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Description

Technical Field

[0001] The present invention relates to quinolone compounds and pharmaceutical compositions.

Background Art

[0002] Parkinson’s disease is a chronic, progressive neurodegenerative disease that generally develops after middle
age. Initial symptoms include unilateral resting tremor, akinesia and rigidity. The tremors, akinesia, and rigidity are called
the three major signs of Parkinson’s disease, and each of them is caused by the selective death of dopaminergic neurons
projected from the substantia nigra to the striatum. The etiology of the disease is still unknown; however, accumulated
evidence suggests that an impaired energy-generating system accompanied by abnormal mitochondrial function of
nigrostriatal dopaminergic neurons triggers the neurodegenerative disorder of the disease. The mitochondrial dysfunction
has been assumed to subsequently cause oxidative stress and failure of calcium homeostasis, thereby resulting in
neurodegeneration (Non-Patent Document 1).
[0003] Treatments of Parkinson’s disease are roughly classified into medical management (medication) and surgical
management (stereotaxic operation). Of these, medication is an established therapy and regarded as a basic treatment.
In the medication, a symptomatic therapeutic agent is used to compensate for the nigrostriatal dopaminergic neuronal
function denatured by Parkinson’s disease. L-dopa exhibits the most remarkable therapeutic effects. It is said that no
agent exceeds the effectiveness of L-dopa. Currently, L-dopa is used together with a dopa decarboxylase inhibitor to
prevent the metabolism thereof in the periphery, and the desired clinical effects have been obtained.
[0004] However, L-dopa treatment has drawbacks in that, after several years of usage, there is a recurrence of move-
ment disorders such as dyskinesia, and the sustainability and stability of the drug’s effects are lost, resulting in fluctuations
within each day. Moreover, side effects including digestive problems such as nausea and vomiting brought on by ex-
cessive release of dopamine, circulatory organ problems such as orthostatic hypotension, tachycardia and arrhythmia,
and neurological manifestations such as hallucination, delusion and distraction have been a cause for concern.
[0005] Thus, in order to decrease the L-dopa preparation dosage and thereby reduce the side effects, multidrug
therapies, in which dopamine receptor agonists, dopamine metabolism enzyme inhibitors, dopamine releasers, central
anticholinergic agents and the like are used in combination, are employed. While such therapeutic advances remarkably
improve prognoses, there is still no fundamental cure for Parkinson’s disease and other neurodegenerative diseases.
Medication must be taken for the rest of the patient’s life, and the aforementioned drawbacks, i.e., decreased efficacy
during long-term administration, side effects, and uncontrollable disease progression, can result from L-dopa mono-
therapy. In addition, it is difficult to expect dramatic effects, even with the employment of multidrug therapies.
[0006] Alzheimer’s disease is a progressive neurodegenerative disease that affects various cognitive functions, pri-
marily causing impairment of memory. Pathologically, Alzheimer’s disease is characterized by the degeneration of
synapses or neurons in the hippocampus and cerebral cortex, and the accumulation of two types of abnormal fibrils,
i.e., senile plaques and changes in neurofibrils. Although the disease etiology is not completely understood, amyloid β
protein (Aβ), which is derived from amyloid precursor protein (APP) by various mechanisms, is known to play an important
role. Currently, cholinesterase inhibitors (tacrine, Aricept, rivastigmine, and galantamine) are used in the treatment of
Alzheimer’s disease for ameliorating symptoms, because acetylcholinergic nervous system in the brain is involved in
cognitive function, and marked deficits in the acetylcholinergic system are observed in Alzheimer’s disease. N-methyl-
D-aspartate glutamate receptor antagonists (memantine) are also in practical use because hyperexcitability of the mech-
anism of glutamate neurotransmission is associated with neural degeneration or impairment. Neither monotherapy nor
combination therapy using these drugs, however, has produced sufficient therapeutic effects, nor are they capable of
halting the progression of the disease. Furthermore, gastrointestinal symptoms such as nausea and diarrhea are observed
as side effects of cholinesterase.
[0007] With respect to ischemic neurodegenerative disorders induced by cerebral infarctions, such as atherothrombotic
cerebral infarction, lacunar infarction, cardiogenic cerebral embolism, etc., the usage of very early thrombolytic therapy
using tissue plasminogen activator (tPA) is rapidly increasing. This therapy, however, has many problems including a
window as short as within three hours after the onset of disease, hemorrhagic complications, etc. In Japan, a free radical
scavenger, edaravone, is used for a brain protection therapy. Although edaravone can be used concomitantly with tPA,
sufficient clinical results have not been obtained.
[0008] Accordingly, there exists a strong need for a pharmaceutical agent having a novel mechanism of action, or a
neuroprotectant for preventing neural degeneration or impairment from its etiologies such as abnormal mitochondrial
function, etc.
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Citation List

Non Patent Literature

[0009] NPL 1: Ann. N.Y. Acad. Sci. 991: 111-119 (2003)

Summary of Invention

[0010] D. Alonso et al., Expert Opinion on Therapeutic Patents, October 2005, Vol. 15, No. 10; Pages 1377-1386
reviews patent documents of 1998 - 2004 relating to the potential of marine natural compounds as a source for new
drugs to treat neurological disorders. Specifically, the focus is put on the treatment of Alzheimer’s disease and neuropathic
pain.

Technical Problem

[0011] An object of the present invention is to provide a novel compound that inhibits the chronic progression of
Parkinson’s disease or protects dopamine neurons from the disease itself, thereby suppressing the progression of
neurological dysfunction, so as to prolong the period of time until L-dopa is administered while also improving neuronal
function.
[0012] Another object of the invention is to provide an agent that is useful in treating diseases that induce cell death,
and more specifically, to provide an agent having efficacy for treating Alzheimer’s disease, or improving dysfunction or
neurologic deficits induced by cerebral apoplexy.

Solution to Problem

[0013] The present inventors conducted extensive research to accomplish the aforementioned object. Consequently,
they succeeded in producing a compound represented by Formula (1) shown below, which protects and improves
mitochondrial function, and/or protects neurons and repairs neuronal function. The present invention has been accom-
plished based on the above findings.
[0014] The invention provides a quinolone compound, a process for producing the same, and a pharmaceutical com-
position as set forth in the following Items 1 to 8.

Item 1 : A quinolone compound represented by General Formula (1):

or a salt thereof, wherein

R1 represents:

(3) halogen-substituted C1-C66 alkyl,
(4) C2-C6 alkenyl,
(5) C1-C6 alkanoyl,
(6) halogen-substituted C1-C6 alkanoyl,
(7) hydroxy C1-C6 alkyl,
(8) phenyl C1-C6 alkoxy C1-C6 alkyl,
(9) hydroxy C1-C6 alkanoyl,
(10) phenyl C1-C6 alkoxy C1-C6 alkanoyl,
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(11) C1-C6 alkylthio C1-C6 alkyl,
(12) amino C1-C6 alkylthio C1-C6 alkyl optionally having one or two C1-C6 alkyl groups,
(13) hydroxy C1-C6 alkylthio C1-C6 alkyl,
(14) carboxy C1-C6 alkylthio C1-C6 alkyl,
(15) C1-C6 alkoxycarbonyl C1-C6 alkylthio C1-C6 alkyl,
(16) amino C1-C6 alkylthiocarbonyl C1-C6 alkyl optionally having one or two C1-C6 alkyl groups,
(17) hydroxy C1-C6 alkylsulfonyl C1-C6 alkyl,
(18) carboxy C1-C6 alkylsulfonyl C1-C6 alkyl,
(19) C1-C6 alkoxycarbonyl C1-C6 alkylsulfonyl C1-C6 alkyl,
(20) C1-C6 alkanoyl C1-C6 alkylsulfonyl C1-C6 alkyl,
(21) piperazinyl C1-C6 alkylsulfonyl C1-C6 alkyl optionally having one C1-C6 alkyl group on the piperazine
ring,
(22) piperazinylcarbonyl C1-C6 alkylsulfonyl C1-C6 alkyl optionally having one C1-C6 alkyl group on the
piperazine ring,
(23) C1-C6 alkanoyl C1-C6 alkyl,
(24) carboxy C1-C6 alkyl,
(25) C1-C6 alkoxycarbonyl C1-C6 alkyl,
(26) piperazinyl C1-C6 alkoxycarbonyl C1-C6 alkyl optionally having one C1-C6 alkyl group on the piperazine
ring,
(27) morpholinyl C1-C6 alkyl,
(28) oxazepanyl C1-C6 alkyl,
(29) amino C1-C6 alkyl optionally having one or two C1-C6 alkyl groups,
(30) piperazyl C1-C6 alkyl optionally having, on the piperazine ring, one substituent selected from the group
consisting of C1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, and pyridyl,
(31) piperidyl C1-C6 alkyl optionally having one morpholinyl group,
(32) azetidyl C1-C6 alkyl optionally having one hydroxy group on the azetidine ring,
(33) isoindolinyl C1-C6 alkyl optionally having one or two oxo groups,
(34) amino C1-C6 alkanoyloxy C1-C6 alkyl optionally having one or two substituents selected from the group
consisting of C1-C6 alkyl and C1-C6 alkoxycarbonyl,
(35) carbamoyl C1-C6 alkyl optionally having one or two substituents selected from C1-C6 alkyl; morpholinyl
C1-C6 alkyl; piperidyl optionally having one substituent selected from the group consisting of C1-C6 alkyl
and C1-C6 alkoxycarbonyl; and piperazinyl C1-C6 alkyl optionally having one C1-C6 alkyl group,
(36) phosphonooxy C1-C6 alkyl optionally having one or two C1-C6 alkyl groups on the phosphono group,
(37) phosphonooxy C1-C6 alkanoyloxy C1-C6 alkyl optionally having one or two C1-C6 alkyl groups on the
phosphono group,
(38) benzoyloxy C1-C6 alkyl optionally having, on the benzene ring, one substituent selected from the group
consisting of hydroxy, benzyloxy, and phosphonooxy optionally having one or two C1-C6 alkyl groups,
(39) tetrahydropyranyl optionally having one to four substituents selected from the group consisting of
hydroxy, hydroxy C1-C6 alkyl and carboxyl, or
(40) C1-C6 alkanoylamino C1-C6 alkyl optionally having, on the C1-C6 alkanoyl group, one or two substituents
selected from the group consisting of halogen; hydroxy; amino; C1-C6 alkoxycarbonylamino; piperazinyl
optionally having one C1-C6 alkoxy C1-C6 alkyl group; imidazolyl; and morpholinylpiperidyl;

R2 represents:

(1) hydrogen,
(2) C1-C6 alkyl,
(3) C1-C6 alkanoyl,
(4) hydroxy C1-C6 alkyl,
(5) carboxy,
(6) C1-C6 alkoxycarbonyl,
(7) carbamoyl optionally having one or two substituents selected from the group consisting of C1-C6 alkyl;
halogen-substituted C1-C6 alkyl; hydroxy C1-C6 alkyl; piperazinyl C1-C6 alkyl optionally having one C1-C6
alkyl group on the piperazine ring; and morpholinyl C1-C6 alkyl,
(8) carbamoyl C1-C6 alkyl optionally having one C1-C6 alkyl group on the carbamoyl group,
(9) morpholinyl C1-C6 alkyl,
(10) piperazinyl C1-C6 alkyl optionally having, on the piperazine ring, one substituent selected from the
group consisting of C1-C6 alkyl and pyridyl optionally having one C1-C6 alkyl group,
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(11) diazepanyl C1-C6 alkyl, or
(12) amino C1-C6 alkyl optionally having, on the amino group, one or two substituents selected from the
group consisting of C1-C6 alkyl, halogen-substituted C1-C6 alkyl, hydroxy C1-C6 alkyl, and morpholinyl
C1-C6 alkyl;

R3 represents phenyl, thienyl, furyl, pyrazolyl, or pyrimidinyl, wherein:

the aromatic or heterocyclic ring represented by R3 may be substituted with one or two substituents selected
from the group consisting of the following substituents (1) to (14):

(1) C1-C6 alkyl,
(2) C1-C6 alkoxy,
(3) C1-C6 alkanoyl,
(4) halogen,
(5) hydroxy,
(6) hydroxy C1-C6 alkyl,
(7) hydroxy C1-C6 alkoxy,
(8) tetrahydropyranyloxy C1-C6 alkoxy,
(9) carboxy C1-C6 alkoxy,
(10) C1-C6 alkoxycarbonyl C1-C6 alkoxy,
(11) pyrrolidinylcarbonyl,
(12) carbamoyl C1-C6 alkoxy optionally having one or two C1-C6 alkyl groups,
(13) carbamoyl optionally having one morpholinyl C1-C6 alkyl group, and
(14) morpholinylpiperidylcarbonyl;

R4 represents halogen;
R5 represents hydrogen or halogen;
R6 represents hydrogen or C1-C6 alkoxy; and
R7 represents any of the following groups (2) to (11) :

(2) C1-C6 alkoxy,
(3) hydroxy C1-C6 alkoxy,
(4) benzyloxy C1-C6 alkoxy,
(5) C2-C6 alkoxy C1-C6 alkoxy,
(6) carbamoyl C1-C6 alkoxy optionally having one substituent selected from the group consisting of C1-C6
alkyl and morpholinyl C1-C6 alkyl,
(7) amino optionally having one or two substituents selected from the group consisting of C1-C6 alkyl and
cyclo C3-C8 alkyl,
(8) cyclo C3-C8 alkyloxy,
(9) carboxy C1-C6 alkoxy,
(10) C1-C6 alkoxycarbonyl C1-C6 alkoxy, and
(11) pyrrolidinyl.

Item 2: A pharmaceutical composition comprising a quinolone compound of General Formula (1) of Item 1 or a salt
thereof as an active ingredient; and a pharmaceutically acceptable carrier.

Item 3 : The quinolone compound of General Formula (1) of Item. 1 or a salt thereof, for use in the prophylaxis
and/or therapy of neurodegenerative diseases diseases induced by neurological dysfunction or diseases induced
by deterioration of mitochondrial function.

Item 4 : The compound or salt thereof for use in the prophylaxis and/or therapy according to Item 3, wherein the
neurodegenerative disease is selected from the group consisting of Parkinson’s disease, Parkinson’s syndrome,
juvenile parkinsonism, striatonigral degeneration, progressive supranuclear palsy, pure akinesia, Alzheimer’s dis-
ease, Pick’s disease, prion disease, corticobasal degeneration, diffuse Lewy body disease, Huntington’s disease,
chorea-acanthocytosis, benign hereditary chorea, paroxysmal choreoathetosis, essential tremor, essential myo-
clonus, Gilles de la Tourette’s syndrome, Rett’s syndrome, degenerative ballism, dystonia musculorum deformance,
athetosis, spasmodic torticollis, Meige syndrome, cerebral palsy, Wilson’s disease, Segawa’s disease, Hallervorden-
Spatz syndrome, neuroaxonal dystrophy, pallidal atrophy, spino-cerebellar degeneration, cerebral cortical atrophy,
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Holmes-type cerebellar atrophy, olivopontocerebellar atrophy, hereditary olivopontocerebellar atrophy, Joseph dis-
ease, dentatorubropallidoluysian atrophy, Gerstmann-Straussler-Scheinker disease, Friedreich’s Ataxia, Roussy-
Levy syndrome, May-White syndrome, congenital cerebellar ataxia, hereditary episodic ataxia, ataxia telangiectasia,
amyotrophic lateral sclerosis, progressive bulbar palsy, spinal progressive muscular atrophy, spinobulbar muscular
atrophy, Werdnig-Hoffmann disease, Kugelberg-Welander disease, hereditary spastic paraparesis, syringomyelia,
syringobulbia, Arnold-Chiari malformation, Stiffman syndrome, Klippel-Feil syndrome, Fazio-Londe syndrome, my-
elopathy, Dandy-Walker syndrome, spina bifida, Sjogren-Larsson syndrome, radiation myelopathy, age-related
macular degeneration, and cerebral apoplexy selected from the group consisting of cerebral infarction and cerebral
hemorrhage and/or associated dysfunction or neurologic deficits.

Item 5 : The compound or salt thereof for use in the prophylaxis and/or therapy according to Item 3, wherein the
disease induced by neurological dysfunction is selected from the group consisting of spinal cord injury, chemotherapy-
induced neuropathy, diabetic neuropathy, radiation damage, and a demyelinating disease selected from the group
consisting of multiple sclerosis, acute disseminated encephalomyelitis, transverse myelitis, progressive multifocal
leucoencephalopathy, subacute sclerosing panencephalitis, chronic inflammatory demyelinating polyneuropathy
and Guillain-Barre syndrome.

Item 6: The compound or salt thereof for use in the prophylaxis and/or therapy according to Item 3, wherein the
disease induced by deterioration of mitochondrial function is selected from the group consisting of Pearson’s syn-
drome, diabetes, deafness, malignant migraine, Leber’s disease, MELAS, MERRF, MERRF/MELAS overlap syn-
drome, NARP, pure myopathy, mitochondrial cardiomyopathy, myopathy, dementia, gastrointestinal ataxia, acquired
sideroblastic anemia, aminoglycoside-induced hearing loss, complex III deficiency due to inherited variants of cy-
tochrome b, multiple symmetrical lipomatosis, ataxia, myoclonus, retinopathy, MNGIE, ANT1 disease, Twinkle dis-
ease, POLG disease, recurrent myoglobinuria, SANDO, ARCO, complex I deficiency, complex II deficiency, optic
nerve atrophy, fatal infantile complex IV deficiency, mitochondrial DNA deficiency, mitochondrial DNA deficiency
syndrome, Leigh’s encephalomyelopathy, chronic-progressive-external-ophthalmoplegia syndrome (CPEO),
Kearns-Sayre syndrome, encephalopathy, lactacidemia, myoglobinuria, drug-induced mitochondrial diseases,
schizophrenia, major depression disorder, bipolar I disorder, bipolar II disorder, mixed episode, dysthymic disorders,
atypical depression, seasonal affective disorders, postpartum depression, minor depression, recurrent brief depres-
sive disorder, intractable depression/chronic depression, double depression, and acute renal failure.

Item 7 : The compound of Item 1 or a salt thereof, for use as an active ingredient in a prophylactic and/or therapeutic
agent for treating or preventing ischemic heart diseases and/or associated dysfunction, cardiac failure, myocardosis,
aortic dissection, immunodeficiency, autoimmune diseases, pancreatic insufficiency, diabetes, atheroembolic renal
disease, polycytic kidney, medullary cystic disease, renal cortical necrosis, malignant nephrosclerosis, renal failure,
hepatic encephalopathy, liver failure, chronic obstructive pulmonary disease, pulmonary embolism, bronchiectasis,
silicosis, black lung, idiopathic pulmonary fibrosis, Stevens-Johnson syndrome, toxic epidermal necrolysis, muscular
dystrophy, clostridial muscle necrosis, and femoral condyle necrosis.

Item 8: A process for producing a quinolone compound represented by Formula (1b):

wherein R2, R3 , R4 , R5, R6, and R7 are as defined in Items 1, and R1’ is a group represented by R1 as defined in
Item 1 or a salt thereof; the process comprising reacting a compound represented by the formula:

R1’ - X2

wherein X2 represents a group that undergoes the same substitution reaction as that of a halogen or a halogen
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atom, with a compound represented by the formula:

wherein R2, R3, R4, R5, R6 and R7 are as defined in Item 1.

[0015] The term "lower" refers to a group having 1 to 6 carbons (preferably 1 to 4 carbons) unless otherwise specified.
[0016] Examples of C1-6 alkyl groups include straight or branched C1-6 (preferably C1-4) alkyl groups such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, sec-butyl, n-pentyl, 1-ethylpropyl, isopentyl, neopentyl, n-hexyl,
1,2,2-trimethylpropyl, 3,3-dimethylbutyl, 2-ethylbutyl, isohexyl, 3-methylpentyl, etc.
[0017] Examples of C2-6 alkenyl groups include straight or branched C2-6 alkenyl groups with 1-3 double bonds,
including both trans and cis forms. Examples thereof include vinyl, 1-propenyl, 2-propenyl, 1-methyl-1-propenyl, 2-
methyl-1-propenyl, 2-methyl-2-propenyl, 2-propenyl, 2-butenyl, 1-butenyl, 3-butenyl, 2-pentenyl, 1-pentenyl, 3-pentenyl,
4-pentenyl, 1,3-butadienyl, 1,3-pentadienyl, 2-penten-4-yl, 2-hexenyl, 1-hexenyl, 5-hexenyl, 3-hexenyl, 4-hexenyl, 3,3-
dimethyl-1-propenyl, 2-ethyl-1-propenyl, 1,3,5-hexatrienyl, 1,3-hexadienyl, 1,4-hexadienyl, etc.
[0018] Examples of C3-C8 cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cy-
clooctyl, etc.
[0019] The C3-C8 cycloalkyl moieties of the C3-C8 cycloalkyloxy groups are as described above.
[0020] Examples of C3-C8 cycloalkyl C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably
one) C3-C8 cycloalkyl group(s) described above.
[0021] Examples of C1-6 alkoxy groups include straight or branched C1-6 (preferably C1-4) alkoxy groups such as
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, tert-butoxy, sec-butoxy, n-pentyloxy, isopentyloxy, neo-
pentyloxy, n-hexyloxy, isohexyloxy, 3-methylpentyloxy, etc.
[0022] Examples of C1-6 alkoxy C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably one)
C1-6 alkoxy group(s) described above.
[0023] Examples of halogen atoms include fluorine, chlorine, bromine, and iodine.
[0024] Examples of halogen-substituted C1-6 alkyl groups include the C1-6 alkyl groups having one to seven halogen
atom(s), preferably one to three halogen atom(s). Examples thereof include fluoromethyl, difluoromethyl, trifluoromethyl,
chloromethyl, dichloromethyl, trichloromethyl, bromomethyl, dibromomethyl, dichlorofluoromethyl, 2,2-difluoroethyl,
2,2,2-trifluoroethyl, pentafluoroethyl, 2-fluoroethyl, 2-bromoethyl, 2-chloroethyl, 3-bromopropyl, 3-chloropropyl, 3,3,3-
trifluoropropyl, heptafluoropropyl, 2,2,3,3,3-pentafluoropropyl, heptafluoroisopropyl, 3-chloropropyl, 2-chloropropyl, 3-
bromopropyl, 4,4,4-trifluorobutyl, 4,4,4,3,3-pentafluorobutyl, 4-chlorobutyl, 4-bromobutyl, 2-chlorobutyl, 5,5,5-trifluoro-
pentyl, 5-chloropentyl, 6,6,6-trifluorohexyl, 6-chlorohexyl, perfluorohexyl, etc.
[0025] Examples of halogen-substituted C1-6 alkoxy groups include the C1-6 alkoxy groups having one to seven halogen
atom(s), preferably one to three halogen atom(s). Examples thereof include fluoromethoxy, difluoromethoxy, trifluor-
omethoxy, chloromethoxy, dichloromethoxy, trichloromethoxy, bromomethoxy, dibromomethoxy, dichlorofluoromethoxy,
2,2,2-trifluoroethoxy, pentafluoroethoxy, 2-chloroethoxy, 3,3,3-trifluoropropoxy, heptafluoropropoxy, heptafluoroisopro-
poxy, 3-chloropropoxy, 2-chloropropoxy, 3-bromopropoxy, 4,4,4-trifluorobutoxy, 4,4,4,3,3-pentafluorobutoxy, 4-chlo-
robutoxy, 4-bromobutoxy, 2-chlorobutoxy, 5,5,5-trifluoropentoxy, 5-chloropentoxy, 6,6,6-trifluorohexyloxy, 6-chlorohex-
yloxy, etc.
[0026] Examples of C1-6 alkylthio groups include alkylthio groups wherein the alkyl moiety is the C1-6 alkyl group
mentioned above.
[0027] Examples of C1-6 alkanoyl groups include straight or branched C1-6 (preferably C1-4) alkanoyl groups such as
formyl, acetyl, propionyl, butyryl, isobutyryl, pentanoyl, tert-butylcarbonyl, hexanoyl, etc.
[0028] Examples of halogen-substituted C1-6 alkanoyl groups include the C1-6 alkanoyl groups having one to seven
halogen atom(s), preferably one to three halogen atom(s). Examples thereof include fluoroacetyl, difluoroacetyl, trifluor-
oacetyl, chloroacetyl, dichloroacetyl, bromoacetyl, dibromoacetyl, 2,2-difluoroethyl, 2,2,2-trifluoropropionyl, pentafluor-
opropionyl, 3-chlorobutanoyl, 3,3,3-trichlorobutanoyl, 4-chlorobutanoyl, etc.
[0029] Examples of protected hydroxy groups include the C1-6 alkyl groups described above, the C1-6 alkanoyl groups
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described above, phenyl C1-6) alkyl groups (such as benzyl, 4-methoxybenzyl, trityl, etc.), tetrahydropyranyl groups, etc.
[0030] Examples of hydroxy C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably one) hydroxy
group(s).
[0031] Examples of protected hydroxy C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably
one) protected hydroxy group(s) described above.
[0032] Examples of amino C1-6 alkanoyl groups include the C1-6 alkanoyl groups having one to three (preferably one)
amino group(s).
[0033] Examples of hydroxy C1-6 alkanoyl groups include the C1-6 alkanoyl groups having one to three (preferably
one) hydroxy group(s).
[0034] Examples of protected hydroxy C1-6 alkanoyl groups include the C1-6 alkanoyl groups having one to three
(preferably one) protected hydroxy group(s) described above.
[0035] Examples of phosphono C1-6 alkanoyl groups include the C1-6 alkanoyl groups having one to three (preferably
one) protected phosphono group(s).
[0036] The phosphono C1-6 alkanoyl moieties of the phosphono C1-6 alkanoyloxy groups are as described above.
[0037] Examples of phosphono C1-6 alkanoyloxy C1-6 alkyl groups include the C1-6 alkyl groups having one to three
(preferably one) phosphono C1-6 alkanoyloxy group(s) described above.
[0038] Examples of amino C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably one) amino
group(s).
[0039] Examples of carboxy C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably one) carboxy
group(s).
[0040] Examples of carbamoyl C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably one)
carbamoyl group(s).
[0041] Examples of C1-6 alkanoyl C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably one)
C1-6 alkanoyl group(s) .
[0042] Examples of C1-6 alkoxy C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably one)
C1-6 alkoxy group(s).
[0043] Examples of phosphono C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably one)
phosphono group(s).
[0044] Examples of C1-6 alkylthio C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably one)
C1-6 alkylthio group(s) described above.
[0045] The C1-6 alkanoyl moieties of the C1-6 alkanoyl amino groups are as described above.
[0046] Examples of C1-6 alkanoyl amino C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably
one) C1-6 alkanoyl amino group(s) described above.
[0047] The amino C1-6 alkyl moieties of the amino C1-6 alkylthio groups are as described above.
[0048] Examples of amino C1-6 alkylthio C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably
one) amino C1-6 alkylthio group(s) described above.
[0049] The hydroxy C1-6 alkyl moieties of the hydroxy C1-6 alkylthio groups are as described above.
[0050] Examples of hydroxy C1-6 alkylthio C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably
one) hydroxy C1-6 alkylthio group(s) described above.
[0051] The carboxy C1-6 alkyl moieties of the carboxy C1-6 alkylthio groups are as described above.
[0052] Examples of carboxy C1-6 alkylthio C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably
one) carboxy C1-6 alkylthio group(s) described above.
[0053] The C1-6 alkoxy moieties of the C1-6 alkoxy carbonyl groups are as described above.
[0054] The C1-6 alkoxy carbonyl moieties of the C1-6 alkoxy carbonyl amino groups are as described above.
[0055] Examples of C1-6 alkoxy carbonyl C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably
one) C1-6 alkoxy carbonyl group(s) described above.
[0056] The C1-6 alkoxy carbonyl C1-6 alkyl moieties of the C1-6 alkoxy carbonyl C1-6 alkylthio groups are as described
above.
[0057] Examples of C1-6 alkoxy carbonyl C1-6 alkylthio C1-6 alkyl groups include the C1-6 alkyl groups having one to
three (preferably one) C1-6 alkoxy carbonyl C1-6 alkylthio group(s) described above.
[0058] The C1-6 alkyl moieties of the C1-6 alkylthio carbonyl groups are as described above.
[0059] The amino C1-6 alkanoyl moieties of the amino C1-6 alkanoyloxy groups are as described above.
[0060] Examples of amino C1-6 alkanoyloxy C1-6 alkyl groups include the C1-6 alkyl groups having one to three (pref-
erably one) amino C1-6 alkanoyloxy group(s).
[0061] Examples of amino C1-6 alkylthio carbonyl groups include the C1-6 alkylthio carbonyl groups having one to three
(preferably one) amino group(s).
[0062] Examples of amino C1-6 alkylthio carbonyl C1-6 alkyl groups include the C1-6 alkyl groups having one to three
(preferably one) amino C1-6 alkylthio carbonyl group(s) described above.
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[0063] Examples of benzoyloxy C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably one)
benzoyloxy group(s).
[0064] The hydroxy C1-6 alkyl moieties of the hydroxy C1-6 alkylsulfonyl groups are as described above.
[0065] Examples of hydroxy C1-6 alkylsulfonyl C1-6 alkyl groups include the C1-6 alkyl groups having one to three
(preferably one) hydroxy C1-6 alkylsulfonyl group(s) described above.
[0066] The carboxy C1-6 alkyl moieties of the carboxy C1-6 alkylsulfonyl groups are as described above.
[0067] Examples of carboxy C1-6 alkylsulfonyl C1-6 alkyl groups include the C1-6 alkyl groups having one to three
(preferably one) carboxy C1-6 alkylsulfonyl group(s) described above.
[0068] The C1-6 alkoxy carbonyl C1-6 alkyl moieties of the C1-6 alkoxy carbonyl C1-6 alkylsulfonyl groups are as described
above.
[0069] Examples of C1-6 alkoxy carbonyl C1-6 alkylsulfonyl C1-6 alkyl groups include the C1-6 alkyl groups having one
to three (preferably one) C1-6 alkoxy carbonyl C1-6 alkylsulfonyl group(s) described above.
[0070] The C1-6 alkanoyl C1-6 alkyl moieties of the C1-6 alkanoyl C1-6 alkylsulfonyl groups are as described above.
[0071] Examples of C1-6 alkanoyl C1-6 alkylsulfonyl C1-6 alkyl groups include the C1-6 alkyl groups having one to three
(preferably one) C1-6 alkanoyl C1-6 alkylsulfonyl group(s) described above.
[0072] Examples of hydroxy C1-6 alkoxy groups include the C1-6 alkoxy groups having one to three (preferably one)
hydroxy group(s).
[0073] Examples of protected hydroxy C1-6 alkoxy groups include the C1-6 alkoxy groups having one to three (preferably
one) protected hydroxy group(s) described above.
[0074] Examples of carboxy C1-6 alkoxy groups include the C1-6 alkoxy groups having one to three (preferably one)
carboxy group(s).
[0075] Examples of C1-6 alkoxy carbonyl C1-6 alkoxy groups include the C1-6 alkoxy groups having one to three
(preferably one) C1-6 alkoxy carbonyl groups described above.
[0076] Examples of carbamoyl C1-6 alkoxy groups include the C1-6 alkoxy groups having one to three (preferably one)
carbamoyl group(s).
[0077] Examples of C1-6 alkoxy C1-6 alkoxy groups include the C1-6 alkoxy groups having one to three (preferably one)
C1-6 alkoxy group(s) described above.
[0078] Examples of piperazinyl C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably one)
piperazinyl group(s).
[0079] Examples of piperazinyl C1-6 alkylsulfonyl C1-6 alkyl groups include the C1-6 alkyl groups having one to three
(preferably one) piperazinyl C1-6 alkylsulfonyl group(s) wherein the piperazinyl C1-6 alkyl moieties are as described above.
[0080] Examples of piperazinyl carbonyl C1-6 alkylsulfonyl groups include the C1-6 alkylsulfonyl groups having one to
three (preferably one) piperazinyl carbonyl group(s).
[0081] Examples of piperazinyl carbonyl C1-6 alkylsulfonyl C1-6 alkyl groups include the C1-6 alkyl groups having one
to three (preferably one) piperazinyl carbonyl C1-6 alkylsulfonyl group(s) described above.
[0082] Examples of piperazinyl C1-6 alkoxy carbonyl groups include the C1-6 alkoxy carbonyl groups having one to
three (preferably one) piperazinyl group(s).
[0083] Examples of piperazinyl C1-6 alkoxy carbonyl C1-6 alkyl groups include the C1-6 alkyl groups having one to three
(preferably one) piperazinyl C1-6 alkoxy carbonyl group(s).
[0084] Examples of morpholinyl C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably one)
morpholinyl group(s).
[0085] Examples of oxazepanyl C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably one)
oxazepanyl group(s).
[0086] Examples of piperidyl C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably one)
piperidyl group(s).
[0087] Examples of azetidyl C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably one) azetidyl
group(s).
[0088] Examples of isoindolyl C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably one)
isoindolyl group(s).
[0089] Examples of diazepanyl C1-6 alkyl groups include the C1-6 alkyl groups having one to three (preferably one)
diazepanyl group(s).
[0090] The process of producing the compound of the invention is described below in detail.
[0091] The quinolone compound represented by General Formula (1) (hereinafter also referred to as Compound (1))
can be produced by various methods; for example, by a method according to the following Reaction Scheme 1 or 2.
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wherein R1, R2, R3, R4, R5, R6, and R7 are as defined above, and X1 represents a halogen atom.
[0092] Examples of halogen atoms represented by X1 include fluorine, chlorine, bromine, and iodine.
[0093] Preferable leaving groups in the reaction include halogens. Among these, iodine is particularly preferable.
[0094] Compound (1) can be produced by the reaction of the compound represented by General Formula (2) with the
compound represented by General Formula (3) in an inert solvent or without using any solvents, in the presence or
absence of a basic compound, in the presence of a palladium catalyst.
[0095] Examples of inert solvents include water; ethers such as dioxane, tetrahydrofuran, diethyl ether, 1,2-dimeth-
oxyethane, diethylene glycol dimethyl ether, and ethylene glycol dimethyl ether; aromatic hydrocarbons such as benzene,
toluene, and xylene; lower alcohols such as methanol, ethanol, and isopropanol; ketones such as acetone and methyl
ethyl ketone; and polar solvents such as N,N-dimethylformamide (DMF), dimethyl sulfoxide (DMSO), hexamethylphos-
phoric triamide, and acetonitrile. These inert solvents can be used singly or in combinations of two or more.
[0096] Palladium compounds used in the reaction are not particularly limited, but include, for example, tetravalent
palladium catalysts such as sodium hexachloropalladiumate(IV) tetrahydrate and potassium hexachloropalladiumate(IV);
divalent palladium catalysts such as palladium(II) chloride, palladium(II) bromide, palladium(II) acetate, palladium(II)
acetylacetonato, dichlorobis(benzonitrile)palladium(II), dichlorobis(acetonitrile)palladium(II), dichlorobis(triphenylphos-
phine)palladium(II), dichlorotetraamminepalladium(II), dichloro(cycloocta-1,5-diene)palladium(II), palladium(II) trifluoro-
acetate, and 1,1’-bis(diphenylphosphino)ferrocene dichloropalladium(II)-dichloromethane complex; zerovalent palladi-
um catalysts such as tris(dibenzylideneacetone)2 palladium(0), tris(dibenzylideneacetone)2 palladium (0) chloroform
complex, and tetrakis(triphenylphosphine)palladium(0), etc. These palladium compounds are used singly or in combi-
nations of two or more.
[0097] In the reaction, the amount of the palladium catalyst is not particularly limited, but is typically in the range from
0.000001 to 20 moles in terms of palladium relative to 1 mol of the compound of General Formula (2). The amount of
the palladium catalyst is preferably in the range from 0.0001 to 5 moles in terms of palladium relative to 1 mol of the
compound of General Formula (2).
[0098] This reaction advantageously proceeds in the presence of a suitable ligand. Examples of ligands of the palladium
catalyst include 2,2’-bis(diphenylphosphino)-1,1’-binaphthyl (BINAP), tri-o-tolylphosphine, bis(diphenylphosphino)fer-
rocene, triphenylphosphine, tri-t-butylphosphine, and 9,9-dimethyl-4,5-bis(diphenylphosphino)xanthene (XANTPHOS).
These ligands are used singly or in combinations of two or more.
[0099] The proportion of the palladium catalyst and ligand is not particularly limited. The amount of the ligand is about
0.1 to about 100 moles, preferably about 0.5 to about 15 moles, per mole of the palladium catalyst.
[0100] Various known inorganic and organic bases can be used as basic compounds.
[0101] Inorganic bases include, for example, alkali metal hydroxides such as sodium hydroxide, potassium hydroxide,
cesium hydroxide, and lithium hydroxide; alkali metal carbonates such as sodium carbonate, potassium carbonate,
cesium carbonate, and lithium carbonate; alkali metal hydrogencarbonates such as lithium hydrogencarbonate, sodium
hydrogencarbonate, and potassium hydrogencarbonate; alkali metals such as sodium and potassium; phosphates such
as sodium phosphate and potassium phosphate; amides such as sodium amide; and alkali metal hydrides such as
sodium hydride and potassium hydride.
[0102] Organic bases include, for example, alkali metal lower alkoxides such as sodium methoxide, sodium ethoxide,
sodium t-butoxide, potassium methoxide, potassium ethoxide, and potassium t-butoxide, and amines such as triethyl-
amine, tripropylamine, pyridine, quinoline, piperidine, imidazole, N-ethyldiisopropylamine, dimethylaminopyridine, tri-
methylamine, dimethylaniline, N-methylmorpholine, 1,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-diazabicyclo[5.4.0]un-
dec-7-ene (DBU), 1,4-diazabicyclo [2.2.2] octane (DABCO), etc.
[0103] Such basic compounds can be used singly or in combinations of two or more. More preferable basic compounds
used in the reaction include alkali metal carbonates such as sodium carbonate, potassium carbonate, cesium carbonate,
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and lithium carbonate.
[0104] A basic compound is usually used in an amount of 0.5 to 10 moles, preferably 0.5 to 6 moles, per mole of the
compound of General Formula (2).
[0105] In the above Reaction Scheme 1, the compound of General Formula (3) is usually used in an amount of at
least about 1 mole, preferably about 1 to about 5 moles, per mole of the compound of General Formula (2).
[0106] The reaction can be conducted under normal pressure, under inert gas atmospheres including nitrogen, argon,
etc., or under increased pressure.
[0107] The reaction proceeds usually at room temperature to 200°C, and preferably at room temperature to 150°C,
and is usually completed in about 1 to about 30 hours. The reaction is also achieved by heating at 100 to 200°C for 5
minutes to 1 hour using a microwave reactor.
[0108] The compound represented by General Formula (3), which is used as a starting material in Reaction Scheme
1 is an easily available known compound. The compound represented by General Formula (2) includes a novel compound,
and the compound is produced in accordance with Reaction Scheme 6 shown below.

wherein R1, R2, R3, R4, R5, R6, and R7 are as defined above, and R8 represents a lower alkoxy group.
[0109] The lower alkoxy group represented by R8 in General Formula (5) has the same definition as described above.
[0110] The compound represented by General Formulae (4) is reacted with the compound represented by General
Formula (5) in an inert solvent or without using any solvents, in the presence or absence of an acid catalyst, thereby
giving an intermediate compound represented by General Formula (6). Then, the resulting compound is cyclized to
produce the compound represented by General Formula (1).
[0111] Examples of inert solvents include water; ethers such as dioxane, tetrahydrofuran, diethyl ether, 1,2-dimeth-
oxyethane, diethylene glycol dimethyl ether, and ethylene glycol dimethyl ether; aromatic hydrocarbons such as benzene,
toluene, and xylene; lower alcohols such as methanol, ethanol, and isopropanol; and polar solvents such as N,N-
dimethylformamide (DMF), dimethyl sulfoxide (DMSO), hexamethylphosphoric triamide, and acetonitrile. These inert
solvents can be used singly or in combinations of two or more.
[0112] Various kinds of known acid catalysts can be used, including toluenesulfonic acid, methanesulfonic acid, xylene



EP 2 364 298 B1

12

5

10

15

20

25

30

35

40

45

50

55

sulfonic acid, sulfuric acid, glacial acetic acid, boron trifluoride, acidic ion exchangers, etc. These acid catalysts can be
used singly or in combinations of two or more.
[0113] Among such acids, acidic ion exchangers are preferably used. Examples of acidic ion exchangers include
polymeric cation exchangers available from the market such as Lewatit S100, Zeo-karb 225, Dowex 50, Amberlite IR120,
or Amberlyst 15 and like styrene sulfonic acid polymers; Lewatit PN, Zeo-karb 215 or 315, and like polysulfonic acid
condensates; Lewatit CNO, Duolite CS100, and like m-phenolic carboxylic acid resins; or Permutit C, Zeo-karb 226 or
Amberlite IRC 50, and like polyacrylates. Of these, Amberlyst 15 is particularly preferred.
[0114] An acid catalyst is usually used in an amount of 0.0001 to 100 moles, preferably 0.5 to 6 moles, per mole of
the compound of General Formula (4).
[0115] In Reaction Scheme 2, the compound of General Formula (5) is usually used in an amount of at least about 1
mole, preferably about 1 to about 5 moles, per mole of the compound of General Formula (4).
[0116] The reaction can be conducted under normal pressure, under inert gas atmospheres including nitrogen, argon,
etc., or under increased pressure.
[0117] The reaction proceeds usually at room temperature to 200°C, and preferably at room temperature to 150°C.
During the reaction, azeotropic removal of water is conducted until the reaction water generation is completed. The
reaction is usually finished in about 1 to about 30 hours.
[0118] The process of producing the compound of General Formula (1) via a cyclization reaction of the intermediate
compound represented by General Formula (6) can be carried out by heating the compound in a solvent such as diphenyl
ether, or by heating the compound in the absence of a solvent. The reaction is conducted at 150 to 300°C for 5 minutes
to 2 hours.
[0119] The compound represented by General Formula (4), used as a starting material in Reaction Scheme 2 described
above is a known compound or can be produced easily using a known compound. The compound represented by
General Formula (5) includes a novel compound, and the compound is manufactured in accordance with, for example,
the methods shown in Reaction Scheme 4 and Reaction Scheme 5 described below.

wherein R2, R3, R4, R5, R6, and R7 are as defined above, and R1’ is a group represented by R1 other than hydrogen,
and X2 represents a group that undergoes the same substitution reaction as that of a halogen or a halogen atom.
[0120] Halogens represented by X2 in General Formula (7) include the halogen atom described above. Groups that
undergo the same substitution reaction as that of the halogen atoms represented by X2 include lower alkane sulfonyloxy
groups, aryl sulfonyloxy groups, aralkyl sulfonyloxy groups, etc.
[0121] Examples of lower alkane sulfonyloxy groups include straight or branched C1-6 alkane sulfonyloxy groups, such
as methane sulfonyloxy, ethane sulfonyloxy, n-propane sulfonyloxy, isopropane sulfonyloxy, n-butane sulfonyloxy, tert-
butane sulfonyloxy, n-pentane sulfonyloxy, and n-hexane sulfonyloxy.
[0122] Examples of aryl sulfonyloxy groups include naphthyl sulfonyloxy and phenyl sulfonyloxy optionally substituted
on a phenyl ring with one to three substituent(s) selected from the group consisting of straight or branched C1-6 alkyl
groups, straight or branched C1-6 alkoxy groups, nitro groups, and halogen atoms as a substituent(s). Examples of
phenyl sulfonyloxy groups optionally substituted with the above substituent(s) include phenyl sulfonyloxy, 4-methylphenyl
sulfonyloxy, 2-methylphenyl sulfonyloxy, 4-nitrophenyl sulfonyloxy, 4-methoxyphenyl sulfonyloxy, 2-nitrophenyl sulfo-
nyloxy, 3-chlorophenyl sulfonyloxy, etc. Examples of naphthyl sulfonyloxy groups include α-naphthyl sulfonyloxy, β-
naphthyl sulfonyloxy, etc.
[0123] Examples of aralkyl sulfonyloxy groups include phenyl-substituted straight or branched C1-6 alkane sulfonyloxy
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groups that may have, on the phenyl ring, one to three substituent(s) selected from the group consisting of straight or
branched C1-6 alkyl groups, straight or branched C1-6 alkoxy groups, a nitro group and halogen atoms as a substituent(s);
and naphtyl-substituted straight or branched C1-6 alkane sulfonyloxy groups. Examples of alkane sulfonyloxy groups
substituted with the above-mentioned phenyl group(s) include benzyl sulfonyloxy, 2-phenylethyl sulfonyloxy, 4-phenyl-
butyl sulfonyloxy, 4-methylbenzyl sulfonyloxy, 2-methylbenzyl sulfonyloxy, 4-nitrobenzyl sulfonyloxy, 4-methoxybenzyl
sulfonyloxy, 3-chlorobenzyl sulfonyloxy, etc. Examples of alkane sulfonyloxy groups substituted with the above-men-
tioned naphthyl group(s) include α-naphthylmethyl sulfonyloxy, β-naphthylmethyl sulfonyloxy, etc.
[0124] The compound represented by General Formula (1b) can be produced by the reaction of the compound rep-
resented by General Formula (1a) with the compound represented by General Formula (7) in an inert solvent or without
using any solvents, in the presence or absence of a basic compound.
[0125] Examples of inert solvents include water; ethers such as dioxane, tetrahydrofuran, diethyl ether, 1,2-dimeth-
oxyethane, diethylene glycol dimethyl ether, and ethylene glycol dimethyl ether; aromatic hydrocarbons such as benzene,
toluene, and xylene; lower alcohols such as methanol, ethanol, and isopropanol; ketones such as acetone and methyl
ethyl ketone; and polar solvents such as N,N-dimethylformamide (DMF), dimethyl sulfoxide (DMSO), hexamethylphos-
phoric triamide, and acetonitrile. These inert solvents can be used singly or in combinations of two or more.
[0126] As a basic compound, various known inorganic bases and organic bases can be used.
[0127] Inorganic bases include, for example, alkali metal hydroxides such as sodium hydroxide, potassium hydroxide,
cesium hydroxide, and lithium hydroxide; alkali metal carbonates such as sodium carbonate, potassium carbonate,
cesium carbonate, and lithium carbonate; alkali metal hydrogen carbonates such as lithium hydrogen carbonate, sodium
hydrogen carbonate, and potassium hydrogen carbonate; alkali metals such as sodium and potassium; amides such as
sodium amide; and alkali metal hydrides such as sodium hydride and potassium hydride.
[0128] Organic bases include, for example, alkali metal lower alkoxides such as sodium methoxide, sodium ethoxide,
sodium t-butoxide, potassium methoxide, potassium ethoxide, and potassium t-butoxide; and amines such as triethyl-
amine, tripropylamine, pyridine, quinoline, piperidine, imidazole, N-ethyl diisopropylamine, dimethylaminopyridine, tri-
methylamine, dimethylaniline, N-methylmorpholine, 1,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-diazabicyclo[5.4.0]un-
dec-7-ene (DBU), 1,4-diazabicyclo[2.2.2]octane (DABCO), etc.
[0129] Such basic compounds can be used singly or in combinations of two or more. More preferable basic compounds
used in the reaction include inorganic bases such as sodium hydride and potassium hydride.
[0130] A basic compound is usually used in an amount of 0.5 to 10 moles, preferably 0.5 to 6 moles, per mole of the
compound of General Formula (1a).
[0131] In Reaction Scheme 1, the compound of General Formula (7) is usually used in an amount of at least about 1
mole, preferably 1 to about 5 moles, per mole of the compound of General Formula (1a).
[0132] The reaction can be conducted under normal pressure, under inert gas atmospheres including nitrogen, argon,
etc., or under increased pressure.
[0133] The reaction proceeds usually at 0°C to 200°C, and preferably at room temperature to 150°C, and is usually
completed in about 1 to about 30 hours.
[0134] The compound represented by General Formula (7), which is used as a starting material in Reaction Scheme
3 is an easily available known compound.
[0135] Compound (5) and Compound (2), which are the starting materials of the compound of the invention, include
novel compounds, and can be produced by various methods; for example, by methods according to the following Reaction
Schemes 4 to 6.

wherein R2, R3, and R8 are as defined above, and R9 represents a lower alkoxy group.
[0136] The lower alkoxy group represented by R9 in General Formula (9) has the same definition as described above.
[0137] The compound represented by General Formula (5) can be produced by the reaction of the compound repre-
sented by General Formula (8) with the compound represented by General Formula (9) in an inert solvent or without
using any solvents, in the presence or absence of a basic compound.



EP 2 364 298 B1

14

5

10

15

20

25

30

35

40

45

50

55

[0138] Examples of inert solvents include water; ethers such as dioxane, tetrahydrofuran, diethyl ether, 1,2-dimeth-
oxyethane, diethylene glycol dimethyl ether, and ethylene glycol dimethyl ether; aromatic hydrocarbons such as benzene,
toluene, and xylene; lower alcohols such as methanol, ethanol, and isopropanol; ketones such as acetone and methyl
ethyl ketone; and polar solvents such as N,N-dimethylformamide (DMF), dimethyl sulfoxide (DMSO), hexamethylphos-
phoric triamide, and acetonitrile. These inert solvents can be used singly or in combinations of two or more.
[0139] As a basic compound, various known inorganic bases and organic bases can be used.
[0140] Inorganic bases include, for example, alkali metal hydroxides such as sodium hydroxide, potassium hydroxide,
cesium hydroxide, and lithium hydroxide; alkali metal carbonates such as sodium carbonate, potassium carbonate,
cesium carbonate, and lithium carbonate; alkali metal hydrogencarbonates such as lithium hydrogencarbonate, sodium
hydrogencarbonate, and potassium hydrogencarbonate; alkali metals such as sodium and potassium; amides such as
sodium amide; and alkali metal hydrides such as sodium hydride and potassium hydride.
[0141] Organic bases include, for example, alkali metal lower alkoxides such as sodium methoxide, sodium ethoxide,
sodium t-butoxide, potassium methoxide, potassium ethoxide, and potassium t-butoxide; and amines such as triethyl-
amine, tripropylamine, pyridine, quinoline, piperidine, imidazole, N-ethyldiisopropylamine, dimethylaminopyridine, tri-
methylamine, dimethylaniline, N-methylmorpholine, 1,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-diazabicyclo[5.4.0]un-
dec-7-ene (DBU), 1,4-diazabicyclo[2.2.2]octane (DABCO), etc.
[0142] These basic compounds are used singly or in combinations of two or more. More preferable examples of basic
compounds used in the reaction include inorganic bases such as sodium hydroxide, potassium hydroxide, etc.
[0143] A basic compound is usually used in an amount of about 1 to about 10 moles, preferably about 1 to about 6
moles, per mole of the compound of General Formula (8).
[0144] In Reaction Scheme 4, the compound of General Formula (9) is usually used in an amount of at least about 1
mole, preferably about 1 to about 5 moles, per mole of the compound of General Formula (8).
[0145] The reaction can be conducted under normal pressure, under inert gas atmospheres including nitrogen, argon,
etc., or under increased pressure.
[0146] The reaction proceeds usually at room temperature to 200°C, and preferably at room temperature to 150°C,
and is usually completed in about 1 to about 30 hours.
[0147] The compounds represented by General Formulae (8) and (9), which are used as starting materials in Reaction
Scheme 4, are easily available known compounds.

wherein R2, R3, and R8 are as defined above, and X3 represents a halogen atom.
[0148] The halogen atom represented by X3 in General Formula (9’) has the same definition as described above.
[0149] The compound represented by General Formula (5) can be produced by the reaction of the compound repre-
sented by General Formula (8’) with the compound represented by General Formula (9’) in an inert solvent or without
using any solvents, in the presence of a basic compound such as cesium carbonate and a copper catalyst such as
copper iodide.
[0150] Preferable examples of inert solvents include polar solvents such as N,N-dimethylformamide (DMF), dimethyl
sulfoxide (DMSO), hexamethylphosphoric triamide, and acetonitrile. These inert solvents can be used singly or in com-
binations of two or more.
[0151] The reaction may be conducted in the presence of amino acids such as L-proline.
[0152] The reaction can be conducted under normal pressure, under inert gas atmospheres including nitrogen, argon,
etc., or under increased pressure.
[0153] The reaction proceeds usually at room temperature to 200°C, and preferably at room temperature to 150°C,
and is usually completed in about 1 to about 30 hours.
[0154] The compounds represented by General Formulae (8’) and (9’) used as starting materials in Reaction Scheme
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5 described above are known compounds, or can be produced easily using known compounds.

wherein R4, R5, R6, and R7 are as defined above, and X1a represents a halogen atom. R10 represents a lower alkyl group.
[0155] The lower alkyl group represented by R10 and a halogen atom represented by X1a have the same definitions
as described above.
[0156] The compound represented by General Formula (12) can be produced by the condensation reaction of the
compounds represented by General Formulae (4), (10), and (11) in an inert solvent or without using any solvents.
[0157] Examples of inert solvents include water; etherssuch as dioxane, tetrahydrofuran, diethyl ether, 1,2-dimethox-
yethane, diethylene glycol dimethyl ether, and ethylene glycol dimethyl ether; halogenated hydrocarbons such as meth-
ylene chloride, chloroform, 1,2-dichloroethane, and carbon tetrachloride; aromatic hydrocarbons such as benzene, tol-
uene, and xylene; lower alcohols such as methanol, ethanol, and isopropanol; and polar solvents such as N,N-dimeth-
ylformamide (DMF), dimethyl sulfoxide (DMSO), hexamethylphosphoric triamide, and acetonitrile. The compound rep-
resented by General Formula (11) can be used as a solvent in place of the solvents mentioned above. These inert
solvents can be used singly or in combinations of two or more.
[0158] In Reaction Scheme 6, the compound of General Formula (10) is usually used in an amount of at least 1 mole,
preferably about 1 to about 5 moles, per mole of the compound of General Formula (4).
[0159] The compound represented by General Formula (11) is used in an amount exceeding that of the compound of
General Formula (10).
[0160] The reaction can be conducted under normal pressure, under inert gas atmospheres including nitrogen, argon,
etc., or under increased pressure.
[0161] The reaction proceeds usually at room temperature to 200°C, and preferably at room temperature to 150°C,
and is usually completed in about 1 to about 30 hours.
[0162] The compound represented by General Formula (13) can be produced by the cyclization reaction of the com-
pound represented by General Formula (12) in an inert solvent or without using any solvents.
[0163] Examples of inert solvents include ethers such as diphenyl ether.
[0164] The reaction can be conducted under normal pressure, under inert gas atmospheres including nitrogen, argon,
etc., or under increased pressure.
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[0165] The reaction proceeds usually at room temperature to 300°C, and preferably at 150 to 300°C, and is usually
completed in about 1 to about 30 hours.
[0166] The compound represented by General Formula (2a) can be produced by the reaction of the compound rep-
resented by General Formula (13) with the compound represented by General Formula (14) in an inert solvent or without
using any solvents, in the presence or absence of a basic compound.
[0167] Examples of inert solvents include water; ethers such as dioxane, tetrahydrofuran, diethyl ether, 1,2-dimeth-
oxyethane, diethyleneglycol dimethyl ether, and ethylene glycol dimethyl ether; aromatic hydrocarbons such as benzene,
toluene, and xylene; lower alcohols such as methanol, ethanol, and isopropanol; ketones such as acetone and methyl
ethyl ketone; polar solvents such as N,N-dimethylformamide (DMF), dimethyl sulfoxide (DMSO), hexamethylphosphoric
triamide, and acetonitrile. These inert solvents can be used singly or in combinations of two or more.
[0168] As a basic compound, various known inorganic bases and organic bases can be used.
[0169] Inorganic bases include, for example, alkali metal hydroxides such as sodium hydroxide, potassium hydroxide,
cesium hydroxide, and lithium hydroxide; alkali metal carbonates such as sodium carbonate, potassium carbonate,
cesium carbonate, and lithium carbonate; alkali metal hydrogencarbonates such as lithium hydrogencarbonate, sodium
hydrogencarbonate, and potassium hydrogencarbonate; alkali metals such as sodium and potassium; amides such as
sodium amide; and alkali metal hydrides such as sodium hydride and potassium hydride.
[0170] Organic bases include, for example, alkali metal alkoxides such as sodium methoxide, sodium ethoxide, sodium
t-butoxide, potassium methoxide, potassium ethoxide, and potassium t-butoxide; and amines such as triethylamine,
tripropylamine, pyridine, quinoline, piperidine, imidazole, N-ethyldiisopropylamine, dimethylaminopyridine, trimethyl-
amine, dimethylaniline, N-methylmorpholine, 1,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-diazabicyclo[5.4.0]undec-7-
ene (DBU), 1,4-diazabicyclo[2.2.2]octane (DABCO), etc.
[0171] Such basic compounds can be used singly or in combinations of two or more. More preferable basic compounds
used in the reaction include alkali metal carbonates such as sodium carbonate, potassium carbonate, cesium carbonate,
and lithium carbonate, etc.
[0172] A basic compound is usually used in an amount of 0.5 to 10 moles, preferably 0.5 to 6 moles, per mole of the
compound of General Formula (13).
[0173] In Reaction Scheme 6, the compound of General Formula (14) is usually used in an amount of at least 0.5
moles, preferably about 0.5 to about 5 moles, per mole of the compound of General Formula (13).
[0174] The reaction can be conducted under normal pressure, under inert gas atmospheres including nitrogen, argon,
etc., or under increased pressure.
[0175] The reaction proceeds usually at room temperature to 200°C, and preferably at room temperature to 150°C,
and is usually completed in about 1 to about 30 hours.
[0176] The compounds represented by General Formulae (10), (11) and (14), which are used as starting materials in
Reaction Scheme 6, are easily available known compounds.

wherein R2, R3, R4, R5, R6, and R7 are as defined above; R1a represents a phosphono lower alkyl group having one or
more hydroxy-protecting groups, a phosphono lower alkanoyloxy lower alkyl group having one or more hydroxy-protecting
groups, or a benzoyloxy lower alkyl group having one or more phosphono groups substituted with one or more hydroxy-
protecting groups on the benzene ring; and R1b represents a phosphono lower alkyl group, a phosphono lower alkanoy-
loxy lower alkyl group, or a benzoyloxy lower alkyl group having one ore more phosphono groups on the benzene ring.
[0177] Compound (1d) can be produced by the deprotection of the hydroxy-protecting group from Compound (1c) in
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an inert solvent or without using any solvents.
[0178] Examples of inert solvents include water; ethers such as dioxane, tetrahydrofuran, diethyl ether, 1,2-dimeth-
oxyethane, diethylene glycol dimethyl ether, and ethylene glycol dimethyl ether; halogenated hydrocarbons such as
methylene chloride, chloroform, 1,2-dichloroethane, and carbon tetrachloride; aromatic hydrocarbons such as benzene,
toluene, and xylene; lower alcohols such as methanol, ethanol, and isopropanol; and polar solvents such as N,N-
dimethylformamide (DMF), dimethyl sulfoxide (DMSO), hexamethylphosphoric triamide, and acetonitrile. The compound
represented by General Formula (1c) may also be used as a solvent instead of the above solvents. These inert solvents
can be used singly or in combinations of two or more.
[0179] This reaction is carried out by a conventional method such as hydrolysis or reduction.
[0180] Hydrolysis is carried out preferably in the presence of bases or acids including a Lewis acid.
[0181] Suitable examples of bases include inorganic bases such as alkali metal hydroxides (e.g., sodium hydroxide,
potassium hydroxide), alkali earth metal hydroxides (e.g., magnesium hydroxide, calcium hydroxide), alkali metal car-
bonates (e.g., sodium carbonate, potassium carbonate), alkali earth metal carbonates (e.g., magnesium carbonate,
calcium carbonate), alkali metal hydrogencarbonates (e.g., sodium hydrogencarbonate, potassium hydrogencarbonate);
and organic bases such as trialkyl amines (e.g., trimethylamine, triethylamine), picoline, 1,5-diazabicyclo[4.3.0]non-5-
en, and 1,4-diazabicyclo[2.2.2]octane, and 1,8-diazabicyclo[5.4.0]undeca-7-en.
[0182] Examples of suitable acids include organic acids (e.g., formic acid, acetic acid, propionic acid, trichloroacetic
acid, trifluoroacetic acid) and inorganic acids (e.g., hydrochloric acid, hydrobromic acid, sulfuric acid). Deprotection using
Lewis acids such as trihaloacetic acids (e.g., trichloroacetic acid, trifluoroacetic acid) is carried out preferably in the
presence of a cation scavenger (e.g., anisole, phenol). In the reaction, a liquid base or acid can also be used as a solvent.
[0183] The reaction temperature is not limited, and the reaction is usually carried out under cooling or warming.
[0184] Reduction methods applicable to the elimination reaction include chemical reduction and catalytic reduction.
[0185] Suitable reducing agents for use in chemical reduction are a combination of a metal (e. g., tin, zinc, iron) or
metallic compound (e. g., chromium chloride, chromium acetate) and an organic or inorganic acid (e. g. formic acid,
acetic acid, propionic acid, trifluoroacetic acid, p-toluenesulfonic acid, hydrochloric acid, hydrobromic acid).
[0186] Suitable catalysts for use in catalytic reduction are conventional ones such as platinum catalysts (e.g. platinum
plate, spongy platinum, platinum black, colloidal platinum, platinum oxide, platinum wire), palladium catalysts (e.g. spongy
palladium, palladium black, palladium oxide, palladium -carbon, colloidal palladium, palladium-barium sulfate, palladium-
barium carbonate), nickel catalysts (e.g. reduced nickel, nickel oxide, Raney nickel), cobalt catalysts (e.g. reduced cobalt,
Raney cobalt), iron catalysts (e.g. reduced iron, Raney iron), copper catalysts (e.g. reduced copper, Raney copper,
Ullman copper), and the like.
[0187] The reaction is usually carried out in a conventional solvent which does not adversely influence the reaction,
such as water; an alcohol such as methanol, ethanol, trifluoroethanol, or ethyleneglycol; an ether such as acetone,
diethylether, dioxane, or tetrahydrofuran; a halogenated hydrocarbon such as chloroform, methylene chloride, or ethylene
chloride; an ester such as methyl acetate or ethyl acetate; acetonitrile; N,N-dimethylformamide; pyridine; any other
organic solvent; or a mixture of these solvents. The reaction usually proceeds at room temperature to 200°C, and
preferably at room temperature to 150°C, and is usually completed in about 1 to about 30 hours.
[0188] Further, the conditions for the deprotection reaction of the hydroxy-protecting group are not limited to the
reaction conditions described above. For example, reactions described by T. W. Green and P. G. M. Wuts (Protective
Groups in Organic Synthesis, 4th edition) and John Wiley & Sons (New York, 1991, P.309) can also be applied to the
reaction process.
[0189] The raw material compounds used in each of the reaction schemes described above may include suitable salts,
and the objective compounds obtained via each of the reactions may form suitable salts. These preferable salts include
the following preferable salts of Compound (1).
[0190] Suitable salts of Compound (1) are pharmacologically allowable salts including, for example, salts of inorganic
bases such as metal salts including alkali metal salts (e.g., sodium salts, potassium salts, etc.) and alkaline earth metal
salts (e.g., calcium salts, magnesium salts, etc.), ammonium salts, alkali metal carbonates (e.g., lithium carbonate,
potassium carbonate, sodium carbonate, cesium carbonate, etc.), alkali metal hydrogencarbonates (e.g., lithium hydro-
gencarbonate, sodium hydrogencarbonate, potassium hydrogencarbonate, etc.), and alkali metal hydroxides (e.g., lith-
ium hydroxide, sodium hydroxide, potassium hydroxide, cesium hydroxide, etc.); salts of organic bases such as tri(low-
er)alkylamine (e.g., trimethylamine, triethylamine, N-ethyldiisopropylamine, etc.), pyridine, quinoline, piperidine, imida-
zole, picoline, dimethylaminopyridine, dimethylaniline, N-(lower)alkyl-morpholine (e.g., N-methylmorpholine, etc.), 1,5-
diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU), 1,4-diazabicyclo[2.2.2]octane (DAB-
CO), and trishydroxymethyl amino methane; inorganic acid salts such as hydrochloride, hydrobromide, hydroiodide,
sulfate, nitrate, and phosphate; and organic acid salts such as formate, acetate, propionate, oxalate, malonate, succinate,
fumarate, maleate, lactate, malate, citrate, tartrate, carbonate, picrate, methanesulfonate, ethanesulfonate, p-toluenesul-
fonate, and glutamate.
[0191] In addition, compounds in a form in which a solvate (for example, hydrate, ethanolate, etc.) was added to the
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starting materials and the objective compound shown in each of the reaction schemes are also included in each of the
general formulae. Hydrate can be mentioned as a preferable solvate.
[0192] Each of the objective compounds obtained according to the above reaction schemes can be isolated and
purified from the reaction mixture by, for example, cooling the reaction mixture first, performing an isolation procedure
such as filtration, concentration, extraction, etc., to separate a crude reaction product, and then subjecting the crude
reaction product to a usual purification procedure such as column chromatography, recrystallization, etc.
[0193] The compound represented by General Formula (1) according to the present invention naturally includes ge-
ometrical isomers, stereoisomers, optical isomers, and like isomers.
[0194] The following points should be noted regarding the compound of General Formula (1) shown above. Specifically,
when R1 of General Formula (1) represents a hydrogen atom, the compound includes a tautomer of the quinolone ring.
That is, in the quinolone compound of General Formula (1), when R1 represents a hydrogen atom (1’),

wherein R2, R3, R4, R5, R6, and R7 are as defined above, the compound of the tautomer can be represented by Formula
(1"),

wherein R2, R3, R4, R5, R6, and R7 are as defined above. That is, both of the compounds represented by Formulae (1’)
and (1") are in the tautomeric equilibrium state represented by the following balance formula.

wherein R2, R3, R4, R5, R6, and R7 are as defined above.
[0195] Such tautomerism between a 4-quinolone compound and a 4-hydroxyquinoline compound is technically known,
and it is obvious for a person skilled in the art that both of the above-described tautomers are balanced and mutually
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exchangeable.
[0196] Therefore, the compound represented by General Formula (1) of the present invention naturally includes the
tautomers as mentioned above.
[0197] In the specification, the constitutional formula of a 4-quinolone compound is suitably used as a constitutional
formula of the objective or starting material including compounds of such tautomers.
[0198] The present invention also includes isotopically labeled compounds that are identical to the compounds rep-
resented by Formula (1), except that one or more atoms are replaced by one or more atoms having specific atomic mass
or mass numbers. Examples of isotopes that can be incorporated into the compounds of the present invention include
hydrogen, carbon, nitrogen, oxygen, sulfur, fluorine, and chlorine, such as 2H, 3H, 13C, 14C, 15N, 18O, 17O, 18F, and 36Cl.
Certain isotopically labeled compounds of the present invention, which include the above-described isotopes and/or
other isotopes of other atoms, for example, those into which radioisotopes such as 3H and 14C are incorporated, are
useful in drug and/or substrate tissue distribution assay. Tritiated (i.e., 3H), and carbon-14 (i.e., 14C) isotopes are par-
ticularly preferred for their ease of preparation and detectability. Further, substitution with heavier isotopes such as
deuterium (i.e., 2H) can afford certain therapeutic advantages resulting from greater metabolic stability, for example, an
increased in vivo half-life or reduced dosage requirements. The isotopically labeled compounds of the present invention
can generally be prepared by substituting a readily available, isotopically labeled reagent for a non-isotopically labeled
reagent according to the method disclosed in the schemes above and/or in the Examples below.
[0199] The compound of General Formula (1) and the salt thereof are used in the form of general pharmaceutical
preparations. The preparations are obtained using typically employed diluents or excipients such as fillers, extenders,
binders, wetting agents, disintegrators, surfactants, lubricants, etc. The form of such pharmaceutical preparations can
be selected according to the purpose of the therapy. Typical examples include tablets, pills, powders, solutions, sus-
pensions, emulsions, granules, capsules, suppositories, injections (solutions, suspensions, etc.), and the like.
[0200] To form tablets, any of various carriers conventionally known in this field can be used. Examples thereof include
lactose, white sugar, sodium chloride, glucose, urea, starch, calcium carbonate, kaolin, crystalline cellulose, silicic acid,
and other excipients; water, ethanol, propanol, simple syrup, glucose solutions, starch solutions, gelatin solutions, car-
boxymethylcellulose, shellac, methylcellulose, potassium phosphate, polyvinylpyrrolidone and other binders; dry starch,
sodium alginate, agar powder, laminarin powder, sodium hydrogen carbonate, calcium carbonate, fatty acid esters of
polyoxyethylene sorbitan, sodium lauryl sulfate, stearic acid monoglycerides, starch, lactose and other disintegrators;
white sugar, stearin, cacao butter, hydrogenated oils and other disintegration inhibitors; quaternary ammonium bases,
sodium lauryl sulfate and other absorption promoters; glycerol, starch and other wetting agents; starch, lactose, kaolin,
bentonite, colloidal silicic acid and other adsorbents; purified talc, stearates, boric acid powder, polyethylene glycol and
other lubricants; etc. Further, such tablets may be coated with typical coating materials as required, to prepare, for
example, sugar-coated tablets, gelatin-coated tablets, enteric-coated tablets, film-coated tablets, double- or multi-layered
tablets, etc.
[0201] To form pills, any of various carriers conventionally known in this field can be used. Examples thereof include
glucose, lactose, starch, cacao butter, hydrogenated vegetable oils, kaolin, talc and other excipients; gum arabic powder,
tragacanth powder, gelatin, ethanol and other binders; laminarin, agar and other disintegrators; etc.
[0202] To form suppositories, any of various carriers conventionally known in this field can be used. Examples thereof
include polyethylene glycol, cacao butter, higher alcohols, esters of higher alcohols, gelatin, semi synthetic glycerides, etc.
[0203] Capsules can be prepared by mixing the active principal compound with the above-mentioned carriers to
enclose the former in a hard gelatin capsule, soft gelatin capsule or the like.
[0204] To form an injection, a solution, emulsion or suspension is sterilized and preferably made isotonic to blood.
Any of the diluents widely used for such forms in this field can be employed to form the injection. Examples of such
diluents include water, ethyl alcohol, macrogol, propylene glycol, ethoxylated isostearyl alcohol, polyoxylated isostearyl
alcohol, fatty acid esters of polyoxyethylene sorbitan, etc.
[0205] In this case, the pharmaceutical preparation may contain sodium chloride, glucose or glycerol in an amount
sufficient to prepare an isotonic solution, and may contain typical solubilizers, buffers, analgesic agents, etc. Further, if
necessary, the pharmaceutical preparation may contain coloring agents, preservatives, flavors, sweetening agents, etc.,
and/or other medicines.
[0206] The amount of the compound represented by the General Formula (1) and the salt thereof included in the
pharmaceutical preparation of the present invention is not limited, and can be suitably selected from a wide range. The
proportion is generally about 0.1 to about 70 wt.%, preferably about 0.1 to about 30 wt.% of the pharmaceutical preparation.
[0207] The route of administration of the pharmaceutical preparation of the present invention is not particularly limited,
and the preparation is administered by a route suitable to the form of the preparation, patient’s age, sex and other
conditions, and severity of the disease. For example, tablets, pills, solutions, suspensions, emulsions, granules and
capsules are administered orally. Injections are intravenously administered singly or as mixed with typical injection
transfusions such as glucose solutions, amino acid solutions or the like, or singly administered intramuscularly, intrac-
utaneously, subcutaneously or intraperitoneally, as required. Suppositories are administered intrarectally.
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[0208] The dosage of the pharmaceutical preparation of the invention is suitably selected according to the method of
use, patient’s age, sex and other conditions, and severity of the disease. The amount of active principal compound is
usually about 0.1 to about 10 mg/kg body weight/day. Further, it is desirable that the pharmaceutical preparation in each
unit of the administration form contains the active principal compound in an amount of about 1 to about 200 mg.
[0209] The use of the compound of the present invention in combination with L-dopa preparations, dopamine receptor
agonists, dopamine metabolism enzyme inhibitors, dopamine release-rate-promoting preparations, central anticholin-
ergic agents, and the like can achieve effects such as dosage reduction, improvement of side effects, increased thera-
peutic efficacy, etc., which were not attained by known therapies.

Advantageous Effect of Invention

[0210] The compounds of the invention protect and improve mitochondrial function, and/or protect neurons and repair
neuronal function, and hence are effective in the treatment or prevention of neurodegenerative diseases, diseases
induced by neurological dysfunction, and diseases induced by deterioration of mitochondrial function.
[0211] Examples of neurodegenerative diseases include Parkinson’s disease, Parkinson’s syndrome, juvenile parkin-
sonism, striatonigral degeneration, progressive supranuclear palsy, pure akinesia, Alzheimer’s disease, Pick’s disease,
prion disease, corticobasal degeneration, diffuse Lewy body disease, Huntington’s disease, chorea-acanthocytosis,
benign hereditary chorea, paroxysmal choreoathetosis, essential tremor, essential myoclonus, Gilles de la Tourette’s
syndrome, Rett’s syndrome, degenerative ballism, dystonia musculorum deformance, athetosis, spasmodic torticollis,
Meige syndrome, cerebral palsy, Wilson’s disease, Segawa’s disease, Hallervorden-Spatz syndrome, neuroaxonal dys-
trophy, pallidal atrophy, spino-cerebellar degeneration, cerebral cortical atrophy, Holmes-type cerebellar atrophy, ol-
ivopontocerebellar atrophy, hereditary olivopontocerebellar atrophy, Joseph disease, dentatorubropallidoluysian atro-
phy, Gerstmann-Straussler-Scheinker disease, Friedreich’s Ataxia, Roussy-Levy syndrome, May-White syndrome, con-
genital cerebellar ataxia, hereditary episodic ataxia, ataxia telangiectasia, amyotrophic lateral sclerosis, progressive
bulbar palsy, spinal progressive muscular atrophy, spinobulbar muscular atrophy, Werdnig-Hoffmann disease, Kugel-
berg-Welander disease, hereditary spastic paraparesis, syringomyelia, syringobulbia, Arnold-Chiari malformation, Stiff-
man syndrome, Klippel-Feil syndrome, Fazio-Londe syndrome, lower myelopathy, Dandy-Walker syndrome, spina bifida,
Sjogren-Larsson syndrome, radiation myelopathy, age-related macular degeneration, and cerebral apoplexy (e.g., cer-
ebral infarction and cerebral hemorrhage) and/or dysfunction or neurologic deficits associated with cerebral apoplexy.
[0212] Examples of diseases induced by neurological dysfunction include spinal cord injury, chemotherapy-induced
neuropathy, diabetic neuropathy, radiation damage, and demyelinating diseases (e.g., multiple sclerosis, acute dissem-
inated encephalomyelitis, transverse myelitis, progressive multifocal leucoencephalopathy, subacute sclerosing panen-
cephalitis, chronic inflammatory demyelinating polyneuropathy and Guillain-Barre syndrome).
[0213] Examples of diseases induced by deterioration of mitochondrial function include Pearson’s syndrome, diabetes,
deafness, malignant migraine, Leber’s disease, MELAS, MERRF, MERRF/MELAS overlap syndrome, NARP, pure
myopathy, mitochondrial cardiomyopathy, myopathy, dementia, gastrointestinal ataxia, acquired sideroblastic anemia,
aminoglycoside-induced hearing loss, complex III deficiency due to inherited variants of cytochrome b, multiple sym-
metrical lipomatosis, ataxia, myoclonus, retinopathy, MNGIE, ANT1 disease, Twinkle disease, POLG disease, recurrent
myoglobinuria, SANDO, ARCO, complex I deficiency, complex II deficiency, optic nerve atrophy, fatal infantile complex
IV deficiency, mitochondrial DNA deficiency, mitochondrial DNA deficiency syndrome, Leigh’s encephalomyelopathy,
chronic-progressive-external-ophthalmoplegia syndrome (CPEO), Kearns-Sayre syndrome, encephalopathy,
lactacidemia, myoglobinuria, drug-induced mitochondrial diseases, schizophrenia, major depression disorder, bipolar I
disorder, bipolar II disorder, mixed episode, dysthymic disorders, atypical depression, seasonal affective disorders,
postpartum depression, minor depression, recurrent brief depressive disorder, intractable depression/chronic depres-
sion, double depression and acute renal failure.
[0214] Furthermore, the compound of the invention is effective in the prevention or treatment of diseases such as
ischemic heart diseases (e.g., myocardial infarction and/or associated dysfunction, arrhythmia, angina pectoris, occlusion
after PTCA, etc.) and/or associated dysfunction, cardiac failure, myocardosis, aortic dissection, immunodeficiency, au-
toimmune diseases, pancreatic insufficiency, diabetes, atheroembolic renal disease, polycytic kidney disease, medullary
cystic disease, renal cortical necrosis, malignant nephrosclerosis, renal failure, hepatic encephalopathy, liver failure,
chronic obstructive pulmonary disease, pulmonary embolism, bronchiectasis, silicosis, black lung, idiopathic pulmonary
fibrosis, Stevens-Johnson syndrome, toxic epidermal necrolysis, muscular dystrophy, clostridial muscle necrosis, and
femoral condyle necrosis.
[0215] The compound of the invention can achieve effects heretofore unattained by known therapies, such as reduced
dose, reduced side effects, and potentiated therapeutic effects, when it is administered in combination with L-dopa
preparations, dopamine receptor agonists, dopamine metabolism enzyme inhibitors, dopamine release-rate-promoting
preparations, central anticholinergic agents, cholinesterase inhibitors, N-methyl-D-aspartate glutamate receptor antag-
onists, or other agents used in thrombolytic therapy, cerebral edema therapy, brain protection therapy, antithrombotic
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therapy, and blood plasma dilution therapy.
[0216] Some of Compounds (1) of the invention or salts thereof exhibit remarkably high solubility in, for example, water.
[0217] Particularly Compound (1d) or a salt thereof exhibits remarkably high solubility in, for example, water.

Description of Embodiments

[0218] Hereinafter, the present invention is described in more detail with reference to Reference Examples, Examples
and Pharmacological Test Examples.

Reference Example 1

[0219]

Production of N-(3-hydroxynaphthalen-2-yl)acetamide

[0220] An acetone solution (60 ml) of 3-amino-2-naphthol (5.0 g, 31.4 mmol) was added to an aqueous solution (20
ml) of sodium carbonate (4.77 g, 34.5 mmol). The mixture was cooled in an ice-water bath, and then acetyl chloride
(2.27 ml, 32.0 mmol) was added to the mixture dropwise over 5 minutes. The resulting mixture was stirred at 0°C for 4
hours and then allowed to stand at room temperature overnight. 2N Hydrochloric acid was added to the reaction mixture
to adjust its pH to 3. The generated insoluble matter was separated, washed with water, and then dried, giving a white
powder of N-(3-hydroxynaphthalen-2-yl)acetamide (4.9 g, yield: 78%).

Reference Example 2

[0221]

Production of N-(3-propoxynaphthalen-2-yl)acetamide

[0222] N-(3-Hydroxynaphthalen-2-yl)acetamide (4.87 g, 24.2 mmol) was suspended in acetonitrile (50 ml). A 1-iodo-
propane (4.52 g, 26.6 mmol) acetonitrile solution (40 ml) and potassium carbonate (4.35 g, 31.5 mmol) were added
thereto, and the resulting mixture was stirred for 3 hours while heating under reflux. The mixture was then cooled to
room temperature and concentrated to dryness under reduced pressure. Water was added to the residue, followed by
extraction using dichloromethane. The thus-obtained organic layer was concentrated to dryness under reduced pressure,
and the residue was then purified using silica gel column chromatography (dichloromethane : ethyl acetate = 20 : 1).
The purified product was concentrated to dryness under reduced pressure, giving a white powder of N-(3-propoxynaph-
thalen-2-yl)acetamide (5.64 g, yield: 96%).
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Reference Example 3

[0223]

Production of 3-propoxynaphthalen-2-ylamine

[0224] N-(3-Propoxynaphthalen-2-yl)acetamide (2.5 g, 10.2 mmol) was dissolved in ethanol (10 ml). Concentrated
hydrochloric acid (5.2 ml) was added thereto, and the resulting mixture was stirred for 4 hours while heating under reflux.
The reaction mixture was cooled to room temperature, and a 5N aqueous sodium hydroxide solution (12.5 ml) was
added thereto to adjust its pH to 11, followed by extraction using dichloromethane. The thus-obtained organic layer was
concentrated to dryness under reduced pressure, and the residue was then purified using silica gel column chromatog-
raphy (dichloromethane). The purified product was concentrated to dryness under reduced pressure, giving a white
powder of 3-propoxynaphthalen-2-ylamine (2.05 g, yield: 100%).

Reference Example 4

[0225]

Production of 2,2-dimethyl-5-[(3-propoxynaphthalen-2-ylamino)methylene][1,3]dioxane-4,6-dione

[0226] Meldrum’s acid (2.59 g, 17.9 mmol) was added to methyl orthoformate (16 ml), and the mixture was stirred for
2 hours while heating under reflux. 3-Propoxynaphthalen-2-ylamine (2.5 g, 12.4 mmol) was added thereto, and the
resulting mixture was stirred for 4 hours while heating under reflux. The reaction mixture was cooled to room temperature
and then concentrated to dryness under reduced pressure to recrystallize the residue from methanol, giving a pale brown
powder of 2,2-dimethyl-5-[(3-propoxynaphthalen-2-ylamino) methylene][1,3]dioxane-4,6-dione (4.19 g, yield: 95%).

Reference Example 5

[0227]
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Production of 5-propoxy-4H-benzo[f]quinolin-1-one

[0228] 2,2-Dimethyl-5-[(3-propoxynaphthalen-2-ylamino) methylene][1,3]dioxane-4,6-dione (4.19 g, 11.7 mmol) was
added to diphenyl ether (15 ml), and the mixture was heated with a mantle heater and then maintained under reflux for
2 hours. The mixture was cooled to room temperature and purified using silica gel column chromatography
(dichloromethane : methanol = 70 : 1 → 9 : 1). The purified product was concentrated to dryness under reduced pressure,
giving a dark brown powder of 5-propoxy-4H-benzo[f]quinolin-1-one (3.15 g, yield: 61%).

Reference Example 6

[0229]

Production of 2-iodo-5-propoxy-4H-benzo[f]quinolin-1-one

[0230] 5-Propoxy-4H-benzo[f]quinolin-1-one (2.66 g, 10.5 mmol) was suspended in DMF (20 ml). Potassium carbonate
(1.63 g, 11.8 mmol) and iodine (2.95 g, 11.6 mmol) were added to the suspension, followed by stirring at room temperature
for 3 hours. The reaction mixture was poured into an aqueous sodium thiosulfate solution (9.14 g, 100 ml), followed by
stirring for 5 minutes. Ethyl acetate was added to the reaction mixture and stirred. Subsequently, insoluble matter was
collected by filtration, and the filtrate was then separated. The thus-obtained organic layer was washed with an aqueous
saturated sodium chloride solution, and then concentrated to dryness under reduced pressure. The residue was added
to the collected insoluble matter, followed by purification using silica gel column chromatography (dichloromethane :
methanol = 50 : 1 → 20 : 1). The purified product was concentrated to dryness under reduced pressure, giving a pale
brown powder of 2-iodo-5-propoxy-4H-benzo[f]quinolin-1-one (3.48 g, yield: 87%).

Reference Example 7

[0231]
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Production of 1-(3-propoxy-5,6,7,8-tetrahydronaphthalen-2-yl)ethanone oxime

[0232] 1-(3-Propoxy-5,6,7,8-tetrahydronaphthalen-2-yl)ethanone (8.88 g, 38.2 mmol) was dissolved in a mixed solvent
of chloroform (20 ml) and methanol (80 ml). Hydroxylamine hydrochloride (4.05 g, 58.2 mmol) and pyridine (9.46 ml,
117 mmol) were added to the solution and stirred for 16 hours while heating under reflux. The reaction mixture was
cooled to room temperature, and then concentrated to dryness under reduced pressure. 2N hydrochloric acid (30 ml)
and water were added to the residue, followed by extraction using dichloromethane. The thus-obtained organic layer
was concentrated to dryness under reduced pressure, and the residue was then purified using silica gel column chro-
matography (n-hexane : ethyl acetate = 5 : 1). The purified product was concentrated to dryness under reduced pressure,
giving a pale yellow powder of 1-(3-propoxy-5,6,7,8-tetrahydronaphthalen-2-yl)ethanone oxime (8.87 g, yield: 94%).

Reference Example 8

[0233]

Production of N-(3-propoxy-5,6,7,8-tetrahydronaphthalen-2-yl)acetamide

[0234] Indium chloride (1.19 g, 5.39 mmol) was added to an acetonitrile solution (150 ml) of 1-(3-propoxy-5,6,7,8-
tetrahydronaphthalen-2-yl)ethanone oxime (8.87 g, 35.8 mmol) and the mixture was stirred for 3 hours while heating
under reflux. The reaction mixture was cooled to room temperature, and then concentrated to dryness under reduced
pressure. Water was added to the residue, followed by extraction using dichloromethane. The thus-obtained organic
layer was concentrated to dryness under reduced pressure, and the residue was then purified using silica gel column
chromatography (n-hexane : ethyl acetate = 3 : 1). The purified product was concentrated to dryness under reduced
pressure, giving a white powder of N-(3-propoxy-5,6,7,8-tetrahydronaphthalen-2-yl)acetamide (8.65 g, yield: 98%).

Reference Example 9

[0235]

Production of 3-propoxy-5,6,7,8-tetrahydronaphthalen-2-ylamine

[0236] 3-Propoxy-5,6,7,8-tetrahydronaphthalen-2-ylamine was produced in the same manner as in Reference Exam-
ple 3.

Reference Example 10

[0237]
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Production of 5-bromo-6-propoxyindan

[0238] 5-Bromo-6-propoxyindan was produced in the same manner as in Reference Example 2.

Reference Example 11

[0239]

Production of 6-propoxy-indan-5-ylamine

[0240] To a 5-bromo-6-propoxyindan (8.24 g, 32.2 mmol) toluene solution (80 ml) were added a benzophenone imine
(6.40 g, 35.3 mmol) toluene solution (40 ml), tris(dibenzylideneacetone)dipalladium (742 mg, 0.8 mmol), 9,9-dimethyl-
4,5-bis(diphenylphosphino)xanthene (XANTPHOS, 936 mg, 1.6 mmol), and cesium carbonate (15.72 g, 48.3 mmol).
The resulting mixture was stirred at 100°C under a nitrogen atmosphere for 47 hours, and then cooled to room temperature.
Water and saturated ammonium chloride solution were added to the reaction mixture, followed by extraction using ethyl
acetate. The organic layer was dried over anhydrous magnesium sulfate, and then concentrated to dryness under
reduced pressure. The generated residue was dissolved in diethyl ether (130 ml). Concentrated hydrochloric acid (25
ml) was added to the solution, followed by stirring for 2 hours. A 5N aqueous sodium hydroxide solution (72 ml) was
added to the reaction mixture to adjust its pH to 11, followed by concentration under reduced pressure. The residue was
dissolved in dichloromethane and washed with an aqueous saturated sodium chloride solution. The thus-obtained organic
layer was concentrated to dryness under reduced pressure, and the generated residue was then purified using silica
gel column chromatography (dichloromethane : ethyl acetate = 90 : 1). The purified product was concentrated to dryness
under reduced pressure, giving a pale brown oily substance of 6-propoxy-indan-5-ylamine (1.02 g, yield: 17%).

Reference Example 12

[0241]
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Production of 1-(7-propoxychroman-6-yl)ethanone

[0242] 1-(7-Hydroxychroman-6-yl)ethanone (3.0 g, 15.6 mmol) was dissolved in DMF (20 ml). Sodium hydride (60%
oil base, 686 mg, 1.1 equivalent weight) was added thereto while ice cooling, and then stirred for 10 minutes. 1-Iodo-
propane (2.92 g, 1.1 equivalent weight) was added to the mixture and then stirred at room temperature for 3 hours.
Water was added to the reaction mixture, followed by extraction using ethyl acetate. The thus-obtained organic layer
was concentrated to dryness under reduced pressure, and the residue was then purified using silica gel column chro-
matography (n-hexane : ethyl acetate = 1 : 0 → 0 : 1). The purified product was concentrated to dryness under reduced
pressure, giving a white powder of 1-(7-propoxychroman-6-yl)ethanone (4.2 g, yield: quantitative).

Reference Example 13

[0243]

Production of 1-(7-propoxychroman-6-yl)ethanone oxime

[0244] 1-(7-Propoxychroman-6-yl)ethanone oxime was produced in the same manner as in Reference Example 7.

Reference Example 14

[0245]

Production of N-(7-propoxychroman-6-yl)acetamide

[0246] N-(7-propoxychroman-6-yl)acetamide was produced in the same manner as in Reference Example 8.

Reference Example 15

[0247]
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Production of 7-propoxychroman-6-ylamine

[0248] 7-Propoxychroman-6-ylamine was produced in the same manner as in Reference Example 3.

Reference Example 16

[0249]

Production of 1-(6-propoxychroman-7-yl)ethanone oxime

[0250] 1-(6-Propoxychroman-7-yl)ethanone oxime was produced in the same manner as in Reference Example 7.

Reference Example 17

[0251]

Production of N-(6-propoxychroman-7-yl)acetamide

[0252] N-(6-Propoxychroman-7-yl)acetamide was produced in the same manner as in Reference Example 8.

Reference Example 18

[0253]
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Production of 6-propoxychroman-7-ylamine

[0254] 6-Propoxychroman-7-ylamine was produced in the same manner as in Reference Example 3.

Reference Example 19

[0255]

Production of 1-(5-propoxy-2,3-dihydrobenzofuran-6-yl)ethanone

[0256] 1-(5-Propoxy-2,3-dihydrobenzofuran-6-yl)ethanone was produced in the same manner as in Reference Exam-
ple 12.

Reference Example 20

[0257]

Production of 1-(5-propoxy-2,3-dihydrobenzofuran-6-yl)ethanone oxime

[0258] 1-(5-Propoxy-2,3-dihydrobenzofuran-6-yl)ethanone oxime was produced in the same manner as in Reference
Example 7.

Reference Example 21

[0259]
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Production of N-(5-propoxy-2,3-dihydrobenzofuran-6-yl)acetamide

[0260] N-(5-Propoxy-2,3-dihydrobenzofuran-6-yl)acetamide was produced in the same manner as in Reference Ex-
ample 8.

Reference Example 22

[0261]

Production of 5-propoxy-2,3-dihydrobenzofuran-6-ylamine

[0262] 5-Propoxy-2,3-dihydrobenzofuran-6-ylamine was produced in the same manner as in Reference Example 3.

Reference Example 23

[0263]

Production of benzhydrylidene(5-methylbenzofuran-7-yl)amine

[0264] To a 7-bromo-5-methylbenzofuran (9.71 g, 46 mmol) toluene solution (100 ml) were added a benzophenone
imine (10.25 g, 56 mmol) toluene solution (55 ml), tris(dibenzylideneacetone)dipalladium (1.1 g, 1 mmol), 2,2’-bis(diphe-
nylphosphino)-1,1’-binaphthyl (BINAP, 2.1 g, 3.45 mmol), and sodium t-butoxide (3.1 g, 31 mmol). The resulting mixture
was then stirred for 4 hours while heating under reflux in a nitrogen atmosphere. The reaction mixture was cooled to
room temperature, and water and saturated ammonium chloride solution were added thereto, followed by extraction
using ethyl acetate. The organic layer was dried over anhydrous magnesium sulfate and then concentrated to dryness
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under reduced pressure. The residue was purified using silica gel column chromatography (n-hexane : ethyl acetate =
10 : 1). The solvent was removed under a reduced pressure, giving a yellow oily substance of benzhydrylidene(5-
methylbenzofuran-7-yl) amine (17.9 g, yield: 81%).

Reference Example 24

[0265]

Production of 5-methylbenzofuran-7-ylamine

[0266] Benzhydrylidene(5-methylbenzofuran-7-yl)amine (17.9 g, 0.57 mmol) was dissolved in THF (150 ml). 5N Hy-
drochloric acid (50 ml) was added thereto, followed by stirring at room temperature for 2 hours. A 5N aqueous sodium
hydroxide solution (40 ml) was added to the reaction mixture, followed by extraction using ethyl acetate. The extract
was sequentially washed with an aqueous saturated sodium hydrogen solution and an aqueous saturated sodium chloride
solution. The organic layer was dried over magnesium sulfate and concentrated to dryness under reduced pressure.
The residue was purified using silica gel column chromatography (n-hexane : ethyl acetate = 50 : 1 → 10 : 1). The purified
product was concentrated to dryness under reduced pressure, giving a dark brown oily substance of 5-methylbenzofuran-
7-ylamine (2.5 g, yield: 30%).

Reference Example 25

[0267]

Production of 5-methyl-2,3-dihydrobenzofuran-7-ylamine

[0268] 5-Methylbenzofuran-7-ylamine (1.3 g, 8.8 mmol) and 10% palladium carbon (500 mg) were added to ethanol
(50 ml), followed by conduction of catalytic reduction at room temperature under ordinary pressure. The catalyst was
removed by celite filtration, and the obtained filtrate was condensed under reduced pressure. The residue was dissolved
in dichloromethane, dried over anhydrous magnesium sulfate, and then concentrated to dryness under reduced pressure,
giving a white powder of 5-methyl-2,3-dihydrobenzofuran-7-ylamine (1.15 g, yield: 87%).
[0269] The examples not falling within the scope of the claims may be considered as reference examples.

Example 1 (Reference Example)

[0270]
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Production of 2-(4-methoxyphenyl)-5-propoxy-4H-benzo[f]qui nolin-1-one

[0271] To a benzene solution (50 ml) containing 3-propoxynaphthalen-2-ylamine (2.05 g, 10.18 mmol) and ethyl
α-(hydroxymethylene)-4-methoxyphenylacetate (2.29 g, 10.3 mmol) was added 350 mg of Amberlyst 15 (Sigma-Aldrich).
The resulting mixture was heated under reflux for 21 hours using a Dean-Stark trap. The reaction mixture was then
cooled to room temperature, filtered to remove resin, and then the filtrate was concentrated under reduced pressure.
Diphenyl ether (2.2 ml) was added to the residue, and the mixture was then heated with a mantle heater and stirred for
1.5 hours under reflux. The resulting reaction mixture was cooled to room temperature, and then directly purified using
silica gel column chromatography (dichloromethane : methanol = 100 : 1 → 60 : 1). The purified product was concentrated
under reduced pressure to recrystallize the residue from ethyl acetate-n-hexane, giving a pale yellow powder of 2-(4-
methoxyphenyl)-5-propoxy-4H-benzo[f]quinolin-1-one (1.55 g, yield: 42%). Melting point: 172-174°C
1H-NMR (DMSO-d6) 5ppm: 1.08 (3H, t, J=7.3 Hz), 1.87-1.95 (2H, m), 3.77 (3H, s), 4.22 (2H, t, J=6.5 Hz), 6.97 (2H, d,
J=8.8 Hz), 7.47-7.52 (3H, m), 7.64 (2H, d, J=8.8 Hz), 7.83-7.87 (1H, m), 7.92 (1H, s), 10.24-10.28 (1H, m), 11.60 (1H, brs).

Example 3 (Reference Example)

[0272]

Production of 2-furan-3-yl-4-methyl-5-propoxy-4H-benzo[f]quinolin-1-one

[0273] To a DMF solution (5 ml) of 2-furan-3-yl-5-propoxy-4H-benzo[f]quinolin-1-one (300 mg, 0.94 mmol) was added
sodium hydride (60% oil base, 61 mg, 1.4 mmol), and then the mixture was stirred at room temperature for 5 minutes.
Methyl iodide (181 mg, 1.27 mmol) was added thereto and the resulting mixture was stirred at room temperature for 62
hours. Water and ethyl acetate were added to the reaction mixture and the resulting mixture was subjected to separation.
The thus-obtained organic layer was washed with water, dried over anhydrous sodium sulfate, and then concentrated
under reduced pressure. The residue was purified using silica gel column chromatography (dichloromethane : ethyl
acetate = 90 : 1 → 80 : 1). The purified product was concentrated under reduced pressure to recrystallize the residue
from ethyl acetate-n-hexane, giving a pale gray powder of 2-furan-3-yl-4-methyl-5-propoxy-4H-benzo[f]quinolin-1-one
(130 mg, yield: 42%).
Melting point: 165-167°C
1H-NMR (DMSO-d6) δppm: 1.05 (3H, t, J=7.4 Hz), 1.83-1.92 (2H, m), 4.12 (2H, t, J=6.4 Hz), 4.21 (3H, s), 7.07 (1H, s),
7.45-7.51 (2H, m), 7.54 (1H, s), 7.70 (1H, s), 7.79-7.83 (1H, m), 8.36 (1H, s), 8.69 (1H, s), 10.34-10.38 (1H, m).

Example 7 (Reference Example)

[0274]
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Production of 4-methyl-5-propoxy-2-thiophen-3-yl-4H-benzo[f]quinolin-1-one

[0275] The above compound was prepared in the same manner as in Example 3 using appropriate starting material.
White powder
1H-NMR (DMSO-d6) δppm: 1.05 (3H, t, J=7.4 Hz), 1.84-1.92 (2H, m), 4.12 (2H, t, J=6.4 Hz), 4.19 (3H, s), 7.44-7.57 (4H,
m), 7.70 (1H, d, J=5.1 Hz), 7.80-7.84 (1H, m), 8.38-8.40 (2H, brs), 10.30-10.34 (1H, m).

Example 8 (Reference Example)

[0276]

Production of 2-(4-methoxyphenyl)-3-methyl-5-propoxy-4H-benzo[f]quinolin-1-one

[0277] To a benzene solution (38 ml) containing 3-propoxynaphthalen-2-ylamine (600 mg, 2.98 mmol) and ethyl α-
acetyl-4-methoxyphenylacetate (1.41 g, 5.96 mmol) was added 85 mg of Amberlyst 15 (Sigma-Aldrich). The resulting
mixture was heated under reflux for 20 hours using a Dean-Stark trap. The reaction mixture was cooled to room tem-
perature, filtered to remove resin, and then the filtrate was concentrated under reduced pressure. Diphenyl ether (2.8
ml) was added to the residue, and the mixture was then heated with a mantle heater and stirred for 70 minutes under
reflux. The resulting reaction mixture was cooled to room temperature, and then directly purified using silica gel column
chromatography (dichloromethane : methanol = 80 : 1 → 70 : 1). The purified product was concentrated under reduced
pressure, giving an oily substance (800 mg, yield: 72%). Ethyl acetate and n-hexane were added to the thus-obtained
oily substance to crystallize and then recrystallized from ethyl acetate, giving a pale yellow powder of 2-(4-methoxyphe-
nyl)-3-methyl-5-propoxy-4H-benzo[f]quinolin-1-one (290 mg).
Melting point: 204-206°C
1H-NMR (DMSO-d6) δppm: 1.05 (3H, t, J=7.4 Hz), 1.90-1.98 (2H, m), 2.31 (3H, s), 3.77 (3H, s), 4.27 (2H, t, J=6.8 Hz),
6.95 (2H, d, J=8.6 Hz), 7.17 (2H, d, J=8.6 Hz), 7.39-7.50 (2H, m), 7.56 (1H, s), 7.84 (1H, dd, J=2.2 Hz, 6.5 Hz), 10.09-10.13
(1H, m), 10.79 (1H, brs).

Reference compound Example 12

[0278]
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Production of 5-propoxy-8-thiophen-3-yl-1,2,3,6-tetrahydro-6-aza-cyclopenta[a]naphthalen-9-one

[0279] The above compound was prepared in the same manner as in Example 1 using appropriate starting materials.
Pale brown powder
1H-NMR (DMSO-d6) δppm: 1.03 (3H, t, J=7.4 Hz), 1.76-1.87 (2H, m), 1.95-2.07 (2H, m), 2.85 (2H, t, J=7.5 Hz), 3.30-3.55
(2H, m), 4.09 (2H, t, J=6.5 Hz), 7.11 (1H, s), 7.48-7.56 (2H, m), 8.11 (1H, d, J=6.2 Hz), 8.21-8.23 (1H, m), 11.18 (1H,
d, J=5.8 Hz).

Example 12 (Reference Example)

[0280]

Production of 6-(3-chloropropyl)-8-(4-methoxyphenyl)-5-propoxy-1,2,3,6-tetrahydro-6-aza-cyclopenta[a]naphthalen-9-
one

[0281] To a DMF solution (6 ml) of 8-(4-methoxyphenyl)-5-propoxy-1,2,3,6-tetrahydro-6-aza-cyclopenta[a]naphthalen-
9-one (1.26 g, 3.60 mmol) was added sodium hydride (60% oil base, 189 mg, 4.33 mmol). The mixture was stirred at
room temperature for 10 minutes. To the resulting mixture was added 1-bromo-3-chloropropane (1.70 g, 10.8 mmol),
followed by stirring at room temperature for 16 hours. Water and ethyl acetate were added to the reaction mixture and
the resulting reaction mixture was then subjected to separation. The thus-obtained organic layer was washed with an
aqueous saturated sodium chloride solution twice. After being dried over anhydrous sodium sulfate, the organic layer
was concentrated under reduced pressure. The residue was purified using silica gel column chromatography
(dichloromethane : ethyl acetate = 20 : 1 → 12 : 1). The purified product was concentrated under reduced pressure,
giving a yellow oily substance of 6-(3-chloropropyl)-8-(4-methoxyphenyl)-5-propoxy-1,2,3,6-tetrahydro-6-aza-cyclopen-
ta[a]naphthalen-9-one (365 mg, yield: 92%).
1H-NMR (CDCl3) δppm: 1.07-1.13 (3H, m), 1.90-2.24 (6H, m), 2.91 (2H, t, J=7.6 Hz), 3.45 (2H, t, J=5.7 Hz), 3.67 (2H,
t, J=7.5 Hz), 3.83 (3H, s), 4.04 (2H, t, J=6.7 Hz), 4.71 (2H, t, J=6.4 Hz), 6.92-7.04 (3H, m), 7.58-7.62 (3H, m).

Example 18 (Reference Example)

[0282]

Production of 8-(4-methoxyphenyl)-6-(3-morpholin-4-ylpropyl)-5-propoxy-1,2,3,6-tetrahydro-6-aza-cyclopenta[a]naph-
thalen-9-one

[0283] A mixture containing 6-(3-chloropropyl)-8-(4-methoxyphenyl)-5-propoxy-1,2,3,6-tetrahydro-6-aza-cyclopen-
ta[a]naphthalen-9-one (700 mg, 1.64 mmol), morpholine (165 mg, 1.90 mmol), potassium carbonate (341 mg, 2.47
mmol), sodium iodide (295 mg, 1.97 mmol) and dimethyl formamide (3 ml) was stirred at 60°C for 7 hours. Water and
ethyl acetate were added to the reaction mixture, followed by separation. The thus-obtained organic layer was washed
with an aqueous saturated sodium chloride solution twice and then concentrated under reduced pressure. The residue
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was purified using silica gel column chromatography (dichloromethane : methanol = 70 : 1 → 50 : 1). The purified product
was concentrated under reduced pressure to recrystallize the residue from ethyl acetate-n-hexane, giving a white powder
of 8-(4-methoxyphenyl)-6-(3-morpholin-4-ylpropyl)-5-propoxy-1,2,3,6-tetrahydro-6-aza-cyclopenta[a]naphthalen-9-one
(295 mg, yield: 38%).
Melting point: 135-137°C
1H-NMR (DMSO-d6) δppm: 1.01 (3H, t, J=7.3 Hz), 1.75-1.85 (4H, m), 1.96 (2H, t, J=7.5 Hz), 2.04-2.15 (6H, m), 2.83
(2H, t, J=7.5 Hz), 3.38-3.41 (6H, m), 3.74 (3H, s), 4.02 (2H, t, J=6.5 Hz), 4.55 (2H, t, J=6.2 Hz), 6.90 (2H, d, J=8.7 Hz),
7.18 (1H, s), 7.60 (2H, d, J=8.7 Hz), 7.93 (1H, s).

Example 23 (Reference Example)

[0284]

Production of di-tert-butyl 8-(4-methoxyphenyl)-9-oxo-5-propoxy-1,2,3,9-tetrahydro-6-aza-cyclopenta[a]naphthalen-6-
ylmethyl phosphate

[0285] To a DMF solution (10 ml) of 8-(4-methoxyphenyl)-5-propoxy-1,2,3,6-tetrahydro-6-aza-cyclopenta[a]naphtha-
len-9-one (400 mg, 1.15 mmol) and sodium iodide (343 mg, 2.29 mmol) was added sodium hydride (60% oil base, 74.9
mg, 1.72 mmol), and the mixture was then stirred for 10 minutes at room temperature. To the resulting mixture was
added a DMF solution (20 ml) of di-tert-butyl chloromethyl phosphate (888 mg, 3.43 mmol), and the mixture was then
stirred at 40°C for 4 hours. The reaction mixture was ice-cooled, ice water was added thereto, and then the reaction
mixture was subjected to extraction using ethyl acetate. The thus-obtained organic layer was washed with an aqueous
saturated sodium chloride solution twice, dried over anhydrous sodium sulfate and then concentrated under reduced
pressure. The residue was purified using medium pressure liquid chromatography (NH silica gel, n-hexane : ethyl acetate
= 100 : 0 → 0 : 100). The purified product was concentrated under reduced pressure, giving a white powder of di-tert-
butyl 8-(4-methoxyphenyl)-9-oxo-5-propoxy-1,2,3,9-tetrahydro-6-aza-cyclopenta[a]naphthalen-6-ylmethyl phosphate
(263 mg, yield: 40%).
1H-NMR (CDCl3) δppm: 1.08-1.14 (3H, t, J=7.4 Hz), 1.35 (18H, s), 1.88-2.16 (4H, m), 2.88-2.95 (2H, t, J=7.7 Hz),
3.60-3.66 (2H, t, J=7.5 Hz), 3.82 (3H, s), 4.05-4.10 (2H, t, J=6.7 Hz), 6.30-6.35 (2H, d, J=12.4 Hz), 6.90-6.97 (2H, d,
J=8.8 Hz), 7.09 (1H, s), 7.57-7.63 (2H, d, J=8.8 Hz), 7.76 (1H, s).

Example 24 (Reference Example)

[0286]
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Production of [8-(4-methoxyphenyl)-9-oxo-5-propoxy-1,2,3,9-tetrahydro-6-aza-cyclopenta[a]naphthalen-6-ylmethyl] 
monophosphate

[0287] A dichloromethane solution (4 ml) of di-tert-butyl 8-(4-methoxyphenyl)-9-oxo-5-propoxy-1,2,3,9-tetrahydro-6-
aza-cyclopenta[a]naphthalen-6-ylmethyl ester (263 mg, 0.46 mmol) was ice-cooled, trifluoroacetic acid (1.2 ml) and
dichloromethane (4 ml) were added thereto under a nitrogen atmosphere and the resulting mixture was stirred at 0°C
for 1 hour. This mixture was concentrated under reduced pressure. The residue was subjected to vacuum drying, giving
a pale yellow powder of [8-(4-methoxyphenyl)-9-oxo-5-propoxy-1,2,3,9-tetrahydro-6-aza-cyclopenta[a]naphthalen-6-yl-
methyl] monophosphate (147 mg, yield: 56%).
1H-NMR (DMSO-d6) δppm: 1.01-1.04 (3H, t, J=7.4 Hz), 1.78-1.86 (2H, m), 1.96-2.02 (2H, m), 2.83 (2H, t, J=7.5 Hz),
3.40 (2H, t, J=7.3 Hz), 3.74 (3H, s), 4.07 (2H, t, J=6.4 Hz), 6.25-6.30 (2H, d, J=10.42 Hz), 6.92-6.95 (2H, m), 7.13 (1H,
s), 7.59-7.63 (2H, d, J=8.8 Hz), 7.76-7.79 (1H, d, J=5.9 Hz).

Example 25 (Reference Example)

[0288]

Production of [8-(4-methoxyphenyl)-9-oxo-5-propoxy-1,2,3,9-tetrahydro-6-aza-cyclopenta[a]naphthalen-6-ylmethyl] 
monophosphate disodium salt

[0289] [8-(4-Methoxyphenyl)-9-oxo-5-propoxy-1,2,3,9-tetrahydro-6-aza-cyclopenta[a]naphthalen-6-ylmethyl] mono-
phosphate (147 mg, 0.32 mmol) was suspended in isopropyl alcohol (20 ml), and 1N aqueous sodium hydroxide solution
(0.64 ml, 0.64 mmol) was then added thereto under a nitrogen atmosphere at 0°C. The resulting mixture was stirred for
1 hour at 0°C. The generated insoluble matter was separated and washed with acetone and dried, giving a white powder
of [8-(4-methoxyphenyl)-9-oxo-5-propoxy-1,2,3,9-tetrahydro-6-aza-cyclopenta[a]naphthalen-6-ylmethyl] monophos-
phate disodium salt (42 mg, yield: 26%).
1H-NMR (D2O) δppm: 0.91-0.98 (3H, t, J=7.8 Hz), 1.74-1.83 (2H, m), 1.92-1.98 (2H, m), 2.75-2.81 (2H, t, J=7.6 Hz),
3.30-3.36 (2H, t, J=7.2 Hz), 3.75 (3H, s), 3.90-3.95 (2H, t, J=6.7 Hz), 5.94-5.99 (2H, d, J=9.5 Hz), 6.89-6.93 (2H, d, J=8.8
Hz), 7.15 (1H, s), 7.87-7.94 (2H, d, J=8.8 Hz), 8.58 (1H, s).

Reference compound Example 31

[0290]

Production of ethyl [3-(4-methoxyphenyl)-4-oxo-10-propoxy-7,8-dihydro-4H,6H-5-oxa-1-aza-phenanthren-1-yl]acetate

[0291] Sodium hydride (60% oil base, 80 mg, 2.0 mmol) was added to a DMF solution (10 ml) of 3-(4-methoxyphenyl)-
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10-propoxy-1,6,7,8-tetrahydro-5-oxa-1-aza-phenanthren-4-one (600 mg, 1.64 mmol), the resulting mixture was then
stirred at room temperature for 5 minutes. Ethyl bromoacetate (330 mg, 2.0 mmol) was added thereto and the resulting
mixture was stirred at room temperature for 16 hours. Water and ethyl acetate were added to the reaction mixture,
followed by separation. The thus-obtained organic layer was washed with water, dried over anhydrous sodium sulfate
and then concentrated under reduced pressure. The residue was purified using medium pressure liquid chromatography
(NH silica gel, n-hexane : ethyl acetate = 100 : 0 → 0 : 100). The purified product was concentrated under reduced
pressure, giving a colorless oily substance ethyl [3-(4-methoxyphenyl)-4-oxo-10-propoxy-7,8-dihydro-4H,6H-5-oxa-1-
aza-phenanthren-1-yl]acetate (700 mg, yield: 95%).
1H-NMR (CDCl3) δppm: 1.00-1.10 (3H, t, J=7.5 Hz), 1.25-1.28 (3H, t, J=6.0), 1.75-1.90 (2H, m), 2.02-2.43 (2H, m),
2.80-2.90 (2H, m), 3.85 (3H, s), 3.86-3.88 (2H, m), 4.10-4.13 (4H, m), 5.10 (2H, s), 6.75 (1H, s), 6.85-6.90 (2H, d, J=9.0),
7.24 (1H, s), 7.60-7.75 (2H, d, J=9.0).

Reference compound Example 32

[0292]

Production of [3-(4-methoxyphenyl)-4-oxo-10-propoxy-7,8-dihydro-4H,6H-5-oxa-1-aza-phenanthren-1-yl]acetic acid

[0293] A 5N aqueous sodium hydroxide solution (10 ml) was added to an ethanol solution (30 ml) of ethyl [3-(4-
methoxyphenyl)-4-oxo-10-propoxy-7,8-dihydro-4H,6H-5-oxa-1-aza-phenanthren-1-yl]acetate (700 mg, 1.55 mmol) and
heated for 2 hours under reflux. The mixture was cooled to room temperature and concentrated under reduced pressure.
While ice-cooling the concentrate, water and concentrated hydrochloric acid were added to the residue to make it acidic.
Subsequently, the formed insoluble matter was separated and dried, giving a yellow powder of [3-(4-methoxyphenyl)-
4-oxo-10-propoxy-7,8-dihydro-4H,6H-5-oxa-l-aza-phenanthren-1-yl]acetic acid (580 mg, yield: 88%).
1H-NMR (DMSO-d6) δppm: 0.94-1.00 (3H, t, J=7.5 Hz), 1.74-1.82 (2H, m), 1.94-1.98 (2H, m), 2.78-2.83 (2H, t, J=6.2
Hz), 3.77 (3H, s), 3.92-3.98 (2H, t, J=6.7 Hz), 4.21-4.25 (2H, t, J=4.8 Hz), 5.35 (2H, s), 6.96-7.00 (2H, d, J=8.8 Hz), 7.16
(1H, s), 7.56-7.59 (2H, d, J=8.8 Hz), 8.29 (1H, s).

Reference compound Example 33

[0294]

Production of 2-[3-(4-methoxyphenyl)-4-oxo-10-propoxy-7,8-dihydro-4H,6H-5-oxa-1-aza-phenanthren-1-yl]-N-(2-mor-
pholin-4-ylethyl)acetamide

[0295] 4-(2-Aminoethyl)morpholine (217 mg, 1.7 mmol) was added to a DMF solution (10 ml) of [3-(4-methoxyphenyl)-
4-oxo-10-propoxy-7,8-dihydro-4H,6H-5-oxa-1-aza-phenanthren-1-yl]acetic acid (580 mg, 1.39 mmol), 2-(7-aza-1H-ben-
zotriazol-1-yl)-1,1,3,3-tetramethyl uronium hexafluorophosphate (HATU, 790 mg, 2.1 mmol) and triethylamine (5 ml).
The mixture was stirred overnight at room temperature and then concentrated under reduced pressure. Water and ethyl
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acetate were added to the residue, followed by separation. The thus-obtained organic layer was washed with water and
concentrated under reduced pressure. The residue was purified using silica gel column chromatography
(dichloromethane : methanol = 10 : 1). The purified product was concentrated under reduced pressure, and the residue
was recrystallized from ethyl acetate, giving a pale brown powder of 2-[3-(4-methoxyphenyl)-4-oxo-10-propoxy-7,8-
dihydro-4H,6H-5-oxa-1-aza-phenanthren-1-yl]-N-(2-morpholin-4-ylethyl)acetamide (115 mg, yield: 16%).
Melting point: 201-203°C
1H-NMR (DMSO-d6) δppm: 0.94-1.00 (3H, t, J=7.5 Hz), 1.71-1.77 (2H, m), 1.91-1.93 (2H, m), 2.29-2.34 (4H, m), 2.72-2.75
(2H, t, J=6.2 Hz), 3.15-3.19 (2H, m), 3.25-3.30 (2H, m), 3.33-3.54 (4H, m), 3.76 (3H, s), 3.85-3.90 (2H, t, J=6.7 Hz),
4.07-4.11 (2H, m), 5.06 (2H, s), 6.90-6.93 (3H, m), 7.54-7.58 (2H, m), 7.72 (1H, s), 7.80-7.82 (1H, m).

Reference compound Example 48

[0296]

Production of 8-(4-methoxyphenyl)-7-methyl-5-propoxy-3,6-dihydro-2H-flo[2,3-f]quinolin-9-one

[0297] The above compound was prepared in the same manner as in Example 8 using appropriate starting material.
Pale brown powder (ethyl acetate-n-hexane)
Melting point: 216-218°C
1H-NMR (DMSO-d6) δppm: 0.97 (3H, t, J=7.4 Hz), 1.76-1.84 (2H, m), 2.18 (3H, s), 3.11 (2H, t, J=8.9 Hz), 3.74 (3H, s),
4.04 (2H, t, J=6.8 Hz), 4.50 (2H, t, J=8.9 Hz), 6.90 (2H, d, J=8.7 Hz), 7.06 (2H, d, J=8.6 Hz), 7.15 (1H, s), 10.19 (1H, brs).

Reference compound Example 69

[0298]

Production of 2-[9-(4-methoxyphenyl)-10-oxo-6-propoxy-10H-[3,7]phenanthrolin-7-yl]-N-(2-morpholin-4-ylethyl)aceta-
mide

[0299] The above compound was prepared in the same manner as in Example 33 using appropriate starting material.
Melting point: 189-192°C
1H-NMR (DMSO-d6) δppm: 1.00-1.06 (3H, t, J=7.4 Hz), 1.82-1.91 (2H, m), 2.82-3.12 (8H, m), 3.60-3.80 (4H, m), 3.81
(3H, s), 4.14-4.20 (2H, t, J=6.8 Hz), 5.32 (2H, s), 7.00-7.03 (2H, d, J=7.8 Hz), 7.69-7.72 (2H, d, J=7.8 Hz), 7.78 (1H, s),
8.11 (1H, s), 8.20-8.30 (1H, m), 8.51-8.53 (1H, d, J=6.1 Hz) 9.19 (1H, s), 9.99-10.0 (1H, d, J=6.1 Hz).

Example 70

[0300]
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Production of ethyl [5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]acetate

[0301] The above compound was prepared in the same manner as in Example 31 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 0.96-1.02 (3H, t, J=7.4 Hz), 1.18-1.24 (3H, t, J=7.1 Hz), 1.69-1.80 (2H, m), 3.78 (3H, s),
3.94-4.00 (2H, t, J=6.7 Hz), 4.12-4.21 (2H, q, J=7.1 Hz), 5.32 (2H, s), 6.94-7.04 (3H, m), 7.21-7.26 (1H, m), 7.58-7.62
(2H, d, J=8.7 Hz), 8.02 (1H, s).

Example 71

[0302]

Production of [5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]acetic acid

[0303] The above compound was prepared in the same manner as in Example 32 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 0.97-1.03 (3H, t, J=7.4 Hz), 1.72-1.87 (2H, m), 3.82 (3H, s), 3.95-4.00 (2H, t, J=6.7 Hz),
5.24 (2H, s), 6.94-7.03 (3H, m), 7.20-7.26 (1H, m), 7.59-7.62 (2H, d, J=8.7 Hz), 8.02 (1H, s), 12.5-13.3 (1H, br).

Example 72

[0304]

Production of N-butyl-2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]acetamide

[0305] The above compound was prepared in the same manner as in Example 33 using appropriate starting materials.
White powder
1H-NMR (DMSO-d6) δppm: 0.81-0.87 (3H, t, J=7.1 Hz), 0.91-0.98 (3H, t, J=7.4 Hz), 1.19-1.45 (4H, m), 1.70-1.80 (2H,
m), 3.02-3.09 (2H, q, 6.3 Hz), 3.76(3H, s), 3.90-3.95 (2H, t, J=6.8 Hz), 5.13 (2H, s), 6.90-6.98 (3H, m), 7.15-7.20 (1H,
m), 7.56-7.60 (2H, d, J=8.7 Hz), 7.90 (1H, s), 7.97-8.01 (1H, t, J=5.5 Hz).
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Example 73

[0306]

Production of 2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]-N-(2-morpholin-4-ylethyl)acetamide

[0307] To a DMF solution (2 ml) of [5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]acetic acid (800
mg, 2.07 mmol) were sequentially added a DMF solution (1 ml) of 4-(2-aminoethyl)morpholine (273 mg), triethylamine
(506 mg, 5.0 mmol), diethylphosphorocyanidate (DEPC, 405 mg, 2.48 mmol) and DMF (1 ml) while ice-cooling, followed
by stirring at room temperature for 23 hours. Water was added to the reaction mixture and then subjected to extraction
using ethyl acetate. The thus-obtained organic layer was washed with an aqueous saturated sodium chloride solution
twice, dried over anhydrous sodium sulfate and then concentrated under reduced pressure. The residue was purified
using silica gel column chromatography (dichloromethane : methanol = 30 : 1 → 15 : 1). The purified product was
concentrated under reduced pressure, and the residue was recrystallized from ethyl acetate, giving a white powder of
2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]-N-(2-morpholin-4-ylethyl)acetamide (789 mg, yield:
77%).
Melting point: 139-141°C
1H-NMR (DMSO-d6) δppm: 0.95 (3H, t, J=7.3 Hz), 1.71-1.80 (2H, m), 2.30-2.34 (6H, m), 3.18 (2H, q, J=6.5 Hz), 3.49-3.53
(4H, m), 3.76 (3H, s), 3.93 (2H, t, J=6.8 Hz), 5.14 (2H, s), 6.92-6.99 (3H, m), 7.18 (1H, dd, J=4.5 Hz, 9.0 Hz), 7.58 (2H,
d, J=8.8 Hz), 7.90-7.95 (2H, m).

Example 74

[0308]

Production of 2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]-N-methyl-N-(2-morpholin-4-yle-
thyl)acetamide

[0309] Sodium hydride (60% oil base, 61 mg, 1.4 mmol) was added to a DMF solution (2 ml) of 2-[5-fluoro-3-(4-
methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]-N-(2-morpholin-4-ylethyl)acetamide (580 mg, 1.16 mmol), and the
resulting mixture was stirred at room temperature for 5 minutes. Methyl iodide (230 mg, 1.62 mmol) was added thereto,
and the thus-obtained mixture was stirred at room temperature for 15 hours. Water and ethyl acetate were added to the
reaction mixture, followed by separation. The thus-obtained organic layer was washed with an aqueous saturated sodium
chloride solution and then concentrated under reduced pressure. The residue was purified using silica gel column
chromatography (dichloromethane : methanol = 30 : 1 → 15 : 1). The purified product was concentrated under reduced
pressure, and the residue was recrystallized from ethyl acetate, giving a white powder of 2-[5-fluoro-3-(4-methoxyphenyl)-
4-oxo-8-propoxy-4H-quinolin-1-yl]-N-methyl-N-(2-morpholin-4-ylethyl)acetamide (440 mg, yield: 74%).
Melting point: 218-220°C



EP 2 364 298 B1

40

5

10

15

20

25

30

35

40

45

50

55

1H-NMR (DMSO-d6) δppm: 0.94 (3H, t, J=7.3 Hz), 1.64-1.72 (2H, m), 2.33-2.38 (4H, m), 2.43-2.50 (2H, m), 2.85 (1H,
s), 2.99 (2H, s), 3.37 (2H, t, J=6.8 Hz), 3.44-3.48 (4H, m), 3.75 (3H, s), 3.89 (2H, t, J=6.7 Hz), 5.43 (2H, s), 6.89-6.97
(3H, m), 7.12-7.17 (1H, m), 7.53-7.57 (2H, m), 7.83 (1H, s).

Example 75

[0310]

Production of 2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]-N-(3-morpholin-4-ylpropyl)acetamide

[0311] The above compound was prepared in the same manner as in Example 73 using appropriate starting material.
White powder (ethyl acetate-n-hexane)
Melting point: 117-119°C
1H-NMR (DMSO-d6) δppm: 0.95 (3H, t, J=7.3 Hz), 1.52-1.57 (2H, m), 1.71-1.79 (2H, m), 2.21-2.29 (6H, m), 3.09 (2H,
q, J=5.8 Hz), 3.49-3.54 (4H, m), 3.76 (3H, s), 3.93 (2H, t, J=6.8 Hz), 5.12 (2H, s), 6.92-6.99 (3H, m), 7.18 (1H, dd, J=4.5
Hz, 9.0 Hz), 7.58 (2H, d, J=8.8 Hz), 7.90 (1H, s), 8.00 (1H, t, J=5.4 Hz).

Example 76

[0312]

Production of 2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]-N-methyl-N-(3-morpholin-4-ylpropyl) 
acetamide

[0313] The above compound was prepared in the same manner as in Example 74 using appropriate starting material.
White powder (ethyl acetate-n-hexane)
Melting point: 166-168°C
1H-NMR (DMSO-d6) δppm: 0.92-0.98 (3H, m), 1.65-1.71 (4H, m), 2.21-2.36 (6H, m), 2.82 (1H, s), 2.98 (2H, s), 3.20-3.30
(2H, m), 3.48-3.58 (4H, m), 3.76 (3H, s), 3.90 (2H, t, J=6.8 Hz), 5.43-5.45 (2H, m), 6.90-6.98 (3H, m), 7.13-7.18 (1H,
m), 7.54-7.59 (2H, m), 7.86 (1H, s).

Example 77

[0314]
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Production of 2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]-N-(1-methylpiperidin-4-yl)acetamide

[0315] The above compound was prepared in the same manner as in Example 73 using appropriate starting material.
Pale yellow powder (ethyl acetate-n-hexane)
Melting point: 201-203°C
1H-NMR (DMSO-d6) δppm: 0.95 (3H, t, J=7.3 Hz), 1.40-1.49 (2H, m), 1.67-1.84 (4H, m), 1.91-2.00 (2H, m), 2.14 (3H,
s), 2.69-2.73 (2H, m), 3.55-3.75 (1H, m), 3.75 (3H, s), 3.93 (2H, t, J=6.7 Hz), 5.14 (2H, s), 6.90-6.98 (3H, m), 7.16 (1H,
dd, J=4.4 Hz, 9.0 Hz), 7.58 (2H, d, J=8.6 Hz), 7.90 (1H, s), 8.03 (1H, d, J=7.3 Hz).

Example 78

[0316]

Production of tert-butyl 4-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]acetylamino}piperidine-1-
carboxylate

[0317] The above compound was prepared in the same manner as in Example 73 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.03 (3H, t, J=7.3 Hz), 1.31-1.38 (2H, m), 1.41 (9H, s), 1.80-1.86 (4H, m), 2.70-3.00 (2H, m),
3.79 (3H, s), 3.88-4.13 (5H, m), 4.94 (2H, s), 6.55 (1H, brs), 6.77-6.92 (4H, m), 7.31 (1H, s), 7.46 (2H, d, J=8.8 Hz).

Example 79

[0318]

Production of 2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]-N-piperidin-4-ylacetamide

[0319] A 4N hydrochloric acid ethyl acetate solution (25 ml) was added to an ethanol solution (12 ml) of tert-butyl
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4-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl] acetylamino}piperidine-1-carboxylate (820 mg,
1.44 mmol), followed by stirring at room temperature for 28 hours. The resulting mixture was concentrated under reduced
pressure. After adding an aqueous sodium bicarbonate solution to the residue to adjust the pH to 8, the residue was
washed with ethyl acetate. A 2N aqueous sodium hydroxide solution was added to the water layer to adjust its pH to
11, followed by extraction using dichloromethane. The thus-obtained organic layer was washed with an aqueous saturated
sodium chloride solution and dried over anhydrous magnesium sulfate, and then concentrated under reduced pressure.
The residue was recrystallized from ethanol-ethyl acetate, giving a white powder of 2-[5-fluoro-3-(4-methoxyphenyl)-4-
oxo-8-propoxy-4H-quinolin-1-yl]-N-piperidin-4-ylacetamide (185 mg, yield: 27%).
Melting point: 226-228°C
1H-NMR (DMSO-d6) δppm: 0.94 (3H, t, J=7.3 Hz), 1.22-1.33 (2H, m), 1.62-1.81 (4H, m), 2.36-2.45 (2H, m), 2.84-2.89
(2H, m), 3.55-3.75 (2H, m), 3.75 (3H, s), 3.92 (2H, t, J=6.7 Hz), 5.13 (2H, s), 6.90-6.98 (3H, m), 7.16 (1H, dd, J=4.5 Hz,
9.0 Hz), 7.56 (2H, d, J=8.6 Hz), 7.88 (1H, s), 8.01 (1H, d, J=7.5 Hz).

Example 80

[0320]

Production of ethyl 4-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl] butyrate

[0321] The above compound was prepared in the same manner as in Example 31 using appropriate starting materials.
1H-NMR (DMSO-d6) δppm: 1.00-1.06 (3H, t, J=7.4 Hz), 1.06-1.12 (3H, t, J=7.13), 1,80-2.02 (4H, m), 2.24-2.30 (2H, t,
J=7.4 Hz), 3.77 (3H, s), 3.92-4.00 (2H, q, J=7.1 Hz), 4.03-4.09 (2H, t, J=6.6 Hz), 4.54-4.60 (2H, t, J=6.87 Hz), 6.93-7.04
(3H, m), 7.24-7.29 (1H, m), 7.60-7.63 (2H, d, J=8.6 Hz), 7.97 (1H, s).

Example 81

[0322]

Production of 4-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]butyric acid

[0323] The above compound was prepared in the same manner as in Example 32 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 1.00-1.06 (3H, t, J=7.4 Hz), 1.78-2.00 (4H, m), 2.16-2.22 (2H, t, J=7.4 Hz), 3.78 (3H, s),
4.04-4.09 (2H, t, J=6.6 Hz), 4.54-4.60 (2H, t, J=7.0 Hz), 6.93-7.04 (3H, m), 7.24-7.30 (1H, m), 7.60-7.64 (2H, d, J=8.8
Hz), 7.97 (1H, s), 11.80-12.20 (1H, br).
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Example 82

[0324]

Production of N-butyl-4-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]butylamide

[0325] The above compound was prepared in the same manner as in Example 33 using appropriate starting materials.
Yellow amorphous
1H-NMR (DMSO-d6) δppm: 0.78-0.84 (3H, t, J=7.1 Hz), 0.99-1.05 (3H, t, J=7.4 Hz), 1.10-1.42 (4H, m), 1.75-2.01 (6H,
m), 2.92-2.97 (2H, m), 3.77 (3H, s), 4.03-4.08 (2H, t, J=6.6 Hz), 4.53-4.58 (2H, t, J=6.2 Hz), 6.92-7.03 (3H, m), 7.23-7.28
(1H, m), 7.60-7.63 (2H, t, J=8.6 Hz), 7.70-7.75 (1H, m), 7.93 (1H, s).

Example 83

[0326]

Production of 1-(3-bromopropyl)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0327] The above compound was prepared in the same manner as in Example 17 using appropriate starting materials.
1H-NMR (CDCl3) δppm: 1.05-1.12 (3H, m), 1.85-1.96 (2H, m), 2.30-2.35 (2H, m), 3.33 (2H, t, J=6.1 Hz), 3.83 (3H, s),
3.96-4.05 (2H, m), 4.69 (2H, t, J=6.5 Hz), 6.85-7.03 (4H, m), 7.59-7.64 (3H, m).

Example 84

[0328]

Production of 1-(3-chloropropyl)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0329] The above compound was prepared in the same manner as in Example 17 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.05-1.13 (3H, m), 1.87-1.96 (2H, m), 2.22-2.27 (2H, m), 3.49 (2H, t, J=5.8 Hz), 3.83 (3H, s),
3.96-4.05 (2H, m), 4.70 (2H, t, J=6.5 Hz), 6.86-7.02 (4H, m), 7.59-7.64 (3H, m).
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Example 85

[0330]

Production of 5-fluoro-3-(4-methoxyphenyl)-1-(3-morpholin-4-ylpropyl)-8-propoxy-1H-quinolin-4-one

[0331] The above compound was prepared in the same manner as in Example 18 using appropriate starting material.
White powder (ethyl acetate-n-hexane)
Melting point: 130-132°C
1H-NMR (DMSO-d6) δppm: 0.99 (3H, t, J=7.3 Hz), 1.73-1.87 (4H, m), 2.07-2.20 (6H, m), 3.36-3.39 (4H, m), 3.74 (3H,
s), 4.01 (2H, t, J=6.5 Hz), 4.56 (2H, t, J=6.3 Hz), 6.90-7.00 (3H, m), 7.21 (1H, dd, J=4.5 Hz, 9.0 Hz), 7.57 (2H, d, J=8.7
Hz), 7.98 (1H, s).

Example 86

[0332]

Production of 1-(3-diethylaminopropyl)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0333] The above compound was prepared in the same manner as in Example 18 using appropriate starting materials.
White powder (diethyl ether)
Melting point: 80-82°C
1H-NMR (DMSO-d6) δppm: 0.81 (6H, t, J=7.0 Hz), 1.01 (3H, t, J=7.3 Hz), 1.75-1.87 (4H, m), 2.22-2.38 (6H, m), 3.75
(3H, s), 4.03 (2H, t, J=6.6 Hz), 4.54 (2H, t, J=6.7 Hz), 6.91-7.01 (3H, m), 7.23 (1H, dd, J=4.5 Hz, 9.0 Hz), 7.59 (2H, d,
J=8.8 Hz), 7.96 (1H, s).

Example 87

[0334]
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Production of 5-fluoro-3-(4-methoxyphenyl)-1-[3-(4-methylpiperazin-1-yl)propyl]-8-propoxy-1H-quinolin-4-one

[0335] The above compound was prepared in the same manner as in Example 18 using appropriate starting materials.
White powder (ethyl acetate-n-hexane)
Melting point: 152-154°C
1H-NMR (DMSO-d6) δppm: 1.01 (3H, t, J=7.3 Hz), 1.78-1.86 (4H, m), 1.96 (3H, s), 2.04-2.14 (10H, m), 3.75 (3H, s),
4.02 (2H, t, J=6.5 Hz), 4.55 (2H, t, J=6.2 Hz), 6.90-7.01 (3H, m), 7.23 (1H, dd, J=4.5 Hz, 9.0 Hz), 7.58 (2H, d, J=8.8 Hz),
7.97 (1H, s).

Example 88

[0336]

Production of 5-fluoro-3-(4-methoxyphenyl)-1-(3-piperidin-1-ylpropyl)-8-propoxy-1H-quinolin-4-one

[0337] The above compound was prepared in the same manner as in Example 18 using appropriate starting materials.
White powder (ethyl acetate-n-hexane)
Melting point: 132-134°C
1H-NMR (DMSO-d6) δppm: 0.99 (3H, t, J=7.3 Hz), 1.20-1.40 (6H, m), 1.73-1.84 (4H, m), 2.02-2.10 (6H, m), 3.74 (3H,
s), 4.00 (2H, t, J=6.4 Hz), 4.53 (2H, t, J=6.2 Hz), 6.89-7.00 (3H, m), 7.20 (1H, dd, J=4.5 Hz, 9.0 Hz), 7.57 (2H, d, J=8.6
Hz), 7.95 (1H, s).

Example 89

[0338]



EP 2 364 298 B1

46

5

10

15

20

25

30

35

40

45

50

55

Production of 1-[3-(4-ethylpiperazin-1-yl)propyl]-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0339] The above compound was prepared in the same manner as in Example 18 using appropriate starting materials.
Pale yellow powder (ethyl acetate-n-hexane)
Melting point: 147-149°C
1H-NMR (DMSO-d6) δppm: 0.80-1.00 (6H, m), 1.70-1.80 (4H, m), 2.00-2.20 (12H, m), 3.75 (3H, s), 4.00-4.06 (2H, m),
4.54-4.59 (2H, m), 6.90-7.00 (3H, m), 7.20-7.26 (1H, m), 7.55-7.60 (2H, m), 7.98 (1H, s).

Example 90

[0340]

Production of 5-fluoro-1-[3-(3-hydroxy-azetidin-1-yl)propyl]-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one hydro-
chloride

[0341] The above compound was prepared in the same manner as in Example 18 using appropriate starting materials.
Pale yellow powder (ethyl acetate)
Melting point: 183-185°C
1H-NMR (DMSO-d6) δppm: 1.00 (3H, t, J=7.3 Hz), 1.79-1.94 (4H, m), 3.08-3.14 (2H, m), 3.68-3.83 (5H, m), 4.05 (2H,
t, J=6.7 Hz), 4.19-4.43 (3H, m), 4.54-4.60 (2H, m), 6.23 (1H, brs), 6.92-7.04 (3H, m), 7.27 (1H, dd, J=4.5 Hz, 9.0 Hz),
7.61 (2H, d, J=8.6 Hz), 8.00 (1H, s), 10.30 (1H, brs).

Example 91

[0342]

[0343] Production of 5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1-[3-(4-pyridin-2-ylpiperazin-1-yl)propyl]-1H-quinolin-4-
one The above compound was prepared in the same manner as in Example 18 using appropriate starting materials.
White powder (ethyl acetate-n-hexane)
Melting point: 123-125°C
1H-NMR (DMSO-d6) δppm: 1.01 (3H, t, J=7.3 Hz), 1.79-1.89 (4H, m), 2.14-2.27 (6H, m), 3.20-3.30 (4H, m), 3.74 (3H,
s), 4.03 (2H, t, J=6.5 Hz), 4.60 (2H, t, J=6.0 Hz), 6.58 (1H, dd, J=5.0 Hz, 6.9 Hz), 6.69 (1H, d, J=8.6 Hz), 6.90-7.02 (3H,
m), 7.23 (1H, dd, J=4.4 Hz, 9.0 Hz), 7.40-7.50 (1H, m), 7.58-7.61 (2H, m), 8.02-8.06 (2H, m).
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Example 92

[0344]

Production of 5-fluoro-3-(4-methoxyphenyl)-1-[3-(4-morpholin-4-ylpiperidin-1-yl)propyl]-8-propoxy-1H-quinolin-4-one

[0345] The above compound was prepared in the same manner as in Example 18 using appropriate starting materials.
Pale brown powder (ethyl acetate)
Melting point: 168-170°C
1H-NMR (DMSO-d6) δppm: 1.01 (3H, t, J=7.3 Hz), 1.12-1.20 (2H, m), 1.50-1.55 (2H, m), 1.68-1.86 (6H, m), 1.90-2.11
(3H, m), 2.30-2.33 (4H, m), 2.62-2.67 (2H, m), 3.48-3.51 (4H, m), 3.75 (3H, s), 4.03 (2H, t, J=6.5 Hz), 4.56 (2H, t, J=5.9
Hz), 6.90-7.01 (3H, m), 7.23 (1H, dd, J=4.5 Hz, 9.0 Hz), 7.60 (2H, d, J=8.8 Hz), 7.99 (1H, s).

Example 93

[0346]

Production of 5-fluoro-1-{3-[4-(2-methoxyethyl)piperazin-1-yl]propyl}-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-
one dihydrochloride

[0347] The above compound was prepared in the same manner as in Example 18 using appropriate starting materials.
Pale beige color powder (ethyl acetate)
Melting point: 184-186°C
1H-NMR (DMSO-d6) δppm: 1.01 (3H, t, J=7.3 Hz), 1.81-1.89 (2H, m), 2.00-2.25 (2H, m), 2.80-2.97 (2H, m), 3.25 (3H,
s), 3.20-3.40 (4H, m), 3.60-3.65 (8H, m), 3.75 (3H, s), 4.06 (2H, t, J=6.7 Hz), 4.60 (2H, t, J=6.3 Hz), 6.91-7.04 (3H, m),
7.26 (1H, dd, J=4.5 Hz, 9.0 Hz), 7.61 (2H, d, J=8.8 Hz), 8.03 (1H, s).

Example 94

[0348]
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Production of 2-{3-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]propyl}isoindole-1,3-dione

[0349] Sodium hydride (60% oil base, 800 mg, 18.3 mmol) was added to a DMF solution (25 ml) of 5-fluoro-3-(4-
methoxyphenyl)-8-propoxy-1H-quinolin-4-one (5.0 g, 15.2 mmol). The mixture was stirred for 30 minutes at room tem-
perature. N-Bromopropyl phthalimide (4.48 g, 16.7 mmol) was added to the mixture and stirred at room temperature for
30 minutes and at 50°C for 5 hours. The reaction mixture was ice-cooled and water (20 ml) and ethyl acetate were added
thereto, followed by stirring for 2 hours. The generated insoluble matter was separated, washed with water, and then
dried, giving a pale yellow powder of 2-{3-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1yl]propyl}isoin-
dole-1,3-dione (4.63 g, yield: 59%).
1H-NMR (DMSO-d6) δppm: 0.94 (3H, t, J=7.3 Hz), 1.74-1.83 (2H, m), 2.03 (2H, t, J=7.4 Hz), 3.62 (2H, t, J=6.6 Hz), 3.76
(3H, s), 4.01 (2H, t, J=6.7 Hz), 4.61 (2H, t, J=7.5 Hz), 6.91-7.02 (3H, m), 7.25 (1H, dd, J=4.5 Hz, 9.0 Hz), 7.58 (2H, d,
J=8.8 Hz), 7.78-7.86 (4H, m), 8.06 (1H, s).

Example 95

[0350]

Production of 1-(3-aminopropyl)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0351] Hydrazine hydrate (0.62 ml, 12.8 mmol) was added to an ethanol solution (60 ml) of 2-{3-[5-fluoro-3-(4-meth-
oxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]propyl}isoindole-1,3-dione (2.0 g, 3.88 mmol) and heated under reflux for
4 hours. The resulting mixture was concentrated under reduced pressure, a 5N aqueous sodium hydroxide solution was
added to the thus-obtained residue, and then the resulting mixture was subjected to extraction using dichloromethane.
The thus-obtained organic layer was sequentially washed with water and an aqueous saturated sodium chloride solution,
dried over anhydrous magnesium sulfate, and then concentrated under reduced pressure, giving a yellow oily 1-(3-
aminopropyl)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one (1.4 g, yield: 94%).
1H-NMR (CDCl3) δppm: 1.09 (3H, t, J=7.3 Hz), 1.23 (2H, brs), 1.84-1.95 (4H, m), 2.69 (2H, t, J=6.8 Hz), 3.82 (3H, s),
4.01 (2H, t, J=6.7 Hz), 4.61 (2H, t, J=6.9 Hz), 6.83-7.02 (4H, m), 7.59-7.65 (3H, m).

Example 96

[0352]
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Production of 2-chloro-N-{3-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]propyl}acetamide

[0353] A dichloromethane solution (6 ml) of 1-(3-aminopropyl)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-
4-one (645 mg, 1.67 mmol) was ice-cooled. Triethylamine (253 mg, 2.5 mmol) and chloroacetyl chloride (207 mg, 1.83
mmol) were added to the solution and stirred at room temperature for 2 hours. Water was added to the reaction mixture,
followed by extraction using dichloromethane. The thus-obtained organic layer was condensed, and the residue was
then purified using silica gel column chromatography (dichloromethane : ethyl acetate = 4 : 1 → 2 : 1). The purified
product was concentrated to dryness under reduced pressure, giving a white powder of 2-chloro-N-{3-[5-fluoro-3-(4-
methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-l-yl]propyl}acetamide (372 mg, yield: 48%).
1H-NMR (CDCl3) δppm: 1.10 (3H, t, J=7.3 Hz), 1.86-2.09 (4H, m), 3.33 (2H, q, J=6.9 Hz), 3.83 (3H, s), 4.01 (2H, s),
4.04 (2H, t, J=6.8 Hz), 4.56 (2H, t, J=6.9 Hz), 6.66 (1H, brs), 6.86-6.96 (3H, m), 7.03 (1H, dd, J=4.5 Hz, 9.0 Hz), 7.52
(1H, s), 7.61 (2H, d, J=8.8 Hz).

Example 97

[0354]

Production of N-{3-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]propyl}-2-[4-(2-methoxyethyl)piper-
azin-1-yl]acetamide hydrochloride

[0355] 2-Chloro-N-{3-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]propyl}acetamide (370 mg, 0.8
mmol) was suspended in acetonitrile (12 ml). 1-(2-Methoxyethyl)piperazine (138 mg, 0.96 mmol), triethylamine (162
mg, 1.6 mmol) and acetonitrile (2 ml) were added to the suspension, and stirred at 70 to 80°C for 6 hours. The resulting
mixture was concentrated under reduced pressure, and the residue was subjected to extraction using ethyl acetate. The
extract was then sequentially washed with water, an aqueous saturated sodium chloride solution, and an aqueous
saturated sodium bicarbonate solution. The washed product was concentrated under reduced pressure, and the residue
was purified using silica gel column chromatography (dichloromethane : methanol = 30 : 1 → 10 : 1). The purified product
was concentrated under reduced pressure, and the residue was then dissolved in ethyl acetate (5 ml). A 4N hydrogen
chloride ethyl acetate solution (0.19 ml) was added thereto and stirred, and then the mixture was concentrated to dryness
under reduced pressure, giving a pale yellow amorphous solid of N-{3-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-
4H-quinolin-1-yl]propyl}-2-[4-(2-methoxyethyl)piperazin-1-yl]acetamide hydrochloride (200 mg).
1H-NMR (DMSO-d6) δppm: 1.00 (3H, t, J=7.3 Hz), 1.78-1.89 (4H, m), 2.50-3.00 (4H, m), 2.96-3.20 (8H, m), 3.25 (3H,
s), 3.62-3.66 (4H, m), 3.75 (3H, s), 3.98-4.04 (2H, m), 4.56 (2H, t, J=6.4 Hz), 6.91-7.02 (3H, m), 7.24 (1H, dd, J=4.5 Hz,
9.1 Hz), 7.60 (2H, d, J=8.8 Hz), 8.00 (1H, s), 8.07 (1H, brs).

Example 98

[0356]
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Production of 1-(4-bromobutyl)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0357] The above compound was prepared in the same manner as in Example 17 using appropriate starting materials.
1H-NMR (CDCl3) δppm: 1.06-1.13 (3H, m), 1.70-2.00 (6H, m), 3.39 (2H, t, J=6.3 Hz), 3.83 (3H, s), 4.03 (2H, t, J=6.7
Hz), 4.53 (2H, t, J=6.8 Hz), 6.86-7.03 (4H, m), 7.49 (1H, s), 7.57-7.63 (2H, m).

Example 99

[0358]

Production of 5-fluoro-3-(4-methoxyphenyl)-1-(4-morpholin-4-ylbutyl)-8-propoxy-1H-quinolin-4-one

[0359] The above compound was prepared in the same manner as in Example 18 using appropriate starting material.
White powder(ethyl acetate-n-hexane)
Melting point: 118-120°C
1H-NMR (DMSO-d6) δppm: 0.98 (3H, t, J=7.3 Hz), 1.27-1.35 (2H, m), 1.62-1.82 (4H, m), 2.13-2.19 (6H, m), 3.44-3.47
(4H, m), 3.73 (3H, s), 3.98 (2H, t, J=6.5 Hz), 4.49 (2H, t, J=6.8 Hz), 6.89-6.99 (3H, m), 7.19 (1H, dd, J=4.5 Hz, 9.0 Hz),
7.57 (2H, d, J=8.6 Hz), 7.95 (1H, s).

Example 100

[0360]

Production of 5-fluoro-3-(4-methoxyphenyl)-1-[4-(4-methyl piperazin-1-yl)butyl]-8-propoxy-1H-quinolin-4-one

[0361] The above compound was prepared in the same manner as in Example 18 using appropriate starting materials.
Pale yellow amorphous
1H-NMR (DMSO-d6) δppm: 0.99 (3H, t, J=7.3 Hz), 1.27-1.32 (2H, m), 1.62-1.65 (2H, m), 1.79 (2H, q, J=6.9 Hz), 2.07
(3H, s), 2.11-2.21 (10H, m), 3.74 (3H, s), 4.00 (2H, t, J=6.5 Hz), 4.49 (2H, t, J=6.8 Hz), 6.90-7.00 (3H, m), 7.21 (1H, dd,
J=4.5 Hz, 9.0 Hz), 7.58 (2H, d, J=8.6 Hz), 7.96 (1H, s).
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Example 101

[0362]

Production of 2-{4-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]butyl}isoindole-1,3-dione

[0363] The above compound was prepared in the same manner as in Example 94 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 0.96 (3H, t, J=7.3 Hz), 1.50-1.80 (6H, m), 3.57 (2H, t, J=6.3 Hz), 3.76 (3H, s), 3.97 (2H, t,
J=6.7 Hz), 4.49 (2H, t, J=6.8 Hz), 6.88-6.95 (3H, m), 7.18 (1H, dd, J=4.5 Hz, 9.1 Hz), 7.60 (2H, d, J=8.7 Hz), 7.80-7.90
(4H, m), 8.01 (1H, s).

Example 102

[0364]

Production of 1-(4-aminobutyl)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0365] The above compound was prepared in the same manner as in Example 95 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.10 (3H, t, J=7.3 Hz), 1.36-1.60 (4H, m), 1.75-1.95 (4H, m), 2.69 (2H, t, J=6.9 Hz), 3.82 (3H,
s), 4.01 (2H, t, J=6.6 Hz), 4.50 (2H, t, J=7.3 Hz), 6.83-7.02 (4H, m), 7.50 (1H, s), 7.60 (2H, d, J=8.5 Hz).

Example 103

[0366]

Production of 2-{6-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]hexyl}isoindole-1,3-dione

[0367] The above compound was prepared in the same manner as in Example 94 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.08 (3H, t, J=7.3 Hz), 1.20-1.77 (8H, m), 1.83-1.94 (2H, m), 3.65 (2H, t, J=6.9 Hz), 3.82 (3H,
s), 4.01 (2H, t, J=6.5 Hz), 4.46 (2H, t, J=7.3 Hz), 6.83-7.04 (4H, m), 7.49 (1H, s), 7.61 (2H, d, J=8.7 Hz), 7.68-7.83 (4H, m).
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Example 104

[0368]

Production of 1-(6-aminohexyl)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0369] The above compound was prepared in the same manner as in Example 95 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.10 (3H, t, J=7.3 Hz), 1.30-1.80 (10H, m), 1.87-1.95 (2H, m), 2.65 (2H, t, J=6.4 Hz), 3.83 (3H,
s), 4.01 (2H, t, J=6.6 Hz), 4.47 (2H, t, J=7.5 Hz), 6.88-7.03 (4H, m), 7.50 (1H, s), 7.62 (2H, d, J=8.7 Hz).

Example 105

[0370]

Production of 1-(2-chloroethyl)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0371] The above compound was prepared in the same manner as in Example 17 using appropriate starting materials.
1H-NMR (CDCl3) δppm: 1.07-1.13 (3H, t, J=7.4 Hz), 1.81-2.01 (2H, m), 3.83 (3H, s), 3.84-3.89 (2H, t, J=6.3 Hz), 4.00-4.05
(2H, t, J=6.7 Hz), 4.74-4.79 (2H, t, J=6.3 Hz), 6.89-7.04 (4H, m), 7.54 (1H, s), 7.59-7.62 (2H, d, J=8.8 Hz).

Example 106

[0372]

Production of 5-fluoro-3-(4-methoxyphenyl)-1-(2-morpholin-4-ylethyl)-8-propoxy-1H-quinolin-4-one

[0373] Potassium carbonate (2.1 g, 15.2 mmol) and 4-(2-chloroethyl)morpholine hydrochloride (1.36 g, 7.31 mmol)
were added to an N-methyl pyrrolidone (NMP) solution (5 ml) of 5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-
4-one (1.0 g, 3.05 mmol) and then stirred at 50 to 60°C for 45 hours. Water and ethyl acetate were added to the reaction
mixture, followed by separation. The thus-obtained organic layer was washed with an aqueous saturated sodium chloride
solution twice, and then concentrated under reduced pressure. The residue was purified using silica gel column chro-
matography (dichloromethane : methanol = 50 : 1 → 30 : 1). The purified product was concentrated under reduced
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pressure, and the residue was recrystallized from ethyl acetate, giving a white powder of 5-fluoro-3-(4-methoxyphenyl)-
1-(2-morpholin-4-ylethyl)-8-propoxy-1H-quinolin-4-one (1.01 g, yield: 75%).
Melting point: 206-208°C
1H-NMR (DMSO-d6) δppm: 1.02 (3H, t, J=7.3 Hz), 1.78-1.87 (2H, m), 2.33-2.36 (4H, m), 2.59 (2H, t, J=5.6 Hz), 3.43-3.47
(4H, m), 3.77 (3H, s), 4.05 (2H, t, J=6.5 Hz), 4.66 (2H, t, J=5.7 Hz), 6.94-7.02 (3H, m), 7.25 (1H, dd, J=4.5 Hz, 9.0 Hz),
7.60 (2H, d, J=8.8 Hz), 7.95 (1H, s).

Example 107

[0374]

Production of 2-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethyl}isoindole-1,3-dione

[0375] The above compound was prepared in the same manner as in Example 94 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.11 (3H, t, J=7.3 Hz), 1.85-2.01 (2H, m), 3.76 (3H, s), 4.03-4.12 (4H, m), 4.84 (2H, t, J=5.6
Hz), 6.84-6.89 (3H, m), 6.92-7.00 (1H, m), 7.56 (2H, d, J=8.6 Hz), 7.68-7.79 (5H, m).

Example 108

[0376]

Production of 1-(2-aminoethyl)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0377] The above compound was prepared in the same manner as in Example 95 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.10 (3H, t, J=7.3 Hz), 1.36 (2H, brs), 1.84-1.95 (2H, m), 3.10 (2H, t, J=6.0 Hz), 3.82 (3H, s),
4.01 (2H, t, J=6.7 Hz), 4.54 (2H, t, J=6.1 Hz), 6.84-7.02 (4H, m), 7.60-7.64 (3H, m).

Example 109

[0378]
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Production of tert-butyl ((S)-1-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethylcarbamoyl}-2-
hydroxyethyl)carbamate

[0379] A DMF solution (0.5 ml) of N-(tert-butoxycarbonyl)-L-serine (174 mg, 0.85 mmol), triethylamine (198 mg, 1.96
mmol), diethyl phosphorocyanidate (DEPC, 176 mg, 0.97 mmol) and DMF (0.5 ml) were sequentially added to a DMF
solution (1 ml) of 1-(2-aminoethyl)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one (300 mg, 0.81 mmol) while
ice-cooling, and stirred at room temperature for 20 hours. Water was added to the reaction mixture and then subjected
to extraction using ethyl acetate. The thus-obtained organic layer was washed with an aqueous saturated sodium chloride
solution twice. The washed product was dried over anhydrous sodium sulfate and then concentrated under reduced
pressure. The residue was purified using silica gel column chromatography (dichloromethane : methanol = 40 : 1 → 30 :
1). The purified product was concentrated to dryness under reduced pressure, giving a white amorphous solid of tert-
butyl ((S)-1-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethylcarbamoyl}-2-hydroxyethyl)car-
bamate (338 mg, yield: 75%).
1H-NMR (CDCl3) δppm: 1.09 (3H, t, J=7.3 Hz), 1.38 (9H, s), 1.87-1.95 (2H, m), 3.08 (1H, brs), 3.45-3.60 (3H, m),
3.69-3.79 (1H, m), 3.76 (3H, s), 3.99 (2H, t, J=6.8 Hz), 4.34 (1H, brs), 4.64 (2H, brs), 5.87 (1H, d, J=7.9 Hz), 6.56 (1H,
dd, J=8.9 Hz, 11.7 Hz), 6.73 (2H, d, J=8.7 Hz), 6.91 (1H, dd, J=4.5 Hz, 9.0 Hz), 7.36 (2H, d, J=8.7 Hz), 7.46 (1H, s),
8.26 (1H, brs).

Example 110

[0380]

Production of tert-butyl ((S)-5-tert-butoxycarbonylamino-5-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quin-
olin-1-yl]ethylcarbamoyl}pentyl)carbamate

[0381] The above compound was prepared in the same manner as in Example 109 using appropriate starting material.
1H-NMR (CDCl3) δppm: 0.90-1.05 (4H, m), 1.12 (3H, t, J=7.3 Hz), 1.37 (9H, s), 1.41 (9H, s), 1.48-1.60 (2H, m), 1.87-1.99
(2H, m), 2.80-2.90 (2H, m), 3.40-3.50 (1H, m), 3.80 (3H, s), 3.91-4.24 (5H, m), 4.53 (1H, brs), 5.27-5.33 (1H, m), 5.75-5.78
(1H, m), 6.43-6.52 (1H, m), 6.84-6.90 (3H, m), 7.39-7.48 (3H, m), 8.09 (1H, brs).

Example 111

[0382]
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Production of tert-butyl [(S)-1-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethylcarbamoyl}-
2-(1H-imidazol-4-yl)ethyl]carbamate

[0383] The above compound was prepared in the same manner as in Example 109 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.10 (3H, t, J=7.3 Hz), 1.39 (9H, s), 1.85-2.01 (2H, m), 2.72-2.90 (2H, m), 3.50-3.60 (1H, m),
3.76 (3H, s), 3.77-3.86 (1H, m), 4.02 (2H, t, J=6.7 Hz), 4.30-4.43 (2H, m), 4.82-4.88 (1H, m), 5.82 (1H, brs), 6.57 (1H,
s), 6.72-6.84 (3H, m), 6.94-6.99 (1H, m), 7.08 (1H, s), 7.37-7.45 (3H, m), 8.05 (1H, brs).

Example 112

[0384]

Production of 2-chloro-N-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethyl}acetamide

[0385] The above compound was prepared in the same manner as in Example 96 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.12 (3H, t, J=7.3 Hz), 1.90-1.98 (2H, m), 3.64-3.70 (2H, m), 3.83 (3H, s), 3.98 (2H, s), 4.03
(2H, t, J=6.6 Hz), 4.72-4.76 (2H, m), 6.51 (1H, dd, J=9.0 Hz, 11.7 Hz), 6.78 (2H, d, J=8.8 Hz), 6.89 (1H, dd, J=4.5 Hz,
9.0 Hz), 7.25-7.32 (3H, m), 8.54 (1H, brs).

Example 113

[0386]

Production of N-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethyl}-2-(4-morpholin-4-ylpiperidin-
1-yl)acetamide dihydrochloride

[0387] The above compound was prepared in the same manner as in Example 97 using appropriate starting materials.
1H-NMR (DMSO-d6) δppm: 1.00 (3H, t, J=7.3 Hz), 1.75-1.96 (7H, m), 2.50-2.80 (2H, m), 2.85-3.25 (10H, m), 3.76 (3H,
s), 3.80-3.95 (4H, m), 4.04 (2H, t, J=6.5 Hz), 4.69 (2H, brs), 6.93-7.02 (3H, m), 7.25 (1H, dd, J=4.5 Hz, 9.1 Hz), 7.64
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(2H, d, J=8.8 Hz), 7.87 (1H, s), 8.69 (1H, brs).

Example 114

[0388]

Production of N-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethyl}-2-[4-(2-methoxyethyl)piper-
azin-1-yl]acetamide dihydrochloride

[0389] The above compound was prepared in the same manner as in Example 97 using appropriate starting materials.
1H-NMR (DMSO-d6) δppm: 0.98 (3H, t, J=7.3 Hz), 1.76-1.85 (2H, m), 2.95-3.05 (4H, m), 3.25 (3H, s), 3.10-3.30 (2H,
m), 3.39-3.64 (10H, m), 3.75 (3H, s), 4.02 (2H, t, J=6.5 Hz), 4.68 (2H, brs), 6.91-7.01 (3H, m), 7.23 (1H, dd, J=4.5 Hz,
9.1 Hz), 7.59 (2H, d, J=8.7 Hz), 7.86 (1H, s), 8.57 (1H, t, J=5.4 Hz).

Example 115

[0390]

Production of (S)-2-amino-N-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethyl}-3 hydroxypropi-
onamide hydrochloride

[0391] A 4N hydrogen chloride ethyl acetate solution (5 ml) was added to an ethanol solution (5 ml) of tert-butyl ((S)-
1-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethylcarbamoyl}-2-hydroxyethyl)carbamate (330
mg, 0.6 mmol) and stirred at room temperature for 14 hours. The resulting mixture was concentrated under reduced
pressure. Water was added to the residue, which was then washed with ethyl acetate. A 2N aqueous sodium hydroxide
solution (6 ml) was added to the water layer to adjust its pH to 11, followed by extraction with dichloromethane. The
thus-obtained organic layer was washed with an aqueous saturated sodium chloride solution, dried over anhydrous
magnesium sulfate, and then concentrated under reduced pressure. The residue was purified using silica gel column
chromatography (dichloromethane : methanol = 20 : 1 → 15 : 1). The purified product was concentrated under reduced
pressure, the residue was dissolved in ethanol (3 ml) and ethyl acetate (3 ml), and a 4N hydrogen chloride ethylacetate
solution (0.1 ml) was then added thereto. The mixture was stirred and concentrated to dryness under reduced pressure,
and recrystallized from ethyl acetate, giving a white powder of (S)-2-amino-N-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-
8-propoxy-4H-quinolin-1-yl]ethyl}-3-hydroxypropionamide hydrochloride (145 mg, yield: 50%).
1H-NMR (DMSO-d6) δppm: 1.00 (3H, t, J=7.3 Hz), 1.76-1.88 (2H, m), 3.23-3.50 (5H, m), 3.75 (3H, s), 4.05 (2H, t, J=6.5
Hz), 4.53-4.73 (2H, m), 5.40-5.42 (1H, m), 6.91-7.03 (3H, m), 7.26 (1H, dd, J=4.5 Hz, 9.0 Hz), 7.58 (2H, d, J=8.7 Hz),
7.80 (1H, s), 8.00 (2H, brs), 8.58 (1H, t, J=5.2 Hz).
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Example 116

[0392]

Production of (S)-2,6-diaminohexanoic {2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethyl}amide 
dihydrochloride

[0393] The above compound was prepared in the same manner as in Example 115 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 0.99 (3H, t, J=7.3 Hz), 1.00-1.50 (6H, m), 1.77-1.86 (2H, m), 2.57 (2H, t, J=7.2 Hz), 3.32-3.44
(3H, m), 3.50-3.70 (4H, m), 3.74 (3H, s), 4.00-4.05 (2H, m), 4.53-4.82 (2H, m), 6.91-7.03 (3H, m), 7.24 (1H, dd, J=4.5
Hz, 9.1 Hz), 7.60 (2H, d, J=8.7 Hz), 7.86 (1H, s), 8.61 (1H, brs).

Example 117

[0394]

Production of (S)-2-amino-N-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethyl}-3-(1H-imidazol-
4-yl)propionamide

[0395] The above compound was prepared in the same manner as in Example 115 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 1.00 (3H, t, J=7.3 Hz), 1.78-1.86 (2H, m), 2.26 (1H, dd, J=9.3 Hz, 14.5 Hz), 2.65 (1H, dd,
J=3.8 Hz, 14.5 Hz), 3.26 (1H, dd, J=3.8 Hz, 9.3 Hz), 3.30-3.55 (4H, m), 3.73 (3H, s), 3.98-4.05 (2H, m), 4.64 (2H, brs),
6.61 (1H, s), 6.87-7.01 (3H, m), 7.22 (1H, dd, J=4.5 Hz, 9.0 Hz), 7.48 (1H, s), 7.57 (2H, d, J=8.7 Hz), 7.79 (1H, s), 8.13
(1H, brs).

Example 118

[0396]
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Production of 1-but-3-enyl-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0397] The above compound was prepared in the same manner as in Example 3 using appropriate starting materials.
1H-NMR (CDCl3) δppm: 1.09-1.15 (3H, t, J=7.4 Hz), 1.82-2.03 (2H, m), 2.38-2.64 (2H, m), 3.85 (3H, s), 4.02-4.07 (2H,
t, J=6.7 Hz), 4.55-4.61 (2H, t, J=7.2 Hz), 4.96-5.15 (2H, m), 5.60-5.89 (1H, m), 6.79-7.08 (4H, m), 7.49 (1H, s), 7.61-7.64
(2H, d, J=8.8 Hz).

Example 119

[0398]

Production of 3-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl] propionaldehyde

[0399] A dioxane (30 ml)-water (10 ml) solution of 1-but-3-enyl-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-
4-one (1.2 g, 3.15 mmol) was prepared. A 2.6-Lutidine (0.674 g, 6.29 mmol), 4% osmic acid solution (1 ml) and sodium
periodate (2.69 g, 12.6 mmol) were added to the solution, and stirred at room temperature for 30 minutes. Water was
added to the reaction mixture, then the mixture was extracted with dichloromethane, washed with water, and then dried
over anhydrous sodium sulfate. The dried product was concentrated under reduced pressure, and the residue was then
purified using silica gel column chromatography (n-hexane : ethyl acetate = 100 : 0 → 0 : 100). The purified product was
concentrated to dryness under reduced pressure, giving a pale yellow powder of 3-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-
8-propoxy-4H-quinolin-1-yl]propionaldehyde (1.0 g, yield: 83%).
1H-NMR (CDCl3) 5ppm: 1.05-1.10 (3H, t, J=7.4 Hz), 1.75-1.94 (2H, m), 3.04-3.92 (2H, t, J=6.6 Hz), 3.83 (3H, s), 3.99-4.04
(2H, t, J=6.8 Hz), 4.76-4.81 (2H, t, J=6.6 Hz), 6.82-7.06 (4H, m), 7.49-7.68 (3H, m), 9.81 (1H, s).

Example 120

[0400]

Production of 3-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]propionic acid

[0401] 3-[5-Fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]propionaldehyde (1.0 g, 2.61 mmol) was
dissolved in water (10 ml), tert-butyl alcohol (20 ml) and dichloromethane (20 ml). Sodium chlorite (3.2 g, 35.4 mmol),
2-methyl-2-butene (19.86 gm, 283 mmol) and sodium-dihydrogenphosphate dihydrate (2 g, 2.61 mmol) were added to
the resulting solution, and the solution was stirred at room temperature for 1 hour. Water was added to the reaction
mixture, the mixture was extracted with dichloromethane, and then washed with water and dried over anhydrous sodium
sulfate. The dried product was concentrated under reduced pressure. The residue was purified using silica gel column
chromatography (dichloromethane : ethyl acetate = 50 : 50 → 0 : 100). The purified product was concentrated to dryness
under reduced pressure, giving a pale yellow powder of 3-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-
1-yl]propionic acid (710 mg, yield: 68%).
1H-NMR (DMSO-d6) δppm: 0.96-1.02 (3H, t, J=7.4 Hz), 1.62-1.91 (2H, m), 2.75-2.80 (2H, t, J=6.9 Hz), 3.76 (3H, s),
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4.01-4.07 (2H, t, J=6.6 Hz), 4.69-4.75 (2H, t, J=7.0 Hz), 6.90-7.03 (3H, m), 7.22-7.29 (1H, m), 7.59-7.63 (2H, d, J=8.8
Hz), 8.03 (1H, s).

Example 121

[0402]

Production of 3-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]-N-[3-(4-methylpiperazin-1-yl)pro-
pyl]propionamide

[0403] The above compound was prepared in the same manner as in Example 33 using appropriate starting materials.
Melting point: 191-192°C
1H-NMR (DMSO-d6) δppm: 0.99-1.05 (3H, t, J=7.4 Hz), 1.25-1.50 (2H, m), 1.75-1.90 (2H, m), 2.20-2.45 (2H, m), 2.50-3.00
(15H, m), 3.78 (3H, s), 3.98-4.05 (2H, m), 4.75-5.00 (2H, m), 6.94-7.05 (3H, m), 7.26-7.40 (1H, m), 7.58-7.62 (2H, d,
J=8.7 Hz), 7.88-7.92 (2H, m).

Example 122

[0404]

Production of 2-(4-methylpiperazin-1-yl)ethyl 3-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]propi-
onate dihydrochloride

[0405] 1-(2-Hydroxyethyl)-4-methylpiperazine (199 mg, 1.38 mmol), dicyclohexylcarbodiimide (310 mg, 1.50 mmol)
and 4-dimethylaminopyridine (168 mg, 1.38 mmol) were added to a DMF solution (10 ml) of 3-[5-fluoro-3-(4-methoxy-
phenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]propionic acid (500 mg, 1.25 mmol) and stirred overnight at room temperature.
Water was added to the reaction mixture, the mixture was extracted with dichloromethane and washed with water and
then dried over anhydrous sodium sulfate. The dried product was concentrated under reduced pressure, and the resulting
residue was purified using silica gel column chromatography (ethyl acetate → dichloromethane : methanol = 10 : 1).
The residue was dissolved in ethyl acetate and a 4N hydrogen chloride ethylacetate solution was added thereto and
stirred. The mixture was concentrated to dryness under reduced pressure, giving a pale yellow powder of 2-(4-methyl
piperazin-1-yl)ethyl 3-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]propionate dihydrochloride (110
mg, yield: 17%).
Melting point: 150-152°C
1H-NMR (DMSO-d6) δppm: 0.99-1.05 (3H, t, J=7.4 Hz), 1.69-1.88 (2H, m), 2.78 (3H, s), 2.87-3.04 (2H, m), 3.10-3.60
(10H, m), 3.77 (3H, s), 4.01-4.11 (2H, t, J=6.8 Hz), 4.27-4.44 (2H, m), 4.67-4.94 (2H, m), 6.76-7.09 (3H, m), 7.16-7.33
(1H, m), 7.58-7.63 (2H, d, J=8.8 Hz), 8.07 (1H, s).
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Example 123

[0406]

Production of S-(2-dimethylaminoethyl) 3-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]thiopropion-
ate hydrochloride

[0407] The above compound was prepared in the same manner as in Example 122 using appropriate starting material.
Melting point: 50-52°C
1H-NMR (DMSO-d6) δppm: 0.97-1.03 (3H, t, J=7.4 Hz), 1.65-1.88 (2H, m), 2.68 (3H, s), 2.70 (3H, s), 2.93-3.10 (2H, m),
3.11-3.29 (4H, m), 3.76 (3H, s), 4.04-4.09 (2H, t, J=6.6 Hz), 4.68-4.94 (2H, m), 6.90-7.06 (3H, m), 7.26-7.31 (1H, m),
7.61-7.64 (2H, d, J=8.7 Hz), 8.00 (1H, s), 10.41-10.92 (1H, br).

Example 124

[0408]

Production of 1-(2-bromoethyl)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0409] The above compound was prepared in the same manner as in Example 17 using appropriate starting materials.
1H-NMR (CDCl3) δppm: 1.09-1.15 (3H, t, J=7.4 Hz), 1.82-2.03 (2H, m), 3.67-3.72 (2H, t, J=6.8 Hz), 3.84 (3H, s), 4.01-4.07
(2H, t, J=6.8 Hz), 4.79-4.85 (2H, t, J=6.8 Hz), 6.88-7.06 (4H, m), 7.53 (1H, s), 7.58-7.63 (2H, m).

Example 125

[0410]

Production of methyl 3-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethylsulfanyl}propionate

[0411] 1-(2-Chloroethyl)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one (3.5 g, 8.98 mmol), methyl 3-
mercaptopropionate (1.19 g, 9.88 mmol), and sodium iodide (1.48 g, 9.88 mmol) were added to DMF (30 ml) and stirred
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at 80°C for 5 hours. Water and ethyl acetate were added to the reaction mixture, followed by separation. The thus-
obtained organic layer was washed with water, dried over anhydrous magnesium sulfate, and then concentrated under
reduced pressure. The residue was purified using silica gel column chromatography (dichloromethane). The purified
product was concentrated to dryness under reduced pressure, giving a pale yellow powder of methyl 3-{2-[5-fluoro-3-(4-
methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethylsulfanyl}propionate (3.2 g, yield: 75%).
1H-NMR (DMSO-d6) δppm: 0.99-1.05 (3H, t, J=7.4 Hz), 2.65-2.80 (2H, m), 2.54-2.60 (2H, t, J=7.2 Hz), 2.70-2.76 (2H,
t, J=7.2 Hz), 2.88-2.93 (2H, t, J=6.9 Hz), 3.56 (3H, s), 3.78 (3H, s), 4.03-4.09 (2H, t, J=6.6 Hz), 4.68-4.74 (2H, t, J=6.9
Hz), 6.85-7.08 (3H, m), 7.25-7.30 (1H, m), 7.52-7.67 (2H, m), 8.06 (1H, s).

Example 126

[0412]

Production of 3-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethylsulfanyl}propionic acid

[0413] Lithium hydroxide mono-hydrate (31 mg, 0.74 mmol) and water (5 ml) were added to an acetonitrile solution
(10 ml) of methyl 3-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethylsulfanyl}propionate (175
mg, 0.37 mmol), and the mixture was stirred at room temperature for 2 hours. The reaction mixture was washed with
ethyl acetate, and then 2N hydrochloric acid was added to the water layer to make the mixture acidic. The generated
insoluble matter was separated, washed with water and then dried, giving a white powder of 3-{2-[5-fluoro-3-(4-meth-
oxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethylsulfanyl}propionic acid (140 mg, yield: 82%).
1H-NMR (DMSO-d6) δppm: 0.96-1.02 (3H, t, J=7.4 Hz), 1.70-1.90 (2H, m), 2.42-2.47 (2H, t, J=7.0 Hz), 2.64-2.70 (2H,
t, J=7.0 Hz), 2.85-2.90 (2H, t, J=6.8 Hz), 3.74 (3H, s), 3.99-4.04 (2H, t, J=6.6 Hz), 4.65-4.70 (2H, t, J=6.8 Hz), 6.91-7.02
(3H, m), 7.20-7.26 (1H, m), 7.55-7.60 (2H, m), 8.01 (1H, s), 11.35-12.84 (1H, br).

Example 127

[0414]

Production of 3-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethanesulfonyl}propionic acid

[0415] 3-{2-[5-Fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethylsulfanyl}propionic acid (2.26 g,
4.92 mmol) was dissolved in a mixed solvent of dichloromethane (100 ml) and methanol (20 ml), m-chloroperbenzoic
acid (mCPBA, purity: 70%, 2.55 g, 10.33 mmol) was added thereto, and the mixture was then stirred at room temperature
for 1 hour. The resulting reaction mixture was ice-cooled. An aqueous saturated sodium hydrogen sulfite solution (50
ml) was added to the reaction mixture, followed by extraction with dichloromethane. The thus-obtained organic layer
was washed with water and then concentrated under reduced pressure. The residue was purified using silica gel column
chromatography (dichloromethane : methanol = 100 : 0 → 100 : 10). The purified product was concentrated under
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reduced pressure and subjected to recrystallization from ethyl acetate-n-hexane, giving a pale yellow powder of 3-{2-[5-
fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethanesulfonyl}propionic acid (2.2 g, yield: 91%).
1H-NMR (DMSO-d6) δppm: 0.97-1.03 (3H, t, J=7.4 Hz), 1.73-1.96 (2H, m), 2.64-2.70 (2H, t, J=7.7 Hz), 3.37-3.43 (2H,
t, J=7.7 Hz), 3.66-3.72 (2H, t, J= 6.7 Hz), 3.77 (3H, s), 4.05-4.11 (2H, t, J= 6.8 Hz), 4.94-4.99 (2H, t, J=6.7 Hz), 6.93-7.06
(3H, m), 7.27-7.30 (1H, m), 7.59-7.63 (2H, m), 8.02 (1H, s).

Example 128

[0416]

Production of methyl 3-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethanesulfonyl}propionate

[0417] The above compound was prepared in the same manner as in Example 127 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.07-1.13 (3H, t, J=7.4 Hz), 1.84-2.03 (2H, m), 2.84-2.89 (2H, t, J=7.0 Hz), 3.27-3.33 (2H, t,
J=7.0 Hz), 3.51-3.57 (2H, t, J=6.9 Hz), 3.70 (3H, s), 3.83 (3H, s), 4.05-4.09 (2H, t, J=6.8 Hz), 4.95-5.00 (2H, t, J=6.9
Hz), 6.86-6.94 (3H, m), 7.01-7.08 (1H, m), 7.58-7.64 (2H, m), 7.66 (1H, s).

Example 129

[0418]

Production of 5-fluoro-1-[2-(3-hydroxypropylsulfanyl)ethyl]-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0419] The above compound was prepared in the same manner as in Example 125 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.07-1.13 (3H, t, J=7.4 Hz), 1.60-1.75 (2H, m), 1.84-2.03 (2H, m), 2.40-2.60 (2H, m), 2.84-2.89
(2H, m), 3.60-3.75 (2H, m), 3.70 (3H, s), 4.05-4.09 (2H, t, J=6.8 Hz), 4.62-4.80 (2H, m), 6.86-6.94 (3H, m), 7.01-7.08
(1H, m), 7.58-7.64 (2H, m), 7.66 (1H, s).

Example 130

[0420]
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Production of 5-fluoro-1-[2-(3-hydroxypropane-1-sulfonyl)ethyl]-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0421] The above compound was prepared in the same manner as in Example 127 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 0.97-1.03 (3H, t, J=7.4 Hz), 1.66-1.94 (4H, m), 3.38-3.53 (2H, m), 3.56-3.71 (2H, m), 3.77
(3H, s), 4.03-4.14 (4H, m), 4.67-4.70 (1H, t, J=5.1 Hz), 4.93-4.99 (2H, t, J=6.7 Hz), 6.93-7.06 (3H, m), 7.26-7.33 (1H,
m), 7.59-7.62 (2H, m), 8.01 (1H, s).

Example 131

[0422]

Production of 3-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethanesulfonyl}propionaldehyde

[0423] O-iodoxybenzoic acid (IBX, 1.9 g, 6.78 mmol) was added to a dimethyl sulfoxide (DMSO) solution (3 ml) of 5-
fluoro-1-[2-(3-hydroxypropane-1-sulfonyl)ethyl]-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one (2.7 g, 5.65 mmol)
and stirred overnight at room temperature. Water and ethyl acetate were added to the reaction mixture. Subsequently,
insoluble matter was filtered off, and the filtrate was then separated. The thus-obtained organic layer was washed with
water and concentrated under reduced pressure. The residue was purified using silica gel column chromatography
(n-hexane : ethyl acetate = 2 : 1 → 0 : 1). The purified material was concentrated to dryness under reduced pressure,
giving a white powder of 3-{2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethanesulfonyl}propion-
aldehyde (1.8 g, yield: 67%).
1H-NMR (DMSO-d6) δppm: 0.97-1.03 (3H, t, J=7.4 Hz), 1.82-2.03 (2H, m), 2.80-3.01 (2H, m), 3.45-3.50 (2H, m), 3.60-3.70
(2H, m), 3.78 (3H, s), 4.03-4.09 (2H, t, J=6.8 Hz), 4.90-5.10 (2H, m), 6.93-7.06 (3H, m), 7.26-7.33 (1H, m), 7.59-7.62
(2H, m), 8.01 (1H, s), 9.67 (1H, s).

Example 132

[0424]

Production of 1-[2-(2-dimethylaminoethylsulfanyl)ethyl]-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one hy-
drochloride

[0425] The above compound was prepared in the same manner as in Example 125 using appropriate starting material.
Melting point: 93-95°C
1H-NMR (DMSO-d6) δppm: 0.99-1.05 (3H, t, J=7.4 Hz), 1.69-1.94 (2H, m), 2.69 (3H, s), 2.71 (3H, s), 2.85-3.04 (4H, m),
3.11-3.28 (2H, m), 3.76 (3H, s), 4.03-4.08 (2H, t, J=6.8 Hz), 4.64-4.87 (2H, m), 6.73-7.09 (3H, m), 7.12-7.34 (1H, m),
7.63-7.67 (2H, d, J=8.8 Hz), 8.14 (1H, s), 10.62-11.04 (1H, br).
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Example 133

[0426]

Production of 5-fluoro-3-(4-methoxyphenyl)-1-{2-[3-(4-methyl piperazin-1-yl)-3-oxo-propane-1-sulfonyl]ethyl}-8-pro-
poxy-1H-quinolin-4-one

[0427] The above compound was prepared in the same manner as in Example 33 using appropriate starting materials.
Melting point: 85-88°C
1H-NMR (DMSO-d6) δppm: 0.97-1.03 (3H, t, J=7.4 Hz), 1.78-1.96 (2H, m), 2.25 (3H, s), 2.29-2.45 (4H, m), 2.75-2.80
(2H, t, J=7.4 Hz), 3.30-3.50 (6H, m), 3.65-3.70 (2H, t, J=6.7 Hz), 4.05-4.11 (2H, t, J= 6.7 Hz), 4.95-5.00 (2H, t, J=6.7
Hz), 6.91-7.06 (3H, m), 7.27-7.32 (1H, m), 7.60-7.64 (2H, d, J=8.8 Hz), 8.03 (1H, s).

Example 134

[0428]

Production of 5-fluoro-3-(4-methoxyphenyl)-1-{2-[3-(4-methylpiperazin-1-yl)propane-1-sulfonyl]ethyl}-8-propoxy-1H-
quinolin-4-one dihydrochloride

[0429] N-methylpiperazine (0.455 mg, 4.54 mmol) was added to a methanol solution (20 ml) of 3-{2-[5-fluoro-3-(4-
methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]ethanesulfonyl}propionaldehyde (1.8 g, 3.79 mmol) while ice-cooling,
and then the resulting mixture was stirred at room temperature for 1 hour. Sodium cyanoborohydride (0.238 g, 3.79
mmol) and acetic acid (2 ml) were added to the resulting mixture and stirred at room temperature for 3 hours. Water
was added to the reaction mixture, then the mixture was subjected to extraction using ethyl acetate. The extract was
washed with an aqueous saturated sodium bicarbonate solution and concentrated under reduced pressure. The residue
was purified using silica gel column chromatography (dichloromethane : methanol = 100 : 0 → 10 : 1). The purified
product was concentrated under reduced pressure, and a 4N hydrogen chloride ethylacetate solution was added to an
ethyl acetate solution of the residue. The thus-generated insoluble matter was separated, giving a yellow powder of 5-
fluoro-3-(4-methoxyphenyl)-1-{2-[3-(4-methylpiperazin-1-yl)propane-1-sulfonyl]ethyl}-8-propoxy-1H-quinolin-4-one di-
hydrochloride (360 mg, yield: 15%).
Melting point: 72-74°C
1H-NMR (DMSO-d6) δppm: 0.98-1.04 (3H, t, J=7.4 Hz), 1.78-1.96 (2H, m), 2.12-2.34 (2H, m), 2.80 (3H, s), 3.00-3.75
(14H, m), 3.77 (3H, s), 4.06-4.12 (2H, t, J=6.7 Hz), 4.98-5.03 (2H, t, J=6.4 Hz), 6.94-7.07 (3H, m), 7.28-7.33 (1H, m),
7.61-7.64 (2H, d, J=8. Hz), 8.05 (1H, s).

Example 139

[0430]
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Production of 2-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-1,4-dihydro-quinolin-8-yloxy]-N-(2-morpholin-4-ylethyl)acetamide

[0431] The above compound was prepared in the same manner as in Example 33 using appropriate starting material.
Melting point: 180-182°C
1H-NMR (DMSO-d6) δppm: 2.40-2.50 (2H, m), 3.10-3.14 (2H, m), 4.45 (2H, s), 3.28-3.54 (4H, m), 3.75 (3H, s), 3.80-4.21
(4H, m), 6.84-6.95 (3H, m), 7.10-7.15 (1H, m), 7.51-7.54 (2H, d, J=8.8 Hz), 8.20-8.50 (1H, m).

Example 146

Production of ethyl [5-fluoro-3-(4-hydroxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]acetate

[0432] Ethyl [5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]acetate (4.0 g, 9.6 mmol) was dissolved
in dichloromethane (20 ml). A 1M-boron tribromide dichloromethane solution (35 ml, 35 mmol) was added dropwise to
the dissolution at -10°C. After stirring at the same temperature for 2 hours, water was added to the reaction mixture,
followed by extraction with dichloromethane. The thus-obtained organic layer was concentrated under reduced pressure.
The residue was purified using silica gel column chromatography (dichloromethane : methanol = 50 : 1 → 15 : 1). The
purified product was concentrated to dryness under reduced pressure, giving a yellow powder of ethyl [5-fluoro-3-(4-
hydroxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]acetate (2.7 g, yield: 57%).
1H-NMR (DMSO-d6) δppm: 0.97 (3H, t, J=7.3 Hz), 1.19 (3H, t, J=7.1 Hz), 1.69-1.77 (2H, m), 3.95 (2H, t, J=6.6 Hz), 4.14
(2H, q, J=7.1 Hz), 5.29 (2H, s), 6.76 (2H, d, J=8.7 Hz), 6.97 (1H, dd, J=9.0 Hz, 11.7 Hz), 7.21 (1H, dd, J=4.5 Hz, 9.0
Hz), 7.45 (2H, d, J=8.7 Hz), 7.95 (1H, s), 9.41 (1H, s).

Example 147

[0433]

Production of [5-fluoro-3-(4-hydroxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]acetic acid

[0434] The above compound was prepared in the same manner as in Example 32 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 0.98 (3H, t, J=7.4 Hz), 1.73-1.82 (2H, m), 3.95 (2H, t, J=6.6 Hz), 5.21 (2H, s), 6.76 (2H, d,
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J=8.7 Hz), 6.96 (1H, dd, J=9.0 Hz, 11.6 Hz), 7.20 (1H, dd, J=4.5 Hz, 9.0 Hz), 7.45 (2H, d, J=8.7 Hz), 7.95 (1H, s), 9.40
(1H, s), 12.50 (1H, brs).

Example 148

[0435]

Production of 2-[5-fluoro-3-(4-hydroxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]-N-(2-morpholin-4-ylethyl)acetamide

[0436] 4-(2-Aminoethyl)morpholine (184 mg, 1.41 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochlo-
ride (WSC, 295 mg, 1.54 mmol) and 1-hydroxybenzotriazole (HOBT, 215 mg, 1.41 mmol) were added to a DMF solution
(7 ml) of [5-fluoro-3-(4-hydroxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]acetic acid (500 mg, 1.34 mmol) and then the
mixture was stirred at room temperature for 23 hours. Water and triethylamine were added to the reaction mixture to
make the reaction mixture basic, followed by extraction using ethyl acetate. The thus-obtained organic layer was washed
with an aqueous saturated sodium chloride solution, and then concentrated under reduced pressure. The residue was
purified using silica gel column chromatography (dichloromethane : methanol = 30 : 1 → 10 : 1). The purified product
was concentrated under reduced pressure, and the residue was recrystallized from ethyl acetate, giving a white powder
of 2-[5-fluoro-3-(4-hydroxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]-N-(2-morpholin-4-ylethyl)acetamide (157 mg,
yield: 24%).
1H-NMR (DMSO-d6) δppm: 0.94 (3H, t, J=7.3 Hz), 1.70-1.78 (2H, m), 2.29-2.33 (6H, m), 3.17 (2H, q, J=6.3 Hz), 3.44-3.52
(4H, m), 3.92 (2H, t, J=6.8 Hz), 5.12 (2H, s), 6.75 (2H, d, J=8.7 Hz), 6.94 (1H, dd, J=8.9 Hz, 11.6 Hz), 7.16 (1H, dd,
J=4.5 Hz, 9.0 Hz), 7.44 (2H, d, J=8.6 Hz), 7.83 (1H, s), 7.91 (1H, t, J=5.4 Hz), 9.50 (1H, s).

Example 149

[0437]

Production of ethyl (4-{5-fluoro-1-[(2-morpholin-4-ylethylcarbamoyl)methyl]-4-oxo-8-propoxy-1,4-dihydroquinolin-3-
yl}phenoxy)acetate

[0438] Potassium carbonate (129 mg, 0.93 mmol) and ethyl bromoacetate (114 mg, 0.68 mmol) were added to a DMF
solution (4 ml) of 2-[5-fluoro-3-(4-hydroxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-yl]-N-(2-morpholin-4-ylethyl)aceta-
mide (300 mg, 0.62 mmol), followed by stirring at room temperature for 87 hours. Water and ethyl acetate were added
to the reaction mixture and the reaction mixture was then subjected to separation. The thus-obtained organic layer was
washed with an aqueous saturated sodium chloride solution, and then concentrated under reduced pressure. The residue
was purified using silica gel column chromatography (dichloromethane : methanol = 50 : 1 → 20 : 1). The purified product
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was concentrated under reduced pressure, giving a pale yellow oily substance of ethyl [(4-{5-fluoro-1-[(2-morpholin-4-
ylethylcarbamoyl)methyl]-4-oxo-8-propoxy-1,4-dihydroquinolin-3-yl}phenoxy)acetate (306 mg, yield: 87%). 1H-NMR
(CDCl3) δppm: 1.02 (3H, t, J=7.3 Hz), 1.30 (3H, t, J=7.1 Hz), 1.79-1.88 (2H, m), 2.30-2.43 (6H, m), 3.35 (2H, q, J=6.0
Hz), 3.48-3.52 (4H, m), 3.91 (2H, t, J=6.9 Hz), 4.26 (2H, q, J=7.1 Hz), 4.59 (2H, s), 5.00 (2H, s), 6.76-6.96 (5H, m), 7.37
(1H, s), 7.51 (2H, d, J=8.8 Hz).

Example 150

[0439]

Production of 2-(4-{5-fluoro-1-[(2-morpholin-4-yl-ethylcarbamoyl)methyl]-4-oxo-8-propoxy-1,4-dihydroquinolin-3-yl} 
phenoxy)acetamide

[0440] Ethyl (4-{5-fluoro-1-[(2-morpholin-4-yl-ethylcarbamoyl) methyl]-4-oxo-8-propoxy-1,4-dihydroquinolin-3-yl}phe-
noxy) acetate (300 mg) was added to a 7N ammonia-methanol solution (15 ml) and then stirred at 70°C for 43 hours.
The mixture was cooled to room temperature and concentrated under reduced pressure. The residue was purified using
silica gel column chromatography (dichloromethane : methanol = 50 : 1 → 9 : 1 → ethyl acetate : methanol = 10 : 1).
The purified product was concentrated under reduced pressure, and the residue was recrystallized from ethyl acetate-
n-hexane, giving a pale yellow powder of 2-(4-{5-fluoro-1-[(2-morpholin-4-yl-ethylcarbamoyl)methyl]-4-oxo-8-propoxy-
1,4-dihydroquinolin-3-yl}phenoxy)acetamide (100 mg, yield: 35%).
1H-NMR (DMSO-d6) δppm: 0.95 (3H, t, J=7.3 Hz), 1.72-1.81 (2H, m), 2.32-2.34 (6H, m), 3.18 (2H, q, J=6.5 Hz), 3.50-3.54
(4H, m), 3.94 (2H, t, J=6.8 Hz), 4.43 (2H, s), 5.14 (2H, s), 6.92-7.00 (3H, m), 7.19 (1H, dd, J=4.5 Hz, 9.0 Hz), 7.39 (1H,
s), 7.53 (1H, s), 7.59 (2H, d, J=8.8 Hz), 7.91-7.93 (2H, brs).

Example 151

[0441]

Production of ethyl (5-fluoro-4-oxo-8-propoxy-3-{4-[2-(tetrahydropyran-2-yloxy)ethoxy]phenyl}-4H-quinolin-1-yl)acetate

[0442] The above compound was prepared in the same manner as in Example 149 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.05 (3H, t, J=7.3 Hz), 1.27 (3H, t, J=7.1 Hz), 1.53-1.74 (6H, m), 1.80-1.88 (2H, m), 3.50-3.60
(1H, m), 3.83-3.91 (2H, m), 3.95 (2H, t, J=6.8 Hz), 4.03-4.08 (1H, m), 4.16-4.28 (4H, m), 4.72 (1H, brs), 5.10 (2H, s),
6.84-7.00 (4H, m), 7.35 (1H, s), 7.58 (2H, d, J=8.8 Hz).
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Example 152

[0443]

Production of ethyl {5-fluoro-3-[4-(2-hydroxyethoxy)phenyl]-4-oxo-8-propoxy-4H-quinolin-1-yl}acetate

[0444] 2N hydrochloric acid (6.3 ml) was added to an ethanol solution (20 ml) of ethyl (5-fluoro-4-oxo-8-propoxy-
3-{4-[2-(tetrahydropyran-2-yloxy)ethoxy]phenyl}-4H-quinolin-1-yl)acetate (840 mg, 1.59 mmol) and stirred at 50°C for 2
hours. The resulting mixture was cooled to room temperature and then concentrated under reduced pressure. Ethyl
acetate and water were added to the residue, followed by separation. The thus-obtained organic layer was washed with
an aqueous saturated sodium chloride solution, and then concentrated under reduced pressure. The residue was purified
using silica gel column chromatography (dichloromethane : methanol = 30 : 1 → 15 : 1). The purified product was
concentrated under reduced pressure, giving a pale yellow oily substance of ethyl {5-fluoro-3-[4-(2-hydroxyethoxy)phe-
nyl]-4-oxo-8-propoxy-4H-quinolin-1-yl}acetate (627 mg, yield: 89%).
1H-NMR (CDCl3) δppm: 1.05 (3H, t, J=7.3 Hz), 1.27 (3H, t, J=7.1 Hz), 1.79-1.88 (3H, m), 3.92-3.98 (4H, m), 4.08-4.12
(2H, m), 4.24 (2H, q, J=7.1 Hz), 5.10 (2H, s), 6.84-7.00 (4H, m), 7.35 (1H, s), 7.58 (2H, d, J=8.8 Hz).

Example 153

[0445]

Production of {5-fluoro-3-[4-(2-hydroxyethoxy)phenyl]-4-oxo-8-propoxy-4H-quinolin-1-yl}acetic acid

[0446] The above compound was prepared in the same manner as in Example 32 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 0.98 (3H, t, J=7.3 Hz), 1.71-1.85 (2H, m), 3.72 (2H, m), 3.93-4.02 (4H, m), 4.87 (1H, brs),
5.22 (2H, s), 6.93-7.02 (3H, m), 7.22 (1H, dd, J=4.5 Hz, 9.0 Hz), 7.57 (2H, d, J=8.8 Hz), 8.00 (1H, s), 12.50 (1H, brs).

Example 154

[0447]
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Production of 2-{5-fluoro-3-[4-(2-hydroxyethoxy)phenyl]-4-oxo-8-propoxy-4H-quinolin-1-yl}-N-(2-morpholin-4-yle-
thyl)acetamide

[0448] The above compound was prepared in the same manner as in Example 148 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 0.95 (3H, t, J=7.3 Hz), 1.72-1.79 (2H, m), 2.30-2.40 (6H, m), 3.18 (2H, q, J=5.9 Hz), 3.50-3.53
(4H, m), 3.69-3.74 (2H, m), 3.91-4.00 (4H, m), 4.91 (1H, t, J=5.4 Hz), 5.14 (2H, s), 6.92-6.98 (3H, m), 7.18 (1H, dd,
J=4.4 Hz, 9.0 Hz), 7.57 (2H, d, J=8.6 Hz), 7.90-7.93 (2H, brs).

Example 161

[0449]

Production of 5-fluoro-3-[4-(4-morpholin-4-ylpiperidine-1-carbonyl)phenyl]-8-propoxy-1H-quinolin-4-one

[0450] The above compound was prepared in the same manner as in Example 106 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 1.01 (3H, t, J=7.3 Hz), 1.74-1.86 (2H, m), 2.32-2.35 (4H, m), 2.59 (2H, t, J=5. Hz), 3.51-3.54
(4H, m), 4.04 (2H, t, J=6.5 Hz), 4.50 (2H, d, J=4.5 Hz), 4.66 (2H, d, J=5.4 Hz), 5.22 (1H, brs), 6.99 (1H, dd, J=8.9 Hz,
11.6 Hz), 7.22-7.33 (3H, m), 7.61 (2H, d, J=8.2

Reference compound Example 163

[0451]

Production of 5-fluoro-3-[4-(4-morpholin-4-yl-piperidine-1-carbonyl)phenyl]-8-propoxy-1H-quinolin-4-one

[0452] The above compound was prepared in the same manner as in Example 73 using appropriate starting materials.
1H-NMR (DMSO-d6) δppm: 1.02 (3H, t, J=7.3 Hz), 1.30-1.38 (2H, m), 1.75-1.89 (4H, m), 2.34-2.49 (4H, m), 2.79-3.02
(2H, m), 3.61-3.69 (6H, m), 4.08 (2H, t, J=6.4 Hz), 4.42
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Example 170 (Reference Example)

[0453]

Production of 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-1,4-dihydroquinoline-2-carboxy-[2-(4-methylpiperazin-1-
yl)ethyl]amide

[0454] N-methylpiperazine (276 mg, 2.76 mmol), sodium iodide (440 mg, 2.9 mmol) and potassium carbonate (572
mg, 4.14 mmol) were added to a DMF solution (8 ml) of 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-1,4-dihydroqui-
noline-2-carboxy-(2-chloroethyl)amide (600 mg, 1.38 mmol) and stirred overnight at 80°C. The mixture was cooled to
room temperature, and water was then added thereto, followed by extraction using chloroform. The thus-obtained organic
layer was concentrated under reduced pressure, and the residue was then purified using medium pressure liquid chro-
matography (NH silica gel, dichloromethane : methanol = 100 : 0 → 10 : 1). The purified product was concentrated under
reduced pressure, giving a white powder of 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-1,4-dihydro-quinoline-2-car-
boxy-[2-(4-methylpiperazin-1-yl)ethyl]amide (100 mg, yield: 14%). Melting point: 106-107°C
1H-NMR (CDCl3) δppm: 1.10-1.16 (3H, t, J=7.4 Hz), 1.90-1.99 (2H, m), 2.21-2.80 (13H, m), 3.28-3.35 (2H, m), 3.85 (3H,
s), 4.08-4.14 (2H, t, J=6.5 Hz), 6.25-6.50 (1H, brs), 6.79-7.05 (4H, m), 7.28-7.32 (2H, m), 9.77-10.1 (1H, br).

Example 171

[0455]

Production of 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-1,4-dihydroquinoline-2-carboxy-[2-(morpholin-4-
yl)ethyl]amide

[0456] The above compound was prepared in the same manner as in Example 170 using appropriate starting material.
Melting point: 111-112°C
1H-NMR (CDCl3) δppm: 1.10-1.16 (3H, t, J=7.4 Hz), 1.88-2.00 (2H, m), 2.17-2.25 (6H,m), 3.29-3.35 (2H, m), 3.54-3.58
(4H, m), 3.84 (3H, s), 4.08-4.14 (2H, t, J=6.4 Hz), 6.35-6.50 (1H, m), 6.79-7.05 (4H, m), 7.28-7.34 (2H, m), 9.96 (1H, s).

* Reference compound

Example 188

[0457]
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Production of di-tert-butyl 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl phosphate

[0458] The above compound was prepared in the same manner as in Example 23 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.11 (3H, t, J=7.4 Hz), 1.36 (18H, s), 1.85-2.05 (2H, m), 3.83 (3H, s), 4.07 (2H, t, J=6.6 Hz),
6.32 (2H, d, J= 13.0 Hz), 6.90-7.00 (3H, m), 7.07 (1H, dd, J=4.5, 9.0 Hz), 7.63 (2H, d, J=8.9 Hz), 7.79 (1H, s).

Example 189

[0459]

Production of di-tert-butyl 3-(2,4-dichlorophenyl)-5-fluoro-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl phosphate

[0460] The above compound was prepared in the same manner as in Example 23 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.11 (3H, t, J=7.4 Hz), 1.37 (18H, s), 1.85-2.05 (2H, m), 4.08 (2H, t, J=6.6 Hz), 6.30 (2H, d, J=
12.6 Hz), 6.99 (1H, dd, J=9.0, 10.7 Hz), 7.13 (1H, dd, J=4.4, 9.0 Hz), 7.27 (1H, dd, J= 2.1, 8.3 Hz), 7.37 (1H, d, J=8.3
Hz), 7.47 (1H, d, J= 2.1 Hz), 7.75 (1H, s).

Example 190

[0461]

Production of di-tert-butyl 3-(2,4-dimethoxyphenyl)-8-ethoxy-5-fluoro-4-oxo-4H-quinolin-1-ylmethyl phosphate

[0462] The above compound was prepared in the same manner as in Example 23 using appropriate starting material.
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1H-NMR (CDCl3) δppm: 1.37 (18H, s), 1.54 (3H, t, J=7.0 Hz), 3.76 (3H, s), 3.83 (3H, s), 4.18 (2H, q, J=7.0 Hz), 6.28
(2H, d, J= 11.9 Hz), 6.50-6.60 (2H, m), 6.93 (1H, dd, J=9.0, 10.9 Hz), 7.07 (1H, dd, J=4.5, 9.0 Hz), 7.34 (1H, d, J=9.0
Hz), 7.72 (1H, s).

Example 191

[0463]

Production of di-tert-butyl 3-(4-ethoxyphenyl)-5-fluoro-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl phosphate

[0464] The above compound was prepared in the same manner as in Example 23 using appropriate starting material.
1H-NMR (CDCl3) 5ppm: 1.11 (3H, t, J=7.5 Hz), 1.36 (18H, s), 1.42 (3H, t, J=7.0 Hz), 1.85-2.05 (2H, m), 4.00-4.15 (4H,
m), 6.32 (2H, d, J= 13.0 Hz), 6.80-7.00 (3H, m), 7.08 (1H, dd, J=4.5, 9.0 Hz), 7.61 (2H, t, J=8.9 Hz), 7.78 (1H, s).

Example 192

[0465]

Production of di-tert-butyl 8-(cyclohexylmethylamino)-5-fluoro-3-(4-methoxyphenyl)-4-oxo-4H-quinolin-1-ylmethyl phos-
phate

[0466] The above compound was prepared in the same manner as in Example 23 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.02-1.90 (28H, m), 2.50-2.75 (1H, m), 2.78 (3H, s), 3.84 (3H, s), 5.97 (1H, dd, J=9.4, 10.7 Hz),
6.80-7.05 (3H, m), 7.42 (1H, dd, J=5.1, 8.8 Hz), 7.51 (1H, dd, J=9.4, 12.1 Hz), 7.64 (2H, d, J=8.8 Hz), 7.71 (1H, s).

Example 193

[0467]
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Production of di-tert-butyl 5-fluoro-3-(2-fluoro-4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl phosphate

[0468] The above compound was prepared in the same manner as in Example 23 using appropriate starting material.
1H-NMR (CDCl3) 5ppm: 1.11 (3H, t, J=7.5 Hz), 1.36 (18H, s), 1.85-2.05 (2H, m), 3.82 (3H, s), 4.07 (2H, t, J=6.6 Hz),
6.30 (2H, d, J=12.6 Hz), 6.60-6.80 (2H, m), 6.96 (1H, dd, J=9.0, 10.8 Hz), 7.10 (1H, dd, J=4.5, 9.0 Hz), 7.51 (1H, t, J=8.4
Hz), 7.79 (1H, s).

Example 194

[0469]

Production of di-tert-butyl 8-cyclopropylmethoxy-5-fluoro-3-(4-methoxyphenyl)-4-oxo-4H-quinolin-1-ylmethyl phosphate

[0470] The above compound was prepared in the same manner as in Example 23 using appropriate starting material.
1H-NMR (CDCl3) δppm: 0.35-0.50 (2H, m), 0.60-0.75 (2H, m), 1.25-1.45 (19H, m), 3.83 (3H, s), 3.95 (2H, d, J=7.1 Hz),
6.40 (2H, d, J=13.1 Hz), 6.85-7.00 (3H, m), 7.04 (1H, dd, J=4.6, 9.0 Hz), 7.63 (2H, d, J=8.9 Hz), 7.79 (1H, s).

Example 195

[0471]
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Production of di-tert-butyl 8-ethoxy-5-fluoro-3-(4-methoxyphenyl)-4-oxo-4H-quinolin-1-ylmethyl phosphate

[0472] The above compound was prepared in the same manner as in Example 23 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.36 (18H, s), 1.55 (3H, t, J=7.0 Hz), 3.83 (3H, s), 4.19 (2H, q, J=7.0 Hz), 6.33 (2H, d, J=12.8
Hz), 6.90-7.00 (3H, m), 7.08 (1H, dd, J=4.5, 9.0 Hz), 7.63 (2H, d, J=8.8 Hz), 7.77 (1H, s).

Example 196

[0473]

Production of di-tert-butyl 8-cyclobutylmethoxy-5-fluoro-3-(4-methoxyphenyl)-4-oxo-4H-quinolin-1-ylmethyl phosphate

[0474] The above compound was prepared in the same manner as in Example 23 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.36 (18H, s), 1.85-2.10 (4H, m), 2.15-2.30 (2H, m), 2.85-3.00 (1H, m), 3.83 (3H, s), 4.07 (2H,
d, J=7.0 Hz), 6.30 (2H, d, J=13.2 Hz), 6.90-7.00 (3H, m), 7.07 (1H, dd, J=4.5, 9.0 Hz), 7.63 (2H, d, J=8.9 Hz), 7.79 (1H, s).

Example 197

[0475]

Production of di-tert-butyl 5,6-difluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl phosphate

[0476] The above compound was prepared in the same manner as in Example 23 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.12 (3H, t, J=7.4 Hz), 1.36 (18H, s), 1.90-2.05 (2H, m), 3.83 (3H, s), 4.06 (2H, t, J=6.6 Hz),
6.28 (2H, d, J=13.2 Hz), 6.94 (2H, d, J=8.9 Hz), 7.02 (1H, dd, J=6.8, 11.6 Hz), 7.62 (2H, d, J=8.9 Hz), 7.78 (1H, s).

Example 198

[0477]
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Production of di-tert-butyl 5-fluoro-3-(1-methyl-1H-pyrazol-4-yl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl phosphate

[0478] The above compound was prepared in the same manner as in Example 23 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.11 (3H, t, J=7.5 Hz), 1.37 (18H, s), 1.85-2.00 (2H, m), 3.93 (3H, s), 4.06 (2H, t, J=6.6 Hz),
6.34 (2H, d, J=13.1 Hz), 6.94 (1H, dd, J=9.0, 11.1 Hz), 7.06 (1H, dd, J=4.5, 9.0 Hz), 7.81 (1H, s), 8.01 (1H, s), 8.38 (1H, s).

Example 199

[0479]

Production of di-tert-butyl 5-fluoro-4-oxo-8-propoxy-3-pyrimidin-5-yl-4H-quinolin-1-ylmethyl phosphate

[0480] The above compound was prepared in the same manner as in Example 23 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.13 (3H, t, J=7.5 Hz), 1.36 (18H, s), 1.90-2.10 (2H, m), 4.10 (2H, t, J=6.6 Hz), 6.36 (2H, d,
J=13.8 Hz), 7.01 (1H, dd, J=9.0, 10.9 Hz), 7.16 (1H, dd, J=4.5, 9.0 Hz), 7.96 (1H, s), 9.08 (2H, s), 9.15 (1H, s).

Example 200

[0481]
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Production of [5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate

[0482] The above compound was prepared in the same manner as in Example 24 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 1.02 (3H, t, J=7.4 Hz), 1.75-1.90 (2H, m), 3.77 (3H, s), 4.07 (2H, t, J=6.5 Hz), 6.26 (2H, d,
J=11.2 Hz), 6.96 (2H, d, J=8.9 Hz), 7.06 (1H, dd, J=9.1, 11.6 Hz), 7.33 (1H, dd, J=4.5, 9.1 Hz), 7.58 (2H, d, J=8.9 Hz),
8.00 (1H, s).

Example 201

[0483]

Production of [3-(2,4-dichloro-phenyl)-5-fluoro-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate

[0484] The above compound was prepared in the same manner as in Example 24 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 1.04 (3H, t, J=7.4 Hz), 1.80-1.95 (2H, m), 4.10 (2H, t, J=6.5 Hz), 6.24 (2H, d, J= 11.2 Hz),
7.13 (1H, dd, J=9.0, 11.4 Hz), 7.40 (1H, dd, J=4.6, 9.0 Hz), 7.42 (1H, d, J=8.2 Hz), 7.52 (1H, dd, J= 2.1, 8.2 Hz), 7.69
(1H, d, J=2.1 Hz), 7.97 (1H, s).

Example 202

[0485]

Production of [3-(2,4-dimethoxyphenyl)-8-ethoxy-5-fluoro-4-oxo-4H-quinolin-1-ylmethyl] monophosphate

[0486] The above compound was prepared in the same manner as in Example 24 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 1.45 (3H, t, J=6.9 Hz), 3.69 (3H, s), 3.80 (3H, s), 4.19 (2H, q, J=6.9 Hz), 6.20 (2H, d, J=9.7
Hz), 6.56 (1H, dd, J= 2.4, 8.2 Hz), 6.61 (1H, d, J= 2.4 Hz), 7.07 (1H, dd, J=9.0, 11.5 Hz), 7.16 (1H, d, J=8.2 Hz), 7.35
(1H, dd, J=4.5, 9.0 Hz), 7.80 (1H, s).

Example 203

[0487]
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Production of [3-(4-ethoxyphenyl)-5-fluoro-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate

[0488] The above compound was prepared in the same manner as in Example 24 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 1.05 (3H, t, J=7.4 Hz), 1.35 (3H, t, J=7.0 Hz), 1.75-1.95 (2H, m), 4.00-4.15 (4H, m), 6.28
(2H, d, J= 11.2 Hz), 6.96 (2H, d, J=8.8 Hz), 7.08 (1H, dd, J=9.0, 11.6 Hz), 7.35 (1H, dd, J=4.5, 9.0 Hz), 7.59 (2H, d,
J=8.8 Hz), 8.03 (1H, s).

Example 204

[0489]

Production of [5-fluoro-3-(2-fluoro-4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate

[0490] The above compound was prepared in the same manner as in Example 24 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 1.04 (3H, t, J=7.4 Hz), 1.75-1.95 (2H, m), 3.81 (3H, s), 4.09 (2H, d, J=6.9 Hz), 6.24 (2H, d,
J= 10.9 Hz), 6.75-7.00 (2H, m), 7.11 (1H, dd, J=9.0, 11.4 Hz), 7.24-7.50 (2H, m), 7.95 (1H, s).

Example 205

[0491]

Production of [8-cyclopropylmethoxy-5-fluoro-3-(4-methoxyphenyl)-4-oxo-4H-quinolin-1-ylmethyl] monophosphate

[0492] The above compound was prepared in the same manner as in Example 24 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 0.35-0.45 (2H, m), 0.55-0.70 (2H, m), 1.30-1.45 (1H, m), 3.79 (3H, s), 3.99 (2H, d, J=7.2
Hz), 6.36 (2H, d, J= 11.2 Hz), 6.98 (2H, d, J=8.9 Hz), 7.07 (1H, dd, J=9.0, 11.6 Hz), 7.33 (1H, dd, J=4.5, 9.0 Hz), 7.60
(2H, d, J=8.9 Hz), 8.03 (1H, s).
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Example 206

[0493]

Production of [8-ethoxy-5-fluoro-3-(4-methoxyphenyl)-4-oxo-4H-quinolin-1-ylmethyl] monophosphate

[0494] The above compound was prepared in the same manner as in Example 24 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 1.45 (3H, t, J=6.9 Hz), 3.79 (3H, s), 4.19 (2H, q, J=6.9 Hz), 6.28 (2H, d, J= 10.8 Hz), 6.98
(2H, d, J=8.9 Hz), 7.08 (1H, dd, J=9.0, 11.6 Hz), 7.36 (1H, dd, J=4.5, 9.0 Hz), 7.60 (2H, d, J=8.9 Hz), 8.03 (1H, s).

Example 207

[0495]

Production of [8-cyclobutylmethoxy-5-fluoro-3-(4-methoxyphenyl)-4-oxo-4H-quinolin-1-ylmethyl] monophosphate

[0496] The above compound was prepared in the same manner as in Example 24 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 1.60-2.20 (6H, m), 2.70-2.95 (1H, m), 3.79 (3H, s), 4.11 (2H, d, J=6.9 Hz), 6.25 (2H, d, J=
11.5 Hz), 6.97 (2H, d, J=8.9 Hz), 7.08 (1H, dd, J=9.0, 11.5 Hz), 7.35 (1H, dd, J=4.5, 9.Hz), 7.60 (2H, d, J=8.9 Hz), 8.02
(1H, s).

Example 208

[0497]



EP 2 364 298 B1

79

5

10

15

20

25

30

35

40

45

50

55

Production of [5,6-difluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate

[0498] The above compound was prepared in the same manner as in Example 24 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 1.04 (3H, t, J=7.4 Hz), 1.705-2.00 (2H, m), 3.78 (3H, s), 4.12 (2H, t, J=6.5 Hz), 6.25 (2H, d,
J= 11.5 Hz), 6.98 (2H, d, J=8.8 Hz), 7.50-7.70 (3H, m), 8.07 (1H, s).

Example 209

[0499]

Production of [8-(cyclohexylmethylamino)-5-fluoro-3-(4-methoxyphenyl)-4-oxo-4H-quinolin-1-ylmethyl] monophosphate

[0500] The above compound was prepared in the same manner as in Example 24 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 0.75-2.00 (10H, m), 3.79 (3H, s), 3.83 (3H, s), 3.90-4.60 (1H, m), 5.85 (1H, d, J=9.5 Hz),
6.48 (1H, d, J=9.5 Hz), 7.00 (2H, d, J=8.9 Hz), 7.33 (1H, dd, J=8.6, 11.6 Hz), 7.52 (2H, d, J=8.9 Hz), 8.16 (1H, dd, J=3.2,
8.6 Hz), 8.22 (1H, s).

Example 210

[0501]

Production of [5-fluoro-3-(1-methyl-1H-pyrazol-4-yl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate

[0502] The above compound was prepared in the same manner as in Example 24 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 1.04 (3H, t, J=7.4 Hz), 1.75-1.95 (2H, m), 3.80-4.15 (5H, m), 6.29 (2H, d, J= 10.5 Hz), 7.07
(1H, dd, J=9.0, 11.6 Hz), 7.32 (1H, dd, J=4.5, 9.0 Hz), 7.87 (1H, s), 8.31 (1H, s), 8.32 (1H, s).

Example 211

[0503]
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Production of (5-fluoro-4-oxo-8-propoxy-3-pyrimidin-5-yl-4H-quinolin-1-ylmethyl) monophosphate

[0504] The above compound was prepared in the same manner as in Example 24 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 1.05 (3H, t, J=6.6 Hz), 1.75-1.95 (2H, m), 4.11 (2H, t, J=6.5 Hz), 6.32 (2H, d, J= 12.0 Hz),
7.17 (1H, dd, J=9.1, 11.4 Hz), 7.43 (1H, dd, J=4.5, 9.1 Hz), 8.39 (1H, s), 9.10 (2H, s), 9.13 (1H, s).

Example 212

[0505]

Production of [5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate disodium salt

[0506] The above compound was prepared in the same manner as in Example 25 using appropriate starting material.
Melting point: 204-206°C
1H-NMR (D2O) δppm: 0.97 (3H, t, J=7.4 Hz), 1.75-1.85 (2H, m), 3.76 (3H, s), 4.00 (2H, t, J=6.7 Hz), 6.04 (2H, d, J=9.1
Hz), 6.90-7.05 (3H, m), 7.18 (1H, dd, J=4.6, 9.1 Hz), 7.42 (2H, d, J=8.7 Hz), 8.14 (1H, s).

Example 213

[0507]
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Production of [3-(2,4-dichlorophenyl)-5-fluoro-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate disodium salt

Melting point: 208-210°C

[0508] The above compound was prepared in the same manner as in Example 25 using appropriate starting material.
1H-NMR (D2O) δppm: 0.96 (3H, t, J=7.5 Hz), 1.75-1.95 (2H, m), 4.07 (2H, t, J=6.7 Hz), 6.08 (2H, d, J=8.8 Hz), 7.05 (1H,
dd, J=9.1, 12.2 Hz), 7.30 (1H, dd, J=4.7, 9.1 Hz), 7.32-7.40 (2H, m), 7.50-7.55 (1H, m), 8.21 (1H, s).

Example 214

[0509]

Production of [3-(2,4-dimethoxyphenyl)-8-ethoxy-5-fluoro-4-oxo-4H-quinolin-1-ylmethyl] monophosphate disodium salt

[0510] The above compound was prepared in the same manner as in Example 25 using appropriate starting material.
Melting point: 205-207°C
1H-NMR (D2O) δppm: 1.40 (3H, t, J=7.0 Hz), 3.66 (3H, s), 3.77 (3H, s), 4.16 (2H, q, J=7.0 Hz), 6.03 (2H, d, J=8.2 Hz),
6.55-6.65 (2H, m), 7.02 (1H, dd, J=9.0, 12.3 Hz), 7.17 (1H, d, J=9.0 Hz), 7.28 (1H, dd, J=4.7, 9.0 Hz), 8.09 (1H, s).

Example 215

[0511]

Production of [5-fluoro-3-(4-ethoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate disodium salt

[0512] The above compound was prepared in the same manner as in Example 25 using appropriate starting material.
Melting point: 200-202°C
1H-NMR (D2O) δppm: 0.93 (3H, t, J=7.5 Hz), 1.27 (3H, t, J=7.0 Hz), 1.70-1.90 (2H, m), 3.95-4.10 (4H, m), 6.03 (2H, d,
J=8.9 Hz), 6.90-7.05 (3H, m), 7.20 (1H, dd, J=4.6, 9.1 Hz), 7.40 (2H, d, J=8.7 Hz), 8.15 (1H, s).

Example 216

[0513]
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Production of [5-fluoro-3-(2-fluoro-4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate diso-
dium salt

[0514] The above compound was prepared in the same manner as in Example 25 using appropriate starting material.
Melting point: 208-210°C
1H-NMR (D2O) δppm: 0.57 (3H, t, J=7.4 Hz), 1.70-1.85 (2H, m), 3.69 (3H, s), 3.96 (2H, d, J=6.7 Hz), 5.98 (2H, d, J=8.9
Hz), 6.65-6.75 (2H, m), 6.95 (1H, dd, J=8.4, 12.2 Hz), 7.15-7.30 (2H, m), 8.12 (1H, s).

Example 217

[0515]

Production of [8-cyclopropylmethoxy-5-fluoro-3-(4-methoxyphenyl)-4-oxo-4H-quinolin-1-ylmethyl] monophosphate dis-
odium salt

[0516] The above compound was prepared in the same manner as in Example 25 using appropriate starting material.
Melting point: 202-204°C
1H-NMR (D2O) δppm: 0.20-0.35 (2H, m), 0.40-0.60 (2H, m), 1.20-1.45 (1H, m), 3.73 (3H, s), 3.90 (2H, d, J=7.3 Hz),
6.09 (2H, d, J=9.2 Hz), 6.80-7.05 (3H, m), 7.21 (1H, dd, J=4.7, 9.0 Hz), 7.40 (2H, d, J=8.8 Hz), 8.15 (1H, s).

Example 218

[0517]
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Production of [8-ethoxy-5-fluoro-3-(4-methoxyphenyl)-4-oxo-4H-quinolin-1-ylmethyl] monophosphate disodium salt

[0518] The above compound was prepared in the same manner as in Example 25 using appropriate starting material.
Melting point: 206-208°C
1H-NMR (D2O) δppm: 1.38 (3H, t, J=7.0 Hz), 3.73 (3H, s), 4.10 (2H, q, J=7.0 Hz), 6.01 (2H, d, J=8.4 Hz), 6.90-7.05 (3H,
m), 7.19 (1H, dd, J=4.6, 8.9 Hz), 7.40 (2H, d, J=8.8 Hz), 8.13 (1H, s).

Example 219

[0519]

Production of [8-cyclobutylmethoxy-5-fluoro-3-(4-methoxyphenyl)-4-oxo-4H-quinolin-1-ylmethyl] monophosphate diso-
dium salt

[0520] The above compound was prepared in the same manner as in Example 25 using appropriate starting material.
Melting point: 205-207°C
1H-NMR (D2O) δppm: 1.63-2.10 (6H, m), 2.75-3.00 (1H, m), 3.72 (3H, s), 4.00 (2H, d, J=7.2 Hz), 5.99 (2H, d, J=9.8 Hz),
6.90-7.05 (3H, m), 7.17 (1H, dd, J=4.7, 9.1 Hz), 7.40 (2H, d, J=8.7 Hz), 8.14 (1H, s).

Example 220

[0521]

Production of [5,6-difluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate disodium salt

[0522] The above compound was prepared in the same manner as in Example 25 using appropriate starting material.
Melting point: 205-206°C
1H-NMR (D2O) δppm: 0.94 (3H, d, J=7.5 Hz), 1.70-1.95 (2H, m), 3.73 (3H, s), 4.01 (2H, t, J=6.5 Hz), 6.02 (2H, d, J=9.1
Hz), 6.90-7.50 (5H, m), 8.16 (1H, s).

Example 221

[0523]
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Production of [8-(cyclohexylmethylamino)-5-fluoro-3-(4-methoxyphenyl)-4-oxo-4H-quinolin-1-ylmethyl] monophosphate 
disodium salt

[0524] The above compound was prepared in the same manner as in Example 25 using appropriate starting material.
Melting point: 196-198°C
1H-NMR (D2O) δppm: 0.60-1.75 (10H, m), 2.40-2.60 (1H, m), 2.66 (3H, s), 3.73 (3H, s), 5.80 (1H, dd, J=7.7, 7.8 Hz),
6.80-7.05 (4H, m), 7.35-7.55 (3H, m), 8.18 (1H, s).

Example 222

[0525]

Production of [5-fluoro-3-(1-methyl-1H-pyrazol-4-yl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate disodium 
salt

[0526] The above compound was prepared in the same manner as in Example 25 using appropriate starting material.
Melting point: 212-214°C
1H-NMR (D2O) δppm: 0.94 (3H, d, J=7.5 Hz), 1.70-1.90 (2H, m), 3.79 (3H, s), 3.93 (2H, t, J=6.7 Hz), 5.99 (2H, d, J=9.1
Hz), 6.92 (1H, dd, J=9.0, 12.3 Hz), 7.08 (1H, dd, J=4.7, 9.0 Hz), 7.86 (1H, s), 8.02 (1H, s), 8.30 (1H, s).

Example 223

[0527]
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Production of (5-fluoro-4-oxo-8-propoxy-3-pyrimidin-5-yl-4H-quinolin-1-ylmethyl) monophosphate disodium salt

[0528] The above compound was prepared in the same manner as in Example 25 using appropriate starting material.
Melting point: 205-207°C
1H-NMR (D2O) δppm: 0.96 (3H, d, J=7.4 Hz), 1.70-1.95 (2H, m), 4.06 (2H, t, J=6.7 Hz), 6.10 (2H, d, J=9.6 Hz), 7.05
(1H, dd, J=8.9, 12.1 Hz), 7.29 (1H, dd, J=4.4, 8.9 Hz), 8.41 (1H, s), 8.94 (2H, s), 8.96 (1H, s).

Example 224

[0529]

Production of ethyl 4-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-pyrrolidin-1-yl-4H-quinolin-1-yl]butyrate

[0530] The above compound was prepared in the same manner as in Example 31 using appropriate starting materials.
1H-NMR (CDCl3) δppm: 1.23-1.29 (3H, t, J=7.1 Hz), 1.70-1.78 (2H, m), 1.91-2.15 (6H, m), 2.52-2.87 (2H, m), 3.14-3.44
(2H, m), 4.00-4.08 (2H, q, J=6.1 Hz), 4.59-4.64 (2H, t, J=6.9 Hz), 6.87-7.03 (3H, m), 7.14-7.37 (1H, m), 7.51 (1H, s),
7.55-7.73 (2H, m).

Example 225

[0531]

Production of 4-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-pyrrolidin-1-yl-4H-quinolin-1-yl]butyric acid

[0532] The above compound was prepared in the same manner as in Example 32 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 1.63-1.81 (2H, m), 1.87-2.14 (6H, m), 2.57-2.81 (2H, m), 3.14-3.39 (2H, m), 3.81 (3H, s),
4.61-4.66 (2H, t, J=6.8 Hz), 6.84-7.01 (3H, m), 7.25-7.30 (1H, m), 7.52-7.63 (3H, m).

Example 226

[0533]
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Production of N-butyl-4-[5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-pyrrolidin-1-yl-4H-quinolin-1-yl]butylamide

[0534] The above compound was prepared in the same manner as in Example 33 using appropriate starting materials.
Brown amorphous
1H-NMR (CDCl3) δppm: 0.82-0.88 (3H, t, J=7.1 Hz), 1.21-1.31 (4H, m), 1.74-1.77 (2H, m), 1.89-2.10 (2H, m), 2.60-2.80
(2H, m), 3.04-3.12 (2H, m), 3.20-3.45 (2H, m), 3.82 (3H, s), 4.58-4.63 (2H, m), 5.20-5.30 (1H, m), 6.88-6.94 (2H, m),
7.23-7.28 (1H, m), 7.52 (1H, s), 7.61-7.67 (2H, m) .

Example 229

[0535]

Production of 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl (tert-butoxycarbonylmethylami-
no)acetate

[0536] Sodium iodide (1.4 g, 0.9 mmol) and sodium hydride (60% oil base, 220 mg, 5.5 mmol) were added to a DMF
solution (15 ml) of 5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one (1.0 g, 3.0 mmol) and stirred at room
temperature for 10 minutes. Chloromethyl (tert-butoxycarbonylmethylamino)acetate (2.52 g, 10.6 mmol) was added to
the reaction mixture while ice-cooling, and then the mixture was stirred at room temperature for 3 hours. An aqueous
sodium bicarbonate solution was added to the reaction mixture and then the mixture was subjected to extraction using
ethyl acetate. The thus-obtained organic layer was dried over sodium sulfate, and then concentrated under reduced
pressure. The residue was purified using silica gel column chromatography (n-hexane : ethyl acetate = 2 : 1). The purified
material was concentrated to dryness under reduced pressure, giving a pale yellow amorphous solid of 5-fluoro-3-(4-
methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl (tert-butoxycarbonyl methylamino) acetate (290 mg, yield:
18%).
1H-NMR (CDCl3) δppm: 100-1.15 (3H, m), 1.29-1.44 (9H, s), 1.85-2.00 (2H, m), 2.88-2.90 (3H, s), 3.84 (3H, s), 3.90-4.15
(4H, m), 6.46-6.51 (2H, s), 6.90-7.15 (4H, m), 7.59 (2H, d, J=8.6 Hz), 7.74-7.79 (1H, s).

Example 230

[0537]
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Production of 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl methylaminoacetate hydrochloride

[0538] A 4N hydrogen chloride ethylacetate solution (1 ml) was added to an ethyl acetate solution (2 ml) of 5-fluoro-
3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl (tert-butoxycarbonylmethylamino)acetate (100 mg, 0.19
mmol) and stirred at room temperature for 3 hours. The deposited insoluble matter was collected by filtration, washed
with acetone, and then dried, giving a white powder of 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-
ylmethyl methylaminoacetate hydrochloride (78. 3 mg, yield: 880).
1H-NMR (DMSO-d6) δppm: 1.03 (3H, t, J=7.4 Hz), 1.80-1.90 (2H, m), 2.45-2.60 (3H, m), 3.79 (3H, s), 4.07 (2H, s), 4.10
(2H, t, J=6.6 Hz), 6.61 (2H, s), 6.99 (2H, d, J=8.9 Hz), 7.11 (1H, dd, J=9.1, 11.5 Hz), 7.39 (1H, dd, J=4.5, 9.1 Hz), 7.60
(2H, d, J=8.9 Hz), 8.17 (1H, s), 9.14 (2H, br).

Example 231

[0539]

Production of 5-fluoro-1-(2-morpholin-4-ylethyl)-8-propoxy-3-[4-(pyrrolidine-1-carbonyl)phenyl]-1H-quinolin-4-one

[0540] The above compound was prepared in the same manner as in Example 106 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 1.00 (3H, t, J=7.4 Hz), 1.77-1.88 (6H, m), 2.31-2.34 (4H, m), 2.58 (2H, t, J=5.4 Hz), 3.37-3.44
(8H, m), 4.04 (2H, t, J=6.5 Hz), 4.67 (2H, d, J=5.4 Hz), 7.01 (1H, dd, J=9.0 Hz, 11.6 Hz), 7.27 (1H, dd, J=4.5 Hz, 9.0
Hz), 7.52 (2H, d, J=8.3 Hz), 7.72 (2H, d, J=8.3 Hz), 8.05 (1H, s).

Example 232

[0541]
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Production of 1-chloromethyl-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0542] A 4N hydrogen chloride ethylacetate solution (2 ml) was added to an ethyl acetate solution (3 ml) of di-tert-
butyl 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl phosphate (300 mg, 0.55 mmol) while ice-
cooling and the mixture was stirred at room temperature for 2 hours. The deposited insoluble matter was collected by
filtration and dried, giving a white powder of 1-chloromethyl-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one
(18 mg, yield: 92%).
1H-NMR (CDCl3) δppm: 1.13 (3H, t, J=7.5 Hz), 1.70-2.10 (2H, m), 3.84 (3H, s), 4.11 (2H, t, J=6.6 Hz), 6.40 (2H, s),
6.90-7.05 (3H, m), 7.12 (1H, dd, J=4.5, 9.0 Hz), 7.51 (1H, s), 8.59 (2H, d, J=8.8 Hz).

Example 233

[0543]

Production of 1-(2-benzyloxyacetyl)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0544] Benzyloxyacetyl chloride (1.9 ml, 3 equivalent weight) was added to a dichloromethane solution (50 ml) of
4-(tert-butyldimethylsilyloxy)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-quinolin (1.5 g, 3.4 mmol) while ice-cooling and
the mixture was stirred overnight at room temperature. An aqueous sodium bicarbonate solution was added to the
reaction mixture, followed by extraction using ethyl acetate. The thus-obtained organic layer was dried over sodium
sulfate, and then concentrated under reduced pressure. The residue was purified using silica gel column chromatography
(n-hexane : ethyl acetate = 2 : 1). The purified product was concentrated under reduced pressure, giving a colorless oily
substance of 1-(2-benzyloxyacetyl)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one (250 mg, yield: 15%).
1H-NMR (CDCl3) δppm: 1.00 (3H, t, J=7.4 Hz), 1.70-1.90 (2H, m), 3.84 (3H, s), 3.95 (2H, t, J=6.4 Hz), 4.38 (2H, s), 4.52
(2H, s), 6.94 (2H, d, J=8.8 Hz), 6.95-7.40 (7H, m), 7.57 (2H, d, J=8.8 Hz), 7.92 (1H, s).

Example 234

[0545]

Production of 1-acetyl-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0546] The above compound was prepared in the same manner as in Example 233 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.05 (3H, t, J=7.5 Hz), 1.80-2.00 (2H, m), 2.41 (3H, s), 3.83 (3H, s), 4.02 (2H, t, J=5.7 Hz), 6.95
(2H, d, J=8.9 Hz), 7.00-7.15 (2H, m), 7.59 (2H, d, J=8.9 Hz), 8.02 (1H, s).

Example 235

[0547]
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Production of 1-(2-bromoacetyl)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0548] The above compound was prepared in the same manner as in Example 233 using appropriate starting material.
1H-NMR (CDCl3) δppm: 0.95-1.15 (3H, m), 1.70-2.05 (2H, m), 3.80-4.20 (7H, m), 6.50-8.00 (7H, m).

Example 236

[0549]

Production of 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl 4-benzyloxybenzoate

[0550] The above compound was prepared in the same manner as in Example 229 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.06 (3H, t, J=7.4 Hz), 1.80-2.00 (2H, m), 3.84 (3H, s), 4.08 (2H, t, J=6.7 Hz), 5.11 (2H, s), 6.62
(2H, s), 6.90-7.15 (6H, m), 7.30-7.45 (5H, m), 7.62 (2H, d, J=8.9 Hz), 7.84 (1H, s), 7.94 (2H, d, J=8.9 Hz).

Example 237

[0551]

Production of 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl 4-hydroxybenzoate

[0552] 10% palladium/carbon (260 mg) was added to a THF (30 ml) and ethanol (15 ml) solution of 5-fluoro-3-(4-
methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl 4-benzyloxybenzoate (2.6 g, 4.6 mmol). The mixture was sub-
jected to hydrogen substitution and stirred at room temperature for 3 hours. After completion of the reaction, the catalyst
was removed by conducting filtration using Celite, and the mixture was concentrated to dryness under reduced pressure,
giving a pale yellow powder of 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl 4-hydroxyben-
zoate (2.22 g, yield: quantitative).
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1H-NMR (CDCl3) δppm: 1.06 (3H, t, J=7.4 Hz), 1.80-2.00 (2H, m), 3.81 (3H, s), 4.08 (2H, t, J=6.7 Hz), 6.63 (2H, s), 6.42
(2H, d, J=8.8 Hz), 6.90-7.00 (3H, m), 7.10 (1H, dd, J=4.4, 9.0 Hz), 7.22 (1H, br), 7.58 (2H, d, J=8.8 Hz), 7.83 (2H, d,
J=8.8 Hz), 7.88 (1H, s).

Example 238

[0553]

Production of 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl 4-(di-tert-butoxyphosphon-
oxy)benzoate

[0554] 5-Fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl 4-hydroxybenzoate (2.2 g, 4.6 mmol)
was suspended in acetone (50 ml). Tetrasol (420 mg) and di-tert-butyl diisopropyl phosphoramidite (1.9 ml) were added
thereto and the resulting suspension was stirred at room temperature for 2 hours. The reaction mixture was ice-cooled,
and an aqueous 30% hydrogen peroxide solution (2.9 ml) was added thereto, followed by stirring at the same temperature
for 2 hours. An aqueous sodium thiosulphate solution and an aqueous sodium bicarbonate solution were added to the
reaction mixture. The resulting mixture was stirred and then concentrated under reduced pressure. Water was added
to the residue, followed by extraction using ethyl acetate. The thus-obtained organic layer was washed with an aqueous
saturated sodium chloride solution, dried over sodium sulfate, and then concentrated under reduced pressure. The
residue was purified using silica gel column chromatography (n-hexane : ethyl acetate = 100 : 1 → 2 : 1). The purified
material was concentrated to dryness under reduced pressure, giving a white amorphous solid of 5-fluoro-3-(4-methox-
yphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl 4-(di-tert-butoxyphosphono) benzoate (2.51 g, yield: 81%).
1H-NMR (CDCl3) δppm: 1.06 (3H, t, J=7.4 Hz), 1.50 (18H, s), 1.80-2.00 (2H, m), 3.84 (3H, s), 4.08 (2H, t, J=6.7 Hz),
6.63 (2H, s), 6.90-7.00 (3H, m), 7.10 (1H, dd, J=4.4, 9.0 Hz), 7.26 (2H, d, J=8.5 Hz), 7.62 (2H, d, J=8.7 Hz), 7.83 (1H,
s), 7.97 (2H, d, J=8.5 Hz).

Example 239

[0555]
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Production of 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl 4-phosphonoxybenzoate

[0556] Trifluoro-acetic acid (2 ml) was added to a dichloromethane solution (10 ml) of 5-fluoro-3-(4-methoxyphenyl)-
4-oxo-8-propoxy-4H-quinolin-1-ylmethyl 4-(di-tert-butoxy-phosphonooxy)benzoate (500 mg) while ice-cooling, and then
the mixture was stirred at the same temperature for 1 hour. The resulting mixture was concentrated under reduced
pressure at a bath temperature of not higher than 30°C. The residue was recrystallized from ethyl acetate-n-hexane,
giving a pale yellow powder of 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl 4-phosphonoxy-
benzoate (406.7 mg, yield: 98%).
1H-NMR (DMSO-d6) δppm: 0.93 (3H, t, J=7.4 Hz), 1.60-1.85 (2H, m), 3.79 (3H, s), 4.06 (2H, t, J=6.5 Hz), 6.64 (2H, s),
6.98 (2H, d, J=8.8 Hz), 7.09 (1H, dd, J=9.1, 11.5 Hz), 7.27 (2H, d, J=8.7 Hz), 7.37 (1H, dd, J=4.4, 9.1 Hz), 7.62 (2H, d,
J=8.8 Hz), 7.92 (2H, d, J=8.7 Hz), 8.38 (1H, s).

Example 240

[0557]

Production of 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl 4-phosphonoxybenzoate disodium 
salt

[0558] 5-Fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl 4-phosphonoxybenzoate (397 mg)
was suspended in isopropyl alcohol (10 ml) while ice-cooling. A 1N aqueous sodium hydroxide solution (1.5 ml) was
added thereto and the suspension was stirred at the same temperature for 1 hour. The deposited insoluble matter was
collected by filtration and recrystallized from acetone-water, giving a white powder of 5-fluoro-3-(4-methoxyphenyl)-4-
oxo-8-propoxy-4H-quinolin-1-ylmethyl 4-phosphonoxybenzoate disodium salt (338.6 mg). Melting point: 205-207°C
1H-NMR (D2O) δppm: 0.81 (3H, t, J=7.4 Hz), 1.50-2.00 (2H, m), 3.60 (3H, s), 3.89 (2H, t, J=6.7 Hz), 6.30 (2H, s), 6.68
(2H, d, J=8.7 Hz), 6.92 (1H, dd, J=9.1, 12.1 Hz), 7.05-7.20 (5H, m), 7.75 (2H, d, J=8.9 Hz), 7.79 (1H, s).

Example 241

[0559]

Production of 1-benzyloxymethyl-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0560] The above compound was prepared in the same manner as in Example 229 using appropriate starting material.
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1H-NMR (CDCl3) δppm: 1.06 (3H, t, J=7.5 Hz), 1.75-2.00 (2H, m), 3.84 (3H, s), 4.00 (2H, t, J=6.6 Hz), 4.44 (2H, s), 5.92
(2H, s), 6.90-7.40 (9H, m), 7.59 (2H, d, J=8.8 Hz), 7.76 (1H, s).

Example 242

[0561]

Production of 5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1-((2R,3R,4S,5S,6R)-3,4,5-trihydroxy-6-hydroxymethyltetrahy-
dro-pyran-2-yl)-1H-quinolin-4-one

[0562] 1-Bromo-2,3,4,6-tetra-O-acetyl-α-D-glucopyranosyl (17.0 g, 41.3 mmol), benzyltri-n-butylammonium bromide
(1.3 g, 4.16 mmol), potassium carbonate (14.37 g, 104 mmol) and water (0.45 ml) were sequentially added in this order
to a chloroform solution (90 ml) of 5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one (6.75 g, 20.6 mmol). Chlo-
roform (27 ml) was added to the resulting reaction mixture and the mixture was then stirred at room temperature for 39
hours. 2N hydrochloric acid (80 ml) was added to the thus-obtained mixture while ice-cooling, followed by extraction
with dichloromethan. The thus-obtained organic layer was washed with an aqueous saturated sodium chloride solution
and then concentrated under reduced pressure. The residue was purified using silica gel column chromatography
(dichloromethane : ethyl acetate = 30 : 1 → 4 : 1). The purified product was concentrated under reduced pressure. The
residue was dissolved in ethanol (100 ml), and an aqueous solution (8.16 ml) of potassium hydroxide (5.44 g) was added
thereto, followed by stirring at room temperature for 3 hours. The resulting reaction mixture was concentrated under
reduced pressure. 2N hydrochloric acid (20.4 ml) was added to the residue, and extraction was conducted using ethyl
acetate. The thus-obtained organic layer was washed with an aqueous saturated sodium chloride solution and then
concentrated under reduced pressure. The residue was purified using silica gel column chromatography
(dichloromethane : methanol = 50 : 1 → 20 : 1 → ethyl acetate : methanol = 30 : 1). The purified product was concentrated
under reduced pressure, and the residue was then recrystallized from ethyl acetate, giving a white powder of 5-fluoro-
3-(4-methoxyphenyl)-8-propoxy-1-((2R,3R,4S,5S,6R)-3,4,5-trihydroxy-6-hydroxymethyltetrahydropyran-2-yl)-1H-quin-
olin-4-one (0.38 g).
1H-NMR (DMSO-d6) δppm: 1.03 (3H, t, J=7.3 Hz), 1.79-1.88 (2H, m), 3.24-3.41 (3H, m), 3.54-3.70 (3H, m), 3.76 (3H,
s), 3.96-4.11 (2H, m), 4.69 (1H, t, J=5.5 Hz), 5.14-5.16 (2H, m), 5.33 (1H, d, J=5.4 Hz), 6.51 (1H, d, J=8.9 Hz), 6.94-7.05
(3H, m), 7.29 (1H, dd, J=4.5 Hz, 9.1 Hz), 7.54 (2H, d, J=8.8 Hz), 7.99 (1H, s).

Example 243

[0563]
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Production of 5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1-((2R,3R,4S,5R,6R)-3,4,5-trihydroxy-6-hydroxymethyl tetrahy-
dropyran-2-yl)-1H-quinolin-4-one

[0564] The above compound was prepared in the same manner as in Example 242 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 1.03 (3H, t, J=7.3 Hz), 1.81-1.89 (2H, m), 3.30-3.40 (1H, m), 3.57-3.58 (3H, m), 3.71-3.75
(2H, m), 3.77 (3H, s), 3.96-4.12 (2H, m), 4.67-4.76 (2H, m), 4.91 (1H, d, J=5.7 Hz), 5.17 (1H, d, J=5.4 Hz), 6.43 (1H, d,
J=8.8 Hz), 6.96-7.05 (3H, m), 7.28 (1H, dd, J=4.5 Hz, 9.1 Hz), 7.52 (2H, d, J=8.8 Hz), 8.05 (1H, s).

Example 244

[0565]

Production of 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl (di-tert-butoxyphosphonooxy)ace-
tate

[0566] The above compound was prepared in the same manner as in Example 23 using appropriate starting materials.
1H-NMR (CDCl3) δppm: 1.09 (3H, t, J=7.4 Hz), 1.44 (18H, s), 1.80-2.00 (2H, m), 3.84 (3H, s), 4.06 (2H, t, J=6.7 Hz),
4.53 (2H, d, J=8.9 Hz), 6.51 (2H, s), 6.90-7.00 (3H, m), 7.08 (1H, dd, J=4.5, 9.0 Hz), 7.59 (2H, d, J=8.9 Hz), 7.73 (1H, s).

Example 245

[0567]

Production of 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl phosphonoxyacetate

[0568] The above compound was prepared in the same manner as in Example 239 using appropriate starting material.
1H-NMR (DMSO-d6) δppm: 1.00 (3H, d, J=7.4 Hz), 1.65-1.90 (2H, m), 3.79 (3H, s), 4.07 (2H, t, J=6.6 Hz), 4.45 (2H, d,
J=9.0 Hz), 6.49 (2H, s), 6.98 (2H, d, J=8.9 Hz), 7.09 (1H, dd, J=9.1, 11.5 Hz), 7.36 (1H, dd, J=4.4, 9.1 Hz), 7.59 (2H, d,
J=8.9 Hz), 8.16 (1H, s).

Example 246

[0569]
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Production of 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl phosphonoxyacetate disodium salt

[0570] The above compound was prepared in the same manner as in Example 25 using appropriate starting material.
Melting point: 160-162°C
1H-NMR (D2O) 5ppm: 0.84 (3H, d, J=7.4 Hz), 1.55-1.70 (2H, m), 3.61 (3H, s), 3.86 (2H, t, J=6.6 Hz), 4.25 (2H, d, J=6.9
Hz), 6.26 (2H, s), 6.73 (2H, d, J=8.7 Hz), 6.88 (1H, dd, J=9.2, 12.1 Hz), 7.08 (1H, dd, J=4.5, 9.2 Hz), 7.18 (2H, d, J=8.7
Hz),7.78 (1H, s).

Example 247

[0571]

Production of 5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl (S)-2,6-bis-tert-butoxycarbo-
nylaminohexanate

[0572] The above compound was prepared in the same manner as in Example 229 using appropriate starting material.
1H-NMR (CDCl3) δppm: 1.10 (3H, t, J=7.4 Hz), 1.20-1.75 (24H, m), 1.80-2.00 (2H, m), 2.85-3.10 (2H, m), 3.84 (3H, s),
4.07 (2H, t, J=6.6 Hz), 4.15-4.30 (1H, m), 4.45-4.65 (1H, m), 5.00-5.25 (1H, m), 6.48 (2H, s), 6.90-7.05 (3H, m), 7.10
(1H, dd, J=4.5, 9.0 Hz), 7.59 (2H, d, J=8.8 Hz), 7.74 (1H, s).

Example 248

[0573]

Production of 1-(1-ethylsulfanylethyl)-5-fluoro-3-(4-methoxyphenyl)-8-propoxy-1H-quinolin-4-one

[0574] The above compound was prepared in the same manner as in Example 229 using appropriate starting materials.
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1H-NMR (CDCl3) δppm: 1.08 (3H, t, J=7.3 Hz), 1.12 (3H, t, J=7.3 Hz), 1.79 (3H, d, J=6.7 Hz), 1.90-2.00 (2H, m), 2.30
(1H, q, J=7.3 Hz), 2.33 (1H, q, J=7.3 Hz), 3.85 (3H, s), 4.00 (1H, td, J=6.7, 8.9 Hz), 4.12 (1H, td, J=6.7, 8.9 Hz), 6.80-7.10
(5H, m), 7.66 (2H, d, J=8.8 Hz), 8.29 (1H, s).

Example 252

[0575]

Production of [5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate dipotassium salt

[0576] [5-Fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate (800 mg, 1.83 mmol)
was suspended in isopropyl alcohol (30 ml). A 1N-potassium hydroxide aqueous solution (3.66 ml, 3.66 mmol) was
added thereto at 0°C. The resulting mixture was stirred at 0°C for 1.5 hours. The generated insoluble matter was collected
by filtration, recrystallized from acetone-water and then dried, giving a white powder of [5-fluoro-3-(4-methoxyphenyl)-
4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate dipotassium salt (445 mg, yield: 47%).
Melting point: 184-186°C
1H-NMR (D2O) δppm: 0.97 (3H, t, J=7.4Hz), 1.79-1.88 (2H, m), 3.76 (3H, s), 4.01 (2H, t, J=6.7Hz), 6.05 (2H, d, J=9.1Hz),
6.93-7.01 (3H, m), 7.19 (1H, dd, J=4.6, 9.1Hz), 7.43 (2H, d, J=8.8Hz), 8.16 (1H, s).

Example 253

[0577]

Production of [5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate calcium salt

[0578] [5-Fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate disodium salt (800
mg, 1.66 mmol) was dissolved in water (4 ml). A calcium chloride (202 mg, 1.82 mmol) aqueous solution (1 ml) was
added thereto at room temperature. The deposited solid was collected by filtration, washed with water and acetone, and
then dried, giving a white powder of [5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H- quinolin-1-ylmethyl] monophos-
phate calcium salt (690 mg, yield: 87%). Melting point: 255-258°C (Decomposed)
1H-NMR (DMSO-d6, 80°C) δppm: 0.79-0.89 (3H, m), 1.68-1.76 (2H, m), 3.62 (3H, s), 3.91-4.01 (2H, m), 6.09-6.16 (2H,
m), 6.74-6.90 (3H, m), 7.09-7.15 (1H, m), 7.40-7.70 (2H, m), 8.32 (1H, s).

Example 254

[0579]
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Production of [5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate magnesium salt

[0580] [5-Fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate disodium salt (1.0 g,
2.07 mmol) was suspended in methanol (10 ml). A methanol solution (4.3 ml) of magnesium chloride (198 mg, 2.08
mmol) was added thereto at room temperature. The resulting mixture was stirred at room temperature for 20 minutes.
The solid deposited after condensation was collected by filtration, washed with water and acetone, and then dried, giving
a white powder of [5-fluoro-3-(4-methoxyphenyl)-4-oxo-8-propoxy-4H-quinolin-1-ylmethyl] monophosphate magnesium
salt (845 mg, yield: 88%). Melting point: 265-269°C (Decomposed)
1H-NMR (DMSO-d6, 80°C) δppm: 0.99 (3H, t, J=7.4Hz), 1.76-1.86 (2H, m), 3.64 (3H, s), 4.05 (2H, t, J=6.5Hz), 6.09 (2H,
d, J=10.4Hz), 6.80-6.98 (3H, m), 7.24 (1H, dd, J=4.6, 8.6Hz), 7.58 (2H, d, J=8.7Hz), 8.00 (1H, s).

Pharmacological Test Example 1

Evaluation of the improvement of mitochondrial dysfunction using human neuroblastoma cell lines SH-SY5Y treated 
with 1-methyl-4-phenylpyridinium (MPP+)

[0581] In human neuroblastoma cell lines SH-SY5Y in which mitochondrial activity was injured by MPP+ treatment
(Bollimuntha S. et al., J Biol Chem, 280, 2132-2140 (2005) and Shang T. et al., J Biol Chem, 280, 34644-34653 (2005)),
the improvement of mitochondrial dysfunction was evaluated on the basis of measurement values for mitochondrial
oxidation reduction activity using Alamar Blue fluorescent dye after the compound addition (Nakai M. et al, Exp Neurol,
179, 103-110 (2003)).
[0582] The human neuroblastoma cell lines SH-SY5Y were cultured in Dulbecco’s Modified Eagle’s Medium containing
10% fetal bovine serum (DMEM containing 50 units/ml penicillin and 50 mg/ml streptomycin as antibiotics) at 37°C in
the presence of 5% carbon dioxide. Cells were scattered on a poly-D-lysine-coated 96-well black plate at a concentration
of 3-6 x 104 cells/cm2 (medium amount: 100 ml/well), and cultured in the above medium for two days. Further, the medium
was changed to DMEM containing a 1% N2 supplement (N2-DMEM) or to a medium (100 ml/well) in which 1.5 mM MPP+

was dissolved. The cells were cultured therein for 39 to 48 hours, and then subjected to a mitochondrial oxidation
reduction activity measurement system. A sample compound that had been previously dissolved in dimethyl sulfoxide
(DMSO) was diluted with N2-DMEM, and added in a volume of 10 ml/well 24 hours before the activity measurement
(final compound concentration: 0.01 to 1 mg/ml).
[0583] After removal of the medium by suction, a balanced salt solution containing 10% Alamar Blue (154 mM sodium
chloride, 5.6 mM potassium chloride, 2.3 mM calcium chloride, 1.0 mM magnesium chloride, 3.6 mM sodium bicarbonate,
5 mM glucose, 5 mM HEPES, pH 7.2) was added in a volume of 100 ml/well, and reacted in an incubator at 37°C for 1
hour. The fluorescent intensity was detected using a fluorescence detector (a product of Hamamatsu Photonics K.K.,
excitation wavelength 530 nm, measurement wavelength 580 nm) to thereby measure the mitochondrial oxidation re-
duction activity.
[0584] The fluorescent intensity of the well of the cells cultured in a medium containing MPP+ and in each of the sample
compounds was relatively evaluated based on the 100% fluorescent intensity of the well of the cells cultured in a medium
containing DMSO alone (final concentration: 0.1%). When the MPP+-induced cell groups exhibited higher florescent
intensity than the cell groups cultured in DMSO alone, the test compound was judged to have improved the activity of
the mitochondrial dysfunction.
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Pharmacological Test 2

Evaluation of dopaminergic neuronal protective activity using C57BL/6 mouse treated with 1-methyl-4-phenyl 1,2,3,6-
tetrahydro pyridine (MPTP)

[0585] Using a mouse having MPTP-induced dopaminergic neurons (Chan P. et al., J Neurochem, 57,348-351 (1991)),
the dopamine neuroprotective activity was evaluated based on dopamine contents and protein levels of tyrosine hydrox-
ylase (TH) and dopamine transporter (DAT) (i.e., dopaminergic neuronal marker proteins) in the brain corpus striatum
region after the compound administration (Mori A. et al., Neurosci Res, 51, 265-274(2005)). A male C57BL/6 mouse
(provided by Japan Charles River Inc., 10 to 12 weeks) was used as a test animal. MPTP was dissolved in a physiological
salt solution so that the concentration became 4 mg/ml, and then administered to the mouse subcutaneously in a volume
of 10 ml/kg. The test compound was suspended in a 5% gum arabic/physiological salt solution (w/v) so that a compound
having a concentration of 1 mg/ml could be obtained. Each of the test compounds or solvents thereof was orally admin-
istered to the mouse after 30 minutes, 24 hours, and 48 hours of the MPTP administration. The mouse was decapitated
after 72 hours of the MPTP administration, the brain was removed, and each side of the striatum was dissected.
[0586] The left striatum was used as a sample to detect the protein levels by Western blot analysis. Each tissue was
homogenized in a HEPES buffer sucrose solution (0.32 M sucrose, 4 mg/ml pepstatin, 5 mg/ml aprotinin, 20 mg/ml trypsin
inhibitor, 4 mg/ml leupeptin, 0.2 mM phenylmethanesulfonyl fluoride, 2 mM ethylenediaminetetraacetic acid (EDTA), 2
mM ethylene glycol bis (β aminoethyl ether) tetraacetic acid, 20 mM HEPES, pH 7.2), and assayed for protein using a
bicinchoninic acid kit for protein assay (provided by Pierce Corporation). Each homogenized sample, having an equal

[Table 1]

Evaluation of the improvement of mitochondrial dysfunction using human neuroblastoma cell lines SH-SY5Y treated 
with 1-methyl-4-phenylpyridinium (MPP+)

Test Compound Fluorescence Intensity (%)

Concentration (mg/ml) 0 0.01 0.03 0.1 0.3 1

* Compound of Example 7 51 66 71 78 80 75

* Compound of Example 
12

48 80 74 83 82 68

Compound of Example 36 46 69 67 86 90 89

* Compound of Example 
48

46 60 81 92 93 80

* Compound of Example 
57

59 64 65 68 74 65

* Compound of Example 
69

48 78 64 68 67 65

* Compound of Example 
139

45 53 58 57 60 55

Compound of Example 
161

41 59 55 67 71 66

* Compound of Example 
163

43 61 61 63 60 63

* Compound of Example 
171

49 61 61 65 67 68

Compound of Example 
212

36 46 62 63 70 72

Compound of Example 
222

46 59 64 66 62 73

* Reference compound
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amount of protein that had been dissolved in a Laemmli sample buffer solution, was subjected to electrophoresis through
sodium dodecyl sulfurate polyacrylamide gels. The protein separated by electrophoresis was electrically transferred to
polyvinylidene fluoride membranes. The membranes were reacted with specific primary antibodies for TH, DAT, and
housekeeping proteins, i.e., the αl subunit of Na+/K+-ATPase and actin (Na+/K+-ATPase, a product of UpState Biotech-
nology Inc.; others are products of Chemi-Con Corporation). Subsequently, a horseradish peroxidase-labeled secondary
antibody (a product of Amersham K.K.) for each primary antibody was fixed, and the chemiluminescence associated
with enzyme activity of peroxidase was detected using X-ray film. The density of the protein band on the film was analyzed
using a densitometer (a product of Bio-rad Laboratories Inc.) to obtain the TH value relative to Na+/K+-ATPase and the
DAT value relative to actin.
[0587] The right striatum, the tissue weight of which was measured immediately after dissection, was used as an
analysis sample for determining the dopamine content. Each tissue was homogenized in a 0.1 N perchloric acid solution
containing isoproterenol as an internal standard substance of the measurement, using an ultrasonic homogenizer while
being cooled with ice. The supernatant obtained from 20,000 g of homogenate that had been centrifuged at 4°C for 15
minutes was subjected to a high performance liquid chromatography with a reversed phase column (a product of Eicom
Corporation). A mobile phase 15% methanol 0.1 M citric acid/0.1 M sodium acetate buffer solution (containing 190 mg/L
1-sodium octane sulfonate, 5 mg/L EDTA, pH 3.5) was flowed at a rate of 0.5 ml/min, and the dopamine peak of each
sample was detected using an electrochemical detector (applied voltage +750 mV vs. Ag/AgCl, a product of Eicom
Corporation). With reference to the identified dopamine peak, the dopamine content per tissue weight was calculated
in each sample using analysis software (a product of Gilson Inc.). In both analyses, the value of the sample derived from
the MPTP-induced mice in which only the test compound or the solvent was administered was expressed relative to the
value of the sample derived from the mice without MPTP treatment (100%). Values were analyzed statistically using a
nonclinical statistical analysis system. Values of significance probability < 0.05 were defined as statistically significant.
In the MPTP-induced mice, when the test drug group showed an increase in protein level compared to the solvent group,
and a significant difference was observed between these groups in the t-assay, the test drug was judged to have dopamine
neuroprotective activity.

Pharmacological Test Example 3

Evaluation of the neuroprotective action in rat middle cerebral artery occlusion-reperfusion model

[0588] The neuroprotective action of an experimental compound was evaluated in a middle cerebral artery (MCA)
occlusion-reperfusion rat model of stroke [Koizumi J. et al., Jpn J Stroke, 8, 1-8 (1986)] using the cerebral infarct volume
as an index [Kitagawa H. et al., Neurol Res, 24, 317-323 (2002)].
[0589] Male Wistar rats (12-16 weeks old, Japan SLC, Inc.) were used as the experimental animals. Each rat was
kept at 37°C under isoflurane anesthetization, and immobilized in the supine position while breathing voluntarily. Each
rat was subjected to a median incision in the cervical region, and the right common carotid artery (CCA), the right external
carotid artery (ECA) and the right internal carotid artery (ICA) were exposed without damaging the vagus nerve. Sub-
sequently, the right CCA and the right ECA were ligated, the right ICA was controlled with a suture at its origin and a
small incision was made in the right CCA. The occlusion of the right MCA at its origin was produced by insertion of a
silicon coated No. 4-0 nylon filament having 0.30-0.35 mm in diameter and about 17 mm in length into the ICA. The right
ICA was ligated together with the filament, the skin was temporarily sutured, and the rats were returned to their cages.
After 1.5 hours of occlusion, the cervical wound was reopened under isoflurane anesthesia, and the filament was slightly
withdrawn to allow reperfusion. The cervical wound was closed, and the rats were returned to their cages. The experi-
mental compounds were dissolved in a Tris buffer solution or a physiological saline solution to produce a concentration
of 1.5 to 15 mg/ml, and the prepared solutions or vehicle were intravenously administered in the quantity of 2 ml/kg
immediately after the vascular occlusion and reperfusion.
[0590] Twenty-four hours after reperfusion, the rat whole brains were removed and the forebrain coronal sections
were prepared in 2-mm thick from the boundary of the cerebrum and cerebellum. The slices were incubated in a 1%
2,3,5-triphenyltetrazolium chloride (TTC) solution at 37°C for 30 minutes and fixed by immersion in 10% neutralized
formalin. The images of the slices were scanned, and the area of the TTC achromatic region on the surface was measured
using image-analysis software (Win ROOF Ver. 5.6, Mitani Corporation). The measured area value was multiplied by
the thickness of 2 mm to determine the volume of each slice, and the sum of the thus-obtained volumes was defined as
the total cerebral infarct volume.
[0591] The statistical difference in cerebral infarct volume between the vehicle administered group (control group) and
the compound administered group was analyzed by a t-test (two-tailed) using a non-clinical statistical analysis system.
A probability less than 0.05 was defined as a statistically significant difference. When a statistically significant decrease
in the cerebral infarct volume was observed in the compound administered group compared to the control group, it was
determined that the experimental compound had a neuroprotective effect.
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Claims

1. A quinolone compound represented by General Formula (1):

or a salt thereof , wherein

R1 represents:

(3) halogen-substituted C1-C6 alkyl,
(4) C2-C6 alkenyl,
(5) C1-C6 alkanoyl,
(6) halogen-substituted C1-C6 alkanoyl,
(7) hydroxy C1-C6 alkyl,
(8) phenyl C1-C6 alkoxy C1-C6 alkyl,
(9) hydroxy C1-C6 alkanoyl,
(10) phenyl C1-C6 alkoxy C1-C6 alkanoyl,
(11) C1-C6 alkylthio C1-C6 alkyl,
(12) amino C1-C6 alkylthio C1-C6 alkyl optionally having one or two C1-C6 alkyl groups,
(13) hydroxy C1-C6 alkylthio C1-C6 alkyl,
(14) carboxy C1-C6 alkylthio C1-C6 alkyl,
(15) C1-C6 alkoxycarbonyl C1-C6 alkylthio C1-C6 alkyl,
(16) amino C1-C6 alkylthiocarbonyl C1-C6 alkyl optionally having one or two C1-C6 alkyl groups,
(17) hydroxy C1-C6 alkylsulfonyl C1-C6 alkyl,
(18) carboxy C1-C6 alkylsulfonyl C1-C6 alkyl,
(19) C1-C6 alkoxycarbonyl C1-C6 alkylsulfonyl C1-C6 alkyl,
(20) C1-C6 alkanoyl C1-C6 alkylsulfonyl C1-C6 alkyl,
(21) piperazinyl C1-C6 alkylsulfonyl C1-C6 alkyl optionally having one C1-C6 alkyl group on the
piperazine ring,
(22) piperazinylcarbonyl C1-C6 alkylsulfonyl C1-C6 alkyl optionally having one C1-C6 alkyl group on the
piperazine ring,
(23) C1-C6 alkanoyl C1-C6 alkyl,
(24) carboxy C1-C6 alkyl,
(25) C1-C6 alkoxycarbonyl C1-C6 alkyl,
(26) piperazinyl C1-C6 alkoxycarbonyl C1-C6 alkyl optionally having one C1-C6 alkyl group on the
piperazine ring,
(27) morpholinyl C1-C6 alkyl,
(28) oxazepanyl C1-C6 alkyl,
(29) amino C1-C6 alkyl optionally having one or two C1-C6 alkyl groups,
(30) piperazyl C1-C6 alkyl optionally having, on the piperazine ring, one substituent selected from the group
consisting of C1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, and pyridyl,
(31) piperidyl C1-C6 alkyl optionally having one morpholinyl group,
(32) azetidyl C1-C6 alkyl optionally having one hydroxy group on the azetidine ring,
(33) isoindolinyl C1-C6 alkyl optionally having one or two oxo groups,
(34) amino C1-C6 alkanoyloxy C1-C6 alkyl
optionally having one or two substituents selected from the group consisting of C1-C6 alkyl and C1-C6
alkoxycarbonyl,
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(35) carbamoyl C1-C6 alkyl optionally having one or two substituents selected from C1-C6 alkyl; morpholinyl
C1-C6 alkyl; piperidyl optionally having one substituent selected from the group consisting of C1-C6 alkyl
and C1-C6 alkoxycarbonyl; and piperazinyl C1-C6 alkyl optionally having one C1-C6 alkyl group,
(36) phosphonooxy C1-C6 alkyl optionally having one or two C1-C6 alkyl groups on the phosphono group,
(37) phosphonooxy C1-C6 alkanoyloxy C1-C6 alkyl optionally having one or two C1-C6 alkyl groups on the
phosphono group,
(38) benzoyloxy C1-C6 alkyl optionally having, on the benzene ring, one substituent selected from the group
consisting of hydroxy, benzyloxy, and phosphonooxy optionally having one or two C1-C6 alkyl groups,
(39) tetrahydropyranyl optionally having one to four substituents selected from the group consisting of
hydroxy, hydroxy C1-C6 alkyl and carboxyl, or
(40) C1-C6 alkanoylamino C1-C6 alkyl optionally having, on the C1-C6 alkanoyl group, one or two substituents
selected from the group consisting of halogen; hydroxy; amino; C1-C6 alkoxycarbonylamino; piperazinyl
optionally having one C1-C6 alkoxy C1-C6 alkyl group; imidazolyl; and
morpholinylpiperidyl;

R2 represents:

(1) hydrogen,
(2) C1-C6 alkyl,
(3) C1-C6 alkanoyl,
(4) hydroxy C1-C6 alkyl,
(5) carboxy,
(6) C1-C6 alkoxycarbonyl,
(7) carbamoyl optionally having one or two substituents selected from the group consisting of C1-C6 alkyl;
halogen-substituted C1-C6 alkyl; hydroxy C1-C6 alkyl; piperazinyl C1-C6 alkyl optionally having one C1-C6
alkyl group on the piperazine ring; and morpholinyl C1-C6 alkyl,
(8) carbamoyl C1-C6 alkyl optionally having one C1-C6 alkyl group on the carbamoyl group,
(9) morpholinyl C1-C6 alkyl,
(10) piperazinyl C1-C6 alkyl optionally having, on the piperazine ring, one substituent selected from the
group consisting of C1-C6 alkyl and pyridyl optionally having one C1-C6 alkyl group,
(11) diazepanyl C1-C6 alkyl, or
(12) amino C1-C6 alkyl optionally having, on the amino group, one or two substituents selected from the
group consisting of C1-C6 alkyl, halogen-substituted C1-C6 alkyl, hydroxy C1-C6 alkyl, and morpholinyl
C1-C6 alkyl;

R3 represents phenyl, thienyl, furyl, pyrazolyl, or pyrimidinyl, wherein:

the aromatic or heterocyclic ring represented by R3 may be substituted with one or two substituents selected
from the group consisting of the following substituents (1) to (14) :

(1) C1-C6 alkyl,
(2) C1-C6 alkoxy,
(3) C1-C6 alkanoyl,
(4) halogen,
(5) hydroxy,
(6) hydroxy C1-C6 alkyl,
(7) hydroxy C1-C6 alkoxy,
(8) tetrahydropyranyloxy C1-C6 alkoxy,
(9) carboxy C1-C6 alkoxy,
(10) C1-C6 alkoxycarbonyl C1-C6 alkoxy,
(11) pyrrolidinylcarbonyl,
(12) carbamoyl C1-C6 alkoxy optionally having one or two C1-C6 alkyl groups,
(13) carbamoyl optionally having one morpholinyl C1-C6 alkyl group, and
(14) morpholinylpiperidylcarbonyl;

R4 represents halogen
R5 represents hydrogen or halogen;
R6 represents hydrogen or C1-C6 alkoxy; and
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R7 represents any of the following groups (2) to (11) :

(2) C1-C6 alkoxy,
(3) hydroxy C1-C6 alkoxy,
(4) benzyloxy C1-C6 alkoxy,
(5) C1-C6 alkoxy C1-C6 alkoxy,
(6) carbamoyl C1-C6 alkoxy optionally having one substituent selected from the group consisting of C1-C6
alkyl and morpholinyl C1-C6 alkyl,
(7) amino optionally having one or two substituents selected from the group consisting of C1-C6 alkyl and
cyclo C3-C8 alkyl,
(8) cyclo C3-C8 alkyloxy,
(9) carboxy C1-C6 alkoxy,
(10) C1-C6 alkoxycarbonyl C1-C6 alkoxy, and
(11) pyrrolidinyl.

2. A quinolone compound of General Formula (1) or a salt thereof according to claim 1, wherein
R1 represents:

(3) halogen-substituted C1-C6 alkyl,
(4) C2-C6 alkenyl,
(5) C1-C6 alkanoyl,
(6) halogen-substituted C1-C6 alkanoyl,
(8) benzyloxy C1-C6 alkyl,
(10) benzyloxy C1-C6 alkanoyl,
(11) C1-C6 alkylthio C1-C6 alkyl,
(12) amino C1-C6 alkylthio C1-C6 alkyl optionally having one or two C1-C6 alkyl groups,
(13) hydroxy C1-C6 alkylthio C1-C6 alkyl,
(14) carboxy C1-C6 alkylthio C1-C6 alkyl,
(15) C1-C6 alkoxycarbonyl C1-C6 alkylthio C1-C6 alkyl,
(16) amino C1-C6 alkylthiocarbonyl C1-C6 alkyl optionally having one or two C1-C6 alkyl groups,
(17) hydroxy C1-C6 alkylsulfonyl C1-C6 alkyl,
(18) carboxy C1-C6 alkylsulfonyl C1-C6 alkyl,
(19) C1-C6 alkoxycarbonyl C1-C6 alkylsulfonyl C1-C6 alkyl,
(20) C1-C6 alkanoyl C1-C6 alkylsulfonyl C1-C6 alkyl,
(21) piperazinyl C1-C6 alkylsulfonyl C1-C6 alkyl optionally having one C1-C6 alkyl group on the
piperazine ring,
(22) piperazinylcarbonyl C1-C6 alkylsulfonyl C1-C6 alkyl optionally having one C1-C6 alkyl group on the piperazine
ring,
(24) carboxy C1-C6 alkyl,
(25) C1-C6 alkoxycarbonyl C1-C6 alkyl,
(26) piperazinyl C1-C6 alkoxycarbonyl C1-C6 alkyl optionally having one C1-C6 alkyl group on the piperazine ring,
(27) morpholinyl C1-C6 alkyl,
(29) amino C1-C6 alkyl optionally having one or two C1-C6 alkyl groups,
(30) piperazyl C1-C6 alkyl optionally having, on the piperazine ring, one substituent selected from the group
consisting of C1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, and pyridyl,
(31) piperidyl C1-C6 alkyl optionally having one morpholinyl group,
(32) azetidyl C1-C6 alkyl optionally having one hydroxy group on the azetidine ring,
(33) isoindolinyl C1-C6 alkyl optionally having one or two oxo groups,
(34) amino C1-C6 alkanoyloxy C1-C6 alkyl
optionally having one or two substituents selected from the group consisting of C1-C6 alkyl and C1-C6 alkoxy-
carbonyl,
(35) carbamoyl C1-C6 alkyl optionally having one or two substituents selected from C1-C6 alkyl; morpholinyl
C1-C6 alkyl; piperidyl optionally having one substituent selected from the group consisting of C1-C6 alkyl and
C1-C6 alkoxycarbonyl; and piperazinyl C1-C6 alkyl optionally having one C1-C6 alkyl group,
(36) phosphonooxy C1-C6 alkyl optionally having one or two C1-C6 alkyl groups on the phosphono group,
(37) phosphonooxy C1-C6 alkanoyloxy C1-C6 alkyl optionally having one or two C1-C6 alkyl groups on the
phosphono group,
(38) benzoyloxy C1-C6 alkyl optionally having, on the benzene ring, one substituent selected from the group
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consisting of hydroxy, benzyloxy, and phosphonooxy optionally having one or two C1-C6 alkyl groups,
(39) tetrahydropyranyl optionally having one or four substituents selected from the group consisting of hydroxy,
hydroxy C1-C6 alkyl and carboxyl, or
(40) C1-C6 alkanoylamino C1-C6 alkyl optionally having, on the C1-C6 alkanoyl group, one or two substituents
selected from the group consisting of halogen; hydroxy; amino; C1-C6 alkoxycarbonylamino; piperazinyl option-
ally having one C1-C6 alkoxy C1-C6 alkyl group; imidazolyl; and
morpholinylpiperidyl;

R2 represents hydrogen;
R3 represents phenyl, pyrazolyl, or pyrimidinyl, wherein:

the aromatic or heterocyclic ring represented by R3 may be substituted with one or two substituents selected
from the group consisting of the following substituents (1), (2), (4), (5), (7), (8), (10), (11), and (12):

(1) C1-C6 alkyl,
(2) C1-C6 alkoxy,
(4) halogen,
(5) hydroxy,
(7) hydroxy C1-C6 alkoxy,
(8) tetrahydropyranyloxy C1-C6 alkoxy,
(10) C1-C6 alkoxycarbonyl C1-C6 alkoxy,
(11) pyrrolidinylcarbonyl, and
(12) carbamoyl C1-C6 alkoxy;

R4 represents halogen;
R5 represents hydrogen or halogen;
R6 represents hydrogen; and
R7 represents any of the following groups (2), (7), (8) and (11):

(2) C1-C6 alkoxy,
(7) amino optionally having one or two substituents selected from the group consisting of C1-C6 alkyl and cyclo
C3-C8 alkyl,
(8) cyclo C3-C8 alkyloxy, and
(11) pyrrolidinyl.

3. A quinolone compound according to claim 1, which is
Example 188

Example 189
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Example 190

Example 191

Example 192

Example 193
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Example 194

Example 195

Example 196

Example 197
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Example 198

Example 199

Example 200

Example 201
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Example 202

Example 203

Example 204

Example 205
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Example 206

Example 207

Example 208

Example 209

Example 210
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Example 211

Example 212

Example 213

Example 214
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Example 215

Example 216

Example 217

Example 218



EP 2 364 298 B1

110

5

10

15

20

25

30

35

40

45

50

55

Example 219

Example 220

Example 221

Example 222
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Example 223

Example 252

Example 253

or
Example 254
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4. A pharmaceutical composition comprising a quinolone compound of General Formula (1) of any one of claims 1 to
3 or a salt thereof as an active ingredient; and a pharmaceutically acceptable carrier.

5. An agent for use in the prophylactic and/or therapeutic treatment of neurodegenerative diseases diseases induced
by neurological dysfunction or diseases induced by deterioration of mitochondrial function the agent comprising as
an active ingredient a quinolone compound of General Formula (1) of any one of claims 1 to 3 or a salt thereof.

6. An agent for use in the prophylactic and/or therapeutic treatment according to claim 5, wherein the neurodegenerative
disease is selected from the group consisting of Parkinson’s disease, Parkinson’s syndrome, juvenile parkinsonism,
striatonigral degeneration, progressive supranuclear palsy, pure akinesia, Alzheimer’s disease, Pick’s disease, prion
disease, corticobasal degeneration, diffuse Lewy body disease, Huntington’s disease, chorea-acanthocytosis, be-
nign hereditary chorea, paroxysmal choreoathetosis, essential tremor, essential myoclonus, Gilles de la Tourette’s
syndrome, Rett’s syndrome, degenerative ballism, dystonia musculorum deformance, athetosis, spasmodic torti-
collis, Meige syndrome, cerebral palsy, Wilson’s disease, Segawa’s disease, Hallervorden-Spatz syndrome, neu-
roaxonal dystrophy, pallidal atrophy, spinocerebellar degeneration, cerebral cortical atrophy, Holmestype cerebellar
atrophy, olivopontocerebellar atrophy, hereditary olivopontocerebellar atrophy, Joseph disease, dentatorubropal-
lidoluysian atrophy, Gerstmann-Straussler-Scheinker disease, Friedreich’s Ataxia, Roussy-Levy syndrome, May-
White syndrome, congenital cerebellar ataxia, hereditary episodic ataxia, ataxia telangiectasia, amyotrophic lateral
sclerosis, progressive bulbar palsy, spinal progressive muscular atrophy, spinobulbar muscular atrophy, Werdnig-
Hoffmann disease, Kugelberg-Welander disease, hereditary spastic paraparesis, syringomyelia, syringobulbia, Ar-
nold-Chiari malformation, Stiffman syndrome, Klippel-Feil syndrome, Fazio-Londe syndrome, lower myelopathy,
Dandy-Walker syndrome, spina bifida, Sjogren-Larsson syndrome, radiation myelopathy, age-related macular de-
generation, and cerebral apoplexy selected from the group consisting of cerebral infarction and cerebral hemorrhage
and/or associated dysfunction or neurologic deficits.

7. An agent for use in the prophylactic and/or therapeutic treatment according to claim 5, wherein the disease induced
by neurological dysfunction is selected from the group consisting of spinal cord injury, chemotherapy-induced neu-
ropathy, diabetic neuropathy, radiation damage, and a demyelinating disease selected from the group consisting
of multiple sclerosis, acute disseminated encephalomyelitis, transverse myelitis, progressive multifocal leucoen-
cephalopathy, subacute sclerosing panencephalitis, chronic inflammatory demyelinating polyneuropathy and Guil-
lain-Barre syndrome.

8. An agent for use in the prophylactic and/or therapeutic treatment according to claim 5, wherein the disease induced
by deterioration of mitochondrial function is selected from the group consisting of Pearson’s syndrome, diabetes,
deafness, malignant migraine, Leber’s disease, MELAS, MERRF, MERRF/MELAS overlap syndrome, NARP, pure
myopathy, mitochondrial cardiomyopathy, myopathy, dementia, gastrointestinal ataxia, acquired sideroblastic ane-
mia, aminoglycoside-induced hearing loss, complex III deficiency due to inherited variants of cytochrome b, multiple
symmetrical lipomatosis, ataxia, myoclonus, retinopathy, MNGIE, ANT1 disease, Twinkle disease, POLG disease,
recurrent myoglobinuria, SANDO, ARCO, complex I deficiency, complex II deficiency, optic nerve atrophy, fatal
infantile complex IV deficiency, mitochondrial DNA deficiency, mitochondrial DNA deficiency syndrome, Leigh’s
encephalomyelopathy, chronic-progressive-external-ophthalmoplegia syndrome (CPEO), Kearns-Sayre syndrome,
encephalopathy, lactacidemia, myoglobinuria, drug-induced mitochondrial diseases, schizophrenia, major depres-
sion disorder, bipolar I disorder, bipolar II disorder, mixed episode, dysthymic disorders, atypical depression, seasonal
affective disorders, postpartum depression, minor depression, recurrent brief depressive disorder, intractable de-
pression/chronic depression, double depression, and acute renal failure.

9. An agent for use in the prophylactic and/or therapeutic treatment comprising as an active ingredient the compound
of any one of claims 1 to 3 or a salt thereof, the prophylactic and/or therapeutic agent being used for treating or
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preventing ischemic heart diseases and/or associated dysfunction, cardiac failure, myocardosis, aortic dissection,
immunodeficiency, autoimmune diseases, pancreatic insufficiency, diabetes, atheroembolic renal disease, polycytic
kidney, medullary cystic disease, renal cortical necrosis, malignant nephrosclerosis, renal failure, hepatic enceph-
alopathy, liver failure, chronic obstructive pulmonary disease, pulmonary embolism, bronchiectasis, silicosis, black
lung, idiopathic pulmonary fibrosis, Stevens-Johnson syndrome, toxic epidermal necrolysis, muscular dystrophy,
clostridial muscle necrosis, and femoral condyle necrosis.

10. A process for producing a quinolone compound represented by Formula (1b):

wherein R2, R3, R4, R5, R6, and R7 are as defined in claim 1, and R1’ is a group represented by R1 as defined in
claim 1, or a salt thereof; the process comprising reacting a compound represented by the formula:

R1’ -X2

wherein X2 represents a group that undergoes the same substitution reaction as that of a halogen or a halogen
atom, with a compound represented by the formula:

wherein R2, R3, R4, R5, R6 and R7 are as defined in claim 1.

Patentansprüche

1. Chinolonverbindung der allgemeinen Formel (1):
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oder ein Salz davon, wobei

R1 für:

(3) halogensubstituiertes C1-C6-Alkyl,
(4) C2-C6-Alkenyl,
(5) C1-C6-Alkanoyl,
(6) halogensubstituiertes C1-C6-Alkanoyl,
(7) Hydroxy-C1-C6-alkyl,
(8) Phenyl-C1-C6-alkoxy-C1-C6-alkyl,
(9) Hydroxy-C1-C6-alkanoyl,
(10) Phenyl-C1-C6-alkoxy-C1-C6-alkanoyl,
(11) C1-C6-Alkylthio-C1-C6-alkyl ,
(12) Amino-C1-C6-alkylthio-C1-C6-alkyl, gegebenenfalls mit einer oder zwei C1-C6-Alkylgruppen,
(13) Hydroxy-C1-C6-alkylthio-C1-C6-alkyl,
(14) Carboxy-C1-C6-alkylthio-C1-C6-alkyl,
(15) C1-C6-Alkoxycarbonyl-C1-C6-alkylthio-C1-C6-alkyl,
(16) Amino-C1-C6-alkylthiocarbonyl-C1-C6-alkyl, gegebenenfalls mit einer oder zwei C1-C6-Alkylgruppen,
(17) Hydroxy-C1-C6-alkylsulfonyl-C1-C6-alkyl,
(18) Carboxy-C1-C6-alkylsulfonyl-C1-C6-alkyl,
(19) C1-C6-Alkoxycarbonyl-C1-C6-alkylsulfonyl-C1-C6-alkyl,
(20) C1-C6-Alkanoyl-C1-C6-alkylsulfonyl-Cl-C6-alkyl,
(21) Piperazinyl-C1-C6-alkylsulfonyl-C1-C6-alkyl, gegebenenfalls mit einer C1-C6-Alkylgruppe am Pipera-
zinring,
(22) Piperazinylcarbonyl-C1-C6-alkylsulfonyl-C1-C6-alkyl, gegebenenfalls mit einer C1-C6-Alkylgruppe am
Piperazinring,
(23) C1-C6-Alkanoyl-C1-C6-alkyl,
(24) Carboxy-C1-C6-alkyl,
(25) C1-C6-Alkoxycarbonyl-C1-C6-alkyl,
(26) Piperazinyl-C1-C6-alkoxycarbonyl-C1-C6-alkyl, gegebenenfalls mit einer C1-C6-Alkylgruppe am Pipe-
razinring,
(27) Morpholinyl-C1-C6-alkyl,
(28) Oxazepanyl-C1-C6-alkyl,
(29) Amino-C1-C6-alkyl, gegebenenfalls mit einer oder zwei C1-C6-Alkylgruppen,
(30) Piperazyl-C1-C6-alkyl, gegebenenfalls mit einem aus der aus C1-C6-Alkyl, C1-C6-Alkoxy-C1-C6-alkyl
und Pyridyl bestehenden Gruppe ausgewählten Substituenten am Piperazinring,
(31) Piperidyl-C1-C6-alkyl, gegebenenfalls mit einer Morpholinylgruppe,
(32) Azetidyl-C1-C6-alkyl, gegebenenfalls mit einer Hydroxygruppe am Azetidinring,
(33) Isoindolinyl-C1-C6-alkyl, gegebenenfalls mit einer oder zwei Oxogruppen,
(34) Amino-C1-C6-alkanoyloxy-C1-C6-alkyl, gegebenenfalls mit einem oder zwei aus der aus C1-C6-Alkyl
und C1-C6-Alkoxycarbonyl bestehenden Gruppe ausgewählten Substituenten,
(35) Carbamoyl-C1-C6-alkyl, gegebenenfalls mit einem oder zwei Substituenten ausgewählt aus C1-C6-Al-
kyl; Morpholinyl-C1-C6-alkyl; Piperidinyl, gegebenenfalls mit einem aus der aus C1-C6-Alkyl und C1-C6-Alk-
oxycarbonyl bestehenden Gruppe ausgewählten Substituenten; und Piperazinyl-C1-C6-alkyl, gegebenen-
falls mit einer C1-C6-Alkylgruppe, (36) Phosphonooxy-C1-C6-alkyl, gegebenenfalls mit einer oder zwei
C1-C6-Alkylgruppen an der Phosphonogruppe,
(37) Phosphonooxy-C1-C6-alkanoyloxy-C1-C6-alkyl, gegebenenfalls mit einer oder zwei C1-C6-Alkylgrup-
pen an der Phosphonogruppe,
(38) Benzoyloxy-C1-C6-alkyl, gegebenenfalls mit einem Substituenten am Benzolring ausgewählt aus der
Gruppe bestehend aus Hydroxy, Benzyloxy und Phosphonooxy, gegebenenfalls mit einer oder zwei
C1-C6-Alkylgruppen,
(39) Tetrahydropyranyl, gegebenenfalls mit einem bis vier Substituenten ausgewählt aus der Gruppe be-
stehend aus Hydroxy, Hydroxy-C1-C6-alkyl und Carboxy, oder
(40) C1-C6-Alkanoylamino-C1-C6-alkyl, gegebenenfalls mit einem oder zwei Substituenten an der C1-C6-Al-
kanoylgruppe ausgewählt aus der Gruppe bestehend aus Halogen; Hydroxy; Amino; C1-C6-Alkoxycarbo-
nylamino; Piperazinyl, gegebenenfalls mit einer C1-C6-Alkoxy-C1-C6-alkylgruppe; Imidazolyl; und Morpho-
linylpiperidyl, steht;
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R2 für:

(1) Wasserstoff,
(2) C1-C6-Alkyl,
(3) C1-C6-Alkanoyl,
(4) Hydroxy-C1-C6-alkyl,
(5) Carboxy,
(6) C1-C6-Alkoxycarbonyl,
(7) Carbamoyl, gegebenenfalls mit einem oder zwei Substituenten ausgewählt aus der Gruppe bestehend
aus C1-C6-Alkyl, halogensubstituiertem C1-C6-Alkyl; Hydroxy-C1-C6-alkyl; Piperazinyl-C1-C6-alkyl, gege-
benenfalls mit einer C1-C6-Alkylgruppe am Piperazinring; und Morpholinyl-C1-C6-alkyl,
(8) Carbamoyl-C1-C6-alkyl, gegebenenfalls mit einer C1-C6-Alkylgruppe an der Carbamoylgruppe,
(9) Morpholinyl-C1-C6-alkyl,
(10) Piperazinyl-C1-C6-alkyl, gegebenenfalls mit einem Substituenten am Piperazinring ausgewählt aus
der Gruppe bestehend aus C1-C6-Alkyl und Pyridyl, gegebenenfalls mit einer C1-C6-Alkylgruppe,
(11) Diazepanyl-C1-C6-alkyl oder
(12) Amino-C1-C6-alkyl, gegebenenfalls mit einem oder zwei Substituenten an der Aminogruppe ausgewählt
aus der Gruppe bestehend aus C1-C6-Alkyl, halogensubstituiertem C1-C6-Alkyl, Hydroxy-C1-C6-alkyl und
Morpholinyl-C1-C6-alkyl, steht;

R3 für Phenyl, Thienyl, Furyl, Pyrazolyl oder Pyrimidinyl steht, wobei:

der durch R3 wiedergegebene aromatische oder heterocyclische Ring durch einen oder zwei aus der aus
den folgenden Substituenten (1) bis (14) bestehenden Gruppe ausgewählte Substituenten substituiert sein
kann:

(1) C1-C6-Alkyl,
(2) C1-C6-Alkoxy,
(3) C1-C6-Alkanoyl,
(4) Halogen,
(5) Hydroxy,
(6) Hydroxy-C1-C6-alkyl,
(7) Hydroxy-C1-C6-alkoxy,
(8) Tetrahydropyranyloxy-C1-C6-alkoxy,
(9) Carboxy-C1-C6-alkoxy,
(10) C1-C6-Alkoxycarbonyl-C1-C6-alkoxy,
(11) Pyrrolidinylcarbonyl,
(12) Carbamoyl-C1-C6-alkoxy, gegebenenfalls mit einer oder zwei C1-C6-Alkylgruppen,
(13) Carbamoyl, gegebenenfalls mit einer Morpholinyl-C1-C6-alkylgruppe, und
(14) Morpholinylpiperidylcarbonyl;

R4 für Halogen steht;
R5 für Wasserstoff oder Halogen steht;
R6 für Wasserstoff oder C1-C6-Alkoxy steht; und
R7 für eine der folgenden Gruppen (2) bis (11) steht:

(2) C1-C6-Alkoxy,
(3) Hydroxy-C1-C6-alkoxy,
(4) Benzyloxy-C1-C6-alkoxy,
(5) C1-C6-Alkoxy-C1-C6-alkoxy,
(6) Carbamoyl-C1-C6-alkoxy, gegebenenfalls mit einem aus der aus C1-C6-Alkyl und Morpholinyl-C1-C6-al-
kyl bestehenden Gruppe ausgewählten Substituenten,
(7) Amino, gegebenenfalls mit einem oder zwei aus der aus C1-C6-Alkyl und Cyclo-C3-C8-alkyl bestehenden
Gruppe ausgewählten Substituenten,
(8) Cyclo-C3-C8-alkyloxy,
(9) Carboxy-C1-C6-alkoxy,
(10) C1-C6-Alkoxycarbonyl-C1-C6-alkoxy und
(11) Pyrrolidinyl.
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2. Chinolonverbindung der allgemeinen Formel (1) oder ein Salz davon nach Anspruch 1, wobei
R1 für:

(3) halogensubstituiertes C1-C6-Alkyl,
(4) C2-C6-Alkenyl,
(5) C1-C6-Alkanoyl,
(6) halogensubstituiertes C1-C6-Alkanoyl,
(8) Benzyloxy-C1-C6-alkyl,
(10) Benzyloxy-C1-C6-alkanoyl,
(11) C1-C6-Alkylthio-C1-C6-alkyl,
(12) Amino-C1-C6-alkylthio-C1-C6-alkyl, gegebenenfalls mit einer oder zwei C1-C6-Alkylgruppen,
(13) Hydroxy-C1-C6-alkylthio-C1-C6-alkyl,
(14) Carboxy-C1-C6-alkylthio-C1-C6-alkyl,
(15) C1-C6-Alkoxycarbonyl-C1-C6-alkylthio-C1-C6-alkyl,
(16) Amino-C1-C6-alkylthiocarbonyl-C1-C6-alkyl, gegebenenfalls mit einer oder zwei C1-C6-Alkylgruppen,
(17) Hydroxy-C1-C6-alkylsulfonyl-C1-C6-alkyl,
(18) Carboxy-C1-C6-alkylsulfonyl-C1-C6-alkyl,
(19) C1-C6-Alkoxycarbonyl-C1-C6-alkylsulfonyl-C1-C6-alkyl,
(20) C1-C6-Alkcinoyl-C1-C6-alkylsulfonyl-C1-C6-alkyl,
(21) Piperazinyl-C1-C6-alkylsulfonyl-C1-C6-alkyl, gegebenenfalls mit einer C1-C6-Alkylgruppe am Piperazinring,
(22) Piperazinylcarbonyl-C1-C6-alkylsulfonyl-C1-C6-alkyl, gegebenenfalls mit einer C1-C6-Alkylgruppe am Pi-
perazinring,
(24) Carboxy-C1-C6-alkyl,
(25) C1-C6-Alkoxycarbonyl-C1-C6-alkyl,
(26) Piperazinyl-C1-C6-alkoxycarbonyl-C1-C6-alkyl, gegebenenfalls mit einer C1-C6-Alkylgruppe am Piperazin-
ring,
(27) Morpholinyl-C1-C6-alkyl,
(29) Amino-C1-C6-alkyl, gegebenenfalls mit einer oder zwei C1-C6-Alkylgruppen,
(30) Piperazyl-C1-C6-alkyl, gegebenenfalls mit einem aus der aus C1-C6-Alkyl, C1-C6-Alkoxy-C1-C6-alkyl und
Pyridyl bestehenden Gruppe ausgewählten Substituenten am Piperazinring,
(31) Piperidyl-C1-C6-alkyl, gegebenenfalls mit einer Morpholinylgruppe,
(32) Azetidyl-C1-C6-alkyl, gegebenenfalls mit einer Hydroxygruppe am Azetidinring,
(33) Isoindolinyl-C1-C6-alkyl, gegebenenfalls mit einer oder zwei Oxogruppen,
(34) Amino-C1-C6-alkanoyloxy-C1-C6-alkyl, gegebenenfalls mit einem oder zwei aus der aus C1-C6-Alkyl und
C1-C6-Alkoxycarbonyl bestehenden Gruppe ausgewählten Substituenten,
(35) Carbamoyl-C1-C6-alkyl, gegebenenfalls mit einem oder zwei Substituenten ausgewählt aus C1-C6-Alkyl;
Morpholinyl-C1-C6-alkyl; Piperidinyl, gegebenenfalls mit einem aus der aus C1-C6-Alkyl und C1-C6-Alkoxycar-
bonyl bestehenden Gruppe ausgewählten Substituenten; und Piperazinyl-C1-C6-alkyl, gegebenenfalls mit einer
C1-C6-Alkylgruppe,
(36) Phosphonooxy-C1-C6-alkyl, gegebenenfalls mit einer oder zwei C1-C6-Alkylgruppen an der Phosphono-
gruppe,
(37) Phosphonooxy-C1-C6-alkanoyloxy-C1-C6-alkyl, gegebenenfalls mit einer oder zwei C1-C6-Alkylgruppen an
der Phosphonogruppe,
(38) Benzoyloxy-C1-C6-alkyl, gegebenenfalls mit einem Substituenten am Benzolring ausgewählt aus der Grup-
pe bestehend aus Hydroxy, Benzyloxy und Phosphonooxy, gegebenenfalls mit einer oder zwei C1-C6-Alkyl-
gruppen,
(39) Tetrahydropyranyl, gegebenenfalls mit einem bis vier Substituenten ausgewählt aus der Gruppe bestehend
aus Hydroxy, Hydroxy-C1-C6-alkyl und Carboxy, oder
(40) C1-C6-Alkanoylamino-C1-C6-alkyl, gegebenenfalls mit einem oder zwei Substituenten an der C1-C6-Alka-
noylgruppe ausgewählt aus der Gruppe bestehend aus Halogen; Hydroxy; Amino; C1-C6-Alkoxycarbonylamino;
Piperazinyl, gegebenenfalls mit einer C1-C6-Alkoxy-C1-C6-alkylgruppe; Imidazolyl; und Morpholinylpiperidyl,
steht;

R2 für Wasserstoff steht;
R3 für Phenyl, Pyrazolyl oder Pyrimidinyl steht, wobei:

der durch R3 wiedergegebene aromatische oder heterocyclische Ring durch einen oder zwei aus der aus den
folgenden Substituenten (1), (2), (4), (5), (7), (8), (10), (11) und (12) bestehenden Gruppe ausgewählte Sub-
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stituenten substituiert sein kann:

(1) C1-C6-Alkyl ,
(2) C1-C6-Alkoxy,
(4) Halogen,
(5) Hydroxy,
(7) Hydroxy-C1-C6-alkoxy,
(8) Tetrahydropyranyloxy-C1-C6-alkoxy,
(10) C1-C6-Alkoxycarbonyl-C1-C6-alkoxy,
(11) Pyrrolidinylcarbonyl und
(12) Carbamoyl-C1-C6-alkoxy;

R4 für Halogen steht;
R5 für Wasserstoff oder Halogen steht;
R6 für Wasserstoff steht; und
R7 für eine der folgenden Gruppen (2), (7), (8) und (11) steht:

(2) C1-C6-Alkoxy,
(7) Amino, gegebenenfalls mit einem oder zwei Substituenten ausgewählt aus der Gruppe bestehend aus
C1-C6-Alkyl und Cyclo-C3-C8-alkyl,
(8) Cyclo-C3-C8-alkyloxy und
(11) Pyrrolidinyl.

3. Chinolonverbindung nach Anspruch 1, bei der es sich um:

Beispiel 188

Beispiel 189

Beispiel 190
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Beispiel 191

Beispiel 192

Beispiel 193

Beispiel 194
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Beispiel 195

Beispiel 196

Beispiel 197

Beispiel 198
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Beispiel 199

Beispiel 200

Beispiel 2001
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Beispiel 202

Beispiel 203

Beispiel 204

Beispiel 205
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Beispiel 206

Beispiel 207

Beispiel 208

Beispiel 209
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Beispiel 210

Beispiel 211

Beispiel 212
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Beispiel 213

Beispiel 214

Beispiel 215

Beispiel 216
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Beispiel 217

Beispiel 218

Beispiel 219

Beispiel 220
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Beispiel 221

Beispiel 222

Beispiel 223
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Beispiel 252

Beispiel 253

oder
Beispiel 254

handelt.

4. Pharmazeutische Zusammensetzung, umfassend eine Chinolonverbindung der allgemeinen Formel (1) nach einem
der Ansprüche 1 bis 3 oder ein Salz davon als Wirkstoff und einen pharmazeutisch unbedenklichen Träger.

5. Mittel zur Verwendung bei der prophylaktischen und/oder therapeutischen Behandlung von neurodegenerativen
Krankheiten, durch neurologische Dysfunktion induzierten Krankheiten oder durch eine Verschlechterung der mi-
tochondrialen Funktion induzierten Krankheiten, wobei das Mittel als Wirkstoff eine Chinolonverbindung der allge-
meinen Formel (1) nach einem der Ansprüche 1 bis 3 oder ein Salz davon umfasst.

6. Mittel zur Verwendung bei der prophylaktischen und/oder therapeutischen Behandlung nach Anspruch 5, wobei die
neurodegenerative Krankheit aus der aus Parkinson-Krankheit, Parkinson-Syndrom, juvenilem Parkinsonismus,
striatonigraler Degeneration, progressiver supranukleärer Blickparese, reiner Akinese, Alzheimer-Krankheit, Pick-
Krankheit, Prionenkrankheit, kortikobasaler Degeneration, diffuser Lewy-Körper-Demenz, Chorea Huntington, Cho-
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rea-Akanthozytose, benigner erblicher Chorea, paroxysmaler Choreoathetose, essentiellem Tremor, essentieller
Myoklonie, Gilles-de-la-Tourette-Syndrom, Rett-Syndrom, degenerativem Ballismus, Dystonia musculorum defor-
mans, Athetose, Torticollis spasmodicus, Meige-Syndrom, Zerebralparese, Wilson-Krankheit, Segawa-Krankheit,
Hallervorden-Spatz-Syndrom, neuroaxonaler Dystrophie, pallidaler Atrophie, spinocerebellärer Degeneration, kor-
tikaler Hirnatrophie, cerebellärer Atrophie vom Holmes-Typ, olivopontocerebellärer Atrophie, erblicher olivoponto-
cerebellärer Atrophie, Joseph-Krankheit, Dentatorubro-Pallidoluysischer Atrophie, GerstmannStraussler-Schein-
ker-Krankheit, Friedreich-Ataxie, Roussy-Levy-Syndrom, May-White-Syndrom, angeborener cerebellärer Ataxie,
erblicher episodischer Ataxie, Ataxia telangiectasia, amyotropher Lateralsklerose, progressiver Bulbärparalyse, spi-
naler progressiver Muskelatrophie, spinobulbärer Muskelatrophie, Werdnig-Hoffmann-Krankheit, Kugelberg-We-
lander-Krankheit, erblicher spastischer Paraparese, Syringomyelie, Syringobulbie, Arnold-Chiari-Malformation, Stiff-
man-Syndrom, Klippel-Feil-Syndrom, Fazio-Londe-Syndrom, Myelopathie im unteren Bereich, Dandy-Walker-Syn-
drom, Spina bifida, Sjögren-Larsson-Syndrom, Strahlenmyelopathie, altersbedingter Makuladegeneration und ze-
rebraler Apoplexie ausgewählt aus der Gruppe bestehend aus Hirninfarkt und Hirnblutung und/oder assoziierter
Dysfunktion oder neurologischen Defiziten bestehenden Gruppe ausgewählt ist.

7. Mittel zur Verwendung bei der prophylaktischen und/oder therapeutischen Behandlung nach Anspruch 5, wobei die
durch neurologische Dysfunktion induzierte Krankheit aus der aus Rückenmarksverletzung, durch Chemotherapie
induzierter Neuropathie, diabetischer Neuropathie, Strahlenschaden , und einer demyelinisierenden Krankheit aus-
gewählt aus der Gruppe bestehend aus multipler Sklerose, akuter disseminierter Enzephalomyelitis, transverser
Myelitis, progressiver multifokaler Leukoenzephalopathie, subakuter sklerotisierender Panenzephalitis, chronischer
entzündlicher demyelinisierender Polyneuropathie und Guillain-Barre-Syndrom bestehenden Gruppe ausgewählt
ist.

8. Mittel zur Verwendung bei der prophylaktischen und/oder therapeutischen Behandlung nach Anspruch 5, wobei die
durch eine Verschlechterung der mitochondrialen Funktion induzierte Krankheit aus der aus Pearson-Syndrom,
Diabetes, Taubheit, maligner Migräne, Leber-Krankheit, MELAS, MERRF, MERRF/MELAS-Überlappungssyndrom,
NARP, reiner Myopathie, mitochondrialer Kardiomyopathie, Myopathie, Demenz, gastrointestinaler Ataxie, erwor-
bener sideroblastischer Anämie, aminoglykosidinduziertem Gehörverlust, Komplex-III-Defizit aufgrund vererbter
Varianten von Cytochrom b, multipler symmetrischer Lipomatose, Ataxie, Myoklonie, Retinopathie, MNGIE, ANT1-
Krankheit, Twinkle-Krankheit, POLG-Krankheit, rekursiver Myo-globinurie, SANDO, ARCO, Komplex-I-Defizit, Kom-
plex-II-Defizit, Sehnervenatrophie, tödlichem infantilem Komplex-IV-Defizit, Defekte in der mitochondrialen DNA,
Mitochondrial-DNA-Deficiency-Syndrome, Leigh-Enzephalomyelopathie, Ophthalmoplegia progressiva externa
(chronisch-progressiver externer Ophthalmoplegie, CPEO), Kearns-Sayre-Syndrom, Enzephalopathie, Lactacidä-
mie, Myoglobinurie, arzneimittelinduzierten mitochondrialen Krankheiten, Schizophrenie, Depression, bipolarer Stö-
rung I, bipolarer Störung II, gemischter Episode, dysthymischen Störungen, atypischer Depression, saisonal-affek-
tiven Störungen, Postpartum-Depression, leichter Depression, rezidivierender kurzer depressiver Störung, hartnä-
ckiger Depression/ chronischer Depression, Doppeldepression und akuter Niereninsuffizienz bestehenden Gruppe
ausgewählt ist.

9. Mittel zur Verwendung bei der prophylaktischen und/oder therapeutischen Behandlung, welches als Wirkstoff die
Verbindung nach einem der Ansprüche 1 bis 3 oder ein Salz davon umfasst, wobei das prophylaktische und/oder
therapeutische Mittel zur Behandlung oder Prävention von ischämischen Herzkrankheiten und/oder einer damit
assoziierten Dysfunktion, Herzinsuffizienz, Myokardose, Aortendissektion, Immundefizienz, Autoimmunkrankhei-
ten, Bauchspeicheldrüseninsuffizienz, Diabetes, atheroembolischer Nierenkrankheit, Zystennieren, medulär-zysti-
scher Krankheit, renaler kortikaler Nekrose, maligner Nephrosklerose, Niereninsuffizienz, hepatischer Enzephalo-
pathie, Leberinsuffizienz, chronischer obstruktiver Lungenerkrankung, Lungenembolismus, Bronchiektasie, Siliko-
se, Anthrakose,
idiopathischer Lungenfibrose, Stevens-Johnson-Syndrom, Epidermolysis acuta toxica, Muskeldystrophie, clostridi-
aler Myonekrose und Nekrose des Femurcondylus verwendet wird.

10. Verfahren zur Herstellung einer Chinolonverbindung der Formel (1b) :
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wobei R2 , R3 , R4, R5, R6 und R7 wie in Anspruch 1 definiert sind und R1. für eine durch wie in Anspruch 1 definiertes
R1 wiedergegebene Gruppe steht, oder eines Salzes davon, wobei man bei dem Verfahren eine Verbindung der
Formel:

R1’ - X2,

in welcher X2 für eine Gruppe, die die gleiche Substitutionsreaktion wie die eines Halogens durchläuft, oder ein
Halogenatom steht,
mit einer Verbindung der Formel:

in welcher R2, R3, R4, R5, R6 und R7 wie in Anspruch 1 definiert sind, umsetzt.

Revendications

1. Composé de quinolone représenté par la formule générale (1),

ou sel de celui-ci, dans lequel
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R1 représente :

(3) alkyle en C1-C6 substitué par halogène,
(4) alcényle en C2-C6,
(5) alcanoyle en C1-C6,
(6) alcanoyle en C1-C6 substitué par halogène,
(7) hydroxy-(alkyle en C1-C6),
(8) phényl-(alcoxy en C1-C6) - (alkyle en C1-C6),
(9) hydroxy- (alcanoyle en C1-C6),
(10) phényl- (alcoxy en C1-C6) - (alcanoyle en C1-C6),
(11) (alkylthio en C1-C6) -(alkyle en C1-C6),
(12) amino- (alkylthio en C1-C6) - (alkyle en C1-C6) ayant facultativement un ou deux groupes alkyle en C1-C6,
(13) hydroxy-(alkylthio en C1-C6) - (alkyle en C1-C6),
(14) carboxy- (alkylthio en C1-C6) - (alkyle en C1-C6),
(15) (alcoxy en C1-C6)-carbonyl- (alkylthio en C1-C6) - (alkyle en C1-C6),
(16) amino-(alkylthio en C1-C6)-carbonyl-(alkyle en C1-C6) ayant facultativement un ou deux groupes alkyle
en C1-C6,
(17) hydroxy- (alkyle en C1-C6)-sulfonyl- (alkyle en C1-C6),
(18) carboxy- (alkyle en C1-C6)-sulfonyl-(alkyle en C1-C6) ,
(19) (alcoxy en C1-C6) -carbonyl- (alkyle en C1-C6) - sulfonyl- (alkyle en C1-C6),
(20) (alcanoyle en C1-C6) - (alkyle en C1-C6) -sulfonyl-(alkyle en C1-C6),
(21) pipérazinyl-(alkyle en C1-C6)-sulfonyl-(alkyle en C1-C6) ayant facultativement un groupe alkyle en
C1-C6 sur le cycle pipérazine,
(22) pipérazinylcarbonyl-(alkyle en C1-C6)-sulfonyl-(alkyle en C1-C6) ayant facultativement un groupe alkyle
en C1-C6 sur le cycle pipérazine,
(23) (alcanoyle en C1-C6) - (alkyle en C1-C6),
(24) carboxy-(alkyle en C1-C6),
(25) (alcoxy en C1-C6) -carbonyl- (alkyle en C1-C6),
(26) pipérazinyl-(alcoxy en C1-C6)-carbonyl-(alkyle en Cl-C6) ayant facultativement un groupe alkyle en
C1-C6 sur le cycle pipérazine,
(27) morpholinyl- (alkyle en C1-C6),
(28) oxazépanyl-(alkyle en C1-C6),
(29) amino- (alkyle en C1-C6) ayant facultativement un ou deux groupes alkyle en C1-C6,
(30) pipérazyl- (alkyle en C1-C6) ayant facultativement, sur le cycle pipérazine, un substituant choisi dans
le groupe constitué d’alkyle en C1-C6, (alcoxy en C1-C6) - (alkyle en C1-C6) , et pyridyle,
(31) pipéridyl-(alkyle en C1-C6) ayant facultativement un groupe morpholinyle,
(32) azétidyl- (alkyle en C1-C6) ayant facultativement un groupe hydroxy sur le cycle azétidine,
(33) isoindolinyl- (alkyle en C1-C6) ayant facultativement un ou deux groupes oxo,
(34) amino-(alcanoyloxy en C1-C6) - (alkyle en C1-C6) ayant facultativement un ou deux substituants choisis
dans le groupe constitué d’alkyle en C1-C6 et (alcoxy en C1-C6) - carbonyle,
(35) carbamoyl-(alkyle en C1-C6) ayant facultativement un ou deux substituants choisis parmi alkyle en
C1-C6 ; morpholinyl-(alkyle en C1-C6) ; pipéridyle ayant facultativement un substituant choisi dans le groupe
constitué d’alkyle en C1-C6 et (alcoxy en C1-C6) - carbonyle ; et pipérazinyl-(alkyle en C1-C6) ayant facul-
tativement un groupe alkyle en C1-C6,
(36) phosphonooxy-(alkyle en C1-C6) ayant facultativement un ou deux groupes alkyle en C1-C6 sur le
groupe phosphono,
(37) phosphonooxy-(alcanoyloxy en C1-C6)-(alkyle en C1-C6) ayant facultativement un ou deux groupes
alkyle en C1-C6 sur le groupe phosphono,
(38) benzoyloxy-(alkyle en C1-C6) ayant facultativement, sur le cycle benzène, un substituant choisi dans
le groupe constitué d’hydroxy, benzyloxy, et phosphonooxy ayant facultativement un ou deux groupes
alkyle en C1-C6,
(39) tétrahydropyranyle ayant facultativement un à quatre substituants choisis dans le groupe constitué
d’hydroxy, hydroxy-(alkyle en C1-C6) et carboxyle, ou
(40) (alcanoyle en C1-C6) -amino- (alkyle en C1-C6) ayant facultativement, sur le groupe alcanoyle en C1-C6,
un ou deux substituants choisis dans le groupe constitué d’halogène ; hydroxy ; amino ; (alcoxy en C1-C6)
- carbonylamino ; pipérazinyle ayant facultativement un groupe (alcoxy en C1-C6) - (alkyle en C1-C6) ;
imidazolyle ; et morpholinylpipéridyle ;
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R2 représente :

(1) hydrogène,
(2) alkyle en C1-C6,
(3) alcanoyle en C1-C6,
(4) hydroxy-(alkyle en C1-C6),
(5) carboxy,
(6) (alcoxy en C1-C6) -carbonyle,
(7) carbamoyle ayant facultativement un ou deux substituants choisis dans le groupe constitué d’alkyle en
C1-C6 ; alkyle en C1-C6 substitué par halogène ; hydroxy-(alkyle en C1-C6) ; pipérazinyl- (alkyle en C1-C6)
ayant facultativement un groupe alkyle en C1-C6 sur le cycle pipérazine ; et morpholinyl-(alkyle en C1-C6),
(8) carbamoyl- (alkyle en C1-C6) ayant facultativement un groupe alkyle en C1-C6 sur le groupe carbamoyle,
(9) morpholinyl-(alkyle en C1-C6),
(10) pipérazinyl-(alkyle en C1-C6) ayant facultativement, sur le cycle pipérazine, un substituant choisi dans
le groupe constitué d’alkyle en C1-C6 et pyridyle ayant facultativement un groupe alkyle en C1-C6,
(11) diazépanyl-(alkyle en C1-C6), ou
(12) amino-(alkyle en C1-C6) ayant facultativement, sur le groupe amino, un ou deux substituants choisis
dans le groupe constitué d’alkyle en C1-C6, alkyle en C1-C6 substitué par halogène, hydroxy-(alkyle en
C1-C6), et morpholinyl- (alkyle en C1-C6) ;

R3 représente phényle, thiényle, furyle, pyrazolyle, ou pyrimidinyle, où :

le cycle aromatique ou hétérocyclique représenté par R3 peut être substitué par un ou deux substituants
choisis dans le groupe constitué des substituants suivants (1) à (14) :

(1) alkyle en C1-C6,
(2) alcoxy en C1-C6,
(3) alcanoyle en C1-C6,
(4) halogène,
(5) hydroxy,
(6) hydroxy-(alkyle en C1-C6),
(7) hydroxy-(alcoxy en C1-C6),
(8) tétrahydropyranyloxy-(alcoxy en C1-C6),
(9) carboxy-(alcoxy en C1-C6),
(10) (alcoxy en C1-C6)-carbonyl-(alcoxy en C1-C6),
(11) pyrrolidinylcarbonyle,
(12) carbamoyl-(alcoxy en C1-C6) ayant facultativement un ou deux groupes alkyle en C1-C6,
(13) carbamoyle ayant facultativement un groupe morpholinyl-(alkyle en C1-C6), et
(14) morpholinylpipéridylcarbonyle ;

R4 représente halogène
R5 représente hydrogène ou halogène ;
R6 représente hydrogène ou alcoxy en C1-C6 ; et
R7 représente l’un quelconque des groupes suivants (2) à (11) :

(2) alcoxy en C1-C6,
(3) hydroxy-(alcoxy en C1-C6),
(4) benzyloxy-(alcoxy en C1-C6),
(5) (alcoxy en C1-C6) - (alcoxy en C1-C6),
(6) carbamoyl-(alcoxy en C1-C6) ayant facultativement un substituant choisi dans le groupe constitué d’alkyle
en C1-C6 et morpholinyl- (alkyle en C1-C6),
(7) amino ayant facultativement un ou deux substituants choisis dans le groupe constitué d’alkyle en C1-C6
et cycloalkyle en C3-C8,
(8) cycloalkyloxy en C3-C8,
(9) carboxy- (alcoxy en C1-C6),
(10) (alcoxy en C1-C6)-carbonyl-(alcoxy en C1-C6), et
(11) pyrrolidinyle.
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2. Composé de quinolone de formule générale (1) ou un sel de celui-ci selon la revendication 1, dans lequel
R1 représente :

(3) alkyle en C1-C6 substitué par halogène,
(4) alcényle en C2-C6,
(5) alcanoyle en C1-C6,
(6) alcanoyle en C1-C6 substitué par halogène,
(8) benzyloxy-(alkyle en C1-C6),
(10) benzyloxy-(alcanoyle en C1-C6),
(11) (alkylthio en C1-C6)-(alkyle en C1-C6),
(12) amino-(alkylthio en C1-C6)-(alkyle en C1-C6) ayant facultativement un ou deux groupes alkyle en C1-C6,
(13) hydroxy-(alkylthio en C1-C6)-(alkyle en C1-C6),
(14) carboxy-(alkylthio en C1-C6)-(alkyle en C1-C6),
(15) (alcoxy en C1-C6)-carbonyl-(alkylthio en C1-C6) - (alkyle en C1-C6),
(16) amino-(alkyle en C1-C6)-thiocarbonyl-(alkyle en C1-C6) ayant facultativement un ou deux groupes alkyle
en C1-C6,
(17) hydroxyl-(alkyle en C1-C6)-sulfonyl-(alkyle en C1-C6),
(18) carboxyl-(alkyle en C1-C6)-sulfonyl-(alkyle en C1-C6),
(19) (alcoxy en C1-C6)-carbonyl-(alkyle en C1-C6) - sulfonyl- (alkyle en C1-C6),
(20) alcanoyle en C1-C6 (alkyle en C1-C6)-sulfonyl-(alkyle en C1-C6),
(21) pipérazinyl- (alkyle en C1-C6)-sulfonyl-(alkyle en C1-C6) ayant facultativement un groupe alkyle en C1-C6
sur le cycle pipérazine,
(22) pipérazinylcarbonyl-(alkyle en C1-C6)-sulfonyl-(alkyle en C1-C6) ayant facultativement un groupe alkyle en
C1-C6 sur le cycle pipérazine,
(24) carboxy-(alkyle en C1-C6),
(25) (alcoxy en C1-C6)-carbonyl-(alkyle en C1-C6),
(26) pipérazinyle-(alcoxy en C1-C6)-carbonyl-(alkyle en C1-C6) ayant facultativement un groupe alkyle en C1-C6
sur le cycle pipérazine,
(27) morpholinyl- (alkyle en C1-C6),
(29) amino-(alkyle en C1-C6) ayant facultativement un ou deux groupes alkyle en C1-C6,
(30) pipérazyl-(alkyle en C1-C6) ayant facultativement, sur le cycle pipérazine, un substituant choisi dans le
groupe constitué d’alkyle en C1-C6, (alcoxy en C1-C6) - (alkyle en C1-C6), et pyridyle,
(31) pipéridyl-(alkyle en C1-C6) ayant facultativement un groupe morpholinyle,
(32) azétidyl-(alkyle en C1-C6) ayant facultativement un groupe hydroxy sur le cycle azétidine,
(33) isoindolinyl-(alkyle en C1-C6) ayant facultativement un ou deux groupes oxo,
(34) amino-(alcanoyloxy en C1-C6)-(alkyle en C1-C6) ayant facultativement un ou deux substituants choisis
dans le groupe constitué d’alkyle en C1-C6 et (alcoxy en C1-C6) - carbonyle,
(35) carbamoyl- (alkyle en C1-C6) ayant facultativement un ou deux substituants choisis parmi alkyle en C1-C6 ;
morpholinyl-(alkyle en C1-C6) ; pipéridyle ayant facultativement un substituant choisi dans le groupe constitué
d’alkyle en C1-C6 et (alcoxy en C1-C6) - carbonyle ; et pipérazinyl-(alkyle en C1-C6) ayant facultativement un
groupe alkyle en C1-C6,
(36) phosphonooxy-(alkyle en C1-C6) ayant facultativement un ou deux groupes alkyle en C1-C6 sur le groupe
phosphono,
(37) phosphonooxy- (alcanoyloxy en C1-C6) - (alkyle en C1-C6) ayant facultativement un ou deux groupes alkyle
en C1-C6 sur le groupe phosphono,
(38) benzoyloxy-(alkyle en C1-C6) ayant facultativement, sur le cycle benzène, un substituant choisi dans le
groupe constitué d’hydroxy, benzyloxy, et phosphonooxy ayant facultativement un ou deux groupes alkyle en
C1-C6,
(39) tétrahydropyranyle ayant facultativement un ou quatre substituants choisis dans le groupe constitué d’hy-
droxy, hydroxyalkyle en C1-C6 et carboxyle, ou
(40) (alcanoyle en C1-C6) -amino- (alkyle en C1-C6) ayant facultativement, sur le groupe alcanoyle en C1-C6,
un ou deux substituants choisis dans le groupe constitué d’halogène ; hydroxy ; amino ; (alcoxy en
C1-C6)-carbonylamino ; pipérazinyle ayant facultativement un groupe (alcoxy en C1-C6) - (alkyle en C1-C6) ;
imidazolyle ; et morpholinylpipéridyle ;

R2 représente hydrogène ;
R3 représente phényle, pyrazolyle, ou pyrimidinyle,
où :
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le cycle aromatique ou hétérocyclique représenté par R3 peut être substitué par un ou deux substituants choisis
dans le groupe constitué des substituants suivants (1), (2), (4), (5), (7), (8), (10), (11), et (12) :

(1) alkyle en C1-C6,
(2) alcoxy en C1-C6,
(4) halogène,
(5) hydroxy,
(7) hydroxy- (alcoxy en C1-C6),
(8) tétrahydropyranyloxy-(alcoxy en C1-C6),
(10) (alcoxy en C1-C6)-carbonyl-(alcoxy en C1-C6),
(11) pyrrolidinylcarbonyle, et
(12) carbamoyl-(alcoxy en C1-C6) ;

R4 représente halogène ;
R5 représente hydrogène ou halogène ;
R6 représente hydrogène ; et
R7 représente l’un quelconque des groupes suivants (2), (7), (8) et (11) :

(2) alcoxy en C1-C6,
(7) amino ayant facultativement un ou deux substituants choisis dans le groupe constitué d’alkyle en C1-C6
et cycloalkyle en C3-C8,
(8) cycloalkyloxy en C3-C8, et
(11) pyrrolidinyle.

3. Composé de quinolone selon la revendication 1, qui est
Exemple 188

Exemple 189

Exemple 190
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Exemple 191

Exemple 192

Exemple 193

Exemple 194
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Exemple 195

Exemple 196

Exemple 197

Exemple 198
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Exemple 199

Exemple 200

Exemple 201

Exemple 202



EP 2 364 298 B1

137

5

10

15

20

25

30

35

40

45

50

55

Exemple 203

Exemple 204

Exemple 205

Exemple 206

Exemple 207

Exemple 208
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Exemple 209

Exemple 210

Exemple 211

Exemple 212

Exemple 213



EP 2 364 298 B1

139

5

10

15

20

25

30

35

40

45

50

55

Exemple 214

Exemple 215

Exemple 216

Exemple 217
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Exemple 218

Exemple 219

Exemple 220

Exemple 221

Exemple 222
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Exemple 223

Exemple 252

Exemple 253

ou
Exemple 254

4. Composition pharmaceutique comprenant un composé de quinolone de formule générale (1) de l’une quelconque
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des revendications 1 à 3 ou un sel de celui-ci en tant que substance active ; et un véhicule pharmaceutiquement
acceptable.

5. Agent pour utilisation dans le traitement prophylactique et/ou thérapeutique de maladies neurodégénératives induites
par un dysfonctionnement neurologique ou de maladies induites par une détérioration de la fonction mitochondriale,
l’agent comprenant, en tant que substance active, un composé de quinolone de formule générale (1) de l’une
quelconque des revendications 1 à 3 ou un sel de celui-ci.

6. Agent pour utilisation dans le traitement prophylactique et/ou thérapeutique selon la revendication 5, la maladie
neurodégénérative étant choisie dans le groupe constitué de la maladie de Parkinson, le syndrome de Parkinson,
le parkinsonisme juvénile, la dégénérescence striatonigrique, la paralysie supranucléaire progressive, l’akinésie
pure, la maladie d’Alzheimer, la maladie de Pick, une maladie à prion, la dégénérescence cortico-basale, la maladie
à corps de Lewy diffus, la maladie de Huntington, la chorée-acanthocytose, la chorée bénigne héréditaire, la choréo-
athétose paroxystique, le tremblement essentiel, la myoclonie essentielle, le syndrome de Gilles de la Tourette, le
syndrome de Rett, le ballisme dégénératif, la dystonie musculaire déformante, l’athétose, le torticolis spasmodique,
le syndrome de Meige, la paralysie cérébrale, la maladie de Wilson, la maladie de Segawa, le syndrome de Haller-
vorden-Spatz, la dystrophie neuro-axonale, l’atrophie pallidale, la dégénérescence spino-cérébelleuse, l’atrophie
corticale cérébrale, l’atrophie cérébelleuse de type Holmes, l’atrophie olivo-ponto-cérébelleuse, l’atrophie olivo-
ponto-cérébelleuse héréditaire, la maladie de Joseph, l’atrophie dentato-rubro-pallido-luysienne, la maladie de
Gerstmann-Straussler-Scheinker, l’ataxie de Friedreich, le syndrome de Roussy-Levy, le syndrome de May-White,
l’ataxie cérébelleuse congénitale, l’ataxie épisodique héréditaire, l’ataxie télangiectasie, la sclérose latérale amyo-
trophique, la paralysie bulbaire progressive, l’atrophie musculaire spinale progressive, l’atrophie musculaire spino-
bulbaire, la maladie de Werdnig-Hoffmann, la maladie de Kugelberg-Welander, la paraplégie spastique héréditaire,
la syringomyélie, la syringobulbie, la malformation d’Arnold-Chiari, le syndrome de Stiffman, le syndrome de Klippel-
Feil, le syndrome de Fazio-Londe, la myélopathie inférieure, le syndrome de Dandy-Walker, spina bifida, le syndrome
de Sjögren-Larsson, la myélopathie de rayonnement, la dégénérescence maculaire liée à l’âge, et une apoplexie
cérébrale choisie dans le groupe constitué d’un infarctus cérébral et d’une hémorragie cérébrale et/ou un dysfonc-
tionnement associé ou des déficits neurologiques.

7. Agent pour utilisation dans le traitement prophylactique et/ou thérapeutique selon la revendication 5, la maladie
induite par un dysfonctionnement neurologique étant choisie dans le groupe constitué d’une lésion de la moelle
épinière, une neuropathie induite par une chimiothérapie, une neuropathie diabétique, des dommages causés par
un rayonnement, et une maladie démyélinisante choisie dans le groupe constitué de la sclérose en plaques,
l’encéphalomyélite disséminée aiguë, la myélite transverse, la leucoencéphalopathie multifocale progressive, la
panencéphalite sclérosante subaiguë, la polyneuropathie démyélinisante inflammatoire chronique et le syndrome
de Guillain-Barré.

8. Agent pour utilisation dans le traitement prophylactique et/ou thérapeutique selon la revendication 5, la maladie
induite par une détérioration de la fonction mitochondriale étant choisie dans le groupe constitué de : le syndrome
de Pearson, le diabète, la surdité, une migraine maligne, la maladie de Leber, MELAS, MERRF, le syndrome à la
frontière MERRF/MELAS, NARP, une myopathie pure, la cardiomyopathie mitochondriale, une myopathie, la dé-
mence, l’ataxie gastro-intestinale, l’anémie sidéroblastique acquise, la perte d’audition induite par les aminoglyco-
sides, un déficit en complexe III causé par des variants héréditaires du cytochrome b, la lipomatose multiple symé-
trique, l’ataxie, la myoclonie, la rétinopathie, MNGIE, la maladie ANT1, la maladie de Twinkle, la maladie POLG, la
myoglobinurie récurrente, SANDO, ARCO, un déficit en complexe I, un déficit en complexe II, une atrophie du nerf
optique, le déficit en complexe IV infantile létal, un déficit en ADN mitochondrial, le syndrome de déficit en ADN
mitochondrial, l’encéphalomyélopathie de Leigh, le syndrome d’ophtalmoplégie externe chronique progressive
(CPEO), le syndrome de Kearns-Sayre, une encéphalopathie, la lactacidémie, la myoglobinurie, des maladies
mitochondriales d’origine médicamenteuse, la schizophrénie, un trouble dépressif majeur, un trouble bipolaire I, un
trouble bipolaire II, un épisode mixte, des troubles dysthymiques, une dépression atypique, des troubles affectifs
saisonniers, la dépression postpartum, une dépression mineure, un trouble dépressif bref récurrent, une dépression
réfractaire/dépression chronique, une dépression double et l’insuffisance rénale aiguë.

9. Agent pour utilisation dans le traitement prophylactique et/ou thérapeutique comprenant, en tant que substance
active, le composé de l’une quelconque des revendications 1 à 3 ou un sel de celui-ci, l’agent prophylactique et/ou
thérapeutique étant utilisé pour traiter ou prévenir des maladies cardiaques ischémiques et/ou un dysfonctionnement
associé, l’insuffisance cardiaque, la myocardose, la dissection aortique, une immunodéficience, des maladies auto-
immunes, l’insuffisance pancréatique, le diabète, une maladie rénale athéro-embolique, les reins polykystiqués,
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une maladie cystique médullaire, la nécrose corticale rénale, une néphrosclérose maligne, l’insuffisance rénale,
l’encéphalopathie hépatique, l’insuffisance hépatique, la bronchopneumopathie chronique obstructive, une embolie
pulmonaire, la bronchiectasie, la silicose, l’anthracose, la fibrose pulmonaire idiopathique, le syndrome de Stevens-
Johnson, la nécrolyse épidermique toxique, la dystrophie musculaire, la nécrose musculaire clostridiale, et la nécrose
du condyle fémoral.

10. Procédé de production d’un composé de quinolone représenté par la formule (1b) :

dans lequel R2, R3, R4, R5, R6 et R7 sont tels que définis dans la revendication 1 et R1’ est un groupe représenté
par R1 tel que défini dans la revendication 1, ou un sel de celui-ci ; le procédé comprenant la réaction d’un composé
représenté par la formule :

R1’ -X2

dans lequel X2 représente un groupe qui subit la même réaction de substitution que celle d’un halogène ou un
atome d’halogène, avec un composé représenté par la formule :

dans lequel R2, R3, R4, R5, R6 et R7 sont tels que définis dans la revendication 1.
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