvent was evaporated, and ethanol
was added to the residue, foliowed by allowing to stand. The thus precipitated crystal was collected by filtration to yieid
580 g of the titled compound.

TH-NMR (dg-DMSQ) &: 7.63 (s. 1H), 7.26 (s, 1H), 7.11 (s, 1H), 7.0-6.8 (m, 2H), 4.58 (s, 2H), 3.88 (s, 3H).
3.83(s, 3H).. 3.74 (s, 3H), 2.70 (s, 3H), 4.0-3.8 (m, 2H), 3.1-2.9 (broad t, J=7Hz, 2H)

REFERENCE EXAMPLE 4

Trans-2-acetyl-6.7-dimethoxy-1-(4.5dimethoxybenzyliidene)-1.2.3.4-tetrahydroisoguinoling

To 600 g of 1-{4,5-dimethoxybenzyl)-3,4-dihydro-6,7-dimethoxyisoquinoline hydrochloride was added 2000 mé of
acetic anhydride, and the mixture was refiuxed for § hours, followed by allowing to cool overnight. The thus precipitated
crystal was collected by filtration and recrystallized from ethanol to give 500 g of the title compound. .

IR (em™): 1632, 1518, 1263, 1245
TH-NMR (CDC?5) 6 ppm: 7.13 (s, 1H), 7.05 (s, 1H). 6.90 (s. 1H), .71 (s, 1H), 6.62 (s, 1H), 5.05(d,
: J=9Hz, 1H), 3.97 (s, 3H), 3.89 (s, 9H), 3.8-2.5 (m, 4H), 1.81 (s, 3H)
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REFERENCE EXAMPLE S

2-{2-Acetamidoethyli-4.4' 5.5'-tetramethoxydeoxvbenzoin

To 500 g of trans-2-acetyl-6.7-dimethoxy- 1-(4,5-dimethoxybenzyiidene)-1,2,3,4-tetrahydroisoquincline were add-
ed 1000 m¢ of 10% hydrochioric acid and 500 m¢ of methanol, and the mixture was refluxed. The reaction mixture was
poured into a sodium carbonate aqueous solution and extracted with methyiene chloride. The solvent was removed
from the extract under reduced pressure. Hecrystalllzatlon of the residue from ethanol gave 270 g of the title compound.
IR (emrt): 1680, 1638, 1515, 1128
TH-NMR (CDCZ,) 5 ppm: 7.26 (s, 1H), 6.9-6.75 (m, 4H), 6.7-6.5 (br, 1H), 4.15 (s, 2H), 3.91 (s, 3H), 389 (s. 3H),

3.86 (s, 3H), 3.85 (s, 3H), 3.6-3.4 (m, 2H), 2.92 (t, J=7.2Hz, 2H), 1.89 (s, 3H)

AEFERENCE EXAMPLE 6

2-(2- Acetamldoeth 1}-2'-nitro-4 .4'.5.5'-tetramethoxydeoxybenzoin

To a solution of 200 g of 2-(2-acetamidoethyl)-4,4',5,5'-tetramethoxydeoxybenzoin in 2000 m¢ of acetic acid was
slowly added 80 mé of 70% nitric acid at 0°C.
immediately atter the addition, the mixture was poured into water and extracted with methylene chloride. The extract
was neutralized with a sodium hydrogencarbonate aqueous solution and washed with a saturated sodium chioride
aqueous solution. The solvent was removed under raduced pressure, and the residue was recrystallized from ethanol
to yield 196 g of the title compound.

Meiting point: 142-144°C

IR (em™): : 1524, 1272, 1128

1H-NMR (COC¢3) Sppm:  7.79 (s, 1H), 7.36 (s, 1H), 6.80 (s, 1H), 6.76 (s, 1H), 6.4 (br, 1H), 4.60 (s, 2H), 4.0 (br,
12H), 3.45 (q, J=7.2Hz, 2H), 2.94 (t, J=7.2Hz, 2H), 1.85 (s. 3H)

REFERENCE EXAMPLE 7

To a 80% acetic acid solution of 4.60 g of 2-(2-acetamidosthyl)-2'-nitro-4,4',5,5'-tetramethoxydeoxybenzoin was
slowly added 4.7 g of zinc at 85°C. The reaction mixture was filtered, washed with ethanol, and the solvent was evap-
orated. To the residue was added an ammonium hydroxide aqueous solution, and the mixture was extracted with ethy!
acetate. The soivent was evaporated, and the rasidue was purified by silica gel column chromatography (ethyl acetate)
to yield 1.84 g of the title compound.

H-NMR (COC¢3) ppm:  8.10 (s, 2H), B.0B (s, TH), 8.06 (s, TH), 7.72 (s, TH), 7.44 (s. 1H), 650 (br, 1H), 3.92 .
6H), 3.88 (s, 6H), 3.5-3.3 (m, 2H), 3.0-2.8 (m, 2H), 1.82 (s, 3H)

BEFERENCE EXAMPLE 8

-1-methylindole

In dimethyl sulfoxide was siowly suspended 480 mg of 35% potassium hydride, and 1.37 g of 2{2-(2-acetamidoe-
thyl)-4,5-dimethoxypheny!}-5,6-dimethoxyindole was added to the suspension, followed by stirring for 10 minutes. To
the mixture was further added 700 mg of dimethylsulfate, followsd by stirring for 30 minutes. The reaction mixture was
poured into water and extracted with methylene chloride. The extract was washed successively with water and a sat-
urated sodium chloride aqueous solution, and the solvent was removed under reduced pressure. Recrystallization of
the residue from ethanol yielded 1.20 g of the title compound.

IR (em): 3376, 1168, 1488, 1222
TH-NMRA (COC#,) 5 ppm: 7.11 (s, 1H), 8.87 (s, 2H), 6.81 (s, 1H), 6.34 (s, 1H), 54(br 1H), 3.97 (s, 3H), 3.93 (s.
8H), 3.84 (s, 3H), 3.48 (s. 3H), 3.4-3.0 (m, 2H), 2.85 (L J=7.2Hz, 2H), 1.84 (s, 3H)
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HEFERENCE EXAMPLE 9 S

2-[2-(2-Aminoethyl)-4. 5-dimethoxyohenyl]-5.6-dimethoxy-1-methylindole Hydrochioride

A 2N hydrochloric acid solution of 53.0 g ot 2—[2-(2-ace_lamidoethy|)-4.5-dimethoxyphenyl]-S.G-dimethoxy-1 -meth-
ylindole was heated under reflux for 17 hours. The reaction mixture was azeotropically distilled under reduced pressure
with ethanol and benzens, and the residue was recrystallized.trom ethanol to yield 48 g of the title compound.

IR (em™): 9072, 2832, 1504, 1454, 1244, 1010
1H-NMR (COCEs) 5ppm:  8.98 (b, 3H), 7.08 (s, 1H), 7.00 (s, 1H), 6.9-6.7 (m, 2H), 6.35 (s, TH), 3.94 (s, 3H), 3.90
(s. 3H), 3.87 (s, 3H), 3.80 (s, 3H), 3.45 (s, 3H), 3.0-2.7 (br, 4H)

EXAMPLE 3

5.8-Dimethoxy-2-[[4.5-dimethoxy-2-{4-(2-methoxyohenvl)-1-piperazinvilethyliphenvil-1-methylindole

A solution of 47 g of 2-[2-(2-aminoethyl)-4,5-dimethoxyphenyl]-5.6-dimethoxy-1-methylindole hydrochioride, 30.7
g of o-bis(2-chlorosthyl)aminoanisole, 37.2 g of sodium iodide, and 34.0 g of potassium carbonate in 200 m¢ of dimeth-
ylformamide was heated at 80°C for 1 hour. To the solution was added 17 g of potassium carbonate and, 3 hours later,
17 g of potassium carbonate was further added, followed by heating for 15 hours. The solvent was removed under
reduced pressure, and the residue was dissolved in water and extracted with methylene chloride. The extract was
purified by silica gel column chromatography (ethyi acetate) and recrystallized from ethanol to give 32 g (51%) of the
title compound.

Melting point: 171-173°C

IR (em™): 1500, 1486, 1236, 1212 _

TH-NMR (CDC{3) 3 ppm: 7.10 (s, 1H), 7.0-6.8 (m, 7H), 3.98 (s, 3H), 3.94 (s, 3H), 3.84 (s, 3H), 3.82 (s, 3H), 2.94
(s, 3H), 3.1-2.9 (m, 4H), 2.8-2.4 (m, 8H)

REFERENCE EXAMPLE10

4 s-Dimethoxy-2-(1-ovrrolvilbenzenemethanol

In 100 m¢ of tetrahydroturan was dissolved 14.5 g of methyl 4,5-dimethoxy-2-4,5-dimethoxy-2-(1 -pyrrolyl)ben-
zenacarboxylate, and 24.5 mé (3.4 M) of sodium bis(2-methoxyethoxy)aluminum hydride was added thereto dropwise
with stirring while cooling with ice. After the addition, the mixture was warmed to room temperature and heated for 6
hours. After completion of the reaction, 0.63 m¢ of a saturated scdium hydrogencarbonate aqueous solution and 1.55
mé of water were added to the reaction mixture in this order, and the precipitate was removed by filtration. The filtrate
was evaporated, and the residue was subjected to column chromatography on silica gel. From the fraction eluted with
chloroform was recovered 10.3 g of a brown oily substance. Recrystaliization from ethy! ether gave the title compound
as a colorless crystal.

Melting point: 92-93°C

IR (K8r, em): 3530, 2960, 2930, 1610, 1520

TH-NMR (CDC¢¥,) & ppm: 3.86 (3H, s). 3.95 (3H, s), 4.45 (2H, d, J=5.3Hz), 6.30 (2H, 1. J=2.1Hz), 6.84 (2H, L,
J=2.1Hz), 7.04 (1H, s)

REFERENCE EXAMPLE 11

Diethv! {2-(4.5-Dimethoxy-2-(1-pyrrolyl)ohenyl)ethvlimalonate

_ In 15 m¢ of ethyl ether was dissolved 3.0 g of 4,5-dimethoxy-2-(1-pyrrolyl)oenzenemethanol, and 15 m¢ of con-
centrated hydrochloric acid was added thereto, tollowed by stirring at room temperature for 1 hour. To the reaction
mixture was added 50 m¢ of water, and the mixture was neutralized with a saturated sodium carbonate aqueous solution
and extracted with chloroform. The extract was dried over anhydrous sodium suffate, and the solvent was removed
under reduced pressure to yield a brown oily substance. Separately, 460 mg of metallic sodium was dissolved in 25
m¢ of ethanol, and 6.18 g of ethyl malonate was added therato o prepare a solution. To this solution was added a
tetrahydrofuran solution (25 m¢) of the above-prepared brown oily substance. After stirring at room temperature for 3
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hours, the solvent was removed under reduced pressure. Water was added to the residue, and the mixture was made
acidic with concentrated hydrochlaric acid and then extracted with chioroform. The organic layer was dried over anhy-
drous sodium sulfate, and the solvent was removed under reduced pressure. Purification of the residue by silica gel
column chromatography (chioroform) gave 3.10 g of the title compound as a brown oily substance.

1H-NMR (COC¢,) § pprm: 1.16 (BH, 1, J=7.0Hz), 3.00-3.25 (2H, m), 3.70-3.90 (1H, m), 3.83, 3.88 (3H,
: s), 4.08 (aH, Gr.J=7.0Hz), 6.30 (2H, 1, J=2.0Hz), 6.77 (2H, 5)

REFERENCE EXAMPLE 12

Ethyl 3-(4. 5-Dimethoxv-2-(1-pvrrolyl\phenvlipropionate

in 50 m¢ of ethanc! was dissolved 3.1 g of diethyl (2-(4,5-dimethoxy-2-(1-pyrrolyl)phenyhethylimalonate, and 5.0
m¢ of 35% sodium hydroxide was added to the solution, followed by heating under reflux for 3 hours, The solvent was
removed under raduced pressurs, and water was added to the residue. The residue was made acidic with concentrated
hydrochloric acid and extracted with chiorotorm. The extract was dried over anhydrous sodium sulfate, and the solvent
was removed under reduced pressure {o yield pale brown powder. The powder was heated at 150°C for 10 minutes,
allowed to cool, and purified by silica gel column chromatography (chioroform-methancl) to obtain 2.1 g of pale brown
powder. Racrystallization from chloroform-ethyl ether gave the title compound as a colorless crystal.

Metting point: 170-173°C )
TH-NMR (CDCE3) 8 ppm 2.83 (2H, t, J=7.8Mz), 2.77 (2H, t, J=7.8Hz), 3.84, 3.80 (3H, s), 6.30, 6.74
(2H, 1, J=2.0Hz), 6.78 (2H, )

EXAMPLE 4

In 20 m¢ of tetrahydrofuran was dissolved 1.20 g of N,N-carbonyldiimidazoie, and a solution of 2.0 g of ethyi 3-
(4,5-dimethoxy-2-(1-pyrralyl)phenyl)propionate in 40 m¢ of tetrahydrofuran was added to the solution at room temper-
ature while stirring. The stirring was continued at that temperature for additional 1 hour, 2.98 g of 1-(2-methoxyphenyl)
piperazine was added thereto, followed by stirring at 40° 10 60°C for 6 hours. The sclvent was removed under reduced
pressure, and the residue was purified by silica gel column chromatography (chloroform-methanol) to yield 1.9 gof a
colorless oily substance. Recrystallization from ethanol gave the title compound as a colorless crystal.

Melting point: 141-142°C

IR (KBr, em*1): 2840, 2840, 1630, 1580, 1520

'H-NMR (CDC¥,) 5 ppm: 1.15-1.45 (2H, m), 2.70-3.15 (6H, m), 3.15-3.90 (4H, m), 3.83, 3.84, 3.91 (each 3H, s),
: 6.27 (2H, t, J=2.2Hz), 6.60-7.05 (8H, m)

Elementary analysis for CagHa N3O,

Calcd. (%) | C69.47; HB6.95; N9.35
Found(%) | C89.37; H6.88; NO.14

EXAMPLE 5

1-{3-(4.5-Dimethoxy-2-(1-oyrrolyhohenyl\propyl)-4-(2-methoxyphenyllpiperazine Dihvdrochloride Hemihydrate

To 100 mé of tetrahydrofuran were added 18 m¢ of 1.0 M borane-tetrahydrofuran complex and 1.14 g of 1-(3-
(4.5-dimethoxy-2-(1-pyrroiyl)phenyl)-1-oxopropyl)-4-(2-methoxyphenyl)piperazine at roomn temperature, and the mix-
ture was heated under reftux for 27 hours. Since it was found that the reaction had not completed, 10 mé of the borane-
tetrahydroluran complex was further added, and the refluxing was continued for additional 9 hours. After cooling to
room temperature, 10 m¢é of water was added to the reaction mixture, and the solvent was removed under reduced
pressure. To the residue was added 35 mf of 5% hydrochloric acid, foliowed by heating at 50° to §0°C for 2 hours.
The reaction mixture was dried over anhydrous sodium sulfate and the solvent was evaporated. The residue was
purified by silica gel coiumn chromatography (chioroform) to yield 780 mg of a pale yellow oily substance, which was
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dissolved in 15 m¢f of ethanol, 1.0 mé of concentrated hydrochloric acid was added thereto, and the solvent was removed

under reduced pressure. Recrystallization of the residue from athanoi-ethyl ether yielded 500 mg of the titie compound
as a colorless prism crystal.

Melting point: 210-212°C
IR (KBr, cm°l): 2950, 2750-2000, 1600, 1510
TH-NMR (CDC¢,) & ppm: 1.65-2.10 {2H,-m), 2.50-3.15 (4H, m), 3.15-3.80 (4H, m), 3.86, 3.94, 4.08

(3H, ), 4.00-4.60 (2H, m), 4.90-5.40 (2H, m), 6.28 (2H, 1, J=2.0Hz). 6.78
(4H, s), 7.00-7.80 (3H; m), 8125 (1H, d, J=7.8Hz)

Elementary analysis for CogHgaN4O4e2HC! #1/2H,0:

Caled. (%) C 60.35; H 7.01; N8.12
Found (%) C60.61; H 6.95; N 8.02

REFERENCE EXAMPLE 13

m-Meconine

A mixture of 250 g of veratric acid, 275 mé of formaldehyde (40%), and 1000 m¢ of concentrated hydrachloric acid
was heated at 60° to 70°C for 12 hours while stirring, An equal volume of ice-water was added to the reaction mixture,
and the mixture was vigorously stirred on an ice bath. The insoluble material was removed by filtration, and the filtrate
was allowed to stand at 5°C to room temperature for 24 hours, whereupon crude crystais were precipitated, which
were collected by filtration, washed with a sodium sulfate aqueous solution, and recrystallized from ethanol to yieid 50
g of m“meconine. :

Melting point: 155°C
TH-NMR (CDC{,) & ppm: 3.98, 3.94 (each 3H, s), 6.90, 7.31 (each 1H), 5.23 (2H)

REFERENCE EXAMPLE 14
m-Hemipinic Acid

A mixture of 7.8 g of m-meconine, 80 m¢ of water and 1N sodium hydroxide was stirred at 50° to 70°C for about
1 hour in a water bath for hydrolysis. After cooling on an ice bath, 3.36 g of sodium hydrogencarbonate was added

. thereto with stirring, and 160 mé of 1/3 M potassium psrmanganate was then added thereto over 5 minutes. Ten minutes

later, the ice bath was removed. After 30 minutes, heat generation subsided, and the reaction completed. The reaction
mixture was filtered, and the filtrate was rendered acidic with concentrated hydrochloric acid, followed by concentration
under reduced pressure to yield 5.3 g of m-hemipinic acid crystals having a melting point of 180°C.

REFERENCE EXAMPLE 15

m-Hemipinic Anhvdride

Two grams of m-hemipinic acid were dehydrated and sublimated at 180° to 200°C in a sublimation purifying ap-
paratus to obtain 1.5 g of m-hemipinic anhydride having a melting point of 174-176°C.

IR (KBr, cm-1): 1764

REFERENCE EXAMPLE 16

5.8-Dimethoxy-3-benzylidenephthalide

n a 25 m¢ flask were charged 4.0 g of m-hemipinic anhydride, 4.54 g of ‘homoveratric acid. and sodium acetate.
and the flask was buried in a sand bath at 235° to 240°C to allow the mixture to react for 6 hours. The reaction mixture
was purified by silica gel column chromatography (dichloromethane) to yield the title compound as a colorless amor-
phous compound. : ’ :
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H-NMR (COCls) Sppm:  3.9-4.0 (each 3H x 4), 6.24 (H, s), 6.89 (1H, d. J=0.0H2). 7.09.7.29 (1Hx 2. x2),7.32
(1H, dd, J=1.8, 9.0Hz), 7.50 (1H, d, J=1.8H2)

AEFERENCE EXAMPLE 17

henyh-1-piperazinvllethyl-benzamide

A mixture of 5,6-Dimethoxy-3-benzylidenephthalide (3.0 @) and 3.0 g of 1-{2-amino)ethyl-4-(2-methoxyphenyl)-
piperazine in ethanol-tcluene was refluxed for 5 hours. After completion of the reaction, the solvent was concentrated,
and the residue was purified by silica gal column chromatography (dichloromethane:methanol=40:1) to yield 5.2 g of
the title compound as an amorphous compound. '

REFERENCE EXAMPLE 13

3.4-Dimethoxyphenylcoooer Acetylide

In 15 mé of aqueous ammonia was dissoived 0.39 g of copper iodide, and the solution was added to a solution of
0.33 g of 3,4-dimethoxyphenylacetyiene in 20 m¢ of ethanol at rcom temperature. The mixture was stirred for 1 hour,
filtered, washed five times with water, once with ethanol, and once with ethyl ether, and dried under reduced pressure
at 40°C to yield 110 mg of the title compound.

EXAMPLE 6

)-4.5-dimeth henyl)piperazine Dihydrochloride

Monohydrate

In 50 m¢ of pyridine was dissolved 1.58 gof 1 -{2-iodo-4,5-dimethoxyphenyl)ethyl-4-(2-methoxyphenyl)piperazine,
and 0.80 g of 3,4-dimethoxyphenylcopper acetylide was added thereto. The mixture was heated to 120°C in a nitrogen
atmosphere for 24 hours. The reaction mixture was poured into water and extracted with ethy! acetate. The two-phase
(organic and aqueous) liquid was filtered using Celite and then again separated into two phases. The organic layer
was washed with a saturated sodium chloride aqueous soiution, dried over sodium sulfate, filtered, and evaporated to
yield 3.75 g of an cily residue. Purification of the residue by silica gel column chromatography gave 0.75 g of amorphous
1-2-(2-(3,4-dimethoxyphenyl)ethynyl)-4,5-dimethoxyphenyl)ethyl-4-(2-methoxyphenyl)piperazine, which was then.
converted 1o a hydrochloride and recrystallized from ethanol gave 0.70 g of the title compound as a colorless crystal.

Meilting point: 164-167°C

IR (em™): 2210

Mass Spectrum (El): 516 (M*, 5.28)

1H-NMR (CDC¥,) & ppm: 2.96 (4H, m), 3.36 (6H, m), 3.80-3.96 (2H, m), 3.84 (3H, s), 3.89 (3H, s),

3.91 (6H, s), 3.92 (6H, s). 6.86-7.20 (4H, m), 7.35 (3H, m), 7.53 (2H, m)

Elementary analysis for Cq;NggNaOgs2HCEH,0:

Caled. (%) C 61.28; N 6.64; N 4.61
Found (%) C 61.37; H#6.78; N4.55

EXAMPLE 7

3.4-dimethoxyohenyhydroxymethy!

To a tetrahydrofuran solution of 1.50 g of 1-{2{2-bromo-4,5-dimethoxyphenyljethyl]-4-(2-methoxyphenyl)-pipera-
zine was addad a 15% hexane solution of 5.0 mmol of buty! lithium at -78°C. After stirring for a while, 830 mg of veratric
aldehyde was added thereto, and the mixture was heated to 0°C. Water was added to the reaction mixture, fcllowed
by extraction with ethyl acetate. The solvent was removed from the extract by evaporation, and the residue was purified
by silica gel column chromatography to yield 1.62 g of the title compound.

TH-NMR (CDC¢,) 5§ ppm: 7.05-6.5 (m, 7H), 6.70 (s, 1H), 6.60 (s, 1H), 5.93 (br, 1H), 3.88 (s. 6H). 3.85 (s, 6H), 3.7 .
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(s. 3H), 3.4-2.4 (m, 13H) !

EXAMPLE 8

1-[2-[4,5-dimethoxv-2-(3.4- dimethoxyohenxn-meth!l]ghenvl]ethyl-a-(2-methoxvohenynginerazine

An acetic acid solution of 1.62 g of 1-{2{4,5-dimathoxy-2-{(3, 4-d|methoxyphenyl)hydroxymethyl]]phenyl]~ethyl -4-
(2-methoxyphenyl)piperazine was subjected {0 hydrogenation in the presence of a palladium-on-carbon catalyst. After
the reaction. the catalyst was removed by filtration, and the solvent was azeotropically removed with benzene to yield
1.6Q g of the title compound.

TH-NMR (COCE,) § ppm: 7.1-6.6 (m. 9H), 3.93 (s, 2H), 3.89 (s. 3H), 3.86 (s, 3H), 3.85 (s. 3H), 3.82
(s 3H), 3.81 (s, 3H), 3.3-2.7 (m, 14H)

EXAMPLE ¢

1-[2-[4.5-Dimethoxy-2-{ (3.4-dimethoxvohenyl)-acetyliphenyllethyi-4-(2-methoxvohenylipioerazine

To a tetrahydrofuran solution of 5.50 g of 1-{2-{2-bromo-4,5-dimethoxyphenyilethyi]- 4-(2-methoxyphenyl)-pipera-
zine was added 9.44 m¢{ of a 15% hexane solution of butyl lithium at -78°C. After stirring for a while, the temperature
was raised under reduced pressure for degassing. To the solution was added 1.92 g of pivaloyl chioride at 78°C.

Separately, 10.2 m¢ of a 15% hexane solution of buty! lithium and 2.98 g of ethyl 3,4-dimethoxyphenylacetate were
added to a tetrahydrofuran solution of 1.6 g of diisopropylamine at -78°C, followed by stirring for 30 minutes. The
resulting solution was added dropwise to the above-prapared solution. The temperature was elevated up to 0°C, at
which the mixture was stirred for 2 hours. Water was added thereto, and the mixture was extracted with ethyl acetate.
The extract was washed with a saturated sodium.chloride aqueous solution, dried over anhydrous sodium sulfate and
the solvent was evaporated. The residue was primarily purified by silica gel column chromatography. 4N Hydrochloric
acid was added thereto, followed by heating at 100°C for 15 minutes, to provide a clear solution. The solution was
cooled, neutralized with a saturated sodium hydrogencarbonate aqusous solution, and extracted with methylene chio-
ride. The extract was purified by silica gel column chromatography (hexane, ethyl acetate) to yield 480 mg of the title
compound as an amorphous powder.

TH-NMR (CDC{3) 8 ppm: 7.1-6.7 (m, 9H), 4.13 (s, 2H), 3.92 (s, 3H), 3.87 (s, 6H), 3.86 (s, 3H), 3.85 (s, 3H), 3.3-28
(m, 12H)

REFERENCE EXAMPLE 18
-[{2-Amino-4.5-dimethoxy)-phenyllacetyi-4-(2-methoxyphenyl)piperazine

A methylene chloride solution containing 15 g of (4,5-dimethoxy-2-nitro)phenylacetic acid, 12 g of 2-methoxyphe-
nylpiperazine, and 13 g of dicyclohexyicarbodiimide was stirred at room temperature for 3 hours. A precipitate was
removed by filtration, and the solvent was evaporated. The residue was washed with ethyl acetate, followed by filtration
to yield 19.7 g of a solid. To the solid were added 400 m¢ of ethyl acetate and 1.0 g of platinum oxide, and hydrogenation
was performed overnight. The reaction mixture was filtered, the solvent was evaporated, and the residue was crystal-
lized from ethyl acetate to yield 7.5 g of the title compound.

Metting point: 113-118°C

IR (em'): 3348, 18086, 1520, 1500, 1462, 1240, 1212, 1038

TH-NMR (CDC#5) § ppm: 7.1-8.8 (m. 4H), 6.96 (s, 1H), 6.91 (s, 1H), 3.57 (s, 3H), 3.82 (s, 3H), 3.79 (s, 3H), 3.62
(s. 2H), 3.3-2.7 (m. 8H)

REFERENCE EXAMPLE 20

2-methoxypheny)piperazine

To a tetrahydrofuran suspension of 300 mg of lithium aluminum hydride under refluxing was added 1.5 g of 1-
[(2-amino-4,5-dimethoxy)phenyl]acetyl-4-(2-methoxyphenyl)-piperazine. A saturated sodium sulfate aqueous solution
was added thereto, and the mixture was extracted with ethy! acetate. The solvent was azeotropically removed with
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benzens, and 10 the residue were immediately added 50 m£ of methylene chioride, 1.0 m¢ of triethylamine. and 5.50
g of 4-chlorobutyryi chloride. A sodium hydrogencarbonale aqueous solution was added thereto, and the mixture was
extracted with methylene chioride, The solvent was evaporated, and the residue was purified by silica gel column
chromatography (sthy! acetate) to yieid 700 mg of the title compound.

1H-NMR (CDC¢,) & ppm: 7.57 (s, 1H), 7.25 (s, 1H), 7.1-6.8 (m, 4H), 6.62 (s, 1H), 3.85 (s, 9H), 3.66 (1. 2H, J=7Hz),
3.2-3.0 (m, 4H), 2.8-2.0 {m;.10H), 2.0-1.5 (m, 2H)

EXAMPLE 10

N-r2-|2-(4-{2-Methoxvohen!ngioerazinyﬂ-ethzl[-A.5-dimethg)g. Iehenylipyrrolidone

To a dimethylformamide solution of 110 mg of sodium hydride was added 680 mg of 1-[{2-(4-chlorobutyrylaming)-
5,8-dimethoxy]phenyl]ethyi-4-(2-methoxyphenyl)piperazine, and the mixture was heated at 80°C. After completion of
the reaction, the reaction mixture was extracted with methylene chioride, and the solvent was azeotropically removed
with water and benzene under reduced pressure. Purification by silica get column chromatography (3% ethanot/chio-
roform) yielded 463 mg of the title compound.

TH-NMR (CDCly) Sppm: 7.2 (s, TH), 7.0-6.8 (m, 4H), 6.61 (s, 1H), 3.88 (s, 3H), 3.87 (s, 3H), 3.84 (s, 3H), 3.8-3.6
© (m, 2H), 3.2-3.0 (m, 4H), 2.8-2.5 (m, 10H), 2.3-2.2 (m, 2H), 1.3-1.1 (m, 2H)

REFERENCE EXAMPLE 21

Ethyl 5.6-Dimethoxy-1-(3.4-dimsthoxybenzyl)-1 H-indazole-3-carboxylate

In 5000 m¢ of dimethyl sulfoxide, having been dried over Molecular Sieve 4A, was suspended 250.2 g of ethyl
5,6-dimethoxy-1H-indazole-3-carboxylate, and 38.0 g of lithium methoxide was added thereto. After stirring at room
temperature for 1 hour, 185.6 g of 3,4-dimethoxybenzyl chloride (prepared from 336.4 g of 3,4-dimethoxybenzyl alcohol,
300 m¢ of concentrated hydrochloric acid, and 500 mi of ethyl ether) was added thereto dropwise at room temperature
over 10 minutes. After stirring at room temperature for 1 hour, 55.6 g of 3,4-dimethoxybenzy! chioride was added,
followed by stirring at room temperature for 1 hour. To the mixture was further added 55.6 g of 3.4-dimethoxybenzy!
chloride, followed by stirring at room temperature for 1 hour. The reaction mixture was poured into 30000 m¥ of ice-
water while stirring. The supematant liquor was discarded by decantation, and 15000 m¢ of water was added to the
residue, followed by stirring at room temperature ovemight. The supematant liquor was removed by decantation, and
the residue was dissolved in 10000 m¢ of chloroform. The solution was dried over sodium sulfate and filtered, and the
solvant was removed under reduced pressure. The residue weighing 497.0 g was purified by column chromatography
on silica gel (2 kg x 9) using chloroform:carbon tetrachloride:sthyl acetate=5:5:1 and then on silica gel (2 kg x 4) using
ethyl acetats:hexane=2:1. The resulting eluate was recrystallized from ethyl acetate to yield 205.0 g of the title com-
pound as a colorless prism crystal.

Melting point: 138-141°C

IR (KBr) cme1: 1728, 1496, 12686, 1216, 1204, 1138, 1022

TH-NMR (CDC¢,) & ppm: 1.49 (3H, 1, J=6.8Hz), 3.78 (3H, 5), 3.85 (6H, s), 3.95 (3H, s), 4.53 (2H, q, J=6.8Hz), 5.58
(2H, s), 6.83 (1H, s), 6.76 (1H, s), 6.80 (2H, s), 7.58 (1H, $) '

Elementary analysis for CpyHpaN2Og:

Calcd. (%) | C62.99; H6.04; N7.00
Found (%) ; C&62.83; HS5.99; NB6.93

REFERENCE EXAMPLE 22

5.5-Dimethoxy-1-{3.4-dimethoxvbenzyl)-1H-indazole-3-Methanol

In 1500 m¢é of tetrahydrofuran was suspended 205.0 g of ethyl 5,6-dimethoxy-1-(3.4-dimethoxybenzyi)-1H-inda-
zole-3-carboxylate, having been ground to powder in a mortar, at room temperature, and 96.8 g of sodium borohydride
was added thereto, tollowed by stirring at room temperature. To the mixture was added dropwise 300 mé of methanol
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over 30 minutes. Alter the addition, the reaction mixture was warmed to 50°C and stirred for 5 hours. To the mixture
ware further added 19.4 g of sodium borohydride and 60 m¢ of methanol. The reaction mixture was slowly poured into
a mixture of 200 m¢ of concentrated hydrechloric acid, 5000 m¢ of water, and 1 kg of ice while stirring. A saturated
sodium hydrogencarbonate aqueous salution was added to the aqueous layer at room temperature while stirring until
the pH became about 8, whereupon a colorless solid began to precipitata. The solid was collected by filtration, washed
with two 500 m¢ portions of water, dissoived in 10000 m¢ of chloroform, dried over scdium sulfate, filtered, and evap-
oration of the solvent gave 185.2 g of a colorless solid.. This solid was used in the subsequent reaction without further
purification. )

Separately, a small aliquot of the solid above obtained was recrystallized from athanot to yield a colorless prism
crystal having a melting point of 187 to 188°C.

IR (KBr) cmrl: 3272, 1520, 1470, 1438, 1418, 1318, 1284, 12586, 1210, 1168, 1140, 1062,

1026, 870, 834
1H-NMR (CDC¢,) 3 ppm: 3.77 (3H, s), 3.82 (3H, s), 3.87 (3H, s), 3.92 (3H, s), 4.97 (2H, s), 5.40 (2H,

s), 6.62 (1H, s), 6.69 (1H, m), 6.75 (2H, m), 7.13 (1H, s)

REFERENCE EXAMPLE 23

3-Chloromethvl-s.s-dime_thoxv-1 -(3.4-dimethoxybenzyl)-1H-indazole

In 1500 mé of dichloromethane was dissolved 184.0 g of 5,6-dimethoxy-1-(3,4-dimethoxybenzyl)-3-hydroxymethyl-
1H-indazole at room temperature, followed by stirring under cooling with ice. To the solution was added dropwise 75.4
m¢ of thionyl chloride over 20 minutes. One minute later, the spot of the starting material on a thin layer chromatogram
(ethyl acetate:hexane=2:1) disappeared. The reaction mixture was warmed to room temperature, and 3500 mé of
dichioromethane was added thereto. The mixture was washed with 1000 m¢ of a saturated sodium hydrogencarbonate
aqueous solution, dried over sodium sulfate, filtered, and the evaporation of the solvent gave 188.7 g of a colorless
solid. This solid was used in the subsequent reaction without further purification.

TH-NMR (CDC¢,) & ppm: 3.78 (3H, s), 3.84 (3H, s), 3.88 (3H, s), 3.95 (3H, s), 4.95 (2H, s), 5.44 (2H, s), 6.65 (1H,
' s), 6.71 (3H, m), 7.10 (1H, s)

REFERENCE EXAMPLE 24

5.6-Dimethoxy-1-(3.4-dimettioxvbenzyl)-1H-indazole-3-acetonitrile

In 1000 m¢ of dimethyl sulfoxide was dissolved 187.0 g of 3-chioromethyl-5,6-dimethoxy-1-(3,4-dimethoxybenzyi)-
1H-indazole, followed by stirring at room temperature. To the solution was added 134.0 g of potassium cyanide, having
been ground to powder in a mortar, followed by stirring at 50°C for 2 hours. The reaction mixture was cooled to room
temperature, poured into 15000 m¢é of water, and stirred for 1 hour. A precipitated solid was collected, washed with
three 1000 m¢é portions of water, dissoived in 5000 m¢ of chiorofarm, dried over sodium sulfate, filtered, and the solvent
was evaporated. The residue was purified by silica gel column chromatography using 2 kg of silica gel and chioroform:
ethanol=50:1 and then 2 kg of silica gel and ethyl acetate:hexane=3:1, to yield 111.0 g of a pale brown solid. This solid
was used in the subsequent reaction without further purification.

TH-NMR (CDCé;) Sppm:  3.80 (3H, s), 3.84 (3H, s), 3.89 (3H, s), 3.94 (3H, s), 4.02 (2H, 5), 5.43 (2H, 5), 6.66 (1H,
s). 6.72 (2H, m), 6.69 (1H, m), 7.06 (1H, m)

REFERENCE EXAMPLE 25

5.6-Dimethoxy-1-(3.4-dimethoxybenzyl)-1H-indazole-3-acetic Acid

In 1000 m¢ of ethanol was suspended 111.0 g of 5.6-dimethoxy-1-(3,4-dimethoxybenzyl)- 1H-indazole-3-ace-
tonitrile at room temperature and stirred. A 10N sodium hydroxide aqueous solution was added lo the suspension,
followed by heating under refiux for 2 hours. The reaction mixture was cocled to room temperature and evaporated to
remove ethanol. To the residue was added 2000 mé of water, followed by stirring at room temperature overnight. Any
insoluble material was remaved by filtration, and S00 m# of ethy! ether was added to the filtrate. The organic soivent-
soluble material was removed, and the aqueous layer was adjusted to pH 4 to 5 with concentrated hydrachloric acid.
A precipitate was collected and fractionally recrystallized from ethanol ta yield 41.0 g of the title compound. This com-
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pound was used in the subsequent reaction without further recrystallization.

TH-NMR (COC¢s) Sppm:  3.77 (3H, s), 3.84 (3H, s), 3.88 (3H., s), 3.91 (3H, s), 4.03 (2H, s) 544(2H s) 6.54 (1H,
s), 8.72 (2H, m), 6.77 (1H, m), 6.96 (1H, s)

EXAMPLE 11

1-({5.8-Dimethoxv-1-{3.4-dimethoxvbenzyi-1 H-indazb-l-a-g" I').a‘cegl)-4-(3-ch lore-2-methyiphenyipiperazine

In 500 mé of dichioromethane was suspended 41.0 g of 5,6-dimethoxy-1-(3,4-dimethoxybenzyl)-1H-indazole-
3-acetic acid, and 24.5 g of 2,2-dipyridyl disulfide and 30.0 g of triphenylphosphine were added to the mixture, followed
by stirring at room temperature. To the mixture was added dropwise a solution of 23.5 g of (3-chloro-2-methyiphenyl)-
piperazine in 200 m¢é of dichloromethane over 5 minutes, followed by stirring at room temperature for 30 minutes. After
confirming disappearance of the spot of the starting material on a thin layer chromatogram (ethyl acetate:hexane= 2:
1), 1000 m¢ of dichioromethane was added to the reaction mixture, and the reaction mixture was washed with water.
The organic layer was dried over sodium sulfate, filtecad, and the soivent was evaporated. The residue was purified
by silica gel column chromatography (ethyl acetate:hexane=2:1; silica gek 2 kg) to yield §1.5 g of a colorless solid,
which was used in the following reaction without further purification. A small aliquot of the solid was recrystallized from
ethanol o give a colorless prism crystal having a meiting point of 165 to 168°C.

IR (KBr) cmrt: 1652, 1516, 1264, 1236

TH-NMA (CDC¢,) 3 ppm: 1.24 (1.5H, t, J=7.3Hz, Me of EtOH), 1.65 (4H, 8), 2.55 (2H, m), 2.75 (2H, m), 3.72 (1H,
m, CH,, of EtOH), 3.76 (3H, s), 3.78 (3H, s), 3.89 (3H, s), 3.94 (3H, s), 4.08 (2H, s), 5.41
(2H. s), 6.65 (1H, s), 6.69 (2H, m), 6.73 (1H, s), 7.03 (1H, t, J=7.8Hz), 7.09 (1H, d,
J=6.8Hz), 7.19 (1H, 3)

EXAMPLE 12

3-{2-(4-(3-Chioro-2-methyioheny!

-5 6-dimethoxy-1-(3.4-dimethoxybenzyl)-1H-indazole

In 1000 m¢ of tetrahydrofuran was suspended 60.5 g of 1-{(5,6-dimethoxy-1-(3,4-dimethoxybenzyl)-1H-indazol-
3-yl)acetyl)-4-(3-chioro-2-methylphenyl)piperazine, and 500 m¢é of a tetrahydrofuran solution containing 1.0 mol of a
borane-tetrahydrofuran complex was added thereto, tollowed by refluxing for 2 hours. The reaction mixture was cooled
to room temperature, and 30 m¢ of water was added thereto to decompose the excess reagent. Tetrahiydrofuran was

‘removed under reduced pressure, and 300 mé of concentrated hydrochloric acid was added to the residue, followed
by stirring at 50°C for 1 hour. The aqueous layer was cooled to room temperature, made alkaline with potassium
carbonate, and extracted with 3000 mé of chloroform. The organic layer was dried over sodium sulfate, filtered, and
the solvent was removed under reduced pressure. The residue was purified by silica gel column chromatography
(chioroform:ethanol=40:1) to yield 50.0 g of a colorless solid. Recrystallization from ethanoi gave 46.3 g of a colorless
prism crystal.

Melting point: 148-150°C

1A (KBr) em°t: 1518, 1466, 1454, 1260, 1236, 1140, 1022, 1004

TH-NMR (CDC¢,) § ppm: 2.35 (3H, s), 2.85 (2H. m), 3.02 (4H, m), 3.26 (2H, m), 3.78 (3H, s), 3.83 (3H, s), 3.87
{3H, s), 3.94 (3H, 5), 5.43 (2H, s), 6.62 (1H, s5), 6.72 (2H, s), 6.78 (1H, m), 6.96 (1H, m),
7.11 (3H, m) '

Elementary analysis for Cq,HasN,O,CE

Caled. (%) | C65.89; H6.60; NO9.91: C¢6.27
Found (%) i C85.85; H6.59; NO9.58 Ce6.36
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SXAMPLE 13

2.methoxyphenyl)-1-giperazinyi)-ethyl)-1H-indazole

5.6-Dimethoxy-1-{3.4-dimethoxyohenvimethyl
Dihydrochloride Monohydrate

In 100 mé of dichloromethane was dissolved 2.2 g of 5.6-dimethoxy-1-(3.4-dimethoxyphenyimethyl)-1H-indazole-
3-acatic acid. and to the solution were added 1.5.g of driphenyiphosphine. 1.26 g of 2,2-dipyridyl disulfide, and 1.1 g
of 2-methoxyphenyipiperazine, foliowed by stirring at roorﬁ_temperature for 1 hour. The reaction mixture was poured
into water and extracted with dichloromethane. The organic layer was dried over sodium sulfate, and the solvent was
removed under reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate:hexane)
10 yield 2.8 g of a colorless oil. The ail (2.6 g) was dissolved in 40 m¢ of tetrahydrofuran, and 40 m¢ of a 1.0N borane-
tetrahydroturan complex solution was added thereto, followed by stirring at room temperature for 8 hours. To the solution
was added 5.0 m¢ of water under ice-cooling, and the mixture was stirred and then the solvent was evaporated. To
the residue was added 20 m¢ of concentrated hydrochloric acid, followed by stirring at 60°C for 30 minutes. The solution
was poured into a saturated sodium carbonate aqueous solution to be rendered basic and extracted with chiorotorm.
The organic layer was dried over sodium sulfate, and the solvent was removed under reduced pressure. The residue
was purified by silica gel column chromatography (dichloromethane:ethanol=20:1) to yield 2.4 g of a colorless oil. The
oil was dissolved in ethanol, and 10 mé of 1N hydrochioric acid was added to the solution, followed by stirring. The
solvent was removed under reduced pressure. Recrystallization of the residue from ethyl acetate/ethanol gave 2.7 g
of the title compound as a colorless crystal. ’

Metiting point: 190-193°C _

IR (KBr) em-1: 3348, 2940, 2838, 1632, 1516, 1466, 1262, 1160, 1024, 862, 752

TH-NMR (CDC¢,) & ppm: 8.05 (1H, m), 7.42 (1H, t), 7.25 (1H, s), 7.04 (2H, m), 6.84 (2H, m), 6.76 (1H, m), 6.85
(1H, s), 5.45 (2H, m), 4.85 (2H, m), 4.27 (2H, m), 4.06, 3.98, 3.90, 3.84, 3.83 (each 3H,
s}, 3.70 (2H, s), 3.88-3.56 (4H, m)

Elementary analysis for C4qN3gN;O5CEy:

Caled. (%) | C58.40; H6.64; NB879 Ce€11.12
Found (%) i C58.55; H&.50; N864 Cf11.40

REFERENCE EXAMPLE 26

1-Hydroxy-3-(3.4-dimethoxyphenyl)butvronitrile

To a dry benzene soiution containing 46 g of sodium amide was slowly added 177 g of 3,4-dimethoxyphenylace-
tonitrile under cooling with ice. The mixture was heated under reflux for 30 minutes, followed by cooling to room tem-
perature. into the reaction mixture was siowly blown 50 mé of ethylene oxide, followed by stirring overnight. Water was
added thereto, and the mixture was made acidic with 10% hydrochloric acid. The extracted benzene layer was purified
by silica gel column chromatography (hexane: acetone=2:1 to 1:1) to yield 48 g of the title compound.

TH-NMR (CDC¢,) § ppm: 7.0-6.3 (m, 3H), 4.05 {t. 1H, J=7.3Hz), 3.90 (s, 3H), 3.89 (s, 3H), 3.9-3.7 (m, 2H), 2.3-2.0
{m, 2H)

REFERENCE EXAMPLE 27

¢-(3.4-Dimethoxyphenvl)-butyrolactone

A solution (100 mé) of 35 g of 1-hydroxy-3-(3,4-dimethoxyphenyljbutyronitrile in a 1:1 mixture of isopropy! aleohol
and concentrated hydrochloric acid was heated under reflux overnight. The reaction mixture was extracted three times
with methylene chicride. The organic layer was washed successively with a sodium hydrogencarbonate aqueous so-
lution and a saturated sodium chloride aqueous solution, dried over sodium sulfate, and the solvent was evaporated.

The residue was purified by silica gel column chromatography (hexane:acetone=2:1 to 1:1) to yield 28.3 g ot the title
compound. .

'H-NMR (CDC#y) S ppm:  6.9-6.8 (m, 3H), 4.5-4.4 (m, 1H), 4.4-4.3 (m, 1H), 3.89 (s, 3H), 3.87 (s, 3H). 3.77 (dd.
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1H, J=8.8, 10.2Hz), 2.8-2.6 (m, 1H), 2.5-2.3 (s, 1H)

REFERENCE EXAMPLE 28

o-(2-Nitro-4.5-dimethoxyphenvl)-butyrolactone

Concentrated hydrochloric acid (3.0 mé) was added to a sqlution of 4.0 g of -(3,4-dimethoxyphenyl)-butyrolactone
in 30 mé of a 2:1 mixture of acetic acid and acetic anhydrrde The reaction mixture was poured into a sodium hydro-
gencarbonate aqueous solution and extracted three times with methylene chloride. The organic layer was washed with
a saturated sodium chioride aqueous solution and dried over sodium suifate. The soivent was avaporated, and the
residue was crystallized from ethanol to yieid 3.36 g of the title compound.

Metting point:' ' 144-1 47°C
TH-NMR (CDC¢;)} § ppm: 7.70 (s, 1H), 6.75 (s, 1H), 4.6-4.4 (m, 2H). 3.97 (s. 3H) 3.96 (s. 3H), 2.95-2.8 (m, 1H),
2.5-2.3 (m, 1H)

REFERENCE EXAMPLE 29

" 5.6-Dirmnethoxy-3-hvdroxyethyl-1.3-dihydro-2{2H)-indolone

An ethy| acstate solution containing 2.0 g of &-(2-nitro-4,5-dimethoxyphenyi)-butyralactone and 500 mg of platinum
oxide was stirred in a 2.0 atm. hydrogen gas atmosphere. Ethancl was added to the reaction mixture, followed by
filtration. The solvent was evaporated to yield 1.76 g of the title compound.

TH-NMR (COCe;) S ppm:  9.1-8.0 (br 1H), 6.83 (s, 1H), 6.54 (s, 1H), 4.75-4.4 (m, 1H), 3.87 (s, 3H), 3.56 (s, 3H),
- 3.9-3.5 (m, 2H), 2.3-2.0 (m, 2H)

REFERENCE EXAMPLE 30

5,8-Dimetho

-3-methylthio-3-hydroxvetvl)-1,3-dihydro-2(2H)-indolone

To 50 m¢é of dimethyiformamide was added 360 mg of sodium hydride, and 1.76 g of 5.6-dimethoxy-3-hydroxyethyl-
1,3-dihydro-2(2H)-indolone and 706 mg of dimethyl disulfide were added thereto. To the reaction mixture was added
a sodium hydrogencarbonate aqueous solution, and the solvent was evaporated. The residue was extracted three
times with methylene chioride, and the organic layer was dried over sodium sulfate. The solvent was svaporated, and
the residue was purified by silica gel column chromatography (ethyl acetate) to yield 1.21 g of the title compound.

TH-NMR (CDC&3) Sppm:  9.1-9.0 (br 1H), 6.85 (s, TH), 6.55 (s, 1H), 3.88 (s, 6H), 3.8-3.5 (m, 2H), 2.5-2.0 (m, 2H),
. 1.85 (s, 3H)

REFERENCE EXAMPLE 31

To a methylene chloride solution of 330 mg of 5,6-dimethoxy-3-methyithio-3-hydroxysthyl-1,3-dihydro-2(2H)-ind-
olone and 0.5 mé of triethylamine was added 2.2 equivalents of mesyl chloride under cooling with ice. A sodium hy-
drogencarbonate aqueous solution was added to the reaction rixture, and the mixture was extracted three times with
ethyl acetate. The organic layer was washed with a saturated sodium chloride aqueous solution and dried over sodium
sulfate. The solvent was evaporated, and the rasidue was purified by silica gel column chromatography (ethyl acetate).
The product was dissolved in dimethyltormamide, and to the solution were added 300 mg of (2-methoxyphenyl)-pip-
erazine, 200 mg of potassium carbonate, and 200 mg of sodium icdide, followed by stirring overnight. A sodium hy-
drogencarbonate aqueous solution was added thereto, and the reaction mixture was extracted three times with meth-
ylene chioride. The organic layer was washed with a saturated sodium chioride aqueous solution, dried over sodium
sultate, and the solvent was evaporated. The resndue was purified by silica gel column chromatography (ethyl acetate)
to yield 140 mg of the title compound.

1H-NMF! (COCE3) 3 ppm: 9.5-9.4 (br 1H) 7.0-8.7 {m, 5H), 6.58 (s 1H), 3.89 (s, 3H), 3.88 (s, 3H), 3. 79 (s 3H),
3.8+1.9 (m, 12H), 1.80 (s, 3H)
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REFERENCE EXAMPLE 32 MENT SHEET

1-{7-(2.3-Dihydrobenzofuranyl)|pioerazine

in 10 mé of acetic acid was dissolved §84.0 mg of 1-(7-benzofuranyi)piperazine. and 56.7 mg of Pearman's catalyst
was added thereto. The mixture was stirred at 65°C in a hydrogen stream for 4 hours. After completion of the reaction,
the catalyst was removed by filtration using Caelite. The solvent was evaporated. and the residue was subjected to silica
get column chramatography. From the fraction eluted with-10 vol% chloroform-methanol was aobtained 729.4 mg of a
crude 2.3-dihydrobenzofuran compound, which was used nthe subsequent reaction without further purification.

EXAMPLE 14

3-[2-]4-{7-{2.3-Dihydrobenzofuranvl)- 1 -piperazinyllethyl }-1H-indazole

In 15 mé of anhydrous dichloromethane was disscived 1.28 g of 5,6-dimethoxy-1-(3.4-dimethoxybenzyl)-1H-inda-
zolylacetic acid. To the solution were added successively 868.6 mg of triphenyiphosphine, 729.4 mg of 2,2-dipyridyl
disulfide, and 729.4 mg of 1-{7-(2,3-dihydrobenzofuranyl)]piperazine, followed by stirring at room temperature for 10
minutes. After completion of the reaction, water was added thersto, and the mixture was extracted with dichlorometh-
ane. The extract was dried over anhydrous sodium sulfate, the solvent was evaporated, and the residue was subjected
to silica gel column chromatography (ethyl acetate) to yield 1.16 g of an amide compound as a coloriess oily substance.
The oily product was dissolved in 20 mé of anhydrous tetrahydrofuran, and 8.1 m€ of a 1.0 M solution of a borane-
tetrahydrofuran complex was added thereto, followed by refluxing for 1 hour. After completion of the reaction, 10 mé
of a 10% hydrachloric acid was added to the reaction mixture, followed by further refluxing for 1 hour. After cooling,
sodium hydrogencarbonate powder was added thereto for neutralization, and the mixture was extracted with chloro-
form. The extract was dried over anhydrous sodium sulfate, the solvent was evaporated, and the residue was purified
by silica gel column chromatography (ethyl acetates) to yield 729.3 mg of the title compound as a coloriess oily sub-
stance. :

IR (KBr) cnr?; 1514, 1486, 1260, 1028
TH-NMR (CDC¢,) § ppm: 3.70-3.77 (4H, m), 3.79, 3.83, 3.88, 3.94 {each 3H, s), 5.43 (2H, s), 6.62-7.61 (8H, m)

Elementary analysis for C4yHaaN4Og*1/2H,0:

Caled. (%) § C67.70; H6.92 N9.886
Found (%) C67.62 H 6.59; N 9.24

REFERENCE EXAMPLE 33

1 -[(szethogcarbonzl-&s-dimethog)-ohengl]etrly_l-d.-(2-methox¥ghenx)gigerazine

To a tetrahydrofuran solution of 3.8 g of 1{(2-bromoe-4,5-dimethoxy)phenyllethyl-4-(2-methoxyphenyl)-piperazine
. was added 6.4 m¢ of a 15% hexane solution of n-buty! lithium at -78°C. After stirring for a while, 0.5 g of solid carbon
dioxide was added thereto. The solvent was removed by evaporation. Methanol was added to the residue, and then
about 1 m¢ of concentrated hydrochloric acid was added, followed by heating under reflux overnight. The reaction
mixture was carefully neutralized with a sodium hydrogencarbonate aqueous solution, and ethyl acetate was added
- thereto. The organic layer was separated. The aqueous layer was made acidic, extracted with methylene chloride, and
again subjected to esterification. The resuiting organic layer was evaporated, and the residue was crystallized from
ethanol to yield 530 mg of the title compound.

Melting point: _ 118°C
TH-NMR (CDC?,, 400 MHz) 3 ppm: 7.52 (s, 1H), 7.05-8.75 (m, SH), 3.93 (s, 3H), 3.91 (s, 3H), 3.89 (s. 3H), 3.58
{s. 3H), 3.4-2.5 (m, 12H)
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REFERENCE EXAMPLE 34 . REPLA

Ethvl 5.6-Dimethoxy-1-(1-trityl--imidazolylimethyl-1H-indazole-3-carboxvlate

In 5000 m¢ of dimethy! sulfoxide was suspended 250.2 g of ethyl 5.6-dimethoxyindazole-3-carboxylate, and 40.2
g of lithium methoxide was added to the suspension, followed by stirring at room temperature for 1 hour. A solution of
447.3 g of 4-chioromethyl-1-tritylimidazole in 2000 mé pf dimethyl sulfoxide was added dropwise thersto at room tem-
perature over 10 minutes. After stirring at room temperature for 2 hours, 4.2 g of lithium methoxide and 44.8 g of
4-chloromethyl-1-tritylirmidazole were further added therato, followed by stirring at room temperature for 1 hout. The
reaction mixture was poured into 30000 m¢ of ice-water while stirring. A precipitated crystal was collected. washed
with three 2000 mé portions of water, and dried. The solid was dissolved in 10000 m¢ of chloroform, and the solution
was dried over sodium sulfate, filtered, and the soivent was evaporated. The residue was purified by silica get column
chromatography (chloroform;ethanci=50:1) and recrystallized from chicrofornvisopropyl aicohol 1o yield 222.0 g of the
title ccmpound as a colorless prism crystal.

Melting point: 184-186°C

IR (KBr) cm°*: 1704, 1496, 1268, 1146, 1132 1092, 748, 700

TH-NMR (CDC¢,) & ppm: 1.21 (6H, d, J=5.9Hz, Me of iso-PrOH), 1.46 (3H, t, J=7.3Hz), 3.93 (3H, s), 3.97 (3H, s),
4.01 (1H, m, CH of iso-PrOH), 4.49 (2H, g, J=7.3Hz), 5.81 (2H, s), 6.79 (1H, §), 7.03
(5H, m), 7.13 (1H, s), 7.28 (10H, m), 7.47 (1H, s), 7.51 (1H, s)

Elementary analysis for C3gHaNO4°C3HgO:

Caled. (%) i C72.13; H8.37, N 8.85
. Found (%) { C71.53; H 6.37; NB8.70

REFERENCE EXAMPLE 35

ityl-4-imidazolylmethyl-1H-indazole-3-methanol

in 1300 m¢ of tetrahydrofuran was suspended 222.0 g of ethyl 5,6-dimethoxy-1-(1-trityl-4-imidazolyl)methyi)-1H-
indazole-3-carboxylate, having been ground to powder in a mortar, at room temperature, and the suspension was
cooled with ice-water. To the suspension was added about 250.0 mé of a 3.4M toluene solution of sodium bismethox-
yethoxyaluminum hydride over 15 minutes, followed by stirring under icecooling for 30 minutes. A supersaturated
sodium sulfate aqueous solution was added to the reaction mixture. After stirring for 1 hour, sodium sulfate was added
thereto, followed by filtration. The scdium sulfate on the filter was washed with five 500 m¢ portions of hot chioroform.
The filtrate and the washing were combined and the solvent was evaporated to yield 220.1 g of a colorless solid.
Recrystallization of the solid from chloroform gave 181.0 g of the title compound as a colorless prism crystal.

Melting point: 115-120°C (with decomposition)

IR (KBr) cm1: 3216, 3172, 3008, 2936, 1510, 1488, 1472, 1444, 1302, 1260, 1172, 1156, 1128, 1102,
1036, 1014, 836, 764, 702, 678, 666, 636

TH-NMR (CDC¢,) 8 ppm: 3.91 (3H, s), 3.92 (3H, s), 4.92 (2H, s), 5.44 (2H, s), 6.76 (1H, s), .95 (1H, s}, 7.05 (SH,
m). 7.26 (1H, s, CHC¢,). 7.28 (1H, s), 7.31 (10H, m), 7.46 (1H, s)

Elementary analysis for Ca3HgN4O4+CHCE:

Caled. (%) i C62.53; H4.81; NBg.82
Found (%) C6250: H4863; N 8.42

REFERENCE EXAMPLE 36

3-Chloremethyl-5.6-dimethoxy-1-(1-tritvl-4-imidazolylimethyl-1H-indazole

tn 1700 mé of dichloromethane was suspended 180.0 g of 5.8-dimethoxy-1-(1 -lrityl-4-imidazoiyl)methyl-1H-ir_\da-
zole-3-methanol, having been ground to powder in a mortar, at room temperature. followed by stirring while cooling
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with ice. To the reaction mixture was added dropwise 48.6 m€ of thionyl chioride over § minutes. One minute later, the
spot of the starting material on a thin layer chromatogram (chloroform:ethanci=3Q:1) disappeared. The reaction mixture
was poured into 2000 m¢ of a saturated sodium hydrogencarbonate aqueous solution and extracted with 5000 mé of
chlorotorm. The extract was dried over sodium sulfate, filtered, and the solvent was evaporated to yield 165.1 g ot a
colorless solid. This solid was used in the subsequent reaction without further purification.

'H-NMR (CDC¢;) § ppm: 3.95 (3H, s), 4.09 (3H, s},.4.83 (2H, s), 5.67 (2H. s), 7.02 (8H, m), 7.37 (10H, m), 7.88
(1H, br)

REFERENCE EXAMPLE 37

5.5-Dimethoxy-1-(1-trityl-4-imidazolyl\methyl- 1H-indazole-3-acetonitrile

In 1200 m¢ of dimethyl sulfoxide was suspended 185.0 g of 3-chioromethyl-5,8-dimethoxy-1-(1-trityl-4-imidazolyl)
methyl-1H-indazole, followed by stirring at room temperature. To the suspension was added 43.6 g of potassium cy-
anide, having been ground to powder in a mortar, and the mixture was stirred at 70°C for 1 hour. The reaction mixture
was cooled to room temperature and poured into 15000 mé of water with vigorous stirring, followed by stirring for 1
hour. A precipitated solid was collected, washed with three 1000 m¢ portions of water, and dissoived in 5000 mé of
chioroform, The solution was dried over sodium sulfate, fitered, and the solvent was evaporated. Silica gel column
chromatography (ethyl acetate) of the residue yielded 108.7 g of a pale brown solid, which was used in the next reaction
as such.

1H-NMR (COC¢y) 5 ppm:  3.92 (3H, s), 3.94 (3H, s), 3.97 (2H, 5), 5.42 (2H, 5), 6.78 (1H, 5), 7.00 (1H, 5), 7.02 (1H,
" s), 7.06 (SH, m), 7.30 (10H, m), 7.46 (1H, 5)

AEFERENCE EXAMPLE 38

5.8-Dimethoxv-1-(1-trityi-4-imidazoly\methyl- 1H-indazole-3-acetic Acid

in 1000 m¢é of ethanol was suspended 107.0 g of 5,6-dimethoxy-1-({1-trityl-4-imidazolyl)methyi-1 H-indazole-3-ac-
etonitrile at room temperature, and a 10N sodium hydroxide aqueous solution, prepared from 40.0 g ot sodium hydrox-
ide and 100 mé of water, was added thereto, followed by refluxing for 6 hours. The reaction mixture was cooled to room
temperature and pourad into 5000 mé of water. On adjusting to pH 3 to 4 with 10% hydrochioric acid, a colorless solid
precipitated, which was collected by filtration, washed with three S00 m¢ portions of water, and dissolved in 5000 mé
of chloroform. The solution was dried over sodium sulfate, filtered, and the solvent was evaporated to yield 134.0 g of
the title compound, which was used in the next reaction as such.

1H-NMR (CDC#s) ppm:  3.84 (3H, s), 3.87 (3H, s), 3.89 (2H, s), 5.43 (2H, s), 6.76 (1H, ), 6.88 (1H, 5), 6.93 (1H,
s), 7.03 (5H, m), 7.28 (10H, m), 7.48 (1H, s)

EXAMPLE 15

3-(2-(4-(3-Chioro-2-methviohenyl)-1-piperazinyl}-ethv)-5.6-dimethoxy-1-{4-imidazolyimethyi}-1H-indazole

In 1000 mé of tetrahydrofuran was suspended 120.0 g of 4-(3-chloro-2-methyliphenyl)-1-(5,6-dimethoxy-1-(1-trityl-
4-imidazolylymethyl)indazol-3-yl)acetyl)piperazine. To the suspension was added 800 m¢ of a 1.0M borane-tetrahy-
droturan complex, followed by refluxing for 90 minutes. The reaction mixture was cooled to room temperature, and 30
m¢é of water was added thereto to decompose the excess reagent. Tetrahydrofuran was removed under reduced pres-
sure, and 150 mé of concentrated hydrochloric acid, 200 mé of water, and 40 mé of ethanol were added to jhe residue,
followed by stirring at 50°C for 1 hour. The aqueous layer was cooled to room temperature, made alkaline with potassium
carbonate, and extracted with 3000 m¢ of chloroform. The organic layer was dried over sodium sulfate, filtered, and
the solvent was evaporated. The residue was purified by silica gel column chromatography (chioroform:ethanol=40:1)
lo yield a coloriess solid, which was then recrystallized from isopropyl aIcohthsopropyl ether to give 71.0 g of the title

. compound as a colorless prism crystal

Melting point: 143-144.5°C
IR (KBry ecm-: 1510, 1464, 1432, 1272, 1238, 1206, 1006
'H-NMR (CDC¢,) & ppm: 2.34 (3H, s), 2.78 (44, m), 2.90 (2H, m), 2.97 (4H, m), 3.17 (2H. m), 3.90 (3H, s}, 3.N
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(3H, s), 5.45 (2H, s), 6.83 (1H, ), 6.84 (1H, s), 6.92 (1H, m), 7.00 (1H, s), 7.08 (2H, m),
7.52(1H, s)

Elementary analysis for CpgiHy NgO,CE :

Calcd. (%) | C63.09; HE.31; N16.98; Ce7.16
Found (%) i C62.93:>° H630;: N16.88; Ce7.16

REFERENCE EXAMPLE 39

1-Benzyloxycarbonyi-4-(3-(2-sthoxycarbonyi)-ethyl)carbonylamino-2-methviohenyl)piperazine

in 50 mé of methylene chicride wera dissolved 5.15 g of 4-(3-amino-2-methylphenyl)-1-benzyioxycarbonyipipera-
zine and 3.08 g of ethylsuccinyl chloride, and 5.17 g of potassium carbonate was added thereto, followed by heating
under reflux for 2 hours. The reaction mixture was cooled to rcom temperature, and methylene chioride was added
thereto. The mixture was washed with water, dried over sodium sulfate, filtered, and the soivent was evaporated. The
residue was purified by silica gel column chromatography (ethyl acetate:hexane=1:2) to yieid 5.32 g of the title com-
pound. '

1H-NMR (CDCE;) Sppm:  1.27 (3H, t, J=6.8Hz), 2.23 (3H, s), 2.71 (2H, m), 2.75 (2H, m), 2.83 (4H, m), 3.66 (aH,
m), 4.14 (2H, q, J=6.8H2), 5.17 (2H, 5), 6.84 (1H, d, J=7.8Hz), 7.16 (1H, t, J=8.3Hz),
7.37 (SH, m), 7.53 (1H, d, J=7.8Hz)

BEFERENCE EXAMPLE 40

4.4-Dimethyl-2-(2.4.5-trimetho:

To 30 g of trimethoxybenzoic acid was added 30 m¢ of thionyl chloride, and the solution was heated under reflux
for 12 hours. Thionyl chloride was removed under reduced pressure. The residue was added to 50 mé of a methylene
chloride solution containing 25 g of 2-amino-2-methyi-1-propancl while cooling with ice, followed by stirring overnight.
A precipitate was removed by fiitration, and the soivent was removed under reduced pressure to vield an oily amide
compound. To the residual amide compound was added dropwise 10 mé of thionyl chiloride, foliowed by stirring, and
ethyl ether was added thereto. A precipitate was coliected by filtration, neutralized with a sodium hydroxide aqueous
solution, and extracted with methylene chloride. The solvent was evaporated, and the residual crystal was washed
with hexane to yield 22.4 g of the title compound.

‘Melting point: . 84-86°C
TH-NMR (CDC¢;) Sppm:  7.30 (s, 1H), 7.26 (s, 1H), 6.53 (s, 1H), 4.11 (s, 2H), 3.92 (s, 3H), 3.90 (s, 3H), 3.87 (s,
3H), 1.42 (s, 6H) o

BEFERENCE EXAMPLE 41

2-[4.5-Dimethoxy-2-(3.4-dimethoxyphenyl)]-4.4-dimethyl-2-oxazoline

Dimethoxyphenylmagnesium bromide prepared from bromoveratrol was slowly added to a tetrahydrofuran solution
of 2.65 g of 4,4-dimethyl-2-(2,4,5-trimethoxyphenyl}-2-oxazoline, followed by stirring overnight. An ammonium chioride
aqueous solution was added thereto, and the mixture was extracted with methyiene chloride. The extract was purified
by silica gel column chromatography (hexane:ethyl acetate=2:3-ethyl acetate). Recrystallization from hexane yielded
1.8 g of the title compound.

Melting point: 109-110°C
TH-NMR (CDC¢;) & ppm: 7.27 {s, 1H), 8.9-6.8 (m, 4H), 3.97 (s, 3H), 3.92 (s, 6H), 3.89 (s, 3H), 3.80 (s, 2H), 1.31
(s. 6H)
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4.5-Dimethoxy-2-(3.4-dimethoxvohenyl)benzoic Acid

A solution of 2.6 g of 2-{4,5-dimsthoxy-2-(3.4-dimethoxyphenyt)]-4,4-dimethyl-2-oxazoline in methyl icdide was
stirred overnight to give 3.0 g of a precipitate. A 20% sodium hydroxide aqueous solution was added to the precipitate,
laliowed by heating under reflux avernight. The reaction.mixture was neutralized with SN hydrochloric acid and extracted
with methylene chioride. The soivent was evaporated, and the resumng crystal was washed with ethanol to yield 1.51
g of the title compound.

IR (em): 1692, 1508, 1256, 1176, 1026
1H-NMR (CDC¢,) Sppm: 9.7 (br, 1H), 7.52 (s, 1H), 6.9-8.8 (m, 4H), 3.94 (s, 3H), 3.91 (s, 6H), 3.85 (s, 3H)

BEFERENCE EXAMPLE 43

4-Chloromethyl-1.2-dimethoxy-5-(3.4-dimethoxyphenylibenzene

A tetrahydrofuran suspension of 1.5 g of lithium aluminum hydride was refluxed, and 2.43 g of 4,5-dimethoxy-2-
(3.4-dimethoxyphenyl)benzoic acid was added thereto. After allowing to cool, a supersaturated sodium sulfate aqueous
solution was slowly added thereto. The precipitate was removed by filtration. The solvent was evaporated, and the
residue was dissoived in methylene chloride. Concentrated hydrochioric acid was added to the solution, and the mixture
was stirred for 2 hours, followed by extraction. Purification by silica gel column chromatography (hexane:ethyl ace-
tate=5:1 to 1:1) of the extract yielded 820 mg of the title compound.

1H-NM‘Fi (CDC¢3) & ppm: 7.1-8.9 (m, 4H), 6.78 (s, 1H), 4.52 (s, 2H), 3.95 (s, 3H), 3.93 (s, 3H), 3.92 (s, 3H), 3.89
(s. 3H)

REFERENCE EXAMPLE 44

[[4.5-Dimethoxy-2-(3.4-dimethoxyphenvi)iohenyflacetic Acid

A dimethyiforrmamide solution contdining 1.4 g of 4-chloromethyl-1,2-dimethoxy-5-(3,4-dimethoxyphenyl)benzene
and 585 mg of patassium cyanide was stirred at 50°C for one day. The solvent was removed under reduced pressure,
and ethyl acetate was added to the rasidue. The solution was washed successively with water and a saturated sodium
chloride aqueous solution. The solvent was evaporated, and to the residue were added 40 m€ of a 20% sodium hy-
droxide aqueous solution and 18 mé of ethanol, followed by heating under reflux overnight. After cooling, water was
added, and the reaction mixture was washed with sthyl ether. The aqueous layer was rendered acidic with hydrochloric
acid and extracted with methylene chloride. The soivent was removed under reduced pressure to yield 1.16 g of the
title compound as an oily substance.

TH-NMR (CDC¢,) & ppm: 6.9-6.3 (m, 4H), 6.8 (s, 1H), 3.91 (s, §H), 3.87 (s, 3H), 3.85 (s, 3H), 3.57 (s, 2H)

EXAMPLE 18

1-{2-f4.5-Dimethoxy-2-(3.4-dimethoxyphenvl) -ohenyllacetyl-4-(2-methoxyohenyhoiperazine

One drop of dimethylformamide was added to a thionyl chloride solution of 517 mg of {[4,5-dimethoxy-2-
{3.4-dimethoxy-2-(3.4-dimethoxyphenyl)|phenyljacetic acid. Thionyl chioride was removed by azeotropic evaporation
with benzene. To a methylene chloride solution of the residue was added 2-methoxyphenylipiperazine. After stirring for
a while, the organic layer was extracted and purified by silica gel column chromatography (hexane:ethyl acetate=1:

1-athyl acetate) io yleld 599 mg of the tlitle compound. .

TH-NMR {CDC¢,) 5 opm: 7.0-8.7 (m, 9H), 3.91 (s, 8H), 3.87 (s, 6H), 3.85 (s, 3H), 3.9-3.6§ (m, 2H), 3.4-3.2 {m, 2H),
3.0-2.3 (m. 2H), 2.8-2.6 (m, 2H)



EXAMPLE 17

To a tetrahydrofuran suspension of 150 mg of lithium aluminum hydride was added 593 mg ot 1{2-{{4,5-dimethoxy-
2-(3.4-dimethoxyphenyl)Jphenyljacetyl]-4-(2-methoxyphenyl)-piperazine while refluxing. After allowing to cool, a su-
persaturated sodium sulfate aqueous solution was. agded tg the reaction mixture, foliowed by extracting with ethyl
acetata. The solvent was evaporated, and the residue was cryslalllzed from isopropy! alcohol to yield 415 mg of the
title compound.

Melting point: 111-113°C
IR (em-): : 1504, 1464, 1252, 1174, 1340, 1026
1H-NMR (CDC¢5) 8 ppm: 8.0-7.7 (m, 9H), 3.92 (br s, 9H), 3.84 (s, 8H), 3.2-2.9 (br, 4H}, 2.8-2.4 (m, 8H)

EXAMPLE 18

1 -(3—Chloro-2-methnghenvl)-4-[g-f[4.5-dimethoxv-2-13.4-dimethog;_>hentlzlghenxllacegllooinerazine

The title compound was synthesized in a yield of 748 mg in the same manner as described above, except for using
654 mg of [[4.5-dimethoxy-2-(3,4-dimethoxyphenyl)}-phenyllacetic acid, 2.0 mé of thionyl chloride, and 500 mg of
(3-chioro-2-methylphenyl)piperazine.

H-NMR (CDC¢,) 5 ppm: 7.1-7.0 (m, 2H), 6.9-6.7 (m, BH), 3.92 (s, 6H), 3.87 (s, 6H), 3.63 (s, 2H), 3.8-3.6 (m, 2H),
3.4-3.2 (m, 2H), 2.8-2.6 (s, 2H), 2.6-2.4 (m, 2H), 2.32 (s, 3H)

EXAMPLE 19

The title compound was synthesized in a yield of 540 mg in the same manner as described above, except for using
740 mg of 1-(3-chloro-2-methyiphenyl)-4-{2-{[4, S-dxmethoxy-z-(a 4-dimethoxyphenyl)]phenyljacetyl)-piperazine and
170 mg of lithium aluminum hydride.

Melting point; © 137-139°C
IR (eme1): 1504, 1464, 1250, 1136, 1008
1H-NMR (CDC¢,) 3ppm:  8.2-7.7 (m, 8H), 3.93 (s. 9H), 3.87 (s, 3H), 3.2-2.5 (m, 12H), 2.30 (s, 3H)

EXAMPLES 20 TO 79

Compounds having the formula shown below, in which the symbols, A!, R2, K, G, Z, and Q are defined in Table 3
below, were synthesized in the same manner as in the foragoing Examples. Compounds wherein K is “C* are indole
compounds, and those wherein K is *N" is indazole compounds. In these compounds, G is a 3,4-dimethoxybenzy!
group unless otherwise shown in the Table. in those compounds wharein R and 12 both represent a methoxy group,
the methoxy group is at the 5- and 6-positions except whera noted.




' Example
No.
(salt or

adduct)

20
(HC1)

21
(HCl)

22
(HCl. H,0)

23
(HCL. H,0)

24
(HC1)

27

(2HCL. H,0)

28
(HCL. H,0)

-0Me,

-0Me,

-OMe,

-OMe,

-OMe,

-0OMe,

-OMe,

-OMe,

-0Me

-0Me

-OMe

TOHE

-0OMe

-0Me

-OMe

-0Me
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Example
No.
(salt or

adduct)

29
(HC1. H,0)

30
(HCl. H,0)

31
(pcl)

32
(2HC1. 2H,0)

33
(2HC1. 2H,0)

34
(2HC1. H,0)

35
(2HCl1)

36
(HCL1. H,0)

-OMe,

-OMe,

‘oHe L]

-0OMe,

-0Me,

-0OMe,

-0Me,

'.oh'{e ’

-OMe

-0OMe

-0Me

-QMe
-0Me

-OMe

-0OMe

-OMe

=
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- (CHz)z‘

- (CH;);'

-{CH;),-

-(CH,),-
-(CHy)q-

- (CHy)p-

-{CHy) ;-

- (Cﬂz)z'
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~
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O

P

Js.
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\,CH,

Melting
Point
(°C)

161-172

161-166

74-77

205-206

193-197

142-149

182-189

110-120 -




Exahple
No.
{salt or

adduct)

37
(2HCL.
1/2H,0)

38
(2HCL.

3/2H,0)

39
(HC1.

3/2H,0)

40
(2HCL)

41
(2HC1.

1/2H,0)

42

43

Rl RZ

-0Me

-0Me

-0Me

-OMe

-OMe

-0Me

-0OMe

=

N

N

N

N

N

N

N

<h_/cu’
c
Q;
CH, ;:o
'Q;H

Melting

Roint
(°C)

195-202

183-185

119-131

173-178

107-111

103-104

106-108




Example
No.
(salt or
adduct) R, R?
44 - .
(2HCI) Otte, -OHe
45 - _
(2HC1) OMe, -OMe
46 - -
(2HC1) OMe, ~-OMe
47 - -
(HCL. Hy0) OMe, -OMe
(HCL. H,0) -OMe, -0OMe
49
(HCL. H,0) -OMe, -OMe
50 -OMe, -OMe
51 -OMe, -OMe

=

.85 -
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\
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Melting

" Point

(°C)

224-229

120-122

187-191

204-207

194-195

208.5-210

111-112

146-247.5




Example
No.
(salt or

adduct)

(9 []
[} ]

U
o

57
(HC1)

58
(HCLl. H,0)

59
(HCL)

-0OMe,

-0Me,

-OMe,

-OMe,

-0Me,

-OMe,

-OMe,

-OMe,

-OMe

Ke OMe

-OMe

-0Me

-OMe

-OMe

-OMe

-0Me

=

f
i
f
H

REPLACEMENT SHEET

T3 MAR 1999

CH,

- 46 -
Melting
z Q - Point
: : (°C)
[3
- (CH,)q- _@ 113.5-115
(o
- (CHy)q- —Q 108-109
[ Cl
CH
r
- (CH,),- ? EC 3 129-131
N - (CHy},- 148-149
- {CH,) 5= 128-129
~ 4 1)2 CHJ F
-(cﬁz)z- cH, 97-102
CH,
- (CH;),- é ? 110-114
cn, CHy
- (CH,),- d CHy  109-115
cH,



Example
No.
(salt or

adduct)

60
(HC1)

61
(2HCL)

62

65

- 66
(2HCL)

67
(HCL)

-0OMe, -OMe

-OMe, -OMe

-0Me, -OMe

-OMe, -OMe

-0OMe, -OMe

-OMe, -OMe

-0Me, -OMe

-0Me, -OMe

I

" SHEET

B
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_ Melting
G z Q Point
(°c)
N
- 'r \
- (CH;);- — 198-202
CHy Ci
N
r \
-(CH,);- — 133-138
o\

- CHy
\/—Qo - (CH,),- _-Q 137-137.5
' o €Ky CI

131.5-
o
/—QJ -(CHZ)Z' —Q 132.5
0 cH, €1
- (CHy),- ——4<zj>u 175-180
7 M '
- (CH,),- = 142-143
CH, CI
N
-(CH;) 2~ /N 162-168
_/—N Q °(caz)z' 255-2‘8

o

CH,y



Example
No.
(salt or

adduct)

68

69

70

7l
(HCL. H,0)

-~
~

74
(HCL. H,0)

75
(2KCL)

R}, R?
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe
-OMe, -OMe

I

/
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N
\

Z Q
OH
-(CH;),- M
CN3 N
3
CHy Ci
CHy CI
OR
;
-CHCH-  ud o
0
i
‘CCHZ‘ HaC Ct
'-cs-CHJ%—Q
M,C ci
-(CHz)z- -@
-(CHy) - :::2 F
: £

n

Melting
Point
(°C)

132-137

175-176

78-79

176-180

115.5-
1316.5

131-133

125-128

111-116
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Example
No.
(salt or ) Melting
adduce) R!, RZ X G . z 9 Point
{°C)
76 oM OMe N T (CH,) ‘212
(2HCL. H,0) oot T - (CH,),- —©—s 208-
CH,
‘-7 ;" : . CH (N_/c"’_
- - - - -l
(2HCL. &H,0) oM. -OMe N (CH,), > 109-115
78 -OMe, -OMe N H - (CHy)4- | 175-176
":C C:
Example
No.
(salt or
) Meltin
1 2 g
adduct R, R K G 2 0 Point
: (*°c)
cz759c1 0 | o€ o'/\‘o .
. -OMe, -OMe N .. -(CH - -
3/2H,0) \—Q—oc.‘., (CHy), : >\:5 110-118
EXAMPLES 80 TO 94

Compounds having the formula shown below, in which the symbols, R', R2, G, Z, and Q are defined in Tabie 4
below, were synthesized in the same manner as in the foregoing Examples. In those compounds whersin R' and A2
both represent a methoxy group, the methoxy group is at the 5- and §-positions except where noted.

1 \
R zN N-Q
\__/

R2



Example
No.
(salt or

adduct) R R

80 -OMe,

81

82
(2HC1. -OMe,
H,0)

- 83
(‘2HC1 - -one 4
EtOH)

84 -OMe,
85 :
(2HCL. -OMe,
H,0)
86 -OMe,
87
(2HCL. -OMe,
1/2H,0)

-OMe

-OMe

-OMe

-0OMe

-0OMe

~-OMe

-OMe

-OMe

- 50 -

TABLE 4

O

~NHC (CH; ) «CH;
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186.5

REPLACEMENT SHEF]

Melting

_Z Q Point

(°C)

-(CH;) .- ; 85-86
-(CH,) - _@ 241-242
-(CH;) - ;: 204-209
. -CH,- _@ 218-220
—(CH;)1- -g 189-191
-(CHy) - ;:: 222-225
-(CHp) 2~ ; 80-82

H4C-0
- (CHy)s D 156
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Example
No.
(salt or Meltin
adduct ) R', R z 0 Point.
(°C)
a8 o Ny —
(HCl)  ~OMe, -OMe -—(/@ - -(CHy)- 165-168
\CHJ
& -OMe, -OMe o -(CH,) 2~ o -98-100
’ “eH,
90 Cny0,e €0,5n ‘-@
(HCl)  ~OMe, -OMe 7 —(CHy)p- . 216-218
CH. '
3 ‘CH’
91 RN —@ '
(dcly  ~OMe, -OMe \L@.; -(CH;) - ; 140-142
_ -
92 /:!c”: —Q
(HC1) ~OMe, -OMe ={CH;) - 5 175-176
0=Cn, ‘CH,
O—CN, .
93 CH -—<; :)
(HC1) -OMe, -OMe 7 ~(CHy) - 186-187
o_cHa CH= [ 4]
Example-
No.
(salt or . 3 Melting
adduct) R, R y 4 Q Point
(°C)
9+  -OMe, -OMe \CN—CH’ - (CH;)»- C 92-93
~ 0‘
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EXAMPLE 95

&
- 4

. ittt it P
T P Tt ae

3-[2-[4-(3-Chioro-2-methylohenyl)-1-piperazinyl)ethyl]l-5.6-dimethoxy-1-{4-imidazolvimethyl)-1H-
indazole+2HCie3.5H,0

A mixture of 4.95 g of 3-{2-{4-(3- chlorp-z-mathylphehyl) 1-piperazinyl)ethyl]-5.8-dimethoxy-1-{4-imidazolyime- -

thyl)-1H-indazole and 20 mi of 1N hydrochioric acid was-stirced and to the mixture was added water till the overall
volume raached to 49.5 ml. The suspension was refluxed with stirring till the mixture turned to a clear solution. After
cocling to room temperature, the soiution was stirred at that temperature for avernight. A precipitated crystal was
collected by filtration. The crystal was dried under atmospheric pressure for two days to yield 5.5 g of the titled compound
as a colorless prism.

Melting point: 166-167°C
IR (KBr, cm): 3400, 2850, 1625, 1505, 1460, 1425, 1245, 1150, 1010, 840.
TH-NMR (dg-DMSO) 8 ppm: - 2.39 (3H, 5), 3.30-3.80 (20H, m), 5.74 (2H, 8), 7.15 (1H, dd), 7.28 (1H, s), 7.30

(1H, dd), 7.43 (1H, §), 7.52 (1H, 8), 7.69 (1H, 5), 9.13 (1H, 5), 11.80 (1H, bs),
14.80 (1H, bs).

Elementary analysis for CagHa NgOaCle2HCIe3.5H,0:

Caled. (%) | C49.41; H6.54; N 13.30; CI16.83
Found (%) | C49.15; H6.44; N13.29; Cl16.99

REFERENCE EXAMPLE 45

5.6-Dimethoxy-1-[4-(1 -ritviimidazoiyl)-methyllindazole-3-propionic acid

To an ice-cooled solution of diethyl malonate (2.25 g) in tetrahydrofuran (50 mi), was added sodium hydride (0.56
Q) and the mixture was stirred for 15 minutes. To the mixture was added dropwise a soilution of 3-chloromethyi-
5,6-dimethoxy-1-[4-(1-tritylimidazolylimethyljindazole (7.70 g) in tetrahydrofuran (50 mi). After the mixture was stirred
for 1 hour, the mixture was diluted with ethyl acetate. The mlxture was washed with water and dned over anhydrous
sodium sulifate.

The solvent was evaporated and a residuse (5.5 g, diester denvatwe 1l*-! NMR (400 MHz. ppm CDCI:,) 5 1 14 (6H,
1. J=6.8Hz), 3.46 (2H, t, J=7.8Hz), 3.87 (3H, s), 3.90 (1H, t, J=7.8Hz), 3.92 (3H, s), 4.09 (4H, q, J=6.8Hz), 5.3B (2H,
s), 6.64 (1H, s), 6.83 (1H, s), 6.97 (1H, s), 7.06 (6H, m). 7.29 (SH, m), 7.36 (1H, s)) was dissolved in a mixture of water
and ethanol (1:1, v/v). To the solution was added potassium hydroxide (1.32 g), and the mixture was heated under

reflux for 1 hour. The mixture was cooled to room temperature and adjusted to pH 2.5 with 1N hydrochioric acid. A

precipitated solid was collected and dried (dicarboxylic acid derivative, 4.40 g, TH-NMR (400 MHz, ppm, CDCl3) 5: 3.54
(2H, t, J=5.9 Hz), 3.65 (1H, t, J=5.4H2), 3.68 (3H, s), 3.90 (3H, s), 5.09 (2H, s), 6.30 (1H, s), 6.43 (1H, s}, 6.98 [7H,
m), 7.30 (SH, m), 7.74 (1H, s)), then heated at 120°C for 30 minutes to yield 4.00 g of the titled compound.

1H-NMR (CDCl,, 400 MHz) 5 ppm: 2.81 (2H, t, J=7.3Hz), 3.17 (2H, t, J=7.3Hz), 3.85 (3H, s), 3.89 (3H,
s), 5.32 (2H, s), 6.67 (1H, 8), 6.75 (1H, s), 6.93 (1H, §), 7.05 (§H, m),
7.29 (9H, m), 7.74 (1H, s).

REFERENCE EXAMPLE 46

1-tritylimidazolyimethyl-1H-indazol-3-yllpropviipinerazine

To a mixture of 5,6-dimethoxy-1-{4-({1-tritylimidazolyl)methylindazole-3-propionic acid (3.8 g) in dichioromethane
(30 mi) were added 2,2'-dipyridy! disulfide (1.66 g) and triphenyiphosphine (1.98 g). Then a solution of 4-{3-chloro-
2-methyliphenyi}piperazine {1.60 g) in dichloromethane (30 ml) was added to the mixture in 1 minute. The mixture was
stirred for additional 1 hour, and then diluted with dichloromethane. The mixture was washed with water, dried over
anhydrous sodium sulfate, and the solvent was removed under reduced pressure. A residue was chromatographed
on silica gel using ethyl acetats as an eluant to yield 4.3 g of the titied compound.

TH-NMR (COCl,, 400 MH2) 5§ ppm: 2.32 (3H, §), 2.57 (2H, m), 2.72 (2H, m), 2.83 (2H, t, J=7.8Hz), 3.25
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(2H. 1, J=7.8Hz), 3.49 (2H, m), 3.74 (2H. m), 387 (3H, 5, 392 1.

s), 5.40 (2H, s), 6.8 (1H. 5), 6,77 (1H. d. J=7.8Hz), 6.84 (1H, 5), 7.01

(1H, 5), 7.05 (SH, m), 7.12 (2H, m), 7.29 (9H, m), 7.35 (1H, m).
EXAMPLE 96

3-[3-{4-({3-Chloro-2-methviphenyl)-1-giperazinyll-proo 11-5.6-dimethoxy-1-{4-imidazoivimethyyl}-1H-indazole

To a solution of 4-(3-chioro-2-methylphenyl)-1-{[5.6-dimethoxy-1-{4-(1-tritylimidazolyl)methyl}- 1H-indazol-3-yi|pro-
pyllpiperazine (4.3 g) in tetrahydrofuran (100 ml), was added 1.0M solution of borane-tetrahydrofuran complex (56 mi),
and the mixture was refluxed under an argon gas atmosphers for 30 minutes. The mixture was cooled to room tem-
perature and water was added to the mixture. Tetrahydrofuran was removed under reduced pressure, andto the mixture
were added concd. hydrochioric acid (10 mi), water (10 mi) and ethanot (20 mi). The mixture was stirred at SC°C for 1
hour, then cooled to the room temperature. The mixture was adjusted to alkaline, then extracted with chioroform. The
extract was dried over anhydrous sodium suifate, filtered, and the solvent was evaporated. A residue was chromato-
graphed on silica gel with a mixture of chioroform and.sthanol (40:1, v/v) as an eluant.

A crude product was collected and recrystallized from a mixture of isopropanol and lsopropyl ethertoyield25 g
of the title compound as a colorless prism.

Melting point: 85-89°C

TH-NMR (CDCl,, 400 MHz) 8 ppm: 2.03 {2H, m), 2.32 (3H, s), 2.53 (2K, t, J=7.8H2), 2.63 (4H, m), 291
(6H, m), 3.91 (3H, s), 3.92 (3H, s), 5.45 (2H, s), 6.85 (1H, s), 6.92
(1H, m}, 6.96 (1H, s), 7.08 (2H, m), 7.54 (1H, d, J=1.0Hz).

Elementary analysis for CorHaaNgOLClL

Calcd. (%) { C61.53; HB6.89; N15984; CI6.73
Found (%) | C61.44; H6.98; N 1566 Cl6.58

EXAMPLE 97

[2—[4-(3-ChIoro-2-methylnhenyl)-1 -piperazinyllethyi]-5.6-dimethoxy-1- (4-mornholmosuIfonamldebengIH M-
indazole

Toa mixture of 34{2-{14{4-(3-chloro-2-methylphenyl)-piperazinyljethyl}-1H-indazole (700 mg) in dimethylsulfoxide
(10 ml), lithium methoxide (140 mg) was added and the mixture was stirred at room temperature for 15 minutes. Then
a solution of 4-morpholinosulfonamidebenzyl bromide (1570 mg, 68% purity, containing 32% of 4-morphiinosulfona-
midebenzyl-aicohol) in dimethylsulfoxide (10 ml) was added to the soiution in 1 minute. The mixture was stirred at
50°C for 1 hour. The mixture was poured into water, and a solid precipitated was collected and washed with water,
then dried. The solid was dissolved in chloroform and the solution was dried over anhydrous sodium sulfate. The
solvent was evaporated and a residue was chromatograghed on silica gel using a mixture of chloroform and ethanol
(100:1, wv) to yield 0.84 g of the titled compound as a white solid.

IR (KBr, cm-'). 2952, 2824, 1580, 1512, 14686, 1434, 1352, 1262, 1168, 1114, 1094,
: 1004, 944, 730
'H-NMR (CDCly, 400 MHz) § ppm: 2.35 (3H, s), 2.77 (4H, m), 2.87 (10H, m), 3.21 (2H, m), 3.73 (4H, m),
- 3.90 (3H, s), 3.95 (3H, s), 5.58 (2H, s), 6.60 (1H, s), 6.95 (1H, m),
7.08 (3H, m), 7.24 (2H, m), 7.67 (2H, m). .
EXAMPLE 98

3-{2-[4-{3-Chloro-2-methviohanyl)-1 -piserazinyil-athvl-5.6-dimethoxy-1-(4-ovridyimethyl)-1H-indazole

To a mixture of 3-{2-[1-{4-(3-chloro-2-methylphenyl)-piperazinyl]jethyl}-1H-indazole (1 g) in dimethylsulfoxide (10
ml), was added lithium methoxide (200 mg), and the mixture was stirred at S0°C for 15 minutes. Then, (o the solution
was added 4-chioromethylipyridine hydrochloride (433 mg), and the mixture was stirred at S0°C for 1 hour. The mixture
was poured into water, and a solid precipitated was collected, washed with water and dried. The solid was dissolved
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in chloroform and the solution was dried over anhydrous sodiurn sultate.
The solvent was evaporated and a residue was chromatographed on silica_gel using a mixture of chlorotorm and
ethanal {15:1, viv) 1o yield 235 mg of the titled compound as a colorless needle.

Moelting point: 117-118.5°C ) :

iR (KBr, c°): 2820, 1512, 1464, 1432, 1416, 1270, 1238, 1212, 1162, 1132, 1038,
1Q06= .

TH-NMR (COCly, 400 MH2) S pom: 2.35 (3H."s;)..2.76-2.91 (4H, m), 2.93-2.97 (6H, m), 3.17-3.21 (2H. m},

3.87 (3H, s), 3.94 (3H, s). 5.50 (2H, s), 6.58 (1H, s). §.94-8.97 (3H,
m), 7.07-7.10 (3H, m), 8.52 (2H, &, J=4.40Hz).

Elementary analysis for CoghaNgO,Cl:

Caled. (%) | C66.45; HS6.37; N 13.34; CI7.01
Found (%) ; C86.43; HB.42; N13.74 Cl7.26

EXAMPLE 99

3-[2-[4-(3-Chioro-2-methylohenyl)-1-pigerazinyllethyl]- 1-{4-imidazolvimethyh-5.6-methvienedioxy-1 H-indazole

1.0M solution of borane-tetrahydrofuran complex (10 mi) was added to 4-(3-chioro-2-methyiphenyl)-1 -([5.6-dimeth-
oxy-1-{4-(1-tritylimidazolyl)mathyl)- 1H-indazole-3-yljethyljpiperazine (1.91 g) in tetrahydrafuran (10 mi) and refluxed
under an argon atmosphere for 90 minutes. The reaction mixture was cooled to room temperature and then added
water for the break of excess reagents. Alter evaporation of tetrahydrofuran, conc. hydrochloric acid (1.0 ml), water
(1.0 mi) and ethancl (2.0 ml) were acdded to this mixture, then stirred at S0°C for 1 hour. Tha reaction mixture was
cooled to room temperature and adjusted to alkaline, then extracted with chioroform. Organic layer was dried over
anhydrous sodium sulfate and was filtered and the solvent was evaporated. The residue was chromatographed on
silica gel with a mixture of chloroform and ethanol (25:1) and recrystallized with iscpropy! alcohol-isopropyl ether to
yield 820 mg of 3-[2{4-(3-chioro-2-methylphenyl)-1-piperazinyijethyl}-1 -(imidazolyimethyl}-5,6-mathylenedioxy-1H-in-
dazole as colorless crystals. :

Melting point: 176-177°C - ’
IR {KBr, cm'): ' 2044, 2900, 2832, 1462, 1374, 1274, 1244, 1004, 938, 838, .
TH-NMR (CDCls, 400 MHZ) § ppm: 2.34 (3H. s), 2.73 (4H, m), 2.82-2.86 (2H, m), 2.93-2.95 (4H, m),

3.08-3.12 (2H, m), 5.40 (2H, s), 5.97 (2H, s), 6.79-6.96 (2H, m), 6.94
(1H, s), 7.08-7.10 (1H, m), 7.08 (1H, s), 7.54 (1H, s), 9.62 (1H, s).

While the invention has been described in detail and with reference to specific examples thereof, it will be apparent
to one skilled in the art that various changes and modifications can be made therein without departing from the spirit
and scope thereof as defined by the claims.
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1. A compound represented by formula (1)

—
R-Z-N N-Q
N

wherein
Q represents

- aphenylar naphthyi group,

a heterocyclic group, selected irom pyrrole, imidazole, pyrazole, pyridine, pyridazine, pyrimidine, pyrazine,
indale, quincline, isoquincline, cinnaline, phthalazihe. quinazoline, quinoxaline, naphthylidene. pyricopyrid-
ines, carbazole, carboline, phenanthridine, acridine, thienyl, benzothienyl, furyl, turany!, benzofuranyl. chrome-
nyl, isothiazolyl, isoxazolyl, or oxazinyl, and’the corresponding partially saturated or saturated groups.

a diphenyimethy! group, : .

an aralkyl group composead of an aryl group and an alkylene group having from 1 to 6 carbon atoms,

an alkyl group having {rom 1 to 8 carbon atoms,-

or a cycloalkyt group having from 3 to 8 carbon atoms,

wherein tha above mentionsd phenyl or naphthyl group, heterocyclic group. and the phenyl moiety of the diphe-

. nylmethyl group and aralky! group may be substituted with one or more substituents selected from

an alkyl group having from 1 to 8 carbon atoms,

an alkoxyl group having from 1 to 6 carbon atoms.

a trifluoromethyl group,

a 2.2,2-trifluoroethy! group,

a trifluoromethoxyl group,

a 2.2.2-trifluoroethoxy! group,

an alkyithio group having from 1 to 8 carbon atoms,

an alkylsulfiny! group having from 1 to 6 carbon atoms,

an alkylsulfonyl group having from 1 to 6 carbon atoms,

an alkanoyl group composed of an alkyl group having from 1 to 6 carbon atoms and a carbenyl group,
an alkanoyloxy graup having from 2 to 7 carbon atoms,

an alkanoylamino group having from 2 to 7 carbon atoms,

an amino group,

a monoalkylamino group having from 1 to 6 carbon atoms in the alkyl moiety thereof,

a dialkylamino group having trom 1 to 6 carbon atoms in each alkyl moiety thereof,

a hydroxyt group, :

a halogen atom, :

a perfluoroalkyl group having from 2 to 6 carbon atoms,

a cyano group,

a nitro group,

a carboxyl group,

an alkoxycarbonyl group composed of an alkoxy! group having from 1 to 6 carbon atoms and a carbonyl! group,
a tetrazotyi group,

a sulfamoyl group,

a methylenedioxy group,

an ethylenedioxy group,

a propylenedioxy group,

a morpholinosulfonyl group,

a piperazinosuifonyl group,

a 4-aikylpiperazinosuifony! group having from 1 to 6 carbon atoms,

a 4-dialkylaminopiperidino group having from 1 to & carbon atoms in each alkyl moiety thereof,
a 4-monoalkylaminopiperidino group having from 1 to 6 carbon atoms in the alkyl moiety thereof,
and a 4-aminopiperidino group:

v
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a substituent having the following farmuia:
R 1
(II)
R 1
A2
G (III)

wherein R! and R?2 independently represent

an alkyl group having from 1 to 6 carbon atoms,

an alkoxyl group having from 1 to § carbon atoms,

a triflucromethyl group,

a 2,2,2-trifluoroethyl group,

a trifluoromethoxyl group,

a 2,2,2-trifluorcethoxyl group,

an alkylthio group having from 1 to 8 carbon atoms,

an alkylsuffinyl group having from 1 to 6 carbon atoms,

an alkylsuitonyl group having from 1 to 6 carbon atoms,

an alkanoy! group composed of an alkyl group having from 1 to 6 carbon atoms and a carbony! group,
an alkanoyloxy group having from 2 to 7 carbon atoms, ’

an alkanoylamino group having from 2 to 7 carbon atoms,

an amino group,

a monoalkylamino group having from 1 to 6 carbon atoms in the alkyl moiety thereof,

a dialkylamino group having from 1 to 6 carbon atoms in each alkyl moiety thereof,

a hydroxyl group,

a halogen atom,

a perfluoroalkyl group having from 2 to 6 carbon atoms,

a cyano group,

a nitro group,

a carboxyl group,

an alkoxycarponyl group composed of an alkoxyl group having from 1 to & carbon atoms and a carbony! group,
a tetrazoly! group,

a sulfamoyt group,

a methylenedioxy group,

an ethylenedioxy group,

a morpholinosulfonyl group,

a piperazinosulfonyl group,

a 4.alkylpiperazinosulfonyl group having from 1 to 6 carbon atoms,

a 4-dialkylaminopiperidina group having from 1 to 6 carbon atoms in each alkyl moiety thereaf,
a 4-monoalkylaminopiperidino group having from 1 to 6 carbon atoms in the alkyl moiety thereol,
or a 4-aminopiperidino group, and

wherein the substituent G is selected trom

an alkyl group having trom 1 to 6 carbon atoms,
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a substituted or unsubstituted phenyl group,
a benzoyl group with the phenyl maiety thereof substituted or unsubstituted,
a benzylcarbonyl group with the phenyl moiety thersofl substituted or unsubstituted,

a benzoylmethyt group with the phenyl moiety therecf substituted or unsubstituted,

an w-hydroxybenzy! group with the phenyl moiety thereo! substituted or unsubstituted,

a substituted or unsubstituted S-membered aromalic heterocyclic group containing a nitrogen atom, an oxygen
atom or & sulfur atom as a heteroatom (wherein, when a nitrogen atom is present as the heteroatom, this has
a hydrogen atom or an alkyl group having from 1 lo 8 carbon atoms, or is the site of bonding to the bicyclic
nitrogen-containing heterocyclic group or the phenyl group),

a substituted or unsubstituted S-membered aramatic heterocyclic group containing one nitrogen atom and, a
nitrogen atom, an oxygen atom or a sulfur atom as the second heteroatom (wherein, when a nitrogen atom is
present as the second heteroatom, this has a hydrogen atom or an alky! group having from 1 to 6 carbon
atoms, or is the site of bonding to the bicyclic nitrogen-containing heterocyclic group or the phenyl group),

a substituted or unsubstituted S-membered aromatic heterocyclic group containing two nitragen atoms and,
a nitrogen atom, an oxygen atom or a suifur atom as the third hetercatom (whaerein, when a nitrogen atom is
present as the third heteroatom, this has a hydrogen atom or an atkyl group having from 1 to 6 carbon atoms,
or is the site of bonding to the bicyclic nitrogen-containing heterocyelic group or the phenyl group.

a substituted or unsubstituted 6-membered arornatic heterocyclic group containing one or two nitrogen atoms,
a heterocyclic group substituted-alkyl group composed of a substituted or unsubstituted S-membered aromatic
heterocyclic group containing a nitrogen atom, an oxygen atom or a sulfur atom as a hetercatom (wherein,
when a nitrogen atom is present as the heterocatom, this has a hydrogen atom cr an alkyl group having from
1 10 6 carbon atoms) and an alkylene group of from 1 to 3 carbon atoms,

a heterocyclic group substituted-alkyl group composed of a substituted or unsubstituted 5-membered aromatic
heterocyclic group containing one nitrogen atom and, a nitrogen atom, an oxygen atom or a sulfur atom as
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‘th'e second heterocatom (wherein, when a nitrogen atom is present as the second heteroatom, this has a hy-

drogen atom or an alkyl group having from 1 to § carbon atoms or is the site of bonding to the alkylene group)
and an alkylene group of from 1 to 3 carbon atoms.
a heterocyclic group substituted-alkyl group composed of a substituted or unsubstituted 5-membered aromatic
heterocyclic group containing two nitrogen atoms and, a nitrogen atom, an oxygen atom or a sulfur atom as
the third hetercatom (wherein, when a nitrogen atom is present as the third hetercatom, this has a hydrogen
atom or an alkyl group having from 1 to 6 carbon atoms or is the site of bonding to the alkylene group) and
an alkylene group of from 1 to 3 carbon atoms,
a hetarocyclic group substituted-alkyl group composed of a substituted or unsubstituted 6-membered aromatic
heterocyclic group containing one or two nitrogen atorns and an alkylene group of {from 1 to 3 carbon atoms,
a phenylhydroxyalky! group compesed of an alkylene group having one hydroxyl group and 2 to 3 carbon
atoms and a substituted or unsubstituted phenyl group,

a 2-phenyletheny! group wherein the phenyl group may be substituted,
a 2-phenylethynyl group wherein the phenyl group may be substituted,
a tetrazolyl group,
a morpholino group,
an alkanoylamino group having from 2 to 7 carbon atoms,
a tetrazolylalkyt group composed of a tetrazolyl group and an alkylene group having from 1 to 3 carbon atoms
wherain the alkylene group is bonded to the carban atom or nitragen atom of the tetrazolyl group,
a morpholinoalky! group composed of a morpholino group and an alkylene group having from 1 to 3 carbon
atoms,
a 4-alkoxycarbonylcyciohexyl group having from 1 to & carbon atoms in the alkexyl group' thereof,
an alkoxycarbonyl group having from 1 to 6 carbon atoms in the alkoxy! moiety thereof,
an alkoxycarbonylalky! group composed of an alkoxyl group having'from 1 t0 6 carbon atoms and an alkylene
group having from 1 to 3 carbon atoms,
a 1-alkylindol-2-yl group having from 1 to 6 carbon atoms in the alkyl moiety thereof wherein the mdole maiety
may further be substituted.
a substituted or unsubstituted pyrrolidon-1-yl group,
a 2-guanidinothiazolyl group, )
a (2-guanidinothiazolyl)alkyl group composed of a 2-guanidinothiazolyl group and an alkylene graup having
from 1 to 3 carbon atoms,
a substituted or unsubstituted 1,4-dihydropyridy! group.
a (4-alkylpuperazlno)alkyl group composed of a 4-alkylpiperazine group having an alkyl group of from 108
carbon atoms and an alkylene group of from 1 to 6 carbon atoms,
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a [4-(morpholinosulfonyl)phenyilalkyl group composed of a 4-(morpholinosulfonyl)phenyl group and an
aikylene group of from 1 lo § carbon atoms.

a [4-({piperazinosulfonyl)phenyljalkyl group cornposed of a 4-(piperazi
group of from 1 10 & carbon atoms, :

a [4-(4-alkylpiperazincsulfonyl)phenyljalky! group composed of a 4-(4-alkylpiperazinosulfonyl)-phenyl group
wherein the aikyl group on the piperazino group is that of from 1 to & carbon atoms, and an alkytene group of
from 1 to 6 carbon atoms, . .. . .
an alkoxycarbonylalkyl group composed of an alkd:sy! group of from 1 to 6 carbon atoms and a carbonyl group
and an alkylene group of from 1 to 6 carbon atoms, - '

a carboxyalkyl group comosed of a carboxy! group and an alkylene group of from 1 to 6 carbon atoms,

a [4-(4-dialkylaminopiperidino)phenyllalkyl group composed of a phenyl group having a 4-dialkylaminopipe-
ridino group at 4-position, wherein each of the alkyl moisty of the dialkylamino group has from 1 to & carbon
atoms indapendently, and an.aikylene group of from 1 to 6 carbon atoms,

a {4-(4-monoalkylaminopiperidino)phenylalkyl group composed of a phenyl group having a 4-monoalkyfami-
nopiperidino group at 4-gosition, wharein the alkyl moiety of the monoalkylamino group has from 1 to 6 carbon
atoms, and an alkylene group of from 1 to & carbon atoms,

a (4-(4-aminopiperidino)phenyllaiky! group composed of a phenyl group having a 4-aminopiperidino group at
4-pasition and an aikyiene group of from 1 to 6 carbon atoms,

a (4-dialkylaminopiperidino)alkyl group composed of a 4-dialkylaminopiperidino group, wherein each of the
alkyt moiety of the dialkylamino group has trom 1 to 6 carbon atoms independently, and an alkylene group of
from 1 to 6 carbon atoms, '

a (4-alkylaminopiperidino)alkyl group composed of a 4-alkylaminopiperidine group, wherein the alkyl moiety
of the alkylamino group has from 1 to 6 carbon atoms, and an alkylene group of from 1 to 6 carbon atoms,

a (4-aminopiperidino)alkyl group composed of a 4-aminopiperidina group and an alkylene group of from 1 to
6 carben atoms,

a phenylalkyl group composed of a substituted or unsubstituted phenyl group and an alkylene group of from
1 to 6 carbon atoms, and

a hydrogen atom;

nc;sulfonyl)phenyl group and an alkylene

wherein in case the substituent G has a substituent(s), the substituent(s) is (are) seiected from

oo

an alkyl group having from 1 to 6 carbon atoms,

an alkoxyl group having from 1 to & carbon atoms,

a trifluoromethyl group,

a 2,2,2-triflucroethyl group,

a trifluoromethoxyl group,

a 2,2,2-trifluoroethoxyl group,

an alkylthio group having from 1 to 6 carbon atoms,

an alkylsulfinyl group having from 1 to 6 carbon atoms,

an aikylisulfonyl group having from 1 to 6 carbon atoms,

an alkanoyl group composed of an alkyi group having from 1 to 6 carbon atoms and a carbonyl group,
an alkanoyloxy group having from 2 to 7 carbon atoms, '

an alkanoylamino group having from 2 to 7 carbon atoms,

an amino group,

a monoalkylamino group having from 1 to 8 carbon atoms in the alkyl moiety thereof,

a dialkylamino group having trom 1 to & carbon atoms in each alkyl moiety thereof,

a hydroxyl group,

a halogen atom,

a perfluoroalkyl group having from 2 to 6 carbon atoms,

a cyano group,

a nitro group,

a carboxyl group,

an alkoxycarbonyl group composed of an alkoxyl group having from 1 to 6 carbon atoms and a carbonyl group,
a tetrazolyl group,
a sulfamoyl group,

-a methylenedioxy group,

an ethylenedioxy group,

a morpholinosulfonyl group,
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a piperazincsulfony! group,

a 4-aikylpiperazinosulfonyl group having from 1 to 6 carbon atoms,
a 4-dialkylaminopiperidino group having from 1 to 6 carbon atoms in each alkyl moiety thereol.

a 4-monoalkylamincpiperidino group having from 1 to 6 carbon atoms in the alkyl moiety thereof, and
a 4-aminopiperidino group; .
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and Z represents

an alkylene group having from 1 to 3 carbon atoms,

. an alkenylene group having from 2 to 4 carbon atoms,

an aikylene group having one hydroxy! group and from 1 to 3 carbon atoms,

a carbonyl group, -

an alkylene group containing a carbonyl group at one end or on the middie of the carbon chain thereo, or
an oxalyl group;

or a salt thereof.

A compound as claimed in claim 1, wherein the substituent R has a structure represented by the following formuta:

(II)
N

)
G

3. Acompound as claimed in claim 1, wherein the substituent R has a structure represented by the foliowing formula:

10.

11,

Ri

R? |
(III)
N"Ng

A compound as claimed in claim 1, 2, or 3, wherein the substituent Q is a phenyl group having at least one sub-
stituent at the maeta-position of the connecting position of the phenyl group to the piperazine moiety.

A compound as claimed in claim 4, wherein the meta-substituent of the phenyl group is a halogen atom.

A compound as claimed in claim 5, wherein Q is a 2-methyl-3-chlorophenyl group.

A compound as claimed in claim 1, 2, 3, 4, 5, or 6, wherein Z is an alkylene group having 2 or 3 carbon atoms.

A compound as claimed in claim 7, wherein Z is the alkylene group having 2 carbon atoms.

A compound as claimed in claim 1, 2, 4, 5, 6, 7, or 8, wherein the substituent R is a 5,6-dimethoxy-1H-indazole
moiety.

A compound as claimedin claim 1. 2, 4, 5, 8, 7, or 8, wherein the substituent R is a 5,6-methylenedioxy-1H-indazole
moiety.

A compound as claimed in claim 9 or 10, wherein the subslituent G on R is a member selected from a 3.4-qimeth-
oxybenzyl group, 4-imidazolylmethyl group, a 2-pyridylmethyl group. 3-pyridyimethyl group and a 4-pyridyimethy!
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group.

12. A compound as claimed in claim 1, 3, 4, 5. 6, 7, or 8, wherein the substituent R has 2-substituted-4,5-dimethoxy-
phenyl moiety.

13. A compound as claimed inclaim 1, 3, 4,5, 6,7, 0r8, wharein the substituent R has 2-substituted-4,5-methylene-
- dioxyphenyl moiety.

14. A compound as claimed in claim 1, this is

3- [2-{4-(3-chloro-2methylphenyl) 1-p|perazmyl)ethy|] -5,8-dimethoxy-1-(3, 4—dtmethoxybenzyl)~1H-undazole
or a salt thereof;

3-[2-[4-(3-chloro-2-methyiphenyl)-1-piperazinyljethyl]-5,5-methyienedioxy-1-{3,4-dimethoxybenzyl)-1H-inda-
Zole or a salt thereof;

3-[2-]4-(3-chioro-2-methyiphenyl)-1-piperazinyljethyi]-5,6-dimethoxy-1-{4-imidazolyimethyf}- 1H-indazole or a
salt thereof;

3-{2-[4-(3-chiora-2-methyiphenyl)-1-piperazinyl]ethyl]-5,6-methylenedioxy- 1-(4-imidazeiytmethyl)- 1 H-inda-
zole or a salt thereof;

3-'[2-{4-(3-chloro-2-methylphenyl)-1 -piperazinyljethyl]-5,6-dimethoxy-1-(2-pyridyimethyl)-1H-indazole or a
salt thereof;

3-[2-[4-(3-chloro-2-methyiphenyl)-1-piperazinyljethyl]-5,6-methylenedioxy-1-(2-pyridyimethyt)-1H-indazole
or a salt thereof;

3-{2-{4-(3-chloro-2-methylphenyl)- 1 -piperazinyi]ethyl]-5,6-dimethoxy-1-(3-pyridylmethy{)-1H-indazole or a
salt thereof;

3-[2-{4-(3-chloro-2-methylphenyl)-1-piperazinyilethyl]-5,6-methylenedioxy-1-(3-pyridyimethyl)-1H-indazole
or a salt thereof;

3-[2-{4-(3-chlorc-2-methylphenyl)- -plperazmyllethyl]-s B-dimethoxy-1 -(4-pyr|dy|methyl)-1H-lndazole or a’
salt thereof;

3-{2-{4-(3-chioro-2-methyiphenyl)-1 -puperazmyl]ethyl)-s 6-methylenedioxy-1 -(4-pyndy|methy|) -1H-indazole
or a salt thereof; :

3-[2-[4-(3-chloro-6-methoxyphenyl)-1-piperazinyl)ethyi]-5,6-dimethoxy-1-(3,4-dimethoxybenzyl)-1H-inda-
zole or a salt thersof;

3-[2-[4-(3-chioro-8-methoxypheny!)-1-piperazinyl)sthyl]-5,6-msthylenedioxy-1-(3,4-dimethoxybenzyl)-1H-in-
dazole or a salt thereof;

3-[2-[4-(3-triflucromethyiphenyl)- 1-p|peraz|ny]ethyI]-5 8-dimethoxy-1-+(3, 4-d|methoxybenzyl)- H-indazoleora
salt thereof

3-{2-{4-(3-trifluoromethylphenyl)-1-piperazinyl]ethyl}-5.6-methylenedioxy-1 -(3.4-dimethoxybenzyl).-1 H-inda-
zole or a salt thereo!;

5.8-dimethoxy-2-{[4,5-dimethoxy-2-{4-(2-methoxypheny|)-1-piperazinyl)ethyi]phenyl]-1-methylindole or a sait
thereof;

5.6-dimethoxy-2-[{4,5-methylenedioxy-2-{4-(2-methoxyphenyl)- t -piperazinyl]ethyl]phenyl}- t -methylindole or
a sait thereo!,
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1-(a-chIoro-2-methylphenyI)-4-[2-[[4.s-dimelhoxy-z—(s.4-dime(hoxyphenyl)]phenyl]elhyl]piperazine or a salt
thereof;
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1-(3-chlore-2-methylphenyi)-4-{2-[[4,5-methylenedioxy-2-(3, 4-d|methoxyphenyl)]phenyl]ethyl]pnperazlne ora
salt thereof;

3-[2-{4-(3-chloro-2-methylphenyl)-1-piperazinyilpropyl)-5,6-dimethoxy-1 -(3.4-dimethoxybenzyl)-1H-indazole
or a salt thereof; ’

3-[2-{4-{3-chloro-2-methyliphenyi)-1-piperazinyljpropyl)-5.8-methylenedioxy-1 -(3.4-dimethoxybenzyl)-1H-in-
dazole or a salt thereof;

3-{2-{4-(3<chloro-2-methyiphenyl)-1-piperazinyl]propyl)-5,6-dimethoxy-1-{4-imidazolyimethyl)-1H-indazole or
a sait thereof;

3-[2{4-(3-chloro-2-methylphenyi)-1-piperazinyi]propyl)-5,6-methylenedioxy-1-(4-imidazolyimethyl)-1 H-inda-
zole or a sait thereof;

3-[2-{4~(3-chloro-2-methyiphenyi)-1 -piperazinyl]propyl)-s.s-dimethoxyq -(2-pyridyimethyl)-1H-indazole or a
salt thereof;

3-[2-{4-{3-chloro-2-methylphenyl)-1-piperazinyl]propy!)-5,6-methylenedioxy-1-(2-pyridyimethyl)-1H-indazole
or a salt thereof;

. 3-[2-{4-(3-chloro-2-methylphenyl)-1-piperazinyl]propyl)-5,6-dimethoxy-1 -(3-pyridyimethyl)-1H-indazole or a
salt thereof,

3-[2-[4-(3-chloro-2-methylphenyi)-1-piperazinyilpropyl)-5, 6-methylenedxoxy- -(3-pyndy|methyl)-1H-mdazole
or a salt thereof;

3-[2-{4-(3-chloro-2-methyiphenyl}-1 -plparazmyI]propyl) -5, 6-dxmethoxy-1 -(4-pyridylmethyl)-1H-indazole or a
salt thereof;

3-[2-[4-(3-chloro-2-methylpheny|)—1 -piperazinyi]propyl)-5,6-methylenedioxy- 1 -(4-pyridyimethyl)-1H-indazole
or a salt thereof;

3-{2-{4-(3-chloro-6-methoxyphenyl)-1-piperazinyl]propyl]-5,6-dimethoxy-1-(3,4-dimethoxybenzyl)-1H-inda-
Zole or a salt thereof;

3-{24{4-(3-chloro-6-methoxyphenyl)-1 -plperazmyllpropyll-s 6-methylenedxoxy-1 -(3,4-dimethoxybenzyl)-1H-
indazole or a salt thereof;

3-{2-[4-(3-trifluoromethylphenyl)-1-piperazinyl]propyi]-5,6-dimethoxy-1-(3,4-dimethoxybenzyl)-1H-indazole
or a salt thereof;

34{2-{4-(3-trifluoromethylphenyl)-1-piperazinyilpropyi]-5,6-methylenedioxy-1-(3,4-dimethoxybenzyl)-1H-inda-
zole or a salt thereof;

5.6-dimethoxy-2-{[4, 5-dimethaxy-2+{4-(2-mathoxyphenyl)-1-piperazinyl]propyljphenyl]-1-methylindole or a
salt thereof;

5.6-dimathoxy-2-[[4.5-methylenedioxy-2-[4-(2-methoxy'pheny|)-1 -piperazinylpropyljphenyl}-1-methylindole
or a salt thereol; '

1-(3-chloro-2-methylphenyl)-4-{2-[[4,5-dimethoxy-2-(3,4-dimethoxyphenyl) jphenyilpropyllpiperazine or a sait- .
thereof; and .

1-(3-chloro-2-methyliph enyl)-4-[2-[[4.S-melhylenedioxy-z-(3.4-dimethoxyphenyl)]phenyl]propyl]-piperézine or
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a salt thereof. ;:»--«-h.mm-m__,w___._‘_'_ T

15. The use of a compound of any one of claims 1 to 14 for preparing a pharmaceutical composition for inhibiting
intracellular caicium physiological activities in which calmodulin takes part.

16. The use according to claim 15 for preparing a pharmaceutical composition for treating a circulatory disease or a
disease in the cerebral region. .

17. A pharmceutical composition comprising a combound ot any-one of claims 1 to 14

\atentahsprﬁche

1.\ Verbindung der Formel (1):

\
\

\
\ I
\ 7\ (1)
\ R—-Z—-N N-Q
—/
worin \
Q tur N\

-

N

\
eine Phenyl- ?sder Naphthylgruppe,
gine haterocyclische Gruppe, ausgewdhit unter Pyrrol, Imidazal, Pyrazol, Pyridin, Pyridazin, Pyrimidin, Pyra-
zin, Indol, Chim':li'ne Isochinolin, Cinnolin, Phthalazin, Chinazolin, Chinoxalin, Naphthyiiden, Pyridopyridinen,
Carbazol, Carbolin,"Phenanthridin, Acridin, Thienyl, Benzothienyl, Furyl, Furanyl, Benzofuranyi, Chromenyl,
Isothiazolyl, isoxazolyl oder Oxazinyl und den entsprechenden, teilweise oder ganz geséttigten Gruppen,
eine Diphenylimethyigrippe,
sine Aralkylgruppe, bestehend aus einer Arylgruppe und einer Alkylengruppe mit 1 bis & Kohlenstoffatomen,
einer Alkylgruppe mit 1 bis 8 Kohlenstoffatomen
oder eine Cycloalkylgruppe mit 3 bis 8 Kohlenstoffatomen

steht, wobei die oben erwahnte Phenyl- oder Naphthyigruppe, heterocyclische Gruppe und die Phenyleinheit der
Oiphenyimethylgruppe und Aralkylgruppe mit ginem oder mehreren Substituenten substituiert sein kann, der (die)
ausgewahlt ist (sind) unter: \

giner Alkylgruppe mit 1 bis 6 Kohlenstoffatomen,

einer Alkoxyigruppe mit 1 bis & Kohlenstcﬂatomen.
einer Trifluormethylgruppe,

einer 2,2,2-Trifluorethyigruppe,

einer Trifluormethoxyigruppe,

einer 2,2.2-Trifluorethoxyigruppe.

giner Alkylthiogruppe mit 1 bis & Kohlenstoﬁatomen
einer Alkylsulfinylgruppe mit 1 bis § Kohlenstoffatomen,
einer Alkyisulfonyigruppe mit 1 bis & Kohlenstoffatomen,
einer Alkanoyigruppe, bestehend aus einer Alkyigruppe mit 1 bis § Kohlenstoffatomen und eines Carbonyl-
gruppe,

einer Alkanoyloxygruppe mit 2 bis 7 Kohienstoftatomen,

einer Alkanoylaminogruppe mit 2 bis 7 Kohienstotfatomen,

giner Aminogruppe,

einer Monoalkylaminogruppe mit 1 bis 6 Kohlenstoffatomen in der Alkyleinhei,

siner Dialkylaminogruppe mit 1 bis 8 Kohlenstoffatomen in jeder Alkylemhen

einer Mydroxylgruppe, :

einem Halogenatom,

einer Perfluoralkylgruppe mit 2 bis 6 Kohlenstotfatomen,
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ABSTRACT
PIPERAZINE DERIVATIVES USEFUL AS CALMODULIN INHIBITORS

A compound répresented by formula (I):

(1)

wherein Q represents an aryl group, a heterocyclic group, a
diarylmethyl group, an aralkyl group composed of an aryl
'group and an alkylene group; an alkyi group or a cycloalkyl
group, in which the aryl group, hetérocyclic group, and the
aryl moiety of the diarylmethyl group and aralkyl group may
_bé substituted with one or more substituents; R represents a
bicyclic, substituted, nitrogeh-containing heterocyclic group
or a substituted phenyl group, in which the nitrogen-
containing heterocyclic group is composed of a 5-membered,
substituted, aromatic or saturated ring containing one or two
nitrogen atomS and a 6-memberedlring; and Z represents an
alkylene group, an alkenylene group, aﬁ alkylene group, a
carbonyl group, an alkylene group containing a carbonyl group
or an oxalyl group,

or a salt thereof. The compound has calmodulin inhibitory
activity and is useful as a treating agent for diseases in
the circulatory organs or in the cerebral region which are

caused by excessive activation of calmodulin.
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a salt thereol.

18. Tha use of a compounad of any one of claims 1 ta 14 for preparing a pharmaceuncal composmon for mhxbmng
intracsilular calcium physiological activities in which calmodulin takes part.

16. The use according to claim 15 for preparing a pharmaceutical compos:tlon for treating a cxrculatory disease or a
digease in the cerebral ragion. : .

17. A pharmceutical compaosition comprising a compound of anyone of claims 1 1o 14,

R O A0 1



