Ho7252-1 P

tr

THIS SHEET HAS BEEN
REPLACED

i

BENZOHETEROCYCLIC COMPOUNDS
?

The present invention relates to novel
antimicrobial benzoheterocyclic compounds of the

formula [1]:

(11

wherein R1 is a cyclopropyl which may be substituted by 1 to
3 of substituents selected from the group consisting of a
(lower) alkyl and a halogen atom, a phenyl which may be
substituted by 1 to 3 of substituents selected from the
group consisting of a (lower) alkoxy, a halogen -atom and
hydroxy on phenyl ring, a (lower) alkyl which may be
substituted by a halogen atom, a (lower) alkanoyloxy or
hydroxy, a (lower) alkenyl or thienyl, R%Z is a 5- to 9-
membered saturated or unsaturated heterocyclic ring which
may be sustituted, R3 is hydrogen atom, a (lower) alkyl, or
a halogen atom, R? is a (lower) alkyl or a halogen atom, R
is hydrogen atom or a (lower) alkyl, R and R3 may be taken
together to form the group :

~CH-CH,-0-
I
r31
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wherein R3! is hydrogen atom or a (lower) alkyl, and X is a
halogen atom, provided that R3 and R? are not simultaneously
halogen atom, and that when R3 is hydrogen atom, r? is a
lower alkyl, and pharmaceutically acceptable salts thereof.

The benzoheterocyclic compounds of the formula [1)]
and salts thereof have excellent antibacterial activities
against various gram positive and gram negative bacteria,
and are useful for the treatment of various infectious
diseases induced by various bacteria in human, other animals
and fish and are also useful as an external antimicrobial or
disinfectant agent for medical instruments or the like.

Prior art

There are many literatures which disclose 4-
oxoquinoline-3-carboxylic acid derivaties useful as anti-
bacterial agents. Among these literatures, European Patent
Publication No. 178388 discloses l-cyclopropyl-7-piperazino-
dihydroguinoline carboxylic acid derivatives of the formula:

0 1
COOR
NN

EI;:?—\NJ\\(] ‘N)l

wherein Rl is H or lower alkyl, R? isg H, methyl, p-nitro(or
amino)-benzyl, R3 is H, methyl, or aminomethyl, and Y is Cl
or F.

Japanese Patent First Publication (Kokai) No.
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469/1987 discloses l-cyclopropyl-dihydroquinoline carboxylic

acid derivatives of the formula:

wherein R is substituted or unsubstituted pyrrolidinyl or
piperazinyl.

WO 8606630 discloses l-cycloalkyl-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid derivatives of the formula:

(0]
COCH

¢ |
|
rl
wherein R' is C3-Cg cycloalkyl, Y is optionally substituted
6-membered aromatic group.
U.S. Patent 4,556,658 discloses 7-amino-l-cyclo-

propyl-3—quinoline carboxylic acid derivatives of the

formula:

wherein Rl and R2'are each substituted or unsubstituted
alkyl, or both may combine together with N atom to form a 5-

or 6-membered heterocyclic ring.
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Belgian Patent 899399 discloses l-cyclopropyl-7-
piperazinyl-dihydroquinoline carboxylic acid derivatives of

the formula:

wherein R is H, methyl, or p-nitro(or amino)-benzyl, Rl is H
or lower alkyl, and Y is Cl, F, methyl.

Similar 1—substituted—?—heterocyclic group-substi-
tuted dihydroquinoline carboxylic acid derivatives are also
disclosed in other many literatures.

However, these known literatures do not disclose
any compound having an alkyl substituent at S—pbsition.

Brief Description of the Invention

The object of the present invention is to provide
novel benzoheterocyclic compounds of the formula [1] and
salts thereof which have excellent antimicrobial activity
and excellent absorbability. Another object of the
invention is to provide a pharmaceutical composition
containing as an active ingredient a compound of the formula
[1] or a pharmaceutically acceptable salt thereof, which is
useful for the treatment of various infectious diseases.
These and other objects of the invention will be apparent to

persons skilled in the art from the following description.
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Detailed Description of the Invention

The novel benzoheterocyclic compounds of the
present invention have the formula [1] as mentioned above
and include pharmaceutically acceptable salts thereof.

In the specification, the term "a halogen atom"
includes fluorine, chlorine, bromine or iodine atom.

The term "a cyclopropyl which may be substituted
by 1 to 3 of substituents selected from the group consisting
of a {lower) alkyl and a halogen atom" includes cyclopropyl
which may be substituted by 1 to 3 of substituents selected
from the group consisting of a straight chain or branched
chain C;-=Cg alkyl and a halogen atom, such as cyclopropyl,
2-fluoro-l-cyclopropyl, 2-chloro-l-cyclopropyl, 2-bromo-1-
cyclopropyl, 2-iodo-l-cyclopropyl, 2,2-dichloro-1-
cyclopropyl, 2,2-dibromo-l-cyclopropyl, 2,2,3-trichloro-1-
cyclopropyl, 2-methyl-l-cyclopropyl, 2-ethyl-l-cyclopropyl,
2-propyl-l-cyclopropyl, 2-butyl-l-cyclopropyl, 2-pentyl-1-
cyclopropyl, 2-hexyl-l-cyclopropyl, 2,2-dimethyl-1-
cyclopropyl, 2,3-dimethyl-l-cyclopropyl, 2,2,3-trimethyl-1-
cyclopropyl, 2-fluoro-3-methyl-l-cyclopropyl, 2,2-diethyl-1-
cyclopropyl, 2-methyl-3-propyl-l-cyclopropyl, and the like.

The term "a (lower) alkyl" includes straight chain
or branched chain C,-C¢ alkyl, such as methyl, ethyl,
propyl, isopropyl, butyl, tert-butyl, pentyl, hexyl, etc.

The term "a 5- to 9-membered saturated or

unsaturated heterocyclic ring which may be substituted"
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denotes a 5- to 9-membered saturated or unsaturated
heterocyclic ring which may be substituted by a (lower)
alkyl; a cycloalkyl; a phenyl (lower) alkyl in which phenyl
ring may be substituted by a lower alkoxy, nitro or amino; a
phenyl which may be substituted by a halogen atom or a
(lower) alkyl optionally substituted by 1 to 3 of halogen
atoms; a pyridyl; a (lower) alkyl having 1 to 3 substituents
selected from the group consisting of hydroxy, an amino
which may be substituted by a (lower) alkyl, a {lower)
alkanoyl, a cycloalkyl or a (lower) alkoxycarbonyl, a
(lower) alkoxy and a halogen atom; a (lower) alkynyl; a
(lower) alkanoyl which may be substituted by 1 to 7 of
halogen atoms; a (lower) alkenylcarbonyl having 1 to 3
substituents selected from the group consisting of a halogen
atom and a carboxy; a (lower) alkoxycarbonyl; an
aminocarbonyl which may be substituted by a (lower) alkyl; a
phenyl{lower)alkoxycarbonyl; an amino{lower)alkanoyl which
may be substituted by a phenyl(lower)alkoxycarbonyl; a
(lower) alkoxycarbonyl(lower)alkyl; a carboxy(lower)alkyl;
an anilinocarbonyl(lower)alkyl; an amino which may be
substituted by a (lower) alkyl, a phenyl(lower)alkyl, a
(lower) alkoxycarbonyl or a (lower) alkanoyl; hydroxy; a
(ldwer) alkylsulfonyl which may be substituted by 1 to 3 of
halogen atoms; phthalide; a 2(5H)-furanone which may . be
substituted by 1 or 2 of halogen atoms; a sulfo(lower)alkyl;

oxo; a (lower) alkoxy; a (lower) alkenyl; a halogen atom; a
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(lower) alkanoyloxy; a 2-oxo-1,3-dioxolenemethyl which may
be substituted by phenyl or a (lower) alkyl; a
cycloalkylamino; a 2-oxo-1,3-dioxolenemethylamino which may
be substituted by phenyl or a {lower) alkyl; a (lower)
alkylthio; or thio,

and includes more specifically 5- to 9-membered saturated or
unsaturated heterocyclic rings which may be substituted by 1
to 3 of substituents selected from the group consisting of a
straight chain or branched chain C,-Cg alkyl; a C3-Cg
cycloalkyl; a phenylalkyl in which phenyl ring may be
substituted by a straight chain or branched chain C,-Cg
alkoxy, nitro or amino and the alkyl moiety is a straight
chain or branched chain C,-Cg alkyl; a phenyl in which
phenyl ring may be substituted by a halogen atom or by a.
straight chain or branched chain C,-Cg alkyl which may be
substituted by 1 to 3 of halogen atoms; a pyridyl; an amino
which may be substituted by 1 or 2 substituents selected
from the group consiting of hydroxy, a straight chain or
branched chain C,-Cg alkyl, a straight or branched chain Ci-
Cg alkanoyl, a C3~-Cg cycloalkyl and a straight chain or
branched chain (C1-Cglalkoxy-carbonyl; a straight chain or
branched chain C,-Cg alkyl having 1 to 3 of substituents
selected from the group consisting of a straight chain or
branched chain C,-Cg alkoxy group and a halogen atom;- a
straight chain or branched chain C,—Cg alkynyl; a straight

chain or branched chain C,-Cg alkanoyl which may be
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substituted by 1 to 7 of halogen atoms; a straight chain or
branched chain (C,~Cg)alkenyl-carbonyl substituted by 1 to 3
of halogen atoms or carboxy; a straight chain or branched
chain (C;-Cglalkoxy-carbonyl; an aminocarbonyl which may be
substituted by 1 or 2 of a straight chain or branched chain
C,-Cg alkyl group; a phenylalkoxycarbonyl in which alkoxy
moiety is a straight chain or branched chain C,-Cg alkoxy; a
straight chain or branched chain C,-Cg aminoalkanoyl which
may be substituted by a phenylalkoxycarbonyl in which alkoxy
moiety is é straight chain or branched chain C,-Cg alkoxy;
an alkoxycarbonylalkyl in which alkoxy and alkyl moieties
are straight chain or branched chain Cl_CG alkoxy and alkyl,
respectively; a carboxyalkyl in which alkyl moiety is a
straight chain or branched chain C,-Cg alkyl; an anilino-
carbonylalkyl in which alkyl moiety is a straight chain or
branched chain C1-Cg alkyl; an amino which may be subsfi—
tuted by 1 or 2 of a straight chain or branched chain C,-Cg
alkyl, a phenylalkyl in which alkyl moiety is a straight
chain or branched chain C;-Cg alkyl, a straight chain or
branched chain (C;-Cglalkoxy-carbonyl, or a straight chain
or branched chain C,-C¢ alkanoyl; hydroxy; a straight chain
or branched chain Cy-Cg alkylsulfonyl which may be -
substituted by 1 to 3 of halogen atoms; phthalide; a 2(5H)-
furanone which may be substituted by 1 or 2 of halogen
atoms; a sulfoalkyl in which alkyl moiety is a straight

chain or branched chain C,-Cg alkyl; oxo; a straight chain
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or branched chain C,-Cg alkoxy; a straight chain or branched
chain C,-Cg alkenyl; a halogen atom; a straight chain or
branched chain C,-Cg alkanoyloxy; a C3-Cg cycloalkylamino; a
straight chain or branched chain C,-Cg alkylthio; thio; a 2-
oxo-1l,3-dioxolenemethyl which may be substituted by phenyl
or a straight chain or branched chain C,-Cgalkyl; and a 2~
oxo-1,3-dioxolenemethylamino which may be substituted by
phenyl or a straight chain or branched chain C,-Cg alkyl ,
such as, for example, piperazinyl, piperidinyl,
pyrrolidinyl, homopiperazinyl, morpholinc, thiomorpholino,
1,2,5,6-tetrahydropyridyl, imidazolyl, 1,4-diazabicyclo-
[4.3.0]nonan-4-yl, thiomorpholino-4-oxide, thiomorpholino-
4,4-dioxide, pyrazolidinyl, hexahydropyridazinyl, pyridyl,
thiazolidinyl, 2-thio-l-imidazolidinyl, 2-oxo-l-imidazol-
idinyl, 3,7-diazabicyclo[4.3.0])nonan-3-yl, 4-methyl-1-
piperazinyl, 4-ethyl-l-piperazinyl, 4-propyl-l-piperazinyl,
4~-t-butyl-l-piperazinyl, 4-pentyl-l-piperazinyl, 4-hexyl-1-
piperazinyl, 3-methyl-l-piperazinyl, 3,4-dimethyl-l-piper-
azinyl, 2,5-dimethyl-l-piperazinyl, 2,4,5-trimethyl-l-piper-
azinyl, 3,4,5-trimethyl-l-piperazinyl, 3-ethyl-l-piperazin-
yl, 3-propyl-4-methyl-l-piperazinyl, 2-n-butyl-5-methyl-1-
piperazinyl, 2-pentyl-5-hexyl-l-piperazinyl, 4-formyl-1l-
piperazinyl, 4-acetyl-l-piperazinyl, 4-propionyl-l-piper-
azinyl, 4-butyryl-l-piperazinyl, 4—pentanoyl—l—piperazinyi,
4-hexanoyl-l-piperazinyl, 4-(a,a,ec-trifluorcacetyl)-1-

piperazinyl, 4-(8,8,8 ~trifluoro—-a,a-difluoropropionyl)-1-
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piperazinyl, 4-(y,y,y-trifluoro-g,8-difluoro-a,a-difluocro-
butyryl)-l-piperazinyl, 4-{e,c-dichloroacetyl)-l-piperazin-
vl, 4-(a-bromoacetyl)-l-piperazinyl, 4-(a-iodoacetyl)-1-
piperazinyl, 4-(s8-fluoropropionyl)-l-piperazinyl, 4-(8-
fluoro-a-fluoropropionyl)-l-piperazinyl, 4-({6-fluorohexano-
yl)-l-piperazinyl, 4-(4-chloropentanoyl)-l-piperazinyl, 4-
benzyl-l-piperazinyl, 4-(2-phenylethyl)-l-piperazinyl, 4-(1-
phenylethyl)-l-piperazinyl, 4-(3-phenylpropyl)-l-piperazin-
yl, 4-{(4-phenylbutyl)-l-piperazinyl, 4-(1,l1-dimethyl-2-
phenylethyl)-l-piperazinyl, 4-(5-phenylpentyl)-l-piperazin-
vl, 4-(6-phenylhexyl)-l-piperazinyl, 4-(2-methyl-3-phenyl-
propyl)-l-piperazinyl, 4-amino-l-piperazinyl, 3-amino-1-
piperazinyl, 2-amino-l-piperazinyl, 4-methylamino-l-piper-
azinyl, 3-dimethylamino-l-piperazinyl, 2-ethylamino-1-
piperazinyl, 4-propylamino-l-piperazinyl, 4-t-butylamino-1-
piperazinyl, 3-pentylamino-l-piperazinyl, 2-hexylamino-1-
piperazinyl, 4-diethylamino-l-piperazinyl, 4-(N-methyl-N-n-
butylamino)-l-piperazinyl, 3-(N-methyl-N-pentylamino)-1-
piperazinyl, 2-(N-ethyl-N-hexylamino)-l-piperazinyl, 4-
acetylamino-l-piperazinyl, 3-formylamino-l-piperazinyl, 2-
propionylamino-l-piperazinyl, 4-butyrylamino-l-piperazinyl,
3-pentanoylamino-l-piperazinyl, 2-hexanoylamino-l-piperazin-
yl, 4-(N-methyl-N-acetylamino)-l-piperazinyl, 3-(N-ethyl-N-
propionylamino)-l-piperazinyl, 4-hydroxy-l-piperazinyl, 3-
hydroxy-l-piperazinyl, 2-hydroxy-l-piperazinyl, 4-methyl-

sulfonyl-l-piperazinyl, 4-ethylsulfonyl-l-piperazinyl, 4-
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propylsulfonyl-l-piperazinyl, 4-n-butylsulfonyl-l-piperazin-
yl, 4-pentylsulfonyl-l-piperazinyl, 4-hexylsulfonyl-1-
piperazinyl, 4-trifluoromethylsulfonyl-l-piperazinyl, 4-(2-
fluorcethylsulfonyl)-l-piperazinyl, 4-{3-fluoropropyl-
sulfonyl)-l-piperazinyl, 4-(4,4,4-trifluorobutylsulfonyl)-1-
piperazinyl, 4-sulfonyl-l-piperazinyl, 4-(phthalid-3-yl)-1-
piperazinyl, 4-(3,4-dibromo-2(5H)-furanon-5-yl)-l-piperazin-
yl, 4-(3,4-dichloro-2(5H)-furanon-5-yl)-l-piperazinyl, 4-
(2(5H)-furanon-5-yl)-l-piperazinyl, 4-(3-chloro-2(5H)-
furanon-5-yl)-l-piperazinyl, 4-formyl-3-methyl-l-piperazin-
yl, 4-acetyl-3-ethyl-l-piperazinyl, 4-acetyl-2-methyl-1-
piperazinyl, 4—methy1—3—hydromeethyl—l—piperazinyl, 3-
hydroxymethyl-l-piperazinyl, 4-ethyl-3-(2-hydroxyethyl)-1-
piperazinyl, 3-(3-hydroxypropyl)-l-piperazinyl, 4-methyl-2-
(4-hydroxybutyl)-l-piperazinyl, 4-ethyl-3-(5-hydroxypentyl)-
l-piperazinyl, 3-(6-hydroxyhexyl)-l-piperazinyl, 4-(4-
methoxybenzyl)-l-piperazinyl, 4-(3-ethoxybenzyl)-1-
piperazinyl, 4-(2-propoxybenzyl)-l-piperazinyl, 4-(4-n-
butoxybenzyl)-l-piperazinyl, 4-(3-pentyloxybenzyl)-1-
piperazinyl, 4-(2-hexyloxybenzyl)-l-piperazinyl, 4-(4-
nitrobenzyl)-l-piperazinyl, 4-(3-nitrobenzyl)-l-piperazinyl,
4~ (4-aminobenzyl)-l-piperazinyl, 4—(2—aminobenzyl)-14
piperazinyl, 4-cyclopropyl-l-piperazinyl, 4-cyclobutyl-1-
piperazinyl, 4-cyclopentyl-l-piperazinyl, 4-cyclohexyl-1-
piperazinyl, 4-cycloheptyl-l-piperazinyl, 4-cyclooctyl-1-

piperazinyl, 4-phenyl—l—piperazinyl, 4—-(4-fluorophenyl)-1-
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piperazinyl, 4-(3-bromophenyl)-l-piperazinyl, 4-(2-chloro-
phenyl)-l-piperazinyl, 4-(4-iodophenyl)-l-piperazinyl, 4-(4-
methylphenyl)-l-piperazinyl, 4-(3-ethylphenyl)-l-piperazin-
yl, 4-(2-propylphenyl)-l-piperazinyl, 4-(4-n-butylphenyl)-1-
piperazinyl, 4-(3-pentylphenyl)-l-piperazinyl, 4-(2-hexyl-
phenyl)-l-piperazinyl, 4-(4-trifluoromethylphenyl)-1-
piperazinyl, 4-[3-(2~-chloroethyl)phenyl]-l-piperazinyl, 4-
[2-(3,3-dibromopropyl)phenyl]-1-piperazinyl, 4-[4-(4-chloro-
butyl)phenyl]-l-piperazinyl, 4-hydroxymethyl-l-piperazinyl,
4—(2~-hydroxyethyl)-l-piperazinyl, 4-(3-hydroxypropyl)-1-
piperazinyl, 4-(3-chloropropyl)-l-piperazinyl, 4-(bromo-
methyl)-l-piperazinyl, 4-(2-fluorocethyl)-l-piperazinyl, 4-
(4-chlorocbutyl)-l-piperazinyl, 4-(3-fluoropentyl)-1-
piperazinyl, 4-(2,3-dichlorohexyl)-l-piperazinyl, 4-(2,2,2-
trifluoroethyl)-l-piperazinyl, 4-(trifluoromethyl)-1-
piperazinyl, 4-aminomethyl-l-piperazinyl, 4-(3-dimethyl-
aminopropyl)-l-piperazinyl, 4—(2—ethylaminoéthyl)—l-
piperazinyl, 4-(4-propylaminobutyl)-l-piperazinyl, 4-(5-n-
butylaminopentyl)~-l-piperazinyl, 4-(6-pentylaminohexyl)-1-

piperazinyl, 4-(N-methyl-N-ethylaminomethyl)-l-piperazinyl

-

4-(N-methyl-N-propylaminomethyl)-l-piperazinyl, 4-(2-
diethylaminoethyl)-l-piperazinyl, 4-(methoxymethyl)-1-
piperazinyl, 4-(ethoxymethyl)-l-piperazinyl, 4-(2-propoxy-
ethyl)-l-piperazinyl, 4-(3-butoxypropyl)-l-piperazinyl, 4-
(4-pentyloxybutyl)-l-piperazinyl, 4-(5-hexyloxypentyl)-1-

piperazinyl, 4-(6-methoxyhexyl)-l-piperazinyl, 4-propargyl-
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l-piperazinyl, 4-(2-butynyl)-l-piperazinyl, 4-(3-butynyl)-1-
piperazinyl, 4-(l-methyl-2-propynyl)-l-piperazinyl, 4-(2-
pentynyl)-l-piperazinyl, 4-(2-hexynyl)-l-piperazinyl, 4-
ethynyl-l-piperazinyl, 4-vinyl-l-piperazinyl, 4-allyl-1-
piperazinyl, 4-(2-butenyl)-l-piperazinyl, 4-(3-butenyl)-1-
piperazinyl, 4-(l-methylallyl)-l-piperazinyl, 4-(2-
pentenyl)-l-piperazinyl, 4-(2-hexenyl)-l-piperazinyl, 2-oxo-
l-piperazinyl, 3-oxo-l-piperazinyl, 4-0oxo0-3-methyl-1-
piperazinyl, 4,4-dimethyl-l1-piperazinyl, 4~(2-pyridyl)-1-
piperazinyl, 4-(3-pyridyl)-l-piperazinyl, 4-(4-pyridyl)-1-
piperazinyl, 4-carbamoyl-l-piperazinyl, 4-dimethylamino-
carbonyl-l-piperazinyl, 4-ethylaminocarbonyl-l-piperazinyl,
4-propylaminocarbonyl-l-piperazinyl, 4-butylaminocarbonyl-1-
piperazinyl, 4—pentylaminocarbonyl-l—piperazinyl, 4-hexyl-
aminocarbonyl-l-piperazinyl, 4-diethylaminocarbonyl-1-
piperazinyl, 4-(N-methyl-N-propylaminocarbonyl)~1-
piperazinyl, 4-methoxycarbonyl-l-piperazinyl, 4-ethoxy-
carbonyl-l-piperazinyl, 4-propoxycarbonyl-l-piperazinyl, 4-
tert-butoxycarbonyl-l-piperazinyl, 4-pentyloxycarbonyl-1-
piperazinyl, 4-hexyloxycarbonyl-l-piperazinyl, 4-benzyloxy-
carbonyl-l-piperazinyl, 4-(2-phenylethoxycarbonyl)-1-
piperazinyl, 4-(3-phenylpropoxycarbonyl)-l-piperazinyl, 4-
(4-phenylbutoxycarbonyl)-l-piperazinyl, 4~ (5-phenylpentyl-
oxycarbonyl)-l-piperazinyl, 4-(6-phenylhexyloxycarbonyl)~-1-
piperazinyl, 4-(2-aminoacetyl)-l-piperazinyl, 4-(3-amino-

propionyl)-l-piperazinyl, 4-(4-aminobutyryl)-l-piperazinyl,
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4-(5-aminopentanoyl)-l-piperazinyl, 4-(6-aminohexanoyl)-1-
piperazinyl, 4-(2-benzyloxycarbonylaminoacetyl)-l-piperazin-
yl, 4-[2-(2-phenylethoxycarbonylamino)acetyl]-1l-piperazinyl,
4~[2-({3-phenylpropoxycarbonylamino)acetyl]-1l-piperazinyl, 4-
[2-(4-phenylbutoxycarbonylamino)acetyl]}-1-piperazinyl, 4-
methoxycarbonylmethyl-l-piperazinyl, 4-ethoxycarbonylmethyl-
l-piperazinyl, 4-(2-ethoxycarbonylethyl)-l-piperazinyl, 4-
(3-propoxycarbonylpropyl)-l-piperazinyl, 4-(4-butoxy-
carbonylbutyl)-l-piperazinyl, 4-(5-pentyloxycarbonylpentyl)-
l-piperazinyl, 4-(6-hexyloxycarbonylhexyl)-l-piperazinyl, 4-
carbonylmethyl-l-piperazinyl, 4-(2-carboxyethyl)-1-
piperazinyl, 4-(3-carboxypropyl)-l-piperazinyl, 4-(4-
carboxybutyl)-l-piperazinyl, 4-(5-carboxypentyl)-1-
piperazinyl, 4-(6-carboxyhexyl)-l-piperazinyl, 4-(anilino-
carbonylmethyl)-l-piperazinyl, 4-{2-anilinocarbonylethyl)-1-
piperazinyl, 4-(3-anilinocarbonylpropyl)-l-piperazinyl, 4-
(4-anilinocarbonylbutyl)-1l-piperazinyl, 4-(5-anilino-
carbonylpentyl)-l-piperazinyl, 4-(6-anilinocarbonylhexyl)-1-
piperazinyl, 4-(3-carboxyacryloyl)-l-piperazinyl, 4-(3-
carboxy-2,3-dichloroacryloyl)-l-piperazinyl, 4-methyl-1-
piperidinyl, 4-ethyl-l-piperidinyl, 4-propyl-l-piperidinyl,
4-n-butyl-l-piperidinyl, 4-pentyl-l-piperidinyl, 4-hexyl-1-
piperidinyl, 4-methoxy-l-piperidinyl, 4-ethoxy-l-piperidin-
yl, 4-propoxy-l-piperidinyl, 4-n-butoxy-l-piperidinyl, 4-
pentyloxy-l-piperidinyl, 4-hexyloxy-l-piperidinyl, 4-

acetyloxy-l-piperidinyl, 4-propionyloxy-l-piperidinyl, 4-
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butyryloxy-l-piperidinyl, 4-pentanoyloxy-l-piperidinyl, 4-
hexanoyloxy-l-piperidinyl, 4-methoxycarbonyloxy-1-
piperidinyl, 4-ethoxycarbonyl-l-piperidinyl, 4-propoxy-
carbonyl-l-piperidinyl, 4-n-butoxycarbonyl-l-piperidinyl, 4-
pentyloxycarbonyl-l-piperidinyl, 4-hexyloxycarbonyl-1-
piperidinyl, 4-benzyl-l-piperidinyl, 4-(2-phenylethyl)-1-
piperidinyl, 4-(l-phenylethyl)-l-piperidinyl, 4-(3-phenyl-
propyl)-l-piperidinyl, 4-(4-phenylbutyl)-l-piperidinyl, 4-
(5-phenylpentyl)-l-piperidinyl, 4-(6-phenylhexyl)-1-
piperidinyl, 4-hydroxy-l-piperidinyl, 3-hydroxy-l-piperidin-
yl, 2-hydroxy-l-piperidinyl, 4-amino-l-piperidinyl, 3-~amino-
l-piperidinyl, 2-amino-l-piperidinyl, 4-dimethylamino-1-
piperidinyl, 4-methylamino-l-piperidinyl, 3-ethylamino-1-
piperidinyl, 2-propylamino-l-piperidinyl, 4-n-butylamino-1-
piperidinyl, 3-pentylaminc-l-piperidinyl, 4-hexylamino-1-
piperidinyl, 3-diethylamino-l-piperidinyl, 4-(N-methyl-N-
propylamino)-l-piperidinyl, 4-carbamoyl-l-piperidinyl, 3-
carbamoyl-l-piperidinyl, 3,5-dimethyl-l-piperidinyl, 2,5-
dimethyl-l-piperidinyl, 4-oxo-l-piperidinyl, 3-oxo-1-
piperidinyl, 3-hydroxy-l-pyrrolidinyl, 3-amino-l-pyrrolidin-
yl, 2-hydroxy-l-pyrrolidinyl, 2-amino-l-pyrrolidinyl, 3-
methylamino-l-pyrrolidinyl, 3-dimethylamino-l-pyrrolidinyl,
2-ethylamino-l-pyrrolidinyl, 3-propylamino-l-pyrrolidinyl,
2-n-butylamino-l-pyrrolidinyl, 3-pentylamino-l-pyrrolidinyl,
2—hexylamino—l—pyrrolidinyl, 3-diethylamino-1-pyrrolidinyl,

3~ (N-methyl-N-propylamino)-l-pyrrolidinyl, 2-(N-ethyl-N-n-
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butylamino)-l-pyrrolidinyl, 3-acetylamino-l-pyrrolidinyl, 3-
propionylamino-l-pyrrolidinyl, 2-butyrylamino-l-pyrrolidin-
yl, 3-pentanoylamino-l-pyrrolidinyl, 2-hexanoylamino-1l-
pyrrolidinyl, 3-hydroxymethyl-l-pyrrolidinyl, 2-(2-hydroxy-
ethyl)-1-pyrrolidinyl, 3~(3-hydroxypropyl)-l-pyrrolidinyl,
2—-(4-hydroxybutyl)-1-pyrrolidinyl, 3-(5-hydroxypentyl)-1-
pyrrolidinyl, 3-(6-hydroxyhexyl)-l-pyrrolidinyl, 3-amino-
methyl-l-pyrrolidinyl, 3-(2-aminoethyl)-1-pyrrolidinyl, 2-
(3—aminopropyl)-l-pyrrolidinyl, 3-(4-aminobutyl)-1-
pyrrolidinyl, 3-(5-aminopentyl)-l-pyrrolidinyl, 3-(6-
aminohexyl)-l-pyrrolidinyl, 3-{methylaminomethyl)-1-
pyrrolidinyl, 3-(2-ethylaminoethyl)-l-pyrrolidinyl, 3-(3-
propylaminopropyl)-l1-pyrrolidinyl, 2-(4-n-butylaminobutyl)-
l-pyrrolidinyl, 3-(5-pentylaminopentyl)-l-pyrrolidinyl, 3-
(6-hexylaminohexyl)-1-pyrrolidinyl, 3-(dimethylaminomethyl)-
l-pyrrolidinyl, 2-(N-methyl-N-ethylaminomethyl)-1-
pyrrolidinyl, 3-{N-ethyl-N-n-butylaminomethyl)-1l-pyrrolidin-
yl, 3-methylaminomethyl-4-methyl-l-pyrrolidinyl, 3-methyl-
aminomethyl-4-fluoro-l1-pyrrolidinyl, 3-methylamino-4-methyl-
l-pyrrolidinyl, 3-methylamino-4-chloro-l-pyrrolidinyl, 3-
methylaminomethyl-4-chloro-1-pyrrolidinyl, 3-methylamino-4-
fluoro-l-pyrrolidinyl, 3-ethylaminomethyl-4-ethyl-1-
pyrrolidinyl, 4-propylaminomethyl-2-propyl-l-pyrrolidinyl,
4-n-butylaminomethyl-2-fluoro-1-pyrrolidinyl, 4-pentylamino-
methyl-2-n-butyl-l-pyrrolidinyl, 4-hexylaminomethyl-2-

chloro-l-pyrrolidinyl, 4-propylamino-2-chloro—-l-pyrrolidin-
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yl, 4-n-butylamino-2-hexyl-l-pyrrolidinyl, 3-pentylamino-4-
ethyl-l-pyrrolidinyl, 3-hexylamino-4-fluoro-l-pyrrolidinyl,
4-methyl-l-homopiperazinyl, 4-ethyl-l-homopiperazinyl, 4-
propyl-l-homopiperazinyl, 4-n-butyl-l-homopiperazinyl, 4-
pentyl-l-homopiperazinyl, 4-hexyl-l-homopiperazinyl, 4-
formyl-l-homopiperazinyl, 4-acetyl-l-homopiperazinyl, 4-
propionyl-l-homopiperazinyl, 4-butyryl-l-homopiperazinyl, 4-
pentanoyl-l-homopiperazinyl, 4-hexanoyl-~l-homopiperazinyl,
2-methyl-l-hexahydropyridazyl, 2-ethyl-1-hexahydropyridazyl,
2-propyl-l-hexahydropyridazyl, 2-n-butyl-l-hexahydro-
pyridazyl, 2-pentyl-l-hexahydropyridazyl, 2-hexyl-1-
hexahydropyridazyl, 2-formyl-l-hexahydropyridazyl, 2—-acetyl-
l-hexahydropyridazyl, 2-propionyl-l-hexahydropyridazyl, 2-
butyryl-l-hexahydropyridazyl, 2-pentanoyl-l-hexahydro-
pyridazyl, 2-hexanoyl-l-hexahydropyridazyl, 2-methyl-1-
pyrazolidinyl, 2-ethyl-l-pyrazolidinyl, 2-propyl-1-
pyrazolidinyl, 2-n-butyl-l-pyrazolidinyl, 2-pentyl-1-
pyrazolidinyl, 2-hexyl-l-pyrazolidinyl, 2-formyl-1-
pyrazolidinyl, 2-acetyl-l-pyrazolidinyl, 2-propionyl-1-
pyrazolidinyl, 2-butyryl-l-pyrazolidinyl, 2-pentanoyl-1-
pyrazolidinyl, 2-hexanoyl-l-pyrazolidinyl, 3,5-dimethyl-
morpholino, 3-methylmorpholino, 3-ethylmorpholino, 2-
propylmorphelino, 3-n-butylmorpholino, 3-pentyl-5-methyl-
morpholino, 3-hexyl-5-ethylmorpholino, 3-aminomethyl-
morpholino, 3-methylaminomethylmorpholino, 2-ethylamino-

methylmorpholino, 3-propylaminomethylmorpholino, 3-n-
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butylaminomethylmorpholino, 2-pentylaminomethylmorpholino,
3-hexylaminomethylmorpholino, 3-(2-methylaminoethyl)-
morpholino, 3-(3-methylaminopropyl)morpholino, 3-(4-
methylaminobutyl)morpholino, 2-(5-methylaminopentyl)-
morpholino, 3-{6-methylaminohexyl)morpholino, 4~(5-methyl-2-
oxo-1,3-dioxolen-4-yl)methyl-l-piperazinyl, 4-(5-tert-butyl-
2-oxo-1,3-dioxolen-4-yl)methyl-l-piperazinyl, 4-(5-phenyl-2-
oxo-1,3-dioxolen-4-yl)methyl-l-piperazinyl, 4-(2-oxo-1,3-
dioxolen-4-yl)methyl-l-piperazinyl, 3-(5-methyl-2-oxo-1,3-
dioxolen-4-yl)methylamino-l-pyrrolidinyl, 4-(5-methyl-2-oxo-
1,3-dioxolen-4-yl)methylamino-l-piperidinyl, 3-(5-phenyl-2-
oxo-1l,3-dioxolen-4-yl)methylaminomorpholino, 3,5-dimethyl-1-
piperazinyl, 3,3-dimethyl-l-piperazinyl, 4—acetyl-3-methyl-
l-piperazinyl, 3-ethyl-l-piperazinyl, 3-ethyl-4-methyl-1-
piperazinyl, 3-trifluoromethyl-l-piperazinyl, 3-(fluoro-
methyl)-l-piperazinyl, 3-methylthio-l-piperazinyl, 4-
methylthio-l-piperazinyl, 3-ethylthio-l-piperazinyl, 3-
methylthiomorpholino, 4-fluoro-l-piperidinyl, 3-fluoro-1-
piperazinyl, 3-chloro-l-piperazinyl, 3-amino-4-fluoro-1-
pyrrolidinyl, 3-amino-4-hydroxy-l-pyrrolidinyl, 3-amino-4-
methoxy-l-pyrrolidinyl, 3-amino-4-fluoro-l-piperidinyl, 3-
amino-4-hydroxy-l-piperidinyl, 3-amino-4-methyl-1-
pyrrolidinyl, 4-benzyl-3-methyl-l-piperazinyl, 3-fluoro-
methylmorpholino, 3-chloromethylmorpholino, 4-oxo-1-
piperidinyl, 3-oxo-l-piperidinyl, 2-oxo-l-piperidinyl, 3-

acetylaminomethyl-l-pyrrolidinyl, 3-(N~-ethyl-N-acetylamino)-
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methyl-l-pyrrolidinyl, 3-t-butoxycarbonylaminomethyl-1-
pyrrolidinyl, 3-ethylaminomethyl-l-pyrrolidinyl, 4-cyclo-
propylamino-l-piperazinyl, 3-cyclopropylamino-l-pyrrolidin-
yl, 4-cyclopentylamino-l-piperazinyl, 4-cyclohexylamino-1-
piperazinyl, 3-cycloheptylamino-l-pyrrolidinyl, 4-cyclo-
octylamino-l-piperidinyl, 4-cyclopropylamino-l-piperidinyl,
3-cyclopropylaminomorpholino, 4-thio-l-piperidinyl, 3-thio-
l-piperazinyl, 3-thiomorpholino, 4-cyclopropylaminomethyl-1-
piperazinyl, 3-cyclopropylaminomethyl-l-pyrrolidinyl, 4-
cyclopropylaminomethyl—-l-piperidinyl, 3-cyclopropylamino-
methylmorpholino, 4-(2-cyclopentylaminoethyl)-l-piperazinyl,
4-(3-cyclohexylaminopropyl)-l-piperazinyl, 3-(4-cyclobutyl-
aminobutyl)-1l-pyrrolidinyl, 4-(5-cyclooctylaminopentyl)-1-
piperidinyl, 4-(6-cyclopropylaminohexyl)morpholino, 3-
acetylaminomethyl-l-pyrrolidinyl, 4-(2-propionylaminoethyl)-
l—piperazinyl, 4—-(3-butyrylaminopropyl)-l-piperidinyl, 3-{4-
pentanoylaminobutyl)morpholino, 4-{5-hexanoylaminopentyl)-1-
piperazinyl, 3-(6-acetylaminohexyl)-l-pyrrolidinyl, 4-(N-
acetyl-N-ethylamino)methyl-l-piperazinyl, 4-(N-cyclopropyl-
N-acetylamino)methyl-l-pyrrolidinyl, 4—(methoxyqarbonyl—
aminomethyl)-l-piperazinyl, 4-(2-ethoxycarbonylaminocethyl)-
l-piperidinyl, 3-(3-propoxycarbonylaminopropyl)morphclino,
3—-(4-pentyloxycarbonylaminobutyl)-l1-pyrrolidinyl, 3-(5-
hexyloxycarbonylaminopentyl)-l-pyrrolidinyl, 4-(6-t-butoxy-
carbénylaminohexyl)—l—piperazinyl, 3-(N-t-butoxycarbonyl-N-

ethylaminomethyl)-1l-pyrrolidinyl, 3-(N-t-butoxycarbonyl-N-
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methylaminomethyl)-l-pyrrolidinyl, 3~ (N-t-butoxycarbonyl-N-
cyclopropylaminomethyl)—l—pyrrolidinyl, 4-(N-methoxy-
carbonyl—N—cyclopropylaminomethyl)—l-piperazinyl and 4-(N-
propoxycarbonyl—N—cyclohexylaminomethyl)—l—piperidinyl. The
term "a 5- to 9-membered saturated or unsaturated
heterocyclic ring which may be substituted" also includes
the group represented by the formula:
Ra
—N/—<N —rbP
RC
wherein R? ig hydrogen atom or a (lower) alkyl, RP is
- hydrogen atom, a (lower) alkyl, a (lower) alkanoyl, a
phenyl(lower)alkyl, or a 2-oxo-1,3-dioxolenemethyl which is
substituted by a (lower) alkyl, and R€ is hydrogen atom or a
(lower) alkyl; the group represented by the formula:
rd
~-N o)
e
wherein RY is hydrogen atom or a (lower) alkyl, and R® is

hydrogen atom or a (lower) alkyl; the group represented by

the formula:

_~&rE

—
_NL_l '
\Rg
wherein R is an amino which may be substituted by 1 or 2

substituents selected from the group consiting of a (lower)
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alkyl and a (lower) alkoxycarbonyl, or a amino(lower)alkyl
which may be substituted by 1 or 2 substituents selected
from the group consisting of a (lower) alkyl and a (lower)
alkoxycarbonyl, RY is hydrogen atom or a (lower) alkyl; the

group represented by the formula:

rJ
wherein RD is hydrogen atom or a (lower) alkyl, ri is
hydrogen atom, hydroxy, a halogen atom or oxo, and RJ is
hydrogen atom or a {lower) alkly; and the like.

The term "a cycloalkyl" includes C3~Cg cycloalkyl
such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl or cyclooctyl.

The term "a phenyl (lower) alkyl in which phenyl
ring may be substituted by a (lower) alkoxy, nitro or amino"
includes phenylalkyl in which phenyl ring may be substituted
by a straight chain or branched chain C1-Cg alkoxy, nitro or
amino and the alkyl moiety is a straight chain or branched
chain C,-Cg alkyl, such as benzyl, 2-phenylethyl, l-phenyl-
ethyl, 3-phenylpropyl, 4-phenylbutyl, 1,l-dimethyl-2-phenyl-
ethyl, 5-phenylpentyl, 6-phenylhexyl, 2-methyl-3-phenyl-
propyl, 4-methoxybenzyl, 3-ethoxybenzyl, 2-propoxybenzyl, 4-
n-butoxybenzyl, 3-pentyloxybenzyl, 2-hexyloxybenzyl, 4-
nitrobenzyl, 3-nitrobenzyl, 4-aminobenzyl, 2-aminocbenzyl, 2-

(4-methoxyphenyl)ethyl, 1-(3-ethoxyphenyl)ethyl, 3-(2-
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propoxyphenyl)propyl, 4-{4-n-butoxyphenyl)butyl, 5-(2-
nitrophenyl)pentyl or 6-(3-aminophenyl)hexyl.

The term "a phenyl which may be substituted by a
halogen atom or a (lower) alkyl which may be substituted by
1 to 3 of halogen atoms" includes phenyl in which phenyl
ring may be substituted by a halogen atom or by a straight
chain or branched chain C;-Cg alkyl which may be substituted
by 1 to 3 of halogen atoms, such as phenyl, 4-fluorophenyl,
3-bromophenyl, 2-chlorophenyl, 4-iodophenyl, 4-methylphenyl,
3—ethylphenyl, 2-propylphenyl, 4-n-butylphenyl, 3-pentyl-
phenyl, 2-hexylphenyl, 4-trifluoromethylphenyl, 3-(2-
chloroethyl)phenyl, 2-(3,3-dibromopropyl)phenyl, 4-(4-
chlorobutyl)phenyl, 3-{5-iodopentyl)phenyl, 4-{(6-flucro-
hexyl)phenyl, 2-(1,2,2-trifluoroethyl)phenyl or 4-(2,2,2-
trifluorcethyl)phenyl.

The term "a (lower) alkyl having 1 to 3 of
substituents selected from the group consisting of hydroxy,
an amino which may be substituted by a (lower) alkyl, a
(lower) alkanoyl, a cycloalkyl or a (lower) alkoxycarbonyl,
a {lower) alkoxy and a halogen atom" includes a straight
chain or branched chain C;-Cg alkyl having 1 to 3 of
substituents selected from the group consisting of hydroxy;
an amino thch may be substituted by 1 or 2 substituents
selected from the group consisting of a straight chain or
branched chain C;-Cg alkyl, a straight chain or branched

chain Cy-Cg alkanoyl, a C3-Cg cycloalkyl and a straight
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chain or branched chain (C;-Cglalkoxy-carbonyl; a straight
chain or branched chain Cy-Cg alkoxy and a halogen atom,
such as hyroxymethyl, 2-hydroxyethyl, l-hyroxyethyl, 3-
hydroxypropyl, 4-hydroxybutyl, 5-hyroxypentyl, 6-hydroxy-
hexyl, 3~-chloropropyl, bromomethyl, 2-fluoroethyl, 4-
chlorobutyl, 3-fluoropentyl, 2,3-dichlorohexyl, 2,2,2—
trifluorcethyl, trifluoromethyl, aminomethyl, 2-amincethyl,
l-amincethyl, 3-aminopropyl, 4-aminobutyl, 5-aminopentyl, 6-
aminohexyl, 3-dimethylaminopropyl, 2-ethylaminocethyl, 4-
propylaminobutyl, 5-n-butylaminopentyl, 6-pentylaminohexyl,
methylaminomethyl, diethylaminomethyl, 2-dipropylaminocethyl,
l-di-n-butylaminoethyl, 3-dipentylaminopropyl, 4-dihexyl-
aminobutyl, N-methyl-N-ethylaminomethyl, N-methyl-N-
propylaminomethyl, methoxymethyl, ethoxymethyl, 2-propoxy-
ethyl, 3-butoxypropyl, 4-pentyloxybutyl, 5-hexyloxypentyl,
6-methoxyhexyl, propoxymetyl, l-ethoxyethyl, 2-hexyloxy-
ethyl, formylaminomethyl, acetylaminomethyl, 2-propanoyl-
aminoethyl, 3-butyrylaminopropyl, 4—pentanoy1aminobﬁtyl, 5-
hexanoylaminopentyl, 6-acetylaminohexyl, propanoylamino-
methyl, l-acetylaminoethyl, 2-hexanoylaminoethyl, N-acetyl-
N-methylaminomethyl, N-acetyl-N-ethylaminomethyl, N-acetyl-
N-cyclopropylaminomethyl, N,N-dicyclopropylaminomethyl,
cyclopropylaminomethyl, 2-cyclobutylaminoethyl, 3-cyclo-
pentylaminopropyl, l-cyclopropylaminoethyl, 2-cyclopropyl-
aminoethyl, aminopropyl, 4-cyclohexylaminobutyl, 5-cyclo-

heptylaminopentyl, 6-cyclooctylaminohexyl, N-methyl-N-
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cyclopropylaminomethyl, N-ethyl-N-cyclopropylaminomethyl,
methoxycarbonylaminomethyl, 2-ethoxycarbonylaminoethyl, 3-
propoxycarbonylaminopropyl, 4-t-butoxycarbonylaminobutyl, 5-
pentyloxycarbonylaminopentyl, 6-hexyloxycarbonylaminohexyl,
t-butoxycarbonylaminomethyl, 2-t~butoxycarbonylaminoethyl,
l-t-butoxycarbonylaminocethyl, N-t-butoxycarbonyl-N-methyl-
aminomethyl, N-t—butoxycarbonyl—N-ethylaminomethyl or N-t-
butoxycarbonyl-N-cyclopropylaminomethyl.

| The term "a (lower) alkanoyl which may be
substituted by 1 to 7 of halogen atoms" includes a straight
chain or branched chain C,-Cg alkanoyl which may be
substituted by 1 to 7 of halogen atoms, such as formyl,
acetyl, propionyl, butyryl, pentanoyl, hexanoyl, a,a,a —-tri-
fluoroacetyl, B,8,8 ~trifluoro-a,a~difluoropropionyl, y,y,y -
trifluoro-8,s8-difluoro-a,a-difluorobutyryl, a,a—dichlord—
acetyl, ao-bromoacetyl, a-iodoacetyl, g-fluoropropionyl, 8-
fluoro-a-fluoropropionyl, 6-fluorohexanoyl or 4-chloro-
pentanoyl, 3,3,3-trifluoropropionyl.

The term "a (lower) alkenylcarbonyl having 1 to 3
substituents selected from the group consisting of a halogen
atom and a carboxy" includes a straight chain or branched
chain (Cyr-Cglalkenyl-carbonyl having 1 to 3 of substituents
selected from the group consisting of a halogen atom and a
carboxy, such as 3-carboxyacryloyl, 3-carboxy-2,3-dichloro-
acryloyl, 3-carboxy-2,3-dibromoacryloyl, 4-carboxycrotonoyl,

4-carboxyisocrotonoyl, 5-carboxy-3-pentenoyl, 6-carboxy-4-
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hexenoyl, 4-carboxy-3-fluorocrotonoyl or 5-carboxy-3,4-
dichloro-3-hexenoyl.

The term "a (lower) alkoxycarbonyl" includes a
straight chain or branched chain (Cl—CG)alkoxy—carbonyl,
such as methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,
isopropoxycarbonyl, butoxycarbonyl, tert-butoxycarbonyl,
pentyloxycarbonyl or hexyloxycarbonyl.

The term "an aminocarbonyl which may be
substituted by a (lower) alkyl" includes aminocarbonyl which
may be substituted by 1 or 2 of a straight chain or branched
chain Cy-Cg alkyl, such as carbamoyl, methylaminocarbonyl,
ethylaminocarbonyl, propylaminocarbonyl, n-butylamino-
carbonyl, pentylaminocarbonyl, hexylaminocarbonyl, dimethyl-
aminocarbonyl, diethylaminocarbonyl, dipropylaminocarbonyl,
dipentylaminocarbonyl, dihexylaminocarbonyl, N-methyl-N-
propylaminocarbonyl, N-methyl-N-tert-butylaminocarbonyl or
N-ethyl-N-pentylaminocarbonyl.

The term "a phenyl(lower)alkoxycarbonyl” includes
phenylalkoxycarbonyl in which alkoxy moiety is a straight
chain or branched chain C;-Cg alkoxy, such as
benzyloxycarbonyl, Z—phenylethoxycafbonyl, l-phenylethoxy-
carbonyl, 3-phenylpropoxycarbonyl, 4-phenylbutoxycarbonyl,
1,1-dimethyl-2-phenylethoxycarbonyl, 5-phenylpentyloxy-
carbonyl, 6-phenylhexyloxycarbonyl or 2-methyl-3-phenyl-
propoxycarbonyl.

The term "an amino{lower)alkanoyl which may be

This Sheet Has Been Replaced

LT



- 26 - EEN

SHEET HAS B

1S >
™ REPLACED

substituted by a phenyl(lower)alkoxycarbonyl" includes a
straight chain or branched chain Cy-Cg aminoalkanoyl which
may be substituted by a phenylalkoxycarbonyl in which alkoxy
moiety is a straight chain or branched chain C,-Cg alkoxy,
such as 2-aminocacetyl, 3-aminopropionyl, 4-aminobutyryl, 5-
aminopentanoyl, 6-aminohexanoyl, 2-benzyloxycarbonylamino~
acetyl, 2-(2-phenylethoxycarbonylamino)acetyl, 2-(3-
phenylpropoxycarbonylamino)acetyl, 3-(4-phenylbutoxy-
carbonylamino)propionyl, 4-(1,1-dimethyl-2-phenylethoxy-
carbonylamino)butyryl, 5-(5-phenylpentyloxycarbonyl-
amino)pentanoyl, 6-(6-phenylhexyloxycarbonylamino)hexanoyl
or 2—(2—methyl—3—phenylpropoxycarbonylamino)acetyl.

The term "a (lower) alkoxycarbonyl(lower)alkyl"
includes alkoxycarbonylalkyl in which alkoxy and alkyl
moieties are a straight chain or branched chain C1-Cg alkoxy
and alkyl, respectively, such as methoxycarbonylmethyl,
ethoxycarbonylmethyl, 2~ethoxycarbonylethyl, 3-propoxy-
carbonjlpropyl, 4-butoxycarbonylbutyl, 5-pentyloxycarbonyl-
pentyl, 6-hexyloxycarbonylhexyl, 2-methoxycarbonylethyl, 3-
methoxycarbonylpropyl, 3-ethoxycarbonylpropyl or 4-ethoxy-
carbonybutyl.

The term "a carboxy(lower)alkyl" includes
carboxyalkyl in which alkyl moiety is a straight chain or
branched chain C,-Cg alkyl, such as carboxymethyl,. 2-
carboxyethyl, 3-carboxypropyl, 4-carboxybutyl, 5-carboxy-

pentyl, 6-carboxyhexyl, l-carboxyethyl, l1,1-dimethyl-2-
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carboxyethyl or 2-methyl-3-carboxypropyl.

The term "an anilinocarbonyl(lower)alkyl" includes
anilinocarbonylalkyl in which alkyl moiety is a straight
chain or branched chain C;-Cg alkyl, such as anilino-
carbonylmethyl, 2-anilinocaronylethyl, l-anilinocarbonyl-
ethyl, 3—ani1inocarbonylpropyl, 4-anilinocarbonylbutyl, 5-
anilinocarbonylpentyl, 6-anilinocarbonylhexyl, 1,l-dimethyl-
2-anilinocarbonylethyl or 2-methyl-3~anilinocarbonylpropyl.

The term "an amino which may be substituted by a
(lower) alkyl, a (lower) alkanoyl, a {lower) alkoxycarbonyl
or a phenyl(lower)alkyl" includes amino which may be
substituted by 1 or 2 of a straight chain or branched chain
C,-Cg alkyl, a straight chain or branched chain Cy—Cg
alkanoyl, a straight chain or branched chain (Ci-Cglalkoxy-
carbonyl or a phenylalkyl in which alkyl moiety is a
straight chain or branched chain C;-Cg alkyl, such as amino,
methylamino, ethylamino, propylamino, t-butylamino, pentyl-
amino, hexylamino, dimethylamino, diethylamino, di-n-
propylamino, di-n-butylamino, dipentylamino, dihexylamino,
N-methyl-N-n-butylamino, N-methyl-N-pentylamino, N-ethyl-N-
hexylamino, acetylamino, formylamino, propionylamino,
butyrylamino, pentanoylamino, hexanoylamino, N-methyl-N-
acetylamino, N-ethyl-N-propionylamino, N-methyl-N-butyryl-
amino, N-n-propyl-N-pentanoylamino, N-ethyl-N-hexanoylamino,
methoxycrbonylamino, ethoxycarbonylamino, propoxycarbonyl-

amino, t-butoxycarbonylamino, pentyloxycarbonylamino,
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hexyloxycarbonylamino, butoxycarbonylamino, N-t-butoxy-
carbonyl-N-methylamino, N-t-butoxycarbonyl-N-ethylamino, N-
t-butoxycarbonyl-N-benzylamino, benzylamino, (2~phenyl-
ethyl)amino, (l-phenylethyl)amino, (3-phenylpropyl)amino,
(4-phenylbutyl)amino, (5-phenylpentyl)amino or (6-
phenylhexyl)amino.

The term "a 2(5H)-furanone which may be
substituted by 1 or 2 of halogen atoms" includes 2(5H)-
furanone which may be substitutegd by 1 or 2 of halogen
atoms, such as 2(5H)-furanon-5-yl1, 3,4-dibromo-2(5H) -
furanon-5-yl1, 3,4-dichloro-2(5H)~furanon-5-yl, 3-chloro-
2(5H)-furanon-5-yl, 4~fluoro-2(5H)~furanon-5-yl or 3-iodo-
2(5H)-furanon-5-yl.

The term "a sulfo{lower)alkyl" includes sulfoalkyl
in which alkyl moiety is a straight chain or brahched chain
C1-Cg alkyl, such as sulfomethyl, 2-sulfoethyl, l-sulfo-
ethyl, 3-sulfopropyl, 4-sulfobutyl, 5-sulfopentyl, 6-sulfo-
hexyl, l,l-dimethyl—z—sulfoethyl or 2-methyl-3-sulfopropyl.

The term "a (lower) alkylsulfonyl which may be
substituted by 1 to 3 of halogen atoms" includes a straight
chain or branched chain C1-Cg alkylsulfonyl which may be
substituted by 1 to 3 of halogen atoms, such as methyl-
sulfonyl, ethylsulfonyl, isopropylsulfonyl, n-butylsulfonyl,
pentylsulfonyl, hexylsulfonyl, trifluoromethylsufonyl, 2-
fluoroethylsulfonyl, 3~-fluoropropylsulfonyl, 4,4,4-tri-

fluorobutylsulfonyl, 5-chloropentylsulfonyl, 6-bromohexyl-
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sulfonyl, 6-iodohexylsulfonyl, 2,2-difluoroethylsulfonyl or
2,3-dibromopropylsulfonyl.

The term "a (lower) alkoxy" includes a straight
chain or branched chain C,-Cg alkoxy, such as methoxy,
ethoxy, propoxy, isopropoxy, butoxy, tert-butoxy, pentyloxy
or hexyloxy.

The term "a (lower) alkanoyloxy" includes a
straight chain or branched chain Cy,-Cg alkanoyloxy, such as
acetyloxy, propionyloxy, butyryloxy, isobutyryloxy, penta-
noyloxy or hexanoyloxy.

The term "a (lower) alkenyl" includes a straight
chain or branched chain CZ—CG alkenyl, such as vinyl, allyl,
2-butenyl, 3-butenyl, l-methylallyl, 2-pentenyl or 2-
hexenyl.

The term "a (lower) alkynyl" includes a straight
chain or branched chain C,-Cg alkynyl, such as ethynyl, 2-
propynyl, 2-butynyl, 3-butynyl, l-methyl-2-propynyl, 2-
pentynyl or 2-hexynyl.

The term "a 2—oxo—l,3-dioxolenemethyl which may be
substituted by phenyl or a (lower) alkyl" includes 2-oxo-
1,3-dioxolenemethyl which may -be substituted by phenyl or a
straight chain or branched chain C,-Cg alkyl, such as (5-
methyl—2—oxo—l,3—dioxolen—4-yl)methyl, (5-tert-butyl-2-oxo-
1,3-dioxolen-4-yl)methyl, (5~-phenyl-2-oxo-1,3-dioxolen-4-
yl)methyl, (2—oxo—1,3—dioxolen—4-y1)methyl, (5-pentyl-2-oxo-

1,3-dioxolen-4-yl)methyl, (5—hexyl—2—oxo—l,3—dioxolen—4—yl)—
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methyl, (5-ethyl-2-oxo-1,3-dioxolen-4-yl)methyl or (5-
propyl-2-oxo-1,3-dioxolen-4~yl)methyl.

The term "a 2-oxo-1,3-dioxolenemethylamino which
may be substituted by phenyl or a (lower) alkyl" includes 2-
oxo-1l,3-dioxolenemethylamino which may be substituted by
phenyl or a straight chain or branched chain C,-Cg alkyl,
such as (S-methyl—z—oxo—l,3—dioxolen—4—yl)methylamino, {5-
tert—butyl—z—oxo—l,3—dioxolen—4-yl)methylamino, (5-phenyl-2-
Ooxo-1l,3-dioxolen-4-yl)methylamino, (2-oxo-1,3-dioxolen-4—
yl)methylamino, (5—pentyl—2—oxo—l,3—dioxolen—4—yl)methyl—
amino, (5—hexyl—2—oxo-l,3—dioxolen—4—yl)methylamino, (5-
ethyl—2—oxo-l,3—dioxolen—4—yl)methylamino, or (S5-propyl-2-
oxo-1,3-dioxolen-4-yl)methylamino.

The term "a cycloalkylamino" includes C3-Cg
cycloalkylamino, such as cyclopropylamino, cyclobutylamino,
cyclopentylamino, cyclohexylamino, cycloheptylamino or
cyclooctylamino.

The term "a (lower) alkylthio" includes a straight
chain or branched chain C1-Cg alkylthio, such as methylthio,
ethylthio, propylthio, isopropylthio, butylthio, tert-
butylthio, penthylthio or hexylthio.

The term "a phenyl which may be substituted by 1
to 3 of substituents selected from the group consisting of a
(lower) alkoxy, a halogen atom and hydroxy on phenyl ring"
includes phenyl which may be substituted by 1 to 3 of

substituents selected from the group consisting of a
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straight chain or branched chain C,-Cg alkoxy, a halogen
atom and hydroxy on phenyl ring, such as phenyl, 4-methoxy-
phenyl, 3-ethoxyphenyl, 2-propoxyphenyl, 4-n-butoxyphenyl,
3-pentyloxyphenyl, 2-hexyloxyphenyl, 3,4~dimethoxyphenyl,
2,4,6-trimethoxyphenyl, 2-fluorophenyl, 4-fluorophenyl, 3-
chlorophenyl, 4-chlorophenyl, 4-bromophenyl, 2-iodophenyl,
2,4-difluorophenyl, 2,6-difluorophenyl, 3,4-difluorophenyl,
2,5-difluorophenyl, 2,4-dichlorophenyl, 2,6-dibromophenyl,
2,4,6-trifluorophenyl, 3,4,6-trichlorophenyl, 4-fluoro-2-
methoxyphenyl, 2-fluoro-4-hydroxyphenyl, 2-hydroxyphenyl, 3-
hydroxyphenyl, 4-hydroxyphenyl, 2,3-dihydroxyphenyl, 2,4-di-
hydroxyphenyl or 2,4,6-trihydroxyphenyl.

The term "a (lower) alkyl which may be substituted
by a halogen atom, a (lower) alkanoyloxy or hydroxy"
includes, in addition to the above-mentioned (lower) alkyl,
a straight chain or branched chain C1-Cg alkyl which is
substituted by 1 to 3 of substituents selected from the
group consisting of a halogen atom, a straight chain or
branched chain Cy,—Cg alkanoyloxy or hydroxy, such as
hydroxymethyl, 2-hydroxyethyl, l-hydroxyethyl, 3-hydroxy-
propyl, 4-hydroxybutyl, S-hydroxypentyl, 6-hydroxyhexyl, 3-
chloropropyl, bromomethyl, 2-fluoroethyl, 4-chlorobutyl, 3-
fluoropentyl, difluoromethyl, 2,3-dichlorohexyl, 2,2,2-
trifluoroethyl, trifluoromethyl, acetyloxymethyl, 2-
propionyloxyethyl, 3~-butyryloxypropyl, 4-pentanoyloxybutyl,

5-hexanoyloxypentyl, 6-acetyloxyhexyl, propanoyloxymethyl,
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l-acetyloxyethyl, 2-acetyloxyethyl or 2-hexanoyloxyethyl.
The compounds of the present invention of the

above general formula [1] can be prepared by various

processes and preferably prepared, for example, by the

processes as shown in the following reaction schemes.
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[Reaction scheme-1]

r4 Rt

X COOH | X cox’

Halogenation
2" x2 ~  Rr? x?
Rr3 R
[2] 3]
5 6 R4 || RS
R3CH,COOR

(4] b'e C-CH
. O ™ coor®
> d
r2’ x2

Cyclization

I3
[5]
i rY |
1) Removal of R X ¢ ¢
2 OR8 >
) Rl R? x*
oo 3 |
OR R R’
(6] |
(7]
0
. r¢ |
. 6
R, (8] % c COOR
> \ﬂi
2 x2 NHRY
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wherein Rl, R2, R3 R? and X are as defined above, R?2' is a
halogen atom or the R2 group (R2 is as defined above), R is
a group of the formula: -cor10 (wherein rR10 is a (lower)
alkyl) or a group of the formula: -coorl?! (wherein Rl is a

(lower) alkyl), R® is a (lower) alkyl, R? is a group of the
R . pl2 13

formula: —N\\\Rl3 (wherein R and R are each a (lower)

alkyl) or a (lower) alkoxy, x2 ang x3 are each a halogen

atom, R® and R? are each a (lower) alkyl.

The halogenation of the compound [2] is carried
out by reacting with a halogenating agent in the presence or
absence of a solvent. The solvent includes aromatic hydro-
carbons such as benzene, toluene and xylene, halogenatéd
hydrocarbons such as dichloromethane, chloroform and carbon
tetrachloride, ethers such as dioxane, tetrahydrofuran and
diethyl ether, dimethylformamide (DMF), dimethyl sulfoxide
(DMSO), and the like. The halogenating agent may be any
conventional halogenating agents which can convert hydroxy
in carboxy group into a halogen atom, and includes, for
example, thionyl chloride, phosphorus oxychloride,
phosphorus oxybromide, phosphorus pentachloride, phosphorus
pentabromide, and the like. The amounts of the compound [2]
and the halogenating agent are not particularly limited,
but, in case of using no solvent, the halogenating agent is
usually used in a large excess amount, and in case of using

& solvent, the halogenating agent is usually used in an
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amount of at least 1 mole, preferably 2 to 4 moles, per 1
mole of the compound [2]. The reaction temperature and the
reaction period of time are not particularly limited either,
but the reaction is usually carried out at a temperature of
from room temperature to around 100°C for about 30 minutes
to about 6 hours.

The reaction between the compound [3] and the
compound [4] is carried out in a suitable solvent in the
presence of a basic compound. The solvent used in the
feaction may be any conventional solvents unless they give
any undesirable effect on the reaction, and includes, for
example, water, ethers such as diethyl ether, dioxane,
tetrahydrofuran, monoglyme and diglyme, alcohols such as
methanol, ethanol and isopropanol, aromatic hydrocarbons
such as benzene, toluene and xylene, aliphatic hydrocarbons
such as n-hexane, heptane, cyclohexane and ligroin, amines
such as pyridine and N,N-dimethylaniline, halogenated
hydrocarbons such as chloroform, dichloromethane and carbon
tetrachloride, aprotic polar solvents such as DMF, DMSO and
hexamethylphosphoramide (HMPA}, and a mixture of these
solvents. The basic compound employed in the reacion
includes inorganic bases such as metallic sodium, metallic
potassium, metallic magnesium, sodium hydride, sodium amide,
sodium hydroxide, potassium hydroxide, sodium carbonate,
potassium carbonate and sodium hydrogen carbonate, metal

alcoholates such as sodium methylate and sodium ethylate,
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and organic bases such as pyridine, piperidine, quinoline,
triethylamine and N,N-dimethylaniline. The reaction is
usually carried out at a temperature of from around 0°C to
around 150°C, preferably from around 0°C to around 120°C,
for about 0.5 to about 20 hours. The compound [4]} is
usually used in an amount of at least 1 mole, preferably 1
to 2 moles, per 1 mole of the compound [3]. The basic
compound is usually used in an amount of at least 1 mole,
preferably 1 to 2 moles, per 1 mole of the compound [3].
The compound [5] wherein R? is the group of the
formula: -CORMY is subjected to the reaction for removal of
the group: -cor'0 in a suitable solvent in the presence of a
basic compound. The solvent used in the reaction includes,
for example, ethers such as diethyl ether, dioxane, tetra-
hydrofuran, monoglyme and diglyme, aromatic hydrocarbons
such as benzene, toluene and xylene, aliphatic hydrocarbons
such as n-hexane, heptane and cyclohexane, aprotic polar
solvents such as DMF, DMSO and HMPA, and the like. The
basic compound includes ammonia gas, agueous ammonia,
ammonium salts such as ammonium chloride, primary or
secondary amines such as ethylamine, diethylamine and
piperidine, and the like. The reaction is.usually carried
out at a temperature of from around 0°C to around 150°(C,

preferably from room temperature to around 100°C, for about

1l to about 20 hours.
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The compound [5] wherein R? is a group of the
formula: -COOR!! is subjected to the reaction for removal of
the group: -COORT! in an aqueous solution in the presence of
an acid catalyst. The acid catalyst used in the reaction
includes mineral acids such as hydrochloric acid and
sulfuric acid, and organic acids such as p-toluenesulfonic
acid. The reaction is usually carried out at a temperature
of from around 0°C to around 150°C, preferably from room
temperature to around 100°C, for about 1 to about 20 hours.

The reaction between the obtained R® group-removed
compound and the compound [6] is carried out in a suitable
solvent. The solvent employed in the reaction may be any
solvents which are used in the above reaction for the
removal of the R? group in addition to anhydrous {lower)
alkanoic acid such as acetic anhydride. The reaction is
usually carried out at a temperature of from around 0°C to
around 200°C, preferably from around 0°C to around 150°C,
for about 0.5 to about 10 hours. The comound [6] is usually
used in an equimolar to large excess amount, preferably in
an equimolar to 2 times molar amount based on the compound
[5]. 1In case of using a compound [6] wherein R’ is a
(lower) alkoxy group, the reaction may also be carried out
by using acid anhydrides such as acetic anhydride as a
solvent as well as the above-mentioned solvents at a
temperature of from around 0°C to around 200°C, preferably

from around 0°C to around 170°C.
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. The reaction between the compound [7] and the
compound [8] is carried out in a suitable solvent. The
solvent employed in the reaction may be any conventional
solvents unless they give any undesirable effect on the
reaction, and includes, for example, alcohols such as
methanol, ethanol and propanol, ethers such as diethyl
ether, dioxane, tetrahydrofuran, monoglyme and diglyme,
aromatic hydrocarbons such as benzene, toluene and xylene,
aliphatic hydrocarbons such as n-hexane, heptane, cyclo-
hexane and ligroin, halogenated hydrocarbons such as
chloroform, methylene chloride and carbon tetrachloride,
aprotic polar solvents such as DMF, DMSO and HMPA, and the
like. The reaction is usually carried out at a temperature
of from around 0°C to around 150°C, preferably from room
temperature to around 100°C, for about 0.1 to about 15
hours. The compound [8] is usually used in an amount of at
least 1 mole, preferably 1 to 2 moles, per 1 mole of the
compound [7]. 1In the reaction, a basic compound may
optionally be added. Such basic compound may be any basic
compounds which are used in the above reaction between the
compound [3] and the compound [4].

The cyclization of the compound [9] is carried out
in a suitable solvent in the presence of a basic compound.
The solvent employed in the reaction may be any conventional
solvents unless they give any undesirable effect on the

reaction, and includes, for example, ethers such as diethyl
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ether, dioxane, tetrahydrofuran, monoglyme and diglyme,
aliphatic hydrocarbons such as n-hexane, heptane and
ligroin, halogenated hydrocarbons such as chloroform,
methylene chloride and carbon tetrachloride, aprotic polar
solvents such as DMF, DMSO and HMPA, and the like. The
basic compound employed in the reaction includes inorganic
bases such as metallic sodium, metallic potassium, sodium
hydride, sodium amide, sodium hydroxide, potassium
hydroxide, sodium carbonate and potassium carbonate, metal
alcoholates such as sodium methylate and sodium ethylate,
organic bases such as 1l,8-diazabicyclo[5.4.0]undecene-7
(DBU), N-benzyltrimethylammonium hydroxide and tetrabutyl-
ammonium hydroxide, and the like. The reaction is usually

carried out at a temperature of from around 0°C to around

200°C, preferably from room temperature to around 150°C, for

about 0.5 to about 15 hours. The basic compound is usually

used in an amount of at least 1 mole, preferably 1 to 2

mocles, per 1 mole of the compound [9].

The hydrolysis of the compound [la] can be carried

out under the conditions of conventional hydrolysis, for

instance, in the presence of a basic compound such as sodium

hydroxide, potassium hydroxide, barium hydroxide or

potassium carbonate, a mineral acid such as sulfuric acid,

hydrochloric acid or nitric acid, or an organic acid such as

acetic acid or aromatic sulfonic acids, in a solvent

including water, alcohols such as methanol, ethanol and iso-

propanol, ketones such as acetone and methyl ethyl ketone,
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ethers such as dioxane and ethylene glycol diethyl ether,
acetic acid, or a mixture thereof. The reaction is usually
carried out at a temperature of from room temperature to
around 200°C, preferably from room temperature to around
150°C, for about 0.1 to about 30 hours. By the reaction,
there is produced the compound [la'].

[Reaction Scheme-II)

4 5
14 .2
COOR R%H  [11] COOR
> |
2 N
R |
rR3 Rl
[1b] [1b')]

wherein Rl, R2, R3, R* and x are as defined above,.X4 is a
halogen atom, and R1% is hydrogen atom or a group of the
formula:

15
—B<::OCOR16 (wherein R13 ang r16 are each an alkyl).

OCOR

For conducting the reaction between the compoundg
[1b] and the comound [11]), both compounds are used in a wide
range of ratio, and the compound [11] is usually used in an
amount of at least 1 mole, preferably about 1 to about 5§
moles, per 1 mole of the compound [lb]. The reaction is
carried out in an innert solvent, which includes, for
example, water, alcohols such as methanol, ethanol,

isopropanol, butanol, amyl alcohol and isoamyl alcohol,
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aromatic hydrocarbons such as benzene, toluene and xylene,
ethers such as tetrahydrofuran, dioxane and diglyme,
dimethylacetamide, DMF, DMSO, HMPA, N-methylpyrrolidone, and
the like and a mixture thereof. Among these solvents, the
preferred one is DMF, DMSO, HMPA, and N-methylpyrrolidone.
The reaction may also be carried out in the presence of an
acid-removing agent, including inorganic carbonates such as
sodium carbonate, potassium carbonate, sodium hydrogen
carbonate and potassium hydrogen carbonate and organic bases
such as pyridine, quinoline and triethylamine. An alkaline
methal halide such as potassium fluoride may also be added
to the reaction mixture. The reaction is usually carried
out under a pressure of from 1 to 20 atm., preferably from 1
to 10 atm., at a temperature of from room temperature to
around 250°C, preferably from room temperature to around
200°C, for about 10 minutes to about 30 hours.

The compound [1b'] wherein R4 is a group of the

formula:
_~OCOR??
NS OCOR1®
can be converted into the corresponding compound [1b']
wherein R4 is hydrogen atom by treating the former compound

with an acid or a base to decompose the chelate compound.
The acid employed in the reaction includes mineral acids
such as hydrochloric acid and sulfuric acid, and organic

acids such as acetic acid and p-toluenesulfonic acid. The
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base employed in the reaction includes mineral bases such as
sodium hydroxide, potassium hydroxide, sodium hydrogen
carbonate, potassium hydrogen carbonate and potassium
carbonate, and organic bases such as triethylamine. The
reaction favorably proceeds at a temperature of from around
0°C to around 150°C, preferably from around 0°C to around
100°C. The acid or the base may be used in an amount of at
least 1 mole, preferably 1 to 10 moles, per 1 mole of the
starting compound.

[Reaction scheme—III]

1745
COOH R-'X”? [12] COOH
g Z\ f.“—z'\N
n

(CHz)n (CH2)

ao—2
=]

[1lc] [14]

wherein X, RY, R3 and r? are as defined above, either Z or W
is —CH,~ and the other is -NH, n is an integer of 1 to 3,
rR17 is a (lower) alkyl; a cycloalkyl; a phenyl(lower)alkyl
in which phenyl ring may be substituted by a (lower) alkoxy,
nitro or amino; a phenyl which may be substituted by a
halogen atom or.a (lower) alkyl which may be substituted by
1l to 3 of halogen atoms; a pyridyl; a (lower) alkyl having 1
to 3 of substituents selected from the group consisting of

hydroxy, an amino which may be substituted by 1 or 2

substituents of a (lower) alkyl, a (lower) alkanoyl, a
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cycloalkyl or a (lower) alkoxycarbonyl, a (lower) alkoxy and
a halogen atom; a {lower) alkanoyl which may be substituted
by 1 to 7 of halogen atoms; a (lower) alkenylcarbonyl having
1 to 3 of substituents selected from the group consisting of
a halogen atom and a carboxy; a (lower) alkoxycarbonyl; an
aminocarbonyl which may be substituted by a (lower) alkyl; a
phenyl(lower)alkoxycarbonyl; an amino{lower)alkanoyl which
may be substituted by a phenyl(lower)alkoxycarbonyl; a
(lower) alkoxycarbonyl(lower)alkyl; a carboxy(lower)alkyl;
an anilinocarbonyl(lower)alkyl; a (lower) alkylsulfonyl
which may be substituted by 1 to 3 of halogen atoms; a
sulfo(lower)alkyl; a (lower) alkenyl or a (lower) alkynyl,
x> is a halogen atom, and either Z' or W' is —-CH,- and the
other is -NRL7.

The reaction between the compound [lc] and the
compound [12] is carried out in a suitable solvent in the
presence of a hydrogen halide-removing agent. The solvent
includes water, alcohols such as methanol, ethanol and
isopropanol, ketones such as acetone and methyl ethyl
ketone, ethers such as diethyl ether and dioxane, aromatic
hydrocarbons such as benzene, toluene and xylene, and the
like. The hydrogen halide-removing agent includes inorganic
bases such as sodium hydroxide, potassium hydroxide, sodium
carbonate and potassium carbonate, alkaline metals such as
sodium and potassium, and organic bases such as pyridine and

piperidine. If necessary, copper powders, copper halides
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such as copper iodide or alkaline metal halides such as
sodium iodide and potassium iodide may also be employed.
The compound {12) is_usually used in an equimolar to large
excess amount, preferably 1 to 3 moles, per 1 mole of the
compound [lc]. The reaction is usually carried out at a
temperature of from room temperature to around 150°C,
preferably from around 50°C to around 120°C, for about 1 to
about 12 hours.

[Reaction scheme -~ 1IV]

rRY o
X COOH rRY8corl?® [13]
N i
3
(CH,)n R rl
[1lc]
R o
X COOR
,—.ZII
wero SN N‘
_ 7 )
(CHy)n R R
[le]

wherein Rl, R3, R4, Z, W, n and X are as defined above, R18

and R'? are each hydrogen atom or a lower alkyl, and either
///Rls
Z'' or W'' is -CH,- and the other is -N-CH
2
\ng .

The reaction between the compound [lc] and the
compound [13] is carried out in the presence or absence of a
solvent in the presence of a reducing agent. The solvent

employed in the reaction includes, for example, water,
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alcohols such as methanol, ethanol and isopropanol, lower
alkanoic acids such as formic acid and acetic acid, ethers
such as dioxane, diethyl ether, diglyme and tetrahydrofuran,
aromatic hydrocarbons such as benzen, xylene and toluene,
and the like. The reducing agent includes formic acid,
alkaline metal or alkaline earth metal salts of formic acid
such as sodium formate, reducing agents for hydrogenation
such as sodium borohydride, sodium cyanoborohydride and
lithium aluminum hydride, catalysts for catalytic reduction
such as palladium black, palladium carbon, platinum oxide,
platinum black and Raney nickel, and the like. 1In case of
using formic acid as the reducing agent, the reaction is
usually carried out at a temperature of from room
temperature to around 200°C, preferably from around 50°C to
around 150°C, for about 1 to about 10 hours. Formic acid is
preferably used in a large excess amount to the compound
[lc]. Besides, in case of using a reducing agent for
hydrogenation, the reaction is usually carried out at a
temprature of from around -30°C to around 100°C, preferably
from around 0°C to around 70°C, for about 30 minutes to
about 12 hours. The reducing agent is usually used in an
amount of from 1 to 20 moles, preferably from 1 to 6 moles,
per 1 mole of the compound [1lc]. 1In case of using lithium
aluminum hydride as the reducing agent, a preferable solvent
includes ethers such as diethyl ether, dioxane, tetrahydro-
furan and diglyme, aromatic hydrocarbons such as benzene,

toluene and xylene, and the like. 1In case of using a
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catalyst for catalytic reduction, the reaction is usually
carried out under a hydrogen pressure of from ordinary
pressure to 20 atm., preferably from ordinary pressure to 10
atm., at a temperature of from -30°C to 100°C, preferably
from 0°C to 60°C, for 1 to 12 hours. The catalyst is
usually used in an amount of from 0.1 to 40% by weight,
preferably from 0.1 to 20% by weight, of the compound
[lc]. The compound [13] is usually used in an amount of at
least 1 mole, preferably 1 mole to a large excess amount,
per 1 mole of the compound [lc].

In the reaction scheme-I, the starting compounds
of the formula [2] are novel or known compounds, which can
be prepared, for example, by the process as shown in the

following reaction scheme-V.
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[Reaction scheme-V]

4 4
R | R
X x> X x>
Halogenating agent .
N
R2' NH, R2 NH-x6
[14] [14a]
4
R 5
1]120 X X
CH,SR2! [15]
R2' NH, MCN [17]
—_ >
cusr?l
)
220
[16]
r? ré
X CN X CN
2! 2!
R NH R NH
2 S 2
cusr?l THZ
220 220
[18] [19]
r r4
X CN X COOH
\ \ 2
R2 %2 . R2 X
”
1.2 .2
R20 220
[20] [2a]

wherein X, RZ', R4 and x2 are as defined above, x> and x6
are each a halogen atom, R20 g hydrogen atom or a (lower)

alkyl and R2l jg a (lower) alkyl, in which R20 ang r21 may
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be taken together to form a 5- to 7-membered ring, and M is
an alkaline metal such as sodium or potassium, or a metal
such as silver, calcium or copper.

In case that R20 and R?! of the compound [16] are
taken together to form a 5- to 7-membered ring, R20 of the
compound [20] is —RZO—Rzl—H.

The compound [16] can be prepared by reacting the
starting aniline derivative of the formula [14] with a
halogenating agent and then reacting the resultant compound
of the formula [l4a] with the thio compound of the formula
[15].

The reaction between the aniline derivative [14]
and the halogenating agent is usually carried out in a
suitable solvent. The solvent may be any conventional
solvents unless they give any undesirable effect on the
reaction. Such solvent includes, for example, halogenated

hydrocarbons such as chloroform and dichloromethane, ethers

such as dioxane, diethyl ether and tetrahydrofuran, aromatic

hydrocarbons such as benzene, toluene and xylene, lower
alcohols such as methanol, ethanol and isopropanol, polar

solvents such as DMSO, HMPA and acetonitrile, and the

like. The halogenating agent employed in the above reaction

may be any conventional halogenating agents and includes,

for example, N-bromosuccinimide, N-chlorosuccinimide, sodium

hypobromite, sodium hypochlorité, bleaching powder, thionyl

chloride, tert-butyl hypochloride, and the like. The
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halogenating agent is usually used in an amount of at least
1 mole, preferably 1 to 6 moles, per 1l mole of the starting
compound. The reaction is usually carried out at a
temperature of from around -78°C to room temperature,
preferably from around -60°C to around 15°C, and usually
completes in a moment or within a few minutes.

By the reaction, there is produced the
intermediate of the formula {l4a]. While the resultant
compound [l4a] may be separated from the reaction mixture to
provide it for a subsequent reaction, the reaction mixture
is usually subjected to the reaction with the thio compound
of the formula [15] without separating it from the reaction
mixture.

The reaction between the intermediate compound
[14a] and the compound [15] is carried out in the same
solvent and at the same temperature as mentioned above in
the presence of a suitable basic compound. The preferable
basic compound which can be employed in the reaction
includes inorganic bases such as potassium carbonate, sodium
carbonate, sodium hydroxide, sodium hydrogen carbonate,
sodium amide and sodium hydride, and organic bases including
tertiary amines such as triethylamine, tripropylamine,
pyridine and quinoline. The compound [15] is usually used
in an amount of at least 1 mole, preferably 1 to 1.5 moles,
per 1 mole of the intermediate compound [l4a). The reaction

is usually carried out at a temperature of from room
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temperature to around 150°C, preferably from room tempera-
ture to around 100°C, for about 1 to about 50 hours.

The reaction between the compound [16] and the
compound {17] is carried out in a suitable solvent in the
presence or absence of a basic compound. The solvent
employed in the reaction includes water, alcohols such as
methancl, ethanol and isopropanol, aromatic hydrocarbons
such as benzene, toluene and xylene, ethers such as dioxane,
tetrahydrofuran and diglyme, polar solvents such as DMF,
DMSO, HMPA and N-methylpyrrolidone, or a mixture thereof.
The basic compound includes, for example, inorganic
carbonates such as sodium carbonate, potassium carbonate,
sodium hydrogen carbonate and potassium hydrogen carbonate,
organic bases such as pyridine, quinoline and triethylamine,
phase transfer catalysts such as phenyltriethylammonium
chloride and tetramethylammonium chloride, and the like.

The compound [17] is usually used in an amount of at least 1
mole, preferably 1 to 2 moles, per 1 mole of the compound
[16]. The reaction is usually carried out at a temperature
of from room temperature to around 200°C, preferably from
room temperature to around 180°C, for about 0.5 to about 10
hours.

The desulfurization of the compound [18] for
preparing the compound [19] is usually carried out in a
solvent in the presence of a suitable catalyst. The

catalyst includes, for example, aluminum-amalgam, lithium-—
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(lower) alkylamine, Raney nickel, Raney cobalt, triethyl
phosphite, triphenyl phosphine, and the like, and preferably
Raney nickel. The solvent includes alcohols such as
methanol, ethanol and isopropanol, ethers such as diehtyl
ether, dioxane and tetrahydrofuran, and the like. The
reaction is usually carried out at a temperature of from
around 0°C to around 200°C, preferably from room temperature
to around 100°C, for about 10 minutes to about 5 hours. The
catalyst is usually used in an amount of from 1 to 10-fold
by weight of the compound [18].

The reaction of converting the compound [19] into
the compound [20] is carried out by reacting the compound
[19] with a metallic salt of nitrous acid such as sodium
nitrite or potassium nitrite in a suitable solvent in the
presence of an acid, and then reacting the résultant
product, without separation from the reaction mixture, with
a metal halide such as potassium iodide, copper (I) chloride
or copper (I) bromide. The acid employed in the reaction
includes mineral acids such as hydrochloric acid, sulfuric
acid and hydrobromic acid. The solvent includes water,
alkanocic acids such as acetic acid, aromatic hydrocarbons
such as benzen, toluene and xylene, alcohols such as
methanol, ehtanol and isopropanol, halogenated hydrocarbons
such as chloroform, dichloromethane and dichloroethane,
ethers such as dioxane and tetrahydrofuran, aprotic polar

solvents such as DMF, DMSO and HMPA, and a mixture
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thereof. The metallic salt of nitrous acid and the metal
halide each is usually used in an amount of at least 1 mole,
preferably 1 to 1.5 moles, per 1 mole of the compound

[19]. The reaction is usually carried out at a temperature
of from around 0°C to around 150°C, preferably from around
0°C to around 100°C, for about 10 minutes to about 5

hours.

The hydrolysis of the compound [20] can be carried
out in the presence of a suitable hydrolysis catalyst,
including a mineral alkaline compound, e.g., a hydro-
halogenic acid such as hydrochloric acid or hydrobromic
acid, a mineral acid such as sulfuric acid or phosphoric
acid, an alkaline metal hydroxide such as sodium hydroxide,
potassium hydroxide, an alkaline metal carbonate or
hydrogencarbonate such as sodium carbonate, potassium
carbonate or sodium hydrogen carbonate, in the presence or
absence of a suitable solvent, such as, for example, water
or a mixture of water and a lower alcohol such as methanol
or ehtanol. The reaction is usually carried out at a
temperature of from 50°C to 200°C, preferably from 70°C to
180°C, for about 1 to about 10 hours.

In the reaction scheme-II, the compounds of the

15
_~OCOR

can
“~ocorl6

formula [1b] wherein R4 is a group: -B

be prepared, for example, by the process as shown in the

following reaction scheme-VI.
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[Reaction scheme-VI]

R 0 6' 15
X COOR OCOR 5
BZ Zocori® [21]
| “Nocor22 L
x4 >
I
r3 Rl
[1f]
4
R 0
X coort4’
4 |
: 1
r3 Rl
[1g]
wherein Rl, R3, R4, X, X4, g1 and R16 are as defined above,
R is a (lower) alkyl or hydrogen atom, r14' is a group:
//OCORlS -
~B_ 16 and R is a (lower) alkyl.
OCcoRr1®

The reaction between the compound [1f] and the
compound [21)] is carried out in a suitable solvent. The
solvent employed in the reaction includes, for example, the
solvents employed in the reaction between the R group-—
removed compound and the compound [6] in the above reaction
scheme-I. The reaction is usually carried out at a
temperature of from room temperature to around 200°C,
preferably from room temperature to around 150°C, for about
10 minutes to about 5 hours. The compound [21] is usually
used in an amount of at least 1 mole, preferably 1 to 10

moles, per 1 mole of the compound [1f].
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The compounds [8] employed in the reaction scheme-
I are novel or known compounds, which can be prepared, for
example, by the process as shown in the following reaction

scheme-VII.

[Reaction scheme-VII]

(x7ym (x7)m
A M'Ny [23) o XN\
d 7

CO,H CON4

[22] [24)
\_\\l 'N3 [23&]

\ (x7ym (x7)m
[25]
> NHR23

[26] [27]

NH,

wherein X/ is a halogen atom, R23 is a phenyl{lower)-
alkoxycarbonyl, r?23' is a phenyl(lower)alkyl, m is an
integer of 1 to 3, M' is an alkaline metal such as sodium or
potassium, and M'' is hydrogen atom or M'.

The reaction between the compound [22] and the
compound [23] can be carried out under reaction conditions
usually employed in a reaction for forming an amide boﬁd.
For forming an amide bond, known reaction conditions for the
amide bond formation can be employed, for example, (a) a
mixed acid anhydride process: a process which comprises
reacting the carboxylic acid [22]) with an alkyl halo-
carboxylate to give a mixed acid anhydride, which is then

reacted with the azide [23]; (b) an active ester process: a
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process which comprises converting the carboxylic acid [22]
into an active ester such as p-nitrophenyl ester, N-
hydroxysuccinimide ester or l-hydroxybenzotriazole ester,
and then reacting the resultant ester with the azide [23];
{(c) a carbodiimide process: a process which comprises
condensing the carboxylic acid [22] with the azide [23] in
the presence of an activating agent such as dicyclohexyl-
carbodiimide or carbonyldiimidazole; and (d) other
processes: a process which comprises converting the
carboxylic acid [22] into the carboxylic anhydride using a
dehydration agent such as acetic anhydride, and then
reacting the resultant anhydride with the azide [23], a
process which comprises reacting an ester from the
carboxylic acid [22] and a lower alcohol with the azide [23]
under a high pressure at a high temperature, or a process
which comprises reacting an acid halide of the carboxylic
acid [22], i.e. acyl halide with the azide [23].

The mixed acid anhydride used in the above mixed
acid anhydride process can be obtained by a conventional
Schotten-Baumann reaction, and the resultant anhydride is
reacted with the azide [23)], usully without separating it
from the reaction mixture, to prepare the compound [24].
The Schotten-Baumann reaction is carried out in the presence
of a basic compound. The basic compound which can be
employed in the reaction includes those usually employed in

the Schotten-Baumann reaction, for example, organic bases
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such as triethylamine, trimethylamine, pyridine, dimethyl-
aniline, N-methylmorpholine, 1,5~diazabicyclo [4,3,0]
nonene-5 (DBN), 1,8-diazabicyclo [5,4,0] undecene-7 (DBU)
and 1,4-diazabicyclo [2,2,2] octane (DABCO), and inorganic
bases such as potassium carbonate, sodium carbonate,
potassium hydrogen carbonate and sodium hydrogen carbonate.-
The reaction is usually carried out at a temperaturé of from
around -20°C to around 100°C, preferably from around 0°C to
around 50°C, for 5 minutes to 10 hours, preferably 5 minutes
to 2 hours. The reaction between the obtained mixed acid
anhydride and the azide [23] is usually carried out at a
temperature of from around -20°C to around 150°C, preferably
from around 0°C to around 50°C, for 5 minutes to 10 hours,
preferably for 5 minutes to 5 hours. The mixed acid
anhydride process is usually carried out in a solvent. The
solvent may be any which is usually employed in the mixed
acid anhydride process, including water, halogenated
hydrocarbons such as methylene chloride, chloroform and
dichloroethane, aromatic hydrocarbons such as benzene,
toluene and xylene, ethers such as diethyl ether, tetra-
hydrofuran and dimethoxyethane, estérs such as methyl
acetate and ethyl acetate, ketones such as acetone, aprotic
polar solvents such as DMF, DMSO and HMPA, and a mixture
thereof. The alkyl halocarboxylate used in the mixed acid
anhydride process includes, for example, methyl chloro-

formate, methyl bromoformate, ethyl chloroformate, ethyl
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bromoformate, isobutyl chloroformate, and the like. The
azide [23] is usually used in an amount of at least 1 mole,
preferably 1 to 1.5 moles, per 1 mole of the carboxylic acid
f2217].

In case of using the process of reacting an acyl
halide with the azide [23}, the reaction is carried out in a
suitable solvent in the presence of a basic compound. The
basic compound used in the reaction may be any known basic
compounds, including, for example, sodium hydroxide,
potassium hydroxide, sodium hydride, potassium hydride,
silver carbonate, and metal alcoholates such as sodium
methylate and sodium ethylate, in addition to the basic
compound employed in the above Schotten-Baumann reaction.
The solvent used in the reaction includes, for example,
alcohols suéh as methanol, ethanol, propanol, butanocl, 3-
methoxy~l-butanol, ethyl cellosolve and methyl cellosolve,
pyridine, acetone, acetonitrile, the solvents employed in
the above mixed acid anhydride process, and a mixture
thereof.' Although the ratio of the azide [23] and an acyl
halide employed is not particularly limited, the acyl halide
is usually used in an amount of at least 1 mole, preferably
1l to 5 moles, per 1 mole of the azide [23]. The reaction is
usually carried out at a temperature of from around -30° to
around 180°C, preferably from around 0°C to around 150°C,
for about 5 minutes to about 30 hours. The compound [24]
thus prepared may be used in a subsequent reaction without

separating it from the reaction mixture.
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The reaction between the compound [24] and the
compound [25] is usually carried out at a temperature of
from around 0°C to around 150°C, preferably from room
temperature to around 100°C, for 1 to 15 hours, in a
suitable solvent or in the absence a solvent. The compound
[25] is usually used in an amount of at least 1 mole,
preferably 1 to 2 moles, per 1 mole of the compound [24].

The reaction of converting the compound [26] into
the compound {27] can be carried out under the same reaction
conditions as used in the reaction for removing a phenyl
(lower) alkyl or a phenyl (lower) alkoxycarbonyl on the
heterocyclic ring attached to the above compound [1].

The reaction of directly converting the compound
[22] into the compound [27] is generally referred to as
Schmidt reaction, and carried out in a suitable solvent in
the presence of an acid. The acid employed in the reaction
includes mineral acids such as sulfuric acid and hydro-
chloric acid, phosphorus compounds such as phosphorus
oxychloride, phosphorus pentachloride, phosphorus tri-
chloride and phosphorus pentoxide, thionyl chloride, iron
[IITI] chloride, aluminum chloride, stannic chloride,
sulfoacetic acid, phosphoric acid, and the like. The
solvent includes aromatic hydrocarbons such as benzene,
toluene and xylene, halogenated hydrocarbons such as
chloroform, dichloromethane and carbon tetrachloride, and

the like. The reaction is usually carried out at a
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temperature of from around 0°C to around 150°C, preferably
from around 0°C to around 100°C, for about 0.5 to about 10
hours. The compound [23a] is usuaily used in an amount of
at least 1 mole, preferably 1 to 2 moles, per 1 mole of the

compound [22].

[Reaction scheme-VIII]

1124—’:(‘c1+12x8
o. 0
hd
0

(28] S

COOH

/”—~_-Ztl ]
W' N N

3
\(CHz)n/ R zlzl

(1h]
wherein R?% is phenyl, a lower alkyl or hydrogen atom, x8 is

a halogen atom, either Z"' or W"' is -CH,- and the other is

a group: -N-CH, R24, and Rl, R3, R4, Z, W, X and n

0 0
T
are as defined above.
The reaction between the compound [lc] and the
compound [28]) can be carried out under the same reaction

conditions as employed in the reaction between the compound

[1b] and the compound [11] in the above reaction scheme-II.
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Among the compounds [1], the compound in which the
heterocyclic ring is substituted by (a) a phenyl(lower)alkyl
in which phenyl ring may be substituted by a (lower) alkoxy,
nitro or amino; (b) a (lower) alkanoyl which may be
substituted by 1 to 7 of halogen atoms, a (lower) alkenyl-
carbonyl having 1 to 3 of substituents selected from the
group consisting of a halogen atom and a carboxy; (c) a
(lower) alkoxycarbonyl; (d) an aminocarbonyl which may be
substituted by a (lower) alkyl; (e) a phenyl(lower)alkoxy-
carbonyl; (f£) an amino(lower)alkanoyl which may be
substituted by a phenyl(lower)alkoxycarbonyl; (g) phthalide;
(h) a 2(5H)-furanone which may be substituted by 1 or 2 of
halogen atoms; or (i) a 2-oxo-1,3-dioxolenemethyl which may
be substituted by phenyl or a (lower) alkyl can be converted
into the compound [l1] in which the heterocyclic ring is not
substituted, for example, using the following methods.

The compound [1] in which the heterocyclic ring is
substituted by (a) or (e) can be converted into the compound
[1] in which the heterocyclic ring is not substituted, by
treating the former compound in a suitable solvent such as,
for example, water, a (lower) alcohol such as methanol,
ethanol or isopropanol, an ether such as dioxane or tetra-
hydrofuran, acetic acid, or a mixture thereof, in the
presence of a catalyst for catalytic reduction such as
palladium carbon or palladium black, under a hydrogen

pressure of from 1 to 10 atom., at a temperature of from

F]
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around 0°C to around 100°C, for about 0.5 to about 10 hours,
wherein a'mineral acid such as hydrochloric acid may be
added to the reaction mixture, or by heating the former
compound in an aqueous hydrobromic acid solution, to remove
the phenyl(lower)alkyl such as benzyl or the phenyl(lower)-
alkoxycarbonyl.

The compound {1] in which the heterocyclic ring is
substituted by any of the substituents (b) to (i) can be
converted into the compound [1] in which the heterocyclic
ring is not substituted, by hydrolyzing the former compound
under the same reaction conditions as employed in the
hydrolysis of the above compound [la].

The compound [1] in which the heterocyclic ring is
substituted by amino can be converted into the compound [1]
in which the heterocyclic ring is substituted by a group:

R24——::::T—CH2NH— by using the same reaction conditions as

0 0

b

O
employed in the reaction between the compound [lc] and the
compound [28] in the above reaction scheme-VIII. The
compound [1] in which the heterocyclic ring is substituted
R24

by a group: '_:::j“CHzNH" can also be converted into the

O\H/O
O
.compound [1] in which the heterocyclic ring is substituted

by amino, by hydrolyzing the former compound under the same
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reaction conditions as employed in the hydrolysis of the
above compound [la].

[Reaction scheme-IX]

~ r4 r4
X NO X © NO
2 2
~ NH,RY (8]
N | <
R2 . NH R? . X°
R3" |, R3
R
[29] (37]

R260-CcH=C(COOR%®), [30a]

R4
X NO, ,COORZ>
ﬁ5fc00R25
N-CH
R27 30 l c
R290CH >< RT gl [31]
28
Cyclization

[30b]

COOR2®
v
R4
X N02
0 [1i]

r2' 3 N-CH Hydrolysis

R

Rt 0

[32]

Cyclization

wherein Rl, R2', R3, R4, X9 and X are as defined above, R3I

[13])

is a group:
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-—CHSR21 wherein R20 and R21 are as defined above or R3, and
R25, R26, R27, R28 and r?29 are each a (lower) alkyl.

The reaction between the compound [37] and the
compound [8] can be carried out under the same reaction
conditions as employed in the reaction between the compound
[1b] and the compound [11] in the above reaction scheme-I1I.

The reaction between the compound [29] and the
compound [30a] or [30b] is carried out in the presence or
absence of a solvent, preferably in the absence of a
solvent. The solvent used in the reaction includes, for
example, alcohols such as methanol, ethanol and isopropanol,
aromatic hydrocarbons such as benzene and toluene, polar
solvents such as acetonitrile, DMF, DMSO and HMPA, and the
like. The compound [30a)} or [30b] is usually used in an
amount of at least 1 mole, preferably 1 to 1.5 moles, per 1
mole of the compound [29). The reaction is usually carried
out at a temperature of from room temperature to around
200°C, preferably from around 60°C to around 200°C, for
about 0.5 to about 25 hours.

The cyclization of the compound [31] or [32] can
be carried out according to various known methods for the
cyclization, including a heating method, a method using an
acidic compound such as phosphorus oxychloride,.phosphorus
pentachloride, phosphorus trichloride, thionyl chloride,

conc. sulfuric acid or polyphosphoric acid, and the like.
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In case of using the heating method, the reaction is usually
carried out in a high b.p. solvent such as a high b.p.
hydrocarbon or a high b.p. ether such as tetralin, diphenyl
ether or diethylene glycol dimethyl ether at a temperature
of from 100°C to 250°C, preferably from 150°C to 200°C. 1In
case of using the method with an acidic compound, the acidic
compound is usually used in an equimolar to a large excess
amount, preferably 10 to 20 moles, per 1 mole of the
compound [31] or [32]. The reaction is usually carried out
in the presence or absence of a suitable solvent at a
temperature of from room temperature to 150°C for about 0.1
to about 6 hours. The solvent includes acid anhydrides such
as acetic anhydride in addition to the solvents employed in
the cyclization of the above compound [9].

The hydrolysis of the compound [1i] can be carried
out under the same reaction conditions as employed in the
hydrolysis of the compound [la] in the above reaction

scheme-1I.
r20
3! . | 21
The compound [1j] in which R is a group: —-CHSR
can be coverted into the corresponding compound in which r3'
is —CH2R20 by treating the former compound under the same
reaction conditions as employed in the reaciton wherein the

compound [18] is converted into the compound [19] in the

above reaction scheme-V.
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The compound [1j] in which rR2' is a 5- to 9-
membered saturated or unsaturated heterocyclic ring having a
(lower) alkoxycarbonyl on the secondary nitrogen atom can be
converted into the corresponding compound in which rR2' is a
5- to 9-membered saturated or unsaturated heterocyclic ring
having no substituent on the secondary nitrogen atom by
treating the former compound under the same reaction
conditions as employed in the hydrolysis of the compound
[la] in the above reaction scheme-I.

The compound [29] employed as the starting
material in the above reaciton scheme-IX can be prepared,
for example, by the processes as shown in the following

reaction schemes-X to XIII.
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[Reaction scheme-X]

r4 R4
X x> X
>
R?' NH, R2 NH
21 CH,
CHSR l
[ 120
520
(16] [33]
g4
X
R2' NgR30
THz Nitration
£ 20
[34]
Nitration _ y
ré | rd
Hydrolysis
rd
R2! NHR3O Rzr NH2
?Hz sz
r20 20
[35] [36]
}uss
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R4 r4
X | No, X NO,
1 ~
NH,-R* [8] I
N
—> g2 x? > g2 NH-R1
?Hz CHy
|
520 20
{37a] [29a]
_ 4 - R4
[ x NO, | 20 X _ NO,
l 1
CH,SR?! [15]
IO
™~
R2' T—xs r2' NHRL
R cHsR?!
l
20
R
[39a]
[29b]
T Halogenation
R4 R4
X NO, X NO,
NH,-R1 (8]
R2' NHR1 < R2' x?
[39] [38]

wherein Rl, R2', RZO, R21, X, X5 and X6 are as defined

above, R30 is a (lower) alkanoyl, and X9 is a halogen atom.

The desulfurization of the compound [16] or [29b]
can be carried out under the same reaciton conditions as

employed in the desulfurization of the above compound [18].
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The reaction of converting the compound [33] into
the compound [34] is carried out in the presence of a
(lower) alkanoylating agent, which includes a (lower)
alkanoic acid such as formic acid, acetic acid or propionic
acid, a (lower) alkanoic acid anhydride such as acetic
anhydride, a (lower) alkanoic acid halide such as acetyl
chloride or propionyl bromide, or the like. 1In case of
using an acid anhydride or an acid halide as the (lower)
alkanoylating agent, a basic compound may also be
employed. The basic compound includes, for example, alkali
metals such as metallic sodium and metallic potassium;
hydroxides, carbonates or hydrogen carbonates of these
alkali metals; organic bases such as pyridine and
piperidine, and the like. The reaction can be carried out
in either the presence or the absence of a solvent, usually
in the presence of a suitable solvent. The solvent
includes, for example, ketones such as acetone and methyl
ethyl ketone, ethers such as diethyl ether and dioxane,
aromatic hydrocarbons such as benzene, toluene and xylene,
acetic acid, acetic anhydride, water, pyridine, and the
like. The (lower) alkanoylating agent is used in an amount
of at least 1 mole per 1 mole of the compound [33], usually
in an equimolar to a large excess amount. The reaction is
usually carried out at a temperature of from around 0°C to
around 150°C, preferably from around 0°C to around 100°C,

for about 5 minutes to about 15 hours. In case of using a
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(lower) alkanoic acid as the (lower) alkanoylating agent, a
dehydrating agent is preferably employed, which includes
mineral acids such as sulfuric acid and hydrochloric acid,
sulfonic acids such as p-toluenesulfonic acid, benzene-
sulfonic acid and ethanesulfonic acid and the like, and the
reaction is preferably carried out at a temperature of from
around 50°C to around 120°C.

The nitration of the compound [33] or [34] is
carried out by treating the said compound with a nitrating
agent such as fuming nitric acid, concd. nitric acid, a
mixed acid (e.g. nitric acid plus sulfuric acid, fuming
sulfuric acid, phosphoric acid or acetic anhydride, etc.),
an alkali metal nitrate plus sulfuric acid, an anhydride of
nitric acid and an organic acid such as acetyl nitrate or
benzoyl nitrate, nitrogen tetraoxide, nitric acid plus
mercury nitrate, nitrate of acetone cyanohydrin, an alkyl
nitrate plus sulfuric acid or a polyphosphoric acid, without
a solvent or in the presenece of a solvent such as acetic
acid, acetic anhydride or sulfuric acid. The nitrating
agent is preferably used in an amount of 1 to § moles per 1
mole of the compound [33]) or [34]. The reaction is usually
carried out at a temperature of from around -10°C to around
70°C for about 10 minutes to about 24 hours.

The hydrolysis of the compound [35] is carried out
under the same reaction conditions as employed in the

hydrolysis of the above compound [la].
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The reaction between the compound [37a] or [38]
and the compound {8] can be carried out under the same
reaction conditions as employed in the reaction between the
compound [1b] and the compound [11l] in the above reaction
scheme-1I1I.

The halogenation of the compound [39] can be
carried out under the same reaction conditions as employed
in the halogenation of the above compound [14].

The reaction of converting the compound [29b] into
the compound [29a] can be carried out under the same
reaction conditions as employed in the above reaction of
converting the compound [18] into the compound [19].

The reaction between the compound [3%a] and the
compound {15] can be carried out under the same reaction
conditions as employed in the reaction between the compound
[14a] and the compound [15].

The reaction of converting the compound [36] into
the compound [37] can be carried out by converting the
former compound into a diazonium salt thereof using sodium
nitrite and an acid such as sulfuric acid, hydrochloric acid
hydrobromic acid or boron fluoride in a solvent such as a
(lower) alkanoic acid such as acetic acid or water, and then
reacting the diazonium salt with a copper powder or a copper
halide such as, for example, cuprous bromide, cuprous
chloride or cupric chloride in the presence of a hydro-

halogenic acid such as, for example, hydrobromic acid or
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hydrochleoric acid, or reacting with potassium iodide in the
presence or absence of a copper powder, preferably with a
copper halide in the presence of a hydrochalogenic acid. The
sodium nitrite is usually used in an amount of 1 to 2 moles,
preferably 1 to 1.5 moles, per 1 mole of the compound [36],
and the copper halide is usually used in an amount of 1 to 5
moles, preferably 1 to 4 moles, per 1 mole of the compound
[36). The reaction is usually carried out at a temperature
of from around -20°C to around 100°C, preferably from around
-5°C to around 100°C, for about 10 minutes to about 5 hours.
The halogen atoms of R2' and %% in the compound
[37a], the compound [la], the compound [la'] and the
compound [45) described below can be converted into each

other.
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[Reaction scheme—-XI]
ré R4
X “NO 2 X NO 2
Halogenating
Hydrolysis agent -
e P
R2' NHR30 RZ2' NH,
[40] [41]
R4 R20 R4
X NO | X NO
2 2
~ CH,SR21 [15]
| S
N >
[ ] ]
R? NE-X° R2 NHj
cHSRZ21
[42] LZO
R4
X NO, [43]
—
r2' %9
.2
r20
[37]

wherein RZ',
above.

The
out under the
hydrolysis of

The

R20 2l g30

r Xy X6 and x? are as defined

hydrolysis of the compound [40] can be carried
same reaction conditions as employed in the
the above compound [la].

halogenation of the compound [41] can be

carried out under the same reaction conditions as employed

in the halogenation of the compound [14] in the above

reaction scheme-V.
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The reaction between the compound [42] and the
compound [15) can be carried out under the same reaction
conditions as employed in the reaction bétween the compound
[14a] and the compound [15].

The desulfurization of the compound [43] can be
carried out under the same reaction conditions as employed
in the desulfurization of the compound [18] in the above
reaction scheme-V.

[Reaction scheme-XII]

O,N
Nitration >
> e
. 1
R2 x° R? x
R3 R?
[44]
I-I2N X
s Nitration .
- ~
R? x° R?
r3
[46]
| - ' Halogenation
R2 X9 - Rz Xg g
R3 R?
[48] : [as]
This Sheet Has Been Repl

A

|

1



_74_

THIS SHEET HAS BEEN

REPLACED
20
X NHX® | ,, [15]
CH,SR
] S
R? x9 /} 4
R3.
[50]
T2O
cHSR?! cH,R20
X NH, X NH,
=
> ~,
2! J 9 2! 9 4
R A X R X
R3 r3
[51] [52]
cH,R20 cH,r%0
X X NO.,
72
. Nitration .
R2 AN x9 > Rr2 %2
R3 R3
[53] [37b]

wherein Rzl, R3,

X6, Xg, r20 and rR21 are as defined above.
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HoN

RZ

[56]

wherein Rz’, R3,
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H,N
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X6, Xg, R20 and r?! are as defined above.

The nitration of each compound [44], (47] or [53]

can be carried out under the same reaction conditions as

employed in the nitration of the compound [33] or [34].

The reduction of the compound [45] or [48] is

usually carried out by (i) reducing the compound with a

catalyst for catalytic reduction in a suitable solvent, or

by (ii) reducing the compound with a reducing agent such as

a mixture of metal or metal salt with an acid or a mixture
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of metal or metal salt with hydroxide, sulfide or ammonium
salt of alkali metal in a suitable innert solvent, In case
of the process (i) of the catalytic reduction, the solvent
employed in the reaction includes, for example, water,
acetic acid, alcohols such as methanol, ethanol and iso-
propanol, hydrocarbons such as hexane and cyclohexane,
ethers such as diethylene glycol dimethyl ether, dioxane,
tetrahydrofuran and diethyl ether, esters such as ethyl
acetate and methyl acetate, aprotic polar solvent such as
N,N-dimethyl formamide, and the like. The catalyst for
catalytic reduction employed in the reaction includes, for
example, palladium, palladium black, palladium carbon,
platinum, platinum oxide, copper chromite, Raney nickel, and
the like. The catalyst is usually used in an amount of from
0.02 to 1.00 times weight based on the compound [45] or
[48]. The reaction is usually carried out at a temperature
of from around -20°C to around 150°C, preferably from around
0°C to room temperature at a hydrogen pressure of from 1 to
10 atm. for about 0.5 to about 10 hours. In case of using
the process (ii), the employed reducing agent includes a
mixture of iron, zinc, tin or tin (II) chloride with a
mineral acid such as hydrochloric acid or sulfuric acid, a
mixture of iron, iron (II) sulfate, zinc or tin with alkali
metal hydroxide such as sodium hydroxide, sulfate such as
ammonium sulfate, aqueous amminia or ammonium chloride, and

the like. The innert solvent includes, for example, water,
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acetic acid, methanol, ethanol, dioxane and the like. The
reaction conditions of the above reduction may vary
depending on a kind of the reducing agent employed. For
example, the reaction is advantageously carried out at a
temperature of from around 0°C to room temperature for about
0.5 to about 10 hours when the reducing agent is a
combination of tin (II) chloride and hydrochloric acid. The
reducing agent is usually employed in an amount of at least
1 mole, preferably 1 to 5 moles per 1 mole of the starting
compound.

The halogenation of the compound [46] or [49] and
the subsequent reaction with the compound [15] can be
carried out in the same reaction conditions as employed in
the halogenation of the above compound [14] and the
subsequent reaction with the compound [15].

The desulfurization of the compound [55] or [51]
for preparing the compound [56] or [52] respectively can be
carried out in the same reaction conditions as employed in
the desulfurization of the above compound [18].

The reaction of converting the compound [46] or
[56] into the compound [47] or [53] respectively is carried
out by reacting the starting compound with nitrite of metal
such as sodium nitrite or potassium nitrite in a solvent
such as water in the presence of an acid to give a diazonium
salt, which is then heated at from around 150°C to around

200°C, or heated at from room temperature to around 150°C in
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the presence of copper (I) bromide - hydrobromic acid,
copper (I) chloride - hydrochloric acid, hydrobromic acid,
potassium iodide, or an acid such as hydrochloric acig plus
copper powder. The acid employed in the reaction includes,
for example, hydrochloric acid, hydrobromic acid, sulfuric
acid, tetrafluoroboric acid, hexafluorophosphoric acid, and
the like. The acid and the nitrate of metal are usually
used in an amount of from 1 to 5 moles, preferably from 1 to
3 moles, and of at least 1 mole, preferably from 1 to 1.5,
moles, respectively, per 1 mole of the compound [46] or
[56]. The amount of the acid employed in heating the
obtained diazonium salt is usually at least 1 moles,
preferably from 1 to 1.5 moles per 1 mole of the compound
[56].

The deamination of the compound [52] to prepare
the compound [53] is carried out by, for example, reacting
the compound [52] with t-butyl nitrite in the presence of a
suitable solvent. The solvent employed in the reaction
includes, for example, dimethyl formamide, dimethyl
sulfoxide, hexamethylphosphoric acid triamide, and the
like. The t-butyl nitrite is usually used in an amount of
at least 1 mole, preferably from 1 to 2 moles per 1 mole of
the compound [52]. The reaction is usually carried out at a
temperature of from room temperature to around 150°C,
preferably from room temperature to around 100°C for about

0.1 to 5 hours.
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[Reaction scheme-XIV]
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X NH, X ' NH-X°
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R R /\/X
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- r20
e
e [58]
R2! x5 r2' x5
X NH, X | CN
= >
r20 20
[59] [60]
R2' X5
~ X COOH
> .
.2
R20
[2b]

wherein R2', X, X5, XG, r20 and R?! are as defined above.
The reaction between the compound [57] and the
halogenating agent and the subsequent reaction with the
compound [15] are carried out under the same reaction
conditions as employed in the reaction between the above

compound [14] and the halogenating agent and the subsequent

reaction with the compound [15].
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The desulfurization of the compound [58] to
prepare the compound [59] is carried out under the same
reaction conditions as employed in the desulfurization of
the compound [18].

The reaction of converting the compound [59] into
the compound [60) is carried out by treating the former
compound under the same reacion conditions as employed in
the reaction of converting the compound [46] or [56] into
the diazonium salt to prepare diazonium salt, which is then
reacted with MCN, wherein M is as defined above, in the
presence of a copper compound such as copper powder or
copper sulfate. The reaction is usually carried out at a
temperature of from around 0°C to around 100°C, preferably
from around 0°C to around 70°C for about 0.5 to about 5
hours. The MCN is usually used in an amount of at least 1
mole, preferably 1 to 10 moles per 1 mole of the compound
[59].

The hydrolysis of the cdmpound [60] can be carried
out under the same reaction conditions as employed in the

hydrolysis of the above compound [20].
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and R30 are as defined above and Xlo

The reaction of converting the compound [{49] into

the compound [61) can be carried out under the same reaction

conditions as employed in the above reaction of converting

the compound [33] into the compound [34].
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The nitration of the compound [49], [61] or [66]
can be carried out under the same reaction conditions as
employed in the above nitration of the compoud [33] or [34].

The hydrolysis of the compound [62] can be carried
out under the same reaction conditions as employed in the
above hydrolysis of the compound [la].

The deamination of the compound [63] to prepare
the compound [64) can be carried out under the same reaction
conditions as employed in the above deamination of the
compound [52].

The reduction of the compound [64] can be carried
out in the same reacion conditions as employed in the above
reduction of the compound [45] or [48].

The reaction of converting the compound [65] into
the compound [66] can be carried out in the same manner as
in the above reaction of converting the compound [46] or
[56] into the compound [47] or [53].

The compounds [3}, [5)}, [7], [9]1, [1a]l, [la'],
[1b'], [29], [31] and [32], wherein R? is a saturated or
unsaturated 5- to 9-membered heterocyclic ring having a
substituent of oxo, can be reduced to the corresponding
compounds, wherein R? is a saturated or unsaturated 5- to 9-
membered heterocyclic ring having a substituent of
hydroxy. The reduction can be carried out with a hydrogen-
ating reducing agent in the presence of a suitable

solvent. The reducing agent includes, for example, sodium
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borohydride, lithium aluminum hydride, diborane and the
like. The reducing agent is usually used in an amount of at
least 1 mole, preferably 1 to 5 moles per 1 mole of the
starting material to be reduced. The solvent includes, for
example, water, a (lower) alcohol such as methanol, ethanol
or isopropanol, an ether such as tetrahydrofuran, diethyl
ether or diglyme, and the like. The reaction is usually
carried out at a temperature of from around ~60°C to 50°cC,
preferably from around -30°C to room temperature for about
10 minutes to about 5 hours. 1In case of using lithium
aluminum hydride or diborane as the reducing agent, non-
agueous solvent is preferably employed such as diethyl
ether, tetrahydrofuran or diglyme.

In case of using sodium borohydride as the
reducing agent, an inorganic base such as sodium hydroxide
can also be added to the reaction system,

The compounds wherein R? is a saturated or
unsaturated 5- to 9-membered heterocyclic ring having a
substituent selected from the group consisiting of a (lower)
alkyl having at least 1 of a (lower) alkanoylamino and a
(lower) alkoxycarbonylamino, a (lower) alkanoylamino and a
{lower) alkoxycarbonylamino can be hydrolized into the
corresponding compounds wherein R2 is a saturated or
unsaturated 5- to 9-membered heterocyclic ring having a
subsitituent selected from the group consisting of a (lower)

alkyl having at least one amino and amino. The hydrolysis
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can be carried out under the same reaction conditions as
employed in the hydrolysis of the compound [la] in the above
reaction scheme-I.

The compounds wherein R% is a saturated or
unsaturated 5- to 9-membered heterocyclic ring having at
least one —-NE- in the ring can be converted into the
compounds wherein R? is a saturated or unsaturated 5- to 9-
membered heterocyclic ring substituted by at least one
(lower) alkanoyl, by reacting the former compounds under the
same reaction conditions as employed in the reaction of
converting the compound [33] into the compound [34] in the
above reaction scheme-X.

The compounds {3}, [5], [7), [%8]), [la], [1la'],
[(1b]l, [1b']1, [29], [31] and [32] wherein Rl is a phenyl
having at least one (lower) alkoxy on the phenyl ring can be
converted into the corresponding compounds wherein Rl is a
phenyl having at least one hydroxy on the phenyl ring, by
heating the former compounds in an aqueous hydrobromic acid
solution.

The compound [1] wherein R3 and/or R? is a halogen
atom can be converted into the corresponding compound [1]
wherein R3 and/or R? is hydroxy, by treating the former
compound in water and a basic compound such as sodium
hydroxide, potassium hydroxide or barium hydroxide at from
room temperature to around 200°C, preferably from room

temperature to around 150°C for about 1 to 15 hours.
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[Reaction scheme-XVI]

coor®2
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R2'/ié\ | N,b >
R3 ilc
[1m) [1n]

wherein Rz', R3

, R* and X are as defined above, and R%2 ig
hydrogen atom or a (lower) alkyl, R12 ig a (lower) alkyl
having 1 to 3 of hydroxy, r1D g a (lower) alkyl having 1 to
3 of a (lower) alkanoyloxy, R1C is a (lower) alkyl having 1
to 3 of halogen atoms and rld is a (lower) alkenyl.

The reaction of converting the compound {1k] into
the compound [12] can be carried out under the same reaction
conditions as employed in the above reaction of converting
the compound [33] into the compound [34].

The hydrolysis of the compound [12] can be
carried out under the same reaction conditions as employed
in the above hydrolysis of the compound [la].

The halogenation of the compound [1lk] can be

carried out under the same reaction conditions as employed

in the above halogenation of the compound [2].
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The reaction of converting the compound [1lk] into
the compound [1n] is carried out in a suitable solvent or
without a solvent in the presence of a hydrohalogenic acid
such as hydochloric acid or hydrobromic acid, an inorganic
acid such as sulfuric acid, boric acid or potassium
hydrogensulfate, or an organic acid such as oxalic acid.

The solvent employed in the reaction includes, for example,
water, an ether such as dioxane, tetrahydrofuran or diethyl
ether, a halogenated hydrocarbon such as dichloromethane,
chloroform or carbon tetrachloride, an aromatic hydrocarbon
such as benzene, toluene or xylene, or a mixture thereof.
The reaction is usually carried out at a temperature of from
around 50°C to around 350°C, preferably from around 80°C to
around 300°C for about 10 minutes to about 10 hours.

The reaction of converting the compound [(1&] into
the compound [1n] is carried out in a suitable solvent or
without a solvent. The solvent employed in the reaction may
be any which is exemplified in the above reaction of
converting the compound [lk] into the compound [ln]. The
reaction is usually carried out at a temperature of from
room temperature to around 150°C, preferably from room
temperature to around 100°C for about 10 minutes to about 10
hours. The reaction may also be conducted in the presence
of an inorganic base such as sodium carbonate, potassium
carbonate, sodium hydrogen carbonate, potassium hydrogen

carbonate, sodium hydroxide, potassium hydroxide, lithium
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salt such as lithium chloride or lithium carbonate, or an
organic base such as DBU, pyridine, triethanol amine or
triethyl amine.

The reaction of converting the compound [1lm] into
the compound [1ln] is carried out in a suitable solvent in
the presence of a basic compound. The solvent and the basic
compound employed in the reaction may be any which is
exemplified in the above reaction of converting the compound
[12] into the compound [1ln]. The reaction is usually
carried out at a temperature of from room temperature to
around 200°C, preferably from room temperature to around
150°C for about 1 to about 10 hours.

The compounds [1lk], [12], [1m] and [1n] wherein
r62 is a (lower) alkyl can be converted into the
corresponding compounds wherein r02 ig hydrogen atom, by
hydrolyzing the former compounds under the same reaction
conditions as employed in the above hydrolysis of the
compound [la].

In the hydrolysis of the compound [12] wherein R93
is a (lower) alkyl, r62 is also hydolyzed in some cases to
give the compound [1l2]} wherein r®2 ig hydrogen atom, which
can easily be separated from the reaction mixture.

In the halogeanation of the compound [1k] wherein
r62 jg hydrogen atom, the carboxy in the compound is also
hélogenated in some cases but this one can be easily

separated from the reaction mixture.
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[Reaction scheme-XVII]
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[69] [70]
32 32
R R
x4 coor33 x4 COOH
—> >
[71] [2c]

Wherein X2, x3 and x? are as defined above, R32 and R33 each
are a (lower) alkyl.

The esterification of the compound [67] is carried
out in a (lower) alcohol such as methanol, ethanol or
isopropanol in the presence of a halogenating agent such as
an acid such as hydrochloric acid or sulfuric acid, thionyl
chloride, phosphorus oxychloride, phosphorus pentachloride
or phosphorus trichloride. The reaction is usually carried
out at a temperature of from around 0°C to 150°C, preferably
from around 50°C to around 100°C for about 1 to 10 hours.

The reduction of the compound [68] can be carried
out under the same reaction conditions as employed in the

above reduction of the compound [45] or [48].
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The halogenation of the compound [69] is carried
out in a suitable solvent in the presence of a halogenating
agent. The halogenating agent employed in the reaction
includes a halogen such as bromine or chlorine, iodine
chloride, sulufuryl chloride, N-halogenosuccinimide such as
N-bromosuccinimide or N-chlorosuccinimide. The halogenating
agent is usually used in an amount of from 1 to 10 moles,
preferably from 1 to 5 moles per 1 mole of the compound
[69]. The solvent includes a halogenated hydrocarbon such
as dichloromethane, dichlorocethane, chloroform or carbon
tetrachloride, a (lower) alkanoic acid such as acetic acid
or propionic acid, water and the like. The reaction is
usually carried out at a temperature of from around 0°C to
around the boiling point of the solvent, preferably from
around 0°C to around 40°C for about 0.1 to about 10 hours.

The reaction of converting the compound [70] into
the compound [71] can be carried out under the same reaction
conditions as employed in the above reaction of converting
the compound [46] or [56] into the compoud [47] or [53].

The hydrolysis of the compound [71] can be carried
out under the same reaction conditions as employed in the
above hydrolysis of the compound [la].

The compounds [la] in the reaction scheme-I and
the compounds [1b] and [1b'] in the reaction scheme-II are
useful not only as an intermediate for preparing the

compound [1] of the present invention with antimicrobial
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activities, but also as an antimicrobial agent because they
also have antimicrobial activities.

The compound [1] of the present invention can
easily be converted into a salt thereof by treaing with a
pharmaceutically acceptable acid or base. The acid includes
inorganic acids such as hydrochloric acid, sulfuric acid,
phosphoric acid and hydrobromic acid and organic acids such
as oxalic acid, maleic acid, fumaric acid, malic acid,
tartaric acid, citric acid, benzoic acid, lactic acid,
methanesulfonic acid and propionic acid. The base includes
sodium hydroxide, potassium hydroxide, calcium hydroxide,
sodium carbonate, potassium hydrogen carbonate, and the
like.

The compound thus obtained can easily be isolated
and purified by conventional methods, such as, for example,
extraction with solvents, dilution method, recrystal-
lization, column chromatography and preparative thin layer
chromatography.

The compound [1] of the present invention or salts
thereof show an excellent antimicrobial activity against

mycoplasma, Pseudomonas aeruginosa, anaerobic bacteria,

resistant cells against various antimicrobials, clinically
isolated bacteria, and gram negative and gram positive

bacteria such as Enterococcus faecalis and Staphylococcus

pyogenes and hence are useful as an antimicrobial agent for

the treatment of diseases induced by these microorganisms.
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These compounds also show low toxicity and less side effect
and are characteristic in good absorbability and in
sustained activity. Moreover, the compbunds are highly
excreted via urine and hence are useful for the treatment of
urinary infectious diseases, and further because of easy
excretion via bile, they are also useful for the treatment
of intestinal infectious diseases.

Among the compounds [l1] of the present invention,
the preferable ones are the compounds wherein Rl is
unsubstituted cyclopropyl, X is chlorine or fluorine atom,
most preferably fluorine atom, R* is a (lower) alkyl such
as, preferably methyl or ethyl, most preferably methyl, and
R3 is hydrogen atom, a (lower) alkyl or a halogen atom, most
preferably hydrogen atom, with a (lower).alkyl being
preferably methyl or ethyl, most preferably methyl, and a
halogen atom being preferably chlorine atom or fluorine
atom, most preferably fluorine atom.

The absorbability of the compounds of the present
invention in the living body can be increased by converting
them into the corresponding salt such as, for example,
lactate or hydrochloride. |

The compounds of the present invention are usually
used in the form of a usual pharmaceutical preparation. The
pharmaceutical preparation can be prepared in admixture with
conventional pharmaceutically acceptable diluents or

carriers, such as fillers, bulking agents, binding agents,
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wetting agents, disintegrators, surfactants and lubricating
agents. The pharmaceutical preparation includes various
preparations suitable for treatment of the diseases, for
example, tablets, pills, powders, solutions, suspensions,
emulsions, granules, capsules, suppositories, injections
such as solutions and suspensions, and the like. In the
preparation of tablets, there may be used any conventional
carriers, for example, excepients such as lactose, white
sugar, sodium chloride, glucose, urea, starches, calcium
carbonate, kaolin, crystalline cellulose and silicate,
binding agents such as water, ethanol, propanol, simple
syrup, glucose solution, starch solution, gelatin solution,
carboxymethyl cellulose, shellac, methyl cellulose,
potassium phosphate and polyvinylpyrrolidone, disintegrators
such as dry starch, sodium alginate, agar powder, laminaran
powder, sodium hydrogen carbonate, calcium carbonate,
polyoxyethylene sorbitan fatty acid esters, sodium
laurylsulfate, stearic monoglyceride, starches and lactose,
disintegration inhibitors such as white sugar, stearin,
cacao butter and hydrogenated oils, absorption promoters
such as quaternary ammonium salts and sodium laurylsulfate,
wetting agents such as glycerin and starches, adsorbents
such as starches, lactose, kaolin, bentonite and colloidal
silicates, rublicants such as purified talc, stearates,
boric acid powder and polyethylene glycol, and the like.

The tablets may also be coated with conventional coating
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agents, for example, may be in the form of a sugar coated
tablet, a gelatin-coated tablets, an enteric coating tablet,
a film coating tablet, or a double or multiple layers
tablet. 1In the preparation of pills, there may be used
conventional carries, including excipients such as glucose,
lactose, starches, cacao butter, hydrogenated vegetable
oils, kaolin and talc, binding agents such as gum arabic
powder, tragacanth powder, gelatin and ethanol,
disintegrators éuch as laminaran and agar, and the like. 1In
the preparation of suppositories, there may be used
conventional carriers, such as, for example, polyethylene
glycol, cacao butter, higher alcohols, higher alcchol
esters, gelatin and semi-synthetized glycerides. 1In the
preparation of injections, the solutions, emulsions or
suspensions of the compounds are sterilized and are
preferably made isotonic with the body liquid. These
solutions, emulsions and suspensions are prepared by
admixing the active compound with a conventional diluent,
such as water, aqueous lactic acid solution, ethyl alcohol,
propylene glycol, ethoxylated isostearyl alcohol,
polyoxylated isostearyl alcohol or polyoxyethylene sorbitan
fatty acid esters. The preparations may also be
incorporated with sodium chloride, glucose or glycerin in an
amount sufficient to make them isotonic with the body
ligquid. The preparations may also be incorported with

conventional solubilizers, buffering agents, anesthetizing
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agents, and further, with coloring agents, preservatives,
perfumes, flavors, sweetening agents, and other

medicaments. The preparations in the form of a paste, cream
or gel may be prepared by using as a diluent white vaseline,
paraffin, glycerin, cellulose derivatives, polyethylene
glycol, silicone, bentonite, or the like. When the compound
of the active ingredient precipitates in the injection, an
acid such as, for example, methanesulfonic acid, propionic
acid, hydrochloric acid, succinic acid or lactic acid may be
added to the injection as required to preserve the injection
in a stable solution.

The pharmaceutical preparation of the present
invention may also be in the form of an infusable or
injectable solution containing the above compound [1] or a
salt thereof such as lactate and an acid not producing a
precipitate. The acid not producing a precipitate includes,
for example, lactic acid, methanesulfonic acid, propionic
acid, hydrochloric acid, succinic acid, and the like,
preferably lactic acid. In case of using lactic acid, the
acid is usually used in an amount of from around 0.1 to
around 10% by weight, preferably from arond 0.5 to around 2%
by weight, based on the weight of the above infusable or
injectable solution. 1In case of using an acid other than
lactic acid, the acid is usually used in an amount of from
around 0.05 to around 4% by weight, preferably from around

0.3 to around 2% by weight, based on the weight of the above
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solution. The above infusable or injectable solution may
optionally be added with conventional additives, which
includes, for example, a thickener, an absorption promoter
or inhibitor, a crystallization inhibitor, a complex-forming
agent, an antioxidant, an isotonicity-giving agent, or a
hydrating agent, and the like. The pH of the solution can
properly be adjusted by adding an alkali such as sodium
hydroxide, and is usually adjusted within the range of from
2.5 to 7. The infusable or injectable solution thus
prepared has an excellent stability, and can be stored and
preserved for a long time with retaining the solution state.

The active compounds [1] or salts thereof may be
contained in any amount in the preparations, and are usually
contained in an amount of from 1 to 70 % by weight based on
the whole weight of the preparations.

The pharmaceutical preparations of the present
invention can be administered in any methods. Suitable
method for administration may be selected in accordance with
the preparation form, age and sex of patients, severity of
the diseases, and the like. For instance, tablets, pills,
solutions, suspensions, emulsions, granules and capsules are
administered in oral route. 1In case of injection, it is
administered intravenously in a single form or together with
an auxiliary liquid such as glucose or amino acid
solution. The injections may also be administered in

intramuscular, intracutaneous, subcutaneous, or intra-
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peritoneal route. Suppositories are administered in intra-
rectal route.

The dosage of the pharmaceutical preparations of
the present invention may vary according to administration
methods, age and sex of patients, severity of the diseases,
and the like, usually in the range of about 0.2 to about 100
mg of the active compound [1] or a salt thereof per 1 kg
body weight of the patient per day. The preparation is
usually administered by dividing into 2 to 4 times per day.

The present invention is illustrated by the
following Reference Examples, Examples, Experiments and
Preparations. It is to be understood that the present
invention is not limited to these Examples or Experiments
and various changes and modifications can be made without
departing from the scope and spirit of the present
invention.

Reference Example 1

To 2,6~dichlorotoluene (200 g) is added dropwise
fuming nitric acid (d=1.52, 206 ml) at 25° to 30°C. After
stirring for 30 minutes at roocm temperature, the mixture is
poured into ice-water, extracted with diethyl ether, and the
extract is washed with an agqueous sodium hydrogen carbonate
solution and then dried. The solvent is distilled off under
reduced pressure to give 2,6-dichloro-3-nitrotoluene as

yellow crystals (253.2 g).
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lH-NMR (CDCl3) sppm: 2.57 (3H, s), 7.42 (1H, d,
J=7 Hz), 7.58 (1H, 4, J=7 Hz)

Reference Example 2

A mixture of 2,6-dichloro-3-nitrotoluene {253.2
g), anhydrous dimethyl sulfoxide (1.2 &), Kurocat F (KF)
{357 g) and 18-crown-6 (2.5 g) is stirred at 160°C for 6
hours. After cooling, the mixture is poured into ice-water,
extracted with diethyl ether, and the extract is washed with
water and dried. The solvent is distilled off under reduced
pressure and the residue is distilled under reduced pressure
to give 2,6-difluoro-3~nitrotoluene (96.1 g), boiling point:
110-112°C/18 mmHg.

lH-NMR (CDCly) éppm: 2.30 (3H, t, J=2 Hz), 7.01
(18, ddd, J=1.8 Hz, 7.7 Hz, 9.5 Hz), 7.97 (1H, dt, J=5.8 Hz,
8.7 Hz)

Reference Example 3

To acetic acid (1.2 g) are added 5 % PA-C (24 gq)
and 2,6-difluoro-3-nitrotoluene (238.7 g) and the mixture is
subjected to catalytic reduction at room temperature under
4.5 atoms. The 5 % Pd-C is filtered off and the acetic acid
is distilled off under reduced pressure. The residue is
poured into ice-water, neutralized, extracted with
dichloromethane, and the extract is washed with water and
dried. The solvent is distilled off under reduced pressure
and the residue is distilled under reduced pressure fo'give
2,4-difluoro-3-methylaniline (138 g), colorless oils, b.p.:
75°C/11 mmHg.
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lg-NMR (CDCl,) sppm: 2.17 (3H, t, J=2 Hz), 3.3-
3.7(2H, brs), 6.4-6.7 (2H, m)

Reference Example 4

To 2,4-difluoro-3-methylaniline (20 g) are added
42 % tetrafluoroboric acid (56 ml) and water (28 ml) under
ice cooling and thereto a solution of sodium nitrite (10 g)
in water (20 ml) is added dropwise at below 10°C. After
dropwise addition, the mixture is stirred at 0°C for 15
minutes and the formed crystals are filtered, which is
washed with a mixture of ethanol - diethyl ether (1:2), then
with diethyl ether, followed by drying under reduced
pressure to give 2,4-difluoro-3-methylbenzene diazonium
tetrafluoroborate (28.95 g), m.p. 114-115°C.

Reference Example 5

2,4-Difluoro-3-methylbenzene diazonium tetra-
fluoroborate (28.95 g) is heated at 180°C, whereby the
decomposition starts. The inner temperature is raised to
200°C. The product is taken out of the reaction system.
After the reaction is completed, distillates (7.05 g) are
cbtained, which is distilled under normal pressure to give
2,3,6-trifluorotoluene (7.02 g), as colorless oil, b.p.
g92°C.

ly-NMR (CDCl;) sppm: 2.22 (3H, t, J=1.8 Hz), 6.7-

7.1 (2H, m)
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Reference Example 6

To 2,3,6-trifluorotoluene (55 g) is added conc.
sulfuric acid (366 ml) and the mixture is cooled to 0°C.
Thereto a solution of potassium nitrate (44 g) in conc.
sulfuric acid (120 ml) is added dropwise at below 10°C and
then the mixture is stirred for 15 minutes. The mixture is
poured into ice-water, extracted with diethyl ether, and the
extract is washed with water and dried. The solvent is
distilled off to give 2,3,6-trifluoro-5-nitrotoluene (68.25
g), as yellow oil.

lE-NMR (CDC13) sppm: 2.36 (3H, t, J=2 Hz), 7.83
(1H, g-like, J=8.2 Hz)

Reference Example 7

To acetic acid (350 ml) are added 5 % Pd-C {3.5 qg)
and 2,3,6-trifluoro-5-nitrotoluene (35 g) and the mixture is
subjécted to catalytic reduction at room temperature under
atomospheric pressure. 5 % P3-C is filtered off and the
acetic acid is distilled off under reduced pressure. The
residue is poured into ice-water, neutralized, extracted
with dichloromethane, and the extract is washed with water
and dried. The solvent is distilled off under reduced
pressure and the obtained residue is distilled under reduced
pressure to give 2,4,5-trifluoro-3-methylaniline (22.86 qg),
as yellow crystals, b.p. 85°C/20 mmHg.

1H-NMR (CDCl3) éppm: 2.19 (3H, t, J=2 Hz), 3.3-3.7

(2H, brs), 6.42 (1H, dt, J=8 Hz, 11 Hz)
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Reference Example 8

To anhydrous dichloromethane (170 ml) are added
2,4,5-trifluoro-3-methylaniline (16.89 g) and dimethyl
sulfide (11 ml). Thereto N-chlorosuccinimide (17.2 g) is
added gradually below 5°C. After stirring for 30 minutes,
triethylamine (21 ml) is added dropwise and the mixture is
refluxed over night. After the mixture is cooled and made
alkaline with 5 % aqueous sodium hydroxide solution, the
resultant is extracted with dichloromethane, and the extract
is washed with water and dried. The solvent is distilled
off under reduced pressure and the residue is purified by
silica-gel column-chromatography (dichloromethane : n-hexane
=1 : 1) to give 2,4,5—trifluoro—3¥methyl—6-
methylthibmethylaniline (8.3 g).

1r-NMR (CDC1l4) éppm: 2.02 (3H, s), 2.20 (3H, t,
J=2 Hz), 3.79 (2H, 4, J=1.9 Hz), 3.9-4.1 (2H, brs)

Reference Example 9

To 2,4,5-trifluoro-3-methyl-6-methylthiomethyl-
aniline (10.67 g) are added ethanol (300 ml) and Raney
nickel (100 g, wet) and the mixture is stirred at room
temperature for 30 minutes. After Raney nickel is filtered
off, the filtrate is concentrated, diluted with water,
extracted with dichloromethane, and the extract is washed
with water and dried. The solvent is distilled off under
reduced pressure and the residue is purified by silica-gel

column—-chromatography (dichloromethane : n-hexane = 1 : 1)
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to give 2,4,5-trifluoro-3,6-dimethylaniline (5.89 g), as
vellow crystals.

lE-NMR (CDC13) éppm: 2.10 (3H, d, J=1.7 Hz), 2.18
(3H, s-like), 3.4-3.7 (2H, brs)

Reference Example 10

A solution of t-butyl nitrite (4.56 g) in
anhydrous dimethylformamide (26.5 ml) is stirred with
heating at 50-52°C and thereto a solution of 2,4,5-
trifluoro-3,6~dimethylaniline (4.24 g) in anhydrous
dimethylformamide (40 ml) is adgded dropwise at 50-52°C over
a period of 30 minutes. The mixture is further stirred at
the same temperature for 30 minutes. After cooling, the
mixture is poured into ice-water, extracted with diethyl
ether, and the extract is washed with water, and then with
diluted hydrochloric acid and dried. The diethyl ether is
distilled off under atomospheric pressure and the residue is
concentrated and distilled under atomospheric pressure to
give 2,3,5-trifluoro-4-methyltoluene (1.9 g), as yellow oil,
b.p. 120-125°C.

1g-NMR (CDCl3) éppm: 2.17 (3H, s-like), 2.25 (3H,
d, J=1.7 Hz), 6.62 (1H, ddd, J=2 Hz, 6.3 Hz, 8.3 Hz)

Reference Example 11

To 2,3,5-trifluoro-4-methyltoluene (1.9 g) is
added conc. sulfuric acid@ (19 ml) and the mixture is cooled
to 0°C, to which a solution of potassium nitrate (1.71 g) in

conc. sulfuric acid (4.6 ml) is added dropwise below 10°C
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and the mixture is stirred for 15 minutes. The mixture is
poured into ice-water, extracted with diethyl ether, and the
extract is washed with water and dried. The solvent is
distilled off under reduced pressure and the residue is
purified by silica-gel column-chromatography (dichloro-
methane : n-hexane = 1 : 6) to give 2,3,6-trifluoro-4-
methyl-5-nitrotoluene (1.9 g).

lH-NMR (CDCl;) éppm: 2.29 (3H, t, J=1.5 Hz), 2.32
(3B, 4, J=2.4 Hz)

‘Reference Example 12

To 2,3,6-trifluoro~4-methyl-5-nitrotoluene (1.9 g)
are added 2-methoxyethanol (9.9 ml), water (1.1 ml), N-
methylpiperazine (4.1 ml) and triethylamine (5.2 ml) and the
mixture is refluxed for 25 hours. After the reaction is
completed, water is added and the resultant is extracted
with diethyl ether, and the extract is washed with water and
dried. The solvent is distilled off under reduced pressure
and the residue is purified by silica—-gel column—-chromato-
graphy (dichloromethane : methanol = 40 : 1) to give 2-(4-
methyl-l-piperazinyl)-3,6-difluoro-4-methyl-5-nitrotoluene
(1.73 g).

15-NMR (CDCly) éppm: 2.25 (6H, d, J=2.6 Hz), 2.36
(3H, s), 2.4~-2.6 (4H, br), 3.0-3.3 (4H, br)

Reference Example 13

To 2-(4-methyl-l-piperazinyl)-3,6-difluoro-4-

methyl-5-nitrotoluene (1.73 g) are added anhydrous dimethyl
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sulfoxide (18 ml), potassium fluoride (0.53 g) and
cyclopropylamine (2.2 ml) and the mixture is stirred at
100°C for 23 hours. After cooling, the mixture is poured
into ice-water, extracted with dichloromethane and the
extract is dried. The solvent is distilled off under
reduced pressure and the residue is purified by silica-gel
column-chromatography {(dichloromethane : methanol = 40 : 1)
to give 3-(4-methyl-l-piperazinyl)-4-fluoro-2,5-dimethyl-6-
nitro-N-cyclopropylaniline (1.65 g).

Reference Example 14

To 2,4-difluoro-3-methylaniline (5.0 g) are added
anhydrous dichloromethane (100 ml) and dimethyl sulfide (3.5
ml). Thereto N-chlorosuccinimide (5.6 g) is added below 0°C
and the mixture is stirred for 15 minutes. Thereto
triethylamine (4.8 ml) is added and the mixture is refluxed
for 4 hours. After cooling, the mixture is poured into ice-
water, made alkaline with 5 % aqueous sodium hydroxide
solution, extracted with dichloromethane and the extract is
dried. The solvent is distilled off under reduced pressure
and the residue is purified by silica-gel column-chromato-
graphy (dichloromethane : n-hexane = 1 : 1) to give 2,4-
difluoro-3-methyl~6-methyltiomethylaniline (4.9 g).

lH-NMR (CDCl,) & ppm: 1.99 (3H, s), 2.17 (3H, t,
J=1.8 Hz), 3.64 (2H, s), 3.93 (2H, brs), 6.56 (1H, dd4, J=1.8

Hz, 9.4 Hz)
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Reference Example 15

To a solution of Raney nickel (50 g) in ethanol
(100 ml) is added a solution of 2,4-difluoro-3-methyl-6-
methylthiomethylaniline (4.79 g) in ethanol (30 ml) at room
temperature with stirring, followed by stirring at room
'temperature for 30 minutes. The Raney nickel is filtered
off and the filtrate is diluted with water, extracted with
dichloromethane, and the extract is washed with water and
dried. The solvent is distilled off under reduced pressure
to give 2,4-difluoro-3,6-dimethylaniline (3.14 g).

lg-NMR (CDCl,) sppm: 2.14 (6H, s-like), 3.3-3.6
(2H, br), 6.56 (1H, dd, J=1.5 Hz, 9.7 Hz)

Reference Example 16

To 2,4-difluoro-3,6-dimethylaniline (3.1 g) are
added 42 % tetrafluorcboric acid (9 ml) and water (4.5 ml)
.with stirring and under ice-cooling, followed by dropwise
addition of a solution of sodium nitrite (1.6 g) in water
(3.2 ml) below 10°C. After stirring the mixture at 0°C for
15 minutes, the resulting crystals are filtered, washed with
a mixture of ethanol-diethyl ether (1:2) and then with
diethyl ether, followed by drying under reduced pressure to
give 2,4-difluoro-3,6-dimethylbenzene diazonium
tetrafluoroborate (1.78 g).

Reference Example 17

2,4-Difluoro-3,6~-dimethylbenzene diazonium tetra-

fluoroborate (1.78 g) is heated at 180°C, whereby decompos-
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ition thereof starts. The inner temperature is raised to
200°C. The product is taken out of the reaction system to
give 2,3,6-trifluoro-4-methyltoluene (0.3 g), as yellow oil,
b.p. 120-125°C.

lr-NMR (CDC1;) sppm: 2.17 (3H, s-like), 2.25 (3H,
4, J=1.7 Bz), 6.62 (1H, ddd, J=2 Hz, 6.3 Hz, 8.3 Hz)

Reference Example 18

To 2,4,5-trifluorocaniline (35.0 g) are added
anhydrous dichloromethane (530 ml) and dimethyl sulfide
(24.6 ml) and the mixture is cooled to 0°C. Thereto N-
chlorosuccinimide (38.2 g) is gradually added below 5°C.
After the mixture is stirred at the same temperature for 15
minutes, triethylamine (47.7 ml) is gradually added. After
reflux for 12 hours, the resultant is made alkaline with 5 %
aqueous sodium hydroxide solution, extracted with
dichloromethane, and the extract is dried over sodium
sulfate and concentrated. The residue is purified with
column chlomatography (silica-gel, dichloromethane : n-
hexane = 1 : 4) to give 2-methylthiomethyl-3,4,6-trifluoro-
aniline (22.3 g).

lg-NMR (CDC1l;) sppm: 2.03 (3H, s), 3.76 (2H, d,
J=1.5 Hz), 4.03 (2H, brs), 6.48 (1H, dt, J=7.2 Hz, 10.1 Hz)

Reference Example 19

To 2-methylthiomethyl-3,4,6-trifluoroaniline (22,2
g) are added ethanol (400 ml) and Raney nickel (200 g) and

the mixture is stirred at room temperature for 30 minutes.
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After the catalyst is filtered off, the filtrate is added
with water and extracted with dichloromethane. The is dried
over magnesium sulfate and concentrated to give 2-methyl-
3,4,6-trifluorocaniline (12.3 gq).

lH-NMR (CDCl,) sppm: 2.13 (3H, d, J=2.1 Hz), 3.56
(2H, brs), 6.75 {(1H, dt, J=7.2 Hz, 10.2 Hz)

Reference Example 20

To 2-methyl-3,4,6-trifluorcaniline (10.6 g) is
added a mixture of conc. sulfuric acid (13.8 ml) and water
{46 ml) and the mixture is cooled. Thereto an agueous
solution (20 ml) of sodium nitrite (5.5 g) is added dropwise
at 0-5°C. The solution is gradually added to a mixture of
copper (II) sulfate 5 hydrate (41 g), potassium cyanide (43
g), ammonium hydroxide (60 ml) and water (260 ml) at 10-
30°C. The mixture is extracted with dichloromethane and the
extract is dried over sodium sulfate, concentrated and the
residue is purified with column chromatography (silica-gel,
dichloromethane : n-hexane = 1 : 4) to give 2-methyl-3,4,6-
trifluorobenzonitrile (4.3 g).

lg-NMR (CDCly) éppm: 2.52 (3H, d, J=2.5 Hz), 6.94
(1H, dt, J=6.2 Hz, 8.9 Hz)

Reference Example 21

To 2-methyl-3,4,6-trifluorobenzonitrile (4.3 g) is
added 50 % sulfuric acid (40 ml) and the mixture is heated
at 150-160°C for 6 hours. After cooling, the mixture is

poured into ice-water and extracted with diethyl ether. The
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ether layer is added with water and made alkaline with 5 %
aqueous sodium hydroxide solution while the water layer is
made acidic with conc. hydrochloric acid. The resultant is
subjected to extraction with diethyl ether, and the extract
is dried over magnesium sulfate and concentrated to give 2-
methyl-3,4,6-trifluorobenzoic acid (3.3 g).

lg-NMR (CDCl,) sppm: 2.47 (3H, 4, J=2.6 Hz), 6.88
(1€, dt, J=6.3 Hz, 9.5 Hz)

Reference Example 22

To 2-methyl-3,4,6-trifluorobenzoic acid (3.2 g) is
added thiony chloride (7 ml) and the mixture is refluxed for
1 hour. After concentrating, 2-methyl-3,4,6-
trifluorobenzoyl chloride (3.3 g) is obtained.

Separately, two drops of carbon tetrachloride are
added to a solution of metallic magnesium (0.4 g) in
absolute ethanol (0.9 ml). When the reaction starts, a
mixture of diethyl malonate (2.6 ml), absolute ethanol (l.6
ml) and anhydrous toluene (6 ml) is added dropwise below
60°C. After stirring at 60°C for 1 hour, the reaction
mixture is cooled to 0°C and thereto a solution of 2-methyl-
3,4,6-trifluorobenzoyl chloride prepared above in toluene (5
ml) is added dropwise. After stirring for 30 minutes, a
mixture of conc. sulfuric acid (0.4 ml) and water (6 ml) is
added and the mixture is extracted with diethyl ether, and
the extract is dried over magnesium sulfate and concentrated
to give diethyl 2-methyl-3,4,6-trifluorobenzoylmalonate (5.2
g).
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Reference Example 23

To diethyl 2-methyl-3,4,6-trifluorobenzoylmalonate
(5.1 g) are added water (20 ml) and p-toluenesulfonic acid
(30 mg) and the mixture is refluxed for 2.5 hours. After
cooling, the resultant is extracted with diethyl ether, and
the extract is dried over magnesium sulfate and concentrated
to give ethyl 2-methyl-3,4,6-trifluorobenzoylacetate (3.3

g).

Reference Example 24

To ethyl 2-methyl-3,4,6-trifluorobenzoylacetate
(3.2 g) are added acetic anhydride (3.0 g) and triethoxy-
methane (2.7 g) and the mixture is refluxed for 1 hour.
After concentrating, ethyl 2-(2-methyl-3,4,6-trifluoro-
benzoyl)-3-ethoxyacrylate (3.5 g) is obtained.

Reference Example 25

Ethyl 2-(2-methyl-3,4,6-trifluorobenzoyl)-3-
ethoxyacrylate (3.5 g) is dissolved in ethanol (25 ml) and
thereto cyclopropylamine (0.84 ml) is added dropwise under
ice-cooling. After stirring at room temperature for 30
minutes, the mixture is concentrated and the residue is
purified with column chromatography (silica-gel,
dichloromethane : n-hexane = 1 : 1) to give ethyl 2-(2-
methyl-3,4,6-trifluorobenzoyl)-3-cyclopropylaminoacrylate
(2.7 g).

Reference Example 26

Ethyl 2-(2-methyl-3,4,6-trifluorobenzoyl)-3-cyclo-
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propylaminoacrylate (2.6 g) is dissolved in anhydrous
dioxane (26 ml) and thereto 60 % sodium hydride (0.38 g) is
gradully added under ice-cooling. After stirring at room
temperature for 30 minutes, the reaction mixture is poured
into ice-water and extracted with dichloromethane. The
extract is dried over magnesium sulfate angd concentrated.
The residue is added with diethyl ether and crystals are
filtered, which are recrystalized from ethanol to give ethyl
l—cyclopropyl—6,7—difluoro—5—methyl—1,4-dihydro—4—
oxoquinoline-3-carboxylate (2.0 g), m.p. 185-187°C.

Reference Example 27

To ethyl 1—cyclopropyl—6,7—difluoro—5—methyl—l,4—
dihydro—4—oxoquinoline—3—carboxylate (1.9 g) are added 90 %
acetic acid (20 ml) and conc. hydrochloric acid (5lml) and
the mixture is refluxed for 2 hours. After cooling, the
precipitated crystals are isolated, washed with water,
ethanol, and diethyl ether in this order to give 1-
cyclopropyl—6,7-difluoro—5—methyl-l,4,—dihydro—4—
oxogquinoline-3-carboxylic acig (1.6 g), as colorless
needles, m.p. 294-298°C

1H-NMR (CF3CO0D) éppm: 1.43-1.55 (2H, m), 1.65-
1.81 (2H, m), 3.06 (3H, d, J=2.8 Hz), 4.08~4.20 (1H, m),
8.40 (1H, dd, J=6.8 Hz, 10.3 Hz), 9.46 (1H,s)

Reference Example 28

Employing 2,3,4,5-tetrafluoro—ﬁ—methylbenzoic acid

(5.60 g) and thionyl chloride (9.8 ml), the procedure of
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Reference Example 22 is repeated to give 2,3,4,5-tetra-
fluoro-6-methylbenzoyl chloride (5.20 g), as colorless oil,
b.p. 82°C/23 mmHg.

NMR (CDCl,) éppm: 2.35 (3H, m)

Reference Example 29

Empoying 2,3,4,5-tetrafluoro-6-methylbenzoyl
chloride (5.00 g), the procedure of Reference Examlpe 22 is
repeated to give diethyl 2,3,4,5-tetrafluoro-6-methyl-
benzoylmalonate (8 g), as yellow oil.

Reference Example 30

Employing diethyl 2,3,4,5—tetrafluoro—6—methyl—
benzoylmalonate (8 g) and p-toluenesulfonic acid (80 mg),
the procedure of Reference Example 23 is repeated to give
ethyl 2,3,4,5-tetrafluoro-6-methylbenzoylacetate (4.5 g), as
yellow oil.

Reference Example 31

Employing ethyl 2,3,4,5-tetrafluoro-6-methyl-
benzoylacetate (4.20 g) and ethyl orthoformate (4 ml), the
procedure of Reference Example 24 is repeated to give ethyl
2—(2,3,4,5—tetrafluoro—6—methylbenzoyl)—3—ethoxyacrylate (5
g)-.

Reference Example 32

Empoying ethyl 2-(2,3,4,5~tetrafluoro-6-methyl-
benzoyl)-3-ethoxyacrylate (5 g) and cyclopropylamine (1.0
g), the procedure of Reference Example 25 is repeated to

give ethyl 2-(2,3,4,5~tetrafluoro-6-methylbenzoyl)-3-
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cyclopropylaminoacrylate (4.74 g), as white plates (re-
crystallized from petroleum ether - n-hexane), m.p. 78-79°C.

Reference Example 33

Employing ethyl 2-(2,3,4,5-tetrafluoro-6-methyl-
benzoyl)-3-cyclopropylaminoacrylate (4.50 g) and 60 % sodium
hydride (580 mg), the procedure of Reference Example 26 is
repeated to give ethyl l-cyclopropyl-6,7,8-trifluoro-5-
methyl-1l,4-dihydro-4-oxoquinoline-3-carboxylate (4.19 g), as
white needles (recrystallized from dichloromethane - n-
hexane), m.p. 180-183°C,

Reference Examples 34

Employing ethyl l-cyclopropyl-6,7,8-trifluoro-5-
methyl-1,4~dihydro-4-oxoquinoline-3-carboxylate (4.10 g) and
conc. hydrochloric acid - 90 % acetic acid (1:4) (81.25 ml),
the procedure of Reference Example 27 is repeated to give 1-
cyclopropyl-6,7,8-trifluoro-5-methyl-1,4-dihydro-4-oxo~
quinoline-3-carboxylic acid (3.47 g), as white needles, m.p.
218-220°C.

Reference Examples 35

To 2,4,5-trifluoro-3-methylaniline (1 g) is added
acetic anhydride (3 ml) at room temperature with stirring
and the mixture is stirred for 15 minutes. The reaction
mixture is poured into ice-water, extracted with dichloro-
methane, and the extract is washed with water and dried.
The solvent is distilled off to give 2,4,5-trifluoro-3-

methyl-N-acetylaniline (1.14 g), as white crystals.

This Sheet Hag Been Replaced

T



- 112 - by

'H-NMR (CDCl,) sppm: 2.21 (3H, s), 2.24 (3H, t,

Reference Examples 36

To 2,4,5-trifluoro-3-methyl-N-acetylaniline (1.94
g) is added conc. sulfuric acid (19 ml) and the mixture is
cooled to 0°C. Thereto potassium nitrate (2 g) is added
below 20°C and the mixture is stirred for 15 minutes. The
reaction mixture is_poured into ice-water, extracted with
dichloromethane and the extract is dried. The solvent is
distilled off under reduced pressure to give 2,4,5-
trifluoro-3-methyl-6-nitro-N-acetylaniline (2.08 g), as
white crystals.

1H-NMR (CDC13) sppm: 2.21 (3H, s), 2.34 (3H, t,
J=2.2 Hz), 7.3-7.5 (1H, brs)

Reference Examples 37

To 2,4,5-trifluoro-3-methyl-6-nitro-N-acetyl-
aniline (2.08 g) are added ethanol (30 ml) and 10 % hydro-
chloric acid (30 ml) and the mixture is refluxed for 3
hours. After cooling, the reaction mixture is poured into
ice-water, neutralized with potassium carbonate, extracted
with dichloromethane and the extract is dried. The solvent
is distilled off under reduced pressure to give 2,4,5-
trifluoro-3-methyl-6-nitroaniline (2.05 g), as brown
crystals.

1H-NMR (CDC13) sppm: 2.29 (3H, s), 2.29 (3H, t,

J=2.1 Hz), 5.5-5.9 (2H, brs)
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Reference Examples 38

To a solution of t-butyl nitrite (1.87 g) in
anhydrous dimethylformamide (10.9 ml) is added dropwise a
solution of 2,4,5-trifluoro-3-methyl-6-nitroaniline (2.05 g)
in anhydrous dimethylformamide (16.4 ml) with stirring at
50-52°C and the mixture is stirred at the same temperature
for 30 minutes. After cooling, the reaction mixture is
poured into ice-water, extracted with diethyl ether, and the
extract is washed with water and dried. The solvet is
distilled off under reduced pressure and the obtained
residue is purified by silica~gel column-chromatography
(eluent; dichloromethane : n-hexane = 1 : 4) to give 2,3,6-
trifluoro—4;nitrotoluene (0.7 g).

lg-NMR (CDCl3) sppm: 2.35 (3H, t, J=2.1 Hz), 7.62
(1, d4dd, J=2.6 Hz, 5.7 Hz, 8.3 Hz)

Reference Examples 39

To acetic acid (10 ml) are added Pd-C (0.1 g) and
2,3,6-trifluoro-4-nitrotoluene (0.7 g) and the mixture is
subjected to catalytic reduction at room temperature under
atmospheric pressure. 5 % Pd-C is filtered and the acetic
acid is distilled off under reduced pressure. The residue
is poured into ice-water, neutralized, extracted with
dichloromethane, and the extract is washed with water and
dried. The solvent is distilled off under reduced pressure
to give 2,3,5-trifluoro-4-methylailine (0.48 g).

lg-NMR (CDCl,) &ppm: 2.08 (3H, t, J=1.8 Hz), 3.6-
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4.0 (2H, brs), 6.26 (1H, ddd, J=2.2 Hz, 6.8 Hz, 9.0 Hz)

Reference Example 40

To conc. sulfuric acid (3 ml) is added sodium
nitrite (0.3 g). The mixture is stirred at 70°C for 10
minutes and then cooled to below 40°C and thereto a solution
of 2,3,5-trifluoro-4-methylaniline (0.48 g) in acetic acid
(5 ml) is added dropwise below 40°C. After stirring for 30
minutes, the reaction mixture is added dropwise to a
solution of copper (I) chloride {1.04 g) in conc.
hydrochloric acid (10.4 ml) and the mixture is stirred at
80°C for 30 minutes and then cooled. The resultant is
poured into ice-water, extracted with dichloromethane, and
the extract is washed with water and dried. The solvent is
distilled off under reduced pressure and purified by silica-
gel column-chromatography (eluent; dichloromethane : n-
hexane = 1 : 4) to give 2,3,6-trifluoro—4-chlorotoluene
(0.22 g).

1g-NMR (CDCl4) 6ppm: 2.20 (3B, t, J=2 Hz), 6.90
(1, ddd, J=2.5 Bz, 5.8 Hz, 8.3 Hz)

Reference Examples 41

To 2,3,6-trifluoro-4-chlorotoluene (0.22 g) is
added conc. sulfuric acid (3 ml) and the mixture is cooled
to 0°C. Thereto potassium nitrate (0.18 g) is added and the
mixture is stirred for 15 minutes under ice-cooling. The
reaction mixture is poured into ice-water, extracted with

dichloromethane, and the extract is washed with a saturated
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aqueous solution of sodium hydrogen carbonate, then with
water and dried. The solvent is distilled off under reduced
pressure to give 2,3,6-trifluoro-4-chloro-5-nitrotoluene
{(0.17 g).

lg-NMR (CDCl;) sppm: 2.33 (3H, t, J=2.2 Hz)

Reference Examples 42

To 2,3,6-trifluoro-4-chloro-5-nitrotoluene (0.17
g) are added ethanol (3.3 ml), water (0.5 ml), N-methyl-
piperazine (0.45 ml) and triethylamine (0.56 ml) and the
mixture is refluxed for 24 hours. After the reaction is
completed( water is added to the reaction mixture and the
mixture is extracted with diethyl ether, and the extract is
washed with water and dried. The solvent is distilled off
under reduced pressure and the residue is purified by
silica—-gel column-chromatography (eluent; dichloromethane :
methanol = 20 : 1) to give 2-(4-methyl-l-piperazinyl)-3,6-
difluoro-4-chloro-5-nitrotoluene (0.13 g).

To the thus obtained 2-(4-methyl-l-piperazinyl)-
3,6-difluoro-4-chloro-5-nitrotoluene (0.13 g) are added
anhydrous dimethylformamide (2 ml), potassium fluoride (37
mg) and cyclopropylamine (0.15 ml) and the mixture is
stirred at 100°C for 3 hours. After cooling, the reaction
mixture is poured into ice-water, extracted with dichloro-
methane and the extract is dried. The solvent is distilled
off under reduced pressure and purified by silica-gel

column-chromatography (eluent; dichloromethane : methanol =
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10 : 1) to give 3—(4—methyl—l—piperazinyl)—4—fluoro—5—
chloro—z—methyl—s—nitro—N-cyclopropylaniline (0.14 q).

ly-NMR (CDCly) sppm: 0.4-0.5 (2H, m), 0.6-0.8 (2H,
m), 2.22 (3H, s). 2.36 (3H, s), 2.4-2.7 (4H, brs), 3.1-3.3
(4H, brs), 4.1-4.2 (1H, brs)

Reference Examples 43

Employing 3—chloro-2,4,5—trifluoro—6—methylbenzoic
acid (185 mg) and thionyl chloride (600 ul), the procedure
of Reference Example 22 1is repeated to give 3-chloro-2,4,5-
trifluoro-6-methylbenzoyl chloride (183 mg).

Reference Examples 44

Employing 3—chloro—2,4,5—trifluoro—6—methylbenzoy1
chloride (183 mg), the procedure of Reference Example 22 is
repeated to give diethyl 3-chloro-2,4,5-trifluoro-6-methyl-
benzoylmalonate (320 mg), as brown oil.

1g-NMR (CDCly) éppm: 1.02, 1.29 and 1.38 (all 6H,
each t, J=7 Hz), 2.27 (3H, 4, J=1.5 Hz), 4.02, 4.21 and 4.39
(all 4H, each g, J=7 Hz), 3.36 and 13.7 (all 1H, each s)

Reference Examples 45

Employing diethyl 3-chloro-2,4,5-trifluoro-6-
methylbenzoylmalonate (320 mg) and p-toluenesulfonic acid (3
mg), the procedure of Reference Example 23 is repeated to
give ethyl 3—chloro—2,4,5—trifluoro—6—methylbenzoylacetate
(300 mg), as brown oil.

1g-NMR (CDCl5) sppm: 1.25 and 1.35 (all 3H, each

t, J=7 Hz), 2.32 (3H, m), 4.18 and 4.29 (all 2H, each g, J=7
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Hz), 3.89, 5.25 and 12.35 (all 2H, each s)

Reference Example 46

Employing ethyl 3-chloro-2,4,5-trifluoro-6-methyl-
benzoylacetate (300 mg) and ethyl orthoformate (550 mg), the
procedure of Reference Example 24 is repeated to give ethyl
2—(3—chloro—2,4,S—triflﬁoro—s—methylbenzoyl)—3—
ethoxyacrylate (360 mg), as brown oil.

Reference Example 47

Employing ethyl 2-(3-chloro-2,4,5-trifluoro-6-
methylbenzoyl)-3-ethoxyacrylate (360 mg) and cyclopropyl-
amine (60 mg), the procedure of Reference Example 25 is
repeated to give ethyl 2-(3-chloro-2,4,5-triflucro-6-
methylbenzoyl)-3-cyclopropylaminocacrylate (410 mg), as brown
oil.

1H-NMR (CDClg) sppm: 0.90 (4H, m), 1.04 (3H, t,
J=7 Hz), 2.14 (3H, m), 3.01 (1H, m), 3.99 (2H, g, J=7 Hz),
8.29 (1H, d, J=14 Hz), 11.2 (1H, br)

Reference Examples 48

Employing ethyl 2-(3-chloro-2,4,5-trifluoro-6-
methylbenzoyl)-3-cyclopropylaminoacrylate (410 mg) and 60 %
sodium hydride (35 mg), the procedure of Reference Example
26 is repeated to give ethyl l-cyclopropyl-6,7-difluoro-8-
chloro-5-methyl-1,4-dihydro-4-oxoquinoline-3—-carboxylate (70
mg), as pale yellow powder {(recrystallized from dichloro-

methane - n-haxane), m.p. 153-154°C,
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Reference Examples 49

Employing ethyl 1-cyclopropyl-6,7-difluoro-8-
chloro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylate (70
mg) and conc. hydrochloric acid - 90 % acetic acid (1:4) (1
ml), the procedure of Reference Example 27 is repeated to
give l—cyclopropyl—B—chloro—6,7—difluoro—5—methyl—l,4—
dihydro-4-oxoquinoline-3-carboxylate (58 mg), as white
needles, m.p. 213-215°C.

Reference Examples 50

Starting from suitable materials, the procedure of
Reference Example 22 is repeated to give 2-ethyl-3,4,5,6-
tetrafluorobenzoyl chloride, b.p. 78°C/l4 mmHg.

lg-NMR (CDCly) sppm: 1.24 (3H, t, J=7.5 Hz), 2.75
(2H, dq, J=2.3 Hz, 7.5 Hz)

Reference Examples 51

Starting from suitable materials, the procedure of
Reference Example 22 is repeated to give diethyl 2-ethyl-
3,4,5,6-tetrafluorobenzoylmalonate.

1g-NMR (CDCly) 6ppm: 1.04 (3H, t, J=7.2 Hz), 1.19
(3H, t, J=7.4 Hz), 1.38 (3H, t, J=7.2 Hz), 2.5-2.8 (2H, m),
4.03 (2H, q, J=7 Hz), 4.39 (2H, q, J=7 Hz), 13.8 (lH, s)

Reference Example 52

Employing diethyl 2-ethyl-3,4,5,6~tetrafluoro-
benzoylmalonate (17.2 g) and p-toluenesulfonic acid (0.25
g), the procedure of Reference Example 23 is repeated to
give ethyl 2-ethyl-3,4,5,6-tetrafluorobenzoylacetate (11,09

g).
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Reference Example 53

Employing ethyl 2-ethyl-3,4,5,6-tetrafluoro-
benzoylacetate (8 g) and ethyl orthoformate (6.1 g), the
procedure of Reference Example 24 is repeated to give ethyl
2-(2-ethyl-3,4,5,6-tetrafluorobenzoyl)-3-ethoxyacrylate.

Reference Examples 54

Employing ethyl 2-(2-ethyl-3,4,5,6-tetrafluoro-
benzoyl)-3-ethoxyacrylate and cyclopropylamine, the
procedure of Reference Example 25 is repeated to give ethyl
2-(2-ethyl-3,4,5,6-tetrafluorobenzoyl)-3-cyclopropylamino-
acrylate.

Reference Examples 55

Employing ethyl 2-(2-ethyl-3,4,5,6-tetrafluoro-
benzoyl)-3-cyclopropylamincacrylate (8.71 g) and 60 % sodium
hydride (1.09 g), the procedure of Reference Example 26 is
repeated to give ethyl l-cyclopropyl-6,7,8-trifluoro-5-
ethyl-1,4-dihydro-4-oxoquinoline-3-carboxylate (5 g), as
white powder, m.p. 139-140°C.

Reference Example 56

Employing ethyl l-cyclopropyl-6,7,8-trifluoro-5-
ethyl-1,4-dihydro-4-oxoquinoline-3-carboxylate (5 g), conc.
hydrochloric acid (11 ml), water (4.4 ml) and acetic acid
(44 ml), the procedure of Reference Example 27 is repeated
to give l-cyclopropyl-6,7,8-trifluoro-5-ethyl-1,4-dihydro—-4-
oxoguinoline-3-carboxylic acid (4.2 g), as white powder,

m,p. 197-198°C.
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Reference Examples 57

Employing ethyl 2-(2-methyl-3,4,6-trifluoro-
benzoyl)-3-ethoxyacrylate (1.0 g) and p-fluorcaniline (0.39
g), the procedure of Reference Example 25 is repeated to
give ethyl 2-(2-methyl-3,4,6-trifluorobenzoyl)-3-(4-£fluocro-
phenyl)aminocacrylate, which is then treated with 60 % sodium
hydride (0.15 g) as in Reference Example 26 to give ethyl 1-
(4-fluorophenyl)-5-methyl-6,7-difluoro-1,4-dihydro-4-
oxoguinoline-3-carboxylate (0.64 g), as white crystals
{recrystallized from ethanol), m.p. 256-259°C.

Reference Examples 58

Employing ethyl 1-(4-fluorophenyl)-5-methyl-6,7-
difluoro-1,4-dihydro-4-oxoquinoline-3-carboxylate (0.56 g)s
conc. hydrochloric acid (1.5 ml), and 90 % acetic acid (6
ml), the procedure of Reference Example 27 is repeated to
give 1-(4-fluorophenyl)-5-methyl-6,7-difluoro-1,4-dihydro-4-
oxoguinoline-3-carboxylic acid (0.49 g), as white crystals,
m.p. 255-257°C.

Reference Examples 59

Employing ethyl 2-(2-methyl-3,4,6-trifluoro-
benzoyl)-3-ethoxyacrylate (1.0 g) and 70 % agqueous ethyl-
amine solution (0.24 ml), the procedure of Reference Example
25 is repeated to give ethyl 2-(2-methyl-3,4,6-trifluoro-
benzoyl)-3-ethylaminoacrylate, which is then treated with 60
% sodium hydride (0.15 g) as in Reference Example 26 to give

ethyl l1-ethyl-5-methyl-6,7-difluoro-1,4-dihydro-4-
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oxoquinoline-3-carboxylate (0.6 g), as white crystals, m.p.

157-159°C.

Reference Example 60

Empoying ethyl l-ethyl-5-methyl-6,7-difluoro-1,4-
dihydro-4-oxoquinoline-3-carboxylate (0.55 g), conc.
hydrochloric acid (1.5 ml) and 90 % acetic acid (6 ml), the
procedure of Reference Example 27 is repeated to give 1-
ethyl-5-methyl-6,7-difluoro-1,4-dihydro-4-oxoquinoline—-3-
carboxylic acid (0.40 g), as white crystals, m.p. >300°C.

lH-NMR (DMSO-dg) sppm: 1.37 (3H, t, J=7.2 Hz),
2.82 (3H, 4, J=3.2 Hz), 4.54 (2B, q, J=7.2 Hz), 8.07 (1H,
dd, J=7.2 Hz, 9.8 Hz), 9.00 (1H, s), 15.25 (1H, s)

Reference Example 61

Employing ethyl 2-(2-methyl-3,4,5,6—-tetrafluoro-
benzoyl)-3-ethoxyacrylate (10.0 g) and ethylamine gas, the
procedure of Reference Example 25 is repeated to give ethyl
2~(2-methyl-3,4,5,6-tetrafluorobenzoyl)-3-ethylaminoacrylate
(9.0 g, white crystals), which is then treated with 60 %
sodium hydride (1.30 g) as in Reference Example 26 to give
ethyl l-ethyl-5-methyl—6,7,8-trifluoro-1,4-dihydro-4-
oxoguinoline-3-carboxylate (6.76 g), as pale yellow needles
(recrystallized from dichloromethane - n-hexane), m.p. 197-
l98¢°cC.

Reference Example 62

Employing ethyl l-ethyl-5-methyl-6,7,8-triflucro-

1,4-dihydro-4-oxoquinoline-3-caboxylate (6.51 g) and conc.
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hydrochloric acid : 90 % acetic acid (1:4) (100 ml), the
procedure of Reference Example 27 is repeated to give 1-
ethyl-5-methyl-6,7,8-trifluoro-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid (5.53 g), as colorless needles (recrystal-
lized from dichloromethane - n-hexane), m.p. 203-204°C.

Reference Example 63

Employing ethyl 2-(2-methyl-3,4,5,6~-tetrafluoro-
benzoyl)-3-ethoxyacrylate (5.0 g) and 2,4-difluorocaniline
(2.02 g), the procedure of Reference Example 25 is repeated
to give ethyl 2-(2-methyl-3,4,5,6~-tetrafluorobenzoyl)-3-
(2,4-difluorophenyl)aminoacrylate, which is then treated
with 60 % sodium hydride as in Reference Example 26 to give
ethyl 1-(2,4-difluorophenyl)-5-methyl—6,7,8-trifluoro-1,4-
dihydro-4-oxoquinoline~3-carboxylate (4.6 g),as pale yellow
prisms (recrystallized from dichloromethane - n-hexane),
m.p. 156-157.5°C.

Reference Example 64

Employing ethyl 1-(2,4-difluorophenyl)-5-methyl-
6,7,8-trifluoro-1,4-dihydro-4-oxoquinoline-3-carboxylate
(4.3 g) and conc. hydrochloric acid : 90 % acetic acid (1l:4)
(80 ml), the procedure of Reference Example 27 is repeated
to give 1~(2,4-difluorophenyl)-5-methyl-6,7,8-trifluoro-1,4-
dihydro-4-oxoquinoline-3-carboxylic acid (2.93 g), as white
powder, m.p. 221-222°C,.

Reference Example 65

Employing ethyl 2-(2-methyl-3,4,5,6-tetrafluoro-
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benzoyl)-3-ethoxyacrylate (10.0 g) and 4-methoxyaniline
(3.87 g), the procedure of Reference Example 25 is repeated
to give ethyl 2-(2-methyl-3,4,5,6~tetrafluorobenzoil)-3-(4-
methoxyphenyl)aminoacrylate, which is then treated with 60 %
sodium hydride (1.56 g) as in Reference Example 26 to give
ethyl 1-(4-methoxyphenyl)-5-methyl-6,7,8-trifluoro-1,4-
dihydro-4-oxoquinoline-3-carboxylate (8.27 g), as pale
yellow needles, m.p. 175-176°C.

Reference Example 66

Employing ethyl 1-(4-methoxyphenyl)-5-6,7,8-
trifluoro-1,4~dihydro-4-oxoquinoline-3-carboxylate (4.27 g)
and 47 % hydrobromic acid (50 ml), the procedure of
Reference Example 27 is repeated to give 1-(4-hydroxy-
phenyl)-5-methyl-6,7,8~trifluoro~1,4-dihydro-4-oxoquinoline-
3-carboxylic acid (2.82 g), as white powder, m.p. 287-
288.5°C.

Reference Example 67

Employing ethyl 2-(2-methyl-3,4,5,6-tetrafluoro~-
benzoyl)-3-ethoxyacrylate (5.0 g)and 2-aminothiophene (2.22
g), the procedure of Reference Example 25 is repeated to
give ethyl 2-(2-methyl-3,4,5,6-tetrafluorobenzoyl)-3-(2-
thienyl)aminoacrylate, which is then treated with 60 %
sodium hydride as in Reference Example 26 to give ethyl 1-
(2-thienyl)-5-methyl-6,7,8~trifluoro-1,4-dihydro-4-
oxoquinoline-3-carboxylate (1.05 g), as white powder
(recrystallized from ethyl acetate -~ n-hexane), m.p. 198-

200°cC.
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Reference Examples 68

Employing ethyl 1-(2-thienyl)-5-methyl-6,7,8-
trifluoro-1,4-dihydro-4-oxoquinoline-3-carboxylate (1.05 g),
conc. hydrochloric acid (10 ml) and 90 % acetic acid (40
ml), the procedure of Reference Example 27 is repeated to
give l-(2-thienyl)-5-methyl-6,7,8-trifluoro-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid (0.93 g), as white powder,
m.p. 221-222.5°C.

Reference Example 69

Employing ethyl 2-(2-methyl-3,4,5,6-tetrafluoro-
benzoYl)-3-ethoxyacrylate (8.38 g) and 2S-2-amino-l-propanol
{2.07 g), the procedure of Reference Example 25 is repeated
to give ethyl 2-(2-methyl-3,4,5,6-tetrafluorobenzoyl)-3-(2S-
3-hydroxy-2-propyl)aminocacrylate (9.72 g, yellow oil), which
is then treated with potassium carbonate (4.25 g) as in
Reference Example 26 to give ethyl 35-9,10-difluoro-3,8-
dimethyl-7-oxo-7H-pyrido(1,2,3~de][1l,4)benzoxazine-6-
carboxylate (1.30 g), as colorless needles (recrystallized
from ethanol), m.p. 216-217°C.

Reference Example 70

Employing ethyl 3S-9,10-difluoro-3,8-dimethyl-7-
oxo-7H-pyrido[1l,2,3-del[l,4])benzoxazine-6—~carboxylate (1.25
g) and conc. hydrochloric acid : 90 % acetic acid (1:4) (20
mly, the procedure of Reference Example 27 is repeated to
give 3S (-) -9,10-difluoro-3,8-dimethyl-7-oxo-7H-
pyrido[1l,2,3-de] [1,4]lbenzoxazine-6—carboxylic acid (1.03

\
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g), as white powder, m.p. 249-251°C (dec.).

Reference Example 71

Employing ethyl 2-(2-methyl-3,4,5,6-tetrafluoro-
benzoyl)-3-ethoxyacrylate (7.0 g) and ethanol amine (1.33
ml), the procedure of Reference Example 25 is repeated to
give ethyl 2-(2-methyl-3,4,5,6-tetraflurobenzoyl)-3-(2-
hydroxyethyl)aminoacrylate. To the product are added
pyridine (70 ml) and acetic anhydride (2.57 ml) and the
mixture is stirred at room temperature over-night. After
concentration, the resultant is diluted with water,
subjected to extraction with dichloromethane, and the
extract is washed with water and then with a saturated
saline solution and dried to give ethyl 2-(2-methyl-3,4,5,6-
tetrafluorobenzoyl)-3-(2-acetyloxyethyl)aminoacrylate, which
is then treated with 60 % sodium hydride (1.09 g) as in
Reference Example 26 to give ethyl 1-(2-acetyloxyethyl)-5-
methyl—6,7,8—trifluoro—l,4—dihydro—4—oxoquinoline—3—
carboxylate (6.15 g), as colorless prisms (recrystallized
from ethyl acetate), m.p. 192-193°C.

Reference Example 72

Employing ethyl 1-(2-acetyloxyethyl)-5-methyl-
6,7,8-trifluoro-1,4-dihydro-4-oxogquinoline-3-carboxylate
(5.80 g) and conc. hydrochloric acid : 90 % acetic acid
(1:4) (100 ml), the procedure of Reference Example 27 is
repeated to give 1l-(2-hydroxyethyl)-5-methyl-6,7,8~

trifluoro-1l,4-dihydro-4-oxoquinoline-3-carboxylic acid (4.04
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g), as pale yellow flakes (recrystallized from ethanol),

m.p. 244.5-247°C.

Reference Example 73

To 1-(2-hydroxyethyl)-5-methyl-6,7,8-trifluoro-
1,4-dihydro-4-oxoquinoline-3-carboxylic acid (4.00 g) is
added thionyl chloride (20 ml) and the mixture is refluxed
for 1 hour. After concentrating, the obtained residue is
mixed with ethanol (50 ml) and the mixture is refluxed for 1
hour. After concentrating, the resultant is extracted with
dichloromethane, and the extract is washed with water,
saturated sodium Hydrogen carbonate, water and saturated
saline solution in this order and dried. The solvent is
concentrated and the obtained residue is purified by silica-
gel column-chromatography (eluent; ethyl acetate : n-hexane
= 1 : 20), followed by recrystllization from ethyl acetate -
n-hexane to give ethyl 1-(2-chloroethyl)-5-methyl-6,7,8-
trifluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid (2.00
g), as colorless prisms, m.p. 161.5-163.5°C (dec.).

Reference Example 74

To ethyl 1-(2-chloroethyl)-5-methyl-6,7,8-
trifluoro-1,4-dihydro-4-oxoquinoline-carboxylate (1.81 g)
are added DBU (2.33 ml) and toluene (150 ml) and the mixture
is refluxed with heating for 4 hours. .After concentrating,
the obtained residue is extracted with dichloroethane, and
the extract is washed with dilute hydrochloric acid, water

and saturated saline solution in this order and dried. The
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solvent is concentrated and the obtained residue is purified
by silica-gel column-chromatography (eluent; ethyl acetate :
n-hexane = 1 : 20), followed by recrystallization from n-
hexane - diethyl ether to give ethyl l-vinyl-5-methyl-6,7,8-
trifluoro-1,4-dihydro-4-oxoquinoline-3-carboxylate (0.72 g),
as colorless needles, m.p. 134-135.5°C.

Reference Example 75

Employing ethyl 2-(2-methyl-3,4,5,6-tetrafluoro-
benzoyl)-3-ethoxyacrylate (5.0 g}, 2-chloroethylamine
hydrochloride (1.74 g) and triethylamine (1.97 g), the
procedure of Reference Example 25 is repeated to give ethyl
2-(2-methyl-3,4,5,6-tetrafluorocbenzoyl)-3-(2-chloroethyl}-
aminoacrylate (5.52 g), which is then treated with 60 %
sodium hydride (0.72 g) as in Reference Example 26 to give
ethyl 1-(2-chloroethyl)-5-methyl-6,7,8-trifluoro-1,4-
dihydro-4-oxoquinoline~3-carboxylate (3.90 g), as colorless
needles (recrystallized from ethyl acetate - n-hexane), m.p.
161.5-163.5°C (dec.)

Reference Example 76

To 2-methyl-3-nitrobenzoic acid (10.0 g) is added
methanol (100 ml) and thereto thionyl chloride (8 ml) is
added dropwise at room temperature. After reflux for 2
hours, the reaction mixture is poured into ice-water and
extracted with dichloromethane. The solvent is concentrated
to give methyl 2-methyl-3-nitrobenzoate (10.8 g).

1y NMR (CDCly) 6: 2.63 (3H, s), 3.94 (3H, s), 7.38
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(1, t, J=8 Hz), 7.84 (1H, 4, J=8 Hz), 7.99 (1H, 4, J=8 Hz)

Reference Example 77

Methyl 2-methyl-3-nitrobenzoate (10.0 g) is
dissolved in acetic acid (50 ml) and thereto 5 % Pd-C (1 g)
is added to carry out catalytic reduction at room
temperature under 1 atm. After 1.5 hours, the catalyst is
filtered off. The reaction mixture is concentrated, and
thereto is added water, and the mixture is made alkaline
with potassium carbonate, followed by extraction with
dichloromethane. The solvent is concentrated to give methyl
2-methyl-3-aminobenzoate (8.6 g).

lH-NMR (CDC1l;) sppm: 2.34 (3H, s), 3.55-3.85 (2H,
brs), 3.87 (3H, s), 6.80 (1H, 4, J=8 Hz), 7.04 (1H, t, J=8
Hz), 7.20 (1B, 4, J=8 Hz)

Reference Example 78

To methyl 2-methyl-3-aminobenzoate (1.6 g) are
added acetic acid (20 ml) and sodium acetate (1.6 g).
Thereto a solution of bromine (3.1 g) in acetic acid (5 ml)
is added dropwise below 20°C over a period of 10 minutes.
After the mixture is stirred at room temperature for 30
minutes, the reaction mixture is poured into ice-water and
the resultant is extracted with diethyl ether. The ether
layer is neutralized with potassium carbonate and dried.
The solvent is concentrated to give methyl 2-methyl-3-amino-
4,6~-dibromobenzoate (2.8 g).

'H NMR (CDCl3) &: 2.14 (3H, s), 3.93 (3H, s),

i
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4.05-4.30 (2H, brs), 7.52 (1H, s)

Reference Example 79

To methyl 2-methyl-3-amino-4,6-dibromobenzoate
(1.4 g) are added ethanol (5 ml) and 42 % tetrafluoroboric
acid (2.5 ml), and thereto is added dropwise a solution of
sodium nitrite (0.33 g) in water (1 ml) below 5°C. After
stirring the mixture for 10 minutes, the precipitated
crystals are filtered and washed with a small amount of
water, ethanol and diethyl ether in this order to give
methyl 2-methyl-4,6-dibromo-3-benzoate diazonium
tetrafluoroborate (1.6 g), m.p. 202-204°C (dec.).

Reference Example 80

Methyl 2-methyl-~4,6-dibromo-3-benzoate diazonium
tetrafluoroborate (1.3 g) is heated at 200°C for 10
minutes. After cooling, the reaction mixture is added with
ice-water and extracted with dichloromethane. The solvent
is concentrated and the obtained residue is purified by
silica—-gel column-chromatography (eluent; chloroform : n-
hexane = 1 : 4) to give methyl 2-methyl-3-fluoro-4,6-
dibromobenzoate (0.6 g).

ln NMR (CDCly) 6: 2.27 (3H, @, J=2.5 Hz), 3.95
(3, s), 7.63 (1H, 4, J=5.8 Hz)

Reference Example 81

To methyl 2-methyl-3-fluoro-4,6-dibromobenzoate
(75.5 g) are added ethanol (460 ml) and 10 % aqueous

solution of sodium hydroxide (460 ml) and the mixture is
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refluxed for 2 hours. After cooling, the reaction mixture
is diluted with water and extracted with diethyl ether. The
aqueous layer is made acidic with conc. hydrochloric acid
and extracted with diethyl ether. The solvent is
concentrated to give 2-methyl-3-fluoro-4,6-dibromobenzoic
acid (61 g), m.p. l44-146°C.

Reference Example 82

Employing 4,6-dibromo-3-fluoro-2-methylbenzoic
acid (2.0 g), the procedure of Reference Example 22 is
repeated to give 4,6-dibromo-3-fluoro-2-methylbenzoyl
chloride (2.0 g).

ly-NMR (CDCly) sppm: 2.37 (3H, 4, J=2.5 Hz), 7.69
(1H, d, J=5.8 Hz)

Reference Example 83

Employing diethyl 4,6-dibromo-3-fluoro-2-methyl-
benzoyl chloride (2.0 g), the procedure of Reference Example
22 is repeated to give diethyl'4,6-dibromo—3—f1uorof2—
methylbenzoylmalonate (2.6 g).

Reference Example 84

Employing diethyl 4,6-dibromo~-3-fluoro—-2-methyl-
benzoylmalonate (2.6 g), the procedure of Reference Example
23 is repeated to give ethyl 4,6-dibromo-3-fluoro-2-methyl-
benzoylacetate (2.1 g}).

Reference Example 85

Employing ethyl 4,6-dibromo-3-fluoro-2-methyl-
benzoylacetate (2.1 g), the procedure of Reference Example

-y
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24 is repeated to give ethyl 2-(4,6-dibromo-3-fluoro-2-
methylbenzoyl)-3-ethoxyacrylate (2.1 g).

Reference Example 86

Employing ethyl 2-~(4,6-dibromo-3-fluoro~2-methyl-
benzoyl)-3-ethoxyacrylate (69.5 g), the procedure of
Reference Example 25 is repeated to give ethyl 2-(4,6-
dibromo-3-fluoro-2-methylbenzoyl)-3-cyclopropylaminoacrylate
(48.1 g).

Reference Example 87

A mixture comprising ethyl 2-(4,6-dibromo-3-
fluoro-2-methylbenzoyl)-3-cyclopropylaminoacrylate (45.0 g),
potassium carbonate (16.7 g) and dimethylformamide (450 ml)
is reacted at 140°C for 30 minutes. After cooling, the
reaction mixture is poured into ice-water and the
precipitated crystals are filtered, which are recrystallized
from ethanol to give ethyl l-cyclopropyl-6—-£fluoro-7-bromo-5-
methyl-1,4-dihydro-4-oxoquinoline-3~-carboxylate (33.6 g), as
white crystals, m.p. 195-197°C.

Reference Example 88

Employing ethyl l-cyclopropyl-6-fluoro-7-bromo-5-
methyl-1,4-dihydro-4-oxoquinoline-3-carboxylate (32.5 g).,
the procedure of Reference Example 27 is repeated to give 1-
cyclopropyl-6-fluoro-7-bromo-5-methyl-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid (27.2 g), as white crystals,

m.p. 237-239°C.
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Reference Example 89

To 1l-cyclopropyl—-6-£fluoro-7-bromo-5-methyl-1,4-
dihydro-4-oxoquinoline-3-carboxylic acid (0.2 g) is added
thionyl chloride (2 ml) and the mixture is refluxed for 1
hour. After cooling, the reaction mixture is poured into
ice-water and made alkaline with 10 % agueous sodium
hydroxide solution. After stirring for 30 minutes, the
resultant is extracted with dichloromethane. The aqueous
layer is made acidic with 10 % hydrochloric acid and then
extracted with dichloroethane. The solvent is concentrated
and the residue is recrystallized from acetic acid to give
l-cyclopropyl-6-fluoro~7-chloro~-5-methyl-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid (80 mg), as white crystals,
m.p. 258-260°C.

Reference Example 90

Employing ethyl 2-(2-methyl-3,4,6~trifluoro-
benzoyl)~3-ethoxyacrylate (1.0 g) and 2,4-difluoroaniline
(0.5 g), the procedure of Reference Example 25 is repeated
to give ethyl 2-(2-methyl-3,4,6-trifluorobenzoyl)-3-(2,4-
difluorophenyl)aminoacrylate (1.1 g).

lH-NMR (CDC1,) sppm: 0.95 (3H, t, J=7.2 Hz), 2.23
(3H, 4, J=2.4 Hz), 4.06 (2H, g, J=7.2 Hz), 6.70-6.83 (1H,
m), 6.91-7.03 (2H, m), 7.26-7.45 (1H, m), 8.60 (1H, 4,
J=13.8 Hz), 11.36 {(1H, 4, J=13.8 Hz)

Reference Example 91

Employing ethyl 2-(2-methyl-3,4,6-trifluoro-
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benzoyl)-3-(2,4-difluorophenyl)aminocacrylate (1.1 g) and 60
% sodium hydride (0.13 g), the procedure of Reference
Example 26 is repeated to give ethyl 1-(2,4-difluorophenyl}-
5-methyl-6,7-difluoro-1,4-dihydro-4-oxoquinoline-3-
carboxylate (0.7 g).

1g-NMR (CDCl,) éppm: 1.38 (3H, t, J=7.1 Hz), 2.91
(38, d, J=3 Hz), 4.38 (2H, q, J=7.1 Hz), 6.46 (lH, dd, J=6.9
Hz, 11.1 Hz), 7.10-7.26 (2H, m), 7.38-7.56 (lH, m), 8.26
(1H, s)

Reference Example 92

Employing ethyl 1-(2,4~-difluorophenyl)-5-methyl-
6,7-difluoro-1,4-dihydro-4-oxoquinoline-3-carboxylate (0.7
g), the procedure of Reference Example 27 is repeated to
give 1-(2,4-difluorophenyl)-5-methyl-6,7-difluoro-1,4-
dihydro-4-oxoquinoline-3-carboxylic acid (0.5 g), colorless
needles (recrystalized from acetic acid), m.p. 280-281°C.

Example 1

To 3-(4-methyl-l-piperazinyl)-4-fluoro-2,5-
dimethyl-6-nitro-N-cyclopropylaniline (1.65 g) is added
diethyl ethoxymethylenemalonate (1.45 ml) and the mixture is
heated at 150°C for 25 hours. After cooling, the reaction
product is purified by silica-gel column-chromatography
(dichloromethane : methanol = 100 : 1) to give diethyl[N-
cyclopropyl-N-[3—-(4-methyl-l-piperazinyl)-4-fluoro-2,5-
dimethyl-6-nitrophenyl]aminomethylene]malonate (1.58 g).

The product is dissolved in acetic anhydride (7.9 ml) and
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thereto conc. sulfuric acid (3.16 ml) is added dropwise at
50-60°C, followed by stirring for 30 minutes. The resultant
mixture is poured into ice-water, neutralized, extracted
with dichloromethane and the extract is dried. The solvent
is distilled off under reduced pressure. Purification by
silica—-gel column-chromatography (dichloromethane : methanol
= 10 : 1) and recrystallization from ethanol -~ diethyl ether
to give ethyl 7-(4-methyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro-5,8-dimethyl~1,4-dihydro~4-oxoquinoline-3-carboxylate
(28 mg), as yellow crystalé, m.p. 146-147°C.

ln NMR (CDCly) 6: 0.7-0.8 (2, m), 1.0-1.2 (2H,
m), 1.39 (3H, t, J=7 Hz), 2.39 (3H, s), 2.59 (3H ,s), 2.4-
2.7 (44, br), 2.75 (3H, 4, J=2.9 Hz), 3.1-3.4 (4H, br), 3.8-
4.0 (1H, m), 4.38 (2H, g, J=7.1 Hz), 8.54 (1H, s)

Examnle.z

To ethyl 7-(4-methyl-l-piperazinyl)-1l-cyclopropyl-
6-fluoro-5,8~dimethyl-1,4-dihydro-4-oxoquinoline-3-
carboxylate (25 mg) are added 10 % aqueous solution of
sodium hydroxide (3 ml) and ethanol (3 ml), and the mixture
is refluxed for 1 hour. After cooling, the reaction mixture
is diluted with water and washed with dichloromethane.
After the aqueous layer is made acidic with acetic acid and
then made weak alkaline with an agueous sodium hydrogen
carbonate. The resultant is extracted with dichloromethane
and the extract is dried. The solvent is distilled off

under reduced pressure and to the residue is added diethyl
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ether. The precipitated crystals are filtered and
recrystallized from ethanol to give 7-(4-methyl-1-
piperazinyl)-l-cyclopropyl-6-£fluoro-5,8-dimethyl-1,,4-
dihydro-4-oxoquinoline-3-carboxylic acid (14 mg), as yellow
crystals, m.p. 205-206°C.

'H NMR (CDCly) 6: 0.7-0.9 (2H, m), 1.1-1.4 (2H,
m), 2.39 (3H, s), 2.5-2.8 (4H, br), 2.63 (3H, s), 2.76 (3H,
d, J=3 Hz), 3.2-3.5 (4H, br), 4.0-4.2 (1H, m), 8.85 (1H, s),
14.3-14.9 (1H, br) '

Example 3

To 6,7-difluoro-l1l-cyclopropyl-5,8-dimethyl-1,4-~
difluoro-4-oxoquinoline-3~carboxylic acid - B(OCOCHj3),
chelate (1.24 g) are added 4-methyl-l-piperazine (1.0 g) and
dimethylacetamide (6 ml), and the mixture is reacted at 50°C
for 20 hours. After concentrating, the obtained residue is
dissolved in acetone (20 ml) and thereto conc. hydrochloric
acid (5 ml) is added, followed by stirring at room
temperature for 30 minutes. The solvent is distilled off
and the resultant is added with water and extracted with
dichloromethane. The aqueous layer is neutralized with an
aqueous sodium hydrogen carbonate and extracted with
dichloromethane. After drying over magnesium sulfate, the
residue is added with a mixture of diethyl ether and
ethanol. The precipitated crystals are filtered and
recrystallized from ethanol to give 7-(4-methyl-1-

piperazinyl)-l-cyclopropyl-6-£fluoro-5,8-dimethyl-1,4-
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dihydro-4-oxoquinoline-3~carboxylic acid (0.1 g), as yellow

crystals, m.p. 205-206°C.

Example 4

To a suSpension of 6,7-difluoro-l1l-cyclopropyl-5,8-
dimethyl-1,4~-dihydro-4-oxoquinoline-3-carboxylic acid (1.88
g) in N-methylpyrrolidone (5 ml) is added 4-methyl-1-
piperazine (2.02 g) and the mixture is stirred at 150°C for
3 hours. After the reaction is completed, the reaction
mixture is concentrated and the obtained residue is purified
by silica-gel column-chromatography (dichloromethane :
methanol = 3 : 1), followed by recrystallization from
ethanol to give 7-(4-methyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro-5,8-dimethyl-1,4~dihydro-4-oxoquinoline-3-carboxylic
acid (0.05 g), as yellow crystals, m.p. 205-206°C.

Example 5

Starting from suitable materials, the procedure of
the above Examples 1-4 is repeated to give the following
compounds.

1) 7-(1-Piprazinyl)-l-cyclopropyl-6-fluoro-5,8-
dimethyl-1l,4~dihydro-4-oxoquinoline-3-carboxylic acid, m.p.
185-187°C, pale yellow needles (recrystallized from
dimethylformamide)

2) 7-(3-Methyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro-5,8-dimethyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 183-185°C, colorless powder

3) 7-(3-Amino-l-pyrrolidinyl)-1l-cyclopropyl-6-
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fluoro-5,8-dimethyl-1,4~dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 96-98°C, pale yellow needles

4) 7-(l1-Piperazinyl)-l-cyclopropyl-6-fluoro-5-
methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid, m.p.
231-233°C, white powder (recrystallized from dimethyl-
formamide)

5) 7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro-5-methyl-1,4-dihydro-4~-oxoquinoline-3-carboxylic
acid, m.p. 229-232°C, pale yellow prisms (recrystallized
from ethanol)

| 6) 7-(3-Methyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro-5-methyl-1l,4~-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 206-208°C, white powder (recrystallized from
ethyl acetate - ethanol)

7) 7-(3-Amino-l-pyrrolidinyl)-l-cyclopropyl-6-
fluoro-5-methyl-1,4~dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 267-270°C, white powder (recrystallized from
dimethylformamide)

8) 7-(1-Piperazinyl)-l-cyclopropyl-6,8-difluoro-
5-methyl-1l,4-dihydro-4-oxoquinoline~3-carboxylic acid, m.p.
205-207°C, white powder (recrystallized from ethanol)

9) 7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-6,8-
difluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 229-231°C, white needles (recrystallized from
ethanol) |

10) 7-(3-Methyl-l-piperazinyl)-l-cyclopropyl-6,8-
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difluoro-5-methyl~1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 188-1839°C, pale yellow powder (recrystallized
from ethanol)

11) 7-(3-Amino-l-pyrrolidinyl)-1-cyclopropyl-6,8-
.difluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 213-216°C, pale yellow powder (recrystallized
from dimethylformamide)

12) 7-(1-Piperazinyl)-l-cycloprpyl-6-fluoro-8-
chloro-5-methyl-1,4-dihydro-4-oxoquinoline~3-carboxylic
acid, m.p. 214-217°C, pale yellow powder (recrystallized
from ethanol)

13) 7-(4-Methyl-l-piperazinyl)-l-cyclopropyl—-6-—
fluoro-8-chloro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid, m.p. 190-192°C, pale yellow powder
(recrystallized from dichloromethane - n-hexane)

14) 7-(3-Methyl-l-piperazinyl)-1l-cyclopropyl—-6-
fluoro-8-chloro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid

15) 7~(3~Amino-l-piperazinyl)-l-cyclopropyl-6-—
fluoro-8-chloro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid

16) 7-(l-Piperazinyl)-l-cyclopropyl-5,6-difluoro-
8-methyl-1,4-dihydro-4-oxoquinoline~3—~carboxylic acid

17) 7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-5,6-
difluoro-8-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic

acid
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18) 7-(3-Methyl-l-piperazinyl)-l-cyclopropyl-5,6-
difluoro-8-methyl-1,4-dihydro-4~-oxoquinoline-3-carboxylic
acid

19) 7-(3-Amino-l-pyrrolidinyl)-l-cyclopropyl-5,6-
difluoro-8-methyl-1l,4-dihydro-4-oxoquinoline-3-carboxylic
acid

20) 7-(l-Piperazinyl)-l-cyclopropyl-5-chloro-6-
fluoro-8-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid

21) 7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-5-
chloro-6-fluoro-8-methyl-1,4~-dihydro-4-oxoquinoline-3-
carboxylic acid, m.p. 213-215°C, yellow crystals

22) 7-(3-Methyl-l-piperazinyl)}-l-cyclopropyl-5-
chloro-6-fluoro-8-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid

23) 7-(3-Amino-l-pyrrolidinyl)-l-cyclopropyl-5-
chloro-6-fluoro-8-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid

24) 7-Morpholino-l-cyclopropyl-6-fluoro-5-methyl-
1,4-dihydro-4-oxoquinoline-3-carboxylic acid, m.p. 245-
247°C, white powder (recrystallized from ethanol)

25) 7-~(3-2Amino-4-methyl-l-pyrrolidinyl)-1-
cyclopropyl-6-fluoro-5-methyl-1l,4-dihydro-4-oxoquinoline-3-
carboxylic acid hydrochloride (trans form), m.p. 272-275°C
(dec.) white powder (recrystallized from methanol.- ethyl
acetate)

26) 7-(3-Aminomethyl-l-pyrrolidinyl)-1l-cyclo-
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propyl-6-fluocro-5-methyl-1,4~dihydro-4-oxoquinoline-3-
carboxylic acid hydrochloride, m.p. 280-283°C (dec.), white
powder (recrystallized from methanol - water)

27) 7-(4-Bydroxy-l-piperidinyl)-l-cyclopropyl-6-
fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 220-221°C, colorless needles (recrystallized from
methanol)

28) 7-(4-Fluoro-l-piperidinyl)-l-cyclopropyl-6-
fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 204-207°C, white powder (recrystallized from
ethanol)

29) 7-[3-(N-t-Butoxycarbonyl-N-methylamino)-1-
pyrrolidinyl)-l-cyclopropyl-6-fluoro~5-methyl-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid, m.p. 210-212°C, white powder
(recrystallized from ethanol)

30) 7-(3-t-Butoxycarbonylamino-4-methyl-1-
pyrrolidinyl)-l-cyclopropyl-6-fluoro-5-methyl-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid (c¢is form), m.p. 239-241°C,
white powder (recrystallized from ethanol)

31) 7-[3-{N-t-Butoxycarbonyl-N-ethylaminomethyl)-
l-pyrrolidinyl]-1l-cyclopropyl-6-£fluoro-5-methyl-1,4-dihydro-
4-oxoquinoline~-3-carboxylic acid, m.p. 175-177°C, white
powder (recrystallized from ethanol)

32) 7-(3-Amino-4-methyl-l-pyrrolidinyl)-1l-cyclo-
propyl-6-fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-

carboxylic acid hydrochloride (cis form), m.p. 280-284°C

This Sheet Has B laced

[T l"!



THIS SHEET HAS BEEN

- 141 - REPLACED

(dec.), pale yellow powder (recrystallized from ethanol)

.33) 7-(3-Ethylaminomethyl-1-pyrrolidinyl)-1-
cyclopropyl—s—fluoro—S—methyl—l,4—dihydro—4—oxoquinoline—3—
carboxylic acid hydrochloride, m.p. 236-239°C, pale yellow
powder (recrystallized from ethanol)

34) 7-(1,4-Diazabicyclo[4,3,0]nonan-4-yl)-1-
cyclopropyl—G—fluoro—5—methyl—1,4—dihydro—4—oxoquinoline—3—
carboxylic acid, m.p. 203-205°C, colorless needles
(recrystallized from ethanol)

35) 7-(4-Acetyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 261-263°C, white powder (recrystallized from
ethanol)

36) 7-(3-Methylamino-l-pyrrolidinyl)-l-cyclo-
propyl—s—fluoro—S-methyl—l,4—dihydro—4-oxoquinoline—3—
carboxylic acid, m.p. 194-197°C, white powder
(recrystallized from dimethylformamide)

37) 7-(3-t-Butoxycarbonylamino—-4-methyl-1-
pyrrolidinyl)—l—cyclopropyl—s—fluoro—5—methyl—1,4—dihydro—4—
oxoquinoline—-3-carboxylic acid (tfans form), m.p. 226-229°C,
white powder (recrystallized from ethanol)

38) 7-[4-(5-Methyl-2-oxo-1,3-dioxolen-4-
yl)methyl—l—piperazinyl]—l—cyclopropyl—G—fluoro—5-methyl-
1,4-dihydro-4-oxoquinoline-3-carboxylic acid

lg-NMR (CDCly) sppm: 1.14-1.24 (2H, m), 1.26-1.41

(24, m), 2.16 (3H, s), 2.72-2,84 (7H, m), 3.28-3.53 (7H, m),
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7.29 (1H, 4, 8.2 Hz), 8.73 (1H, s), 15.57 (1H, s)

39) 7-(4-Benzyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro-5,8-dimethyl-1,4~dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 165-166°C, pale yellow needles (recrystallized
from diethyl ether - ethanol)

40) 7-(4-Benzyl-3-methyl-l-piperazinyl)-l-cyclo-
propyl-6-fluoro-5,8-dimethyl~-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid, m.p. 176-178°C, pale yellow powder

41) 7-(1,4-Diazabicyclo[4,3,0]nonan-4-yl)-1-
cyclopropyl-6,8-difluoro-5-methyl-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid, m.p. 194-197°C, pale yellow
needles (recrystallized from dichlomethane - n-hexane)

42) 7-Morpholino-l-cyclopropyl-6,8-difluoro-5-
methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid, m.p.
255-259°C, white needles (recrystallized from ethanol)

43) 7—-(4~Hydroxy-l-piperidinyl)-l-cyclopropyl-
6,8-difluoro-5-methyl-1,4-dihydro—-4-oxoquinoline-3-
carboxylic acid, m.p. 247-250°C, white needles

(recrystallized from ethanol)

44) 7-(4-Fluoro-l-piperidinyl)-l-cyclopropyl-6,8-

difluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 259-261°C, pale yellow needles (recrystallized
from ethanol)

45) 7-(3-Methylamino-l-pyrrolidinyl)-l-cyclo-
propyl—-6,8-difluoro-5-methyl-1,4~dihydro-4-oxoquinoline-3-

carboxylic acid monohydrochloride, m.p. 215-219°C, white
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powder (recrystallized from ethanol)

46) 7-(3-Ethylaminomethyl-l1-pyrrolidinyl)-1-
cyclopropyl—G,8—difluoro—5—methy1~l,4—dihydro—4—oxo—
guinoline-3-carboxylic acid monohydrochloride, m.p. 221-
223°C, white powder (recrystallized from ethanol)

47) 7-(3-Aminomethyl-l-pyrrolidinyl)-l-cyclo-
propyl-6,8-difluoro-5-methyl-1,4-dihydro~4-oxoquinoline-3-
carboxylic acid

48) 7-{3-Amino-4-methyl-l-pyrrolidinyl)-l-cyclo-
propyl—-6,8-difluoro-5-methyl-1,4~dihydro—-4~oxoquinoline-3-
carboxylic acid monohydrochloride (cis form), m.p. 209-
213°C, pale yellow powder (recrystallized from ethanol)

49) 7-(3-Amino-4-methyl-l-pyrrolidinyl)-l-cyclo-
propyl-6,8-difluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid monohydrochloride (trans form), m.p. 214-
216°C pale yellow powder (recrystallized from ethanol)

50) 7-[4-(5-Methyl-2-oxo-1,3-dioxolen—~4-yl)-
methyl-l-piperazinyl]-l-cyclopropyl-6,8-difluoro-5-methyl-
1,4—dihydro-4—oxoquinoline—3—carboxylic acid |

51) 7-{4-Acetyl-l-piperazinyl)-l-cyclopropyl-6,8-
difluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 217-220°C, white powder (recrystallized from
ethanol)

52) 7-[3-(N-t-Butoxycarbonyl-N-methylamino)-1-
pyrrolidinyl]-l-cyclopropyl-6,8-difluoro-5-methyl-1,4-

dihydro-4-oxoquinoline-3-~carboxylic acid, m.p. 184-187°C,
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white powder (recrystallized from ethanol)

53) 7-[3-(N-t-Butoxycarbonyl-N-ethylaminomethyl)-
l-pyrrolidinyl]}-l-cyclopropyl-6,8-difluoro-5-methyl-1,4-
dihydro-4-oxoquinoline-3-carboxylic acid, m.p. 147-149°C,
white powder (recrystallized from ethanol)

54) 7-[3-(N-t-Butoxycarbonylaminomethyl)-1-
pyrrolidinyl]}-l-cyclopropyl-6,8-difluoro-5-methyl-1,4-
dihydro~4-oxoquinoline-3-carboxylic acid

55) 7-{3-t-Butoxycarbonylamino-4-methyl-1-
pyrro;idinyl)—l—cyclopropyl—s,8—difluoro—5—methyl—l,4—
dihydro-4-oxoquinoline-3-carboxylic acid (cis form), m.p.
215-217°C, pale yellow powder (recrystallized from ethanol)

56) 7-{(3-t-Butoxycarbonylamino-4-methyl-1-
pyrrolidinyl)-l-cyclopropyl-6,8-difluoro-5-methyl-1,4-
dihydro-4-oxoquinoline-3-carboxylic acid (trans form), m.p.
223-224°C, white powder (recrystallized from ethanol)

57) 7—(3-Amino-l-pyrrolidinyl)-l-cyclopropyl-6-
fluoro-8-chloro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid, m.p. 194-195°C, pale yellow powder
(recrystallized from ethanol)

58) 7-(1-Piperazinyl)-1-(2,4-difluorophenyl)-6,8-
difluoro-5-methyl-1,4-dihydro—-4-oxoquinoline-3-carboxylic
acid, m.p. 244-246°C (dec.), white powder (recrystallized
from dimethylformamide)

59) 7-(4-Methyl-l-piperazinyl)-1-(2,4-difluoro-

phenyl)-6,8-difluoro-5~methyl-1,4-dihydroxy—-4-oxoquinoline-
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3-carboxylic acid, m.p. 228-230°C (dec.), white powder
(recrystallized from ethanol)

60) 7-(l-Piperazinyl)-1-(4-hydroxyphenyl)-6,8-
difluoro-5-methyl-1,4-dihydroxy-4-oxoquinoline-3-carboxylic
acid, m.p. >300°C, white powder

61) 7-(4-Methyl-l-piperazinyl)-1-(4-hydroxy-
phenyl)~-6,8-difluoro-5-methyl-1,4-dihydro-4-oxoguinoline-3-
carboxylic acid, m.p. >300°C, white powder

62) 7-(l-Piperazinyl)-l-ethyl-6,8-difluoro-5-
methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid, m.p.
219-220°C (dec.), colorless needles (recrystallized from
ethanol)

63) 7-(4-Methyl-l-piperazinyl)-l-ethyl-6,8-
difluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 212.5-215°C (dec.), palé yellow prisms
(recrystallized from ethanol}

64) 7-(3-Methyl-l-piperazinyl)-l-ethyl-6,8-
difluoro-5-methyl-1l,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 209.5-211°C (dec.), white powder (recrystallized
from ethanol)

65) 7-(l-Piperazinyl)-1-(4-fluorophenyl)-6-
fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 278-282°C (dec.), yellowish crystals
(recrystallized from dimethylformamide)

66) 7-(3-t-Butoxycarobonylamino-l-pyrrolidinyl)-

1-(4-fluorophenyl)-6-fluoro-5-methyl-1,4-dihydro-4-
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oxoquinoline-3-carboxylic acid, m.p. 249-250°C, white
crystals (recrystallized from-ethanol)

67) 7-(3-Amino-l-pyrrolidinyl)-1-(4-
fluorophenyl)-6—f1uoro—5-ﬁethy1-1,4~dihydro—4—oxoquinoiine-
3-carboxylic acid hydrochloride, m.p. 292-295°C (dec.), pale
yellowish white crystals (recrystallized from methanol -
water)

68) 7-(l-Piperazinyl)-l-ethyl-6-fluoro-5-methyl-
1,4-dihydro-4-oxoquinoline-3-carboxylic acid, m.p. 225-
227°C, white crystals (recrystailized from dimethyl-
formamide)

69) 7—(3—t—Bﬁtoxycarbénylamino—l—pyrrolidiny)—1—
ethyl-6-fluoro-5-methyl-1,4-dihydro~-4-oxoquinoline-3-
carboxylic acid, m.p. 230-231°C, white crystals
(recrystallized from ethanol)

70) 7-(3-Amino-l-pyrrolidinyl)-l-ethyl-6-fluoro-
5-methyl-1,4~-dihydro-4-oxoquinoline-3-carboxylic acid
hydrochloride, m.p. 275-281°C (dec.), yellowish crystals
{recrystallized from ethanol)

71) Ethyl 7-(l-piperazinyl)-l-vinyl-6,8-difluoro-
5-methyl-1,4~-dihydro-4-oxoquinoline~3-carboxylate, m.p. 181-
183°C (dec.), pale yellow needles (recrystallized from
chloroform - n-hexane)

72) Ethyl 7-(4-methyl-l-piperazinyl)-l-vinyl-6,8-
difluoro-5-methyl-1,4-difluoro-4-oxoquinoline-3-carboxylate,

m.p. 165-166°C (dec.), pale yeliow needles (recrystallized
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from ethyl acetate - n-hexane)

73) 7-(1-Piperazinyl)-l-vinyl-6,8-difluoro-5-
methyl-1,4-dihydro-4-oxoquinoline~3-carboxylic acid, m.p.
205-206.5°C (dec.), pale yellow powder

74) 7-(4-Mehtyl-l-piperazinyl)-l-vinyl-6,8-
difluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3~-carboxylic
acid, m.p. 187.5-189.5°C (dec.), pale yellow needles
(recrystallized from ethyl acetate ~ n-hexane)

75) 7-(4-Methyl-l-piperazinyl)-1l-(4-fluoro-
phenyl)-6-fluoro-5-methyl-1,4~-dihydro-4-oxoquinoline-3-
carboxylic acid, m.p. 274-276°C (dec.), white crystals
(recrystallized from ethanol)

76) 7-(1-Piperazinyl)-1-(2-thienyl)-6,8-difluoro-
5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid, m.p.
239-240.5°C (dec.), white powder (recrystallized from
ethanol)

77) 7-(1-Piperazinyl)-l-cyclopropyl-6,8-difluoro-
5-ethyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid, m.p.
161-163°C, yellow powder (recrystallized from dimethyl-
formamide)

78) 7-(3-Methyl-l-piperazinyl)-l-cyclopropyl-6,8-
difluoro—-5-ethyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 146-147°C, white powder (recrystallized from
dimethylformamide - ethanol - diethyl ether)

79) 7—(4—Methyl—l-piperaziny1)—l-cyclopropyl—s,8—

difluoro-5-ethyl-1,4-dihydro-4~oxoquinoline-3-carboxylic
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acid, m.p. 201-202°C, white powder (recrystallized from
dimethylformamide)

80) 7-(3-Amino-l-pyrrolidinyl)-l-cyclopropyl-6,8-
difluoro-5-ethyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 164-165°C, white powder (recrystallized from
ethanol)

81) 3S(-)-10-(4-Methyl-l-piperazinyl)-9-fluoro-
3,8-dimethyl-7-oxo-7H-pyrido[1l,2,3-del[1,4]benzoxazine—6-
carboxylic acid, m.p. 235-236.5°C (dec.), colorless prisms
(recrystallized from ethanol), [a]lz)5 = -125.9° (C=0.21,
chloroform)

'82) 7-(4-Methyl-l-piperazinyl)-1-(2,4-difluoro-
phenyl)-6-fluoro-5-methyl-1,4~-dihydro-4-oxoquinoline-3-
carboxylic acid, m.p. 226-228°C, pale yellow crystals
(recrystallized from ethanol) |

.83) 7-(l-Piperazinyl)-1-(2,4-difluorophenyl)-6-
fluoro-5-methyl-1,4~dihydro-4-oxoguinoline-3-carboxylic acid
hydrochloride, m.p. 229-232°C, white crystals (recrystal-
lized from ethanol - water)

84) 7-(3-Amino-l-pyrrolidinyl)-1-(2,4-difluoro-
phenyl)-6-fluoro~5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid hydrochloride, m.p. 291-294°C, white
crystals (recrystallized from ethanol - water)

Example 6

A mixture comprising 7-(3-t-butoxycarbonylamino-4-

methyl-l-pyrrolidinyl)-l-cyclopropyl-6-£fluoro-5-methyl-1,4-
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dihydro-4-oxoquinoline-3-carboxylic acid (tréns form) (120
mg), ethanol (4 ml) and 10 % hydrochloric acid (4 ml) is
refluxed for 30 minutes. After concentrating, the obtained
residue is recrystallized from methanol - ethyl acetate to
give 7-(3-amino-4-methyl-l-pyrrolidinyl)-l-cyclopropyl-6-
fluoro-5-methyl-1,4-dihydro-4~oxoquinoline-3-carboxylic acid
hydrochloride (trans form) (60 mg), as white powder, m.p.
272-275°C.

Starting from suitable materials, the procedure of
Example 6 is repeated to give the following compounds.

1) 7-(3-Amino-4-methyl-l-pyrrolidinyl)-1l-cyclo-
propyl-6-fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid hydrochloride (cis form), m.p. 280-284°C
(dec.), pale yellow powder (recrystallized from ethanol)

2) 7-(3-Ethylaminomethyl-l-pyrrolidinyl)-1-
cyclopropyl—6—fluoro—5—methyl—l,4—dihydro—4—oxoquinoline—3—
carboxylic acid hydrochloride, m.p. 236-239°C, pale yellow
powder (recrystallized from ethanol)

3) 7-(3-Methylamino-l-pyrrolidinyl)-1l-cyclo-
propyl-6-fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid, m.p. 194-197°C, white powder
(recrystallized from dimethylformamide)

4) 7-(3-Methylamino-l-pyrrolidinyl)-1-
cyclopropyl-6,8-difluoro-5-methyl-1,4-dihydro-4-oxo-
quinoline-3-carboxylic acid monohydrochloride, m.p. 215-

219°C, white powder (recrystallized from ethanol)
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5) 7-(3-Ethylaminomethyl-l-pyrrolidinyl)-1-
cyclopropyl-6,8-difluoro-5-methyl-1,4-dihydro—-4-oxo-
quinoline-3-carboxylic acid monohydrochloride, m.p. 221-
223°C, white powder (recrystallized from ethanol)

6) 7-(3-BAminomethyl-l-pyrrolidinyl)-1-
cyclopropyl-6,8-difluoro-5-methyl-1,4-dihydro-4-oxo-
guinoline-3-carboxylic acid

7} 7-(3-Amino-4-methyl-l-pyrrolidinyl)-l-cyclo-
propyl-6,8-difluoro-5-methyl-1l,4-dihydro-4-oxoquinoline-3-
carboxylic acid monohydrochloride (cis form), m.p. 209-
213°C, pale yellow powder (recrystallized from ethanol)

8) 7-(3-Amino-4-methyl-l-pyrrolidiny)-l-cyclo-
propyl-6,8-difluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid monohydrochloride (trans form), m.p. 214-
216°C, pale yellow powder (recrystallized from ethanol)

9) 7-(3-Amino-l-pyrrolidinyl)-1-(4-fluorophenyl)-
6-fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid hydrochloride, m.p. 292-295°C (dec.), pale yellow
crystals (recrystallized from methanol - water)

10) 7-(3-Amino-l-pyrrolidinyl)-l-ethyl-6-fluoro-
5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid
hydrochloride, m.p. 275-281°C (dec.), yellowish crystals
(recrystallized from ethanol)

11) 7-(3-Amino-l-pyrrolidinyl)-l-cyclopropyl-6,8-
difluoro-5-ethyl-1,4-dihydro—-4-oxoquinoline-3-carboxylic
acid, m.p. 164-165°C, white powder (recrystallized from

ethanol)
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Example 7

To a solution of 7-(l-piperazinyl)-l-cyclopropyl-
6—fluoro—5-me£hyl—l,4-dihydro—4—oxoquinoline—3—carboxylic
acid (40 mg) in 5 % sodium hydroxide (2 ml) is added acetic
anhydride (0.1 ml) at room temperature. After the mixture
is made acidic with dilute hydrochloric acid, the resultant
is extracted with dichloromethane and the extract is dried
over magnesium sulfate. After concentrating, the obtained
residue is recrystallized from ethanol to give 7-(4-acetyl-
l-piperazinyl)-l-cyclopropyl—-6—-fluoro~5-methyl-1l,4-dihydro-
4-oxoquinoline-3-carboxylic acid (29 mg), as white powder,
m.p. 261-263°C.

Starting from suitable materials, the procedures
of Examplé 7 is repeated to give 7-(4-acetyl-l-piperazinyl)-
l-cyclopropyl-6,8-difluoro-5-methyl-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid.

Example 8

To a solution of 7-(4-benzyl-l-piperazinyl)-1-
cyclopropyl-6-fluoro-5,8-dimethyl-1,4~-dihydro-4-oxo-
guinoline-3-carboxylic acid (150 mg) in ethanol (20 ml) is
added 10 % Pd-C (50 mg) and the catalytic reduction is
carried out at 70°C under atomospheric pressure. After
filtering off the 10 % Pd-C, the filtrate is concentrated.
The residue is recrystallized from dimethylformamide to give
7-(l-piperazinyl)-l-cyclopropyl-6-£fluoro-5,8-dimethyl-1, 4~

dihydro-4-oxoguinoline-3-carboxylic acid (64 mg), m.p. 185-
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187°C, as pale yellow needles.

Starting from suitable materials, the procedure of
Example 8 is repeated to give 7-(3-methyl-l-piperazinyl)-1-
cyclopropyl-6-fluoro-5,8-dimethyl-1,4-dihydro—-4-
oxoquinoline-3-carboxylic acid.

Example 9

The procedures of Example 1 are repeated, via
diethyl [N-cyclopropyl~-N-{3-(3-ethoxycarbonylamino-1-
pyrrolidinyl)-4-fluoro-2,5-dimethyl~-6-nitrophenyl]}-
aminomethylenelmalonate as an intermediate compound, to give
ethyl 7-(3-ethoxycarbonylamino-1-pyrrolidinyl)-1-
cyclopropyl-6-fiuoro-5,8-dimethyl—-1,4-dihydro-4-oxo-
quinoline-3-carboxylate.

lH-NMR (CDC1,) sppm: 0.7-0.9 (2E, m), 1.0-1.2 (2H,
m), 1.39 (3H, t, J=7.1 Hz), 1.40 (3H, t, J=7.1 Hz), 2.1-2.4
(24, m), 2.50 (3H, s), 2.75 (3H, d, J=3 Hz), 3.4-3.7 (4H,
m), 3.8-4.0 (1H, m), 4.1-4.5 (5H, m), 5.3-5.5 (1H, m), 8.54
(1H, s)

Example 10

The procedure of Example 1 is repeated, via
diethyl [N-cyclopropyl-N-[3-(4-benzyl-l-piperazinyl)-4-
fluoro-2,5-dimethyl-6-nitrophenyl ]laminomethylene]lmalonate as
an intermediate compound, to give ethyl 7-(4-benzyl-1-
piperazinyl)-l-cyclopropyl-6-fluoro-5,8-dimethyl-1,4-
dihydro—-4-oxoquinoline-3-carboxylate.

lH-NMR (CDC1l4) sppm: 0.6~0.8 (2H, m), 1.0-1.2 (2H,
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m), 1.39 (3H, t, J=7.1 Hz), 2.58 (3H, s), 2.4-2.7 (4H, br),
2.74 (3H, 4, J=3.0 Hz), 3.1-3.4 (4H, br), 3.60 (2H, s), 3.8~
4.0 (1H, m), 4.38 (2H, g, J=7.1 Hz), 7.3-7.4 (5H, m), 8.53
(1H, s)

Example 11

The procedure of Example 1 is repeated, via [N-
cyclopropyl-N-[3-(4-benzyl-3-methyl-l-piperazinyl)-4-£fluoro-
2,5-dimethyl-6-nitrophenyl]aminomethylene]malonate as an
intermediate compound, to give ethyl 7-(4-benzyl-3-methyl-1-
piperazinyl)-l-cyclopropyl-6-fluoro-5,8-dimethyl-1,4-
dihydro—-4-oxoquinoline-3-carboxylate, m.p. 128-129°C, as
pale yellow powder.

Example 12

To ethyl 7-(3-ethoxycarbonylamino-l-pyrrolidinyl)-
l-cyclopropyl-6-fluoro-5,8-dimethyl-1,4~dihydro-4-
oxogquinoline-3-carboxylate (130 mg) is added 5 % aqueous
potassium hydroxide solution (3.2 ml) and the mixture is
refluxed for 4 hours. After cooling, the reaction mixture
is made acidic with acetic acid and then made weak alkaline
with potassium carbonate. The resultant is extracted with
dichloroethane and the extract is dried, followed by
distillating the solvent under reduced pressure. To the
residue is added diethyl ether and the precipitated crystals
are filtered to give 7-(3-amino-l-pyrrolidinyl)-1-
cyclopropyl-6-fluoro-5,8-dimethyl-1,4-dihydro—-4-oxo-
quinoline-3-carboxylic acid (30 mg), m.p. 96-98°C, as pale

yellow needles.
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Example 13

The procedure of Example 1 is repeated, via
diethyl [N-cyclopropyl-N-[3-(4-methyl-l-piperazinyl)-4-
fluoro-2-methyl-5-chloro-6-nitrophenyl Jaminomethylene]-
malonate as an intermediate compound, to give ethyl 7-(4-
methyl-l-piperazinyl)-l-cyclopropyl-6-fluoro-5-chloro-8-
methyl-1,4-dihydro—-4-oxogquinoline-3~carboxylate, m.p. 175-
177°C, as yellow crystals.

Example 14

To a solution of l-cyclopropyl-6-fluoro-7-bromo-5-
methyl-1,4-dihydro-4-oxogquinoline—~3-carboxylic acid (0.58 g)
in N-methyl-2-pyrrolidone (5 ml) is added 4-oxopiperidine
(0.64 g) and the mixture is heated at 90°C for 20 minutes.
The solvent is distilled off under reduced pressure. To the
resulting residue is added ethanol and the precipitated
crystals are filtered to give l-cyclopropyl-6-fluoro~7-(4-
oxo-l-piperidinyl)-S-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid (230 mg).

Elementary Analysis for C,gH;gN,04F

Calcd. (%): C, 63.68; H, 5.34: N, 7.82

Found (%): C, 63.58; H, 5.39; N, 7.72

Experiment (Antimicrobial activity in vitro)

The antimicrobial activity of the test compounds
as mentioned below was tested by measuring minimum
~ inhibitory concentration (MIC) by the serial dilution method

on agar plate [cf. Chemotherapy, 22, 1126-1128 (1974)]. The
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microorganisms were used in a concentration of 1 x 106
cells/ml (O.D. 660 mu, 0.07-0.16, 100 folds dilution). The
results are shown in Table 1,

[Test compounds]:

1. 7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro-5,8-dimethyl-1,4-dihydro-4~oxogquinoline-3-carboxylic
acid

2. 7-({4-Methyl-l-piperazinyl)-l-cyclopropyl-6-—
fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid

3. 7-(1-Piperazinyl)-l-cyclopropyl-6-fluoro—-5-
methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid

4. 7-(3-Amino-l-pyrrolidinyl)-l-cyclopropyl-6-
fluoro—-5-methyl-1,4-dihydro-4-oxoquinoline—-3-carboxylic acid

5. 7-(3-Methyl-l-piperazinyl)-1l-cyclopropyl-6-
fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid

6. 7-(3-Aminomethyl-l-pyrrolidinyl)-l~cyclo-—
propyl-6-fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-~
carboxylic acid hydrochloride

7. 7-(3-Amino-4-methyl-l-pyrrolidinyl)-1-
cyclopropyl-6—-fluoro-5-methyl-1,4-dihydro-4-oxoquincline-3-
carboxylic acid hydrochloride (trans form)

8. 7-Morpholino-l-cyclopropyl-6-fluoro-5-methyl-
1l,4~dihydro-4-oxoguinoline-3-carboxylic acid

8. 7-(3-Ethylaminomethyl-l-pyrrolidinyl)-1-
cyclopropyl-6-fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-

carboxylic acid hydrochloride
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10. 7-(1,4-Diazabicyclo(4,3,0]nonan-4-yl)-1~-
cyclopropyl-6-fluoro-5-methyl-1l,4~dihydro-4-oxoquinoline-3-
carboxylic acid

11. 7-{4-Hydroxy-l-piperidinyl)-l-cyclopropyl-6-
fluoro—S—methleI,4—dihydro—4—oxoquinoline—3—carboxylic acid

| 12, .7—(4—Fluoro—l—piperidinyl)—l—cyclopropyl—s—
fluoro-5-methyl-1,4-dihydro-4~-oxoquinoline-3-carboxylic acid

13. 7-(3-Amino-4-methyl-l-pyrrolidinyl)-1-
cyclopropyl-6-fluoro—5-methyl-1l,4-dihydro~4-oxoguinoline-3-
carboxylic acid (cis form)

14. 7-(4-Acetyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro~5-methyl-1,4-dihydro-4-oxoquinoline-3~carboxylic acid

15. 7-(3-Methylamino-l-pyrrolidinyl)-l-cyclo-
propyl-6-fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid |

16, 7-(l1-Piperazinyl)~-l-cyclopropyl-6-fluoro-5,8-
dimethyl-1,4-dihydro-4-oxoquinoline~3-carboxylic acid

17. 7-(3-Amino-l-pyrrolidinyl)-1l-cyclopropyl-6-—
fluoro-5,8-dimethyl-1,4~-dihydro-4-oxogquinoline—-3-carboxylic
acid

18. 7-{(3-Methyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro-5,8-dimethyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid

19. 7-(1-Piperazinyl)-l-cyclopropyl-6,8~difluoro-

- 5-methyl-1,4-dihydro-4-oxoquinoline-3~carboxylic acid
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20. 7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-6,8~
difluoro-5-methyl~1,4-dihydro-4-oxoquinoline-3-carboxylic
acid

2. 7-(3-Methyl-l-piperazinyl)-l-cyclopropyl-6,8-
difluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid

22, 7-(3-Amino-l-pyrrolidinyl)-l-cyclopropyl-6,8-
difluoro-5-methyl-1,4-dihydro-4-oxoquinoline—~3-carboxylic
acid

23. 7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-5-
chloro-6-fluoro-8-methyl-1,4-dihydro-4-oxoquinoline-~3-
carboxylic acid

24, 7-(1,4-Diazabicyclof4,3,0}nonan-4-yl)-1-
cyclopropyl-6,8-difluoro-5-methyl-1,4-dihydro—4-
oxogquinoline~-3-carboxylic acid

25. 7-Morpholino-l-cyclopropyl-6,8-difluoro-5-
methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid

26, 7-(4-Hydroxy-l-piperizinyl)-l-cyclopropyl-
6,8—-difluoro-5-methyl-1,4-dihydro-4-oxogquinoline-3-
carboxylic acid '

27. 7-(4-Fluoro-l-piperidinyl)-l-cyclopropyl-6,8-
difluoro-5-methyl-1,4-dihydro-4-oxoguinoline-3-carboxylic
acid

28. 7-(3-t-Butoxycarbonylamino-4-methyl-1-
‘pyrrolidinyl)-l-cyclopropyl-6,8-difluoro—-5-methyl-1,4-

dihydro-4-oxoquinoline-3-carboxylic acid (trans form)
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29, 7-(3-Methylamino-l-pyrrolidinyl)-l-cyclo-
propyl-6,8-difluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid monohydrochloride

30. 7-(3-Ethylaminomethyl-l-pyrrolidinyl)-1-
cyclopropyl-6,8-difluoro-5-methyl-1,4-dihydro-4-oxo-
guinoline-3-carboxylic acid monohydrochloride

31. 7-(3-Amino-4-methyl-l-pyrrolidinyl)-l-cyclo-
propyl-6,8-difluoro-5-methyl-1,4-dihydro—-4-oxoquinoline-3-
carboxylic acid monohydrochloride {trans form)

32. 7-(3-Amino-4-methyl-l-pyrrolidinyl)-l-cyclo-
propyl-6,8-difluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid monohydrochloride (c¢is form)

33. 7-(4-Acetyl-l-piperazinyl)-l-cyclopropyl-6,8-
difluoro-5-methyl-1,4-dihydro~4~oxoquinoline-3-carboxylic
acid

34, 7-(4-Methyl-l-piperazinyl)-l-cyclopropyl—-6-
fluoro—-8-chloro-5-methyl-1,4-dihydro-4-oxogquinoline-3-
carboxylic acid

35. 7-(l1-Piperazinyl)-l-cyclopropyl-6-fluoro~-8-
chloro-5-methyl-1l,4-dihydro-4-oxoquinoline-3~carboxylic acid

36. 7-{3-Amino-l-pyrrolidinyl)-l-cyclopropyl-6-
fluoro—-8~chloro-5-methyl-1,4~-dihydro-4~oxoquinoline-3~
carboxylic acid

37. 7-(l1-Piperazinyl)-1-(2,4-difluorophenyl)-6,8-
difluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic

acid
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38. 7-(4-Methyl-l-piperazinyl)-1-(2,4~difluoro-
phenyl)-6,8-difluoro-5S-methyl-1,4-dihydro-4-oxoquinoline-3~
carboxylic acid

39. 7-(1-Piperazinyl)-1-(4-hydroxyphenyl)-6,8-
difluoro-5-methyl-1,4-dihydro-4-~oxoquinoline-3-carboxylic
acid

40. 7-(4-Methyl-l-piperazinyl)-1-(4-hydroxy-—
phenyl}-6,8-difluoro—-5-methyl-1,4-dihydro-4-oxogquinoline-3-
carboxylic acid |

41, 7-(l-Piperazinyl)-l-ethyl-6,8~difluoro-5-
methyl-1,4-dihydro-4-oxogquinoline-3-carboxylic acid

42, 7-(l1-Piperazinyl)-1-(4-fluorophenyl)-6~-
fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid

43. 7-(3-Amino-l-pyrrolidinyl)-1-(4-
fluorophenyl)-6-fluoro-5-methyl-1,4~dihydro-4-oxoquinoline-
3-carboxylic acid hydrochloride

44, 7-(1-Piperazinyl)-l-vinyl-6,8-difluoro-5-
methyl-1,4-dihydro—-4-oxoquinoline~3-carboxylic acid

45. 7-(4-Methyl-l-piperazinyl)-1-(4-
fluorophenyl)-6~fluoro-5-methyl-1,4-dihydro—-4-oxoquinoline-
3-carboxylic acid _

46. 358 (-)-10-(4-Methyl-l-piperazinyl)-9-fluoro-
3,8~-dimethyl-7-oxo-7H-pyrido[l,2,3-de][1l,4]benzoxazine—-6-
carboxylic acid

47. 7-(4~-Methyl-l-piperazinyl)-1-(2,4-difluoro-
phenyl)-6-fluoro-5-methyl-1l,4-dihydro-4-oxoguinoline-3-

carboxylic acid
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48. 7-(l1-Piperazinyl)-1-(2,4-difluorophenyl)-6-
fluoro—S—methyl—i,4—dihydro~4—oxoquinoline—3—carboxylic acid
hydrochloride

49. 7-(3-Amino-l-pyrrolidinyl)-1i-(2,4-difluoro-~
phenyl)-6-fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid hydrochloride
[Test microorganisms]:

A: Staphylococcus aureus FDA 209P

B: Staphylococcus aeruginosa E-2
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Table 1
Test compounds Microorganisms
A B

1 0.049 ' 0.78

2 0.195 0.78

3 0.098 0.39

4 0.098 0.39

5 | 0.098 0.39

6 E 0.098 ; 1.56

7 0.195 0.78

8 0.098 -

9 0.195 -
10 0.049 0.78
11 : 0.049 -
12 0.098 -
13 0.195 0.78
14 0.098 -
15 0.098 0.78
16 0.098 0.78
17 0.049 0.39
18 0.098 0.78
19 0.098 0.39
20 0.098 0.78
21 0.098 0.39

- to be continued -
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Table 1 {Continue)
Test compounds Microorganisms
A B
22 0.024 0.39
23 0.024 -
24 0.098 0.78
25 0.024 -
26 0.012 ! -
27 0.098 5 -
28 0.195 -
29 0.195 0.78
30 0.098 -
31 0.195 0.78
32 0.098 0.39
33 0.024 -
34 0.098 -
35 0.049 0.39 ‘
36 0.049 0.39
37 0.098 i 0.78
38 0.195 | 1.56
39 i 0.195 i 0.39
40 0.098 ; 0.78
41 § 0.39 g 1.56
42 i 0.049 g 0.39
- to be éontinued -
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Table 1 (Continue)

Test compounds Microorganisms
A B
43 0.098 0.39
44 0.78 0.78
45 0.195 1.56
46 0.098 1.56
47 0.098 - 1.56
48 é 0.098 0.39
49 0.024 0.78

Preparation 1

An injection preparation is prepared from the
following components.

Components Amount

7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro-5,8-dimethyl-1, 4-dihydro-4-oxo

quinoline-3-carboxylic acid 200 mg
Glucose 250 mg
Distilled water for injection qg.s.

Totally 5 ml

7—-{4-Methyl-l-piperazinyl)-l-cyclopropyl-6-fluoro-
5,8-dimethyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid
and glucose are dissolved in distilled water for injection,
~and the solution is added to a 5 ml ampoule, which is purged
with nitrogen gas and then subjected to sterilization at

121°C for 15 minutes to give an injection preparation.
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Preparation 2

Film coated tablets are prepared from the
following components.

Components Amount

7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro-5,8-dimethyl-1,4~-dihydro-4-oxo
quinoline-3-carboxylic acid 100 g

Avicel (tradename of microcrystalline cellulose,
manufactured by Asahi Chemical Industry

Co., Ltd., Japan) 40 g
Corn starch 30 g
Magnesium stearate 2 g

TC-5 (tradename of hydroxypropyl methylcellulose,
manufactured by The Shin-Etsu Chemical Co.,

Ltd., Japan) 10 g
Polyethylene glycol 6000 3 g
Castor oil . 40 g
Ethanol 40 g

7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-6-fluoro-~-
5,8-dimethyl-1,4-dihydro—-4-oxoquinoline-3~-carboxylic acid,
Avicel, corn starch and magnesium stearate are mixed and
kneaded and the mixture is tabletted using a conventional
pounder (R 10 mm) for sugar coating (manufactured by Kikusui
Seisakusho Co., Ltd., Japan). The tablets thus obtained are
coated with a film coating agent consisting of TC-5,
polyethylene glycol 6000, castor oil and ethanol to give
film coated tablets.

Preparation 3

An ointment is prepared from the following

components.
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Components Amount

7-(4-Methyl-l1-~piperazinyl)-1l-cyclopropyl-6-
fluoro-5,8-dimethyl-1,4-dihydro-4-oxo-

quioline-3-carboxylic acid 2 g
Purified lanolin | 5 g
Bleached beeswax 5 g
White vaseline 88 g

Totally 100 ¢

Bleached beeswax is made liquid by heating, and
thereto are added 7-(4-methyl-l-piperazinyl)-l-cyclopropyl-
6-fluoro-5,8-dimethyl-1,4~-dihydro—-4-oxoquinoline-3-
carboxylic acid, purified lanolin and while vaseline, and
the mixture is heated until it becomes liguid. The mixture

is stirred until it is solidified to give an ointment,
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What is claimed is:

1. A compound of the formula:

(1]

wherein R is a cyclopropyl which may be substituted by 1 to
3 of substituents selected from the group consisting of a
{lower) alkyl and a halogen atom; a phenyl which may be
substituted by 1 to 3 of substituents selected from the
group consisting of a (lower) alkoxy, a halogen atom and
hydroxy on phenyl ring; a (lower) alkyl which may be
substituted by a halogen atom, a (lower) alkanoyloxy or
hydroxy; a (lower) alkenyl; or thienyl,

R2 is a 5- to 9-membered saturated or unsaturated
heterocyclic ring which may be sustituted,

R3 is hydrogen atom, a (lower) alkyl, or a halogen
atom,

rR? is a (lower) alkyl or a hélogen atom,

R is hydrogen atom or a {lower) alkyl,

Rl and R3 may be taken together to form the group

~CH-CH,—-0~

31

R3! is hydrogen atom or a (lower) alkyl, and

wherein

X is a halogen atom,

This Sheet Has Been Rep

T



REPLACED

P L S—

< ———

provided that R3 and R? are not simultaneously halogen
atom, and that when R3 is hydrogen atom, R? is a lower
alkyl,
or a pharmaceutically acceptable salt thereof.
2. The compound according to claim 1, which is a

compound of the formula:

RZ/\\R:%/A‘\T 1]
R1A

wherein RI® is a cyclopropyl which may be substituted by 1
to 3 of substituents selected from the group consisting of a
(lower) alkyl and a halogen atom, a phenyl which may be
substituted by 1 to 3 of substituents selected from the
group consisting of a (lower) alkoxy, a halogen atom and
hydroxy on phenyl ring, a (lower) alkyl which may be
substituted by a halogen atom, a (lower) alkanoyloxy or
hydroxy, a (lower) alkenyl or thienyl, RZ is a 5- to 9-
membered saturated or unsaturated heterocyclic ring which
may be sustituted, R3A s hydrogen atom, a (lower) alkyl, or
a halogen atom, R? is a (lower) alkyl or a halogen atom, R
is hydrogen atom or a (lower) alkyl, and X is a halogen
atom, provided that R3 and R? are not simultaneously halogen

atom, and that when R3 is hydrogen atom, R? is a lower

alkyl, or a pharmaceutically acceptable salt thereof.

Sheet Has Been Replaced

T



L Sees

3. The compound according to claim 1, which is a

compound of the formula:

R o
X COOR
L
R? I [1]
0\/1@1

wherein RZ is a 5- to 9-membered saturated or unsaturated
heterocyclic ring which may be sustituted, R? is a (lower)
alkyl or a halogen atom, R is hydrogen atom or a (lower)
alkyl, rR31! is hydrogen atom or a (lower) alkyl, and X is a
halogen atom, or a pharmaceuticallf acceptable salt thereof.
4. The compound according to claim 3, wherein R?
R3
is a group of the formula: =N N—Rb.wherein R? is hydrogen
RC
atom or a Cy-Cg alkyl group, RD is hydrogen atom, a Cy-Cgq
alkyl group, a Cy-Cg alkanoyl group, a phenyl(C,-Cglalkyl
group, or a 2-oxo-1l,3-dioxolenemethyl group which is substi-
tuted by a Cy-Cg alkyl group, R® is hydrogen atom or a C1-Cg
alkyl group, R is hydrogen atom; r? is a C1-Cg alkyl group;
X is fluorine atom; and r3! is a C1-Cg alkyl group, or a
pharmaceutically acceptable salt thereof.
5. The compound according to claim 2, wherein R1A
is a phenyl which may have 1 to 3 substituents selected from

the group consisting of a C;-Cg alkoxy group, a halogen atom
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A

and hydroxy group, or a Cy-Cg alkyl group which may by
substituted by a halogen atom, a C,-Cg alkanoyloxy group or
hydroxy group, R is hydrogen atom, and X is fluorine atom,
or a pharmaceutically acceptable salt thereof.

6. The compound according to claim 2, wherein r1A
is a C»-Cg alkenyl group or thienyl group, R is hydrogen
atom, and X is fluorine atom, or a pharmaceutically accept-
able salt thereof.

7. The compound according to claim 2, wherein r1A
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R3A ig a halogen atom, ang r? is a C,-Cqg
alkyl group, or a pharmaceutically acceptable salt thereof.

8. The compound according to claim 2, wherein r1A
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R3A ig a C,-Cg alkyl group, RY is a halogen
atom, or a pharmaceutically acceptable salt thereof.

9. The compound according to claim 2, wherein r1A
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R3A ang rR? are each a C;-C¢ alkyl group, or a
pharmaceutically acceptable salt thereof.

10. The compound according to claim 2, wherein r1A
is unsubstituted cyclopropyl, R is hydrogen atom, X is
R3A

fluorine atom, is a halogen atom, and rR? is a C,-Cg

alkyl group, and R? is a l-piperazinyl group which may have
1 to 3 substituents selected from the group consisting of a

C1-Cg alkyl group, a C;-Cg alkanoyl group, a phgnyl(cl—cs)-
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alkyl group, and a 2-oxo-1l,3-dioxolenemethyl group which may
be substituted by phenyl group or a C;-Cg alkyl group, or a
pharmaceutically acceptable salt thereof.
11. The compound according to claim 10, wherein R2
RE

and

is a group of the formula: -N N-RP wherein R® is hydrogen
L<Rc

atom or a Cy-Cg alkyl group, RD is hydrogen atom, a C—Cg

alkyl group, a Cy-Cg alkanoyl group, a phenyl{(C,~-Cg)alkyl

group, or a 2-oxo-1,3-dioxolenemethyl group which is substi-

tuted by a Cy-Cg alkyl group, R® is hydrogen atom or a C1-Cq

alkyl group, or a pharmaceutically acceptable salt thereof.

12. The compound according to claim 11, wherein R2
is hydrogen atom or a Cl—CG'alkyl group, RP is hydrogen atom
or a Cy-Cg alkyl group, R® is hydrogen atom, R3% is fluorine
or chlorine atom, and R% is methyl group, or a pharmaceutic-
ally acceptable salt thereof.

13. The compound according to claim 11, wherein R2
is hydrogen atom or a C,-Cg alkyl group, RP is hydrogen atom
or a Cy-Cg alkyl group, R€ is hydrogen atom, R32 is fluorine
or chlorine atom, and R? is ethyl group, or a pharmaceutic-
ally acceptable salt thereof.

14. The compound according to claim 12 or claim
13, wherein R3® is fluorine atom, or a pharmaceutically

acceptable salt thereof.

15. The compound according to claim 2, wherein R1A

T
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is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R3P is a halogen atom, and rR? is a C,-Cg
alkyl group, and R? is a l-pyrrolidinyl which may have 1 to
3 substituents selected from the group consisting of an
amino which may have 1 or 2 susbtituents selected from a C;-
Cg alkyl group and a (Cl—CG)alkoxy—carbonyl group, an amino-
(C,-Cglalkyl group which may have 1 to 2 substitents
selected from a C;-Cg alkyl group and a (Cy-Cglalkoxy-
carbonyl group on the amino moiety, and a Cy-Cg alkyl group,
or a pharmaceutically acceptable salt thereof.

16 The compound according to claim 15, wherein R2

rE
is a group of the formula: —Ni::[ wherein Rf is an amino
rY

which may have 1 or 2 substituents selected from a C;-Cg
alkyl group and a (Cl—C6)alkoxy—carbonyl group, Or an
amino(C;-Cg)alkyl group which may have 1 or 2 substituents
selected from a C,-Cg alkyl group and a (C,-Cglalkoxy-
carbonyl group on the amino moiety, RY is hydrogen atom or a
C,-Cg alkyl group, R3R ig fluorine or chlorine atom, and R4
is methyl or ethyl group, or a pharmaceutically acceptable
salt thereof.

17. The compound according to claim 16, wherein
R3A is fluorine atom, and rR? is methyl group, or. a
pharmaceutically acceptable salt thereof.

18. The compound according to claim 2, wherein r1A

This Sheet Has Been Replaced

AR




T I v ey

is unsubstituted cyclopropyl, R is hydrogen atom, X is.

fluorine atom, R3A

is a halogen atom, R? is a C;-Cg alkyl
group, and R? is a ﬁorpholino group which may have 1 to 3
substituents of C;-Cg alkyl groups, or a pharmaceutically
acceptable salt thereof.
19. The compound according to claim 18, wherein r2
ré
is a group of the formula: ~Q 0 wherein RY is hydrogen

_ﬂ RE

atom or a C,~-C, alkyl group, RE is hydrogen atom or a C,-C
16 1 ~6

R3A is fluorine or chlorine atom, and rR? is

alkyl group,
methyl or ethyl group, or a pharmaceutically acceptable salt
thereof.

20. The compound according to claim 19, wherein
R3R jis fluorine atom and R? is methyl group, or a pharma-
ceutically acceptable salt thereof.

21. The compound according to claim 2, wherein riA
is unsubstituted cyclopropyl, R is hydrogen atom, X is

fluorine atom, R34

is a halogen atom, R? is a C,-Cg alkyl
group, and R? is a l-piperidinyl group which may have 1 to 5
substituents selected from a C;-Cg alkyl group, hydroxy, a
halogen atom and oxo group, or a pharmaceutically acceptable
salt thereof.
22. The compound according to claim 21, wherein .
rD
is a group of the formula: -N Ri wherein RP is hydrogen
i R j
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atom or a C;-Cg alkyl group, Ri is hydrogen atom, hydroxy, a
halogen atom or ox0 group, R is hydrogen atom or a C;-Cg

R3A is fluorine or chlorine atom; and R4 is

alkyl group:;
methyl or ethyl group, or a pharmaceutically acceptable salt
thereof.

23. The compound according to claim 22, wherein
R3A is fluorine atom and R? is methyl group, or a pharma-
ceutically acceptable salt thereof.

24. The compound according to claim 2, wherein r1A
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R3B is a halogen atom, R? is a C,-Cg alkyl
group, and R? is 1,4-diazobicyclo{4.3.0]lnonan-4-yl group, or
a pharmaceutically acceptable salt thereof.

25.. The compound according to claim 24, wherein
R3® ig fluorine or chlorine atom and R? is methyl or ethyl
group, or a pharmaceutically acceptable salt thereof.
| 26. The compound according to claim 25, wherein
R3®R is fluorine atom and R? is methyl group, or a pharma-
ceutically acceptable salt thereof.

27. The compound according to claim 2, wherein R1A
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R3A g hydrogen atom, and RY is a C,-Cg alkyl
group, or a pharmaceutically acceptable salt thereof.

28. The compound according to claim 2, wherein R1A
is unsubstituted cyclopropyl, R is hydrogen atom, X is

fluorine atom, R3A ig hydrogen atom, R? is a C,1-Cg alkyl
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group, and R? is a l—piperazinyl group which may have 1 to 3
substituents selected from a Cy-Cg alkyl group, a C,-Cg
alkanoyl group, a phenyl(Cy-Cg)alkyl group, and a 2-oxo-1,3-
dioxolenemethyl group which may substituted by phenyl or a
C,-Cg alkyl group, or a pharmaceutically acceptable salt
thereof.

29. The compound according to claim 28, wherein R?

R2
is a group of the formula: -N N-RP wherein R? is hydrogen
rC

atom or a C;-Cg alkyl group, rP is hydrogen atom, a C;-Cg
alkyl group, a C;-Cg alkanoyl group, a phenyl (Cy-Cglalkyl
group, or a 2-oxo-1l,3-dioxolenemethyl group which is substi-
tuted by a Cy-Cg alkyl group, R® is hydrogen atom or a Cy-Cg
alkyl group, or a pharmaceutically acceptable salt thereof.

30. The compound according to claim 29, wherein R®
is hydrogen atom or a C,-Cg alkyl group, RP is hydrogen atom
or a C;-Cg alkyl group, R® is hydrogen atom, and rR? is
methyl group, or a pharmaceutically acceptable salt thereof.

31. The compound according to claim 30, wherein R2
is hydrogen atom or a.Cl—CG alkyl group, RP is hydrogen atom
or a Cy-Cg alkyl group, R® is hydrogen atom, and R% is ethyl
group, or a pharmaceutically acceptable salt thereof.

32. The compound according to claim 2, wherein r1A
is unsubstituted cyclopropyl, R is hydrogen atom, X is

fluorine atom, R3A ig hydrogen atom, and rR? is a C;-Cg alkyl
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group, and R? is a l-pyrrolidinyl which may have 1 to 3
substituents selected from the group consisting of an amino
which may have 1 or 2 susbtituents selected from a C1-Cq
alkyl group and a (C;-Cglalkoxy-carbonyl group, an amino(Cl—
Cglalkyl group which may have 1 to 2 substitents selected
from a C1-Cg alkyl group and a (Cy-Cg)alkoxy-carbonyl group
on the amino moiety, and a Cy-Cg alkyl group, or a pharma-
ceutically acceptable salt thereof.

33 The compound according to claim 32, wherein R2

rE
is a group of the formula: —N/—-( wherein Rf is an amino
RY
which may have 1 or 2 substituents selected from a Cy-Cg
alkyl group and a (C;-Cglalkoxy~carbonyl group, or an
amino(Cy-Cg)alkyl group which may have 1 or 2 substituents
selected from a Cy-Cg alkyl group and a (C;-Cg)alkoxy-
carbonyl group on the amino moiety, RY is hydrogen atom or a
C,-Cg alkyl group, and R? is methyl or ethyl group, or a
pharmaceutically acceptable salt thereof.

34. The compound according to claim 2, wherein RA
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R32 is hydrogen atom, rR? is a C1-Cg alkyl
group, and R? is a morpholino group which may have 1 to 3
substituents of C;-C, alkyl groups, or a pharmaceutically

acceptable salt thereof.

35. The compound according to claim 34, wherein r?
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is a group of the formula: -N O wherein rY is hydrogen

RE
atom or a Cy-Cg alkyl group, R® is hydrogen atom or a C,-Cq

alkyl group, and rR? is methyl or ethyl group, or a pharma-
ceutically acceptable salt thereof.

36. The compound according to claim 2, wherein R1A
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R3B ig hydrogen atom, r? is a C,-Cg alkyl
group, and R? is a 1-piperidinyl group which may have 1 to 3
substituents selected from a Cy-Cg alkyl group, hydroxy, a
halogen atom and oxo group, or a pharmaceutically acceptable
salt thereof.

37. The compound according to claim 36, wherein R2

gD
is a group of the formula: -N R! wherein R is hydrogen
RJ
atom or a Cy~Cg alkyl group, Ri is hydrogen atom, hydroxy, a
halogen atom or oxo group, rRI is hydrogen atom or a C,-Cg
alkyl group; and rR? is methyl or ethyl group, or a pharma-
ceutically acceptable salt thereof.

38. The compound according to claim 2, wherein r1A

is unsubstituted cyclopropyl, R is hydrogen atom, X is

fluorine atom, R3A

is hydrogen atom, rR? is a C,-Cg alkyl
group, and R? is 1,4-diazobicyclo[4.3.0])lnonan-4-yl, or a

pharmaceutically acceptable salt thereof.
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39, The compound according to any one of claims
33, 35, 37 and 38, wherein rR? is methyl group, or a pharma-
ceutically acceptable salt thereof.

40. 7-{l-Piperazinyl)-l-cyclopropyl-6-fluoro-5-
methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid.

41, 7-{3-Methyl-l-piperazinyl)-l-cyclopropyl-6-

: fluoro-S—methyl—l,4-dihydro—4—oxoquinoline—3—carboxy1ic
acid.

42, 7-({4-Methyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro-S—methyl-l,4-d;hydro-4—oxoquinoline—3—carboxylic
acid.

43. The compound according to claim 1, which is a
member selected from the group consisting of 7-(l-piperazin-
yl)-1-cyclopropyl-6,8-difluoro-5-methyl-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid, 7-(3-methyl-l1-piperazinyl)-
1-cyclopropyl-6,8-difluoro-5-methyl-1,4-dihydro-4-oxo-
quinoline-3-carboxylic acid, 7-(3-amino-l-pyrrolidinyl)-1-
cyclopropyl-6,8-difluoro-5-methyl-1,4-dihydro-4-oxo-
quinoline—3-carboxylic acid, and 3S(-)-10-(4-methyl-1-
piperazinyl)-9-fluoro-3,8-dimethyl-7-oxo-7H-pyrido[1,2,3~-
de][1l.4]lbenzoxazine-6-carboxylic acid.

44. A process for preparing the compound as set
forth in claim 1, which comprises

(a) subjecting a compound of the formula:

This Sheet Has Bee

G

P

- 177 - THIS SHEET HAS BEEN

-
I



UL L] ]

REPLACED

R4 o
I 6
X C COOR
R x2 “wyErl
R3

wherein Rl, R2, R3, R? and X are as defined in claim i, x2
is a halogen atom, and R® is a lower alkyl,

to cyclization reaction to give a compound of the formula:

X L coor®

wherein Rl, RZ, R3, R4 and x are as defined in claim 1, and
R® is as defined above, optionally followed by hydrolysis of
the above compound,

(b) reacting a compound of the formula:

4
R 0
X coorl4

4
X l
r3 gl
wherein Rl, R3, R? and X are as defined in claim 1, x% is a

halogen atom, and r14 is hydrogen atom or a group of the

formula: //OCORlS 16
"B 6 (wherein RS and R are each an alkyl),
OCOR*
with a compound of the formula: R2H wherein R? is as defined

in claim 1 to give a compound of the formula:
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wherein Rl, Rz, R3, r4 and X are as defined in claim 1, and

R4 is as defined above, optionally followed by converting

the compound where r14 is a group of the formula: /OCORls

-B
“ocor16
glé

into a compound where is hydrogen atom,

(c) reacting a compound of the formula:

rRY o
X COOH
., |
W Sy
\ /

(CH,)n R3 Al
wherein Rl, R3, R? and X are as defined in claim 1, either 2
or W is =CH,y- and the other is ~-NH, n is an integer of l.to
3, with a compound of the formula:

r17%5

wherein R17 is a (lower) alkyl; a cycloalkyl; a phenyl
(lower) alkyl in which phenyl ring may be substituted by a
(lower) alkoxy, nitro or amino; a phenyl which may be
substituted by a halogen atom, a (lower) alkyl or a (lower)
alkyl which may be substituted by 1 to 3 of halogen atoms; a
pyridyl; a (lower) alkyl having 1 to 3 substituents selected
from the group consisting of hydroxy, amino, a (lower)

alkoxy and a halogen atom, said amino being optionally
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substituted by a (lower) alkyl, a (lower) alkanoyl, a
cycloalkyl or a (lower) alkoxycarbonyl; a (lower) alkanoyl
which may be substituted by 1 to 7 of halogen atoms; a
(lower) alkenylcarbonyl having 1 to 3 substituents selected
from the group consisting of a halogen atom and a carboxy; a
(lower) alkoxycarbonyl; an aminocarbonyl which may be
substituted by a (lower) alkyl; a phenyl{lower)alkoxy-
carbonyl; an amino(lower)alkanoyl which may be substituted
by a phenyl(lower)alkoxycarbonyl; a (lower) alkoxycarbonyl-
(lower)alkyl; a carboxy({lower)alkyl; an anilinocarbonyl-
(lower)alkyl; a (lower) alkylsulfonyl which may be
substituted by 1 to 3 halogen atoms; a sulfo(lower)alkyl; a
(lower) alkenyl or a (lower) alkynyl, and X° is a halogen
atom,

to give a compound of the formula:

¢ 0
X COOH
—a |
G\ :y T*’
(CHy)n R® R?

wherein Rl, R3, r4 and X are as defined in claim 1, n is as
defined above, and either Z' or W' is ~CH,- and the other is

~-Nr17 (R17 is as defined above),
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(d) reacting a compound of the formula:

R
4 o
X COOH

W\ N N
(CHz)n/ r3 1111
wherein R, R3, R? and X are as defined in claim 1, and W, Z
and n are as defined above, with a compound of the formula:
R18COR19

wherein R18 and R1% are each hydrogen atom or a lower alkyl,

to give a compound of the formula:

RY o
X COOH
—gn |
W Ny N
New /13 Ly

wherein Rl, R3, R4 and X are as defined in claim 1, n is as

defined above, and either Z" or W" is ~CHy- and the other is

18
/,R

—N—CH\\ (R18 and R1% are as defined above),

219

(e) reacting a compound of the formula:

R4 0o
X COOCH

[ |
W

\ }
(CHz)ﬁ/ R3 1
wherein Rl, R3, R4 and X are as defined in claim 1, and W, Z

and n are as defined above, with a compound of the formula:
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r24 CH,x8

wherein R2% is phenyl, a lower alkyl or hydrogen atom, x8 is

a halogen atom, to give a compound of the formula:

2

Wlll
\ /
(CHz)n

wherein Rl, R3, R4 and X are as defined in claim 1, n is as

defined above, either Z"' or W"' is —CHZ— and the other is a

group: -N-CH, r%4 (R24 is as defined above),

0 0

hid

0
(£) subjecting a compound of the formula:
r4

X

Nop
0 R27
R2 N-CH ><
, I o/ \r28
RS Rl O
wherein Rl, R2,

r26 r27

R3, R4 and X is as defined in claim 1, and
and are each a lower alkyl,

to a cyclization reaction to give a compound of the formula:
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R4 o
X COOH
|
R? N
R3 él

wherein Rl, R2, R3, R4 and X are as defined in claim 1,

(g) subjecting a compound of the formula:

T4
25
X NO COOR
2
i’/ | COOR25
R2TX T-CH
r3 Rl

wherein Rl, R2, R3, R4 ana x are as defined in claim 1, and
R%5 is a lower alkyl,

to cyclization reaction-to.give a compound of the formula:

j[:i::[:ﬂt]/COOst
R3 Rl

wherein Rl, R2, R3, R* and X are as derined in claim l, and
R?% are as defined above, optionally followed by hydrolysis
thereof,

(h) reacting a compound of the formula:

R4 o
X coor®a
R? T
R3 Rla
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wherein R%, R3, R? and X are as defined in claim 1, R1® is a
(lower) alkyl having 1 to 3 hydroxy groups, and ré2 is
hydrogen atom or a (lower) alkyl, with a (lower) alkanoyl-

ating agent, to give a compound of the formula:

coorba

wherein R2, R3, R? and X are as defined in claim 1, rb2 ig
as defined above, and rR1P ig 3 (lower) alkyl having 1 to 3
(lower) alkanoyloxy groups,

(i) subjecting a compound of the formula:

R o

X coorb2
2 N
R |

wherein Rz, R3, r4 and X are as defined in claim 1, and Rlb
and R®@ are as defined above,

to hydrolysis to give a compound of the formula:

4
R 0O
6a
X COOR
N
R [
R3 Rla

wherein R2, R3, R4 and X are as defined in claim 1, and Rla

and R®2 are as defined above,
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(j) reacting a compound of the formuia:

R4 o
X coorb2
2 N
R |
R3 Rla

wherein R2, R3, R4 and X are as defined in claim 1, r12 angd

R62 are as defined above, with a halogenating agent, to give

a compound of the formula:

wherein R?, R3, R? and X are as defined in claim 1, R®2 isg

as defined above, and R1C

is a (lower) alkyl having 1 to 3
halogen atoms,

(k) treating a compound of the formula:

coorba

|
R3 Rlc

wherein R2, R3, R? and x are as defined in claim 1, and riC
and rba are as defined above, with a basic compound to give

a compound of the formula:
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4 9
6a
X COOR
l
N
R?2 I

wherein R2, R3, R? and X are as defined in claim 1, R®2 is
as defined above, and R is a {lower) alkenyl,
(1) converting a compound of the formula:

rRY o
X coorb2

2 N
R |
r3 RP

wherein Rz, R3, R4 and X are as defined in claim 1, Rlb and

R%2 are as defined above, to a compound of the formula:

wherein R2, R3, R4 and X are as defined in claim 1, Rld and

R62 are as defined above, or

{(m) converting a compound of the formula:

R4 o
X coorb®a
R2 ?
R3 Rla

wherein R?, R3, R? and X are as defined in claim 1, and R}@

and R®2 are as defined above, in the presence of an acid to
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a compound of the formula:

I
g3 gld

wherein R2, R3, R® and X are as defined in claim l, and rld
and R®2 are as defined above,

45. BAn antimicrobial composition which comprises
as an essential active ingredient an effective amount of a

compound as set forth in claim 1.

46. Use of the compound as set forth in claim 1 as

an antimicrobial agent.
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Abstract of the Disclosure:

BENZOHETEROCYCLIC COMPOUNDSE

Novel 4-oxoquinoline-3-carboxylic acid compounds of

the formula:

(1]

wherein R1 is cyclopropyl which may have 1 to 3 substituents
of alkyl and halogen; phenyl which may be substituted by 1
to 3 substituents of alkoxy, halogen and OH; alkyl which may
be substituted by halogen, alkanoyloxy or OH; alkenyl; or
thienyl, R%? is 5- to 9-membered saturated or unsaturated
heterocyclic ring which may be sustituted, R3 is H, alkyl or
halogen, R? is alkyl or halogen, R is H or alkyl, RY and R3
may be taken together to form -CH-CH,-O- wherein rR31 is H or
r31
alkyl, and X is halogen, provided that R3 and R? are not
simultaneously halogen, and that when R3 is H, rR? is alkyl,
and salts thereof, said compounds having excellent anti-
microbial activity and hence being useful as an antimicro-
bial agent, and a pharmaceutical composition containing said

compound as an active ingredient.
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BENZOHETEROCYCLIC COMPOUNDS

The present invention relates to novel

antimicrobial benzoheterocyclic compounds of the

formula [1):

(1]

wherein R! is a cyclopropyl which may be substituted by 1 to
3 of substituents éelected from the group consisting of a
(lower) alkyl and a halogen atom, a phenyl which may be
substituted by 1 to 3 of substituents selected from the
gréup consisting of a (lower) alkoxy, a haiogen atom and
hydroxy on phenyl ring, a (lower) alkyl which may be
substituted by a halogen atom, a (lower) alkanoyloxy or
hydroxy, a (lower) alkenyl or thienyl, R? is a 5- to 9~

membered saturated or unsaturated heterocyclic ring which

may be sustituted, R3 is hydrogen atom, a (lower) alkyl, or

a halogen atom, RY is a {lower) alkyl or a halogen atom, R
is hydrogen atom or a (lower) alkyl, Rl and Rr3 may be taken
todether to form the group

| -CH-CH, -0~
This Sheet Has Been Replaced R3 1
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wherein R3! is hydrogen atom or a (lower) alkyl, and X is a
halogen atom, provided that R3 and R? are not simultaneously
halogen atom, and that when R3 is hydrogen atom, RY is a
lower alkyl, and pharmaceutically acceptable salts thereof.

The benzoheterocyclic compounds of the:formula (1]
and salts thereof have excellent antibacterial activities
against various gram positive and gram negative bacteria,
and are useful for the treatment of various infectious
diseases induced by various bacteria in human, othef animals
and fish and are also useful as an external antimicrobial or
disinfectant agent for medical instruments or the like.

Prior art

There are many literatures which disclose 4-
oxoquinoline-3-carboxylic acid derivaties useful as anti-
bacterial agents. Améng éhese literatures, European Patent
Publicatioﬁ No. 178388 discloses 1-cyclopropy1;7-piperazino—

dihydroquinoline carboxylic acid derivatives of the formula:

R2- N
P
R

wherein R! is H or lower alkyl, R? is H, methyl, p-nitro(or

amino)-benzyl, R3 is H, methyl, or aminomethyl, and ¥ is Cl
or F.

Japanese Patent Pirst Publication (Kokai) No.



469/1987 discloses l-cyclopropyl-dihydroquinoline carboxylic

acid derivativés of the formula:

wherein R is substituted or unsubstituted pyrrolidinyl or

piperazinyl.

WO 8606630 discloses l-cycloalkyl-l,4-dihydro-4-
oxoqguinoline-3-carboxylic acid derivatives of the formula:

0]
coon
¢ I
N

|
gl

wherein R! is Ca3~Cg cycloalkyl, Y is optionally substituted
6-membered aromatic group.

U.S. Patent 4,556,658 discloses 7-amino-l-cyclo-

propyl-3—-quinoline carboxylic acid derivatives of the

formula:

F COOH

1
R N

-N
“ LA
F

wherein Rl and R2 are each substituted or unsubstituted

alkyl, or both may combine together with N atom to form a 5-

or 6-membered heterocyclic ring,
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Belgian Patent 899399 discloses l-cyclopropyl-7-
piperazinyl-dihydroquinoline carboxylic acid derivatives of

the formula:

wherein R is H, methyl, or p-nitro(or amino)-benzyl, Rl is H
or lower alkyl, and ¥ is Cl, F, methyl. -

Similar l—substituteqff—heterocyclic group-substi-
tuted dihydrogquinoline carboxylic acid derivatives are also
disclosed in othér many literatures.

However, these known literatures do not disclose
any compound -having an alkyl substituent at 5-pbsition.

- Brief Description of the Invention

The quect of the present invenfion is to provide
novel benzoheterocyclic compounds of the formula [1] and
salts thereof which_pave excellent antimicrobial activity
and excellent.absorbability. Another object of the
invention is to provide.a pharmaceutical composition
céntaining as an active ingredient a compound of the formula
[1) or a pharmaceutically acceptable salt thereof, which is
useful for the treatment of various infectious diseases.
These ané other objects of the invention will be.épparent to

persons skilled in the art from the following description.
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Detailed Description of the Invention

The novel benzoheterocyclic compounds of the
present invention have the formula [{1] as mentioned above
and include pharmaceutically acceptable salts thereof.

In the specification, the term "a halogen atom"
includes fluorine, chlorine, bromine or iodine atom.

The term “a cyclopropyi which may be substituted
by 1 to 3 of substituents selected from the group consisting.
of a {lower) alkyl and a halogen atom" includes cyclopropyl
which may be substituted by 1 to 3 of substituents selected
from the group consisting of a straight chain or branched
chain C4-Cg alkylland a halogen atom, such as cycloprppyl,
2-fluoro-l-cyclopropyl, 2-chloro-l-cyclopropyl, 2-bromo-1-
c&clopropyl,'2-iodo—1fcyclopropyl, 2,2-dichloro-1-
cyclopropyl, 2,Z-dibrqmo-l—Cyclopropyl, 2,2,3-trichloro-1-
cyclopropyl, 2—metﬂyl—l-cyclopropy1, 2-ethyl-1l-cyclopropyl,
2~-propyl-l-cyclopropyl, 2-butyl-l-cyclopropyl, 2-pentyi—1—
cyclopropyl, 2-hexyl-l-cyclopropyl, 2,2-dimethyl-1-
cyciopropyl, 2,3-dimethy1?1-cyc1opropyl, 2,2,3-trimeth§l-1—-
cyclopropyl, 2-flgoro—3-methyl-l-c§clopropy1, 2,2~diethyl-1-
cyclopropyl, 2-methyl-3-propyl-l-cyclopropyl, and the like.

The term “a (lower) alkyl" includes straight chain
or branched chain Cl~cé alkyl, such as methyi, ethyl,
propyl, isopropyl, butyl, tert-butyl, pentyl, hexyl, etc.

The term "a 5~ to 9-membered saturated or

unsaturated heterocyclic ring vhich may be substituted"




denotes a 5- to 9-membered saturated or unsaturated
heterocyclic ring which may be substituted by a (lower)
alkyl; a cycloalkyl; a phenyl (lower) alkyl in which phenyl
ring may be substituted by a lower alkoxy, nitro or amino:; a
phenyl which may be substituted by a halogen atom or a
(lower) alkyl optionally substituted by 1 to 3 of halogen
atoms; a pyridyl; a (lower) alkyl having 1 to 3 substituents
selected from the group consisting of hydroxy, an amino
which may be substituted by a (lower) alkyl, a (lower)
alkanoyl, a cycloalkyl or a (lower) alkoxycarbonyl, a
(lower) alkoxy and a halogen atom; a (lower) alkynyl; a
(loﬁer) alkanoyl yhich may be substituted by 1 to 7 of
halogen atoms; a (lower) alkenylcarbonyl having 1 to 3
substiéuents selected from the group consisting of a halogen
atom and a carboxy; a (lower) alkoxycarbonyl:; an
aminocarbonyl which may be substitutéd'by a (lower) alkyl; a
phepyl(lqwer)alkoxycarbenyl; an amino{lower)alkanoyl which
may be substitqted.by a phenyl(lower)alkoxyéarbohyl; a
{lovwer) alkoxycarbonyl(léwer)alkyl; a catboxy(iower)alkyl;
an aniliﬁocarbonyl(lower)alkyl; an amino which may be
subétituted by a (lower) alkyl, a phenyl(lower)alkyl, a
(lower) alkoxycarbonyl or a (lower) alkanoyl; hydr&xy; a
(ldwer) alkylsulfonyl which may be substituted.by 1 to 3 of
halcgen at§ms; phthalide; a 2(SH)~-furanone which may be
substituted by 1 or 2 of halogen atoms; a sulfo(lower)alkyl;

oxo; a (lower) alkoxy; a (lower) alkenyl; a halogen atom; a
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(lower) alkanoyloxy; a 2-oxo-1l,3~dioxolenemethyl which may
be substituted by phenyl or a (lower) alkyl; a
cycloalkylamino; a 2-oxo-1,3-dioxolenemethylamino which may
be substituted by phenyl or a (lower) alkyl; a (lower)
alkylthio; or thio,

and includes more specifically 5~ to 9-membered saturated or
unsaturated heterocyclic rings which may be substitu£ed by 1
to 3 of substituents selected from the group consisting of a
straight chain or branched chain C;-C¢ alkyl; a C3-Cg
cycloalkyl; a phenylalkyl in which phenyl ring may be
substituted by a straight chéin or branched chain Cy-Cg
alkoxy, nitro or amino and the alkyl moiety is a straight
chain or branched chain C;-C¢ alkyl; a phenyl in which
phenyl ring may bé_substituted by a halogen atom or by a
straight chain or branched chain Cy~C¢ alkyl which may be
substituted by 1 to 3 of halogen atoms; a pyridyl; anm amino
which may be substituted by 1 or 2'substituénts selected
from the gtoup‘consiting of hyéroxy, a stfaight chain or
branched chain C)-Cg &lkyl, a straight or branched chain C;-
Cg alkanoyl, a C3-Cg cycloalkyl and a straight chain or

branched chain (C,-Cg)alkoxy-carbonyl; a straight chain or

branched cﬁain Cy~Cg alkyl having 1 to 3 of substituents

selected from the group consisting of a straight chain or

branched chain C,~C, alkoxy group and a halogen atom; a

straight chain or branched chain C,-Cg alkynyl; a straight

chain or branched chain C;~C¢ alkanoyl which may be



substituted by 1 to 7 of halogen atoms; a straight chain or
branched chain (Co-Cglalkenyl-carbonyl substituted by 1 to 3
of halogen atoms or carboxy; a straight chain or branched
chain (C)-Cg)alkoxy-carbonyl; an aminocarbonyl which may be
substituted byll or 2 of a straight chain or branched chain

C1-Cg alkyl group; a phenylalkoxycarbonyl in which alkoxy

moiety is a straight chain or branched chain Cy-Cg.alkoxy;: a

straight chain or branched chain C,-Cg aminoalkanoyl which

may be substituted by a phenylalkoxycarbonyl in which alkoxy

moiety is a straight chain or branched chain Cy-Cq alkoxy;
an alkoxycarbonylalkyl in which alkoxy and alkyl moieties
are straight chain or branched chain C,-Cg alkoxy and alkyl,
respectively; a carboxyalkyl in which alkyl moiety is a
straight chain or branched chain'cl—cs alkyl; an anilino-

carbonylalkyl in which alkyl moiety is a straight chain or

branched chain C1-Cg alkyl; an amino which may be substi-

tuted by 1 or 2 of a straight chain or branched chain C,-Ce¢
alkyl, a phenylaikyl in which alkyl moiety is a stfaight
chain or branched chain C;—Cg alkyl, a straight chain or
branched chain (C1-Cg)alkoxy-carbonyl, or ;-straight chain
or branched chain C,-Cg alkanoyl; hydroxy;.a straight chain
or branched chain C1-Cg alkylsulfonyl which may be -
substituted by 1 to 3 of halogen atoms; phthalide; a 2(S5H)-
furanone which may be substituted by 1 or 2 of halogen
atoms; a sulfoalkyl in which alkyl moiety is a straight

chain or branched chain Cy-Cg alkyl; oxo; a straight chain



or branched chain C,~C¢ alkoxy; a straight chain or branched
chain C,-C¢ alkenyl; a halogen atom; a straight chain or
branched chain C,-C¢ alkanoyléxy; a C3-Cg cycloalkylamino; a
straight chain or branched chain Cy-C¢ alkylthio; thio; a 2-
oxo-1l,3-dioxolenemethyl which may be éubstituted.by phenyl
or a straight chain or branched chain C;-Cgalkyl: and a 2-
oxo-1l,3-dioxolenemethylamino which‘may be substituted by
phenyl or a straight chain or branched chain Cy-Cg alkyl ,
such as, for example, piperazinyl, piperidinyl,
pyrrolidinyl, homopiperazinyl, morpholino, thiomorpholino,
l,2,5,6—tetrahydropyridyl, imidazolyl, 1,4-diazabicyclo~-
(4.3.0)nonan-4-yl, thiomorpholino-4-oxide, thiomorpholino-
4,4-dioxide, pyrazolidinyl, hexahydrdpyridézinyl, pyridyl,
thiazolidinyl, 2-thio-l-imidazolidinyl, 2-oxo-l-imidazol-
idinyl, 3,7-diazabicyclo{4.3.0]lnonan-3-yl, 4-methyl-1-
piperazinyl, 4-ethyl—i—piperaz%ny1, 4-§ropyl—1-piperazinyl,
4-t-butyl-l-piperazip§l, 4-pentyl-l-piperazinyl, 4-hexyl-1-
piperazinyl, 3-mé£hyl-l-piperaziny1, 3,4-dimethyl—l-piper—
azinyl, 2,S-dimeﬁhyl-l-piperazinyl,'2,4,5-triﬁethyl—1—piper—
azinyl, 3,4,5-trimethyl-l-piperazinyl, 3-ethyl-l-piperazin-
yl, 3-propyl-4-methyl-l-piperazinyl, 2-n-butyl-S-methyl-1-
piperazinyl, 2-pentyl-5-hexyl-l-piperazinyl, 4—£ormyl-1—-
piperazinyl, 4-acetyl-l-piperazinyl, -4-propionyl-l-piper-
azinyl, 4-butyryl-l-piperazinyl, 4-pentanoy1—l-pipe¢azinjl,
4~hexanoyl-l-piperazinyl, 4-(a,a,c—-trifluoroacetyl)-1-~

piperazinyl, 4-(8,8,8 ~trifluoro-a,ec-difluoropropionyl)-1-
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piperazinyl, 4-(y,y,y~trifluoro-g,8-difluoro-a,oc-difluoro-
butyryl.)-l-piperazinyl, 4-(a,a-dichloroacetyl)-l-piperazin-
yl, 4-{a-bromoacetyl)-l-piperazinyl, 4-(c-iodoacetyl)-1-
piperazinyl, 4-(s8-fluoropropionyl)-l-piperazinyl, 4-(8-
fluoro-a—-fluoropropionyl)-l-piperazinyl, 4-(6-fluorohexano-
yl)-l-piperazinyl, 4-(4-chloropentanoyl)-l-piperazinyl, 4-
benzyl-l-piperazinyl, 4-(2-phenylethyl)}-l-piperazinyl, 4-(1l-
phenylethyl)—l-piperaziny}, 4-(3-phenylpropyl)-l~piperazin-
yl, 4-{4-phenylbutyl)-l-piperazinyl, 4—(1,1—dimethyl;2—
phenylethyl)-l-piperazinyl, 4-(5-phenylpentyl)-l-piperazin-
vl, 4-(6-phenylhexyl)-l-piperazinyl, 4-(2-methyl-3-phenyl-
propyl)-l-piperazinyl, 4-amino~l-piperazinyl, 3-amino-1l-
piperazinyl, 2~am£no-1-piperézinyl, 4-methylamino-1l-piper-
azinyl, 3-dimethylamino-l-piperazinyl, 2-ethylamino-1-
giperazihyl, 4-propylamino-l-piperazinyl, 4—t-butylamino—l—
piperazinyl, 3-pentylamino-l-piperazinyl, 2-hexylamino-1-
piperazinyl, 4-diethylamino-l-piperazinyl, 4-(N-methyl-N-n-
' butylamino)—l—piperézinyi, 3-{N-methyl-N-pentylamino)-1-
éipgrazinyl, 2-(N—ethyi-N—hexylamino)-1—piperazinyl, 4-
acetylamino-l-piperazinyl, 3-formy1amino-l—biperazinyl, 2-
propionyiamino—l;piperazinyl, 4-butyrylamino-l-piperazinyl,
3-pentanoylamino-l-piperazinyl, 2—hexanoy1amino-i;piperazin—
vi, 4~(N-methyl-N-acetylamino)—l-pipefazinyl, 3-(N-ethyl—-N-
propjonylamino)~l-piperazinyl, 4-hydroxy~1-piper$zinyl, 3-
hydroxy-l-piperazinyl, 2-hydroxy-l-piperazinyl, 4-methyl-
sulfonyl-l—piperazinyl,'4—ethylsulfonyl-l-piperazinyl, 4—
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propylsulfonyl-l-piperazinyl, 4-n-butylsulfonyl-l-piperazin-
yl. 4-pentylsulfonyl-l-piperazinyl, 4-hexylsulfonyl-1-
piperazinyl, 4-trifluoromethylsulfonyl-l-piperazinyl, 4-(2-
fluorocethylsulfonyl)~l~piperazinyl, 4~(3-fluoropropyl-
sulfonyl)—i—piperazinyl, 4-(4,4,4-trifluorobutylsulfonyl)-1-
piperazinyl, 4-sulfonyl-l-piperazinyl, 4-(phthalid-3-yl)-1-
piperazinyl, 4-(3,4-dibromo-2(5H)~furanon-5-yl)-l-piperazin-
yl, 4-(3,4—dichloro-2(SH)-furanon-S-yl)—l—piperazinyl, 4-
(2(5H)—furanon—5-yl);1—piperazinyl, 4~(3-chloro-2(5H)-
furanon-5-yl)-l-piperazinyl, 4-formyl-3-methyl-l-piperazin-
yl, 4-acetyl-3-ethyl-l-piperazinyl, 4-acetyl-2-methyl-1-
piperazinyl, 4-methyl-3-hydrox§me£hyl-l-piperazinyl, 3-
hydrqumethyl—l-piperazinyl, 4-ethyl-3-(2-hydroxyethyl)-1-
piperazinyl, 3-(3-hydroxypropyl)-l-piperazinyl, 4-methyl-2-
(4-hydroxybutyl)—l—piperazinyl, 4-ethyl—3—(S;hydroxypentyl)—
l-piperazinyl, 3-(6-hydroxyhexyil—l—piperazinyl, 4-(4~
methoxybenzyl)-l-piperazinyl, 4%(37ethoxybenzyi)-1-
piperazinyl, 4—(2—pio§oxybenzyl)-l—piperazinyl, 4-{4-n~
butoxybenzyl)—l-pipérazinyl, 4413—pentyloxybenzy1)-l-
piperazinyl, 4-(2-hexyloxybenéy1)-1-p;peraziny1, 4-(4-
nitrobenzyl)-l-piperazinyl, 4—(3-nitrobenz§l)-l-piperazinyl.
4—(4-aminobenzy1)—1—pipefazinyl, 4;(2-aminobenzyl)-1-
piperazinyl, 4-cyclopropyi-1-piperazinyl, 4-cyclobutyl-~1-~
piperazinyl, 4;cyclopentyl—i—piperazinyl, 4-cyclohexyl-1~
piperazinyl, 4-cycloheptyl-l-piperazinyl, 4-cyclooctyl~l-

" piperazinyl, 4-phenyl-l-piperazinyl, 4-(4-fluorophenyl)-1-




piperazinyl, 4-(3-bromophenyl)-l-piperazinyl, 4-(2-chloro-
phenyl)-l-piperazinyl, 4-(4-iodophenyl)-1l-piperazinyl, 4-(4-
methylphenyl)-l-piperazinyl, 4-({3-ethylphenyl)-l-piperazin-
vl, 4-(2-propylphenyl)-l-piperazinyl, 4-(4-n-butylphenyl)-1-
piperazinyl, 4—(3—pentylphepyl)—l—piperazinyl, 4-{2-hexyl-
phenyl)-l-piperazinyl, 4-(4—trifluoromethylphenyl)—l—.
piperazinyl, 4-[3-(2-chloroethyl)phenyl]-l-piperazinyl, 4-
[2—(3,3-dibromopropyl)phenyl]—l—piperazinyl,_4—[4-(4—chlozo-
butyl)phenyl]-1-piperazinyl, 4—hydfoxymethyl-l-piperazinyl,
4~-(2-hydroxyethyl)-l-piperazinyl, 4-(3;hydroxypropyl)-l-
_piperazinyl, 4~-(3-chloropropyl)-l-piperazinyl, 4-(bromo-—
methyl)-l-piperazinyl, 4-{2-fluorcethyl)-l-piperazinyl, 4-
"(4—chldrobutyl)-l-pipérazinyi, 4-(3-£lﬁoropenty1)-l—
piperazinyl, 4-(2,3-dichlorohexyl)-1-piperazinyl, 4-(2,2,2-
trlfluoroethyl)-l—plpera21ny1, 4-(trifluoromethyl)-1-
piperazinyl, 4-aminomethyl-l-piperazinyl, 4- (3-dlmethyl-
aminopropyl)—l—piperazinyl, 4-{2-ethylaminoethyl})-1-
| piperazinyl, 4—(4—propy1amino$qty1)-1—piperaz;nyi, 4~{5~-n-
butylaminopentyl)—l—piperazinyl,,4-(6;pentylaminohexyl)-l—
piperazinyl, 4~(N-methyl—N—ethylamlnomethyl)-1-piperazinyl,
4- (N-methyl—N-propylaminomethyl) l-piperazinyl, 4-(2—
diethylaminoethyl)-l-piperazinyl, 4-(methoxymethyl)-1~-
piperazinyl, 4-(ethoxymethyl)-l-piperazinyl, 4-(2-propoxy-
ethyl)-l-piperazinyl, 4-(3-butoxypropyl)-l-piperazinyl, 4-
(4-pentyloxybutyl)-l-piperazinyl, 4~(5-hexyloxypentyl)-1l-
piperazinyl, 4-(6-methoxyhexyl)-l-piperazinyl, 4-propargyl-
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l-piperazinyl, 4-(2-butynyl)-l-piperazinyl, 4-(3-butynyl)-i-
piperazinyl, 4-(l~methyl-2-propynyl)-l-piperazinyl, 4-(2-
pentynyl)-l-piperazinyl, 4-(2-hexynyl)-l-piperazinyl, 4-
ethynyl-l-piperazinyl, 4-vinyl-l-piperazinyl, 4-allyl-1-
piperazinyl, 4-(2-butenyl)-l-piperazinyl, 4-(3-butenyl)-1-
piperazinyl, 4-(l-methylallyl)-l-piperazinyl, 4-(2-
pentenyl)-l-piperazinyl, 4-{2-hexenyl)j-l-piperazinyl, Z-éxo—
l-piperazinyl, 3-oxo-l-piperazinyl, 4-oxo-3—mefhyl-l—
piperazinyl, 4,4-dimethyl-l-piperazinyl, Q—(Z-pyridyl)—l—
piperazinyl, 4-(3-pyridyl)-l-piperazinyl, 4-(4-pyridyl)-1-
piperazinyl, 4-carbamoyl-l-piperazinyl, 4-dimethylamino-
carbonyl-l-piperazinyl, 4—eﬁhy1aminocarbonyl—l—piperazinyl,
4-propy1aminocarbanyl-l~piperazinyl, 4-5utylaminocarbonyl—l—
piperaziqyl, 4-pentylaminocarbonyl-l-piperazinyl, 4-hexyl-
aminocarbonyl-l-piperazinyl, 4-diethylamihocarbonyl-l-
piperazinyl, 4-(N-methyl-N-propylaminocarbonyl)-1-
piperazinyl, 4-methoxycarbonyl-l-piperazinyl, 4-ethoxy-
carbonyl-l-piperazinyl, 4-propoxycarbonyl-l-piperazinyl, 4-
tert~butoxycarbonyl-l-piperazinyl, 4-pentyloxycarbonyl-l-
piperazinyl, 4-hexyloxycérhonyl-l-piperazinyl, 4-benzyloxy-
carbonyl-l-piperazinyl, 4-(2-phenylethoxycarbonyl)-1-
piperazinyl, 4-(3-phenylpropoxycarbonyl)-l-piperazinyl, 4~
(4-phenylbutoxycarbonyl)-l1~-piperazinyl, 4-(5-phenylpentyl-
oxycarbonyl)-l-piperazinyl, 4-(6-phenylhexyloxycarbonyl)-l-~
piperazinyl, 4-(2-aminoacetyl)-l-piperazinyl, 4-(3-amino-

propionyl)-l-piperazinyl, 4-(4-aminobutyryl)-l-piperazinyl,
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4-(5-aminopentanoyl)-l-piperazinyl, 4-(6-aminohexanoyl)-1-
piperazinyl, 4-(2-benzyloxycarbonylaminoacetyl)-l-piperazin-
yl,'4—{2-(2-phenylethoxycarbonyiamino)acetyl]~l-piperaziny1,
4-[2-{3-phenylpropoxycarbonylamino}acetyl]-l-piperazinyl, 4-
[2—(4-phen§lbutoxycarbonylamino)acetyl]-l-piperazinyl, 4-
methoxycarbonylmethyl-l~piperazinyl, 4-ethoxycarbonylmethyl-
l-piperazinyl, 4-(2-ethoxycarbonylethyl)-l-piperazinyl, 4~
{3-propoxycarbonylpropyl)-l-piperazinyl, 4-(4-butoxy-
carbonylbutyl)—i-piperazinyl, 4—(5-penty10xyca¥bonylpentyl)—
l-piperazinyl, 4-(6-hexyloxycarbonylhexyl)-l-piperazinyl, 4-
carﬁonylmethyl-l-piperazinyi, 4-{2-carboxyethyl)-1-
piperazinyl, 4-(3-carboxypropyl)-l-piperazinyl, 4-(4-
carboxybutyl)-l—piéerazinyl, 4-(5~carboxypentyl)-1-
piperazinyl, 4-(6-carboxyhexyl)-l-piperazinyl, 4-(anilino—
cafbonylmethyl)—l—piperazinyl, 4-(2-anilinocarbonylethyl)-1-
piperazinyl, 4—(3-aﬁilinocarbonylpropy1)—1—piperazinyl, 4-
(4—anilinocarbony15utyl)-l-pipetazinyl, 4—(5-anilino—
carbonylpéntyli—i—piperazinyl, 4~-(6~anilinocarbonylhexyl)-1-
piperazinyl, 4—(3-éarboxyacryloyly-l-piperazinyl, 4-(3~
carboxy—Z,3-dichloroacryloy1)-l-piperaiinyl, 4-methyl-1-
piperidinyl, 4-etﬂy1—l—piperidinyl, 4-propyl-l-piperidinyl,
4-n-butyl-l-piperidinyl, 4-pentyl-l-piperidinyl, 4-hexyl-l-
piperidinyl, 4-methoxy-l-piperidinyl, 4—eth6xy-1-piperidin-
yl, -4~-propoxy-l-piperidinyl, 4-n-butoxy-l-piperidinyl, 4-
pentyloxy-l-éiperidinyl, 4-hexyloxy-l-piperidinyl, 4-
acetyloxy-l-piperidinyl, 4-propionyloxy-1-piperidinyl, 4~

H
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butyryloxy-l-piperidinyl, 4-pentanoyloxy-l-piperidinyl, 4-
hexanoyloxy-l-piperidinyl, 4-methoxycarbonyloxy-1-
piperidinyl, 4-ethoxycarbonyl-l-piperidinyl, 4-propoxy-
carbonyl-l-piperidinyl, 4-n-butoxycarbonyl-l-piperidinyl, 4-
pentyloxycarbonyl-l-piperidinyl, 4-hexyloxycarbonyl-1-
piperidinyl, 4-benzyl-l-piperidinyl, 4-(2-phenylethyl)-1-
piperidinyl, 4-(l-phenylethyl)-l-piperidinyl, 4-(3-phenyl-
propyl)-l-piperidinyl, 4-(4-phenylbutyl)-l-piperidinyl, 4-
(S-phenylpentyl)-l-piperidinyl, 4-(6-phenylhexyl)-1-
piperidinyl, 4-hydroxy-l-piperidinyl, 3-hydroxy-l-piperidin-
yl, 2-hydroxy-l-piperidinyl, 4-amino-l-piperidinyl, 3—amiﬁoﬁ
l-piperidinyl, 2-amino-l-piperidinyl, 4-dimethylamjno-1-
piperidinyl, 4—me£hylamino-l-piperidinyl, 3-ethylamino-1-
piperidinyl, 2-propylamino-l-piperidinyl, 4-n-butylamino-1-
piperidinyl, 3-pentylamino-l-piperidinyl, 4—hexylamino—l—-
piperidinyl, 3-dieth§1amino-1—piperidinyl, 4-(N-methyl-N-
propylamino)-l-piperidinyl, 4-carbamoyl-l-piperidinyl, 3-
carbamoyl-l-piperidinyl, 3,5-dimethy1-1-piperidinyl, 2,5~
dimeth&l—l-piperidinyl, 4-oxo~l-piperidinyl, 3-oxo-1-
piperidinyl, 3-hydroxy-1;pytrolidin§1, 3-amino-l-pyrrolidin-
vl, 2-hydroxy-1-pyrr9lidinyl, 2-éminb-1~pyrrolidiny1, 3~
methylamino-l-pyrrolidinyl, 3-dimethylamino-l~-pyrrolidinyl,
2—ethylamino-1-pyrrolidinyl,'3-propylamino-1—pyrtolidinylp
2-n-butylamino~-l-pyrrolidinyl, 3-pentylamino-l-pyrrolidinyl,
2~hexylamino~l-pyrrolidinyl, 3~diethylamino-l-pyrrolidinyl,
3~ (N-methyl~-N-propylamino)-l-pyrrolidinyl, 2-(N-ethyl;N—n—
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butylamino)~-l-pyrrolidinyl, 3-acetylamino-l-pyrrolidinyl, 3-
propionylamino~-l-pyrrolidinyl, 2-butyrylamino—l-pyrrolidin-
yl, 3-pentanoylamino-l-pyrrolidinyl, 2-hexanoylamino-1-
pyrrolidinyl, 3-hydroxymethyl-l-pyrrolidinyl, 2;(2-hydroxy-_
ethyl)-l-pyrrolidinyl, 3-(3-hydroxypropyl)-1l-pyrrolidinyl,
2-(4-hydroxybutyl)-1-pyrrolidinyl, 3-(5-hydroxypentyl)-1-
pyrrolidinyl, 3-(6-hydroxyhexyl)~l-pyrrolidinyl, 3-amino-
methyl—l—pyrroiidinyl, 3-(2-aminoethyl)-1-pyrrolidinyl, 2-
{3-aminopropyl}-l-pyrrolidinyl, 3-(4-aminobutyl)-1-
pyrrolidinyl, 3-(5-aminopentyl)-l1-pyrrolidinyl, 3-(6-
aminohexyl})-1-pyrrolidinyl, 3-(methylaminomethyl)-1-
pyrrolidinyl, 3-(2-ethylaminoethyl)-l-pyrrolidinyl, 3-(3—
propylaminopropylﬁ—l—pyrrolidinyl, 2—(47n-butylaminobutyl)—
1-pyrrolidinyl, 3-(S5-pentylaminopentyl)-1-pyrrolidinyl, 3-
(6-hexylaminohexyl)-1-pyrrolidinyl, 3-{dimethylaminomethyl)~
l-pyrrolidinyl, 2-(N-methyl-N-ethylaminomethyl)-1-
pyrrolidinyl, 3-(N-ethyl-N-n-butylaminomethyl)-l-pyrrolidin-
yl, 3-methylaminomethyl-4-methyl-l-pyrrolidinyl, 3-me£hyl—
aminomethyl-4-fluoro~1-pyrrolidinyl, 3-me£hy1amino44;methyl~
l-pyrrolidinyl, 3-methylamino-4-chloro-l-pyrrolidinyl, 3-
methylaminomethyl-4-chloro-l-pyrrolidinyl, 3-methylamino-4-
fluoro-l-pyrrolidinyl, 3-ethylaminomethyl-4-ethyl-1-
pyfrolidinyl, 4-propy1aminomethyl-z-propyl-l-pyrfolidinyi:
4-ng§utylaminomethyl-z-fluéro-l—pyrrolidinyl, 4-pent§1amino—
methyl-2-n-butyl-1l-pyrrolidinyl, 4-hexylaminomethyl-2-

chloro-l1-pyrrolidinyl, 4-propylamino-2~chloro-l-pyrrolidin-
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vl, 4—n—butylamino-2-hexy1—1-pyrrolidinyl, 3-pentylamino-4-
ethyl-l-pyrrolidinyl, 3-hexylamino-4-fluoro-l-pyrrolidinyl,
4-methyl-1-homopiperazinyl, 4-ethyl-l-homopiperazinyl, 4-
propyl-l-homopiperazinyl, 4-n-butyl-l-homopiperazinyl, 4-
pentyl-l-homopiperazinyl, 4-hexyl-l-homopiperazinyl, 4-

formyl-l-homopiperazinyl, 4-acetyl-l-homopiperazinyl, 4-

1
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propionyl-l-homopiperazinyl, 4-butyryl-l-homopiperazinyl, 4-

pentanoyl-l-homopiperazinyl, 4-hexanoyl-l-homopiperazinyl,

2-methyl-1l-hexahydropyridazyl, 2-ethyl-l-hexahydropyridazyl,

2-propyl-l-hexahydropyridazyl, 2-n-butyl-l-hexahydro-—

pyridazyl, 2-pentyl~1-hexahydropyridazyl, 2-hexyl-1-

hexahydropyridazyl, 2-formyl-l-hexahydropyridazyl, 2-acetyl-

1-ﬁexahydropyridazyl, 2-propionyl-l-hexahydropyridazyl, 2-
butyryl-l-hexahydropyridazyl, 2-pentanoyl-l-hexahydro-
pyridazyl, 2-hexanoyl-l-hexahydropyridazyl, 2-met#yl-1-
pyrazolidihyl, 2-ethyi—1—pyraiolidinyl, 2-propyl-1-
pyrazolidinyl,_an-butyl-l—pYrazolidinyI, 2-pentyl-1-
pyrazolidinyl, 2-hexyl-l-pyrazolidinyl, 2-formyl-1-
pyrazolidinyl, Z-acetyi—i-pyrazolidinyl, 2fpropiony1—1-

pyrazolidinyl, 2-butyryl-l-pyrazolidinyl, 2-pentanoyl-1l-

pyrazolidinyl, 2-hexanoyl-l-pyrazolidinyl, 3,5-dimethyl-
morpholino, 3-methylmorpholino, 3-ethylmorpholino, 2-
propylmorpholino, 3-n-~butylmorpholino, 3~pentyl-S5-methyl-
morpholino, 3-hexyl-5-ethylmorpholino, 3-aminomethyl-
morpholino, 3~methylaminomethylmorpholino, 2-ethylamino-

methylmorpholino, 3-propylaminomethylmorpholino, 3-n-
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butylaminomethylmorpholino, 2-pentylaminomethylmorpholino,
3~hexylaminomethylmorpholino, 3-(2-methylaminocethyl)-
morpholino, 3-(3-methylaminopropyl)morpholino, 3-(4-
methylaminobutyl)morpholino, 2-(5-methylaminopentyl)-
morpholino, 3-(6-methylaminohexyl)morpholino, 4~(5-methyl-2-
oxo—l,3—dioxolen—4-y1)methyl—l—piperazinyi, 4-(5-tert-butyl-
2-ox0-1,3-dioxolen-4-yl)methyl-l-piperazinyl, 4-(5-phenyl-2-
oxo-1,3-dioxolen~4-yl)methyl-l-piperazinyl, 4-(2-oxo-1,3-
dioxolen-4-ylimethyl-l-piperazinyl, 3-(5-methyl-2-oxo-1,3-
dioxolen~4-yl)methylamino-1-pyrrolidinyl, 4-(5-methyl-2-oxo-
1,3~-dioxolen~4-yl)methylamino-l-piperidinyl, 3-(5-phenyl-2-
oxo-1,3-dioxolen-4-yl)imethylaminomorpholino, 3,5-dimethyl-l-
piperazinyl, 3,B-dimethyl—l—piperazinyl, 4-acetyl-3-methyl-
l-piperazinyl, 3-ethyl-1—piperazinyl} 3-ethyl-4-methyl-1-
piperazinyl, 3-trifluoromethyl-l-piperazinyl, 3-(fluoro-
methyl)-l~piperazinyl, 3-methylthio-l-piperazinyl, 4-
methylthio-1-piperazinyl, 3-ethylthio-l-piperazinyl, 3-
methylthiomorpholino, 4-fluoro-l-piperidinyl, 5-fluoro—1d

. piperazinyl, 3-chloro-l-piperazinyl, 3—amino;4-f1upro—l-
pyrrolidinyl, 3-amino-4-hydroxy—-l-pyrrolidinyl, 3-amino-4-
methoxy-l-pyrrblidinyl, 3-amiﬁo-4-f1uoro—l-piperidinyl, 3-
amino-4-hydroxy-1-piperidinyl, 3-amino-4-methyl-1-
pyrrolidinyl, 4-benzyl-3-methyl-l-piperazinyl, 3-fluoro-
methylmorpholino, 3-chloromethylmorpholino, 4-oxo-1-
piperidinyl, 3-oxo-1-piperidinyl, 2-oxo-l-piperidinyl, 3-

acetylaminomethyl-l-pyrrolidinyl, 3-(N-ethyl-N-acetylamino}-
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methyl-l-pyrrolidinyl, 3-t-butoxycarbonylaminomethyl-1-
pyrrolidinyl, 3-ethylaminomethyl-l-pyrrolidinyl, 4-cyclo-
propylamino-l-piperazinyl, 3-cyclopropylamino-l-pyrrolidin-
yl, 4-cyclopentylamino-l-piperazinyl, 4-cyclohexylamino-1-
piperazinyl, 3-cyclohepty1amino—l—pyrrolidinyl,;4~cyclo—
octylamino~-l-piperidinyl, 4-cyclopropylamino-l-piperidinyl,
3~-cyclopropylaminomorpholino, 4-thio-l-piperidinyl, 3-thio-
~l-piperazinyl, 3-thiomorpholino, 4-cyclopropylaminomethyl-1l-
piperazinyl, 3-cyclopropylaminomethyl-l-pyrrolidinyl, 4-
cyclopropylaminomethyl-l-piperidinyl, 3-cyclopropylamino~
methylmorpholino, 4-(2-cyclopenty1amin6ethy1)—l—piperazinyl,
4-(3-cyclohexylaminopropyl)-l-piperazinyl, 3-(4-cyclobutyl-
aminobutyl)—l-pyrfolidinyl, 4-{5-cyclooctylaminopentyl)-1-
piperidinyl, 4-(6-cyclopropylaminohexy1)mprpholino, 3-
acetylaminomethyl-l-pyrrolidinyl, 4-(2-propionylaminocethyl)-
}-piperazinyl, 4~(3-butyrylaminopropyl)-l-piperidinyl, 3-(4-
pentanoylaminobutyl)morpholind, 4-(5-hexanoylaminopentyl)-1-
piperazinyl, 3-(6-acetylaminohexyl)~-l-pyrrolidinyl, 4-(N-
acetyl-N-ethylamino)methyl-l-piperazinyl, 4-(N~cyclopropyl-
| N-acetylamino)methyl-l-pyrrolidinyl, 4-(methoxyqarbonyi—
aminomethyl)-l-piperazinyl, 4-{2-ethoxycarbonylaminoethyl)}-
l-piperidinyl, 3-(3-propoxycarbonylaminopropyl)morpholino,
3~(4-pentyloxycarbonylaminobutyl)-1-pyrrolidinyl, 3-(5-
hexyloxycarbonylaminopentyl)-l-pyrrolidinyl, 4-(6-t-butoxy-
carbonylaminohexyl)-l-piperazinyl, 3-(N~t-butoxycarbonyl-N-

ethylaminomethyl)~l-pyrrolidinyl, 3~(N-t-butoxycarbonyl-N-
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methy;aminomethyl)—l-pyrrolidinyl, 3-(N-t-butoxycarbonyl-N-
cyclopropylaminomethyl)-1-pyrrolidinyl, 4-(N-methoxy-
carbonyl~-N-cyclopropylaminomethyl)~-l-piperazinyl and 4-(N-
propoxycarbonyl-N-cyclohexylaminomethyl)-l-piperidinyl. The
term "a 5~ to 9-membered saturated or unsaturated
heterocyclic ring which may be substituted" also includes
the group represented by the formula:
Ra
-N N—RP
RC
wherein R? is hydrogen atom or a (lower) alkyl, RP is
hydrogen atom, a (lower) alkyl, a (lower) alkanoyl, a
phenyl({lower)alkyl, or a 2-oxo-l,3-dioxolenemethyl which is
substituted by a (lower) alkyl, and R® is hydrogen atom or a
(iower) alkyl; the group represented by the formula:
. _ a
“N. O
e
wherein K9 is hydrogen atom or a (lower) alkyl, and RF is.

hydrogen atom or a (lower) alkyl; the group represented by

the formula:

rf

RrRY
wherein Rf is an amino which may be substituted by 1 or 2

substituents selected £rom the group consiting of a (lower)
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alkyl and a (lower) alkoxycarbonyl, or a amino(lower)alkyl
which may be substituted by 1 or 2 substituents selected
from the group consisting of a (lower) alkyl and a (lower)
alkoxycarbonyl, RY is hydrogen atom or a (lower) alkyl; the
group represented by the formula:

RN

-N Ri

RJ
wherein RP is hydrogen atom or a (lower) alkyl, Rl is
hydrogen atom, hydroxy, a halogen atom or oxo, and RI is
hydrogen atom or a (lower) alkly; and the like,

The term “a cycloalkyl" includes C3-Cg cycloalkyl
such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl or cyclooctyl.

The téerm "a phenyl (lower) alkyl in which phenyl
ring may be substituted by a (lower) alkoxy, nitro or amino"
includes phenylalkyl in which gheny; ring may be substituteﬁ
by a straight chain or bfénched chain C;-C¢ alkoxy, nitro or
amino and the alkyl moiety is a straight chain or brahched_
chain C;-C¢ a}kyl, such as beﬁzyl, 2-phénylethyl, l-phenyl-
ethyl, 3—pheny1pfopyl, 4—phenylbut§l, 1,1-dimethyl~-2-phenyl-—~
ethyl, S5-phenylpentyl, 6-phenylhexyl, 2-methyl-3-phenyl-
propyl, 4-methoxybenzyl, 3-eth§xybenzyl, 2-propoxybenzyl, 4-
n-butoxybenzyl, 3-pentyloxybenzyl, 2-hexyloxybenzyl, 4- |
nitrobenzyl, 3-nitrobenzyl, 4—aminobeﬁzy1, 2-aminobenzyl, 2~

(4-methoxyphenyl)ethyl, 1-(3-ethoxyphenyl)ethyl, 3—(2-
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propoxyphenyl)propyl, 4-(4-n-butoxyphenyl)butyl, 5-(2-
nitrophenyl)pentyl or_6-(}-aminophenyl)hexyl.

The term "a phenyl which may be substituted by a
halogen atom or a (lower) alkyl which may be substituted by
1 to 3 of halogen atoms" includes phenyl in which phenyl
ring may be substituted by a halogen atom or by a straight
chéin or branched chain Cy-Cg alkyl which may be substituted
by 1 to 3 of halogen atoms, such as phenyl, 4-fluorophenyl,
3-bromo§henyl, 2-chlorophenyl, 4-iodophenyl, 4-methylphenyl,
3-ethylphenyl, 2-propylphenyl, 4-n-butylphenyl, 3-pentyl-
phehyl, 2~-hexylphenyl, 4-trifluoromethylphenyl, 3-(2-
chloroethyl)phenyl, 2-(3,3-dibromopropyl)phenyl, 4-(4-
chlorobutyl)phenyl, 3-(5-iodopentyl)phenyl, 4-(6-fluoro-
hexyl)phenyl, 2-({1,2,2~-trifluorcethyl)phenyl or 4-(2,2,2~
trifluoroethyl)phenyl.

The term "a (lower) alkyl having 1 to 3 of
substituents selected from the group consisting of hydroxy.,

an amino which may be substituted by a (lower) alkyl, a

. {lower) alkanoyl, a cycloalkyi or a (lower) alkoxycarbonyl,

a2 {(lower) alkoxy and a halogen atom* includes a straight
chain or branched chain Cy-Cg alkyl having llto.3 of
substituents selected from the-group consisting of hyd;oxy;
an amino thch may be substituted by 1 or 2 substituents

selected from the group consisting of a straight chain or

branched chain'cl-cs alkyl, a straight chain or branched

chain C1-Cg 51kanoy1, a C3-Cg cycloalkyl and a straight
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chain or branched chain (C;-Cg)alkoxy-carbonyl; a straight
chain or branched chain C,-Cg alkoxy and a halogen atom,
such as hyroxymethyl, 2-hydroxyethyl, l-hyroxyethyl, 3-
hydroxypropyl, 4-hydroxybutyl, S5-hyroxypentyl, 6-hydroxy-
hexyl, 3-chloropropyl, bromomethyl, 2-flucroethyl, 4-
chlorobutyl, 3-fluoropentyl, 2,3-dichlorohexyl, 2,2,2-
trifluoroethyl, trifluoromethyl, aminomethyl, 2-aminocethyl,
l-aminoethyl, 3—éminopropyl, 4-aminobutyl; S-aminopentyl, 6-
aminohexyl, 3-dimethylaminopropyl, 2-ethylaminoethyl, 4-
propylaminobutyl, 5-n-butylaminopentyl, 6-pentylaminohexyl,
methylaminomethyl, diethylaminomethyl, 2-dipropylaminoethyl,
1-di-n-butylamino¢thyl, 3—dipentylaminqpropyl, 4-dihexyl-
aminobutyl, N-methyl-N-ethylaminomethyl, N-methyl-N-
propylaminomethyl, methoxymethyl, ethoxymethyl, 2-propoxy-
ethyl, 3-butoxypropyl, 4-pentyloxybutyl, S-hexyloxypentyl,
6-methoxyhexyl, propoxymetyl, l-ethoxyethyl, 2-hexyloxy-
ethyl, formylaminomethyl, acetylaminomethyl, 2-propanoyl-
aminoethyl, 3-butyry1amihopropyl, 4-pentanoy1aminobﬁtyl, 5~
hexanoylaminopentyl, 6-acetylaminohexyl, propanoylamino-
methyl, 1-acéty1aminoethyl, 2-hexanoylaminoethyl, N-acetyl-
N-methylaminomethyl, N-acetyl-N-ethylaminomethyl, N-acetyl-
N-cyclopropylaminomethyl, N,N-dicyclopropylaminomethyl,
.cyclopropylaminomethyl, 2-cyclobutylaminoethyl, 3-cyclo-
pentylaminopropyl, l-cyclopropylaminoethyl, 2-cyclopropyl-
aminoethyl, aminopropyl, 4-cyclohexylaminobutyl, S-cyclo-

heptylaminopentyl, 6-cyclooctylaminohexyl, N-methyl-N-
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cyclopropylaminomethyl, N-ethyl-N-cyclopropylaminomethyl,
methoxycarbonylaminomethyl, 2-ethoxycarbonylaminoethyl, 3-
propoxycarbonylaminopropyl, 4-t-butoxycarbonylaminobutyl, S5-
pentyloxycarbonylaminopentyl, 6-hexyloxycarbonylaminochexyl,
t-butoxycarbonylaminomethyl, 2-t-butoxycarbonylaminoethyl,
l-t-butoxycarbonylaminoethyl, N-t-butoxycarbonyl-N-methyl-~
aminomethyl, N-t—butoxycarbonyl-N—ethylaminomethfl or N-t-
butoxycarbonyl-N-cyclopropylaminomethyl.

| The term "a (lower) alkanoyl which may be
substituted by 1 to 7 of halogen atoms" includes a straight
chain or branched chain C;-Cg alkanoyl which may be
substituted by 1 to 7 of halogen atomé, such as formyl,
acetyl, propionyl; butyryl, pentanoyl;.hexanoyl, a,c,a~tri-
fluoroacetyl, 8,8,8 —trifluoro—a,ac-difluoropropionyl, y,v,y -
trifluoro-g,8-difluoro-a,« ~difluorobutyryl, u,u-dichloréf
acetyl, a-bromoacetyl, a-iodoacetyl, .s-fluoropropionyl, 8-
fluoro-a«-fluoropropionyl, 6-fluorohexanoyl or 4-chloro-
pentanoyl, 3,3,3-trifluoropropionyl-

The term "a (lower) alkenylcarbonyl having 1 to 3
substituents selected from the group consisting of a halogen
atom and a carboxy" includes a straight chain or branched
chain (C2-C6)glkeny1-carbonyl having 1 to 3 of substituents ,
selected from the group coﬁsisting of a halogen atom and a
carbpxy, such as 3-carboxyacryloyl, 3-carboxy-2,3:dichlorof
acryloyl, 3-carboxy-2,3~dibromocacryloyl, 4-carboxycrotonoyl,

4-carboxyisocrotonoyl, 5-carboxy-3-pentenoyl, 6-carboxy-4-
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hexenoyl, 4-carboxy-3~fluorocrotonoyl or 5-carboxy-3,4-
dichloro-3-hexenoyl.

The term “a (lower) alkoxycarbonyl" includes a
straight chain or branched chain (C;-Cg)alkoxy-carbonyl,
such as methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,
isopropoxycarbonyl, butoxycarbonyl, tert-butoxycarbonyl,
pentyloxycarbonyl or hexyloxycarbonyl.

The term "an aminocarbonyl which may be
substituted by a (lower) alkyl" includes aminocarbonyl which
may be substituted by 1 or 2 of a straight chain or branched
chain Cy-C¢ aikyl, such as carbamoyl, methylaminocarbonyl,
ethylaminocarbonyl, propylaminocarbonyl, n-butylamino-
carbonyl, pentylaminocarbonyl, hexylaminocarbonyl, dimethyl-
aminocarbonyl, diethylaminocarbonyl, dipropylaminocarbonyl,
dipentyléminocathonyl, dihexylaminocarbonyl, N-methyl-N- |

propylaminocarbonyl, N—methyl-N-terf—butylaminocarbonyl or

N-ethyl-N-pentylaminocarbonyl.

The term “a phenyl(l&wer)alkqucarbonyl“ includes
phenylalkoxycarbbnyl in which alkoxy moiety. is a straight
chain or branched chain C,-Cg alkoxy, such as
benzyloxycarbonyl, 2—pheny1ethoxyca£bonyl, l-phenylethoxy-
carbonyl} 3-phenylpropoxycarbonyl, 4-phenylbutoxycarbonyl,
1,1-dimethyl-2-phenylethoxycarbonyl, S-phenylpentyloxy-
carﬁcnyl, 6-phenyihexyloxycarbonyl or 2-methyl-3-phenyl-

propoxycarbonyl.

The term "an amino(lower)alkanoyl which may be
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substituted by a phenyl(lower)alkoxycarbonyl" includes a
straight chain or branched chain C5-C4; aminoalkanoyl which
may be substituted by a phenylalkoxycarbonyl in which alkoxy
moiety is a straight chain or branched chain C,-C¢ alkoxy,
such as 2-aminoacetyl, 3-aminopropionyl, 4-aminobutyryl, 5-
aminopentanoyl, 6-aminohexanoyl, 2-benzyloxycarbonylamino-
acetyl, 2-(2-phenylethoxycarbonylamino)acetyl, 2-(3-.
phenylpropoxycarbonylamino)aceﬁyl, 3-{4-phenylbutoxy~
carbonylamino)ptopionyl; 4-(1,1-dimethyl-2-phenylethoxy-
carbonylamino)butyryl, 5-(5-phenylpentyloxycarbonyl-
amino)pentanoyl, 6-(6-phenylhexyloxycarbonylamino)heéanoyl
or 2—(2—methy1-3-pbeﬂylpropoxycarbonylamino)acetyl.

~ The term "a (lower) alkoxycarbonyl(lower)alkyl"
includes alkoxycarbonylalkyl in which alkdxy and alkyl
moieties are a straight chain or branched chain C1—Cg alkoky
and alkyl, respectively, such as methoxycérbonylmethyl,
ethoxycarboﬂylmethyl, 2«ethoxycarbonylethyl, 3-propoxy-
carbonflpropyi, 4-butoxycarbonylbutyl, S-pentyloxycarbonyl-
pentyl, 6-hexyloxycarbonylhexyl, 2-methoxycarbonylethyl, 3--
methoxycarbonflpropyl, ﬁ-ethoxycarbonylpropyl or 4~ethox§—
carbonybutyl. | ' ‘

The tefm "a carboxy(lower)alkyl" includes
carboxyalkyl in which alkyl moiety is a straight chain or
branehed chain Cy-Cg alkyl, such as carboxymethyl,. 2~
carboxyethyl, 3-carboxypropyl, 4-carboxybutyl, S—carSoxy-
pentyl, 6-carboxyhexyl, l-carboxyethyl, 1,l1-dimethyl-2-

-
|
|
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carboxyethyl or 2-methyl-3-carboxypropyl.

The term “an anilinocarbonyl(lower)alkyl"-includes
anilinocarbonylalkyl in which alkyl moiety is a straight
chain or branched chain C;-Cg alkyl, such as anilino-
carbonylmethyl, 2-anilinocaronylethyl, l-anilinocarbonyl-
ethyl, 3-anilinocarbonylpropyl, 4-anilinocarbonylbutyl, S-
anilinocarbonylpentyl, 6—anilinocarbonylhexyl, l1,1-dimethyl-
2—anilinocarbony1ethyl or 2-methy1—3-anilinocarbonylpropyi.

The term “an amino which may be substituted by a
{lower) alkyl, a (iower) alkanoyl, a (lower) alkoxycarbonyl
or a phenyl(lower)alkyl“ includes amino which may be
substltuted by 1 or 2 of a straight chaln or branched chain
C;-Cg alkyl, a straight chain or branched chain C;-Cg¢
alkanoyl, a straight chain or branched chain (C;-Cglalkoxy—
carbonyl or a phenylalkyl in which alkyl moiety is a
straight chain or branched chain Cy-Cg alkyl, such as amino,
methylamino, ethylamino, propylamino, t-butylamino, pentyl-
amino, hexylamino, dimethylamino, diethylamino, di-n-
propylamino, di-n-butyla@ino, dipentylamino, dihexylamino,
N-methyl-N-n-butylamino, N-methyl-N-pentylamino, N-ethyl-N-
hexylamino, acetylamino, formylaéino, propionylamino,
‘butyrylamino, pentanoylamino, hexanoylamino, ﬁ-methyl-N—
acetylamino, N-ethyl-N-propionylamino, N-metbyl-N-butyryl—
amino, N-n-propyl-N-pentanoylamino, N-ethyl-N—hexanoylamino,
methoxycrbonylamino, ethoxycarbonylamino, propoxycarbonyl-

amino, t-butoxycarbonylamino,'pentyloxycarbonylamino,
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hexyloxycarbonylamino, butoxycarbonylamino, N-t-butoxy-
carbonyl-N-methylamino, N-t-butoxycarbonyl-N-ethylamino, N-
t-butoxycarbonyl-R-benzylamino, benzylamino, {2-phenyl-
ethyl)amino, (l-phenylethyl)amino, (3-phenylpropyljamino,
{4-phenylbutyl)amino, (5-phenylpentyl)aminoc or (6-
phenylhexyl)amino.

The term "“a 2(5H)-furanone which may be
substituted by 1 or 2 of halogen atoms" includes 2(S5H)-
furanone which may be substi;uted by 1 or 2 of halogen
atoms, such as 2(5H)—furahon-5-y1, 3,4-dibromo-2(5H)~
furahon—s-yl, 3,4-dichloro-2(5KE)~-furanon~5-yl, 3-ghloro-
2{5H)-furanon-5-yl, 4-fluoro-2{5H)-furanon-5-yl or 3—1030-
2(5B)~furanon-5-yl. | . .

' The term “a sulfo(lower)alkyl" includes sulfoalkyl
in which alkyl moiety is a straight chain or brahched chain
C,~-Cg alkyl, suéh as sulfomethyl, 2-sulfoethyl, l-sulfo-
ethyl, 3-sulfopropyl, 4-sulfobutyl, S5-sulfopentyl, 6—su1§o—
hexyl, 1,l—diﬁethyl-z-sulfpethyl or 2-meth§l—3-suifo§ro§yl.

fhe term “a (lower) alkylsulfonyl which may pe
subétituted-by 1 to 3 of halogen atoms" includes a straight
chain or branched chain Cl;cs alkylsulfonyl which hay be
substituted by 1 to 3 of halogen atoms, such as methyl-
sulfonyl, ethylsulfonyl, isopropflsulfonyl, n-butylsﬁlfonylr
pentylsulfonyl, hexylsulfonyl, trifluoromethylsufoﬁyl, 2~
fluorocethylsulfonyl, 3-fluoropropylsulfonyl, 4,4,4-tri-
fluorobutylsulfonyl, S~chloropentylsulfonyl, 6-bromohexyl-
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sulfonyl, 6-iodohexylsulfonyl, 2,2-difluoroethylsulfonyl or
2,3-dibromopropylsulfonyl.

The term "a (lower) alkoxy" includes a straight
chain or branched chain Cy-Cg alkoxy, such as methoxy,
ethoxy, propoxy, isopropoxy, butoxy, tert-butoxy. pentyloxy
or hexyloxy.

The term "a (lower) alkanoyloxy" includes a
straight chain or branched chain Cy—-Cg alkanoyloxy, such as
acetyloxy,'propionyloxy, butyryloxy, isobutyryloxy, penta-

noyloxy or hexanoyloxy.

The term “"a (lower) alkenyl" includes a straight

" chain or branched chain 02-66 alkenyl, such as vinyl, allyl,

2-butenyl, 3-butenyl, l-methylallyl, 2-pentenyl or 2-
hexenyl.

The term "a (lower) alkynyl" includes a straight
chain or'brénched chain €y-Cq alkynyl, such as ethynyl, 2-
propynyl, 2-butynyl, 3-butynyl, l-methyl-2~-propynyl, 2- |
pentynyl or 2-hexynyl.

The term "a 2-oxo-1,3-dioxolenemethyl which may be
substituéed by phenyl or a (lower) alkyl“ includes 2-oxo-
1,3-§ioxolenemethyl which may be substituted by phenyl or a
straight chain or branched chain C1-Cg alkyl, such as (5-
methyl~2-oxo0-1,3~dioxolen-4-ylimethyl, (S5~tert-butyl-~2-oxo-
1,3=dioxolen-4~yl)methyl, (S5-phenyl~2-oxo-1,3~-dioxolen-4-
vlimethyl, (2—oxo-l,3—dioxolén-4-y1)methyl, {(5-pentyl-2-0x0-~
1,3~dioxolen-4-yl)methyl, (5-hexyl-2-oxo-1,3-dioxolen-4-yl)-

!
|
!
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methyl, (S5-ethyl-2-oxo-1,3-dioxolen-4-yl)methyl or (5-
propyl—z-oxo—l,3-dioxolen—4-yl)methyl.

The term “"a 2-oxo-1l,3-dioxolenemethylamino which
may be substituted by phenyl or a (lower) alkyl" includes 2-
oxo-1,3-dioxolenemethylamino which may be substituted by
phenyl or a straight chain or branched chain Cy-Cg alkyl,

such as (5-methyl-2-oxo-l,3-dioxolen-4-yl)methylamino, (5-
tert—-butyl-2-oxo-1l,3-dioxolen-4-yljmethylamino, (5-phenyl-2-
oxo-l,3—dio¥olen-4—yl)methylamiho, (2-oxo~1,3-dioxolen-4-
yl)methylamino, (5-pentyl-2-oxo-1,3-dioxolen-4-yl)methyl~
amino, (5—-hexyl-2-oxo-l1,3-dioxolen-4-yl)methylamino, (5-
ethyl-2-oxo-1,3-dioxolen-4-ylymethylamino, or (5-propyl-2-
oxo—l,3-dioxolen-4—yl)methylamino.

The term "a cycloalkylamino" includes C3-Cg
cycloalkylamino, suéh as cyclopropylamino, cyclobutylamino,
cyclopentylamino, cyclohexylamino, cycloheptylamino or
cyclooctylamino. . '

The term "a (lower) alkylthio" includes a straight
chain or branched chain Cy-Cg alkylthio, such as methylthio,'
ethylthio, propylthio, isopropylthio, butylthio, tert-
butylthio, penthylthio or hexylthio. _

The term "a phenyl thch may bé substitutea by 1
to 3 of substituents selected from'the group consiéting.of'a
(lower) alkoxy, a halogen atom and hydroxy on phenyl ring"
includes phenyl which may be substituted by 1 to 3 of

substituents,selectea from the group consisting of a
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straight chain or branched chain C,-Cg¢ alkoxy, a halogen
atom and hydroxy on phenyl ring, such as phenyl, 4-methoxy-
phenyl, 3-ethoxyphenyl, 2-propoxyphenyl, 4-n-butoxyphenyl,
3-pentyloxyphenyl, 2-hexyloxyphenyl, 3,4-dimethoxyphenyl,
2,4,6-trimethoxyphen§1, 2-fluorophenyl, 4-fluorophenyl, 3-
chlorophenyl, 4-chlorophenyl, 4-bromophenyl, 2-icdophenyl,
2,4-difluorophenyl, 2,6-difluorophenyl, 3,4-difluorophenyl,
2,5~difluorophenyl, 2,4-dichlorophenyl, 2,6-dibromophenyl,
2,4,6-trifluorophenyl, 3,4,6-trichlorophenyl, 4-fluoro-2-
ﬁethoxyphenyl, 2-fluoro-4-hydroxyphenyl, 2-hydroxyphenyl, 3-
hydroxyphenyl, 4-hydroxyphenyl, 2,3-dihydroxyphenyl, 2,4-di-

hydroxyphenyl or 2,4,6-trihydroxyphenyl.

The term "a {lower) alkyl which may be substituted
by a halogen atom, a (1owér5 alkanoyloxy or hydroxy"
includes, in addition to the above-mentioned (lower) alkyl,
a_straight chain or.branched chain Cy-Cg alkyl which is
to 3 of substituents selected from the
group consisting of a halogen atom, a straight chain or
branched chain C,-Cg alkanoyloxy or hydroxy, such as _
hydroxymethyl, 2-hydroxyethyl, l-ﬁydroxyethyl, 3-hydroxy-
propyl, 4-hydroxybutyl, S-hydroxypentyl, 6-hydroxyhexyl, 3-
chloropropyl, bromomethyl, 2-fluorcethyl, 4-chlorobutyl, 3-
fluoropentyl, difluoromethyl, 2,3-dichloroﬁexy1, 2,2,2~-
trifilvorocethyl, trifluoromethyl, acetyloxymethyl, 2-
propionyloxyethyl, 3-butyryloxypropyl, 4-pentanoyloxybutyl,
5-hexanoyloxypentyl, 6-acetyloxyhexyl, propanoyloxymethyl,
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l-acetyloxyethyl, 2—acetyloxyéthy1 or 2-hexanoyloxyethyl.
The compounds of the present invention of the
above general formula {1] can be prepared by various

processes and preferably prepared, for example, by the

processes as shown in the following reaction schemes.
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(Reaction scheme-I]
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wherein Rl, Rz, R3 R? and X are as defined above, r2' is a
halogen atom or the R? group (R2 is as defined above), RS is
a group of the formula: ~cor10 (wherein r10 jis a (lower)
alkyl) or a éroup of the formula: -coorll (wherein rll is a

(lower) alkyl), R6 is a (lower) alkyl, R? is a group of the

12
///R 2 3

formula: -N\\\ 13 (wherein R12 and R!3 are each a {lower)
R

alkyl) or a (lower) alkoxy, X2 and x3 are each a halogen
atom, r8 and RS are each a {(lower) alkyl.

The halogenation of the compound [2] is carried
out by reacting with a halogenating agent in the presence or
absence of a solvent. The solvent includes aromatic hydro-
carbons such as benzene, toluene and xylene, halogenatéd
"~ hydrocarbons such as dichloromethane, chloroform and carbon
tetrachloride, ethers such as dioxane, tétrahydrofuran and
diethyl ether, dimethylformamide (DMF), dimethyl sulfoxide
(DMSO), and the like. The halogenating agent may be any
conventignal halogenating agents whiéh can convert hydroxy.
in carboxy group into-a halogen atom, and includes, for
example, thionyl chloride, phosphorus oxychloride,
phosphorus oxybromide, phosphorus pentachloride, phosphorus
pentabromiae, and the like. The amounts of the compound (2]
and the halogenﬁting agent are not particularly limited, |
but in case of using no solvent, the halogenating.agent is
usually used in a large excess amount, and in case of using

a solvent, the halogenating agent is usually used in an
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amount of at least 1 mole, preferably 2 to 4 moles, per 1

mole of the compound [2). The reaction temperature and the

reaction period of time are not particularly limited either,
but the reaction is usually carried out at a temperature of
from room temperature to around 100°C for about 30 minutes
to about 6 hours.

The reaction between the compound [3]) and the

compound [4] is carried out in a suitable solvent in the

presence of a basic compound. The solvent used in the

feaction may be any conventional solvents unless they give
any undesirable effect on éhe reacgion, and includes, for
example, water, ethers such as diethyl ether, dioxane,
tetrahydrofuran, monoéiyme and diglyme, alcohols such as
methanol, ethanol and isdpropanol, aromatic hydrocarbons
such. as benzene, toluene and xylene, aliphatic hydrocarbons
such as n-hexane, heptane, cyclohexane and ligroin, amines
such as pyridine and N,N-dimethylaniline, halogenated
ﬁyérocarbons such as chloroform, dichloromethane and éarbon
tetrachloride,xaprotic polar solvents such as DMF, DMSO and
héxamethylphosphoramide (BEMPA), and a mixt&re of these
solvents. The basic compound employed in the reacion
includes indrganic bases such as metallic sodium, metallic
potassium, metallid magnesium, sodium hfdride, sodium amide,
sodium hydroxide, potassium hydroxide, sodium carbonate,
potassium carbornate and sodium hydrogen carbonate, metal

alcoholates such as sodium methylate and sodium ethylate,
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and organic bases such as pyridine, piperidine, guinoline,
triethylamine and N,N-dimethylaniline. The reaction is
usually carried out at a temperature of from around 0°C to
around 150°C, preferably from around 0°C to around 120°C,
for about 0.5 to about 20 hours. The compound (4] is
usually used in an amount of at least 1 mole, preferably 1
to 2 moles, per 1 mole of the compound [3]. The basic
compound is usually used in an amount of at least 1 mole,
preferably 1 to 2 moles, per 1 mole of the compound [3].
The compound [5] wherein R® is the group of the
formula: -CORO is subjected toithe reaction for removal of
the group: -cor10 in a suitable solvent in'the presence of a
basic compound. fhe solvent ﬁsed in the reaction-includes,
for example, ethers such as diethyl ether, dioxane, tetra-
hydrbfuran, monoglyme and diglyme, aromatic hydrocarbons
such as benzene,ltoluene and xylene, aliphatic bydrocarbons
such as n-hexane, hep;ane and cyclohexane, aprétic polarx
solvents such as DMF; DMSO and ﬁMPA, and the'like; The
basic compound includes ammonia.gaé, aguecus ammonia,
ammonium salts such as ammonium chloride, primary or
secondary amines such as ethylamine, diethylamine and
piperidine, and the like. The reaction is'usually carried
out at a temperature of from around 0°C to around 150°C,

preferably from room temperature to around 100°¢, for about
1 to about 20 hours.
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The compound (5] wherein R® is a group of the
formula: -COORY is subjected to the reaction for removal of
the group: -coor!! in an aqueous solution in the presence of

an acid catalyst. The acid catalyst used in the reaction

‘includes mineral acids such as hydrochloric acid and

sulfuric acid, and organic acids such as p-toluenesulfonic
acid. The reaction is usually carried out at a temperature
of from aréund 0°C to around 150°C, preferably from room
temperature to around 100°C, for about 1 to about 20 hours.
The reaction between the obtained R® group-removed
compound and the compound [6] is carried out in a suitable
sélvent. The solvent employed in the reaction may be any
solvents which aré used in the above réaction for the
removal of the R4 group in addition to anhydrous (lower)
alkanoic acid such as acetic énhydride. The reaction is
usually carried out.at a temperature of from around 0°C to
around 200°C, preferably from around 0°C to around 150°C,
for about 0.5 to about 10 hours. The comound [6) is usually
used in an equimolar to large excess amount, preferably in
an equimolar to 2 times molar amount based on the compdund
[517 In case of using a compound [6]) wherein R’ is a
(lower) aikoxy group, the reaction may also be carried ocut
by ﬁsing'acid anhydrides such as acetic anhydride as.a
solvent as well as the above-mentioned solvents at.a
tehperature of from around 0°C to around 200°C, preferably

from around 0°C to around 170°C.
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The reaction between the compound {[7) and the
compound [8) is carried out in a suitable solvent. The
solvent employed in the reaction may be any conventional
solvents unless the& give any undesirable gffect on the
reaction, and includes, for example, alcdﬁéls such aé
methanol, ethanol and propanol, ethers such as diethyl
ether, dioxane, tetrahydrofuran, monoglyme and diglyme,
arcmatic hydrocarbons such as benzene, toluene and xylene,
aliphatic hydrocarbons such as n-hexane, heptane, cyclo-
hexane and ligroin, halogenated hydrocarbons such as
chloroform, methylene chloride and carbon tetrachloride,
aprotic polar solvents such as DMF, DMSO ana HMPA, and' the
like. The :eactién is usually carried.out at a temperature
of from around 0°C to around 150°C, preferably from room
temperature to around 100°C, for about 0.1 to about 15
hours. The compound [8] is usually used in an amount of at
least 1 mole, preferably 1 to 2 moles, per 1 mole of the
compound [7). In the reaction, a basic compound may
optionally be added. Such basic compound may be any basic
compounds which are used in tﬁe abéve reaction between the
compound [3) and the compound ([4].

The cyclization of the compound (9] is carried out
.in a suitable solvent in the presence of a basic compound.
The :solvent eﬁployed in the reactidn may be any conventional
solvents ﬁnless they give any undesirable effect on the

reaction, and includes, for example, ethers such as diethyl
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‘ether, dioxane, tetrahydrofuran, monoglyme and diglyme,

aliphatic hydrocarbons such as n-hexane, heptane and
ligroin, halogenated hydrocarbons such as chloroform,
methylene chloride and carbon tetrachloride, aprotic polar
solvents such as DMF, DMSO and HMPA, and the like. The
basic compound employed in the reaction{fncludes inorganic
bases such as metallic sodium, metallic potassium, sodium
hydride, sodium amide, sodium hydroxide, potassium
hydroxide, sodium carbonate and potassium carbonate, metal
alcoholates such as sodium methylate and sodium ethylate,
organic bases such as 1,8-diazabicyclo[5.4.0]undecene-7
(DBU), N-benzyltrimethylammanium hydroxide and tetrabutyl-
ammonium hydroxide, and the like. The reaction is usually
carried out at a tempefature of from around 0°C to around
260°C, preferably from foom temperature to around 150°C, for
about 0.5 to about 15 hours. The basic compound is usually
used in an amount of .at least 1 mole, preferably 1 to 2
moles, per 1 mole of the compound [9].

The hydrolysis of the coméound [1a] can be carried
out under the conditions of conventional hydrolysis, far
instance, in the presence of a basic compound such as sodium
hydroxide, potassium hydroxide, barium hydroxide or
potassium carbonate, a mineral acid such as sulfuric acxd,
hydrochloric acid or nitric acid, or an organic acid such aa
acetic acid or aromatic sulfonic acids, in a solvent
including water, alcohols such as methanol, ethanol and iso-

propanol, ketones such as acetone and methyl ethyl ketone,




REPLACEMENT SHEET

18 NOV 1996

- 40 -

ethers such as dioxane and ethylene glycol diethyl ether,

acetic acid, or a mixture thereof. The reaction is usually

carried out at a temperature of from room temperature to
around 200°C, preferably from room temperature to around
150°C, for about 0.1 to about 30 hours. By the reaction,
there is produced the compound [la'].

[Reaction Scheme-1I)

coor'? RZE [11)

[1b]

wherein R, RZ, R3, R? and x are as defined above, x¢ is a
halogen atom, and R4 is hyarogen atom or a group of the

formula:
15
—B<::222216 thefein RY5 ana R1§ are each an alkyl).
For conducting the reaction betwegn the compound.
[1b) and the comound [11], both compounds are used in a wide
range of ratio, and the compound [11] is usually used in an
amount of at least l'mole, preferably about 1 to about 5
moles, per 1 mole of thelcompound [1b]. The reaction is
carried out in an innert solvent, which includes, for

example, water, alcchols such as methanol, ethanol,

isopropanol, butanol, amyl alcohol and isoamyl alcohol,
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aromatic hydrocarbons such as benzene, toluene and xylene,
ethers such as tetrahydrofuran, dioxane and diglyme,
dimethylacetamide, DMF, DMSO, HMPA, N-methylpyrrolidone, and
the like and a mixture thereof. Among these solvents, the
preferred one is DMF, DMSO, HMPA, and N-methylpyrrolidone.
The reaction may also be carried out in the presence of an
acid-removing agent, including inorganic carbonates such as’
sodium carbonate, potassium carbonate, sodium hydrogen
carbonate and potassium hydrogen carbonate and organic bases
such as pyridine, quinoline and triethylamine. An alkaline
methal halide such as potassium fluoride may also be added
to the reaction mixture. The reaction is usually carried
out under a pressure of from 1 to 20 atm.(.preferably from 1
- to 10 atm., at a temperature of from room temperature to
around 250°C, preferably from room temperature to around
200°C, for about 10 minutes to about 30 hours.

‘The gompound {1b'] wherein rR1¢ ig a group of the
formula: - o

_~0cor1®
P N oconts

can be_copverted into the corresponding compound [1b']
wherein R14 is hydrogen atom by treating the former compound
with an acid or a base to decompose the chelate compound.
The :acid employed in the reaction includes mineral.acids
such as hydrochloric acid and sulfuric acid, and organic

acids such as acetic acid and p-toluenesulfonic acid. The
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base employed in the reaction includes mineral bases such as
sodium hydroxide, potassium hydroxide, sodium hydrogen
carbonate, potassium hydrogen carbonate and potassium
carbonate, and organic bases such as triethylamine. The
reaction favorably proceeds at a temperature of from around
0°C to around 150°C, preferably from around 0°C to around
l100°C.

The acid or the base may be used in an amount of at
[ ]

least 1 mole, preferably 1 to 10 moles, per 1 mole of the

starting compound.

{Reaction scheme-IIX]

4

R 0]

X coor RI7xS [12]
—
% I pa——

q\ \:F N
3

(CHy)n R i1

{1lc]

wherein X, Rl, R3 and R? are aé defined above, either Z or W
is -CH,- and the other is -NH, n is an integer of 1 to 3,
R17 is a (lower) alkfl; a cycloalkyl; a phenyl(lbwér)alkyl
in which phenyl riné may be suB;titqted by a (lower) alkoxy,
nitro or amino; a phenyl which may be substituted by a
halogen atom or.a (1oéer) alkyl which may be substituted by
1l to 3 of halogen atoms; a pyridyl; a (lower) alkyl having 1
to 3.0f substituents selected from the group consisting of
hydroxy, an amino which may be suﬁstituted by 1 or 2

substituents of a (lower) alkyl, a (lower) alkanoyl, a
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cycloalkyl or a (lower) alkoxycarbonyl, a (lower) alkoxy and
a halogen atom; a (lower) alkanoyl which may be substituted
by 1 to 7 of halogen atoms; a (lower) alkenylcarbonyl having
1l to 3 of substituents selected from the group consisting of
a halogen atom and a carboxy; a (lowér) alkoxycarbonyl; an
aminocarbonyl which may be substituted by a (lower) alkyl; a
phenyl (lower)alkoxycarbonyl; an amino(lower)alkanoyl which
may be substituted by a phenyl(lower)alkoxycarbonyl; a
(lower) alkoxycarbonyl(lower)alkyl; a carboxy(lower)alkyl;
an anilinocarbonyl(lowerjalkyl; a2 (lower) alkylsulfonyl
which may be substituted by 1 to 3 of halogen atoms; a
sulfo(lower)alkyl; a (iower) alkenyl or a (lower) alkynyl,
X% is a halogen aﬁom, and either Z' or W' is -CH,- and the
other is -NR17, .

The reaction between the compound [lc] and the
compound [12] is carried out in a suitable solvent in the
'preseﬁée of a hydrogen halide-removing agent. The solvent
includes water, alcohols such as methanol, ethanol and
isopropagol, ketones such as acetone and methyl ethyl
ketone, ethers such as diethyl ether and dioxane, aromatic
hy@;oc;rbons such as benzene, toluene and xylene, and the
1ikg. The hydrogen halide-removing agent includes inorganic
bases such as sodium hydroxide, potassium hydroxide, sodium
carbonate and potassium carbonate, alkaline metals. such as
sodium and potassium, and organic bases such as pyridine and

piperidine. 1If necessary, copper powders, copper halides
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such as copper ibdide or alkaline metal halides such as
sodium iodide and potassium iodide may also be employed.
The compound [12] is usually used in an equimolar to large
excess amount, preferably 1 to 3 moles, per 1 mole of the
compound [1lc). The reaction is usually carried out at a
temperature of from room temperature to around 150°C,

preferably from around 50°C to around 120°C, for about 1 to

about 12 hours,

(Reaction scheme - IV]

R4 o
X COOH rR18coRYS [13)
I | _ >
AR
(CE,)n - R7. il
[1c]
rRY o
X COOH
'——ll
W ’ Ny |
\ /I El
(CH,)n .
[1le]

wherein Rl, R3, R4, Z, W, n and X are as defined above, R18

and RY? are each hydrogen atom or a lower alkyl, and either

. - ' eon” B
z or W'' is -CHp~ and the other is rN-CH\\\ng'
The reaction between the compound [lc] and the
compound [13] is carried out in the presence or absence of a
solvent in the presence of a reducing agent. The solvent

employed in the reaction includes, for example, water,
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alcohols such as methanol, ethanol and isopropanol, lower
alkanoic acids such as formic acid and acetic acid, ethers
such as dioxane, diethyl ether, diglyme and tetrahydrofuran,
aromatic hydrocarbons such as benzen, xylene and toluene,
and the like. The reducing agent includes formi¢ acigd,
alkaline metal or alkaline earth metal salts of formic acid
such as sodium formate, reducing agents for hydrogenation
such as sodium borohydride, sodium cyanoborﬁhydr;de and
lithium aluminum hydride, catalysts for catalytic reduction
such as palladium black, palladium parbon, platinum oxide,
platinum black and Raney nickel, and the like. 1In case of
using formic acid as the reducing agent, the reaction is
usually carried out at a temperature of from room
temperature to around 200°C, preferably from aroﬁnd 50°C to
around 150°C, for about 1 to about 10 hours. Formic acid is
preferably used in a large excess amount to the compound
{lc). Besides, in case of using a reducing agent for
hydrogenation, the reaction is usually.cérried ocut at a

temprature of from around -30°C to around 100°C, preferably

from around 0°C to around 70°C, for about 30 minutes to

about 12 hours. The reducing agent is dsually vsed in an

amouné of from 1 to 20 moles, éreferably from i to 6 moles,
per 1 mole of the compound flc]. In case of using lithium
aluminum hydride as the reducing agent, a prefeiable solvent
includes ethers such as diethyl ether, dioxane, tetrahydro-
furan and diglyme, aromatic hydrocarbons such as benzene,

toluene and xylene, and the like. 1In case of using a
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catalyst for catalytic reduction, the reaction is usually
carried out under a hydrogen pressure of from ordinary
pressure to 20 atm., preferably from ordinary pressure to 10

atm., at a temperature of from -30°C to 100°C, preferably

from 0°C to 60°C, for 1 to 12 hours. The catalyst is

usually used in an amount of from.0.l to 40% by weight,
preferably from 0.1 to 20% by weight, of the compound
[1c). The compound [13] is usually used in an amount of at
least 1 mole, preferably 1 mole to a large excess amount,

per 1 mole of the compound [lc].
In the reaction scheme-I, the starting compounds
of the formula {2] are novel or known compounds, which can

be prepared, for example, by the process as shown in the

following reaction scheme-V.
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{Reaction scheme-V]
4 4
R R
X x> X x>
Halogenating agent .
”
R2' NH, r2 NH-x6
(14] (14a]
4
r20 x L x5
|
CH,SR?! [15]
: R2' NH, MCN  [17)
cHsrR21
|
r20
4 [16] "
X CN X CN
2| 2l
R NH, s R NH,
cusr?! CH,
120 ézo
[18] - [19)
4
X COOH
r2% x2
) >
: :
220 _ R20
[20) [2a]

wherein X, Rz', R? and x? are as defined above, X° and x6
are each a halogen atom, r20 js hydrogen atom or a (lower)

'alkyl and R?! is a (lower) alkyl, in which R20 ang r21 may

J— o oy
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be taken together to form a 5~ to 7-membered ring, and ¥ is
an alkaline metal such as sodium or potassium, or a metal

such as silver, calcium or copper.

In case that R20 and R2! of the compound {16] are
taken together to form a 5~ to 7-membered ring, R20 of the

compound [20]) is -r20_g21_y,

The compound [16] can be prepared by reacting the
starting aniline derivative of the formula {14) with a
halogenating agent and then reacting the resultant compound

of the formula {14a] with the thio compound of the formula
[15]).

The reaction between the aniline derivagive [14]

and the halogenating agent is usually carried out in a

suitable solvent. The solvent may be any conventional

solvents unless they give any undesirable effect on the-

reaction. Such solvent includes, for example, halogenated

hydrocarbons such as chloroform and dichloromethane, ethers
such as dioxane, diethyl ether and tetrahydrofuran, aromatic
hyd;ocarbons such as benzene, toluene and xylene, lower
alcohols such as methanol, ethanol and isopropanol, polar

solvents such as DMSO, HMPA and acetonitrile, and the

like. The halogenating agent employed in the above readction

may be any conventional halogenating agents and inc;udes:
for example, N-bromosuccinimide, N~chlorosuccinimide, sodium
hypobromite, sodium hypochlorité, bleaching éowder, thionyl
chloride, tert-butyl hypochloride, and the like. The
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halogenating agent is usually used in an amount of at least
1 mole, preferably 1 to 6 moles, per 1 mole of the starting
compound. The reaction is usually carried out at a
temperature of from around -78°C to room temperature,
preferably from around -60°C to around 15°C, and usually
completes in a moment or within a few minutes. .

By the reaction, there is produced the
intermediate of the formula [l4a). While the resultant
compound [1l4a] may be separated from the reaction mixture to
provide it for a subseqﬁent reaction, the reaction mixture
is usually subjected to the reaction with ﬁhe thio compound
of the formula [15] without separating it from the reaction
mixture.

The reaction between the intermediate compound
{14a) and the compound [15] is carried ouf in the same
solvent and at the same temperature as mentioned above in
the. presence of a suitable basic compéund. The preferable
basic compound which can be employed in the reaction
includes inorganic bases such as potassium carbonate, sodium
carbonate, sodium hydroxide, sodium hydrogen carbonate,
sodium amide and sodium hydride, and organic bases including
tertiary amines such as triethyiamine, tfipropy}amine,
pyridine and quinoline. The compound {15] is usually used
in an amount of at least 1 mole, preferably 1 to 1.5 moles,
per 1 mole of the intermediate compound (14al. The reaction

is usually carried out at a temperature of from room
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temperature to around 150°C, preferably from room tempera-
ture to around 100°C, for about 1 to about 50 hours.

The reaction between the compound [16] and the
compound [17) is carried out in a suitable solvent in the
presence or absence of a basic compound. The solvent
employed in the reaction includes water, alcoholé such as
methanol, ethanol and isopropancl, aromatic hydrocarbons
sﬁch as benzene, toluene and xylene, ethers such as dioxane,
tetrahydiofuran and diglyme, polar solvents such as DMF,
DMSO, HMPA and N-methylpyrrolidone, or a mixture thereof.
The basic compound includes, for example, inorganic
carbonates such as sodium carbonate, potassium carbonate,
sodium hydrogen carbonate and potassium hydrogen carbonate,
organic bases such as pyridine, quinoline and triethylamine,
phase transfer catalysté such as phenyltriethylammonium
chloride and tetraﬁethylammonium chloride, and the like.

The compound [17] is usually used in an amount of at least 1
mole, preferably.l-to-z moles, per 1 mole of the coﬁpoﬁnd
[16]. The reaction is usually carried out at a temperéture
of from room temperature to around 2009C, preferably from
room temperature to around 180°C, for about 0.5 to about 10
hours.

The desulfurizatiqn of the compound (18] for
preparing the compound [19]) is usually carried oqﬁ_in 5
soivent in the presence of a suitable catalyst. The

catalyst includes, for example, aluminum-amalgam, lithium-
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(lower) alkylamine, Raney nickel, Raney cobalt, triethyl
phosphite, triphenyl phosphine, and the like, and preferably
Raney nickel. The solvent includes alcohols such as
methanol, ethanol and isopropanol, ethers such as diehtyl
ether, dioxane and tetrahydrofuran, and the like. The
reaction is-usually carried out at a temperature of from
around 0°C to around 200°C, preferably from room temperature
to around 100°C, for about 10 minutes to about 5 hours. The
catalyst is usually used in an amount of from 1 to 10-fold
by weight of the compound {18].

The reaction of converting the éompound [19] into
the compound [20] is carried out by reacting the compound
[19] with a metaliic salt of nitrous acid such as sodium
nitrite or potassium nitrite in a suitable solvent in the
presence of an acid, and then reacting the résultant
product, without separation from the reacéion mixture, with
a metal halide such as potassium iodide, copper (I) chloride
or copper (I) bromide. The acid employed in the reaction
includes mineral acids such as-hydrochloric aéid, sulfuric
acid and hydrobromic acid. The solvent includes water,
alkanoic acids such as acetic acid, aromatic hydrocarbons
such as bénzen, toluene and xylene, alcohols such as
methanol, ehtanol and isopropanol, halogenated hydrocarbons
such. as chloroform, dichloromethane and dichloroethane,
ethers such as dioxane and tetrahydrofuran, aprotic polar

solvents such as DMF, DMSO and HMPA, and a mixture
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thereof. The metallic salt of nitrous acid and the metal
halide each is usually used in an amount of at least 1 mole,
preferably 1 to 1.5 moles, per 1 mole of the compound

(19). The reaction is usually carried out at a temperature

of from around 0°C to around 150°C, preferably from around

0°C to around 100°C, for about 10 minutes to about 5

hours.

The hydrolysis of the compound {20] can be carried.
out in the presence of a suitable hydrolysis cataly;t,
including a mineral alkaline compound, e.g., a hydro-
halogenic acid such as hydrochloric acid or hydrobromic
acid, a mineral acid such as sulfuric acid or.phosphoric
acid, an alkaline'metal hydroxide such as sodium hydroxide,
potassium hydroxide, an alkaline metal carbonate or
hydrogencarbonate such as sodium carbonate, potassium
carbonate or sodium hydrogen carbonate, in the presence or
absence of a suitable solvent, such as, for example, water
or a mixture of water and a lower alcohol such as methanol
or ehtahol. The reaction is usually carried out at a
temperature of from 50°C to 200°C, preferably from 70°C to
180°C, for about 1 to about 10 hours.

In the reaction scheme-II, the compounds of the

14 ocor}>
formula [1b]) wherein R is a group: -B can

“Nocorl6
be prepared, for'example, by the process as shown in the

following reaction scheme-VI.

18 NOV 1996
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[Reaction scheme-VI]

R* o . 15
X CcOOR® ™ OCOR?2
Biocoaéz (21]
| OCOR -
X4 7
|
rR3 gl
[1£)
4
R4 o
X coorl4'
. I
" i
3 Al
[{1lg])

wherein Rl, R3, R4, X, X4, RY5 and RY® are as defined above,
r6' is a (lbwer) élkyl or hydrogen atom, rRM' is a group:
_-Ocor1S

-B and R22 ig a (lower) alkyl.
ocorlé

The reaction between the compoundt[lf] and the
compound [21]) is carried out in a éuitable solvent. The
solvent employed in the reaééion includes, for example, the
solvents employed in the reaction between the RO group-
removed cbmpound and the compound [6] inﬂthe above reaction
scheme-I. The reactién is usually carried out at a
temperature of from room temperature'ﬁo'around 200°C,
preferably from room temperéture to around 150°C, for about
10 minutes to about 5 hours. The compound (21] is usually
used in an amount of at least 1 mole, preferably 1 to 10

moles, per 1 mole of the compound {1£}.
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The compounds [8] employed in the reaction scheme-
I are novel or known compounds, which can be prepared, for

example, by the process as shown in the following reaction

scheme-VII.

frReaction scheme-VII])

(x7)m (x7)m
A WNg (23] >\
el 7”7

CO,H
[22) 2

‘\\\\\\\\ - [24)
j\\\\glifi> [23a]

. (x7)m, (x7)m_
rZ3'om 5
——13§l—> ' 23
NHR NH

[26] [27]

wherein X/ is a halogen-atom, R23 s a phenyl(lower)-

CON,

2

alkoxycarbonylf rR23' is a phenyl(lower)alkyl, m is an
integer of 1 to 3, M' is an alkaline metal such as sbdium or
potassium, and M'' is hydrogen atom or M'.

The reaction between the compound [22] and the
compound [23] can.be cdrried out under reaction conditions
usu&lly employed in -a reaction for forming an amide boﬁd.
For forming an amide bond, known reaction conditions for the
amide bond formation can be employed, for example, (a) a
mixed acid anhydride process: a process wﬁich comprises
reacting the carboxylic acid [22] with an alkyl halo-

carbbxylaté'to give a mixed acid anhydride, which is then

reacted with the azide (23]; (b} an. active ester process: a
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process which comprises converting the carboxylic acid (22)
into an active ester such as p-nitrophenyl ester, N-
hydroxysuccinimide ester or l-hydroxybenzotriazole ester,
and then reacting the resultant ester with the azide [23};
(c) a carbodiimide process: a process which comprises
condensing the carboxylic acid [22] with the azide [23] in
the presence of an activating agent such as dicyclohexyl-
carbodiimide or carbonyldiimidazole; and (d) other
processes: a process which comprises converting the
carboxylic acid [22] into thé carboxylic anhydride using a
dehydration agent such as acetic anhydride, and then
reacting the resuitaht anhydride with the azide (23], a
process which comﬁrises reacting an ester from the
carboxylic acid [22) and anlower alcohol with the azide [23])
under é high pressure at a high temperature, or a process
which comprises reacting an acid halide of the carboxylic
acid [22], i.e. acyl halide with the azide [23]).

-The mixed acid anhydride used in the abové mixed
acid.anhydride process can be obtained by a conventional
Schotten~-Baumann reaction, and the resultant anhydride is
reacted with the azide [23], usully without sepérating it
from the rea&tion mixture,'to prepare the compound [24].
The Schotten-Baumann reaction is carried out in the presence
of a basic compound. The basic compound which can be
employed in the reaction includes those usually employed in

the Schotten-Baumann reaction, for example, organic bases
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such as triethylamine, trimethylamine, pyridine, dimethyl-
aniline, N-methylmorpholine, 1,5-diazabicyclo (4,3,0]
nonene-S (DBN), 1,8-diazabicyclo [5,4,0) undecene-7 (DBU)
and 1l,4-diazabicyclo [2,2,2] octane (bABCO), and inorganic
bases such as potassium carbonate, sodium carbonate,
potassium hydrogen carbonate and sodium hydrogen carbonate.-
The reaction is usually carried out at a temperature of from
around -20°C to around 100°C, preferably from around 0°C to
around 50°C, for 5 minutes to 10 hours, preferably S minutes
to 2 hours. The reaction between the obtained mixed acid
anhydride and the azide [23] is usually carried out at a
temperature of from around -20°C to around 150°C, preferably
from around -0°C té around 50°C, for S.minutes to 10 hours,
preferably for 5 minutes to § hours. The mixed acid
anhydride process is usually carried out in a solvent. The
solvent may be any which is usually employed in the mixed
acid anhydride process, including water, haloéenated
hydrocarbons such as methylene chloride, chloroform and
dichloroethaﬁe, aromatic hydroéarbons such as benzene,
toluene- and xylene, ethers such as diethyl ether, tetra-
hydrofuran and dimethoxyethane, esters such as methyl
acetate and ethyl acetate, ketones such as acetone, aprotic
polar solvents such as DMF, DMSO and HMPA, and a mixture

thereof. The alkyl halocarboxylate used in the mixed acid

anhydride process includes, for example, methyl chloro-

formate, methyl bromoformate, éthyl chloroformate, ethyl
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bromoformate, isobutyl chloroformate, and the like. The
azide [23) is usually used in an amount of at least 1 mole,
preferably 1 to 1.5 moles, per 1 mole of the carboxylic acid
[22].

In case of using the process of reacting an acyl
halide with the azide [23], the reaction is carried out in a
suitable solvent in the presence of a basic compound. The
basic compound used in the reaction may be any known basic
compounds, including, for example, sodium hydroxide,
potassium hydroxide, sodium hydride, potaséium hydride,
silver carbonate, and metal alcoholates such as sodium
methylate and sodium ethylate, in addition to the basic
compound employed in the above Schotten;Baumann reaction.
The solvent used in the reaction includes, for example,
alcohols suéh as methanol, ethanol, propanol, butanocl, 3-
methoxy-l-butanol, ethyl cellosolve and methyl cellosolve,
pyridine, acetone, acetonitrile, the solvents employed in
the above.mixed acid anhydride process, and a mixture ]
thereof. Although the ratio of the azide [23] and an acyl
halide employed is not particularly limited,.the acyl ‘halide
is usually used in an amount of at least.l mole, preferably
1 to 5 moles, per 1 mole of the azidg'[23]f The reaction is
usually carried out at a temperature of from around -30° to
around 180°C, preferably from around 0°C to around 150°C,
for about S minutes to about 30 hours. The compound [24]

thus  prepared may be used in a subsequent reaction without

separating it from the reaction mixture.
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The reaction between the compound [24] and the
compound [25) is usually carried out at a temperature of
from around 0°C to around 150°C, preferably from room
temperature to around 100°C, for 1 to 15 hours, in a
suitable solvent or in the absence a solvent. The compound
[25] ié usually used in an amount of at least 1 mole,
preferably 1 to 2 moles, per 1 mole of the compound [24].

The reaction of converting the compound [(26] into
the compound [25] can be carried out under the same réaction
conditions as used in the reaction for removing a phenyl
(lower) alkyl or a phenyl (lower) alkoxycarbonyl on the
heterocyclic ring attached to the above compound [1].

The reaétion of directly converting the compoﬁnd
{22] into the compound [27] is generally referred to as
Schmidt reaction, and carried out in a suitable solvent in

the presence of an acid. The acid employed in the reaction

includes mineral acids such as sulfuric acid and hydro-
chloric acid, phosphorus compounds such as phosphorus
oxychio;ide} phoSphorus pentachloride, phosphorus tri-
chloride and ph;sphorus pentoxide, thionyl chloride, iron
{IIXI] chloride, aluminum chloride, stannic chloride,
sulfoacetic acid, phosphoric ‘acid, and the like. The
solvent includes éromatic hydrocarbons such as benzene,
toluene and xylene,-halogenated‘hydrocarbons'such.as
chloroform, dichloromethane and carbon tetrachloride, and

the like. fThe teactibn is usually carried out at a
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temperature of from around 0°C to around 150°C, preferably
from around 0°C to around 100°C, for about 0.5 to about 10

hours. The compound [23a] is usually used in an amount of

at least 1 mole, preferably 1 to 2 moles, per 1 mole of the

compound [22]).

[Reaction scheme-VIII]

rRY o r%4 CH, X8
X COOH : [ [ 2
0 0
s l g
Woox N 0
\ /oI (28] S
(CH,)n R >
{1lc]
-r* 0
X COOR
. z.lll '
W"l N
\(cnz)n/' R3 1'11
[1h]

wherein R?? is phenyl, a lower alkyl or hydrogen atom, x8 is
a halogen atom, either Z"' or W"' is -CH,- and the other is

a group: -N-cnz—l-_—_—:rnz“. and R}, R3, R%, 2, W, X and n
o_ .0

hig

(o]

are as defined. above.

The reéction between the compound [lc] and the
com?ound {28] can be carried out under the same reaction
conditions as employed in the reaction between the compound

{1b) and the compound (11] in the above reaction scheme-II.
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Among the compounds [1l), the compound in which the
heterocyclic ring is substituted by (a) a phenyl{lower)alkyl
in which phenyl ring may be substituted by a (lower) alkoxy,
nitro or amino; (b) a (lower) alkanoyl which may be
substituted by 1 to 7 of halogen atoms, a (lower) alkenyl-
carbonyl having 1 to 3 of substituents selected from the
group consisting of a halogen atom and a carbdxy; (c) a
{lower) alkoxycarbonyl; (d) an aminocarbonyl which may be
substituted by a (lower) alkyl; (e) a phenyl(lower)alkoxy-
carbonyl; (f) an amino(lower)alkanoyl which may be
substituted by a phenyl(lower)alkoxycarbonyl; (g) phthalide;
(h) a 2(SH)-furanone which may be substituted by 1 or 2 of
halogen atoms; or.(i) a 2-oxo—-1,3-dioxolenemethyl which may
be substituted by phenyl or a (lower) alkyl can be converted
into the compound [1] in which the heterocyclic ring is not
substituted, for example, using the following methods.

The compound [1] in which the heterocyclic ring is
- substituted by (a) or (e) can be converted into the compound
{1] in which the heterocyclic ring is not substituted, by
treating the former compound in a'suitable solvent such as,
for example, water, a (lower) alcohol such as methanol,
ethanol or isopropancl, an ether such as dioxane or tetra-
hydrofuran, acetic acid, or a mixture thereof, in the
présence of a catalyst for catalytic reduction such as
palladium carﬁon or palladium black, under a hydrocgen

pressure of from 1 to 10 atom., at a temperature of from
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around 0°C to around 100°C, for about 0.5 to about 10 hours,
wherein a mineral acid suéh as hydrochloric acid may be
added to the reaction mixture, or by heating the former
compouqd in an aQueous hydrobromic acid solution, to remove
the phenyl(lower)alkyl such as benzyl or the phenyl(lower)-
alkoxycarbonyl.

The compound [1] in which the heterocyclic ring is
substituted by any of the substituents (b) to (i) can be
converted into the compound [1] in which the heterocyclic
ring is not substituted, by hydrolyzing the‘former compound
under the same reaction conditions as employed in the
hydrolysis of the above coméound [1la]).

The coméound [1] in which thé heterocyclic ring is
substituted by amino can be converted into éhe compound (1]

-in which the heterocyclic ring is substituted by a group:

24 A . ] p ® 9 2 s
R -T===T-CH2NH- by using the same reaction conditions as

O\E/O
employed in the reaction between the compound [lc¢c] and the
compound [28] in the above reaction scheme-VIII. The
compound [l1] in which the heterocyclic ring is substituted

by a group: R24-T===T_CH2NH- can also be converted into the
o o}

compound [1] in which the heterocyclic ring is substituted

by amino, by hydrolyzing the former compound under the same
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reaction conditions as employed in the hydrolysis of the

above compound [la].

[Reaction scheme-IX]

, R4 R4
X NO X NO,
2 NH,RY [8)
\4
L} ]
R? ., NH R . x°
R3 N R
R
[29] [37)
r%60-cH=c(cOOR?%), (30a)
p4 25
X NO, ,COOR2
COOR?%
r2' N-CH
o\ /R?7 31
rR2%cH 0>< R 1 (31]
\g28 -
o] Cyclization
[30b]) 4
R* o
COOR25
v
R4 R2 N
X NO : L
2.9 1 i)
1] R27
R2 , -N-CH Hydrolysis
3 , r28
Rl r¢ o
[32) COOH
Cyclization l
\ N
3|
R [13]

wherein Rl, Rz', R3, R4, X9 and X are as defined above, R3'

is a group:

e e T

s e et 2ream e
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-CHSR?! wherein R20 and R2! are as defined above or R3, and
st, R26, Rz",le8 and R29 are each a (lower) alkyl.

The reaction between the compound (37] and the
compoﬁnd [8] can be carried out under the same reaction
conditions as employed in the reaction between the compound
{1b] and the compound [1l} in the aone reaction scheme-1I.

The reaction between the compound [29) and the
compound [30a] or [30b] is carried out in the presence or
absence of a solvent, preferably in the absence of a
solvent. The solvent used in the reaction includes, for
example, alcohols such as methanol, ethanol and isopropanol,
aromatic hydrocarsons such as benzene and toluene, polar
solvents such as acetonitrile, DMF, DMSO and HMPA, and the
like. The compound [30a] or [30b] is usually used in an
amount of at least 1 mole, preferably 1 to 1.5 moles, per 1
mole of the compound {29]). The reaction is usually carried
out at a température of from room temperature to around
200°C; preferably from around 60°C to-aréund 200°C, for .
about 0.5 to about 25 hours.

The cyclization of the compound [31].or [32] can
be carried out according to various known methods for the
cyclization, including a heating method, a method using an
acidic compound such as phosphorus oxychloride, .phosphorus
pentachloride, phosphorus trichloride, thionyl chloride,

conc. sulfuric acid or polyphosphoric acid, and the like.

'y
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In case of using the heating method, the reaction is usually
carried out in a high b.p. solQent such as a high b.p.
hydrocarbon or a high b.p. ether such as tetralin, diphenyl
ether or diethylene glycol dimethyl ether at a temperature
of from 100°C to 250°C, preferably from 150°C to 200°C. 1In
case of using the method with an acidic compound, the acidic
compound is usually used in an equimolar to a large excess

amount, preferably 10 to 20 moles, per 1 mole of the

compound [31] -or [32). The reaction is usually carried out

in the presence or absence of a suitable solvent at a

temperature of from room ﬁemperature to 150°C for about 0.1

to about 6 hours. The solvent includes acid anhydrides such

as acetic anhydriée in addition to the solvents employed in
the cyclization of the above compound [9].

The hydrolysis of the compound [1i] can be carried
out under the same reaction conditions as employed in the
hydrolysis of the compound [la] in the above reaction
scheme-I.

' r20

] : e 3 . 21

The compound [1j] in which R is a group: -CHSR
can be coverted into the corresponding cempound in-which R3'
is -CHsz0 by treating the former compound under the same
reacgion conditions as employed in the reaciton wherein the

compound [18] is converted into the compound [19] in the

above reaction scheme-V.
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The compound {13j] in which R2' is a 5- to 9-
membered saturated or unsaturated heterbcyclic ring having a
{lower) alkoxycarbonyl on the secondary nitrogen atom can be
converted into the corresponding compound in which,R2l is a
S5- to 9-membered saturated or unsaturated heterocyclic ring
having no substituent on the secondary nitrogen atom by
treating the former compound uﬂder the same reaction
conditions as employed in the hydrolysis of the compound
{la) in the above.reaction scheme-I.

The compound [29] employed as the starting
material in the above reaciton scheme-IX can be prepared,
for example, by the proéesses as sthn in the following

reaction schemes~-X to XIII.




[Reaction scheme-X]

NHR30
CHI 2
r20

[34]

Nitration
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Nitration
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X NO, X NO,
NHZ—RI. (8]
—> g2 %9 > g2 NE-RL
CH, : ?Hz
£20 R20
[37a] [%fa]
R4 - R4
X NO, r20 X NO,
CH,SR?! [15] ~ |
r2' N-x6 _ > g2 A NHRY
rR! fHSRZl
[39%a] R20
(29b]
T Haldgenation
. gr r¢ .
x L_ wo, X NO,
NH,-R' (8]
r2' NER} < g2 x°
(39] ' [38)

wherein Rl, R2', R20, R21, x, x5 and x® are as defined

above, R3O is a (lower) alkanoyl, and x? is a halogen atom.
The desulfurization of the compodnd [16] or [29Db])

can be carried out under the same reaciton conditions as

employed in the desulfurization of the above compound [18].
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The reaction of converting the compound [33] into
the compound [34] is carried out in the presence of a
(lower) alkanoylating agént, which includes a (lower)
alkanoic acid such as formic acid, acetic acid or propionic
acid, a (lower) alkanoic aciq anhydride such as acetic
anhydride,_a {(lower) alkanoic acid halide such as acetyl
chloride or propionyl bromide, or the like. In case of
using an acid anpydride or an.acid halide as the (lower)
alkanoylating agent, a basic compound may also be
employed. The basic compound includes, for example, alkali
metals such as metallic sodium and metallic potassiﬁm;
hydroxides, carbonates or hydrogen carbonates of these
alkali metals; orQanic bases such as pyridine and
piperidine, and the like. The reaction can be carried out
in either the presence or. the aﬁsence of a solvent, usually
in the presence of a suitable solvent. The solvent
includes, for example, ketones such as acetone and meéhyl
ethyl ketone, ethers such as diethyl ether and diokane,
aromatic hydrocarbons such as benzene, toluene and xylene, -
acetic acid, acetic anhydride, water, pyridine, and.the
like. The (lower) alkanoylating agent is used in an amount
of at least 1 mole per 1 mole of the compound [33], usually
in an equimolar to a lafge excess amount. The reaction is
usually carried out at a temperature of from around 0°C to
around 150°C, preferably from around 0°C to around 100°C,

for about 5 minutes to about 15 hours. 1In case of using a
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(lowver) alkanoic acid as the (iower) alkanoylating agent, a
dehydrating agent is preferably employed, which includes
mineral acids such as sulfuric acid and hydrochloric acid,
sulfonic acids such as p-toluenesulfonic acid, benzene-
sulfonic acid and ethanesulfonic acid and the l;ker and the
reaction is preferably carried out at a temperature of from
around 50°C to around 120°C,

The.nitration of the compound [33) or [34] is
carried out by treating the said compound with a nitrating

agent such as fuming nitric acid, concd. nitric acid, a

. mixed acid (e.g. nitric acid plus sulfuric acid, fuming

sulfuric acid, phosphoric acid or acetic anhydride, etc.),
an alkali metal nitrate plus sulfuric écid, an anhydride of
nitric acid and an-organic acid such as aéetyl nitrate or
benzéyl nitrate, nitrogen tetraoxide, nitric acid plus
mercury nitrate, nitrate of acetone cyanohydrin, an alkfl
nitrate plus sulfuric acid or a polyphosphoric acia, without
a solvent or in the presenece of a éolvent such as acetic
acid, acetic aﬁhydridé or sulfuric acid. The nitrating
agent is preferably used in an ahodnt qf 1 to 5 moles per 1
mole of the compound [33) or [34]. The reaction is usually
carried out at a temperagure of from around -10°C to aroundl
70°C for about 10 minutgs to about 24 hours.

The hydrolysis of the'compbund {35] is carried out
under the same reaction conditions as employed in the

hydrolysis of the above compound [la]).
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The reaction between the compound {37a] or ([38]
and the compound [8] can be carried out under the same
reaction conditions as employed in the reaction between the
compound {1b] and the compound [11] in the above reaction
scheme-ITI'. .

The halogenation of the compound {39]) can be
carried out under the same reaction conditions as employed
in the halogenation of the above cdmpound {14].

The reaction of converting the compound [29b] into
the compound [29a] can be carried out under the same
reaction conditions as employed in the above reaction of
converting the compound [18] into the compound (19]}.

The reaction between the compound [39a] and the
compound [15) can be carried out under Fhe same reaction
conditions as emﬁloyed in the reaction between the compound
[14a) and the compound {15]. |

Thé reaction of converting the compound [36] into
the compound [37] can be carried out by converting the
former compound into a diazonium salt thereof using sodium
nitrite and an acid such as sulfuric acid, hydrochloric acid
hydrobromic acid or boron fluoride in a ‘solvent such as a
{lower) glkanoic acid'such as acetic acid or water, and then
reacting the diazonium salt with a coppef powder or a copper
halide such as, for example, cuprous bromide, cuprous
chloride or cupric chloride in the presence of a hydro-

halogenic acid such as, for example, hydrobromic acid or

e —— §
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hydrochloric acid, or reacting with potassium iodide in thé
presence or absence of a copper'powder, preferably with a
copper halide in the presence of a hydrohalogenic acid. The
sodium nitrite is usually used in an amount of 1 to 2 moles,
preferably l-to 1.5 moles, per 1 mole of the.compound [36];
and the copper halide is usually used in an amount of 1 to S
moles, preferably 1 to 4 moles, per 1 mole of the compound
[(36). The reaction is usually carried out at a température
of from around -20°C to around 100°C, preferably from around
=5°C to around 100°C, for about 10 minutes to about $ hours.

The halogen atoms of R2' and %% in the compound
[37a), the compound [la], the compound [la'] and the

compound [45] described below can be converted into each |

other.
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[Reaction scheme~XI]
X NO, X NO
Halogenating
Hydrolysis . agent -
Pl -
r2’ nER30 - r?' NH,
(40) [41)
X NO | X NO
2 2
CH,SR21 [15]
N
>
1} . .
R2 NH-X5 RZ NH,
CHSR2Y
(421 26
ré
X NO, [43]
t O
R2 x°
R20
{371}

wherein R2', r20, Rr21, B30, x, %6 ang % are as defined
above.
' The hydrolysis of the compoﬁnd {40) can be carried
out under the same re#ction conditions aslemployed in the
hYdrolysis of the above compound ([la]. .

The halogenation of the compound 14;] can be
carried out under the same reaction conditions as employed
in the halogenation of the compound t14] in the above

reaction scheme-V,
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The reaction between the compound [42] and the
compound .[15] can be carried out under the same reaction
conditions as employed in the reaction between the compound
{l4a] and the compound [15].

The desulfurization of the compound {43) can be
carried out under the same reaction conditions as employed

in the desulfurization of the compound [18] in the above

reaction scheme-V.

(Reaction scheme-XII]

O,N
Nitration ~.
”~ P
] [}
R2 x° R2 x9
Rr3 R3
(44] [45]
HoN X '
Nitration .
> Pad
r2' x9 R2 x°
r3 R3
[46]
X NO,
21 9 ~ Halogenation
R x P P
R3

(48] _ [4s]
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X NEXS | ,, (15)
CH,SR
N
o2 x2 >
R3
(50]
r20
l
cHsr?! cH,r20
X NH, X NH,
—_— —
R2: x9 R2: x°
R3 R3
[51) {52]
cH,Rr20 H,r20
X X NO,
2" <9 Nitration > p2! O 9
R3 R3
[53] (37b]

wherein Rz', R3, x5, X?, r20 ahd R2! are as defined above.
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[Reaction scheme-XIII)
HoN xBHN
Halogenation >
g2" %9 52" %9
R3 R3
[46] [54].
20 '
420 ;
21
I 21 CHSR
CH,SR?!  [15] HoN
b N
red . r g
1
R2 ‘ %9
R3
(55]
20
CH,R
% 2

53]
wherein Rz', R3,-X5, x9, r20 and r21 are as defined above.
The nitration of each compound (44], (47]) or [53])
can be carried out under the same ;eaction conditions aé
employed in the nitration of the compound [33] of (34].
The reduction of the compound [45] or [48] is
usually carried out by (i) reducing the compound with a
catalyst for catalytic reduction in a suitable solvent, or
by (ii) reducing the compound with a reducing agent such as

a mixture of metal or metal salt with an acid or a mixture
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of metal or metal salt with hydroxide, sulfide or ammonium
salt of alkali metal in a suitable innert solvent. In case
of the process (i) of the catalytic reduction, the solvent
employed in the reaction includes, for example, water,
acetic acid, alcohols such as methanol, ethanol and iso-
propancl, hydrocarbons such as hex&ne and cyclohéxane,
ethers such as diethylene glycol dimethyl ether, dioxane,
tetrahydrofuran and diethyl ether, esters such as ethyl
acetate and methyl acetate, aprotic polar solvent such as

N,N~dimethyl formamide, and the like. The catalyst for

catalytic reduction employed in the reaction includes, for
example, palladium, palladium black, palladium carbon,
platinum, platinum oxide, copper chromite, Raney nickel, and
the like. The catalyst is usually used in an amount of from
0.02 to 1.00 times weight based on the compound (45] or
{48]. The reaction is usually carried out at a temperature
of from around -20°C to around 150°C, preferably from around
0°C to room temperature at a hydrogen pressure of from llto

10 atm. for about 0.5 to about 10 hours. In case of using

the process (ii), the employed reducing agent includes a
mixture of iron, zinc, tin or tin (II) chloride with.a
mineral acid such as hydrochloric acid or sulfuric acid, a
mixtufe of iron, iron (If) sulfate, zinc or tin with alkali
meta; hydroxide such as sodium hydroxide, sulfate such as
amﬁonium sulfate, agueous amminia or ammonium chloride, and

the like. The innert solvent includes, for example, water,
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acetic acid, methanol, ethanol, dioxane and the like, The
reaction conditions of the above reduction may vary
depending on a kind of the reducing agent employed. For
example, thé reaction is advantageously carried out at a
temperature of from around 0°C to room temperature for about
0.5 to about 10 hours when the reducing agent i§ a
combination of tin (II) chloride and hydrochloric acid. The
reducing agent is usually employed in an amount of at least
1 mole, preferably 1 to 5 moles per 1 mole of the starting
compound.

The halogenation of the compound {46) or [49]} and
the subsequent reaction with the compound [15] can be
carried out in thé same reaction conditions as employed in
the halogenation of the above compound {14] and the
subsequent reaction with the compound [151.

The desulfurization of the compound {55] or ({[51]
for .preparing the compound [56) or [52] respecti&ely can be
carried out in tﬁe same reaction,conditions as empldyed in
the desulfufization of the above compound [18].

The reaction of converting the compound (46] or
[56) into the compound [47) or [53] respectively is carried
out by reacting the starting compound with nitrite of metal
such as sodium nitrite -or potassium nitrite in a solvent
such“as water in the presence of an acid to give a diazonium
salt, which is then heated at from around 150°C to around

200°C, or heated at from room temperature to around 150°C in
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the presence of copper {1) bromide - hydrobromic acig,
copper (I) chloride - hydrobhloric acid, hydrobromic acid,
potassium iodide, or an acid such as hydrochloric acid plus
copper powder. The acid employed in the reaction includes,
for example, hydrochloric acid, hydrobromic acid, sulfuric
acid, tetrafluoroboric acid, hexafluorophosphorié acid, and
the like. The acid and the nitrate of metal_are usually
used in an amount of from 1 to 5 moles, preferably from 1 to
3 moles, and of at least 1 mole, preferably from 1 to 1.5,
moles, respectively, per 1 mole of the compound [46] or
[56]. The amount of the acid employed in heating the
obtained diazonium salt is usually at least l-moles,
preferébly from 1 to 1.5 moles per 1 mole of the compound
[56].

The deamination of the compound [52] to prepare
the compound {53] is carried out by, for example, reacting
the compound ([52] with t-butyl nitrite in fhe presence of a
suitable solvent. The solvent empioyed in the reaction
includes, for example, dimethyl formamide, dimethyl
sulfoxide, hexamethylphosphoric acid triamide, and the
like. The t-butyl nitrite is usually used in an amount of
a£ least 1 mole, preférably from 1 ;o 2 moles per 1 mole of

the compound [52]. The reaction is usually carried out at a

temperature of from room temperature to around 150°C,

preferably from room temperature to around 100°C for about
0.1 to 5 hours.
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R2. x5 R2: x>
:I::::[:; Halogenation,
X NH, 4@ . NH-x®
[57) [57a)
R20 R2\_~ %5
! 21 (15] I}
CH,SR
N X H
> THSR2§ 2
,////// r20
e .
é(/’ (58]
X NH, X ~ex
?HZ 5 ?Hz
r20 r20
[59] fe0]
RA. x5
s X7 COOH
”. CH,
|
r20
{2b])

vherein Rz', %, x5, x6, R20 ang R?! are és.defined above.
The reaction between the compound [57] and the
halogenating agent and the subsequent reaction with the
compound [15) are carried out under the same reaction
conditions as employed in the reaction between the above

compound {14) and the halogenating agent and the subsequent

reaction with the compound [15].
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The desulfurization of the compound (58] to
prepare the compound ([59) is carried out under the same
reaction conditions as employed in.the desulfurization of
the compound [18].

The reaction of converting the compound [59] into
the compound [60] is carried out by treating the former
compound under the same reacion conditions as employed in
the reaction of converting the compound [46] or [56] into
the diazonium salt to prepare diazoniﬁm éalt, which is then
reacted with MCN, wherein M is as defined above, in the
presence of a copper compound such as copper powder or
copper sulfate. The reaction is usually carried out at a
temperature of from around 0°C to around 100°C, preferably
from around 0°C to around 70°C for about 0.5 to about 5
hours. The MCN is usually used in an amount of at least 1

mole, preferably 1 to 10 moles per 1 mole of the compound
[59].

The hydrolysis of the cémpound [60] can be carried

out under the same reaction conditions as employed in the

hydrolysis of the above compound [20].

R |
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{Reaction scheme-XV]}

9 > 2 9
R X R X
R3 R3
[49) Nitration [61}
' NO
% 2
Nitration .
———>p2
R3
{62) {63]
NO H
X 2 X N2
—> 2! 9 —> g2 9
3 I3
(64] [65]
¥10 : 10
X X NO,
— 2 9 N1trat;on4€> 2" 9
g3 | 3
(661 - (37¢1

wherein Rzi, R3, X, x9, and R3° are as defined above and xlo

is a halogen atom.

The reaction of converting the compound [49] into
the compound [61] can be carried out under the same reaction
conditions as employed in the above reaction of converting

the compound {33) into the compound [34].
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The nitration of the compound (49}, [61]) or [66)]
can be carried out under the same reaction conditions as
employed in the above nitration of the compoud {33] or [34)].

The hydrolysis of the compound [62] can be carried
out under the same reaction conditions as employed in the
above hydrolysis of the compound [la].

The deamination of the compound [63] to prepare
the compound [64) can be carried out under the same reaction
conditions as employed in the above deamination of the
compound [S52].

The reduction of the compound (64) can be carried
out in the same reacion conditions as'employed in the above
reduction of the compound [45] or ([48].

The reaction of converting ﬁhe compound [65] into

the compound [66] can be carried out in the same manner as

-in the above reaction of converting the compound [46] or

[56] into the compound [47] or [53].

The compounds (3], (5], (7], [9]), [1a], [1a'l,
[1b'], [29], [31) and [32], wherein R? is a saturated or
unsaturated 5- to 9-membered heterocyclic Eing having a
substituent of oxo, can be reduced to the corresponding
compounds, wherein R?2 is a saturated or unsaturated 5- to -
membered heterocyclic ring having a substituent of
hydroxy. The reduction can be carried out with a hydrogen-

ating_:educing agent fn the presence of a suitable

solvent. The reducing agent includes, for example, sodium
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borohydride, lithium aluminum hydride, diborane and the
like. The reducing agent is usually used in an amount of at
least 1 mole, preferably 1 to 5 moles per 1 mole of the
starting material to be reduced. The solvent includes, for
example, water, a (lower) alcohol such as methanol, ethanol
or isopropanol, an ether such as tetrahydrofuran} diethyl
ether or diglyme, and the like. The reaction is usually
carried out at a temperature of from around -60°C to 50°C,
preferably from around -30°C to room temperature for about
10 minutes to about 5 hours. 1In case of using lithium
aluminum hydride or diborane as the reducing agent, non-
aqueous solvent is preferably employed such as diethfl
ether, tetrahydrofuran or diglyme.

In case of using sodium borohydride as the
reduecing agent, an inorganic base such as sodium hydroxide
can also be addea to the reaction system.

The compounds wherein R%? is a saturated or
unsaturated 5- té 9—-membered hetefocyclic ring having a

substituent selected from the group consisiting of a (lower)

.alkyl having at least 1 of a (lower) alkanoylamino and a

(lower) alkoxycarbonylamino, a (lower) alkanoylamind and a
(lower) élkoxycarbonylamino can be hydrolized into the
corresponding compounds wherein R2 is a saturated or
unsa;urated 5~ to 9-membered heterocyclic ring having a
suﬁsitituent selected from the group consisting of a (lower)

alkyl having at least one amino and amino. The hydrolysis
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can be carried out under the same reaction conditions as
employed in the hydrolysis of the compound [la) in the above
reaction scheme-I.

The compounds wherein R2 is a saturated or
unsaturated 5- to 9-membered heterocyclic ring having at
least one -NH~ in the ring can be converted into.the |
compounds wherein R2 is a saturated or unsaturated 5- to 9-
membered heterocyclic ring substituted by at leasp one
(lower) alkanoyl, by reacting the former compounds under the
same reaction conditions as employed in the reaction of
converting the compound [33] into the compound [34] in the
above reaction scheme-X.

.The compounds [3], [5], [7], (9]}, [1a], [1la']}],
[1b], [1b'], [29], [31}) and [32] wherein R! is a phenyl
having at least one (lower) alkoxy on the phenyl ring can be
converted into the corresponding compounds wherein Rl is a
phenyl having at least one hydroxy on the phenyl ring, by
heating'the former compounds in an aqueous hydrobromic aciﬁ
solution. :

The c&ﬁpound (1] wherein R3 and/or R4 {s a:halogen
atom can be converted 'into the corresponding c¢ompound [1]
wherein R3 and/or R is hydréxy, by treating the former
compound in water and a basic compound such as sodium
hydroxide, potassium hydroxide or barium hydroxide at from
roocm temperature to around 200°C, preferably from room

temperature to around 150°C for about 1 to 15 hours.
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[Reaction scheme-XVI]
6 y O
COOR®2 X A e
Hydrolysis b)) |
< > R NS .
R3 I 1 < R3 | J
R1a \\\\\ R
[1k) ‘\\\\. [lgj
Halogenation “w\:k i
coorb2
~,
I
3]
RS lig
[1m] | g

: 2! 3 4 fna 6a ;
wherein R“ , RY, R® and ¥ are as defined above, and R is

-hydrogen atom or a (lower) alkyl, R is a (lower) alkyl

having 1 to 3 of hydroxy, RlP jg a (lower) alkyl having 1 to
3 of a (lower) alkanoyloxy, RC is a (1owéf) alkyl having 1
to 3 of hélogen atoms and R1Q is a (lower) alkenyl.

The reéétion of converting the compouqd {1k] into
the'qompound [lzj can be carried out.under the same reaction
conditions as employed in.the-above reaction of converting
the compound [33) into the compound [34].

The hydrolysis of the compound [12]) can be
carried out undef the same reaction conditions as employed
in the aboﬁe hydrolysis of the compound [la];

"The halogenation of the compound [1lk]) can be
carried out under the same reaction conditions as employed

in the above halogenation of the compound [2].

REPLAQEMENFWﬁ3ﬁ_
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The reaction of converting the compound [1k] into
the compound [1ln) is carried out in a suitable solvent or
without a solvent in the presence of a hydrohalogenic acid
such as hydochloric acid or hydrobromic acid, an inorganic
acid such as sulfuric acid, boric acid or potassium
hydrogensulfate, or an organic acid such as oxalic acid.

The solvent employed in the reaction includes, for example,
water, an ether such as dioxane, tetrahydrofuran or diethyl
ether, a halogenated hydrocarbon such as dichloromethane,
chloroform or carbon tetrachloride, an aromatic hydrocarbon
such as benzene, toluene or xylene, or a mixture thereof.
The reaction is usually carried out at a temperature of from
around 50°C to around 350°C, preferably from around 80°C to
around 300°C for about 10 minutes to about 10 hours.

The reaction of convertiné the compound [12] into
the compound [1ln) is carried out in a suitable solvent or
without a solvent. The solvent employed in thé reaction may
be any which is exemplified in the above reaction of
converting the compound {lk] into the compound [1n]). The
reaction is usually carried out at a temperature of from
room temperature to around 150°C, preferably from room
temperaﬁure to around 100°C for about 10 minutes to'about 10
hours. The reaction may also be conducted in the presence
of an inorganic base such as sodium carbonate, potassium
carbonate, sodium hydrogen carbonate, potassium hydrogen

carbonate, sodium hydroxide, potassium hydroxide, lithium

REPLACERERT “.0.
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salt such as lithium chloride or lithium carbonate, or an
organic base such as DBU, pyridine, triethanol amine or
triethyl amine.

The reaction of converting the compound [1lm] into
the compound [ln] is carried out in a suitable solvent in
the presence of a basic compound. The solvent énd the basic
compound employed in the reaction may be any which is
exemplified in the above reaction of converting the compound
[12) into the compound [1n]. The reaction is usually
carried out at a temperature of from room temperature to
around 200°C, preferably from room temperature to around

150°C for about 1 to about 10 hours.

The compounds [1k], [12], [lm] and [1n] wherein

. R62 is a (lower) alkyl can be converted into the

corresponding compoundé wherein r62 ig hydrogen atom, by
hydro;yzing the former compounds under the same reaction
conditions as employed in the above hydrolysis of the
compound [la]. |

In the hydrolysis of the compound {1%) wherein ré2
is a (16wer) alkyl, r62 ig also hydolyzed in séme cases to
give the compound [12] wherein ré2 ig hydrogen atbm, which
can easily be separated from the reaction mixture.

In the halogeanation of the compound (1k) wherein
Rséﬂis hydrogen atom, the carboxy 1ﬁ the compound is also
hﬁlogenated in some cases but this one can be easily

separated from the reaction mixture.

v e v p——————.)
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[Reaction scheme-%XVII]
r32 : r32
O,N COOH 0, coor33
Esterification .
7~
(671 [68]
r32 32
3 ' 33
H,N coor? H, N COOR
Redu- Halogenation
ction 2 >
X x3
[69] . (701}
32 r32
x4 COOR33 x4 COOH
—> - >
X x3 x2 x3
[71] | [2¢c]

Wherein X2, %3 and x? are as defined above, R32 and R33 each
are a (lower) alkyl. . |
The esterification of the.compound [67) is carried
oug in a (lower) alcobol such as methanol, ethanol or .
isopropanol in the presence of a halogenating agent such as
an acid such as hydrochloric acid or'sulﬁuric acid, thiogyl
chloride, phosphorus oxychloride, phosphorus pentachloride
or phosphorus trichloride. The reaction is usually carried
out at a temperature of from around 0°C to 150°C, preferably
from around 50°C to around 100°C fof about 1 to 10 hours.
The reduction of the compéund {68] can be ‘carried
out under the same reaction conditions as employed..in the

above reduction of the compound [45] or [48].
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The halogenation of the compound {69]) is carried
out in a suitable solvent in the presence of a halogenating
agent. The halogenating agent employed in the reaction
includes a halogen such as bromine or chlorine, iodine
chloride, sulufuryl chloride, N-halogenosuccinimide such as

N-bromosuccinimide or N-chlorosuccinimide. The halogenating

agent is usually used in an amount of from 1 to 10 moles,
preferably from 1 to 5 moles per 1 mole of the compound
{69). <The solvent includes a halogenated hydrocarbon such
as dichloromethane, dichloreethane, chloroform or carbon
tetrachloride, a {(lower) alkanoic acid such as acetic acid
or propionic acid, water and the like. Tﬁe reaction is
usually carried out at a temperature of from around 0°C to
around the boiling point pf the solvent, preferably from
around 0°C to around 40°C for about 0.1 to about 10 hours.

The reaction of converting the compound [70] into
the compound [71) can be éarried out under the same reaction
conditions as employed_in the aﬁove reaction of converting
the compound [46] or {56) into the compoud [47] or [53].

The hydrolysis of.the compound [71] can be carried
out under the same reaction conditions as employed in the
above hydrolysis of the compound [la]).

The coMﬁounds {1a] in the reaction scheme~I and
the compounds [1b] and [1b'] in the reaction scheme~II are

useful not only as an intermediate for preparing the

compound [1] of the present invention with antimicrobial
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activities, but also as an antimicrobial agent because they
also have antimicrobial activities.

The compound [1]) of the present invention can
easily be converted into a salt thereof by treaing with a
pharmaceutically acceptable acid or base. The acid includes
inorganic acids such as hydrochloric acid, sulfﬁric Acid,
phosphoric acid and hydrobromic acid and organic acids such
as oxalic acid, maleic acid, fumaric acid, malic acid,
tartaric acid, citric acid, benzoic acid, lactic acid,
methanesulfonic acid and propionic acid. The base includes
sodium hydroxide, potassium hydroxide, calcium hydroxide,
sodium carbonate, potassium hydrogen carbonate, and the
like.

The compound thus obtained can easily be isolated
and pﬁrified by conventional methods, such as, for example,
extraction with solvents; dilution method, recrystal-
lization, column chromatography and preparative thin layer
chromatography.

The compound .{l] of the present invention or salts
thereof show an excellent antimicrobial activity against

mycoplasma, Pseudomonas aeruginosa, anaerobic bacteria,

resistant cells against various antimicrobials, clinically
isolated bacteria, and gram negative and gram positive

bacgeria such as Enterococcus faecalis and Staphylococcus'

pyogenes and hence are useful as an antimicrobial agent for

the treatment of diseases induced by these microorganisms.
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These compounds also show low toxicity and less side effect
and are characteristic in good absorbability and in
sustained activity. Moreover, the compbunds are highly
excreted via urine and hence are useful for the treatment of
urinary infectious diseases, and further because of easy

excretion via bile, they are also useful for the treatment

of intestinal infectious diseases.

Aamong the compounds [1] of the present invention,
the preferable ones are the compounds wherein Rl is
unsubstituted cyclopropyl, X is chlorine or fluorine atom,
most preferably f£luorine atom, rR? is a (lower) alk&l such
as, preferably methyl or.ethyl, most preferab}y methyl, and
R3 is hydrogen atom, a (lower) alkyl or a halogen atom, most
preferably hydrogen atom, with.a_(lower)-alkyl being
preferably methyl or ethyl, most preferably methyl, and a
hélogen atom being preferably chlorine atom or fluorine

atom, most preferably fluorine atom.

The absorbability of the compounds of the present
invention in the living body can be increased by converting
them into the corresponding salt such as, for example,
lactate or hydrochloride. '

The compounds of the present invention are usually
used in the form of a usualhpharmaceutical preparation. The
phaggaceutical preéaration can bhe brepared in admixture with
conventional pharmaceutically acceptable diluents or

carriers, such as fillers, bulking agents, binding agents,
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wetting agents, disintegrators, surfactants and-lubricating
agents. The pharmaceutical preparation includes various
preparations suitable for treatment of the diseases, for
example, tablets, pills, powders, solutions, suspensions,
emulsions, granules, capsules, suppositories, injections

such as solutions and suspensions, and the like. 1In the

preparatioﬁ of tablets, there may be used any conventional

carriers, for example, excepients such as lactose, white
sugar, sodium chloride, glucose, urea, starches, calcium
carbonate, kaolin, crystalline cellulose and silicate,
binding agents such as water, ethanol, propanol, simple
syrup, glucose solution, starch solution, gelatin solution,
carboxymethyl celiulose, shellac, methyl cellulose,
potassium phosphate and polyvinylpyrrolidone, disintegrators
such as dry starch, sodium alginate, agar powder, laminaran
powder, sodium hydrogen carbonate, calcium carbonate, |
polyoxyethylene sorbitan fatty acid esters, sodium
laurylsulféte, stearic monoglyceride, starches and lactose,
disintegration inhibitors such as white sugar, stearin,
cacao butter and hydrogenéted oils, absorption promoters
such as quaternary ammonium salts and sodium 1aurylsu1fa€e,
wetting agents such as-glycerin and starches, adsorbents
such as starches, lactose, kaolin, bentonite and colloidal
si;icates, rublicants such as purified talc, stearates,
boric acid powder and polyethylene glycol, and the like.

The tablets may also be coated with conventional coating

18 MOV DS
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agents, for example, may be in the form of a sugar coated
tablet, a gelatin~coated tablets, an enteric coating tablet,
a f£ilm coating tablet, or a double or multiple layers
tablet. 1In the preparation of pills, there may be used
conventional carries, including excipients such as glucose,
lactose, starches, cacaoc butter, hydrogenated veéetable
oils, kaolin and talec, binding agents such as gum arabic
powder, tragacanth powder, gelatin énd ethanol,
disintegrators éuch as laminaran and agar, and the like.- 1In
the preparation of suppositories, there may be used
conventional carriers, such as; for example, polyethylene
glycol, cacao butter, higher alcohols, hiéher alcohél
esters, gelatin and semi-synthetized glycerides. 1In the
preparation of injections, the solutions, emulsions or
suspensions of the compounds-are sterilized and are
preferably made isotonic with the body liquid. These
solutions, emulsions and.suspensions are prepared by .
admixing the active compound.wiéh a conventional diluent,
suchlas waéer, agueous lactic acid solution, ethyl alcohol,
propylene glycol, ethoxylated isostearyl alcbhol,
polyoxylated isosteéryl alcohol -or polyoxyethylene sorbitan
fatty acid esters. The preparations may also be
incorporated with sodiuﬁ chloride, giucose or glycerin in an
amount sufficient to make tﬁem isotonic with the body
liquid. The preparations may also be incorported with

conventional solubilizers, buffering agents, anesthetizing
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agents, and further, with coloring agents, preservatives,
perfumes, flavors, sweetening agents, and other
'medicaments. The preparations in the form of a paste, cream
or gel may be prepared by using as a diluent white vaseline,
paraffin, glycerin, cellulose derivatives, polyethylene
glycol, silicone, bentonite, or the like. When the compound
of the active ingredient precipitates in the injection, an
acid such as, for example, methanesulfonic acid, propionic
acid, hydrochloric acid, succinic acid or lactic acid may be
added to the injection as required to preserve the injection
in a stable solution.

The ﬁharmaceutical preparétion of the present
invention may also be in the form of an infusable or
injectable solution containing the above compound [1] or a
salt thereof such as lactate and an acid not producing a
precipitate.. The acid not producing a precipitate includes,
for example, lactic acid, methanesulfonic acid, propionic
aéid, hydrochloric acid, succinic acid, and the like,
preferably lactic acid. 1In case of using lactic acid, the
acid is'usually used in an amount of from around 0.1 to
around 10% by weight, preferably from arond 0.5 to around 2%
by weight, based on fhe weight of the above infusable or
injectable solution. 1In case of using an acid other than
lactic acid, the acid is usually used in an amount of from
arouhd 0.05 to around 4% by weight, preferably from around

0.3 to around 2% by weight, based on the weight of the above

REPLAGEMENT SHEEY
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solution. The above infusable or injectable solution may
optionally be added with conventicnal additives, which
includes, for example, a thickener, an absorption promoter
or inhibitor, a crystallization inhibitor, a complex-forming
agent, an antioxidant, an isotonicity-giving agent, or a
hydrating agent, and the like. The pH of the solution can
properly be adjusted by adding an alkali such as sodium
hydroxide, and is usually adjusted within the range of from
2.5 to 7. The infusable of injectable solution thus

prepared has an excellent stability, and can be stored and

preserved for a long time with retaining the solution state.

The active compounds [l] or salts thereof may be

contained in any amount in the preparations, and are usually
contained in an amount of from 1 to 70 % by weight based on

the whole weight of the preparations.

The pharmaceutical preparations of the present
invention can be administered in any methods. Suitable
method for administration may be selected in accordance with

the preparation form, age and sex of patients, severity of

the diseases, and the like. For instance, tablets, pills,

solutions, suspensions, emulsions, granules and capsules are

administered in oral route. In case of injection, it is

administered intravenously in a single form or together with

an auxiliary liquid such as glucose or amino acid

solution. The injections may also be administered in

intramuscular, intracutaneous, subcutaneous, or intra-
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peritoneal route. Suppositories are administered in intra-
rectal route.

The dosage of the pharmaceutical preparations of
the present invention may vary according to administration
methods, age and sex of patients, severity of the diseases,
and the like, usually in the range of about 0.2 Lo about 100
mg of the active compound (1] or a salt thereof per 1 kg
body weight of the patient per day. The preparation is
usually administered by dividing into 2 to 4 times per day.

The present invention is illustrated by the
following Reference Examples, Examples, Experiments and
Preparations. It is to be understood that the present
invention is not limited to these Examples or Experiments
and various changes and modifications can be made without
departing from the scope and spirit of the present
invention.

Reference Example 1

To 2,6-dichlorotoluene (200 g) is added dfopwise
fuming nitric acid (d=1.52, 206 ml) at 25° to 30°C. After
stirring for 30 minutes at room temperature, the mikture is
poured into ice-water, extracted with diethyl ether,'and the
extract is washéd with an aqueous sodium hydrogen carbonate
solution and then dried. The solvent is distilled off under

reduced pressure to give 2,6-dichloro-3-nitrotoluene as

yellow crystals (253.2 g).
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lu-NMR (CDCly) éppm: 2.57 (3H, s), 7.42 (1H, 4,
J=7 Hz), 7.58 (1H, d, J=7 Hz)

Reference Example 2

A mixture of 2,6-dichloro-3-nitrotoluene (253.2
g), anhydrous dimethyl sulfoxide (1.2 &), Kurocat F (KF)

(357 g) and l8-crown-6 (2.5 g) is stirred at 160°C for 6

hours. After cooling, the mixture is poured into ice-water,

extracted with diethyl ether, and the extract is washed with

water and dried. The solvent is distilled off under reduced

pressure and the residue is distilled under reduced pressure
to give 2,6-difluoro-3-nitrotoluene (96.1 g), boiling point:
110-112°C/18 mmHg. .

lg-NMR (CDCls) sppm: 2.30 (3H, t, J=2 Hz), 7.01
(1H, 4dd, J=1.8 Hz, 7.7 Hz, 9.5 Hz), 7.97 (lH, dt, J=5.8 Hz,
8.7 Hz) .

Reference Exanple 3

To acetic acid (1.2 &) are added 5 % PA-C (24 q)

and 2, 6-d1fluoro-3—nltrotoluene (238.7 g) and the mixture is

subjected to catalytic reduction.at ‘room temperagure under

4.5 atoms. The 5 ¢ PA~C is filtered off and the acetic acid

is ‘'distilled off under reduced pressure. The residue is

poured into ice-water, neutralized, extracted with
dichloromethane, and the extract is washed with water and
drig?. The solvent is distilled off under reduced pressure
and the residue is distilled under reduced pressure Eo'give
2,4-difluoro-3-methylaniline (138 g), colorless oils, b.p.:
75°C/11 mmHg. - '
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'H-NMR (CDCl3) sppm: 2.17 (3H, t, J=2 Hz), 3.3-
3.7(2H, brs), 6.4-6.7 (2H, m)

Reference Example 4

To 2,4-difluoro-3-methylaniline (20 g) are added
42 % tetrafluoroboric acid (56 ml) and water (28 ml) under
ice cooling and thereto a solution of sodium nitrite (10 g)
in water (20 ml) is added dropwise at below 10°C. After
dropwise addition, the mixture is stirred at 0°C for 15
minutes and the formed crystals are filtered, which is
washed with a mixture of ethanol - diethyl ether (1:2), then
with diethyl ether, followed by drying under reduced
pressure to give 2,4-difluoro—3-methylbeﬁzene diazonium
tetrafluoroborate (28.95 g), m.p. 114-115°C.

Reference Example 5

2,4-Diflué:o-B-methylbénzene diazonium tetra-
fluoroborate (28.95 g) is heated at 180°C, whereby the
decomposition starts. The inner temperature is raised to
200°C. The product is taken out of the reaction systeﬁ.
After the reaction is completed, distillates (7.05 g) are
obtained, which is distilled under normal pressure to give
2,3,6-trifluorotoluene (7.02 g), as colorless oil, b.p.

92°C.

lg-NMR (CDCl;) sppm: 2.22 (3H, t, J=1.8 Hz), 6.7-
7.1 (2H, m)
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Reference Example 6

To 2,3,6-trifluorotoluene (55 g) is added conc.
sulfuric acid (366 ml) and the mixture is cooled to 0°C.
Thereto a solution of potassium nitrate (44 g) in conc.

sulfuric acid (120 ml) is added dropwise at below 1l0°C and

then the mixture is stirred for 15 minutes. The mixture is

poured into ice-water, extracted with diethyl ether, and the

extract is washed with water and dried. The solvent is

distilled off to give 2,3,6-trifluoro-S-nitrotoluene (68.25

g), as yellow oil.

lg-NMR (CDC1;) sppm: 2.36 (3H, t, J=2 Hz), 7.83
(1H, g-like, J=8.2 Hz)

Reference Example 7

To acetic acid (350 ml) are added 5 % Pd-C (3.5 g)
and 2,3,G-trifiuorOfS-nitrotoluene.(35 g) and the mixture is
subjécted to catalytic reduction at room temperature under
atomospheriq pressure. 5 % Pd-C is filtered off and the.
acetic acid is distilled off under reducéd pressure. The
residue is poured into ice-water, neutralized, extracted
with dichloromethane, and the extract is washed with water
and dried. The solvent is distilled off under reduced
pressure and the obtained residue is distilled under reduced
pressure to give 2,4,5-trifluoro-~3-methylaniline (22.86 g).

as yellow crystals, b.p. 85°C/20 mmHg.

1p-NMR (CDC1;) sppm: 2.19 (3H, t, J=2 Hz), 3.3-3.7
(2H, brs), 6.42 (1H, dt, J=8 Hz, 11 Hz)
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Reference Example 8

To anhydrous dichloromethane (170 ml) are added
2,4,5-trifluoro-3-methylaniline (16.89 g) and dimethyl
sulfide (11 ml). Thereto N-chlorosuccinimide (17.2 g) is
added gradually below 5°C., After stirring for 30 minutes,
triethylamine (21 ml) is added dropwise and the ﬁixture is
refluxed over night. After the mixture is cooled and made
alkaline with 5 % aqueous sodium hydroxide solution, the
resultant is extracted with dichloromethane, and the extract
is washed with water and dried. The solvent is distilled
off under reduced pressure and the residue is purified by
silica—-gel column—éhromatography (dichloromethane : n-hexane
=1 : 1) to give 2,4,5-trifluoro-3-methyl-6-
methylthiomethylaniline (8.3 g).

1H-NMR (CDCl3) &pme 2.02 (3H, s), 2.20 (3H, t,
J=2 Hz), 3.79 (2H, d,‘J=1.9 Hz), 3.9-4.1 (2H, brs)

Reference Example 9 .

To 2,4,5-trifluoro-3-methyl-6-methylthiomethyl-
aniline (10.67 g) are added ethanol {300.ml) and Raney -
nickel (100 g, wet) and the mixture is stirred at room
temperature for 30 minutes. After Raney nickel is filtered
off, the filtrate is concentrated, diluted with water,
extracted with dichloromethane, and the extract is washed
withﬁwater and dried. The solvent is distilled off under

L4

reduced pressure and the residue is purified by silica-gel

column-chromatography (dichloromethane : n-hexane = 1 : 1)
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to give 2,4,5-trifluoro-3,6-dimethylaniline (5.89 g), as

yellow crystals.

lH~NMR (CDCl3) éppm: 2.10 (3H, d, J=1.7 Hz), 2.18
(3H, s-like), 3.4-3.7 (2H, brs)

Reference Example 10

A solution of t-butyl nitrite (4.56 g) in
anhydrous dimethylformamide (26.5 ml) is stirred with
heating at 50-52°C and thereto a solution of 2,4,5-
trifluoro-3,6-dimethylaniline (4.24 g) in anhydrous
dimethylformamide (40 ml) is added dropwise at 50-52°C over
a period of 30 minutes. The mixture is further stirred at

the same temperature for 30 minutes. After cooling, the

mixture is poured into ice-water, extracted with diethyl
ether, and the extract is washed with water, and then with
diluted hyd;&chloric acid and dried. The diethyl ether is
distilled off under atomospheric. pressure ‘and the residue is
concentrated and distilled under atomosbheric pressure to

give 2,3,5-trifluoro—-4-methyltoluene (1.9 g), as yellow oil,
b.p. 120-125°C. . '

| lg-NMR (CDCly) 6ppm: 2.17 (3H, s-like), 2.25 (3H,
4, J=1.7 Hz), 6.62 (1H, d4dd, J=2 Hz, 6.3 Hz, 8.3 Hz)

Reference Example 1l

To 2,3,5-trifluoro-4-methyltoluene (1.9 g) is
added cone. sulfuric acid (19 ml) and the mixture is cooled
to 0°C, to which a solution of potassium nitrate (1.71 g) in

conc. sulfuric acid (4.6 ml) is added dropwise below 10°C
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and the mixture is stirred for 15 minutes. The mixture is
poured into ice-water, extracted with diethyl ether, and the
extract is washed with water and dried. The solvent is
distilled off under reduced pressure and the residue is
purified by silica-gel column-chromatography (dichloro-
methane : n-hexane = 1 : 6) to give 2,3,6~-trifluoro-4-
methyl-5-nitrotoluene (1.9 g).

1H-NMR (CDC13) sppm: 2.29 (3H, t, J=1.5 Hz), 2.32
(38, 4, J=2.4 Hz)

Reference Example 12

To 2,3,6-trifluoro-4-methyl-5-nitrqQtoluene (1.9 g)
are’ added 2-methoxyethanol (9.9 ml), water (1.1 ml), N-
methylpiperazine (4.1 ml) and triethylamine (5.2 ml) and thg
mixture is refluxed for 25 hours. After the reaction is
completed, water is added and the resultant is extracted
with diethyl ether, and the extract is washed with water and
dried. The solvent ié distilled off under reduced pressure
and the residue is purified by silica-gel column-chromato-
graphy (dichloromethane : methanol = 40 : 1) to give 2-(4-
methyl-l-piperazinyl)—B,6—dif1uofo—4-methyl—5—nitrotoluene
(1.73 g).

lg-NMR (CDCl;) éppm: 2.25 (6H, d, J=2.6 Hz), 2.36
(34, s), 2.4-2.6 (4H, br), 3.0-3.3 (4H, br)

Reference Example 13

To 2~(4-methyl-l-piperazinyl)-3,6-difluoro~-4-

methyl-5-nitrotoluene (1.73 g) are added anhydrous dimethyl
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sulfoxide (18 ml), potassium fluoride (0.53 g) and

cyclopropylamine (2.2 ml) and the mixture is stirred at

100°C for 23 hours. After cooling, the mixture is poured

into ice-water, extracted with dichloromethane and the
extract is dried. The solvent is distilled off under
reduced pressure and the residue is purified by silica-gel
column-chromatography (dichloromethane : methanol = 40 : 1)
to give 3-({4-methyl-l-piperazinyl)-4-fluoro-2,5-dimethyl-6-
nitro-N-cyclopropylaniline (1.65 g}.

Reference Example 14

To 2,4-difluoro-3-methylaniline (5.0 g) are added

anhydrous dichloromethane (100 ml) and dimethyl sulfide (3.5

ml). Thereto N-chlorosuccinimide (5.6 g) is added below 0°C

.and the mixture is stirred for 1% minutes. Thereto

triethylamine (4.8 ml) is added and the mixture is refluxed

for 4 hours. After cooling, the mixture is poured'into ice-

water, made alkaline with 5 % aqueous sodium hydroxide

solution, extracted with dichloromethane and the extract is

dried. The solvent is distilled off under reduced pressure

and the residue is purified by silica-gel column-chrométo-

graphy (dichloromethane : n-hexane = 1 : 1) to give 2,4~

difluoro-3-methyl-6-methyltiomethylaniline (4.9 g).
lg-NMR (CDC1,) & ppm: 1.99 (3H, s), 2.17 (3H, t,

J=1:8 Hz), 3.64 (2H, s), 3.93 (2H, brs), 6.56 (1H, dd, J=1.8
Hz, 9.4 Hz)
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Reference Example 15

To a solution of Raney nickel (50 g) in ethanol
(100 ml) is added a solution of 2,4-difluoro-3-methyl-6-
methylthiomethylaniline (4.79 g) in ethanol (30 ml) at room
temperature with stirring, followed by stirring at room
temperature for 30 minutes. The Raney nickel is filtered
off and the filtrate is diluted with water, extracted with
dichloromethane, and the extract is washed with water and
dried. .The solvent is distilled off under reduced pressure
to give 2,4-difluoro-3,6-dimethylaniline (3.14 g). |

lg-NMR (CDCl3) sppm: 2.14 (6H, s-like), 3.3-3.6
(24, br), 6.56 (lg, dd, J=1.5 Hz, 9.7 Hz)

Reference Exampie 16

To 2,4-difluoro-3,6-dimethylaniline (3.1 g) are
added 42 % tétrafluoroboric acid (9 ml) and water (4.5 ml)
.with stirring and under ice-cooling, followed by dropwise
addition of a solution of sodium nitrite (1.6 g) in water
(3.2 ml) below 10°C. After stirring the mixture at 0°C for
15 minufes, the resulting crystals are filtered, washed with
A mixture of ethanol~diethyl ether (1:2) and then with
diethyl ether, folloyed by drying under reduced pressure to
give 2,4-dif1uo;o-3,6-dimethy1benzene diazonium
tetrafluoroborate (1.78 g).

Reference Example 17

2,4-Difluoro-3,6-dimethylbenzene diazonium tetra-

fluoroborate (1.78 g) is heated at 180°C, whereby decompos-
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ition thereof starts. The inner temperature is raised to
200°C. The product is taken out of the reaction system to
give 2,3,6-trifluoro-4-methyltoluene (0.3 g), as yellow o0il,
b.p..120-125°C.

lH-NMR (CDCl5) sppm: 2.17 (3H, s-like), 2.25 (3H,
d, J=1.7 Hz), 6.62 (1H, ddd, J=2 Hz, 6.3 Hz, 8.3 Hz)

Reference Example 18

To 2,4,5-trifluorocaniline (35.0 g) are added
anhydrous dichloromethane (530 ml) and dimethyl sulfide
{(24.6 ml) and the mixture is cooled to 0°C. Thereto N-
chlorosuccinimide (38.2 g) is gradually added below 5°C.
After the mixture_is stirred at the same temperature for 15
minutes, triethylamine (47.7 ml) is gradually added. After
reflux for 12 hours, the resultant is made alkaline with 5 %
aqueous sodium hydroxide solution, extracted with
dichloromethane, and the- extract is dried over sodium '
sulfate and concentrated. The residue is purifiéd with
column chlomatography (silica-gel, dichloromethane : n-
hexane = 1 : 4) to give 2-methylthiomethyl-3,4,6-trifluoro-
aniline (22.3 g)«

1g-NMR (CDCl,) éppm: 2.03 (3H, s), 3.76 (2H, 4,
J=1.5 Hz), 4,03 (2H, brs), 6.48 (1H, dt, J=7.2 Bz, 10.1 Hz)

Reference Examble 19

To 2-methylthiomethyl-3,4,6—-trifluorocaniline (22.2
g) are added ethanol (400 mlj and Raney nickel (200 g) and

the mixture is stirred at room temperature for 30 minutes.
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After the catalyst is filtered off, the filtrate is added
with water and extracted with dichloromethane. The is dried
over magnesium sulfate and concentrated to give 2-methyl-
3,4,é—trifluoroaniline (12.3 qg).

1H-NMR (CDC1l;) Sppm: 2.13 (3H, d, J=2.1 Hz), 3.56
(2H, brs), 6.75 (1H, dt, J=7.2 Bz, 10.2 Hz)

Reference Example 20

To 2-methyl-3,4,6-trifluorcaniline (10.6 g) is
‘added a mixture of conc. sulfuric acid (13.8 ml) and water
(46 ml) and the mixtgre is cooled. Thereto an aqueous
solution (20 ml) of sodium nitrite (5.5 g) is added dropwise
at 0-5°C. The so;ution is gradually added to a mixture of
copper (II) sulfate 5 hydrate (41 gs, potassium cyanide (43
g), ammonium hydroxide (60 ml) and water (260 ml) at 10-
30°C. The mixture is extracted with dichloromethane and the
extract is dried over sodium sulfate, concentrated and the

residue is purified with column chromatogréphy {silica-gel,
dichloromethane : n-hexane = 1 : 4) to give 2-methyl-3,4,6-
trifluorobenzonitrile (4.3 g).

lp-NMR (CDCl;) éppm: 2.52 (3H, 4, J=2.5 Hz), 6.94
(1H, dt, J=6.2 Hz, 8.9 Hz) '

Reference Example 21

To 2-methyl-3,4,6~trifluorobenzonitrile (4.3 g) is
added 50 % sulfuric acid (40 ml) and the mixture is heated
at 150-160°C for & hours. After cooling, the mixture is

poured into ice-water and extracted with diethyl ether. The
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ether layer is added with water and made alkaline with 5 %
aqueous sodium hydroxide solution while the water layer is
made acidic with conc. hydrochloric acid. The resultant is
subjected to extraction with diethyl ether, and the extract
is dried over magnesium sulfate and concentrated. to give 2-
methyl-3,4,6-trifluorobenzoic acid (3.3 g).

1H-NMR (CDCl3) éppm: 2.47 (3H, d; J=2.6 Hz), 6.88
(1H, dt, J=6.3 Hz, 9.5 Hz)

Reference Example 22

To 2-methyl-3,4,6-trifluorobenzoic acid (3.2 g) is
added thiony chloride (7 ml) and the mixture is refluxed for
1 hour. After concentrating, 2-methyl-3,4,6-
trifluorobenzoyl chloride (3.3 g) is obtained.

Separately, two drops of carbon tetrachloride are
added to a soiution of metallic magnesium (0.4 g) in
absolute ethanol (0.9 ml). When the reaction starts, a
mixture of diethyl malonate (2.6 ml), absolute ethanol gl.G
ml) and anhydrous toluene (6 ml) is added drbpwise below
60°C. After stirring at.60°C for 1 hour, the reactién
mixture is cooled to 0°C and thereto a solution of 2-methyl-
3,4,6-trifluorobenzoyl chloride prepared above in toluene (5
ml) is added dropwise. After stirring for 30 minutes, a
mixture of conc. sulfuric acid (0.4 ml) and water (6 ml). is
added and the mixture is extracted with diethyl ether, and
the extract is dried over magnesium sulfate and concentrated

to give diethyl 2-methyl-3,4,6-trifluorobenzoylmalonate (5.2
). '
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Reference Example 23

To diethyl 2-methyl-3,4,6-trifluorobenzoylmalonate
(5.1 g) are added water (20 ml) and p-toluenesulfonic acid
{30 mg) and the mixture is refluxed for 2.5 hours. After
cooling, the resultant is extracted with diethyl ether, and
the extract is dried over magnesium sulfate and concentrated
to give ethyl 2-methyl-3,4,6-trifluorobenzoylacetate (3.3
g).

Reference Example 24

To ethyl 2-methyl-3,4,6-trifluorobenzoylacetate
(3.2 g) are added acetic anhydride (3.0 g) and triethoxy-
methane (2.7 g)~apd the mixture is refluxed for 1 hour.
After concentrating, ethyl 2-(2-methyl-3,4,6-trifluoro-
benzoyl)-3-ethoxyacrylate (3.5 g) is obtained.

Reference Example 25

Ethyl 2—(2-methy1-3,4,6—trifluoroben£oyl)—3—
ethoxyacrylate (3.5 g) is dissolved in ethanol (25 ml) and
thereto cyclopropylamine (0.84 ml) is added dropwisé under .
iée-cooling. After stirring at room temperature for 30
minutes, the mixture is concentrated and the residue is
purified with column chromatography (silica-gel,
dichloromethane : n-hexane = 1 : 1) to give ethyl 2-(2-
methyl-3,4,6-trifluorobenzoyl)~-3-cyclopropylaminoacrylate
(2.7~ g).

Reference Example 26

Ethyl 2-(2-methyl-3,4,6~-trifluorobenzoyl)-3~-cyclo-
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propylaminoacrylate (2.6 g) is dissolved in anhydrous

dioxane (26 ml) and thereto 60 % sodium hydride (0.38 g) is
gradully added under ice-cooling. After stirring at room
temperature for 30 minutes, the reaction mixture is poured
into ice-water and extracted with dichloromethane. The
extract is dried over magnesium sulfate and concentrated.
The residue is added with diethyl ether and crystals are
filtered, which are recrystalized from ethanol to give ethyl
l-cyclopropyl-6,7-difluoro-S-methyl-1,4~dihydro-4-
oxoquinoline-3-carboxylate (2.0 g), m.p. 185-187°C.

Reference Example 27

To ethyl l-cyclopropyl-6,7-difluoro-5-methyl-1, 4~
dihydro-4-oxoquinoline-3-carboxylate (1.9 g} are addéd 80 %
acetic acid (20 ml) and conc. hydrochleric acid (5 ml) and

the mixture is refluxed for 2 hours. After cooling, the

precipitated-crystals are isolated, washed with water,
ethénol, énd diethyl ether in this order to give 1-
cyclopropyl-6,7-difluoro~5-methyl-l,4,-dihydro-4-
oxoquinoline—3—carb§xylic acid (1.6 g), as colorless
needles, m.p. 294-298°C.

lg-nmMr (CF3c06D) sppm: 1.43-1.55 (2H, m), 1.65-
1.81 (2H, m), 3.06 (3H, 4, J=2.8 Hz), 4.08-4.20 (1H, m),
8.40 (1H, dd, J=6.8 Hz, 10.3 Hz), 9.46 (1H,s)

Reference Example 28

Employing 2,3,4,5-tetrafluoro~6-methylbenzoic acid
{5.60 g) and thionyl chloride (9.8 ml), the procedure of
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"Reference Example 22 is repeated to give 2,3,4,5-tetra-
fluoro-6-methylbenzoyl chloride (5.20 g), as colorless oil,
b.p. 82°C/23 mmHg.

NMR (CDCl4) sppm: 2.35 (3H, m)

Reference Example 29

Empoying 2,3,4,5-tetrafluoro-6-methylbenzoyl
chloride (5.00 g), the procedure of Reference Examlpe 22 is
' repeated to give diethyl 2,3,4,5-tetrafluoro-6-methyl-
benzoylmalonate (8 g), as yellow oil.

Reference Example 30

Embloying diethyl 2,3;4,5-tetrafluoro-6-methyl-
benzoylmalonate (8 g) and p-toluenesulfonic acid (80 mg),
the procedure of Reference Example 23 is repeated to give
ethyl 2;3,4,S-tetraf1uqro—S—methylbenzoylacetate (4.5 g), as

yellow oil,

Reference Example 31

Employing ethyl 2,3,4,5-tetrafluoro-6-methyl~
benzoylacetate (4.20 g) and ethyl orthoformate (4 ml), the
procedure of Reference Example 24 is repeated to give eéhyl
2-(2,3,4,5-tetrafluoro-6-methylbenzoyl)-3-ethoxyacrylate (5
g).

Reference Example 32 .

Empoying ethyl 2-(2,3,4,5-tetrafluoro-6-methyl-
benZbyl)-3-ethoxyacrylate (5 g) and cyclopropylamine (1.0
g), the procedure of Reference Example 25 is repeated to

give ethyl 2-(2,3,4,5-tetrafluoro-6-methylbenzoyl)-3~
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cyclopropylaminoacrylate (4.74 g), as white plates (re-
crystallized from petroleum ether - n-hexane), m.p. 78-79°C,

Reference Example 33

Employing ethyl 2-(2,3,4,5~tetrafluoro-6-methyl-
benzoyl)-3~-cyclopropylaminoacrylate (4.50 g) and.60 % sodium
hydride (580 mg), the procedure of Reference Example 26 is
repeated to give ethyl l-cyclopropyl-6,7,8-trifluoro-5-
methyl-1l,4-dihydro-4-oxoquinocline-3-carboxylate (4.19 g), as
white needles (recrystallized from dichloromethane - n-
hexane), m.p. 180-183°C.

Reference Examples 34

Employing ethyl l-cyclopropyl-6,7,8-trifluoro-5-
methyl-1,4~dihydro~4-oxoquinoline-3-carboxylate (4.10 g) and

conc. hydrochloric acid - 90 % acetic acid (1l:4) (81.25 ml),

‘the procedure of Reference Example 27 is repeated to give 1-

cyclopropyl-6,7,8-trifluoro~5-methyl-1,4~dihydro-4-oxo-

quinoline~3-carboxylic acid (3.47 g), as white needles, m.p.

218-220°C.

Reference Examples 35

To 2,4,5-trifluoro-3-methylaniline (1 g) is added
acetic anhydride (3 ml) at room temperature with stirring
and the mixture is stirred for 15 minutes. The reaction
mixture is poured into ice-water, extracted with dichloro-
methane, and the extract is washed with water and dried.
The solvent is distilled off to give 2,4,5-trifluoro-3-

methyl-N-acetylaniline (l1.14 g), as white crystals,

P
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lH-NMR (CDCly) sppm: 2.21 (3H, s), 2.24 (3H, t,
J=2.1 Hz), 7.2-7.5 (1H, brs), 8.10 (1H, dt, J=7.9 Hz, 12 Hz)

Reference Examples 36

To 2,4,S—trifluoro-3—methyl-N-acetylaniiine (1.94
g) is added conc. sulfuric acid (19 ml) and the mixture is
cooled to 0°C. Thereto potassium nitrate (2 g) is added
below 20°C and the mixture is stirred for 15 minutes. The
reaction mixture is Poured into ice-water, extracted with
dichloromethane and the extract is dried. The solvent is
distilled off under reduced pressure to give 2,4,5-
trifluoro-3-methyl-6-nitro-N-acetylaniline (2.08 g), as
white crystals.

lg-NMR (CDCl3) éppm: 2.21 (3H, s), 2.34 (3H, t,
J=2.2 Hz), 7.3-7.5 (1lH, brs)

Reference Examplés 37

To 2,4,5-trifluoro-3-methyl-6-nitro-N-~acetyl-
aniliné (2.08 g) are added ethanol (30 ml) and 10 % hydro-
chloric acid (30 ml) and the -mixture is réfluxeé.for.B
hours. After cooling, the reaction mixture is poured into
ice-water, neutralized with potassium carbonate, extracted
with dichloromethane and thé extract is dried. The solvent
is distilled off under reduced pressure to give 2,4{5—
trifluoro-3-methyl-6-nitroaniline (2.05 g), as brown
crystals. ]

lp-NMR (CDC1,) sppm: 2.29 (3H, s), 2.29 (3H, t,
J=2.1 Hz), 5.5-5.9 (2H, brs)
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Reference Examples 38

To a solution of t-butyl nitrite (1.87 g) in
anhydrous dimethylformamide (10.9 ml) is added dropwisé a
solution of 2,4,5-trifluoro-3-methyl-6-nitroaniline (2.05 g)
in anhydrous dimethylformamide (16.4 ml) with stirring at
50-52°C and the mixture is stirred at the same temperature
for 30 minutes. After cooling, the reaction mixture is
poured into ice-water, extracted with diethyl ether, and the
extract is washed with water and dried. The solvet is
distilled off under reduced pressure and the obtained
residue is purified by silica-gel column-chromatography
(eluent; dichlorqqethane : n-hexane = 1 : 4) to give 2,3,6-
trifluor6-4%nitrotoluene (0.7 g).

lp-nMr (CDCl,) é&ppm: 2.35 (3B, t, J=2.1 Hz), 7.62
(1H, ddd, J=2.6 Hz, 5.7 Hz, 8.3 Hz)

Reference Examples 39

To acetic acid (10 ml) are added Pd-C (0.1 g) and
2,3,6-trifluoro—4-nitrotoluene (0.7 g) and the mixture is
subjected to catalytic reduction at room temperature under
atmospheric pressure. 5 % PA-C is filtered and the écetic

acid is distilled off under reduced pressure. The residue -
is poured in;o ice-water, neutralized, extracted with
dichloromethane, and the extract is washed with water and
dried. The .solvent is distilled off under reduqed pressure-
to give 2,3,5-trifluoro-4-methylailine (0.48 g).

lg-NMR (CDC1;) 6ppm: 2.08 (3H, t, J=1.8 Hz), 3.6-
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4.0 (2H, brs), 6.26 (1H, 444, J=2.2 Hz, 6.8 Hz, 9.0 Hz)

Reference Example 40

To conc. sulfuric acid (3 ml) is added sodium
nitrite (0.3 g). The mixture is stirred at 70°C for 10
minutes and then cooled to below 40°C and thereto a solution
of 2,3,5-trifluoro-4-methylaniline (0.48 g) in acetic acid
(5 ml) is added dropwise below 40°C. After stirring for 30
minutes, the reaétion mixture is added dropwise to a
solution of copper (1) chloride (1.04 g) in conc.
hydrochloric acid (iO.4 ml) and the mixture is stirred at
80°C for 30 minutes and then cooled. The resultant .is
poured into ice—wate?, extracted with dichloromethane, and
the extract is washed with water and dried. The solvent is
distilled off under reduced pressure and purified by silica-
gel column-chromatography (eluent; dichloromethane : n-
hexane = 1 : 4) to give 2,3,6-trifluoro-4-chlorotoluene
(0.22 q).

lg-NMR (CDCly) sppm: 2.20 (3H, t, J=2 Hz), 6.90

(1, d&&4, J=2.5 Hz, 5.8 Hz, 8.3 Hz) '

Reference Examples 41

To 2,3,6-trifluoro-4-chlorotoluene (0.22 g) is
added conc. sulfuric acid (3 ml) and the mixture is cooled
to 0°C. Thereto potassium nitrate (0.18 g) is added and the
mixture is stirred for 15 minutes under ice-cooling. The
reaction mixture is poured into ice-water, extracted with

dichloromethane, and the extract is washed with a saturated

RO
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aqueous solution of sodium hydrogen carbonate, then with
water and dried. The solvent is distilled off under reduced
pressure to give 2,3,6-trifluoro-4-chloro-5-nitrotoluene

(0.17 g).

lu-NMR (CDC1;) éppm: 2.33 (3H, t, J=2.2 Hz)

Reference Examples 42

To 2,3,6-trifluoro-4~chloro~5-nitrotoluene (0.17
g) are added ethanol (3.3 ml), water (0.5 ml), N-methyl-~
piperazine (0.45 ml) and triethylamine (0.56 ml) and the
mixture is refluxed for 24 hours. After the reaction is
completed( water is addedlto the reaction mixture and the
mixture is extracted with diethyl ether, and the extract is
washed with water and dried. The solvent is_diétilled off
under reduced pressure-and the residue is purified by
silica-gel column-chromatography (eluent; dichloromethane :
methanoi = 20 : 1) to give 2-(4-meth§l-1-piperazinyl)-3,6-
difluoro—-4-chloro-5-nitrotoluene (0.13 g}).

To the thus obtained 2-(4-methy1-l—pipe;azinyi)—
3,6~difluoro-4-chloro-5-nitrotoluene {(0.13 g) are added
anhydrous dimethylformamide (2 ml), potassium fluoride (37
mg) ana cyclopropylamine (0.15 ml) and the mixture ig
stirréd at 100°C for 3 hours. After cooling, the reaction
mixture is poured into ice-water, extracted with dichloro-
methane énd the extract is dried. The.Soivent is distilled
off under reduced pressure and purified by silica-gel

column-chromatography (eluent; dichloromethane : methanol =



- 116 -

10 : 1) to give 3-(4-methyl-l-piperazinyl)-4-fluoro-5-
chloro-2-methyl-6-nitro-N-cyclopropylaniline (0.14 g).

lg-NMR (CDC1;) sppm: 0.4-0.5 (2H, m), 0.6-0.8 (2H,
m), 2.22 (3H, s), 2.36 (3H, s), 2.4-2.7 (4H, brs), 3.1-3.3
(4H( brs), 4.1-4.2 (1H, brs)

Reference Examples 43

Employing 3-chloro-2,4,S-trifluoro—ﬁ-methylbepzoic
acid (185 mg) and thionyl chloride (600 yl), the procedure'
of Reference Example 22 is repeated to give 3-chloro-2,4,5-
trifluoro-6-methylbenzoyl chloride (183 mg).

Reference Examples 44

Employing 3-chloro-2 4,5-trifluoro-6-methylbenzoyl
chlorlde (183 mg), ‘the’ procedure of Reference Example 22 is
repeated to give dlethyl 3-chloro-2 4,5-trifluoro-6-methyl-
benzoylmalonate-(320 mg), ae_brown 0il.

lB-NMR (CDCly) sppm: 1.02, 1.29 and 1.38 (all 6H,
each t, J=7 Hg)jnz;éi (38, 4, J=1.5 Hz), 4.02, 4.21 and 4.39
(a11.4H, each.q, J=7'Hz), 3.36 and 13.7 (all.1lH, each é)

Reference Examples 45

Employing diethyl 3-chloro—2,4,S—trifluoro-sé
methylbenzoylmalonate (320 mg) and p-toluenesulfonic acid (3
mg), the procedure of Reference Example 23 is repeated to
give ethyl 3-chloro-2,4,5~ tr1f1uoro-G—methylbenzoylacetate
(300 mg), as brown oil.

lu-NMR (CDC1,) 6ppm: 1.25 and 1.35 (all 3H, each
t, J=7 Hz), 2.32 (3H, m), 4.18 and 4.29 (all 2H, each a, J=7
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Hz), 3.89, 5.25 and 12.35 (all 2H, each s)

Reference Example 46

Employing ethyl 3—chloro-2,4,5—trif1uor6-6-methy1—
benzoylacetate (300 mg) and ethyl orthoformate (550 mg), the
procedure of Reference Example 24 is repeated to:-give ethyl
2-(3—chloro-2,4,S—triflﬁoro—S—methylbenzoyl)—3—
ethoxyacrylate'(360'mg), as brown oil.

Reference Example 47

Employing ethyl 2-(3-chloro-2,4,5-trifluoro-6-
methylbenzoyl)-3-ethoxyacrylate (360 mg) and cyclopropyl-
amine (60 mg), the procedure of Reference Example 25 is
repeated to give ethyl 2-(3-chloro-2,4,5-trifluoro-6-
methylbenzoyl)=-3-cyclopropylaminoacrylate (410 mg), as brown
oil,

1H-RMR (CDCls) sppm: 0.90 (4H, m), 1.04 (3H, t,
'J=7 Hz), 2.14 (3H, m), 3.01 (1H, m), 3.99 (2H, q,'J=7 Hz),
8.29 (1B, d, J=14 Hz), 11.2 (1H, br)

Reference Examples 48

Employing ethyl 2—(3-ehlero-2,4,5-trif1uoro-6-
methylbenzoyl)-3-cyc}opropylaminoacrylete (410 mg) and .60 %
sodium hydride (35 mg), the procedure of Reference Example
26 is repeated to give ethyl l-cyclopropyl-6,7-difluoro-8-
chlofo-s—methyl-l,4-dihydro-4-oxoquinoline-3-carboxylate (70

mg), as pale yellow powder (recrystallized from.dichloro-

methane - n-haxane}), m.p. 153~154°C.

pamea——— PP
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Reference Examples 49

Employing ethyl l-cyclopropyl-6,7-difluoro-8-
chloro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylate (70
mg) and conc. hydrochloric acid - 90 % acetic acid (1:4) (1
ml), the procedure of Reference Example 27 is repeated to
give l-cyclopropyl-8-chloro-6,7-difluoro~5-methyl-1,4-
dihydro—4-oxoqqinoline-B—carboxylate (58 mg), as white
needles, m.p. 213-215°C,

Reference Examples 50

Starting from suitable materials, the procedure of
Reference Exémple 22 is repeated to give 2-ethyl-3,4,5,6-
tetrafluorobenzoyl chloride, b.p. 78°C/14 mﬁHg.

le-NMR (CDC1;) sppm: 1.24 (3H, t, J=7.5 Hz), 2.75
(ZH; dg, J=2.3 Hz, 7.5 Hz)

Reference Examples 51

Starting from suitable materials, the procedu;e of
Reference Example 22 is repeated to give diethyl 2-ethyl-
3,4,5,6-tetrafluorobenzoylmalonate.

1g-NMR (CDC13) sppm: 1.04 (31, £ 3=7.2 Hz), 1.i9
(38, t, J=7.4 Hz), 1.38 (3H, t, J=7.2 Hz), 2.5-2.8 (2H, m),
4.03 (2H, q, J=7 Hz), 4.39 (2H, q, J=7 Hz), 13.8 (1H, s)

Reference Example 52

Employing diethyl 2-ethyl-3,4,5,6¥tetrafluoro—
benzoylmalonate (17.2 g) and p-toluenesulfonic acid (0.25
g), the procedure of Reference Example 23 is repeated to

give ethyl 2-ethyl-3,4,5,6-tetrafluorobenzoylacetate (11.09
g).

18 NOV 995
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Reference Example 53

Employing ethyl 2-ethyl~-3,4,5,6~tetrafluoro-
benzoylacetate (8 g) and ethyl orthoformate (6.1 g), the
procedure of Reference Example 24 is repeated to give ethyl
2—(2—ethy1—3,4,5,6-tetraf1uoroben20yl)—3—ethoxyacrylate.

Reference Examples 54

Employing ethyl 2-(2-ethyl-3,4,5,6~tetrafluoro-
benzoyl)—3—ethoxyacrylate.and cyclopropylamine, the
procedure of Reference Example 25 is repeated to give ethyl
2f(2—ethy1—3,4,S,G-tetrafluorobenzpyl)—3-cyclopropylamino-
acrylate.

Reference Examples 55

Employing ethyl 2-(2-ethyl-3,4,5,6-tetrafluoro-~
benzoyl)-3-cyclopropylaminoacrylate (8.71 g) and 60 % sodium
hydride (1.09 g), the procedure of Reference Example 26 is
repeated to give ethyi l-cyclopropyl-6,7,8-trifluoro-5-
ethyl-l,4-dihydro—4-oxoquiholine-3-carboxylate'(5 g), as
white powder, m.p. 139-140°C.

Reference Example 56

Employing ethyi l—cfclopropy1—6,7,8—trif1uoro-5—
ethyl-1,4-dihydro-4-oxoquinoline-3~carboxylate (5 g), conc.
hydrochloric acid (11 mi), water (4.4 ml) and acetic acid
(44 ml), the procedure of Reference Example 27 is repeatéd
to give l-cyclopropyl-6,7,8-trifluoro-5-ethyl-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid (4.2 g), as white powder,
m.p. 197-198°C,
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Reference Examples 57

Employing ethyl 2-(2-methyl-3,4,6-trifluoro-
benzoyl)-3-ethoxyacrylate (1.0 g) and p~fluoroaniline (0.39
g), the procedure of Reference Example 25 is repeated to
give ethyl 2—(2-methyl-3,4,6—trif1uorobenzoyl)-37(4—f1u6ro-
phenyl)aminoacrylate, which is then treated with 60 % sodium
hydride (0.15 g) as in Reference Example 26 to give ethyl 1-
(4-fluorophenyl)-5-methyl-6,7-difluoro-1, 4-dihydro-4-
oxoquinoline-3-carboxylate (0.64 g), as white crystals
(recrystallized from ethanol), m.p. 256-259°C:

Reference Examples 58

Employing ethyl l-(4-fluorophenyl)-5-methlyl-6,7-
difluoro—l,4;dihyéro-4—oxoquinoline—3—carboxylate (0.56 g),
conc. hydrochloric acid (1.5 ml), and 90 % acetic acid (6
ml), the procedure of Reférence Example 27 is repeated ta
give l-(4-fluorophenyi)FSjmethyl-G,7-dif1uoro—1,4-dihydro-4;
oxoquinoline-3-carboxylic acid_(0.49 g), as white crystals,
m.p. 255-257°C.

Reference Examples 59

Employing ethyl 2-(2-methyl-3,4,6-trifluoro-
benzoyl)-3-ethoxyacrylaté (1.0 g) and 70 % aqueous ethyl-
amine solution (0.24 ml), the procedure of Reference Example
25 is repeated to give ethyl 2-(2-methyl-3,4,6-trifluoro-
benzoyl)-3-ethylaminoacrylate, which is then treated with 60
%t sodium hydride (0.15 g) as in Reference Example 26 to give

ethyl 1-ethyl-5-methyl-6,7-dif1uoro-1,4-dihyaro~4-
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oxoquinoline-3-carboxylate (0.6 g), as white crystals, m.p.
157-159°C.

Reference Example 60

Empoying ethyl l-ethyl-S5-methyl-6,7-difluoro-1,4-
dihydro—4-oxoquinoline—3-carbexy1ate {0.55 g), conc.
hyérochloric acid (1.5 ml) and 90 % acetic acid (6 ml), the
procedure of Reference Example 27 is repeated to give 1-
ethyl-5-methyl-6,7-difluoro-1,4~dihydro~4-oxoquinoline-3-
carboxylic acid (0.40 g), as white crystals, m.p. >300°C.

lg-NMR (DMSO-dg) sppm: 1.37 (3H, t, J=7.2 Hz),
2.82 (34, 4, J=3.2 Hz), 4.54 (2H, q, J=7.2 Hz), 8.07 (1H,
dd, J=7.2 Hz, 9.8 Hz), 9.00 (1H, s), 15.25 (1lH, s)

Reference Example 61

‘Employing ethyl i—(2—methyl-3,4,5,6-tetraf1uoro—
benzoyl)-3-ethoxyacrylate (10.0 g) and ethylamine gas, the
procedure of Reference Example 25 is repeated to give ethyl
2—(2—methyl43,4,5,G-tetrafluorobenzoyl)-3-ethy1aminoacrylate
(9.0 g, white crystals), which is then treated with 60 %
sodium hydrlde (1.30 g) as in Reference Example 26 to give
ethyl l-ethyl-S5-methyl 5,7,8-tr1f1uoro-1,4—dlhydro-4—
oxoquinoline-3-carboxylate (6.76 é), as pale.yellow needles
(recrystallized ﬁrom dichloromethane - n-hexane), m.p. 197-

l19g°C.

Reference Example 62

Employing ethyl l-ethyl-S-methyl-6,7,8-trifluoro-

1,4-dihydro~4-oxoquinoline-3-caboxylate (6.51 g) and conc.
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hydrochloric acid : 90 % acetic acid (1:4) (100 ml), the
procedure of Reference Example 2? is repeated to give 1-
ethyl—5—methyl—6,7,B-Frifluoro—l,4-dihydro~4—oxoquinoline—3—
carboxylic acid (5.53 g), as colorless needles (recrystal-
lized from dichloromethane - n-hexane), m.p. 203-204°C.

Reference Example 63

Employing ethyl 2-(2-methyl-3,4,5,6-tetrafluoro-
benzoyl)-3-ethoxyacrylate (5.0 g) and 2,4-difluorocaniline
(2.02 g), the procedure of Reference Example 25 is repeated
to give ethyl .2-(2-methyl-3,4,5,6-tetraflucrobenzoyl)-3~-
(2,4-difluorophenyl)aminocacrylate, which is then treated
with 60 % sodium hydride as in Reference Example 26 to give
ethyl 1-(2,4—diflﬁorophenyl)—S-methyl-B,7,é-trifluoro-1,4—
dihydro¥4-oxoquinoline-3-—carboxylate (4.6 &) ,as pale yc-:‘llow~
prisms (recrystallized from dichloromethane -~ n-hexane),
m.p. 156-157.5°C.

Referénce Example 64

Employing ethyl 1-(2,4-diflucrophenyl)-S5-methyl-
6,7,8-trifluoro-1,4-dihydro-4-oxoquinoline-3-carboxylate
(4.3 g) and conc. hydrochloric acid : 90 % acetic acid (1l:4)
(80 ml), the procéduré of Reference Example 27 is repeated
to give ;—(2,4-dif1uorophenyl)vs-methyl-s,7,8-trifluoro—1,4-
dihydro-4-oxoquinoline-3-carboxylic acid (2.93 g), as white
powder, m.p. 221-222¢C,

Reference Example 65

Employing ethyl 2-(2-methyl-3,4,5,6-tetrafluoro-

0 [T IR TN
b4 E\!"E:ﬂ: [P
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benzoyl)-3-ethoxyacrylate (10.0 g) and 4-methoxyaniline:
(3.87 g), the procedure of Reference Example 25 is repeated
to give ethyl 2-(2-methyl-3,4,5,6-tetrafluorobenzoil)-3-(4-
methoxyphenyl)aminoacrylate, which is then treated with 60 %
sodium hydride (1.56 g) as in Reference Example 26 to give
ethyl 1-(4-methoxyphenyl)-5-methyl-6,7,8-trifluoro-1,4-
dihydro—-4-oxoguinoline-3-carboxylate (8.27 g), as pale
yellow needles, m.p. 175-176°C.

Reference Example 66

Employing ethyl l1-(4-methoxyphenyl)-5-6,7,8-
trifluoro-1,4-dihydro-4-oxoquinoline~3-carboxylate (4.27 q)
and 47 % hydrobromic acid {50 ml), the procedure of .
Referencé Example 27 is repeated to give 1-(4-hydroxy-
phenyl)-5-methyl-6,7,8~trifluoro-1,4~dihydro-4-oxoquinoline-
3-carboxylic acid (2.82 g), as white powder, m.p. 287-
288.5°C.

Reference Example 67

Employing ethyl 2-(2-methyl-3,4,5,6-tetrafluoro-
benzoyl)*34ethoxyacrylate (5.0 g)and 2-aminothiophene (2.22
g), the procedure of Reference Example 25 is repeated to
give ethyl 2-(2—me£hyl-3,4,5,G-tetrafluorobenzoyl)-B—(2-
thienyl)aminoacrylate, which is then treated with 60 %
sodium hydride as in Reference Example 26 to give ethyl 1-
(2<thienyl)~5-methyl~6,7,8-trifluoro~l,4-dihydro-4-
oxoquinoline-3-carboxylate (1.05 g), as white powder

(recrystallized from ethyl acetate - n-hexane), m.p. 198-
200°cC.
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Reference Examples 68

Employing ethyl 1-(2-thienyl)-5-methyl-6,7,8-
trifluoro-1,4-dihydro-4-oxoquinoline-3-carboxylate (1.05 g),
conc. hydrochloric acid (10 ml) and 90 % acetic acid (40
ml), the procedﬁre of Reference Example 27 is repeated to
give 1-(2-thienyl)-5-methyl-6,7,8-trifluoro-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid (0.93 g), 'as white powder,

m.p. 221-222,.5°C.

Reference Example 69

Employing ethyl 2-(2-methyl-3,4,5,6-tetrafluoro-
benzo¥l)-3-ethoxyacrylate (8.38 g) and 2S8-2-amino-l-propanol
(2.07 g), the procedure of Reference Example 25 is repeated
to give ethyl 2—(i-meﬁhyl—3,4,5,G—tetréfluorobenzoyl)—3—(ZS—
3-hydroxy-2-propyl)aminoacrylate (9.72 g, yellow oil), which
is then treated with potassium carbonate (4.25 g) as in
Reference Example 26 to give ethyl 3S-9,10-difiu;ro-3,8—
dimethyl—7-0¥0—7H—pyriéd{l,2,3-de][i,4]benzoxazine—6—
carboxylate (1.30 g), as colorless needles (recrystallized
from ethanol), m.p. 216-217°C.

Reference Example 70

Employing ethyl 3S-9,10-difluoro-3,8-dimethyl-7-
oxo~7H-pyrido(l,2,3-de}(1,4lbenzoxazine~6-carboxylate (1.25
g) and conc. hydrochloric acid : 90 %'5cetic acid (1:4) (20
ml),.the proéedure of Reference Exampie 27 is repeated to
give 38 (~-) -9,10-difluoro-3,8-dimethyl—-7-oxo-7H-

pyrido(l,2,3-de) [1,4)benzoxazine-6~-carboxylic acid (1.03
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g), as white powder, m.p. 249-251°C (dec.).

Reference Example 71

Employing ethyl 2-{2-methyl-3,4,5,6-tetrafluoro-
benzoyl)-3-ethoxyacrylate (7.0 Q) and ethanol amine (1.33
ml), the procedure of Reference Example 25 ié repeated to
give ethyl 2-(2-methyl-3,4,5,6-tetraflurobenzoyl)-3-(2-
hydroxyethyl)aminocacrylate. To the product are added
pyridine (70 mlj and acetic anhydride (2.57 ml) and the
mixture is stirred at room temperature over-night. After
concentration, the resultant is diluted with water,
subjected to extraction with dichloromethane, and the
extract is waéhed with water and then with a saturated
saline solution éﬁd dried to give ethyl 2-(2-methyl?3,4;5,6-
tetrafluorobenzoyl)—3;(2—acetyloxyethyl)aminoacrylate, which
is then treated with 60 % sodium hydride (1.09 g) as in
Reference Example 26 to give ethyl 1-(2-acetyloxyethyl)-5—
me;ﬁyl-ﬁ,7,8—t;i£1uoro-1,4-dihydro—4-oxoquinoline—3—
carboxylate (6.15 g), as colorless prisms (recrystallized
from ethyl acetate),; m.p. 192-193°C.

Reference Example 72

Employing ethyl 1~(2-acetyloxyethyl)-5-methyl-
6,7,8~trifluoro-1,4-dihydro-4-oxoquinoline-3~carboxylate
(5.80 g) and conc. hydrochloric acid : 90 % acetic acid
(1:4) (200 ml), the procedure of Reference Example .27 is
repeated to give l-(2~-hydroxyethyl)~5-methyl-6,7,8-
trifluoro-1l,4-dihydro~4-oxoquinoline-~3~-carboxylic acid (4.04
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g), as pale yellow flakes (recrystallized from ethanol),

m.p. 244.5-247°C.

Reference Example 73

To l-(2-hydroxyethyl)~-5-methyl-6,7,8-trifluoro-
1,4-dihydro-4-oxoquinoline-3-carboxylic acid (4.00 g) is
added thionyl. chloride (20 ml) and the mixture is refluxed
for 1 hour. After concentrating, the obtained residue is
mixed with ethanol (50 ml) and the mix;ure is refluxed for 1
hour. After concentrating, the resultant is extracted with
dichloromethané, and the extract is washed with water,
saturated sodium hydrogen cafbonate, water and saturated
saline solution in this order and dried. The solvent is
concentrated and éhe obtained residue is purified by silica-
gel column-chromatography (eluent; ethyl acetate : n-—hexane
=1 : 20), followed by recrystllization from ethyl acetate -
n-hexane to give ethyl lL(2-chloroethyl)—Sfmethy1-6,7,8—
trifiuoro-l,4—dihydro—4-oxoquinoline-3-carboxylic acid (2.00
g), as colorless prisms, m.p. 161.5-163.5°C (dec.).

Reference Example 74

To ethyl 1-(2-chloroethyl)-5-methyl-6,7,8-
trifluoro-1l,4-dihydro-4-oxoquinoline-carboxylate (1.81 g)
are added DBU (2.33 ml) énd toluene (150 ml) and the mixture
is refluxed with heating for 4 hours. After concentrating,
the .obtained residue is extracted with dichloroethane, and
the extract is washed with dilute hydrochloric acid, water

and saturated saline solution in this order and dried. The
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solveﬁt is concentrated and the obtained residue is purified
by silica-gel column-chromatography ﬁeluent; ethyl acetate :
n~-hexane = 1 : 20), followed by recrystallization from n-

hexane - diethyl ether to give ethyl l1-vinyl-S-methyl-6,7,8-
trifluoro-1,4-dihydro-4-oxoquinoline-3-carboxylate (0.72 g),

as colorless needles, m.p. 134-135.5°C.

Reference Example 75

Employing ethyl 2-(2-methyl-3,4,5,6-tetrafluoro-
5enzoy1)-3—ethoxyacrylate (5.0 g), 2-chloroethylamine
hydrochloride (1.74 g) and triethylamine (1.97 g), the
procedure of Reference Example 25 is repeated to give ethyl
24(2—methy1—3,4,5,6—tetraf1uorobenzoyl)—3—(2—chloroethy1)—
aminoacrylate (5.52 g), which is then treated with 60 %
sodium hydride (0.72 g) as in Reference Exanmple 26 to give
ethyl 1-{2-chloroethyl)-5-methyl-6,7,8-trifluoro-1,4-
dihydro—~4-oxoquinoline-3-carboxylate (3.90 g), as colorless

needles (recrystallized from ethyl acetate - n-hexane), m.p.

161.5-163.5°C (dec.)

Reference Example 76

To 2-methyl-3-nitrobenzoic acid (10.0 g) is added
methanol (100 ml) and thereto thionyl chloride (8 ml) is
added dropwise at room temperature. After reflux for 2
hours, the reaction mixture is poured into ice-water and
extracted with dichloromethane. The solvent is concentr;ted

to give ﬁethyl 2-methyl-3-nitrobenzoate (10.8 g).

1y NMR (CDC1;) 6: 2.63 (3H, s), 3.94 (3H, s), 7.38
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(1H, t, J=8 Hz), 7.84 (1H, 4, J=8 Hz), 7.99 (1H, 4, J=8 Hz)

Reference Example 77

Methyl 2-methyl-3-nitrobenzoate (10.0 g) is
dissolved in acetic acid (50 ml) and thereto 5 % PA-C (1 g)
is added to carry out catalytic reduction at room
temperature under 1 atm. After 1.5 hours, the catalyst is
filtered off. The reaction mixture is concentrated, and
thereto is added water, and the mixture is made alkaline
with potassium carbonate, followed by extraction with
dichloromethane. Tﬂe solvent is concentrated to give methyl
2-methyl-3-aminobenzoate (8.6 g).

1H-NMR (CDC13) sppm: 2.34 (3H, s), 3.55-3.85 (2H,
brs), 3.87 (3K, s), 6.80 {1H, 4, J=8 Hz), 7.04 (1H, t, J=8
Hz), 7.20 (lH,.d, J=8 Hz)

Reference Example 78

To methyl 2-meth9143-aminobenzéate (1.6 g) are
added acetic acid (20 ml) and sodium acetate (1.6 g).
Thgreto a solution of bromine (3.1 g) in acetic acid (5 ml)
is added dropwise below 20°C 6ver a period of 10 minutes.
After the mixture is stirred at roém temperatufe for 30
minutes, the reaction'mixture is poured into ice-water and
the resultant is extracted with diethyl ether. The ether
layer is neutralized with pdtassium carbonate and dried.
The -solvent is concentrated to give ﬁethyl 2-methyl-3-amino-

4,6~dibromobenzoate (2.8 g).

lu NMR (CDC1;) 6: 2.14 (3H, s), 3.93 (3H, s),
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4.05-4.30 (2H, brs), 7.52 (1lH, s)

Reference Example 79

To methyl 2-methyl-3-~amino-4,6-dibromobenzoate
(1.4 g) are added ethanol (5 ml) and 42 % tetrafluoroboric
acid (2.5 ml), and thereto is added dropwise a solution of
sodium nitrite (0.33 g) in water (1 ml) below 5°C. After
stirring the mixture for 10 minutes, the precipitated
crystals are filtered and washed with a small amount of
water, ethanol and diethyl ether in this order to give
methyl 2-methyl-4,6-dibromo—-3-benzoate diazonium
tetrafluoroborate (1.6 g), m.p. 202-204°C (dec.).

Reference Example 80

Methyl 2-methyl-4,6-dibromo-3-benzoate diazonium

tetrafluoroborate (1.3 g) is heated at 200°C for 10

minutes. After cooling, the reaction mixture is added with

ice-water and extracted with dichloromethane. The solvent
is concentrated and the obtained residue is purified by
silica-gel column-chromatography (eluent; chloroform : 'n-
-hexane = 1 : 4) to give methyl 2-methyl-3-fluoro-4,6-
dibromobenzoate (0.6 g).

H NMR (CDCly) 6: 2.27 (3H, 4, J=2.5 Hz), 3.95
(38, s), 7.63 (18, d, J=5.8 Hz)

Reference Example 81

To methyl 2-methyl-3-=fluoro-4,6-dibromobenzoate
~{75.5 g) are added ethanol (460 ml) and 10 % aqueous

solution of sodium hydroxide (460 ml) and the mixture is
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refluxed for 2 hours. After cooling, the reaction mixture
is diluted with water and extracted with diethyl ether. The
agueous layer is made acidic with conc. hydrochloric acid
and extracted.with diethyl ether., The solvent is .
concentrated to give 2-methyl-3-fluoro-4,6-dibromobenzoic
acid (61 g), m.p. 1l44-146°C.

Reference Example 82

Employing 4,G—dibromo—B;fluoro—2—methylbenzoic
acid (2.0 g), the procedure of Reference Example 22 is
repeated to give 4,6-dibromo-3-fluoro-2-methylbenzoyl
chloride (2.0 g). .

lg-NMR (CDClq) sppm: 2.37 (3H, d, J=2.5 Hz), 7.69
(1B, d, J=5.8 Hz).

Reference Example 83

Employing diethyl 4,6-dibromo-3-fluoro-2-methyl-
benzoyl chloride (2.0 g), the procedﬁre of Reference Example
22 is repeated to give diethyl 4,6-dibromo-3-fluoro;2-
methylbenzoylmalonate (2.6 g).

Reference Example 84

Employing diethyl 4,6~dibromo-3~-fluoro~2-methyl-
benzoylmalonéte (2.6 g), the procedure of Reference Example
23 is repeated to give ethyl 4,6-dibromo-3-fluoro-2-methyl-
benzoylacetate (2.1 g).

Reference Example 85

Employing ethyl 4,6-dibromo-3-fluoro-2-methyl-

benzoylacetate (2.1 g), the procedure of Reference Example
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24 is repeated to give ethyl 2-(4,6-dibromo-3-fluoro-2-
methylbenzoyl)—-3-ethoxyacrylate (2.1 g).

Reference Example 86

Employing ethyl 2-(4,6~dibromo-3-fluoro-2-methyl-
benzoyl)-3-ethoxyacrylate (69.5 g), the procedure of
Reference Example 25 is repeated to give ethyl 2-{4,6-

dibromo-3-fluoro-2-methylbenzoyl)-3-cyclopropylaminoacrylate
(48.1 g).

Reference Example 87

A mixture comprising ethyl 2-(4,6-dibromo-3~
fluoro-2-methylbenzoyl)—-3-cyclopropylaminoacrylate (45.0 g),
potassium carbonate- (16.7 g) and dimethylformamide (450 mli
is reacted at 140;C for 30 minutes. After cooling, the
_reaction mixture is poured iﬁto ice-water and the '
precipitated crystals are filtered, which are recrystallized
from ethanpi to give ethyl l-cyclopropyl-6-fluoro-7-bromo-5-
methyl-1,4-dihydro-4-oxoquinoline-3-~carboxylate (33.6 g), as |
white crystals, m.p. 195-197°C.

Reference Example 88

Employiﬁg ethyl l-cyclopropyl-6-~fluoro-7-bromo-5-
methyl-1,4-dihydro-4-oxoquinoline~3-carboxylate (32.5 g),
the procedure of Reférence Example 27 is repeated to give 1-
cyclopropyl-6-fluoro-7-bromo-5-methyl-1,4-dihydro-4-
oxoquinoline~3-carboxylic acid (27.2 g), as white crystals,
m.p. 237-239°C.
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Reference Example 89

To l~cyclopropyl-6-fluoro-7-bromo-5-methyl-1,4-
dihydro-4-oxoquinoline-3-carboxylic acid (0.2 g) is added
thionyl chloride (2_ml) and the mixture is refluxed for 1
hour. After cooling, the reaction mixture is-ponred_into
ice-water and made alkaline with 10 % agueous sodium
hydroxide solution. After stirring for 30 minutes, the
resultant is extracted with dichloromethane. The agueous
layer is made acidic with 10 % hydrochloric acid and then
extracted with dichloroethane. The solvent is concentrated
and the residue is recrystallized from acetic acid to give
l-cyclopropyl-6-fluoro-7-chloro-5-methyl-1,4~dihydro—4-
oxoguinoline-3-carboxylic acid (80 mg), as white crystals,
m.p. 258-260°C.

Reference Example 90

Employing ethyl 2-(2—methy1-3,4,5-trifiuoro-
benzoyl)-3—ethoxy£crylate (1.0 g) and 2,4—dif1uoroahiline
(0.5 g), the procedure of Reference Example 25 is repeated
‘to give ethyl 2-(2-methyl-3,4,6-trifluorobenzoyl)-3-(2,4~
difluorophenyl)aminocacrylate (1.1 g).

lg-NMR (CDCl,) sppm: 0.95 (3H, t, J=7.2 Hz), 2.23
(3H, 4, J=2.,4 Hz), 4.06 (2H, q, J=7.2 Hz), 6.70-6.83 (lH,
m), 6.91-7.03 (2H, m), 7.26-7.45 (1H, m), 8.60 (1H, 4,
J=13..8 Hz), 11.36 (1H, 4, J=13.8 Hz)

Reference Example 91

Employing ethyl 2-(2-methyl-3,4,6-trifluoro-
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benzoyl)-3-(2,4-difluorophenyl)aminocacrylate (1.1 g) and 60
% sodium hydride (0.13 g), the procedure of Reference
Example 26 is repeated to give ethyl 1-(2,4-difluorophenyl)-
S5-methyl-6,7-difluoro-1,4-dihydro-4-oxoquinoline-3-
carboxylate (0.7 g).

lH-NMR (CDC1l;) sppm: 1.38 (3H, t, J=7.1 Hz), 2.91
(3H, 4, J=3 Hz), 4.38 (2H, q, J=7.1 Hz), 6.46 (1H, 4d, J=6.9
Hz, 11.1 Hz), 7.10-7.26 (2H, m), 7.38-7.56 (1H, m), 8.26
(1H, s)

Reference Example 92

Employing ethyl 1-(2,4~-difluorophenyl)-5-methyl-
6}7—difluoro-l,4-dihydro—4-oxoquinoline—3-carboxylate (0.7
g), the procedure of Reference Example 27 is repeated to
give 1-(2,4~difluorophenyl)-5-methyl-6,7-difluoro-1,4-~
dihydro-4-oxoquinoline-3-carboxylic acid (0.5 g), colorless
needles (recrystalized from acetic acié), m.p. 280-281°C.

Example 1

To 3—(4-methy1-l—piperazinyl)-4—f1uoro—2,5-
dimethyl-6-nitro-N-cyclopropylaniline (1.65 g) is added
diethyl ethoxymethylenemalonate (1.45 ml) and the mixture is
heated at 150°C for 25 hours. After cooling, the reaction
product is purified by silica-gel column-chromatography
(dichloromethane : methanol = 100 : 1) to give diethyl(N-
cyclopropyl-N-{3-(4-methyl-l-piperazinyl)-4-fluoro-2,5-
dimethyl-6-nitrophenyljaminomethylene]malonate (1.58 g).

The product is dissolved in acetic anhydride (7.9 ml) and
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thereto conc. sulfuric acid (3.16 ml) is added dropwise at
50-60°C, followed by stirring for 30 minutes. The resultaﬁt
mixture is poured into ice-water, neutralized, extracted
with dichloromethane and the extract is dried. The solvent
is distilled off under reduced pressure. Purification by
silica—-gel column-chromatography (dichloromethane : methanol
=10 : 1) and recrystallization from ethanol - diethyl ether
to give ethyl 7-(4-methyl-l-piperazinyl)-l-cyclopropyl-6-—
fluoro-5,8-dimethyl-1,4~dihydro-4-oxoquinoline-3-carboxylate
(28 mg), as yellow crystalé, m.p. 146-147°C. _

g NMR (CDC13) 6: 0.7-0.8 (2H, m), 1.0-1.2 (2H,
m)( 1.39 (3H, t, J=7 Hez), 2.39 (3H, s), 2.59 (3H ,s), 2.4~
2.7 (4B, br), 2.75 (38, 4, J0=2,9 Hz), 3.1-3.4 (4H, br), 3.8-
4.0 (1H, m), 4.38 (2H, g, J=7.1 Hz), 8.54 (lH, s)

Examgle-z

To ethyl 7-(4-methyl-1-piperaziny1)—i-cyclopropyl—
S-fluoro-s,a-dimethyl-l,4—dihydro-4—oxoquiﬁoline-3-
carboxylate (25 mg) are added 10 % aqueous solution of
sodium hydroxide (3 ml) and ethanol (3 ml), and éhe mixture
is refluxed for l.hour. After cooling, the reaction mixture
is diluted with water and washed with dichloromethane.
After the aqueous layer is made’acidic with acetic acid and
then made weak alkaline with an agueous sodium hydrogen
carbonate. The resultant is extracted with dichloromethane
and the extract is dried. The solvent is distilled off

under reduced pressure and to the residue is added diethyl
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ether. The precipitated crystals are filtered and
recrystallized from ethanol to give 7-(4-methyl-1-
piperazinyl)-l-cyclopropyl-6-fluoro-5,8-dimethyl-1,,4-
dihydro-4-oxoquinoline-3-carboxylic acid (14 mg), as yellow
crystals, m.p. 205-206°C. .

1y NMR (CDClq) 6: 0.7-0.9 (2H, m), 1.1-1.4 (2H,
m), 2.39 (3H, s), 2.5-2.8 (4H, br), 2.63 (3H, s}, 2.76 (3H,
d, J=3 Hz), 3.2-3.5 (4H, br), 4.0-4.2 (1H, m), 8.85 (1lH, s),
14.3-14.9 (1H, br)

Example 3

To 6,7-difluoro-l-cyclopropyl-5,8-dimethyl-1,4-
difluoro-4—oxoquiqoline—3—carboxylic acid ~ B(OCOCH3),
chelate (1.24 g) are added 4-methyl-l-piperazine {1.0 g) and

dimethylacetamide (6 ml), and the mixture is reacted at 50°C

for 20 hours. After concentrating, the obtained residue is

dissolved in acetone (20 ml) and thereto conc. hydrochloric'
acid (5 ml) is added,'followed by stirring at room
temperature for 30 minutes. The solvent is distilled.off
and the resultant is added with water and extracted with
dichloromethane. The aqueous lafer is neutralized witﬁ an

aqueous sodium hydrogen carbonate and extracted with

dichloromethane. After drying over magnesium sulfate, the

residue is added with a mixture of diethyl ether and

ethanol. The precipitated crystals are filtered and

recrystallized from ethanol to give 7-(4-methyl-1-

piperazinyl)~l~cyclopropyl-6~£fluocro~5,8~dimethyl-1,4-
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dihydro-4-oxoquinoline-3-carboxylic acid (0.1 g), as yellow
crystals, m.p. 205-206°C.

Example 4

To a suspension of 6,7-difluoro-l-cyclopropyl-S,8-
dimethyl-1,4~-dihydro-4-oxoquinoline-3-carboxylic acid (1.88
g) in N-methylpyrrolidone (5 ml) is added 4-methyl-1-
piperazine (2.02 g) and the mixture is stirred at 150°C for
3 hours. After the reaction is completed, the reaction
mixture is concentrated and the obtained residue is purified
by silica-gel column—chromatography (dichloromethane
methanol = 3 : 1), followed by recrystallization from
ethancl to'give 7-(4-methyl-l~piperazinyl)-l-cyclopropyl-6-
fluoro-s,8—dimeth§1—1,4-dihydro-4-oxoqﬁinoline—B—capboxylic
acid (0.05 g), as fellow crystals, m.p. 205-206°C.

Examgle 5

Starfing from suitable materials, the procedure of
the above Examples 1-4 is repeated to give the following
compounds. |

1) 7-(1—Pipraziny1)—1-cycloprobyl~6-fluoro—S,8-
dimethyl-l,4-dihydto—4—oxoquinoliné-3-carboxylic acid, m.p.
185-187°C, pale yellow needles (recrystalliéed from
dimethylformamide)
' 2) 7-(3-Methyl-l-piperazinyl)-l-cyclopropyl-6-

fluoro-5,8~-dimethyl-1,4-dihydro~4-oxoquinoline-3-carboxylic
acid, m.p. 183-185°é, colorless powder ‘

3) 7-(3-Amino~l-pyrrolidinyl)-l-cyclopropyl—-6-
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fluoro-5,8-dimethyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 96-98°C, pale yellow needles

4) 7-(1-Piperazinyl)-l-cyclopropyl-6-fluoro-5-
methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid, m.p.
231-233°C, white powder (recrystallized from dimethyl-
formamide)

5) 7-{4-Methyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro-S—methyl—l,4—dihydro—4—oxdquinoline—3—carboxylic -
acid, m.p. 229-232°C, pale yellow prisms (recrystallized
from ethanol)

6) 7-(3-Methyl-l-piperazinyl)-l-cyclopropyl—-6-
fluoro-5-methyl=1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 206-205°C, white powder (recrystéllized from
ethyl acetate -~ ethanol) '

7). 7-(3-Amino-1-pyrrolidinyl)-l-cyclopropyl—-6-
fluoro~5-methy1¥l,4-dihydro-4~oxoquinoiine-3-carboxylic
acid, m.p. . 267-270°C, white powder (recrystallized from
dimethylformamide)

8) 7-{l1-Piperazinyl)-l-cyclopropyl—-6,8-difluoro—
.S-methyl-l,4-dihyd;o-4-oxoquinoliﬂe-B-carboxylic acid, m.p.
205-207°C, white powder (recrystallized from ethanol)

9) 7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-6,8-
difluoro-S5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic

acid, m.p. 229-231°C, white needles (recrystallized from
ethanol)

10) 7-(3-Methyl-l-piperazinyl)-l-cyclopropyl—-6,8-
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difluoro-5-methyl-1,4-dihydro-4-oxogquinoline-3~-carboxylic
acid, m.p. 188-189°C, pale yellow powder {(recrystallized
from ethanol)

11) 7-(3-Amino-l-pyrrolidinyl)-l-cyclopropyl-6,8-
-@ifluoro-5-methyl-1,4~-dihydro-4-oxoquinoline-3~-carboxylic
acid, m.p. 213-216°C, pale yellow powder (recrystallized
from dimethylformamide)

12) 7-(l1-Piperazinyl)-l-cycloprpyl-6-fluoro—-8-
chloro-5-methyl-1,4-dihydro~4-oxoquinoline-3-carboxylic
acid, m.p. 214-217°C, pale yellow powder (recrystallizegd
from ethanol) |

13) 7-(4-Methyl-l-piperazinyl)-l-cyclopropyl—-6-
f1uoro-8-chloro—5;methyl-1,4—dihydro—4;oxoquinoline-3—
carboxylic acid, m.p. 190-192°C, pale yellow powder
{recrystallized froﬁ dichloromethane - n-hexane)

14) 7-(3~-Methyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro-8-chloro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid |

15) 7-(3-Amino-l-piperazinyl)-l-cyclopropyl-6-
f1uoro-8-chloro-S-methyl-l,4-dihydfo-4-oxoquinoliﬁe-3-
carboxylic acid |

.16) 7-{1-Piperazinyl)-l-cyclopropyl-5,6-difluoro-
8—methyl-1,4—dihydro-4-oxoquinolihe-3-carboxylic acid

17) 7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-5,6-

difluoro-8-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic

acid
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18) 7-(3-Methyl-l-piperazinyl)-l-cyclopropyl-5S,6-
difluoro-8-methyl-1l,4-dihydro-4~-oxoquinoline-3-carboxylic
acid '

19) 7-(3-Amino-l-pyrrolidinyl)-l-cyclopropyl-5,6-
difluoro-8-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid

20) .7-(l-Piperazinyl)-l-cyclopropyl-5-chloro-6-
fluoro-8-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid

21) 7—(4-Methyl—l—piperazinyl)—l—cyclppropyl-s—
chloro-6-fluoro-8-methyl-1,4-dihydro-4-oxoquinoline~-3-
carboxylic acid, m.p. 213-215°C, yellow crystals

' 22) 7-{3-Methyl-l-piperazinyl)-l-cyclopropyl—-5-
chloro—6-f1uoro~8;methyl-l,4-dihydro—4—oxoquinoline—3-
carboxylic acid

23) 7-(3-Amino-1-pyrrolidinyl)-l-cyclopropyl-5-
chloro—s—f1uoro-8—methyl—l,4-dihydro-4—oxoquinoline—37
carboxylic acid

24) 7-Morpholino-l—cyclopropyl-ﬁ;fluoro—s-methyl-
1l,4-dihydro—4-oxoquinoline-3-carboxylic acid, m.p. 245-
247°C, white powder (recrystallized from ethanol)

25) 7-(3-Amino~4-methyl-l1-pyrrolidinyl)-1-
cyclopropyl-s—fluorofS—methyl-l,4-dihydro-4—oxoquinoline—3—‘
carboxylic acid hydrochlori&e (trans foim), m.p. 272-275°C
{dec.) white powder (recrystallized'from methanol - ethyl

acetate)

26) 7-(3-Aminomethyl-l-pyrrolidinyl)-l1-cyclo-

——
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propyl-6-fluoro-S-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid hydrochloride, m.p. 280-283°C (decf), white
powder {recrystallized from methanol - water)

27) 7-(4-Hydroxy-l-piperidinyl)-l-cyclopropyl-6-
fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 220-221°C, colorless needles (recrystallized from
methanol)

28) 7-(4-Fluoro-l-piperidinyl)-l-cyclopropyl-6-
fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 204-207°C, white powder (recrystalliéed from
ethanol)

29) 7-[3-(N-t-Butoxycarbonyl-N-methylamino}-1-
pyrrolidinyl)—l—cfclopropyl-s-fluoro—S—methyl—l,4-dihydro—4—
oxoquinoline-3-carboxylic acid, m.p. 210-212°C, white powder
(recrystallized from ethanol)

30) 7-(3-t-Butoxycarbonylamino-4-methyl-1-
pyrrolidinyl)-l-cyclopropyl-6-fluoro-5-methyl-1,4-dihydro—4-
oxoguinoline-3-carboxylic acid (cis form), m.p. 239-241°C,
white powder (recrystallized from ethanol)

31) 7~[3-(N-t-Butoxycarbonyl-N-ethylaminomethyl)-
l-pyrrolidinyl]-l-cyclopropyl-s-fluoro-s;methylfl,4;dihydro-
4-oxoquinoline-3-carboxylic acid, m.p. 175-177°C, white
powder (recrystallized from ethanol)

32) 7-(3-Amino-4-methyl-l-pyrrolidinyl)-l-cyclo-
propyl-s-fluoro-s-methyl—l,4—dihydro—4—oxoquin61ine-3—

carboxylic acid hydrochloride (cis form), m.p. 280~284°C
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(dec.), pale yellow powder (recrystallized from ethanol)

33) 7-(3-Ethylaminomethyl-l-pyrrolidinyl)-1-
cyclopropyl-ﬁ—fluoro—s—methyl—l,4-dihydro—4—oxoquinoline-3—
carboxylic acid hydrochloride, m.p. 236-239°C, pale yellow
powder (recrystallized from ethanol)

34) 7-(1,4-Diazabicyclo[4,3,0)}nonan-4-yl)-1-
cyclopropyl-s—fluoro—5—methy1-l,4-dihydro—4—oxoquinoline-3—
carboxylic acid, m.p. 203-205°C, colorless needles
(recrystallized f£rom ethanol)

35) 7-(4-Acetyl-l-piperazinyl)-l-cyclopropyl-6—
fluoro~5-methyl-1,4-dihydro-4-oxoquinoline~3-carboxylic
acid, m.p. 261-263°C, white powder (recrystallized from
ethanol) |

36) 7-(3-Méthylamino-1—pyrrolidinyl)—1-cyclo—
propyl-6-flucro-5S-methyl-1,4-dihydro—-4-oxogquinoline-3-
carboxylic acid, m.p. 194-197°C, white powder
(recrystallized from dimethylformamide)

. 37) 7-(3-t-Butoxycarbonylamino-4-methyl-1-
pyrrolidinyl);l-cyclopropyl-é—fluoro—S-methyl—l,4-dihydro-4- )
oxoquinoline-3-carboxylic acid (trans form), m.p. 226-229°C,
white powder (recrystallized from ethanol)

38) 7-[4-({5-Methyl-2-oxo~1,3-3dioxolen-4~-
yl)methyl-l-piperazinyl]-l-cyclopropyl-6-fluoro-5-methyl-
1,4—dihydro-4-oxoquinoline-3-carboxylic acid

lg-NMR (CDCl3) éppm: 1.14-1.24 (2H, m), 1.26-1.41

(2H, m)' 2'16 (3Hl S), 2-72-2’84 (7H' IH), 3-28—3053 (7H, m),
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7.29 (1H, d, 8.2 Hz), 8.73 (1H, s), 15.57 (1H, s)

39) 7-(4-Benzyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro-5,8-dimethyl-1,4~dihydro~4-oxoquinoline-3-carboxylic
acid, m.p. 165-166°C, pale yellow needles (recrystallized
from diethyl ether - ethanol)

40) 7-(4-Benzyl-3-methyl-l-piperazinyl)-l-cyclo-
propyl-6-fluoro-5,8-dimethyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid, m.p. 176-178°C, pale yellow powder

41) 7-(1,4-Diazabicyclo{4,3,0]lnonan-4-yl)-1-
cyclopropyl-6,8—-difluoro-5-methyl-1l,4-dihydro-4-
oxoguinoline~3-carboxylic acid, m.p. 194-197°C, pale yellow
needles (recrystal}ized from dichiomethane - n-hexane)

42) 7-Morpholino-l-cyclopropyl-6,8-difluoro-5-
methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid, m.p.
255-2595c, white needles (recrystallized from ethanol)

' 43) 7-(4-Hydroxy-l-piperidinyl)-l-cyclopropyl-
6,8~dif1u6ro-s-methyl-l,4—dihydro-4-oxoquinoline—3—
carboxylic acid, m.p. 247-250°C, white needles
{recrystallized from ethanol)

44) 7-(4-F1uoro-14piperidiny1);l—cyclopropyl-6,8-
difluoro—s-methyl-l,4-dihydro—4-oxo§uinoline-3-carboxylic
acid, m.p. 259-261°C, pale yellow needles (recrystallized
from ethanol)

45) 7-(3-Methylamino~l-pyrrolidinyl)-l-cyclo-
propyl-6,8-diflucro-5-methyl~1l,4~dihydro~4-oxoquinoline-3~-

carboxylic acid monohydrochloride, m.p. 215-219°C, white
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powder (recrystallized from ethanol)

46) 7-(3-Ethylaminomethyl-l-pyrrolidinyl)-1-
cyclopropyl-6,8-difluoro~5-methyl-1,4-dihydro-4-oxo-
guinoline-3-carboxylic acid monohydrochloride, m.p. 221~
223°C, white powder (recrystallized from ethanol)

47) 7-(3-Aminomethyl-l-pyrrolidinyl)-l-cyclo-
propyl-6,8-difluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid

48) 7-(3-Amino-4-methyl-l-pyrrolidinyl)-l-cyclo-
propyl-6,8-difluoro-5-methyl-1,4-dihydro-4~oxoquinoline-3-~
carboxylic acid monchydrochloride (cis form), m.p. 209-
213°C, pale yellow powder (recrystallized from ethanol)

49) 7-(3-Amino-4-methyl-l-pyrrolidinyl)-l-cyclo-
propyl-6,8-difluoro—54me£hy171,4~dihydro-4—oxoquinoline-3-
carboxylic acid monohydrochloride (trans form), m.p. .214-~
216°C pale yellow powder (recrystallized from ethanol)

50) 7;[4—(S-Methyl-z-oxo-l,3-dioxolen-4—yl)—
methyl-1l-piperazinyl]-l~cyclopropyl-6,8-diflucro-5-methyl-
1,4-dihydro—4—oxoquinoline-3-carboxylic acid

51) 7-(4-Acetyl-l-piperazinyl)~-l-cyclopropyl—6, 8-
difluoro-5-methyl-1, 4~dihydro~4-oxoquinoline-3~-carboxylic
acid, m.p. 217-220°C, white powder (recrystallized from-
ethanol)

52) 7-{3-(N-t~Butoxycarbonyl-N-methylamino)~1l-
pyrrolidinyl}-l—cyclopropyl-s,8-dif1uoro—5—methy1-1,4-

dihydro-4-oxoquinoline-3-carboxylic acid, m.p. 184-187°C,

ST ISR 5
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white powder (recrystallized from ethanol)

53) 7-{3-(R-t-Butoxycarbonyl—-N-ethylaminomethyl)-
l-pyrrolidinyl]-l-cyclopropyl-6,8-difluoro-5-methyl-1,4-
dihydro~-4-oxogquinoline-3-carboxylic acid, m.p. 147-149°C,
white powder (recrystallized from ethanol)

54) 7-[3-{N-t-Butoxycarbonylaminomethyl)}-1-
pyrrolidinyl]}-l-cyclopropyl-6,8-difluoro-5-methyl-1,4-
dihydro-4-oxoguinoline-3-carboxylic acid

55j 7-(3-t—-Butoxycarbonylamino-4-methyl-1-
pyrro;idinyl)—l—cyclopropyl-é,8—difluoro—5-methyl—l,4—
dihydro-4—~oxoquinoline-3-carboxylic acid (cis form), m.p.
215-217°C, pale yellow powder (rec;ystallized from ethanol)

56) 7-(3-t-Butoxycarbonylamino-4-methyl-1-
pyrrolidinyl)-l-cyclopropyl-6,8-difluoro-5-methyl-1,4-
dihydro—4-oxoquinoline-3-carb9xylic acid (trans form), m.p.
223-224°C, white powder (recrystallized from ethanol)

57) 73(3-Amino—l-pyrrolidinyl)-l—cyclopropyl—é—
fluoro-8-chléro-5~methyl—l,4-dihydro-4—oxoquinoline-3-
carboxyiic acid, m.p. 194-195°C, pale yellow. powder
(recrystallized.from ethanol)

58) 7-(1-Piperazinyl)~1-(2,4-difluorophenyl)-6,8-
difluoro-S-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 244-246°C (dec.), white powder (recrystallized
from dimethylformamide)

59) 7-{4-Methyl-l-piperazinyl)-1-(2,4~-difluoro-
phenyl)-6;a-difluoro-s-methyl-l,4-dihydroxy—4-oxoquinoline—
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3—carboxylic-acid, m.p. 228-230°C (dec.), white powder
{recrystallized from ethanol)

60) 7-~(l-Piperazinyl)-1-(4-hydroxyphenyl)-6,8-
difluoro-5-methyl-1,4~-dihydroxy-4-oxoquinoline~3-carboxylic
acid, m.p. >300°C, white powder

61) 7-(4-Methyl-l-piperazinyl)-1-(4~hydroxy-
phenyl)-6,8-difluoro-5-methyl-1l,4-dihydro-4~oxoquinoline~-3-
carboxylic acid, m.p. >300°C, white powder

62) 7-(1-Piperazinyl)-l-ethyl-6,8-difluoro-5-
methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid, m.p.

219-220°C (dec.), colorless needles (recrystallized from
ethanol) '

63) 7-(4-Methyl-l-piperazinyl)-l-ethyl-6,8-
difluoro-5-methyl-1l,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 212.5-215°C (dec.), palé yellow prisms
(recrystallized from ethanol)

64) 7-(3-Methyl-l-piperazinyl)~l-ethyl-6,8-
difluoro-s—methyl-l,4-dihydro-4—oxoquinoline-3-car§pxylic
acid, m.p. 209.5-211°C (dec.), white powder (recrystallized
from ethanol)

- 65) 7-(1-Piperazinyl)-l~-(4-fluorophenyl)-6-
'fluoro-s-methyl~l,4-dihydro-4—oxoquinoline-3-carboxylic
acid, m.p. 278-282°C (dec.), yellowish crystals '
(recrystallized from dimethylformamide)

66) 7-(3-t-Butoxycarobonylamino~l-pyrrolidinyl)-
1-(4-fluorophenyl)-6~fluoro-5~-methyl-1,4~-dihydro-4~
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oxoquinoline-3-carboxylic acid, m.p. 249-250°C, white
crystals (recrystallized from ethanol)

67) 7-(3-Amino~l-pyrrolidinyl)-1-(4-
fluorophenyl)}-6-fluoro-5-methyl-1,4-dihydro~4-oxoquinoline-
3-carboxylic acid hydrochloride, m.p. 292-295°C (dec.), pale

yellowish white crystals (recrystallized from methanol -

water)

68) 7-(1-Piperazinyl)-l-ethyl-6-fluoro-5-methyl-
1,4—dihydro—4—oxoquinoline—3—carboxylic acid, m.p. 225-

227°C, white crystals (recrystallized from dimethyl-

formamide)

69) 7—(3—t~Butoxycarbonylamino-1—pyrrolidiny)—1—
ethyl-6-fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3~
carboxylic acid, m.p. 230-231°C, white crystals
(recrystallized from ethanols

70) 7-(3-Amino-l-pyrrolidinyl)-l-ethyl-6-fluoro-
S-methyl—l,4-dihydro—4—oxoquinoliﬁe-s—carboxylic acid
hydrochloride, m.p. 255-281?0 (Qec.), yellowish crystals
(recrysﬁéllized from ethanol)

71) Ethyl 7-(l-piperazinyl)-l-vinyl-6,8-difluoro-
5-methyljl,4—dihydro-4-oxoquinoline-3-carbox§late, m.p. 181-
183fc (dec.), pale yellow needles (recrystallized from
chldroform - n-hexane)

72) Ethyl 7-(4-methyl-l-piperazinyl)-l1-vinyl-6,8-
difluoro-s-methyl-l,4—difiuoro-4—oxoquinoline—3—carboxylate,

m.p. 165-166°C (dec.), pale yellow needles (recrystallized
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from ethyl acetate - n-hexane)

73) 7-(1-Piperazinyl)-l-vinyl-6,8~difluoro~5-
methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid, m.p.
205~-206.5°C (dec.), pale Qellow powder

74) 7-(4-Mehtyl-l-piperazinyl)-l-vinyl-6,8-
difluoro-5-methyl-1,4-dihydro-4-oxoquinoline~3-carboxylic
acid, m.p. 187.5-189.5°C (dec.), pale yellow needles
(recrystallized from ethyl acetate - n-hexane)

75) 7-{4-Methyl-l-piperazinyl)-l-~(4-fluoro-
phenyl)-6-fluoro-5-methyl-1,4~-dihydro~-4-oxoquinoline-3-
carboxylic acid, m.p. 274-276°C (dec.), white crystals
(recrystallized from ethanol)

76) 7-(l-Piperazinyl)-l-(2-thienyl)-6,8-difluoro-
S—methyl-l,4—dihydro-4-oxoquinoline—3-carboxylic acid, m.p.

239-240.5°C (dec.), white powder (recrystallized from
ethanol)

77) 7-(l-Piperazinyl)-l-cyclopropyl-6,8-difluoro-
5-ethyl-1l,4~dihydro-4-oxoquinoline-3~-carboxylic acid, m.p.
161-163°C, yellow powder (recrystallized from dimethyl-
formamide) |

| 78) 7-{3-Methyl-l-piperazinyl)-l-cyclopropyl—-6,8=-
difluoro—s-ethyl-l,4-dihydro-4—oxoquinoline—3-carboxylic
acid, m.p. 146-147°C, white powder (recrystallized from
dimethylformamide - ethanol - diethyl ether)

79) 7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-6,8-

difluoro-s-ethyl-l,4-diﬁydro-4-oxoquinoline—3—carboxy1ic
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acid, m.p. 201-202°C, white powder (recrystallized from
dimethylformamide)

80) 7-(3-Amino-l-pyrrolidinyl)-l-cyclopropyl-6,8-
difluoro-5-ethyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, m.p. 164-165°C, white powder (recrystallized from
ethanol)

8l) 38(-)-10-({4-Methyl-l-piperazinyl)-9-fluoro-
3,8-dimethyl-7-oxo—7H—pyrido[l,2,3—de][1,4]benzoxaéine—6—
carboxylic acid, m.p. 235-236.5°C (dec.), colorless prisms
(recrystallized from ethanol), [u]IZ)5 = -125.9° (C=0.21,
chloroform)

82) 7—(4-Methyl-1—piperaziny1)—1-(2,4-&ifluoro—
phenyl)-6-fluocro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid, m.p. 226-228°C, pale yellow crystals
(recrystallized from éthanol)

. 83) 7-(l-Piperazinyl)-l—(2,4-difluoropheny1)—6—
fluoro-5-methyl-1,4~dihydro~4-oxoquinoline-3-carboxylic acid
hydrochloride, m.p. 229-232°C, white crystals (recrystal-
lized from ethanol - water) .

84) 7-(3-Amin6-1-pyrrolidinyl)-1-(2,4—dif1uoro-
phenyl)-6-fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid hydrochloride, m.p. 291-294°C, white
crystals (recrystallized from ethanol - water)

Example 6

A mixture comprising 7-(3-t-butoxycarbonylamino-4-

methyl-l-pyrrolidinyl)-l-cyclopropyl-6-fluoro-S-methyl—-1, 4~



..........

- 149 -

dihydro-4-oxoquinoline-3-carboxylic acid (trans form) (120

mg), ethanol (4 ml) and 10 % hydrochloric acid (4 ml) is

refluxed for 30 minutes. After concentrating, the obtained

residue is recrystallized from methanol - ethyl acetate to

give 7-(3-amino~4-methyl-l-pyrrolidinyl)-l-cyclopropyl-6-

fluoro~5-methyl-1l,4-dihydro~4~oxoquinoline-3-carboxylic acid

hydrochloride (trans form) (60 mg), as white powder, m.p.
272-275°C.

Starting from suitable materials, the procedure of

Example 6 is repeated to give the following compounds.

1) 7-(3-Amino-4-methyl-l-pyrrolidinyl)-l-cyclo-
propyl-6-fluoro-5-methyl-1,4-dihydro-4-oxoquinoline~3-
carboxylic acid hydrochloride (cis form), m.p. 280-~-284°C
(dec.), pale yellow powder (recrystallized from ethanol)

2) 7-(3-Ethylaminomethyl-l-pyrrolidinyl)-1-
cyclopropyl-6-fluoro-5-methyl-1,4-dihydro—-4-oxoquinoline-3-
carboxylic acid hydrochloride, m.p. 236-239°C, pale yellow
powder (recrystallized from ethanol)

3) 7—(3¥Methyiamino—1-pyrrolidinyl)—1-cyclo—
propyl-6-fluoro~5-methyl-1,4~-dihydro-4-oxoquinoline~-3-
carboxylic acid, m.p. 194-197°C, white powder
(recrystallized from dimethylformamide)

4) 7-(3-Methylamino-l-pyrrolidinyl)-l-
cyclopropyl-6,8-difluoro-5-methyl-1,4-dihydro-4-oxo-
quinoline-3-carboxylic acid monohydrochloride, m.p. 215-

219°C, white powder ({recrystallized from ethanol)
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5) 7-(3-Ethylaminomethyl-l-pyrrolidinyl)-1-
cyclopropyl-6,8-difluoro-5-methyl-1,4~dihydro-4-oxo-
quinoline-3-carboxylic acid monohydrochloride, m.p. 221-
223°C, white powder (recrystallized from ethanol)

6) 7-(3-Aminomethyl-l-pyrrolidinyl)-1-
cyclopropyl-6,8-difluoro-5-methyl-1,4~-dihydro-4-oxo-
quinoline-3-carboxylic acid

7) 7-(3-Amino~-4-methyl-l-pyrrolidinyl)-l-cyclo-
propyl-6,8-difluoro-5-methyl-1,4-dihydro-4-oxoquinocline-3-
carboxylic acid monohydrochloride (cis form), m.p. 209~
213°C, pale yellow powder (recrystallized from ethanol)

8) 7-(3-Amino-4-methyl-l-pyrrolidiny)-l-cyclo-
"propyl-6,8-8ifluoro-5-methyl-1,4-dihydro-4-oxoquinoline-~3-
carboxylic acid monohydrochloride (trans form), m.p. 214-
216°C, pale yellow powder (recrystallized from ethanol)

9) 7-(3-Amino-l-pyrrolidinyl)-1-(4-fluorophenyl)-
6-fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid hydrochloride, m.p.:292-295°c (dec.), pale yel;QW
crystals (fecrystallized'from methahol - water)

10) 7—(3-Amino-l-pyrrolidinyl)-1—ethy1—6-fluoro-
S—methyl-l,4-dihydro~4—oxoquinolfne-3-carboxylic acid
hydrochloride, m.p. 275~281°C (dec.), yellowish crystals
{recrystallized frqm ethanol) ‘

11) 7-(3~Amino-l-pyrrolidinyl)-1l-cyclopropyl-6,8-
difluoro-5-ethyl~1,4~-dihydro-4-oxoquinoline-3-carboxylic

acid, m.p. 164-165°C, white powder (recrystallized from
ethanol)
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Example 7

To a solution of 7-(l-piperazinyl)-l-cyclopropyl-
6-fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid (40 mg) in 5 % sodium hydroxide (2 ml) is added acetic
anhydride (0.1 ml) at room temperature. After the mixture
is made acidic with dilute hydrochloric acid, the resultant
is extracted with dichloromethane and the extract is dried
over magnesium sulfate. After concentrating, the obtained
residue is recrystallized from ethanol to give 7-(4=-acetyl-
l-piperazinyl)-l-cyclopropyl-6-fluoro-S-methyl-1,4~dihydro-
4-oxoquinoline-3-carboxylic acid (29 mg), as white powder,

m.p. 261-263°C.

- Starting from suitable materials, the procedures
of Examplé 7 is repeated to give 7-(4-acetyl-l-piperazinyl)-
"l-cyclopropyl-6,8-difluoro-5-methyl-1,4~dihydro~4-
oxoquiﬁoline—3-carboxylic acid.

Example 8

To a solution of 7-(4-benzyl-l-piperazinyl)-1-
cyclopropyl-6-fluoro-5,8-dimethyl-1,4-dihydro-4-oxo-
quinoiine-3—carboxylic acid (150 mg) in etﬁanol (20 ml) is
added 10 % PA-C (50 mg) and the catalytic reduction is
carried out at 70°C under atomospheric pressure. After
filtering off the 10 % PA-C, the filtrate is concentrated.

The residue is recrystallized from dimethylformamide to give
7-(l-piperazinyl)-l—cyclopropyl-6-fldoro-5,8—dimethy1—l,4—

dihydro-4-oxoquinoline-3~-carboxylic acid (64 mg), m.p. 185-

4
q Bi ALY Amam o
P8 NIV 198



REPLACEMENT SHEET |

18 NOV 1996

- 152 -

187°C, as pale yellow needles.

Starting from suitable materials, the procedure of
Example 8 is repeated to give 7;(3-methy1—l-piperazinyl)-1-
cyclopropyl-6-fluoro-5,8-dimethyl-1,4-dihydro-4-
oxoguinoline-3-carboxylic acid.

Example 9

The procedures of Example 1 are repeated, via
diethyl [N-cyclopropyl-N-[34(3-ethoxycarbonylamino—1-
pyrrolidinyl)-4-fluoro-2,5-dimethyl-6-nitrophenyl}-
aminpmethylene]malonate as an intermediate compound, to give
ethyl 7-(3-ethoxycarbonylamino-l-pyrrolidinyl)-1-
cyclopropyl-s-fluoro-s,8-dimethy1—1,4-dihydro—4—oxo—
quinoline-3-carboxylate.

1B-NMR (CDCl3) 6ppm: 0.7-0.9 (2H, m), 1.0-1.2 (2H,
m), 1.39 (3H, t, J=7.1 Hz),.l.40 (3H, t, J=7.1 Hz),.2.1—2.4
(2H, m), 2.50 (3H, s), 2.75 (3H, d, J=3 Hz), 3.4-3.7 (4H,
m), 3.8-4.0 (1H, m), 4.1-4.5 (5H, m), 5.3-5.5 (1H, m), 8.54
(1H, s) '

Example 10

The procedure of Examéle l is repeated, via
diethyl [N-cyclopropyl-N-{[3-(4-benzyl-l-piperazinyl)-4-
fluoro-2,5-dimethyl-6-nitrophenyl]aminomethylenelmalonate as
an intermediate compound, to give ethyl 7-(4-benzyl-l-
piperazinyl)-l-cyclopropyl-6-fluoro~5,8-dimethyl-1,4~-
dihydro-4-oxoquinoline-3~-carboxylate.

lp-NMR (CDC13) sppm: 0.6-0.8 (2H, m), 1.0-1.2 (2H,
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m), 1.39 (3H, t, J=7.1 Hz), 2.58 (3H, s), 2.4-2.7 (4H, br),
2.74 (34, 4, J=3.0 Hz}, 3.1-3.4 (4H, br), 3.60 (2H, s), 3.8-
4.0 (1H, m), 4.38 (2H, g, J=7.1 Hz), 7.3-7.4 (5H, m), 8.53
(1H, s)

Example 11 -

The procedure of Example 1 is repeated, wvia [N-
cyclopropyl-N-{3~(4-benzyl-3-methyl-1-piperazinyl)-4-fluoro-
2,5-dimethy1-6—nitrophenyl]aﬁinomethylene]malonate as an
intermediate compound, to give ethyl 7-(4-benzyl-3-methyl-1-
piperazinyl)—l—cfclopropyl-s-fluoro—5,8—dimethy1-l,4—
dihydro-4-oxoguinoline-3~carboxylate, m.p. 128-129°9C, as
pale yellow powder.

Examgle 12

To ethyl 7-(3-ethoxycarbonylamino-l-pyrrolidinyl)-
l-cyclopropyl-6—-£fluoro-5,8-dimethyl-1,4-dihydro-4-
oxoquinoline-3-carboxy1ate (130 mg) is added 5 % aqueous
potassium hydroxide solution (3.2 ml) and the mixture is
refluxed for 4 hours. After cooling, the reaction mixture
is .made acidic-wiéh acetic acid and then made weak alkaline
with potassium carbonate. The resultant is extracted with
dichloroethane and the extract is dried, followed by
distillating the solvent under reduced pressure. To the
residue is .added diethyl ether and the precipitated crystals
are filtered to give 7-(3~-amino-l~pyrrolidinyl)-1-
cyciopropyl-S-fluoro-s,8-dimethyl-1,4-dihydro-4-oxo—
quinoline-3-carboxylic acid (30 mg), m.p. 96-98°C, as pale

vellow needles.
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Example 13

The procedure of Example 1 is repeated, via
diethyl (N-cyclopropyl—N-[3—(4-méthyl-1—piperazinyl)—4—
fluoro-2-methyl-5-chloro-6-nitrophenyl Jaminomethylene)-
malonate as an intermediate compound; to give ethyl 7-(4-
methyl—l—piperazinyl)—l—cyclopropyl-G—fluoro—Sfchloro-s-
methyl-1,4-dihydro-4-oxoquinoline-3-carboxylate, m.p, 175~
177°C, as yellow crystals.

Example 14

To a solution of l-cyclopropyl-6-fluoro-7-bromo-5-
methyl-l,4—dihydro—4-oxoquinolige-3—carboxylic_acid (0.58 g)
in N-methyl-2-pyrrolidone (5 ml) is added 4-oxopiperidine
(0.64 g) and the mixture is heated at 90°C for 20 minutes.
The solvent is distilled off under reduced pressure. To the
resulting residue is added ethanol and the precipitated
crystals are filtered to give l-cyclopropyl-6-fluoro—-7-(4-
oxo-l-piperidinyl)-5-methyl-l,4-dihydro-4—-oxoquinoline-3-
carboxylic acid (230 mg).

Elementary Analysis for Ci9H19N294F

Calcd. (%): C, 63.68; H, 5.34; N, 7.82

Found (%): C, 63.58; H, 5.39; N, 7.72

Experiment (Antimicrobial activity in vitro)

The antimicrobial activity of the test compounds
as mentioned below was tested by measuring minimum
inhibitory concentration (MIC) by the serial dilution method

on agar plate [cf. Chemotherapy, 22, 1126-1128 (1974)). The
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microorganisms were used in a concentration of 1 x 106
cells/ml {O.D. 660 my, 0.07-0.16, 100 folds dilution). The
results are shown in Table 1.

[Test compounds]:

1. 7—(4-Methyl-1—piperazinyl)-1—cyclopropy1—6-
fluoro-5,8-dimethyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid

2.' 7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro—S—methYl~l,4—dihydro—4—oxoquinoline—3-carboxylic acid

3. 7-(l-Piperazinyl)-l-cyclopropyl-6-fluoro-5-
methyl-1,4-dihydro~-4-oxoquinoline-3-carboxylic acid

4. 7-(3-Amino-l-pyrrolidinyl)-l-cyclopropyl-6-
fluoro-5-methyl-1, 4-dihydro-4-oxoquinoline-3-carboxylic acid

' 5. 7-(3-Methyl-l-piperdzinyl)-l-cyclopropyl-6-
fluoro-s-methyl—l,4-dihydro-4-oxoquinoline-3—carboxyiic acid

6. 7-(5—Aminomethyl-1-pyrrolidinyl)—l—cyclo—
propyl-6-fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid hydrochloride

' 7. 7-(3-Amino-4-methyl-l-pyrrolidinyl)-1-
cyclop;opyl—ﬁ-fluoré-S-methyl-l,4-dihydro—4—oxoquinoline-3-
carboxylic acid hydrochloride (trans form)

8. 7-Morpholino-i-cyclopropyl-6-fluoro~5-methyl-
1l,4~dihydro~4-oxoquinoline-3-carboxylic aciad

9. 7~(3-Ethylaminomethyl-l-pyrrolidinyl)-1-
cyclopropyl-6~fluoro-5~methyl~-1,4-dihydro-4~oxoquinoline-3-

carboxylic acid hydrochloride

LT
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10. 7-(l,4-Diazabicyclo(4,3,0)nonan-4-yl)-1-
cyclopropyl—6—fluoro—5—methyl-1,4—dihydro-4-oxoquinoline-3—
carboxylic acid

11. 7-(4-Hydroxy—l-piperidiny1)-1—cyc16propyl—6-
fluoro-s—ﬁethyl—l,4—dihydro-4—oxoquinoline—3—carboxylic acid

12. 7-(4-Fluoro-l-piperidinyl)-l-cyclopropyl-6-
fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid

13. 7-(3-Amino-4-methyl-l-pyrrolidinyl)-1-
cyclopropyl-~6-fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid (cis form)

14, 7-(4—Acetyl—l—pipefazinyl)—l—cyclopropyl—G—
fluoro—S—methyl—l,4—dihydro—4-oxoquinoline—3-carboxy1ic acid

15. 7-(3-Methylamino-l-pyrrolidinyl)-l-cyclo-
propyl—G-fluofo—S—methyl—l,4-dihydro—4—oxoquinoline—3—
carboxylic acid

'16. 7-(1-Piperazinyl)-l-cyclopropyl-6-fluoro-5,8-
dimethyl—l,4¥dihydro—4-okoquinoline—3-carboxylic acid

17. 7-(3-Amino—1-pyrrolidiny1)—1-cyclopropy1—6-

fluoro-5,8-dimethyl-1,4-dihydro-4~oxoquinoline~3-carboxylic

acid

18, 7-(3-Methyl-l-piperazinyl)-l-cyclopropyl~6-
fluoro-5,8~dimethyl-1,4-dihydro-4-oxoquinoline-3-carboxylic

acid

19. 7~(1-Piperazinyl)-l-cyclopropyl-6,8-difluoro-

‘5-methyl-1,4-dihydro-4-oxoquinoline~3~carboxylic acid
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20, 7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-6,8-
difluoro-5-methyl-1l,4-dihydro-4-oxoquinoline-3-carboxylic
acid

21. 7-(3-Methyl-l-piperazinyl)-l-cyclopropyl-6,8-
difluoro-5-methyl-1,4-dihydro—-4-oxoquinoline-3-carboxylic
acid

22, 7-(3-Amino~l-pyrrolidinyl)-l-cyclopropyl-6,8-

difluoro-5-methyl-1,4-dihydro-4-oxogquinoline-3-carboxylic
acid

23. 7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-5-

chloro-6-£fluoro~8-methyl-1,4-dihydro-4-oxogquinoline-3-
carboxylic acid

24;_ 7-(1,4-Diazabicyclo[4,3,0)nonan-4-yl)-1-
cyclopropyl-6,8-difluoro-5-methyl=l,4-dihydro-4-~

oxoéuinoline—B-carboxylic acid

25. 7-Morpholino-l-cyclopropyl-6,8-difluoro-5-
methyl-1l,4-dihydro-4-oxoquinoline-3-carboxylic acid
~ 26. 7-(4-Hydroxy-l-piperizinyl)-l-cyclopropyl-
6,8-difluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid
é?. 7-(4—F1uoro-1-piperidinyl)-l—cyélopropyl-G,B-
difluoro-s-methyl?l,4—dihydro-4—oxdquinoline—3—carboxy1ic
acid
28, 7-(3-t-Butoxycarbonylamino-4-methyl-1-
pyrrolidinyl)-1l-cyclopropyl-6,8~difluoro-5-methyl-1,4-

dihydro-4~oxoquinoline-3-carboxylic acid (trans form)
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29, 7-{3-Methylamino-l-pyrrolidinyl)-1l-cyclo-
propyl-6,8-difluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid monohydrochloride

30. 7—(3-Ethylaminometh§l—l—pyrrolidinyl)—1—

. eyclopropyl-6,8-difluoro~5S-methyl-1,4-dihydro-4-oxo-
gquinoline-3-carboxylic acid monohydrochloride

31. 7-(3-Amino-4-methyl-l-pyrrolidinyl)-l-cyclo-
propyl-6,8-difluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid monohydrochloride (trans form)

32. 7-(3-Amino-4-methyl-l-pyrrolidinyl)-l-cyclo-
propyl—s,&~dif1uoro—5—methyl—l,4—dihydro—4~oxoquinoline—3—
carboxylic acid monohydrochloride (cis form)

33. 7-(4-Rcetyl-l-piperazinyl)-l-cyclopropyl-6,8-
diflubro-s—methyl—l,4—dihydro—4-oxoquinoline—3—carboxylic
acid

34, 7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-6-
f1uoro—8-chloro-S—methyl-l,4-dihydro-4-oxoquinoline+3~
carboxylic acid

35. 7-(l-Piperazinyl)-l-cyclopropyl—-6-£fluoro-8-
"chloro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid

36. 7-(3-Amino-l-pyrrolidinyl)-l-cyclopropyl-6~
fluoro-8-chloro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid

37. 7-(1-Piperazinyl)-1-(2,4~difluorophenyl)-6,8-

difluoro-5-methyl-1,4-dihydro-4-oxoquinoline~3-carboxylic

acid
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38. 7-{4-Methyl-l-~piperazinyl)-1-(2,4~-difluoro-
phenyl)-6,8-difluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid

39. 7-(l-Piperazinyl)-l1-(4-hydroxyphenyl)-6,8-
difluoro-s—mgthyl;l,4—dihydro—4-oxoquinoline—3-carboxylic
acid

40. 7—(A—MethYI—l—piperazinyl)—1—(4;hydroxy-
bhenyl)-G,8—difluoro—5—methy1-1,4-dihydro-4—oxoquinoline—3—
carboxylic acid '

41. 7-(1-Piperazinyl)-l-ethyl-6,8-difluoro-5-
methyl-1l,4-dihydro-4-oxoquinoline-~3-carboxylic acid

42, 7-(l1-Piperazinyl)-1—(4-fluorophenyl)-6-
fluoro-s—methyl—l,4—dihydro-4—oxoquiholine—3—carboxy11c acid

43, 7-(3-Amino-l-pyrrolidinyl)-1-(4-
fluorophenyl)-6-£fluoro-5-methyl~-1l,4-dihydro-4—-oxoquinoline-
-3-carboxy1ic acid hydrochloride

44. 7-(1-Piperazinyl)-1l-vinyl-6,8-difluoro-5-
methyl-1l,4-dihydro-4-oxoquinoline-3-carboxylic acid

45. 7-(4-Methyl-l-piperazinyl)-1-(4-
fluorophenyl)-~6-fluoro-5-methyl-1,4~dihydro-4-oxoquinoline-
3-carboxylic acid

46. 38 (;)—10-(4—Methyl-l-piperazinyl)-9—fluoro—
3,8-dimethyl-7-oxo-7H-pyrido[1l,2,3-de][1,4)benzoxazine—-6-
carboxylic acid

47. 7-(4-Methyl-l-piperazinyl)-1-(2,4-difluoro-
phenyl)~-6-fluoro~5-methyl-1,4-dihydro-4-oxoquinoline-3-

carboxylic acid
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48. 7-(l-Piperazinyl)-1-(2,4-difluorophenyl)-6-
fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid
hydrochloride

49. 7-(3-Amino-l-pyrrolidinyl)-1-(2,4~-difluoro-
phenyl)}-6-fluoro-5-methyl-1,4-dihydro-4-oxogquinoline-3-
carboxylic acid hydrochloride

[{Test microorganisms]:

A: Staphylococcus aureus FDA 209P

B: Staphylococcus aeruginosa E-2
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Table 1
Test compounds Microorganisms
a B
1 0.049 0.78
2 0.195 0.78 i
3 0.098 0.39
4 0.098 0.39
5 0.098 0.39
6 0.098 i 1.56 |
7 0.195 0.78
8 0.098 -
9 0.195 -
10 0.049 0.78
11 0.049 -
12 0.098 -
13 0.195 0.78
14 0.098 -
15 0.098 0.78
16 '0.098 0.78
17 0.049 0.39
18 0.098 0.78
19 0.098 0.39
20 0.098 0.78
21 0.098 0.39

- to be continued -

Semsen
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Table 1 {Continue)
Test compounds Microorganisms
A B

22 0.024 0.39

23 0.024 | -

24 0.098 % 0.78

25 0.024 -

26 0.012 g -

; 27 0.098 5 -
28 0.195 -

29 0.195 0.78

30 0.098 -

31 0.19% 0.78

32 0.098 0.39

33 0.024 -

34 0.098 -

35 0.049 0.39

36 0.049 0.39

37 0.098 0.78

. 38 | 0.195 | 1.56

39 5 0.195 i 0.39

40 y 0.098 | 0.78

41 % 0.39 E 1.56

42 % 0.049 g 0.39

- to be continued -
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Table 1 {Continue)

Test compounds Microorganisms
A B
43 0.098 0.39
44 0.78 0.78
45 0.195 1.56
46 { 0.098 1.56
47 é 0.098 1.56
48 ‘ 0.098 0.39
49 0.024 0.78

Preparation 1

An injection preparation is prepared from the

following components.

Components

7-(4-Methyl-l-piperazinyl)-l~cyclopropyl-6-
fluoro-5,8-dimethyl~1,4-dihydro—-4-oxo

quinoline-3-carboxylic acid
Glucose

Distilled water for injection

Amount

200 mg

250 mg

g.s.

Totally

5 ml

7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-6-£fluoro-

5,8-dimethyl-1,4-dihydro-4-oxoquinoline-3~-carboxylic acid

and glucose are dissolved in distilled water for injection,

and the solution is added to a 5 ml ampoule, which is purged

with nitrogen gas and then subjected to sterilization at

121°C for 15 minutes to give an injection preparation.
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Preparation 2

Film coated tablets are prepared from the

following components.

Components ' Amount
7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro-5,8-dimethyl~1,4~dihydro-4-oxo
quinoline-3-carboxylic acid ) 100 g

Avicel (tradename of microcrystalline cellulose,
manufactured by Asahi Chemical Industry

Co., Ltd., Japan) 40 g
Corn starch 30 g
Magnesium stearate . 2 g

TC-5 (tradename of hydroxypropyl methylcellulose,
manufactured by The Shin-Etsu Chemical Co.,

Ltd., Japan) 10 g
Polyethylene glycol 6000 3g
Castor oil : 40 g
Ethanol 40 g

7-(4-Methyl~l-piperazinyl)-1l-cyclopropyl—-6-fluoro-
S,8-dimethyl-1,4-dihydro-4-oxoquinoline-3~carboxylic acid,
Avicel, corn starch and magnesium stearate are mixed and
kneaded and the mixture is tabletted using a conventional
pounder (R 10 mm) for sugar coating (manufactured by Kikusui
Seisakusho Co., Ltd., Japan). The tablets thus obtained are
coated with a film coating agent consisting of TC-5,

polyethylene glycol 6000, castor oil and ethanol to give
f£ilm coated tablets.

Preparation 3

An ointment is prepared from the following

components.
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Components —

7-(4-Methyl~-l-piperazinyl)j-l-cyclopropyl-6-
fluoro-5,8-dimethyl-1,4~dihydro-4-oxo-
guioline-3-carboxylic acid

249

Purified lanolin 5 g
Bleached beeswax 5 g
White vaseline 88 g
Totally 100 g

Bleached beeswax is made liquid by heating, and
thereto are added 7-(4-methyl-l-piperazinyl)-l-cyclopropyl-
6-fluoro-5,8-dimethyl-1l,4-dihydro-4-oxoquinoline-3- _
carboxylic acid, purified lanolin and while vaseline, and
the mixture is heated until it becomes liquid. The mixture

is stirred until it is solidified to give an ointment.
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What is claimed is:

1. A compound of the formula:

(1)

wherein Rl is a cyclopropyl which may be substituted by 1 to
3 of substituents selected from the group consisting of a
(lower) alkyl and a halogen atom; a phenyl which may be
substituted by 1 to 3 of substituents selected from the
group consisting of a (lower) alkoxy, a halogen atom and
hydroxy on phenyl ring; a (lower) alkyl which may be
substituted by a halogen atom, a (lower) alkanoyloxy or.
hydroxy: a (lower) alkenyl; or thienyl,

RZ is a 5- to 9-membered saturated or unsaturated -
heterocyclic ring which may be'sustituted,

R3 is hydrogen atom, a (lower) alkyl, or a halogen
atom,

R? is a (lower) alkyl or a halogen atom,

R is hydrogen atom or a (lower) alkyl,

R! and r3 may be taken together to form the group :

~CH-CH,~0~

31
R
wherein R31 is hydrogen atom or a (lower) a;kyl, and

X is a halogen atom,
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provided that R3 and R? are not simultaneously halogen
atom, and that when R3 is hydrogen atom, R* is a lower
alkyl,
or a pharmaceutically acceptable salt thereof.

2. The compound according to claim 1, which is a

compound of the formula:

N
R? R3A | (1]
g1A

wherein R™ is a cyclopropyl which may be substituted by 1
to 3 of substituents selected from the group consisting of a
(lower) alkyl and a halogen atom, ‘a phenyl which may be
substituted by 1 to 3 of substituents selected from the
group consisting of a (lower) alkoiy, a halogen atom and
hydroxy on phenyl ring, a (lower) alkyl which may be
substituted by a.halogen atom, a (lower) alkanoyloxy or
hydroxy, a (lower) alkenyl or thienyl, RZ is a 5- to 9-
membered saturated

or unsaturated heterocyclic ring which

may. be sustituted, R3P g hydrogen atom, a (lower) alkyl, or

a halogen atom, RY is a (lower) alkyl or a halogen atom, R
is hydrogen atom or a (lower) alkyl, and X is a halogen
atom, provided that R3 and R? are not simultaneously halogen
atom, and that when R3 is hydrogen atom, R? is a lower

alkyl, or a pharmaceutically acceptable salt thereof.
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3. The compound according to claim 1, which is a

compound of the formula:

(1)

wherein R? is a 5- to 9-membered saturated or unsaturated
heterocyclic ring which may be sustituted, R? is a {lower)
alkyl or a halogen atom, R is hydrogen atom or a (lower)
alkyl, rR3! is hydrogen atom or a (lower) alkyl, and X is a
halogen atom, or a pharmaceuticall& acceptable salt thereof.
4. The compound according to claim 3, wherein R2
ra
is a group of the formula: -N N—Rb.wherein R? is hydrogen
RC
atom or a Cy-Cg alkyl group, RP is hydrogen atom, a Cy-Cg
alkyl group, a C;-Cg alkanoyl group, a phenyl(cl;cs)alkyl
group, or a 2-oxo-l,3-dioxolenemethyl group which is substi-
tuted by a C;-Cg alkyl group,-Rc is hydrogen atom or a Cy-Cg
alkyl group, R is hydrogen atom; R? is a Cy-Cg alkyl group;
X is fluorine atom; and R3! is a C;-Cg alkyl group, or a
pharmaceutically acceptable salt thereof.
5. The compound according to claim 2, wherein R1A
is a phenyl which may have 1 to 3 substituents selected from

the group consisting of a C,-Cg alkoxy group, a halogen atom
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and hydroxy group, or a C,-Cg alkyl group which may by
substituted by a halogen atom, a C,-C, alkanoyloxy group or
hydroxy group, R is hydrogen atom, and X is fluorine atom,
or a pharmaceutically acceptable salt thereof.

6. The compound according to claim 2, wherein r1A
is a C,~Cg alkenyl group or thienyl group, R is hydrogen

atom, and X is fluorine atom, or a pharmaceutically accept-

able salt thereof.

7. The compound according to claim 2, wherein r1A

is unsubstituted cyclopropyl, R is hydrogen atom, X is

fluorine atom, R3® is a halogen atom, and RY is a Cy1-Cg

alkyl group, or a pharmaceutically acceptable salt thereof.
8. The compound according to claim 2, wherein r1&

is unsubstituted cyclopropyl, R is hydrogen atom, X is

£luorine atom, R3?® is a C,~Cg alkyl group, R? is a halogen

atom, or a pharmaceutically acceptable salt thereof.

9. The éompound according to claim 2, wherein rla
is unsubstituted cyclopropyl, R is hydrogen atom, X is
-fluorine Atom, R3R and R? are each a Cy-Cg alkyl group, or a

pharmaceutically acceptable salt thereof.

10. The compound according to claim 2, wherein RA

is unsubstituted cyclopropyl, R is hydrogen atom, X is

fluorine atom, RA is5 a halogen atom, and rR? is a C1-Cg

alkyl. group, and R? is a l-piperazinyl group which may have
1l to 3 substituents selected from the group consisting of a

C,1—Cg alkyl group, a C;-Cg alkanoyl group, a phenyl(C;-Cg)-
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alkyl group, and a 2-oxo-1,3-dioxolenemethyl group which may
be substituted by phenyl group or a C,-Cg alkyl group, or a
pharmaceutiéally acceptable salt thereof.

1l. The compound according to claim 10, wherein R?

R2
is a group of the formula: —ﬁr_ﬂi-Rb wherein R? is hydrogen
RC
atom or a Cy-Cg alkyl group, RrP is hydrogen atom, a C,-Cg
alkyl group, a C,-Cg alkanoyl group,; a phenyl(Cy-Cg)alkyl
group, or a 2-oxo-l,3-dioxolenemethyl group which is substi-
tuted by a C;-Cg alkyl group, R® is hydrogen atom or a C1-C¢
alkyl group, or a pharmaceutically acceptable salt thereof.

12. The compound acéording to claim 11, wherein R®
is hydrogen atom or a Cl—Cs'alkyl group, rRP is hydrogen atom
or a Cy-Cg alkyl group, R® is hydrdgen atom, R3A js fluorine
or chlorine atom, and R? is methyl éroup, or a pharmaceutic-~
ally acceptable salt thereof.

13. The compound according to claim 11, wherein R2
is hydrogen atom or a Ci-cs alkyl group, rP is hydrogen atom
or a C;-Cg alkyl group, RC is hydrogen atom, R32 is fluorine
. or chlorine atom, and R? is ethyl group, or a pharmaceutic-
ally acceptable salt thereof.

l4. The compound according to claim 12 or claim
13, wherein R32 is fluorine atom, or a pharmaceutically

acceptable salt thereof.

15. The compound according to claim 2, wherein R1A
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is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R3B is a halogen atom, and R? is a C,-Cg
alkyl group, and R? is a l-pyrrolidinyl which may have 1 to

3 substituents selected from the group consisting of an

amino which may have 1 or 2 susbtituents selected from a Cy-

Cg alkyl group and a (Cy-Cg)alkoxy~carbonyl group, an amino-
(C1-Cglalkyl group which may have 1 to 2 substitents
selected from a C;-Cg alkyl group and a (Cy-Cg)alkoxy-
carbonyl group on the amino moiety, and a Cy-Cg a;kyl group,
or a pharmaceutically acceptable salt the;eof.

16 The compound according to claim 15, wherein R

rE

is a group of the formula: -Ni::[ wherein Rf is an amino
i "
which may have 1 or 2 substituents selected from a Cy-Cg
alkyl group and a (Cy-Cg)alkoxy-carbonyl group, or an
amino(cl-cs)alkyl group which may have 1 or 2 substituents
selected from a C,-Cg alkyl group and a (Cy-Cg)alkoxy-
carbonyl group on the amino moiety, R® is hydrogen atom or a
C;-Cg alkyl group, R32 is filuorine or chlorine atom, and R4
is methyl or ethyl group, or a_pharmaceutically acceptable

salt thereof.

17. The compound according to claim 16, wherein

R3A js fluorine atom, and rR? is methyl group, or a

pharmaceutically acceptable salt thereof.

18. The compound according to claim 2, wherein riA

FJ HIS SHERp pors ==

This Sheet Has Been R LM S BisN

i

M Illl T

|
{



| O

TS

- 172 -

¢ e

is unsubstituted cyclopropyl, R is hydrogen atom, X is

fluorine atom, R is a halogen atom,-R4 is a Cy-Cg alkyl
group, and R? is a morpholino group which may have 1 to 3
substituents of C;-C, alkyl groups, or a pharmaceutically

acceptable salt thereof.

19. The compound according to claim 18, wherein R2

~

is a group of the formula: -N 0 wherein RS is hydreogen
<Re

atom or a C;-Cg alkyl group, R® is hydrogen atom or a Cy~Cg

alkyl group, R3® is fluorine or chlorine atom, and R? is

methyl or ethyl group, or a pharmaceutically acceptable salt

thereof.

20. The compound according to claim 19, wherein
R3® is fluorine atom and R? is methyl group, or a pharma-
ceutically acceptable salt thereof.

21. The compound according to claim 2, wherein R1®
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R3® is a halogen atom, R? is a Cy-Cg alkyl
group, and R? is a l-piperidinyl group which may have ) to é
substituents selected from a Cy-Cg alkyl group, hydroxy, a
halcgen atom and oxo group, or a pharmaceutically acceptablé

salt thereof.

22. The compound according to claim 21, wherein RZ

rh
is a group of the formula: -N Rl wherein RP is hydrogen
rJ
. ' ' THIS SHEET HAS BEEN
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atom or a C,-Cg alkyl group, R is hydrogen atom, hydroxy, a
halogén atom or oxo group, RI is hydrogen atom or a Cy-Cg¢
alkyl group; R3® is fluorine or chlorine atom; and R? is
methyl or ethyl group, or a pharmaceutically acceptable salt

thereof.

23. The compound according to claim 22, wherein
R3® is fluorine atom and R? is methyl group, or a pharma-
ceutically acceptable salt thereof.

24. The compound according to claim 2, wherein r1A
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R3® is a halogen atom, rR? is a Cl-Cé alkyl
group, and R? is 1,4-diazobicyclo(4.3.0]lnonan-4-yl group, or
a pharmaceutically acceptable salt thereof.

25. The compound according to claim 24, wherein
R3® is fluorine or chlorine atom and rR? is methyl or ethyl
group, or a pharmaceutically acceptable salt thereof.

26. The compound according to claim 25, wherein

R3A jg fluorine atom and R? is methyl group, or a pharma-

ceutically acceptable salt thereof.

27. The compound according to claim 2, wherein rLA
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R3A is hydrogen atom, and r4 is a Cy~Cg alkyl
group, or a pharmaceutically acceptable salt thereof.

28. The compound according to claim 2, wherein r1A
is unsubstituted cyclopropyl, R is hydrogen atom, X is

fluorine atom, R3A jg hydrogen atom, R is a Cy1-Cg alkyl
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group, and R? is a 1—piperazinjl group which may have 1 to 3

substituents selected from a C;-Cg alkyl group, a C,-Cg

alkanoyl group, a phenyl(C,-Cg)alkyl group, and a 2-oxo-1,3-

dioxolenemethyl group which may substituted by phenyl or a

C,-Cq alkyl group, or a pharmaceutically acceptahle salt

thereof.

29. The compound according to claim 28, wherein R

Re

is a group of the formula: -N N-RP wherein R? is hydrogen
RC

atom or a Cy-Cg alkyl gfoup, Rb is hydrogen atom, a C1-Cg

alkyl group, a C;-Cg alkanoyl group, a phenyl(Cy-Cg)alkyl

group, or a 2—oxo-l,3—dio¥olenemethy1 group which is substi-

tuted by a C;~Cg alkyl group, Ec is hydrogen atom or a C;-Cg

alkyl gfoup, or a pharmaceutically acceptable salt ﬁhereof.

30. The compound according to claim 29, wherein R®

is hydrogen atom or a Cy-Cg alkyl group, RP is hydrogen atom

or a C;-Cg alkyl group, RC is hydrogen atom, and r? is
methyl group, or a pharmaceutically acceptable salt thereof.
31. The compound according to claim 30, wherein R2
is hydrogen atom or a C;-Cg¢ alkyl group, RP is hydrogen atom
or a C;-Cg alkyl group, R® is hydrogen atom, and R? is ethyl
group, or a pharmaceutically acceptable salt thereof.
32. The compound according to claim 2, wherein r1A

is unsubstituted cyclopropyl, R is hydrogen atom, X is

fluorine atom, R3® isg hydrogen atom, and RY is a Cy-Cg alkyl

e s ———
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group, and RZ is a l-pyrrolidinyl which may have 1 to 3
substituents selected from the group consisting of an amino
which may have 1 or 2 susbtituents selected from a Cy-Cg
alkyl group and a (C;-Cg)alkoxy-carbonyl group, an amino(C,-
Cglalkyl group which may have 1 to 2 substitents. selected
from a C;-Cg alkyl group and a (Cl—CG)alkoxy—carbonyl group
on the amino moiety, and a Cy-Cg alkyl group, or a pharma-
ceutically acceptable salt thereof.

33 The compound according to claim 32, wherein R2

rE
is a group of the formula: —QC:]: wherein Rf is an amino
rY
which may have 1 or 2 substituents selected from a Cy~-Cg¢
alkyl group angd a (Cy-Cglalkoxy-carbonyl group, or an
amino(ci—bs)alkyl group which may have 1 or 2 substituents
selected from a Cy-Cg alkyl group and a (C;-Cg)alkoxy-
carbonyl group on the amino m01ety, RY is hydrogen atom or a
C,-Cg alkyl group, and rR? is methyl or ethyl group, or a
pharmaceutically acceptable salt thereof.

34. The compound according to claim 2, wherein r1A
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R3B ig hydrogen atom, r? is a C,-Cg alkyl
group, and RZ is a mo¥pholino group which may have 1 to 3
substituents of Cy-C, alkyl groups, or a pharmaceutically

acceptable salt thereof.

35. The compound according to claim 34, wherein R2
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rS
is a group of the formula: -N O wherein rRY is hydrogen

R
atom or a C;-Cg alkyl group, R® is hydrogen atom or a C;-Cg

alkyl group, and rRY is methyl or ethyl group, or a pharma-
ceutically acceptable salt thereof. .

36. The compound according to claim 2, wherein R1A
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, rR3A is hydrogen atom, R? is a Cy-Cg alkyl
group, and R? is a l-piperidinyl group which may have 1 to 3
substituents selected from a C,~Cg alkyl group, hydroxy, a
halogen atom and oxo group, or a pharmaceutically acceptable
salt thereof.

37. The compound according to claim 36, wherein R2

rh
is a group of the formula: -N R! wherein RP is hydrogen
RJ
atom or a Cy-Cg alkyl group, Rl is hydrogen atom, hydroxy, a
halogen atom or oxo group, RJ is hydrogen atom or a C;-Cgq
alkyl group; and rRY is m;thyl or ethyl group, or a pharma-
ceutically acceptable salt thereof.

38. The compound according to claim 2, wherein R1A
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R3A jg hydrogen atom, rRY is a Cy-Cg alkyl
group, and R? is 1,4-diazobicyclo{4.3.0])nonan-4~-yl, or a

pharmacéutically acceptable salt thereof.
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39. The cémpound according to any one of claims
33, 35, 37 and 38, wherein R? is methyl group, or a pharma-
ceutically acceptable salt thereof.

40, 7-{(l1-Piperazinyl)-i-cyclopropyl-6-fluoro-5-
methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid.

41. 7-{3-Methyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro-5-methyl-1l,4-dihydro-4-oxoquinoline-3-carboxylic
acid.

42. 7-(4-Methyl-l-piperazinyl)-l-cyclopropyl-6-
fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid.

43. The compound according to claim 1, which is a
member selected from the group consisting of 7-(l-piperazin-
yl)-l-cyclopropyl-6,8—-difluoro-5-methyl-1,4-dihydro—-4-
oxoquinoline-3-carboxylic acid, 7-(3-methyl-l-piperazinyl)-
l-cyclopropyl-6,8-difluoro-5-methyl-1,4-dihydro-4-oxo-
quinoline-3-carboxylic acid, 7-(3~amino-l-pyrrolidinyl)-1-
cyclopropyl-6,8-difluoro-5-~methyl-1l,4-dihydro~4-oxo-
qu;poline—3-carboxy1ic acid, and 38(~-)-10~(4-methyl-1-
piperazinyl)-9-fluoro-3,8-dimethyl-7-oxo-7H-pyridof(1,2,3-
del[l.4])benzoxazine~-6-carboxylic acid.

44,

A process for preparing the compound as set

forth in claim 1, which comprises

(a) subjecting a compound of the formula:
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R o
I 6
X c COOR
r2 x2  “wymrl
3

wherein Rl, R2, R3, R? and X are as defined in clainm 1, x2
is a halogen atom, and R® is a lower alkyl,

to cyclization reaction to give a compound of the formula:

R4 o '
X coor®
2 N
R |

wherein Rl, R2, R3, R* and x are as defined in claim 1, and
R® is as defined above, optionally followed by hydrolysis of
the above compound,

(b} reacting a compound of the formula:

4
rRY o
X coorX4
4 N
X
R3 1'21

wherein Rl, R3, R? and X are as defined in claim 1, X% is a
halogen atom, and r14 g hydrogen atom or a group of the
formula: -/OCOR15 6 .
-BL 16 (wherein R1® and R are each an alkyl),
OCOR
with a compound of the formula: R2H wherein R? is as defined

in claim 1 to give a compound of the formula:
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wherein Rl, R2, R3, R4 and X are as defined in claim 1, and

R4 is as defined above, optionally followed by converting
the compound where R4 is a group of the formula: /OCORls
-B
“ocor16

into a compound where rR14 is hydrogen atom,

{c) reacting a compound of the formula:
rR¢ o
X COOH

AN .

\(CHz)r{ R3 1‘21
wherein Rl, R3, R% and X are as defined in claim 1, either Z
or W is —-CH,- and the other is -NH, n is an integer of l-to
3, with a compound of the formula:

rR17%5

wherein RY7 is a (lower) alkyl; a cycloalkyl; a phenyl
(lower) alkyl in which phenyl ring may be substituted by a
(lower) alkoxy, nitro or amino; a phenyl which may be
substituted by a halogen.atom, a (lower) alkyl or a (lower)
alkyl which may be substituted by 1 to 3 of halogen atoms; a
pyridyl; a (lower) alkyl having 1 to 3 substituents selected
from the group consisting of hydroxy, amino, a (lower)

alkbxy and a halogen atom, said amino being optionally
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substituted by a (lower) alkyl, a (lower) alkanoyl, a
cycloalkyl or a {lower) alkoxycarbonyl; a (lower) alkanoyl
which may be substituted by 1 to 7 of halogen atoms; a
(lower) alkenylcarbonyl having 1 to 3 substituents selected
from the group consisting of a halogen atom and a carboxy; a
(lower) alkoxycarbonyl; an aminocarbonyl which may be
substituted by a (lower) alkyl; a phenyl{lower)alkoxy-
carbonyl; an amino{lower)alkanoyl which may be substituted
by a phenyl(lower)alkoxycarbonyl; a (lower) alkoxycarbonyl-
{lower)alkyl; a carboxy(lower)alkyl; an'anilinocarbonyl—
{lower)alkyl; a (lower) alkylsulfonyl which may be
substituted by 1 to 3 halogen atoms; a sulfo(lower)alkyl; a

(lower) alkenyl or a (lower) alkynyl, and x> is a halogen

atom,

to give a compound of the formula:
4

0
X COOH
—a |
R \/N 1|q/
(CH,)n  R3 RY

wherein Rl, R3, R? and X are as defined in claim 1, n is as
defined above, and either Z' or W' is -CH5- and the other is

-Nr17 (R17 is as defined above),
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(d) reacting a compound of the formula:
Ry

0
X COOH
—z |
W N N
\ 3 l1
(CH,)n R R

wherein Rl, R3, R4 and X are as defined in claim 1, and W, 2
and n are as defined above, with a compound of the formula:

' wherein R18 and R® are each hydrogen atom or a lower alkyl,

to give a compound of the formula:

R o
X COOH

e 1
W Ny N
\(CHz)n/_ rR3 Rl
wherein Rl, R3f r4 and X are as defined in claim 1, n is as

defined above, and eithe; Z* or W" is -CH,- and the other is

W10 (R18 and r1? are as defined above),
R

{e) reacting a compound of the formula:

R4 o
X COOH

—z I
W

/ N
(CH,) R3 1L1
wherein Rl, R3, R4 and X are as defined in claim 1, and W, 2

and n are as defined above, with a compound of the formula:
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N
B

rZ4

—T::::T-CHZXB

O\“/O
o
wherein R24 is phenyl, a lower alkyl or hydrogen atom, X8 is

a halogen atom, to give a compound of the formula:

wherein Rl, R3, R4 and X are as defined in claim l, n is as
defined above, either 2Z"' or W"' is -CH,- and the other is a

24 | n24
group: —N-—CHz—l:'_"—R {R

0 0

hid

6]

is as defined above),

(£) subjecting a compound of the formula:

4
X NO, 5
R2 N-CH ><
3 b o/ARZ8
R3 R

wherein Rl, R2,1R3, 34 and X is as defined in claim 1, and
R%6 and R?7 are each a lower 3lkyl,

to a cyclization reaction to give a compound of the formula:

This g, et gy
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rRY o

X COOH

R2 th
rR3 g1

wherein Rl, R2, R3, R4 and X are as defined in claim 1,

(g) subjecting a compound of the formula:

R4
25
X NO, COOR
: 2
- ' COOR25
RN N~CH
r3 Rl
wherein Rl, R2, R3, R4

and X are as defined in claim 1, and
R2% is a lower alkyl,

to cyclization reaction to give a compound of the formula:

wherein Rl, R2, R3, r4 and X are as derined in claim l, and
r24

are as defined above, optionally followed by hydrolys

is
thereof,

(h) reacting a compound of the formula:

RY o 6
X COOR®2
R2 T ey
rR3 Rla [ THIS SHEET HAS BELA
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wherein R2, R3, R% and X are as defined in claim 1, rRY2 ig
{lower) alkyl having 1 to 3 hydroxy groups, and Rba ig
hjdrogen.atom or a (lower) alkyl, with a (lower) alkanoyl-

ating agent, to give a compound of the formula:

B3R 6a
X2 ) COOR
XAy
R? iy
R3 glb

wherein R2, R3, R? and X are as defined in claim 1, R®2 is

as defined above, and RIP ig 2 (lower) alkyl having 1 to 3

(lower) alkanoyloxy groups,

{i) subjecting a compound of the formula:

. rRY o
X coorba
2 N
R [
R3  glb

wherein Rz, R3, rR% and x are as defined in claim 1, and Rlb

and R®2 are as defined above,

to hydreolysis to give a compound of the formula:
4
R 6a
X COOR

N
rZ |

g3  gpla
wherein R2, R3, R? and X are as defined in claim 1, and R12

and R®2 are as defined above,
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(j) reacting a compound of the formula:

COOR®?

wherein R?, R3}, R* and X are as defined in claim 1, R*®* and
R% are as defined above, with a halogenating agent, to give

a compound of the formula:

R* and X are as defined in claim 1, R% igs as
and R¥ is a (lower) alkyl having 1 to 3

wherein R?, R?,
defined above,
halogen atoms,

(k) treating a cémpound of the formula:

wherein R?, R?, R* and X are as defined in claim 1, and R

and R® are as defined above, with a basic compound to give

a compound of the formula:
REPLACED
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g4 o
X COOR
NN
R2 ] 4
r3 © gl

wherein R2, R3, R? and X are as defined in claim.1, R®? is
as defined above, and Rld is a (lower) alkenyl,

{1) converting a compound of the formula:

R o
X coorba
|
2 N
R ]
R3  glb

wherein R2, R3, R? and X are as defined in claim 1, RP ang

R62 are as defined above, to a compound of the formula:

wherein Rz, R3, r? and X are as defined in claim 1, Rld and

R02 are as defined above, or

(m) converting a compound of the formula:

Ré
X coor62

2
R |
g3 gla

wherein Rz, R3, R4 and X are as defined in claim 1, and rla

and R®2 are as defined above, in the presence of an acid to
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a compound of the formula:

2
R
Lol

wherein R2, R3, R4 and X are as defined in claim 1, and R1d

and R62 are as defined above,

45. BAn antimicrobial composition which comprises

as an essential active ingredient an effective amount of a

compound as set forth in claim 1.
46. Use of the compound as set forth in claim 1 as

an antimicrobial agent.
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Abstract of the Disclosure:

BENZOHETEROCYCLIC COMPQUNDSE-

Novel 4-oxoquinoline-3-carboxylic acid compounds of

the formula:

(1]

wherein RI is cyclopropyl which may have 1 to 3 substituents
of alkyl and haioéen; phenyl which may.be substituted by 1
to 3 substituents of alkoxy, halogen and OH} alkyl which may
be substituted by halogen, alkanoyloxy or OH; alkenyl; or
thienyl, R? is 5- to 9-membered saturated or unsaturated
heterocyclic riné which may be sustituted, R3 is H, alkyl'or
halogen, R? is alkyl or halogen, R is H or alkyl-,-R1 and R3
may be taken together to form -CH-CH,-O- wherein-iR3l is H or
r31

alkyl, and X is halogen, provided that R3 and R? are not
simultaneously halpgen, and that when R3 is H, R is alkyl,
and salts thereof, said compounds having excellent anti-
micrebial activity and hence being useful as an antimicro-

bial agent, and a pharmaceutical composition containing said

compound as an active ingredient.
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What is claimed is
1. A compound of the formula
R ©
X2 _COOR
oo
N N 1)
R? lan | [
1a
R

wherein R is a cyclopropyl which may be substituted by 1 to
3 of substituents selected from the group consisting of a
(lower) alkyl and a halogen atom, a phenyl which may be
substituted by 1 to 3 of substituents selected from the
group -consisting of a (lower) alkoxy, a halogen atom and
hydroxy on phenyl ring, a (lower) alkyl which may be
substituted by a halogen atom, a (lower)} alkanoyloxy or
hydroxy, a (lower) alkenyl or thienyl, R? is a 5- to 9-
membered saturated or unsaturated heterocyclic ring which
may be sustituted, R** is hydrogen atom, a (lower) alkyl, or
a halogen atom, R* is a (lower) alkyl, R is hydrogen atom or
a (lower) alkyl, and X 1is a halogen atom, or a
pharmaceutically acceptable salt thereof.

2. The compound according to claim 1, wherein R
is a phenyl which may have 1 to 3 substituents selected from
the group consisting of a C,-C; alkoxy group, a halogen atom
and hydroxy group, or a GC,-C¢ alkyl group which may by
substituted by a halogen atom, a C,-C¢ alkanoyloxy group or
hydroxy group, R is hydrogen atom, and X is fluorine atom,
or a pharmaceutically acceptable salt thereof.

3. The compound according to claim 1, wherein R
is a C,-C; alkenyl group or thienyl group, R is 'hydrogen
atom, and X 1is fluorine atom, or a pharmaceutically
acceptable salt thereof.
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4, The compound according to claim 1, whérein R'?

is wunsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R* is a halogen atom, and R* is a C,-C¢ alkyl
group, or a pharmaceutically acceptable salt thereof.

5. The compound according to claim 1, wherein R
is wunsubstituted cyclopropyl, R is hydrogen 'at__om, X is
fluorine atom, R* and R* are each a C,-C; alkyl group, or a
pharmaceutically acceptable salt thereof.

6. The compound according to claim 1, wherein R
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R® is a halogen atom, and R* is a C,-C; alkyl
group, and R? ig a 1l-piperazinyl group which may have 1 to 3
substituents selected from the group consisting of a C;-C,
alkyl group, a C,-C, alkaﬁoyl group, a phenyl (C;-C¢) -alkyl
group, and a 2-oxo-1,3-dioxolenemethyl group which may be
substituted by phenyl group or a C;-C¢ alkyl group, or a
pharmaceutically acceptable salt thereof.

7. The compound according to claim 6 wherein R?
R2

is a group of the formula : -N‘ N: -rP wherein R® is a
hydrogen —{ o
R

atom or a C,-C¢ alkyl group, RP is hydrogen afom, a C,-Cg
alkyl group, a C,-C; alkanoyl group, a phenyl (C,-C;) alkyl
group, or a 2-oxo-1,3-dioxolenemethyl group which is
substituted by a C,-C; alkyl group, R° is hydrogen atom or a
C,-C¢ alkyl group, or a pharmaceutically acceptable salt
thereof.

8. The compound according to claim 7, wherein R?
is hydrogen atom or a C,-C; alkyl group, R® is hydrogen atom
or a C,-C¢ alkyl group, R° is hydrogen atom, R*® is fluorine
or chlorine atom, and R* is methyl group, or a pharmaceutic-
ally acceptable salt thereof.
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9. The compound according to claim 7, wherein R®
is hydrogen atom or a C,-C; alkyl group, R® is hydrogen atom
or a C,-C¢ alkyl group, R° is hydrogen atom, R* is fluorine
or chlorine atom, and R* is ethyl group, or a pharmaceutic-
ally acceptable salt thereof.

10. The compound according to claim 8.-or claim
13, wherein R* is fluorine atom, or a pharmaceutically
acceptable salt thereof.

11. The compound according to claim 1 wherein R
is unsubstituted cyclopropyl, R is hydrogen atom, X 1is
fluorine atom, R* is a halogen atom, and R* is a C,-C; alkyl
group, and R? is a 1l-pyrrolidinyl which may have 1 to 3
substituents selected from the group consisting of an amino
which may have 1 or 2 substituents selected from a C,-C;
alkyl group and a (C,-C¢)alkoxy-carbonyl group, an amino- (C,-
Cs)alkyl group which may have 1 to 2 substitents selected
from a C,-C¢ alkyl group and (C,-C;)alkoxycarbonyl group on
the amino moiety, and a CC,-C¢ alkyl group, or a
pharmaceutically acceptable salt thereof.

12. The compound according to claim 11, wherein
f
R
s

. / . .
R? is a group of the formula : -y wherein Rf is an

L4 \~
RrY

amino which may have 1 or 2 substituents selected from a C,-
C, alkyl group and a (C,-C,)alkoxy-carbonyl group, or an
amino (C,-C¢)alkyl group which may have 1 or 2 substituents
selected from a C,-C; alkyl group and a (C,-C,) alkoxy-
carbonyl group on the amino moiety, R? is hydrogen atom or a
C,-C; alkyl group, R*® is fluorine or chlorine atom, and R! is

~

methyl or ethyl group, or a pharmaceutically acceptable salt
thereof.
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13. The compound according to claim 12, wherein
R* is fluorine atom, and R' is wmethyl group, or a
pharmaceutically acceptable salt thereof.

14. The compound according to claim 1, wherein R
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R® is a halogen atom, R* is a C,-C; alkyl
group, and R? is a morpholino group which may have 1 to 3
substituents of C,-C; alkyl groups, or a pharmaceutically
acceptable salt thereof.

15. The compound according'go claim 14, wherein
R

R? is a group of the formula : -y 0O wherein R?¢ is
\.
<Re
_hydrogen atom or a C,-C¢ alkyl group, R® is hydrogen atom or
a C,-C¢ alkyl group, R* is fluorine or chlorine atom, and R*
is methyl or ethyl group, or a pharmaceutically acceptable
salt thereof.

16. The compound according to claim 15, wherein
R*» is fluorine atom and R! is methyl group, or a pharma-
ceutically acceptable salt thereof.

17. The compound according to claim 1, wherein R
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R*® is halogen atom, R* is a C,;-C; alkyl
group, and R? is a 1l-piperidinyl group which may have 1 to 3
substituents selected from a C,-C¢ alkyl group, hydroxy, a

halogeﬂ'atom and oxo group, or a pharmaceutically accgptable
salt thereof.
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18. The compound according to claim 17, wherein
Rh
R? is a group of the formula : -y Ry wherein R* is
r3
hydrogen atom or a C,-C¢ alkyl group, R' is hydrogen atom,
hydroxy, a halogen atom or oxo group, R3 is hydrogen atom or
a C,-C; alkyl group; R®* is fluorine or chlorine atom; and R*

is methyl or ethyl group, or a pharmaceutically acceptable
salt thereof. '

19. The compound according to claim 18, wherein
R*® is fluorine atom and R* is methyl group, or a pharm-
ceutically acceptable salt thereof.

20. The compound according to claim 1, wherein R
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R* is a halogen atom, R* is a C,-C; alkyl
group, and R? is 1,4-diazobicyclo(4.3.0]lnonan-4-yl group, or
a pharmaceutically acceptable salt thereof.

21. The compound according to claim 20, wherein
R® ig fluorine or chlorine atom and R* is methyl or ethyl

group, or a pharmaceutically acceptable salt thereof.

22. The compound according to claim 21, wherein
R*® is fluorine atom and R* is methyl group, or a pharma-
ceutically acceptable salt thereof.

23. The compound according to claim 1, wherein R
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R*® is hydrogen atom, and R* is a Cl—(l;'6 alkyl
group, or a pharmaceutically acceptable salt thereof.
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24. The compound according to claim 1, whe¥ein R™
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R*® is hydrogen atom, R* is a C,-C¢ alkyl
group, and R? is a l-piperazinyl group which may have 1 to 3
substituents selected from a C,-C¢ alkyl group, a C,-C
alkanoyl group, a phenyl (C,-C¢)alkyl group, and a 2-oxo-1,3-
dioxolenemethyl group which may substituted by phenyl or a
¢,-C¢ alkyl group, or a pharmaceutically accpetable salt

thereof.
25. The compound according to claim 24, wherein
R
R* is a group of the formula : _J N: —rP wherein R® is
' c

hydrogen atom or a C,-C; alkyl group, R® is hydrogen atom, a
C,-Cs alkyl group, a C,;-Cg alkanoyl group, a phenyl(C,-C¢)alkyl
group, or a 2-oxo-1,3-dioxolenemethyl group which is substi-
tuted by a C,-C¢ alkyl group, R° is hydrogen atom or a C,-C;
alkyl group, or a pharmaceutically acceptable salt thereof.

26. The compound according to claim 25, wherein
R* is hydrogen atom or a C,-C¢ alkyl group, R® is hydrogen
atom or a C,-C, alkyl group, R° is hydrogen atom, and R* is
methyl group, or a pharmaceutically acceptable salt thereof.

27. The compound according to claim 26, wherein
R* is hydrogen atom or a C,-C¢ alkyl group, RP is hydrogen
atom or a C;-C¢ alkyl group, R® is hydrogen atom, and R* is
ethyl group, or a pharmaceutically acceptable salt thereof .
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28. The compound according to claim 1, wherein R
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R*® is hydrogen atom, and R* is a C,-C¢ alkyl
group, and R? is a 1-pyrrolidinyl which may have 1 to 3
substituents selected from the group consisting of an amino
which may have 1 or 2 susbtituents selected from a C;-C;
alkyl group and a (C,-C¢)alkoxy-carbonyl group, an amino(C,-
C¢) alkyl group which may have 1 to 2 substitents selected
from a C,-C¢ alkyl group and a (C,-C¢) alkoxy-carbonyl group on
the amino moiety, and a C,-C¢ alkyl group, or a pharma-
ceutically acceptable salt thereof.

29. The compound according to claim 28, wherein
R

R? is a group of the formula: —Nq wherein Rf is an
. RY

amino which may have 1 or 2 substituents selected from a C,-
Cs alkyl group and a (C,-C,)alkoxy-carbonyl group, or an
amino (C;-C¢) alkyl group which may have 1 or 2 substituents
selected from a C,-C; alkyl group and a (C,-C) alkoxy-
carbonyl group on the amino moiety, R? is hydrogen atom or a
C,-Cs alkyl group, and R* is methyl or ethyl group, or a
pharmaceutically acceptable salt thereof.

30. The compound according to claim 1, wherein R
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom R®* is hydrogen atom, R* is a C,-C¢ alkyl group,
and R? is a morpholino group which wmay have 1 to 3

substituents of C,-C¢ alkyl groups, or a pharmaceutically
acceptable salt thereof.
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31. The compound according to claim 30, wherein
rS

R?> is a group for the formula : -N © wherein R? is
. Re

hydrogen atom or a C,-C¢ alkyl group, R® 1s hydrogen atom or

a C,-C; alkyl group, and R* is methyl or ethyl group, or a
pharma-ceutically acceptable salt thereof.

32. The compound according to claim 1, wherein R
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R® is hydrogen atom, R* is a C,-C; alkyl
group, and R? is a 1l-piperidinyl group which may have 1 to 3
substituents selected from a C,-C¢ alkyl group, hydroxy, a

halogen atom and oxo group, or a pharmaceutically acceptable
salt thereof.

33. The compound according to claim 32, wherein
R

-N R]L

R? is a group of the formula wherein R" is

hydrogen atom or a C,-C; alkyl group ,RjR"L is hydrogen atom,
hydroxy, a halogen atom or oxo group, R} is hydrogen atom or
a C,-Cs alkyl group; and R* is methyl or ethyl group, or a
pharma-ceutically acceptable salt thereof.

34. The compound according to claim 1, wherein R
is unsubstituted cyclopropyl, R is hydrogen atom, X is
fluorine atom, R3* isg hycirogen atom, R* is a C,-C¢ alkyl
group, and Rz is 1,4-diazobicyclo[4.3.0]lnonan-4-yl, or a
pharmacéutically acceptable salt thereof. '

Ry

35. The compound according to any one of claims
29, 31, 33 and 34, wherein R* is methyl group, or a pharma-
ceutical acceptable salt thereof.



REPLACE

RN
MEN

LT 15 SEF %

174

T aRn

36. 7-(1l-Piperazinyl)-1l-cyclopropyl-6-fluoro-5b-
methyl—l,4—dihydro—4—oxoquinoline~3—carboxylic acid.

37. 7-(3-Methyl-1-piperazinyl)-1-cyclopropyl-6-
fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid.

38. 7-(4-Methyl-1-piperazinyl)-1l-cyclopropyl-6-
fluoro-5-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid.

39. The compound according to claim 1, which is
a member selected from the group consisting of 7-(1-
piperazinyl) -1-cyclopropyl-6,8-difluoro-5-methyl-1,4-
dihydro-4-oxoquinoline-3-carboxylic acid, 7-(3-methyl-1-
piperazinyl) -1-cyclopropyl-6,8-difluoro-5-methyl-1,4-
dihydro-4-oxo-quinoline-3-carboxylic acid, and 7- (3-amino-1-
pyrrolidinyl) -1-cyclopropyl-6,8-difluoro-5-methyl-1,4-
dihydro-4-oxo-quinoline-3-carboxylic acid.

40. A process for preparing the compound as set
forth in claim 1, which comprises

(a) subjecting a compound of the formula:

R4 ﬁ
X C COOR®
R? X2  ygplh
R34

wherein R, R?, R®, R* and X are as defined in claim 1, X? is
a halogen atom, and R® is a lower alkyl,

reaction to give a compound of the formula

to cyclization

4 0 6
X COOR
v

l

2 N
R
LA
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wherein R, R?, R*®, R* and X are as defined in claiml,_and

RS is as defined above, optionally followed by hydrolysis of
the above compound,

(b) reacting a compound of the formula :
4

R 0
X coor*4
N
4
X |
g3~ RIA

wherein R, R?, R*, R* and X are as defined in claim 1, X! ie

a halogen atom, and R is hydrogen atom or a group of the

formula /OCOR15

15 16
\OCO 16 (Wherein R™> and R*® are each an alkyl)

-B

with a compound of the formula: R®H wherein R? is as defined
in claim 1 to give a compound of the formula

wherein R, R?, R*®, R®* and X are as defined in claim 1, and

R* is as defined above, optionally followed by converting
15

the compound where R™ is a group of the formula . _,OCOR

“Nocorl6

into a compound where R is hydrogen atom,

(¢) reacting a compound of the formula :

R O
P X COOH
—3 |
q\ \:F T
(cH,)n  rR¥ RrIA

wherein R, R3?, R* and X are as defined in claim 1, either
Z or W is -CH,- and the other is -NH, n is an integer of 1 to
3, with a compound of the formula

r1745
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wherein R!” is a (lower) alkyl; a cycloalkyl; la_phenyl
(lower) alkyl in which phenyl ring may be substitut;ed by a
(lower) alkoxy, nitro or amino; a phenyl which may be
substituted by a halogen atom, a (lower) alkyl or a (lower)
alkyl which may be substituted by 1 to 3 of halogen atoms;
a pyridyl; a (lower) alkyl having 1 to 3 substituents
selected from the group consisting of hydroxy,:- amino, a
(lower) alkoxy and a halogen atom, said amino being
optionally substituted by a (lower) alkyl, a (lower)
alkanoyl, a cycloalkyl or a (lower) alkoxycarbonyl; a
(lower) alkanoyl which may be substituted by 1 to 7 of
halogen atoms; a (lower) alkenylcarbonyl having 1 to 3
substituents selected from the group consisting of a halogen

atom and a carboxy; a (lower) alkoxycarbony;l.; an
aminocarbonyl which may be substituted by a (lower) alkyl;
a phenyl (lower) alkoxycarbonyl; an amino (lower)alkanoyl which
may be substituted by a phenyl (lower)alkoxycarbonyl; a
(lower) a1koxjrcarbonyl(lower)alkyl ; a carboxy(lower)alkyl;
an anilinorcarbonyl (lower)alkyl; a (lower) alkylsulfonyl
which may be substituted by 1 to 3 halogen atoms; a
sulfo(lower)alkyl; a (lower) alkenyl or a (lower) alkynyl,
and X°® is a halogen atom,

to give a compound of the formula:

4 0
X
fa
N N
\ /

(CHy)n R3A ilA

CooH

wherein R, R®, R* and X are as defined in claim 1, n is as
defined above, and either Z‘ or W' is -CH,- and the other is
-NR'? (RY? is as defined above),

A st ey e+ cattond)



I

(d) reacting a compound of the formula:

R
4 9
X COOH

I l
W N N
\

|
(CHy)n . r3A ) 1A

wherein R, R®*, R* and X are as defined in claim 1, and W,
7 and n are as defined above, with a compound of the
formula:

R18coR1S |
wherein R*® and R are each hydrogen atom or a lower alkyl,
to give a compound of the formula:

X
/"-—zu '
Rl LY

wherein R!*, R®, R* and X are as defined in claim 1, n is as
defined above, and either Z" or W" is -CH,- and the other is
//R18
N\g19
(e) reacting a compound of the formula:

N 1 g
N-CH {R 8 and R19 are as defined above),

/ N
(CH2)D ’ R3A ilA

wherein R, R®*, R* and X are as defined in claim 1, and W,
Z and n are as defined above, with a compound of the

formula:
r24

_-‘::___.:T-CHZX8

0 o)

hié

o
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wherein R* is phenyl, a lower alkyl or hydrogen atom,_X% is.

a halogen atom, to give a compound of the formula

rRY o
COOH

RN '
wllt N N

\1cnz)n/ r3A élA

wherein R, R3*, R! and X are as defined in claim 1, n is as

defined above, either Z" or W" is -CH,- and the other is a

is as defined abovey,

) 0

hd

&)

(f) subjecting a compound of the formula:
R4
X

, r27
R h-ce X
28
R3A RlA
R* and X are as defined in claim 1, and
R** and R*’ are each a lower alkyl,

wherein R, R2, R3,

to a cyclization reaction Eo_ give 'a compound of the formula:
: 0
X COOH

L34 hﬂ
R* and X are as defined in claim 1,
(g) subjecting a compound of the formula:

Rr2

wherein R, R2?, R,

"y
| 25
X NO, ,COOR
-~ | ﬁéfCOOst
R2 AN CH

1,
r3A glA
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wherein R, R?, R®, R? and X are as defined in claim 1, and
R* is a lowexr alkyl,

to cyclization reaction to give a compound of the formula:

rRY o
X COOR25
R? T

wherein R!®, R2, R3*, R* and X are as defined in claim 1, and
R* are as defined above, optionally followed by hydrolysis

thereof,
(h) reacting a compound of the formula:
rRY o .
X COOR®2
2 N
R
RBA éla

wherein R?*, R*, R? and X are as defined in claim 1, R is a
(lower) alkyl having 1 to 3 hydroxy groups, and R®* is
hydrogen atom or a (lower) alkyl, with a (lower) alkanoyl-
ating agent, to give a compound of the formula:

coor®2

r3A ﬁlb

wherein R?, R**, R* and X are as defined in claim 1; and R% is
as defined above, and R™ is a (lower) alkyl having 1 to 3
(lower) alkanoyloxy groups,

(i) subjecting a compouﬁd of the formula

R4 o 6
X COOR®2

R T



AR R .

wherein R?, R®, R* and X are as defined in claim 1, and R™®
and R* are as defined above,

to hydrolysis to give a compound of the formula :

4

R (o) 6a
X COOR
; ki
R

R3A rla

wherein R2?, R®, R* and X are as defined in claim 1, and R*

and R®® are as defined above,

(j) reacting a compound of the formula:
.
R 0O
coor®2
l
i
R
Rg& rla

X

wherein R?, R*®, R* and X are as defined in claim 1, R and R®%
are as defined above, with a halogenating agent, to give a
compound of the formula:

R3A‘ EL].C

wherein R?, R**, R* and X are as defined in claim 1, R® is as
defined above, and R is a (lower) alkyl having 1 to 3
halogen atoms,

(k) treating a compound of the formula:

RY o
X coorba

r3A Alc
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wherein R?, R*, R! and X are as defined in claim

and R® are as defined above, with a basis compound
a compound of the formula:

and R!*°

to give

4 9
a
X COOR
l
2 |
"R
R3A rld

wherein R?, R*, R* and X are as defined in claim 1, and R%® is

as defined above, and R is a (lower) alkenyl,

(1)

converting a compound of the formula:

. .
R O
% coor®?
N
2
R I
1384 b

wherein R?, R**, R* and X are as defined in claim 1, and R’

and R® are as defined above, to a compound of the formula:

wherein R?, R3**, R?* and X are as defined in claim 1, R and R®®

are as defined above, or

(m)

converting a compound of the formula:
4

R Q 6a
R
X Cc00
N
2 \
R RBA ria

wherein R?, R**, R! and X are as defined in claim 1,

and R% are as defined above,

a compound of the formula:

and R
in the presence of an acid to
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R3A le
R* and X are as defined in claim 1, and R
and R® are as defined above.

wherein R?, R,

41. An antimicrobial composition which comprises

as an essential active ingredient an effective amount of a
compound as set forth in claim 1.

42. TUse of the compound as set forth in claim 1
as an antimicrobial agent.

43. A compound of the formula:

R4 O
X COOR!
(10]
X4 N
wherein R R

R! is a cyclopropyl which may be substituted by 1 to 3
of substituents selected from the group consisting of a

lower alkyl and a halogen atom; a phenyl which may be

substituted by 1 to 3 of substituents selected from the
group consisting of a lower alkoxy,

hydroxy, on a phenyl ring; a lower alkyl which may e
substituted by a halogen atom, a lower alkanoyloxy or
hydroxy; a lower alkenyl; or thienyl.

a halogen atom and

R®> is hydrogen atom, a C,-C¢ alkyl, or a halogen atom,
R' is a lower alkyl,

R* is hydrogen atom or a group of the formula:

‘OCOR*'?
7
OCOR'®
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(wherein R and R'® are each a lower alkyl),
X is a halogen atom,
X* is a halogen atom,
or salt thereof.

44. A compound of the formula:

wherein

R' is a cyclopropyl which may be substituted by 1 to 3
of substituents selected from the group consisting of a
lower alkyl and a halogen atom; a phenyl which may be
substituted by 1 to 3 of substituents selected from the
group consisting of a lower alkoxy, a halogen atom and
hydroxy on phenyl ring; a lower alkyl which may be
substituted by a halogen atom, a lower alkanoyloxy or
hydroxy; a lower alkenyl; or thienyl, R® is hydrogen atom, a
lower alkyl, or a halogen atom.

R* is a lower alkyl,

R® is a lower alkyl,

X is a halogen atom,

R* is a halogen atom

45. A compound of the formula:

wherein X is a halogen atom, and R?, R}, R* G and E are
selected from the group consisting of the following (a) to
(e) :

et Has Been Replaced THIS SHEET HAS BEEN

T T e
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(a) R?® is a hydrogen atom; R* is a. lower alkyl
group; R* is a halogen atom or a 5- to 9-membered saturated
or unsaturated heterocyclic group which may be substituted;
G is a group of the formula:

Q R® O 6
n il COOR
—C-CH —C—\ -
™ COORS CH—R? o
Q  COORS ' '
—C
INA~NHR! ;E is a halogen atom, wherein R® is a

group of the formula: -CORY(R' is a lower alkyl group) or a
group of the formula: -COORM (R is a lower alkyl group), R®
is a lower alkyl group, R’ is a group of the formula: -NRY@2R™®
(R'? and R!® are each a lower alkyl group) or a lower alkoxy
group, R! is a cyclopropyl group which may be substituted by
1 to 3 of substituents selected from the group consisting of
a lower alkyl group and a halogen atom, a phenyl group which
may be substituted by 1 to 3 of substituents selected from
the group consisting of a lower alkoxy group, a halogen atom
and a hydroxy group on phenyl ring, a lower alkyl group
which may be substituted by a halogen atom, a lower
alkanoyloxy group or a hydroxy group, a lower alkenyl group,
or a thienyl group:

(b) R® is a hydrogen atom, R* is a lower alkyl
group; R* is a halogen atom or a 5- to 9-membered saturated
or unsaturated heterocyclic group which may be substituted;

G is a nitro group; E is a halogen atom, a group of the
formula: -NH-R?,

THIS SHEET HAS BEEN
REPLACED

This Sheet Hag Been Replaced
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R R R or an amino group,

wherein R! is a cyclopropyl group which may be substituted by
1 to 3 of substituents selected from the group consisting of
a lower alkyl group and a halogen atom, a phenyl group which
may be substituted by 1 to 3 of substituents selected from
the group consisting of a lower alkoxy group, a halogen atom
and a hydroxy group on phenyl ring, a lower alkyl grop which
may be substituted by a halogen atom, a lower alkanoyloxy
group or a hydroxy group, a lower alkenyl group, or a
thienyl group, R**, R?*’, R?*® are each a lower alkyl group:

- (c) R® is a hydrogen atom, R!' is a lower alkyl
group; R? is a halogen atom; G is a carboxyl group and E is
a halogen atom: _

(d) R® is a hydrogen atom, R* is a group of the
formula: -CH,R** (R*® is a hydrogen atom or a lower alkyl
group), R* is a halogen atom or a 5- to 9-membered saturated
or unsaturated heterocyclic ring which may be substituted;
G is a hydrogen atom or a nitro group and E is a halogen
atom; or

(e) R® is a hydrogen atom, R* is a group of the
formula: -CH,R*® or -CH(R?°)SR** (R?*° is a hydrogen atom or a
lower alkyl group, and R* is a lower alkyl group); Rzlis a halogen
atom or a 5- to 9-membered saturated or unsaturated

heterocyclic group which may be substituted; G is an amino
group and E is a halogoen atom.

THIS SHEET HAS BEEN
REPLACED
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46. A compound according to claim45, whigh™=Ts™=a

wmenber sclected from the group consisting of the conpounds

of the following formulae:

4 O RS 4 O
P R COORS
X C-C@\ X C
COORS Y
RZ X2 , RZ' X2 (I:H ’
R‘! RJ R7
4 O /
R ” COOR6 R'4 R4
X ¢ X NO,  x NO,
I .
2 2 q
R . X Twmrt RTTNTUX R > NH
R R R él '
COOR rRY
X NO, o
i COOR : 23
20 " O R
y/ R , N-CH X
3 .
4
R R3? CH,R”
R? NH, X2 X3 . RY x?
RB
X NOZ l X NH2
CHSR¥'
R2 Xq X NH2 R‘-’. Xq
R3 and 3
> q R
R X
g3

o
'3 SHERT HAS Bl

eglaced ! REPLACED
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wherein X, R!, R?, R?}, R®, R¢, R7, R®, R*, R™, R and R* g2 e

the same as defined in claim 1, X?, X%, X' and X° are_cach a

halogen atom, R is ahydorgen atom, and R* is a lower alkyl
group.

47. A compound according to claim45, which is a
member selected from the group consisting of

2-methylthiomethyl-3,4,6-trifluoroaniline;
2-methyl-3,4,6-trifluorocaniline;
2-methyl-3,4,6-thifluorobenzolic acid
diethyl 2-methyl-3,4,6-tirfluorobenzoylmalonate;
ethyl 2-(2-methyl-3,4,6-trifluorobenzoyl) -3-
ethoxyacrylate;
ethyl 2-(2-methyl-3,4,6-trifluorobenzoyl) -3-
cyclopropylaminocacrylate;
2-methyl-3-fluoro-4,6-dibromobenzoic acid;
diethyl 4,6-dibromo-3-fluoro-2-methylbenzoylmalonate;
ethyl 2-(4,6-dibromo-3-fluoro-2-methybenyxol) -3-

ethoxyacrylate;

ethyl 2-(4,6-dibromo-3-fluoro-2-methylbenzoyl) -3-
cyclopropyl-aminoacrylate; and

ethyl 2-(2-methyl-3,4,6-trifluorobenzoyl) -3-(2,4-

difluorophenyl) -aminoacrylate.

48. The compound according to claim 45, which is
2-methyl-3-fluoro-4,6-dibromobenzoic acid

49, The compound according to claim 45, which is
diethyl 4,6-dibromo-3-fluoro-2-methylbenoylmalonate.

50. The compound according to claim 45, which is
ethyl 2-(4,6-dibromo-3-fluoro-2-methylbenzoyl) -3-
ethoxyacrylate.

51. The compound according to claim 45, which is
ethyl 2-(4,6-dibromo-3-fluoro-2-methylbenzoyl) -3-

cyclopropylaminoacrylate.
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(wherein RY and R are each a lower alkyl),

X is a halogen atom, 06 JAN 1338

X* is a halogen atom,

or salt thereof.

44. A compound of the formula:

wherein

R! is a cyclopropyl which may be substituted bﬁr 1 to 3
of substituents selected from the group consisting of a
lower alkyl and a halogen atom; a phenyl which may be
substituted by 1 to 3 of substituents selected from the
group consisting of a lower alkoxy, a halogen atom and
hydroxy on phenyl ring; a lower alkyl which may be
substituted by a halogen atom, a lower alkanoyloxy or
hydroxy; a lower alkenyl; or thienyl, R?® is hydrogen atom, a
lower alkyl, or a halogen atom.

R* is a lower alkyl,

R® is a lower alkyl,

X is a halogen atom,

R* is a halogen atom



Abstract of the Disclosure:

BENZOHETEROCYCLIC COMPOUNDSE

Novel 4-oxoquinoline-3-carboxylic acid compounds of

the formula:

wherein R} is cyclopropyl which may have 1 to 3 substituents

of alkyl and haiogen; phenyl which may be substituted by 1

to 3 substituents
be substituted by
thienyl, R? is 5-

heterocyclic ring

of alkoxy, halogen and OH; alkyl which may
halogen, alkanoyloxy or OH; alkenyl; or
to 9-membered saturated or unsaturated

which may be sustituted, R3 is H, alkyl or

halogen, RY is alkyl or halogen, R is H or alkyl, rR! and R3

may be taken together to form -CH-CH,-0- wherein rR3! is H or

alkyl, and X is halogen, provided that R3 and r? are not

simultaneously halogen, and that when R3 is H, R? is alkyl,

and salts thereof, said compounds having excellent anti-

micrebial activity and hence being useful as an antimicro-

bial agent, and a pharmaceutical composition containing said

compound as an active ingredient.
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