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DESCRIPTION 

NITROGEN-CONTAINING HETEROCYCLIC COMPOUND 

 

 

Technical Field 

[0001] 

 The present invention relates to a nitrogen-containing heterocyclic compound that 5 

is useful as a chemokine CXCL10 inhibitor. 

 

Background Art 

[0002] 

 CXCL10 (C-X-C motif chemokine 10) is a CXC chemokine also known as IP-10 10 

(interferon gamma inducible protein 10).  Upon partial damage of living tissues by infection or 

the like, chemotactic factors such as CXCL10 and MCP-1 (monocyte chemotactic protein-1) are 

produced.  As a result, monocytes, lymphocytes and neutrophils are infiltrated into 

inflammatory tissues. 

 It has been suggested that immune diseases such as inflammatory bowel disease, 15 

arthritis, psoriasis, systemic sclerosis, systemic lupus erythematosus and autoimmune 

neuroinflammatory disease develop due to the increased production of CXCL10.  Therefore, a 

compound having an excellent CXCL10 inhibitory activity is considered to be useful as an agent 

for treatment such as prophylaxis and/or therapy of a disease involving the overproduction of 

CXCL10 (Patent Literature 1). 20 

 

Prior Art Documents 

Patent Document 

[0003] 

Patent Document 1: International Publication No. WO 2009/041026 25 

 

Summary of Invention 

Technical Problem 

[0004] 

 There has been a demand for a compound that has an excellent CXCL10 30 

inhibitory activity and is useful as an agent for treatment such as prophylaxis and/or therapy of a 

disease involving the overproduction of CXCL10. 
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 An object of the present invention is to provide a compound that has an excellent 

CXCL10 inhibitory activity and is useful as an agent for treatment such as prophylaxis and/or 

therapy of a disease involving the overproduction of CXCL10. 

 

Solution to Problem 5 

[0005] 

 Under these circumstances, the present inventors have conducted diligent studies 

and consequently completed the present invention by finding that a nitrogen-containing 

heterocyclic compound shown below has an excellent CXCL10 inhibitory activity and is useful 

as an agent for treatment such as prophylaxis and/or therapy of a disease involving the 10 

overproduction of CXCL10. 

[0006] 

 Thus, the present invention provides the following: 

<1> 

 A compound represented by the general formula [1] or a salt thereof: 15 

 

wherein 

R
1
 represents an optionally substituted C1-6 alkyl group; 

R
2
 represents a hydrogen atom, a halogen atom or an optionally substituted C1-6 alkyl group; 

R
3
 represents a halogen atom, an optionally substituted C1-6 alkyl group, an optionally substituted 20 

C2-6 alkenyl group, an optionally substituted C3-8 cycloalkyl group, an optionally substituted C4-8 

cycloalkenyl group, an optionally substituted aryl group, an optionally substituted C1-6 alkoxy 

group, an optionally substituted C1-6 alkylamino group, an optionally substituted di(C1-6 

alkyl)amino group or an optionally substituted heterocyclic group; 

Z
1
, Z

2
 and Z

3
 are the same or different and each represent a nitrogen atom or a group represented 25 

by the general formula CR
5
 wherein R

5
 represents a hydrogen atom, a halogen atom or an 

optionally substituted C1-6 alkyl group; 

X
1
 represents 

(1) a group represented by the general formula C(=O)N(R
6
) wherein the carbon atom is bonded 
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to ring A, and R
6
 represents a hydrogen atom, an amino-protective group or an optionally 

substituted C1-6 alkyl group, 

(2) a group represented by the general formula N(R
7
)C(=O) wherein the nitrogen atom is bonded 

to ring A, and R
7
 represents a hydrogen atom, an amino-protective group or an optionally 

substituted C1-6 alkyl group; or R
7
 represents, together with one substituent R

4
 on ring A, an 5 

optionally substituted C2-4 alkylene group, a group represented by the general formula O-Y
1
 

wherein the oxygen atom is bonded to ring A, and Y
1
 represents an optionally substituted C1-3 

alkylene group, a group represented by the general formula S(O)n-Y
2
 wherein the sulfur atom is 

bonded to ring A, Y
2
 represents an optionally substituted C1-3 alkylene group, and n represents an 

integer of 0 to 2, or a group represented by the general formula N(R
8
)-Y

3
 wherein the nitrogen 10 

atom is bonded to ring A, Y
3
 represents an optionally substituted C1-3 alkylene group, and R

8
 

represents a hydrogen atom, an amino-protective group, an optionally substituted C1-6 alkyl 

group or an optionally substituted aryl group, 

(3) an optionally substituted divalent cyclic hydrocarbon group resulting from the removal of one 

hydrogen atom from each of two adjacent atoms or 15 

(4) an optionally substituted divalent heterocyclic group resulting from the removal of one 

hydrogen atom from each of two adjacent atoms; 

ring A represents a cyclic hydrocarbon group or a heterocyclic group; 

m number of R
4
 are the same or different and each represent a halogen atom, a cyano group, a 

nitro group, an amino-protective group, an optionally substituted C1-6 alkyl group, an optionally 20 

substituted C2-6 alkenyl group, an optionally substituted C2-6 alkynyl group, an optionally 

substituted C3-8 cycloalkyl group, an optionally substituted C4-8 cycloalkenyl group, an optionally 

substituted aryl group, an optionally substituted C1-6 alkoxy group, an optionally substituted 

aryloxy group, an optionally substituted C1-6 alkylamino group, an optionally substituted di(C1-6 

alkyl)amino group, an optionally substituted arylamino group, an optionally substituted 25 

carbamoyl group, an optionally substituted sulfamoyl group, an optionally substituted C1-6 

alkylthio group, an optionally substituted arylthio group, an optionally substituted C1-6 

alkylsulfonyl group, an optionally substituted arylsulfonyl group, an optionally substituted 

heterocyclic group, an optionally protected amino group, an optionally protected hydroxyl group, 

an optionally protected carboxyl group, 30 

an optionally substituted C2-5 alkylene group formed together by two adjacent R
4
, 

an optionally substituted C2-4 alkylene group formed together by one R
4
 and R

7
, 

a group represented by the general formula O-Y
1
 formed together by one R

4
 and R

7
 wherein the 

oxygen atom is bonded to ring A, and Y
1
 represents an optionally substituted C1-3 alkylene 
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group, 

a group represented by the general formula S(O)n-Y
2
 formed together by one R

4
 and R

7
 wherein 

the sulfur atom is bonded to ring A, Y
2
 represents an optionally substituted C1-3 alkylene group, 

and n represents an integer of 0 to 2, or 

a group represented by the general formula N(R
8
)-Y

3
 formed together by one R

4
 and R

7
 wherein 5 

the nitrogen atom is bonded to ring A, Y
3
 represents an optionally substituted C1-3 alkylene 

group, and R
8
 represents a hydrogen atom, an amino-protective group, an optionally substituted 

C1-6 alkyl group or an optionally substituted aryl group; and 

m represents an integer of 0 to 5. 

[0007] 10 

<2> 

 The compound according to <1> or a salt thereof, wherein 

R
2
 is a hydrogen atom or an optionally substituted C1-6 alkyl group; and 

each of Z
1
, Z

2
 and Z

3
 is CH. 

<3> 15 

 The compound according to <1> or <2> or a salt thereof, wherein 

R
1
 is a C1-3 alkyl group, and 

R
3
 is an optionally substituted C1-6 alkyl group, an optionally substituted C3-8 cycloalkyl group, 

an optionally substituted aryl group or an optionally substituted heterocyclic group. 

<4> 20 

 The compound according to any one of <1> to <3> or a salt thereof, wherein ring 

A is a cyclic hydrocarbon group. 

[0008] 

<5> 

 The compound according to any one of <1> to <4> or a salt thereof, wherein X
1
 is 25 

a group represented by the general formula C(=O)N(R
6
) wherein the carbon atom is bonded to 

ring A, and R
6
 represents a hydrogen atom, an amino-protective group or an optionally 

substituted C1-6 alkyl group. 

<6> 

 The compound according to any one of <1> to <4> or a salt thereof, wherein 30 

X
1
 is a group represented by the general formula C(=O)N(R

6a
) wherein the carbon atom is 

bonded to ring A, and R
6a

 represents a hydrogen atom or an optionally substituted C1-3 alkyl 

group; 

m number of R
4
 are the same or different and each are a halogen atom, an optionally substituted 
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C1-3 alkyl group, an optionally substituted C1-3 alkylamino group or an optionally protected 

amino group; and 

m is an integer of 0 to 2. 

[0009] 

<7> 5 

 The compound according to any one of <1> to <4> or a salt thereof, wherein 

R
3
 is an optionally substituted C1-6 alkyl group, an optionally substituted C3-8 cycloalkyl group or 

an optionally substituted heterocyclic group; 

X
1
 is a group represented by the general formula C(=O)N(R

6b
) wherein the carbon atom is 

bonded to ring A, and R
6b

 represents an optionally substituted C1-3 alkyl group; 10 

m number of R
4
 are the same or different and each are a halogen atom or an optionally 

substituted C1-3 alkyl group; and 

m is an integer of 0 to 2. 

<8> 

 The compound according to <7> or a salt thereof, wherein 15 

m number of R
4
 are the same or different and each are a halogen atom; and 

m is an integer of 0 to 2. 

[0010] 

<9> 

 The compound according to any one of <1> to <4> or a salt thereof, wherein 20 

X
1
 is a group represented by the general formula N(R

7
)C(=O) wherein the nitrogen atom is 

bonded to ring A, and R
7
 represents a hydrogen atom, an amino-protective group or an optionally 

substituted C1-6 alkyl group; or R
7
 represents, together with one substituent R

4
 on ring A, an 

optionally substituted C2-4 alkylene group, a group represented by the general formula O-Y
1
 

wherein the oxygen atom is bonded to ring A, and Y
1
 represents an optionally substituted C1-3 25 

alkylene group, a group represented by the general formula S(O)n-Y
2
 wherein the sulfur atom is 

bonded to ring A, Y
2
 represents an optionally substituted C1-3 alkylene group, and n represents an 

integer of 0 to 2, or a group represented by the general formula N(R
8
)-Y

3
 wherein the nitrogen 

atom is bonded to ring A, Y
3
 represents an optionally substituted C1-3 alkylene group, and R

8
 

represents a hydrogen atom, an amino-protective group, an optionally substituted C1-6 alkyl 30 

group or an optionally substituted aryl group. 

<10> 

 The compound according to any one of <1> to <4> or a salt thereof, wherein 

R
3
 is an optionally substituted C1-6 alkyl group, an optionally substituted C3-8 cycloalkyl group or 
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an optionally substituted heterocyclic group; 

X
1
 is a group represented by the general formula N(R

7a
)C(=O) wherein the nitrogen atom is 

bonded to ring A, and R
7a

 represents an optionally substituted C1-3 alkyl group, or R
7a

 represents, 

together with one substituent R
4
 on ring A, an optionally substituted C2-3 alkylene group or a 

group represented by the general formula O-Y
1a

 wherein the oxygen atom is bonded to ring A, 5 

and Y
1a

 represents an ethylene group; 

m number of R
4
 are the same or different and each are a halogen atom, an optionally substituted 

C1-3 alkyl group, an optionally substituted C1-3 alkylsulfonyl group, 

an optionally substituted C2-3 alkylene group formed together by two adjacent R
4
, 

an optionally substituted C2-3 alkylene group formed together by one R
4
 and R

7a
, or 10 

a group represented by the general formula O-Y
1a

 formed together by one R
4
 and R

7a
 wherein the 

oxygen atom is bonded to ring A, and Y
1a

 represents an ethylene group; and 

m is an integer of 0 to 2. 

[0011] 

<11> 15 

 The compound according to any one of <1> to <4> or a salt thereof, wherein 

R
3
 is an optionally substituted heterocyclic group; 

X
1
 is a group represented by the general formula N(R

7b
)C(=O) wherein the nitrogen atom is 

bonded to ring A, and R
7b

 represents an optionally substituted C1-3 alkyl group, or R
7b

 represents, 

together with one substituent R
4
 on ring A, an optionally substituted C2-3 alkylene group; 20 

m number of R
4
 are the same or different and each are an optionally substituted C1-3 alkyl group, 

an optionally substituted C2-3 alkylene group formed together by two adjacent R
4
, or 

an optionally substituted C2-3 alkylene group formed together by one R
4
 and R

7b
; and 

m is an integer of 0 to 2. 

<12> 25 

 The compound according to <11> or a salt thereof, wherein 

X
1
 is a group represented by the general formula N(R

7b
)C(=O) wherein the nitrogen atom is 

bonded to ring A, and R
7b

 represents an optionally substituted C1-3 alkyl group, or R
7b

 represents, 

together with one substituent R
4
 on ring A, an optionally substituted C2-3 alkylene group; 

m number of R
4
 are the same or different and each are an optionally substituted C1-3 alkyl group, 30 

or 

an optionally substituted C2-3 alkylene group formed together by one R
4
 and R

7b
; and 

m is an integer of 0 to 2. 

[0012] 
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<13> 

 The compound according to any one of <1> to <4> or a salt thereof, wherein X
1
 is 

an optionally substituted divalent cyclic hydrocarbon group resulting from the removal of one 

hydrogen atom from each of two adjacent atoms or an optionally substituted divalent 

heterocyclic group resulting from the removal of one hydrogen atom from each of two adjacent 5 

atoms. 

<14> 

 The compound according to any one of <1> to <4> or a salt thereof, wherein 

R
3
 is an optionally substituted C1-6 alkyl group or an optionally substituted heterocyclic group; 

X
1
 is an optionally substituted divalent cyclic hydrocarbon group resulting from the removal of 10 

one hydrogen atom from each of two adjacent atoms or an optionally substituted divalent 

heterocyclic group resulting from the removal of one hydrogen atom from each of two adjacent 

atoms; 

m number of R
4
 are the same or different and each are a halogen atom; and 

m is an integer of 0 to 2. 15 

[0013] 

<15> 

 The compound according to <14> or a salt thereof, wherein 

R
3
 is an optionally substituted heterocyclic group; and 

X
1
 is an optionally substituted divalent heterocyclic group resulting from the removal of one 20 

hydrogen atom from each of two adjacent atoms. 

<16> 

 A pharmaceutical composition comprising a compound according to any one of 

<1> to <15> or a salt thereof. 

<17> 25 

 An agent for treatment of an immune disease, comprising a compound according 

to any one of <1> to <15> or a salt thereof. 

 

Advantageous Effects of Invention 

[0014] 30 

 The compound of the present invention has an excellent CXCL10 inhibitory 

activity and is useful as an agent for treatment such as prophylaxis and/or therapy of a disease 

involving the overproduction of CXCL10. 
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Description of Embodiments 

[0015] 

 The present invention will be described below in detail. 

 In the present invention, % means % by mass, unless otherwise specified. 

 In the present invention, each term has the following meaning, unless otherwise 5 

specified. 

 The halogen atom means a fluorine atom, a chlorine atom, a bromine atom or an 

iodine atom. 

 The C1-6 alkyl group means a linear or branched C1-6 alkyl group such as a methyl 

group, an ethyl group, a propyl group, an isopropyl group, a butyl group, a sec-butyl group, an 10 

isobutyl group, a tert-butyl group, a pentyl group, an isopentyl group and a hexyl group. 

 The C1-3 alkyl group means a methyl group, an ethyl group, a propyl group or an 

isopropyl group. 

 The C2-6 alkenyl group means a linear or branched C2-6 alkenyl group such as a 

vinyl group, an allyl group, a propenyl group, an isopropenyl group, a butenyl group, an 15 

isobutenyl group, a 1,3-butadienyl group, a pentenyl group and a hexenyl group. 

 The C2-6 alkynyl group means a linear or branched C2-6 alkynyl group such as an 

ethynyl group, a propynyl group, a butynyl group, a pentynyl group and a hexynyl group. 

 The C3-8 cycloalkyl group means a C3-8 cycloalkyl group such as a cyclopropyl 

group, a cyclobutyl group, a cyclopentyl group and a cyclohexyl group. 20 

 The C4-8 cycloalkenyl group means a C4-8 cycloalkenyl group such as a 

cyclobutenyl group, a cyclopentenyl group, a cyclohexenyl group and a cyclohexadienyl group. 

 The aryl group means a phenyl group or a naphthyl group. 

 The ar-C1-6 alkyl group means an ar-C1-6 alkyl group such as a benzyl group, a 

diphenylmethyl group, a trityl group, a phenethyl group and a naphthylmethyl group. 25 

[0016] 

 The C2-5 alkylene group means a linear or branched C2-5 alkylene group such as 

an ethylidene group, an ethylene group, a trimethylene group, a propylene group, a 

tetramethylene group and a pentamethylene group. 

 The C2-4 alkylene group means a linear or branched C2-4 alkylene group such as 30 

an ethylidene group, an ethylene group, a trimethylene group, a propylene group and a 

tetramethylene group. 

 The C2-3 alkylene group means an ethylidene group, an ethylene group, a 

trimethylene group or a propylene group. 
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 The C1-3 alkylene group means a methylene group, an ethylidene group, an 

ethylene group, a trimethylene group or a propylene group. 

[0017] 

 The C1-6 alkoxy group means a linear or branched C1-6 alkyloxy group such as a 

methoxy group, an ethoxy group, a propoxy group, an isopropoxy group, a butoxy group, an 5 

isobutoxy group, a sec-butoxy group, a tert-butoxy group, a pentyloxy group and a hexyloxy 

group. 

 The aryloxy group means a phenoxy group or a naphthyloxy group. 

 The C1-6 alkoxy-C1-6 alkyl group means a C1-6 alkyloxy-C1-6 alkyl group such as a 

methoxymethyl group and a 1-ethoxyethyl group. 10 

 The ar-C1-6 alkoxy-C1-6 alkyl group means an ar-C1-6 alkyloxy-C1-6 alkyl group 

such as a benzyloxymethyl group and a phenethyloxymethyl group. 

[0018] 

 The C2-6 alkanoyl group means a linear or branched C2-6 alkanoyl group such as 

an acetyl group, a propionyl group, a valeryl group, an isovaleryl group and a pivaloyl group. 15 

 The aroyl group means a benzoyl group or a naphthoyl group. 

 The heterocyclic carbonyl group means a furoyl group, a thenoyl group, a 

pyrrolidinylcarbonyl group, a piperidinylcarbonyl group, a piperazinylcarbonyl group, a 

morpholinylcarbonyl group or a pyridinylcarbonyl group. 

 The acyl group means a formyl group, a C2-6 alkanoyl group, an aroyl group or a 20 

heterocyclic carbonyl group. 

 The C1-6 alkoxycarbonyl group means a linear or branched C1-6 alkyloxycarbonyl 

group such as a methoxycarbonyl group, an ethoxycarbonyl group, a propoxycarbonyl group, an 

isopropoxycarbonyl group, a tert-butoxycarbonyl group and a 1,1-dimethylpropoxycarbonyl 

group. 25 

 The aryloxycarbonyl group means a phenyloxycarbonyl group or a 

naphthyloxycarbonyl group. 

 The ar-C1-6 alkoxycarbonyl group means an ar-C1-6 alkyloxycarbonyl group such 

as a benzyloxycarbonyl group and a phenethyloxycarbonyl group. 

[0019] 30 

 The C1-6 alkylamino group means a linear or branched C1-6 alkylamino group such 

as a methylamino group, an ethylamino group, a propylamino group, an isopropylamino group, a 

butylamino group, a sec-butylamino group, a tert-butylamino group, a pentylamino group and a 

hexylamino group. 
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 The C1-3 alkylamino group means a linear or branched C1-3 alkylamino group such 

as a methylamino group, an ethylamino group, a propylamino group and an isopropylamino 

group. 

 The di(C1-6 alkyl)amino group means a linear or branched di(C1-6 alkyl)amino 

group such as a dimethylamino group, a diethylamino group, a dipropylamino group, a 5 

diisopropylamino group, a dibutylamino group, a di(tert-butyl)amino group, a dipentylamino 

group, a dihexylamino group, an (ethyl)(methyl)amino group and a (methyl)(propyl)amino 

group. 

 The arylamino group means a phenylamino group or a naphthylamino group. 

[0020] 10 

 The C1-6 alkylthio group means a C1-6 alkylthio group such as a methylthio group, 

an ethylthio group and a propylthio group. 

 The arylthio group means a phenylthio group or a naphthylthio group. 

 The C1-6 alkylsulfonyl group means a C1-6 alkylsulfonyl group such as a 

methylsulfonyl group, an ethylsulfonyl group and a propylsulfonyl group. 15 

 The C1-3 alkylsulfonyl group means a C1-3 alkylsulfonyl group such as a 

methylsulfonyl group, an ethylsulfonyl group and a propylsulfonyl group. 

 The arylsulfonyl group means a benzenesulfonyl group, a p-toluenesulfonyl or a 

naphthalenesulfonyl group. 

 The C1-6 alkylsulfonyloxy group means a C1-6 alkylsulfonyloxy group such as a 20 

methylsulfonyloxy group, an ethylsulfonyloxy group and a propylsulfonyloxy group. 

 The arylsulfonyloxy group means a benzenesulfonyloxy group, a p-

toluenesulfonyloxy group or a naphthalenesulfonyloxy group. 

[0021] 

 The silyl group means a trimethylsilyl group, a triethylsilyl group or a tributylsilyl 25 

group. 

[0022] 

 The cyclic amino group means, for example, a cyclic amino group which contains 

one or more nitrogen atoms as heteroatoms constituting the ring and may further contain one or 

more atoms selected from an oxygen atom and a sulfur atom, such as aziridinyl, azetidinyl, 30 

pyrrolidinyl, piperidinyl, homopiperidinyl, pyrrolyl, dihydropyrrolyl, pyrazolyl, pyrazolinyl, 

pyrazolidinyl, imidazolyl, imidazolinyl, imidazolidinyl, thiazolinyl, thiazolidinyl, 

dihydrothiadiazolyl, piperazinyl, homopiperazinyl, morpholinyl, homomorpholinyl, 

thiomorpholinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroisoquinolinyl, 
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benzomorpholinyl, dihydropyridoxazinyl and quinuclidinyl. 

[0023] 

 The cyclic hydrocarbon group means a C3-8 cycloalkyl group, a C4-8 cycloalkenyl 

group or an aryl group. 

[0024] 5 

 The monocyclic nitrogen-containing heterocyclic group means a monocyclic 

nitrogen-containing heterocyclic group which contains only a nitrogen atom as a heteroatom 

constituting the ring and is optionally substituted by an oxo group, such as an azetidinyl group, a 

pyrrolidinyl group, an oxopyrrolidinyl group, a pyrrolinyl group, a pyrrolyl group, a piperidyl 

group, an oxopiperidyl group, a tetrahydropyridyl group, a dihydropyridyl group, a pyridyl 10 

group, a homopiperidinyl group, an octahydroazocinyl group, an imidazolidinyl group, an 

oxoimidazolidinyl group, an imidazolinyl group, a dihydrooxoimidazolyl group, an imidazolyl 

group, a pyrazolidinyl group, a pyrazolinyl group, a pyrazolyl group, a piperazinyl group, a 

homopiperazinyl group, a pyrazinyl group, a pyridazinyl group, a pyrimidinyl group, a 

triazolidinyl group, a dioxotriazolidinyl group, a triazolyl group and a tetrazolyl group. 15 

 The monocyclic oxygen-containing heterocyclic group means an oxetanyl group, 

a tetrahydrofuranyl group, an oxotetrahydrofuranyl group, a furanyl group, a tetrahydropyranyl 

group, an oxotetrahydropyranyl group, a dihydropyranyl group or a pyranyl group. 

 The monocyclic sulfur-containing heterocyclic group means a tetrahydrothienyl 

group, an oxotetrahydrothienyl group or a thienyl group. 20 

 The monocyclic nitrogen- and oxygen-containing heterocyclic group means a 

monocyclic nitrogen- and oxygen-containing heterocyclic group which contains only a nitrogen 

atom and an oxygen atom as heteroatoms constituting the ring and is optionally substituted by an 

oxo group, such as an oxazolyl group, an isoxazolyl group, an oxoisoxazolyl group, an 

oxadiazolyl group and a morpholinyl group. 25 

 The monocyclic nitrogen- and sulfur-containing heterocyclic group means a 

monocyclic nitrogen- and sulfur-containing heterocyclic group which contains only a nitrogen 

atom and a sulfur atom as heteroatoms constituting the ring and is optionally substituted by an 

oxo group, such as a thiazolyl group, an isothiazolyl group, a thiadiazolyl group, a 

thiomorpholinyl group, a 1-oxidothiomorpholinyl group and a 1,1-dioxidothiomorpholinyl 30 

group. 

 The monocyclic heterocyclic group means a monocyclic nitrogen-containing 

heterocyclic group, a monocyclic oxygen-containing heterocyclic group, a monocyclic sulfur-

containing heterocyclic group, a monocyclic nitrogen- and oxygen-containing heterocyclic group 
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or a monocyclic nitrogen- and sulfur-containing heterocyclic group. 

[0025] 

 The bicyclic nitrogen-containing heterocyclic group means a bicyclic nitrogen-

containing heterocyclic group which contains only a nitrogen atom as a heteroatom constituting 

the rings and is optionally substituted by an oxo group, such as an indolinyl group, an 5 

oxoindolinyl group, an indolyl group, an isoindolinyl group, an oxoisoindolinyl group, an 

isoindolyl group, a pyrrolopyridinyl group, an indazolyl group, a benzimidazolyl group, a 

benzotriazolyl group, a tetrahydroquinolinyl group, an oxotetrahydroquinolinyl group, a 

dihydroquinolinyl group, an oxodihydroquinolinyl group, a quinolinyl group, a 

dihydroisoquinolinyl group, an octahydroisoquinolinyl group, a oxooctahydroisoquinolinyl 10 

group, a tetrahydroisoquinolinyl group, a decahydroisoquinolinyl group, an isoquinolinyl group, 

a dihydroquinazolinyl group, a cinnolinyl group, a phthalazinyl group, a quinazolinyl group, a 

tetrahydroquinoxalinyl group, an oxotetrahydroquinoxalinyl group, a hydroquinoxalinyl group, a 

quinoxalinyl group, a naphthyridinyl group, a purinyl group, a pteridinyl group and a 

quinuclidinyl group. 15 

 The bicyclic oxygen-containing heterocyclic group means a bicyclic oxygen-

containing heterocyclic group which contains only an oxygen atom as a heteroatom constituting 

the rings and is optionally substituted by an oxo group, such as a 2,3-dihydrobenzofuranyl group, 

an oxo-2,3-dihydrobenzofuranyl group, a benzofuranyl group, an isobenzofuranyl group, a 

chromanyl group, an oxochromanyl group, a chromenyl group, an isochromanyl group, an 20 

oxoisochromanyl group, a 1,3-benzodioxolyl group, a 1,3-benzodioxanyl and a 1,4-

benzodioxanyl group. 

 The bicyclic sulfur-containing heterocyclic group means a bicyclic sulfur-

containing heterocyclic group which contains only a sulfur atom as a heteroatom constituting the 

rings and is optionally substituted by an oxo group, such as a 2,3-dihydrobenzothienyl group, an 25 

oxo-2,3-dihydrobenzothienyl group and a benzothienyl group. 

 The bicyclic nitrogen- and oxygen-containing heterocyclic group means a bicyclic 

nitrogen- and oxygen-containing heterocyclic group which contains only a nitrogen atom and an 

oxygen atom as heteroatoms constituting the rings and is optionally substituted by an oxo group, 

such as a dihydrobenzoxazolyl group, an oxodihydrobenzoxazolyl group, a benzoxazolyl group, 30 

a benzisoxazolyl group, a benzoxadiazolyl group, a benzomorpholinyl group, an 

oxobenzomorpholinyl group, a dihydropyranopyridyl group, an oxodihydropyranopyridyl group, 

a dihydrodioxinopyridyl group, an oxodihydrodioxinopyridyl group and a dihydropyridoxazinyl 

group. 
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 The bicyclic nitrogen- and sulfur-containing heterocyclic group means a bicyclic 

nitrogen- and sulfur-containing heterocyclic group which contains a nitrogen atom and a sulfur 

atom as heteroatoms constituting the rings and is optionally substituted by an oxo group, such as 

a dihydrobenzothiazolyl group, an oxodihydrobenzothiazolyl group, a benzothiazolyl group, a 

benzisothiazolyl group and a benzothiadiazolyl group. 5 

 The bicyclic heterocyclic group means a bicyclic nitrogen-containing heterocyclic 

group, a bicyclic oxygen-containing heterocyclic group, a bicyclic sulfur-containing heterocyclic 

group, a bicyclic nitrogen- and oxygen-containing heterocyclic group or a bicyclic nitrogen- and 

sulfur-containing heterocyclic group. 

[0026] 10 

 The heterocyclic group means a monocyclic heterocyclic group or a bicyclic 

heterocyclic group. 

[0027] 

 The C3-8 cycloalkane means cyclopropane, cyclobutane, cyclopentane, 

cyclohexane, cycloheptane or cyclooctane. 15 

 The C4-8
 
cycloalkene means C4-8 cycloalkene such as cyclobutene, cyclopentene, 

cyclopentadiene, cyclohexene, cyclohexadiene and cycloheptene. 

 The cyclic hydrocarbon means C3-8 cycloalkane, C4-8 cycloalkene, benzene or 

naphthalene. 

[0028] 20 

 The nitrogen-containing heterocyclic ring means a nitrogen-containing 

heterocyclic ring which contains only a nitrogen atom as a heteroatom constituting the ring and 

is optionally substituted by an oxo group, such as azetidine, pyrrolidine, oxopyrrolidine, 

pyrroline, pyrrole, piperidine, oxopiperidine, tetrahydropyridine, dihydropyridine, 

oxodihydropyridine, pyridine, homopiperidine, octahydroazocine, imidazolidine, 25 

oxoimidazolidine, imidazoline, dihydrooxoimidazole, imidazole, pyrazolidine, 

dioxopyrazolidine, pyrazoline, oxopyrazoline, pyrazole, piperazine, homopiperazine, pyrazine, 

pyridazine, pyrimidine, triazolidine, dioxotriazolidine, triazole, tetrazole, 1H-benzimidazole and 

quinoxaline. 

 The oxygen-containing heterocyclic ring means oxetane, tetrahydrofuran, 30 

oxotetrahydrofuran, furan, tetrahydropyran, oxotetrahydropyran, dihydropyran or pyran. 

 The sulfur-containing heterocyclic ring means tetrahydrothiophene, 

oxotetrahydrothiophene or thiophene. 

 The nitrogen- and oxygen-containing heterocyclic ring means a monocyclic 
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nitrogen- and oxygen-containing heterocyclic ring which contains only a nitrogen atom and an 

oxygen atom as heteroatoms constituting the ring and is optionally substituted by an oxo group, 

such as oxazole, isoxazole, oxoisoxazole, oxadiazole and morpholine. 

 The nitrogen- and sulfur-containing heterocyclic ring means a monocyclic 

nitrogen- and sulfur-containing heterocyclic ring which contains only a nitrogen atom and a 5 

sulfur atom as heteroatoms constituting the ring and is optionally substituted by an oxo group, 

such as thiazole, isothiazole, thiadiazole, thiomorpholine, 1-oxidothiomorpholine and 1,1-

dioxidothiomorpholine. 

 The heterocyclic ring means a nitrogen-containing heterocyclic ring, an oxygen-

containing heterocyclic ring, a sulfur-containing heterocyclic ring, a nitrogen- and oxygen-10 

containing heterocyclic ring or a nitrogen- and sulfur-containing heterocyclic ring. 

[0029] 

 The divalent cyclic hydrocarbon group resulting from the removal of one 

hydrogen atom from each of two adjacent atoms means a group which is formed by the removal 

of two hydrogen atoms bonded to two adjacent atoms from cyclic hydrocarbon, such as 15 

cyclopropane-1,2-diyl, cyclobutane-1,2-diyl, cyclobutene-1,2-diyl, cyclopentane-1,2-diyl, 

cyclopentene-1,2-diyl, cyclopentadiene-1,2-diyl, cyclohexane-1,2-diyl, cyclohexene-1,2-diyl, 

cyclohexadiene-1,2-diyl, cycloheptane-1,2-diyl, cycloheptene-1,2-diyl, cyclooctane-1,2-diyl, 

benzene-1,2-diyl, naphthalene-1,2-diyl and naphthalene-2,3-diyl. 

[0030] 20 

 The divalent heterocyclic group resulting from the removal of one hydrogen atom 

from each of two adjacent atoms means a group which is formed by the removal of two 

hydrogen atoms bonded to two adjacent atoms from a heterocyclic ring and optionally 

substituted by an oxo group, such as azetidine-1,2-diyl, pyrrolidine-1,2-diyl, oxopyrrolidine-1,2-

diyl, oxopyrrolidine-3,4-diyl, pyrroline-3,4-diyl, pyrrole-3,4-diyl, piperidine-2,3-diyl, piperidine-25 

3,4-diyl, oxopiperidine-2,3-diyl, tetrahydropyridine-1,2-diyl, tetrahydropyridine-2,3-diyl, 

tetrahydropyridine-3,4-diyl, dihydropyridine-2,3-diyl, dihydropyridine-3,4-diyl, 

dihydropyridine-1,2-diyl, oxodihydropyridine-1,2-diyl, pyridine-2,3-diyl, pyridine-3,4-diyl, 

homopiperidine-2,3-diyl, homopiperidine-3,4-diyl, octahydroazocine-2,3-diyl, imidazolidine-

1,5-diyl, oxoimidazolidine-1,5-diyl, 1,2-dihydroimidazole-3,4-diyl, 4,5-dihydroimidazole-1,2-30 

diyl, dihydroxoimidazole-1,5-diyl, 2H-imidazole-4,5-diyl, imidazole-1,2-diyl, imidazole-1,5-

diyl, imidazole-4,5-diyl, pyrazolidine-1,2-diyl, dioxopyrazolidine-1,2-diyl, pyrazoline-1,2-diyl, 

oxopyrazoline-1,2-diyl, pyrazoline-1,5-diyl, 1H-pyrazole-3,4-diyl, 1H-pyrazole-4,5-diyl, 1H-

pyrazole-1,5-diyl, piperazine-1,2-diyl, piperazine-2,3-diyl, homopiperazine-1,2-diyl, 
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homopiperazine-2,3-diyl, pyrazine-2,3-diyl, pyridazine-3,4-diyl, pyrimidine-4,5-diyl, 1,2,4-

triazolidine-1,2-diyl, dioxotriazolidine-1,2-diyl, 1,2,3-triazole-1,5-diyl, 1,2,4-triazole-1,5-diyl, 

1,2,4-triazole-3,4-diyl, tetrazole-1,5-diyl, 1H-benzimidazole-1,2-diyl, quinoxaline-2,3-diyl, 

oxetane-2,3-diyl, tetrahydrofuran-2,3-diyl, oxotetrahydrofuran-2,3-diyl, furan-2,3-diyl, 

tetrahydropyran-2,3-diyl, oxotetrahydropyran-2,3-diyl, dihydropyran-2,3-diyl, pyran-2,3-diyl, 5 

tetrahydrothiophene-2,3-diyl, oxotetrahydrothiophene-2,3-diyl, thiophene-3,4-diyl, oxazole-4,5-

diyl, isoxazole-3,4-diyl, dihydrooxoisoxazole-3,4-diyl, 1,2,3-oxadiazole-4,5-diyl, morpholine-

2,3-diyl, morpholine-3,4-diyl, thiazole-4,5-diyl, isothiazole-4,5-diyl, 1,2,3-thiadiazole-4,5-diyl, 

thiomorpholine-2,3-diyl, 1-oxidothiomorpholine-2,3-diyl and 1,1-dioxidothiomorpholine-2,3-

diyl. 10 

[0031] 

 The leaving group means a halogen atom, a C1-6 alkylsulfonyloxy group or an 

arylsulfonyloxy group.  The C1-6 alkylsulfonyloxy group and the arylsulfonyloxy group are 

each optionally substituted by one or more groups selected from substituent group A. 

[0032] 15 

 Substituent group A: a halogen atom, a carbamoyl group optionally substituted by 

one or more groups selected from substituent group B, a sulfamoyl group optionally substituted 

by one or more groups selected from substituent group B, an acyl group optionally substituted by 

one or more groups selected from substituent group B, a C1-6 alkyl group optionally substituted 

by one or more groups selected from substituent group B, a C2-6 alkenyl group optionally 20 

substituted by one or more groups selected from substituent group B, a C3-8 cycloalkyl group 

optionally substituted by one or more groups selected from substituent group B, a C4-8 

cycloalkenyl group optionally substituted by one or more groups selected from substituent group 

B, a C1-6 alkoxy group optionally substituted by one or more groups selected from substituent 

group B, a C1-6 alkylsulfonyl group optionally substituted by one or more groups selected from 25 

substituent group B, an arylsulfonyl group optionally substituted by one or more groups selected 

from substituent group B, a C1-6 alkylamino group optionally substituted by one or more groups 

selected from substituent group B, a di(C1-6 alkyl)amino group optionally substituted by one or 

more groups selected from substituent group B, an aryl group optionally substituted by one or 

more groups selected from substituent group B, a heterocyclic group optionally substituted by 30 

one or more groups selected from substituent group B, an arylamino group optionally substituted 

by one or more groups selected from substituent group B, a cyano group, an optionally protected 

amino group, an optionally protected hydroxyl group, an optionally protected carboxyl group 

and an oxo group. 
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[0033] 

 Substituent group B: a halogen atom, an acyl group, a C1-6 alkyl group optionally 

substituted by one or more groups selected from substituent group C, a C3-8 cycloalkyl group 

optionally substituted by one or more groups selected from substituent group C, a C1-6 alkoxy 

group optionally substituted by one or more groups selected from substituent group C, a C1-6 5 

alkylamino group, a di(C1-6 alkyl)amino group, an aryl group optionally substituted by one or 

more groups selected from substituent group C, a heterocyclic group optionally substituted by 

one or more groups selected from substituent group C, a cyano group, an optionally protected 

amino group, an optionally protected hydroxyl group, an optionally protected carboxyl group 

and an oxo group. 10 

[0034] 

 Substituent group C: a halogen atom, an optionally protected amino group, an 

optionally protected hydroxyl group and an optionally protected carboxyl group. 

[0035] 

 The hydroxyl-protective group includes every group that can be used as a usual 15 

protective group for a hydroxyl group.  Examples thereof include a group described in Greene's 

Protective Groups in Organic Synthesis, 5th ed., p. 17-471, 2014, John Wiley & Sons, INC.  

Specific examples thereof include a C1-6 alkyl group, an ar-C1-6 alkyl group, a C1-6 alkoxy-C1-6 

alkyl group, an acyl group, a C1-6 alkoxycarbonyl group, an ar-C1-6 alkoxycarbonyl group, a C1-6 

alkylsulfonyl group, an arylsulfonyl group, a silyl group, a tetrahydrofuranyl group and a 20 

tetrahydropyranyl group.  These groups are each optionally substituted by one or more groups 

selected from substituent group A. 

[0036] 

 The carboxyl-protective group includes every group that can be used as a usual 

protective group for an amino group.  Examples thereof include a group described in Greene's 25 

Protective Groups in Organic Synthesis, 5th ed., p. 686-836, 2014, John Wiley & Sons, INC.  

Specific examples thereof include a C1-6 alkyl group, an ar-C1-6 alkyl group, a C1-6 alkoxy-C1-6 

alkyl group, an ar-C1-6 alkoxy-C1-6 alkyl group and a silyl group.  These groups are each 

optionally substituted by one or more groups selected from substituent group A. 

[0037] 30 

 The amino-protective group includes every group that can be used as a usual 

protective group for an amino group.  Examples thereof include a group described in Greene's 

Protective Groups in Organic Synthesis, 5th ed., p. 895-1193, 2014, John Wiley & Sons, INC.  

Specific examples thereof include an ar-C1-6 alkyl group, a C1-6 alkoxy-C1-6 alkyl group, an acyl 
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group, a C1-6 alkoxycarbonyl group, an ar-C1-6 alkoxycarbonyl group, an aryloxycarbonyl group, 

a C1-6 alkylsulfonyl group, an arylsulfonyl group and a silyl group.  These groups are each 

optionally substituted by one or more groups selected from substituent group A. 

[0038] 

 The aliphatic hydrocarbons mean pentane, hexane, heptane, cyclohexane, 5 

methylcyclohexane or ethylcyclohexane. 

 The halogenated hydrocarbons mean dichloromethane, chloroform or 

dichloroethane. 

 The ethers mean diethyl ether, diisopropyl ether, tetrahydrofuran, 2-

methyltetrahydrofuran, 1,4-dioxane, anisole, ethylene glycol dimethyl ether, diethylene glycol 10 

dimethyl ether or diethylene glycol diethyl ether. 

 The alcohols mean methanol, ethanol, propanol, 2-propanol, butanol, 2-methyl-2-

propanol, ethylene glycol, propylene glycol or diethylene glycol. 

 The ketones mean acetone, 2-butanone or 4-methyl-2-pentanone. 

 The esters mean methyl acetate, ethyl acetate, propyl acetate, isopropyl acetate or 15 

butyl acetate. 

 The amides mean N,N-dimethylformamide, N,N-dimethylacetamide or N-

methylpyrrolidone. 

 The nitriles mean acetonitrile or propionitrile. 

 The sulfoxides mean dimethyl sulfoxide or sulfolane. 20 

 The aromatic hydrocarbons mean benzene, toluene or xylene. 

[0039] 

 The inorganic base means sodium hydroxide, potassium hydroxide, sodium 

bicarbonate, sodium carbonate, sodium hydride, potassium carbonate, tripotassium phosphate, 

potassium acetate, cesium fluoride or cesium carbonate. 25 

 The organic base means sodium methoxide, sodium ethoxide, sodium tert-

butoxide, potassium tert-butoxide, triethylamine, N,N-diisopropylethylamine, 1,8-

diazabicyclo(5.4.0)undec-7-ene (DBU), pyridine, N,N-dimethyl-4-aminopyridine or 4-

methylmorpholine. 

[0040] 30 

 The C1-6 alkyl group represented by R
1
; the C1-6 alkyl group, the C2-6 alkenyl 

group, the C3-8 cycloalkyl group, the C4-8 cycloalkenyl group, the aryl group, the C1-6 alkoxy 

group, the C1-6 alkylamino group, the di(C1-6 alkyl)amino group and the heterocyclic group 

represented by R
3
; the C1-6 alkyl group, the C1-3 alkyl group, the C2-6 alkenyl group, the C2-6 
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alkynyl group, the C3-8 cycloalkyl group, the C4-8 cycloalkenyl group, the aryl group, the C1-6 

alkoxy group, the aryloxy group, the C1-6 alkylamino group, the C1-3 alkylamino group, the di(C1-

6 alkyl)amino group, the arylamino group, the carbamoyl group, the sulfamoyl group, the C1-6 

alkylthio group, the arylthio group, the C1-6 alkylsulfonyl group, the C1-3 alkylsulfonyl group, the 

arylsulfonyl group and the heterocyclic group represented by R
4
; the C2-3 alkylene group and the 5 

C2-5 alkylene group formed together by two adjacent R
4
; the C1-6 alkyl group represented by R

5
; 

the C1-6 alkyl group represented by R
6
; the C1-3 alkyl group represented by R

6a
; the C1-3 alkyl 

group represented by R
6b

; the C1-6 alkyl group represented by R
7
; the C1-3 alkylene group 

represented by Y
1
; the C1-3 alkylene group represented by Y

2
; the C1-3 alkylene group represented 

by Y
3
; the C1-3 alkyl group represented by R

7a
; the C1-3 alkyl group represented by R

7b
; the C2-4 10 

alkylene group formed together by R
4
 and R

7
; the C2-3 alkylene group formed together by R

4
 and 

R
7a

; the C2-3 alkylene group formed together by R
4
 and R

7b
; the C1-6 alkyl group and the aryl 

group represented by R
8
; the divalent cyclic hydrocarbon group resulting from the removal of 

one hydrogen atom from each of two adjacent atoms and the divalent heterocyclic group 

resulting from the removal of one hydrogen atom from each of two adjacent atoms, represented 15 

by X
1
; the divalent cyclic hydrocarbon group resulting from the removal of one hydrogen atom 

from each of two adjacent atoms and the divalent heterocyclic group resulting from the removal 

of one hydrogen atom from each of two adjacent atoms, represented by X
1A

; the C1-6 alkyl group 

represented by R
a
; the C1-6 alkyl group represented by R

b
; the C1-3 alkylene group formed 

together by R
a
 and R

b
; the C1-6 alkyl group represented by R

c
; the C1-6 alkyl group represented by 20 

R
d
; and the C1-3 alkylene group formed together by R

c
 and R

d
 are each optionally substituted by 

one or more groups selected from substituent group A. 

 The C1-6 alkyl group represented by R
2
 is optionally substituted by one or more 

groups selected from substituent group B. 

[0041] 25 

 In the present invention, examples of preferred compounds include the following 

compounds or salts thereof. 

 R
1
 is an optionally substituted C1-6 alkyl group. 

 A compound in which R
1
 is a C1-3 alkyl group is preferred.  A compound in 

which R
1
 is an ethyl group is more preferred. 30 

[0042] 

 R
2
 is a hydrogen atom, a halogen atom or an optionally substituted C1-6 alkyl 

group. 

 A compound in which R
2
 is a hydrogen atom or an optionally substituted C1-6 
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alkyl group is preferred.  A compound in which R
2
 is a hydrogen atom is more preferred. 

[0043] 

 R
3
 is a halogen atom, an optionally substituted C1-6 alkyl group, an optionally 

substituted C2-6 alkenyl group, an optionally substituted C3-8 cycloalkyl group, an optionally 

substituted C4-8 cycloalkenyl group, an optionally substituted aryl group, an optionally 5 

substituted C1-6 alkoxy group, an optionally substituted C1-6 alkylamino group, an optionally 

substituted di(C1-6 alkyl)amino group or an optionally substituted heterocyclic group. 

 A compound in which R
3
 is a halogen atom, an optionally substituted C1-6 alkyl 

group, an optionally substituted C2-6 alkenyl group, an optionally substituted C3-8 cycloalkyl 

group, an optionally substituted C4-8 cycloalkenyl group, an optionally substituted aryl group, an 10 

optionally substituted di(C1-6 alkyl)amino group or an optionally substituted heterocyclic group 

is preferred. 

 A compound in which R
3
 is an optionally substituted C1-6 alkyl group, an 

optionally substituted C3-8 cycloalkyl group, an optionally substituted aryl group or an optionally 

substituted heterocyclic group is more preferred. 15 

 A compound in which R
3
 is an optionally substituted C1-6 alkyl group, an 

optionally substituted C3-8 cycloalkyl group or an optionally substituted heterocyclic group is 

further preferred. 

 A compound in which R
3
 is an optionally substituted C1-6 alkyl group or an 

optionally substituted heterocyclic group is still further preferred. 20 

 A compound in which R
3
 is an optionally substituted heterocyclic group is 

particularly preferred. 

[0044] 

 Z
1
, Z

2
 and Z

3
 are the same or different and each are a nitrogen atom or a group 

represented by the general formula CR
5
 wherein R

5
 is as defined above. 25 

 A compound in which each of Z
1
, Z

2
 and Z

3
 is a group represented by the general 

formula CR
5
 wherein R

5
 is as defined above is preferred.  A compound in which each of Z

1
, Z

2
 

and Z
3
 is CH is more preferred. 

[0045] 

 X
1
 is (1) a group represented by the general formula C(=O)N(R

6
) wherein R

6
 is as 30 

defined above, (2) a group represented by the general formula N(R
7
)C(=O) wherein R

7
 is as 

defined above, (3) an optionally substituted divalent cyclic hydrocarbon group resulting from the 

removal of one hydrogen atom from each of two adjacent atoms or (4) an optionally substituted 

divalent heterocyclic group resulting from the removal of one hydrogen atom from each of two 
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adjacent atoms. 

[0046] 

 A compound in which X
1
 is a group represented by the general formula 

C(=O)N(R
6
) wherein R

6
 is as defined above is preferred.  A compound in which X

1
 is a group 

represented by the general formula C(=O)N(R
6a

) wherein R
6a

 is as defined above is more 5 

preferred.  A compound in which X
1
 is a group represented by the general formula 

C(=O)N(R
6b

) wherein R
6b

 is as defined above is further preferred. 

[0047] 

 In an alternative embodiment, a compound in which X
1
 is a group represented by 

the general formula N(R
7
)C(=O) wherein R

7
 is as defined above is preferred.  A compound in 10 

which X
1
 is a group represented by the general formula N(R

7a
)C(=O) wherein R

7a
 is as defined 

above is more preferred.  A compound in which X
1
 is a group represented by the general 

formula N(R
7b

)C(=O) wherein R
7b

 is as defined above is further preferred. 

[0048] 

 In a further alternative embodiment, a compound in which X
1
 is an optionally 15 

substituted divalent cyclic hydrocarbon group resulting from the removal of one hydrogen atom 

from each of two adjacent atoms or an optionally substituted divalent heterocyclic group 

resulting from the removal of one hydrogen atom from each of two adjacent atoms is preferred. 

 A compound in which X
1
 is an optionally substituted divalent heterocyclic group 

resulting from the removal of one hydrogen atom from each of two adjacent atoms is more 20 

preferred. 

[0049] 

 Ring A is a cyclic hydrocarbon group or a heterocyclic group. 

 A compound in which ring A is a cyclic hydrocarbon group is preferred. 

 A compound in which ring A is a phenyl group is more preferred. 25 

[0050] 

 “m” number of R
4
 are the same or different and each are a halogen atom, a cyano 

group, a nitro group, an amino-protective group, an optionally substituted C1-6 alkyl group, an 

optionally substituted C2-6 alkenyl group, an optionally substituted C2-6 alkynyl group, an 

optionally substituted C3-8 cycloalkyl group, an optionally substituted C4-8 cycloalkenyl group, an 30 

optionally substituted aryl group, an optionally substituted C1-6 alkoxy group, an optionally 

substituted aryloxy group, an optionally substituted C1-6 alkylamino group, an optionally 

substituted di(C1-6 alkyl)amino group, an optionally substituted arylamino group, an optionally 

substituted carbamoyl group, an optionally substituted sulfamoyl group, an optionally substituted 
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C1-6 alkylthio group, an optionally substituted arylthio group, an optionally substituted C1-6 

alkylsulfonyl group, an optionally substituted arylsulfonyl group, an optionally substituted 

heterocyclic group, an optionally protected amino group, an optionally protected hydroxyl group 

or an optionally protected carboxyl group.  In this context, two adjacent R
4
 may together form 

an optionally substituted C2-5 alkylene group, and one R
4
 may form, together with R

7
, an 5 

optionally substituted C2-4 alkylene group, a group represented by the general formula O-Y
1
 

wherein Y
1
 is as defined above, a group represented by the general formula S(O)n-Y

2
 wherein Y

2
 

and n are as defined above or a group represented by the general formula N(R
8
)-Y

3
 wherein Y

3
 

and R
8
 are as defined above. 

[0051] 10 

 A compound in which m number of R
4
 are the same or different and each are a 

halogen atom, a cyano group, an optionally substituted C1-6 alkyl group, an optionally substituted 

C2-6 alkenyl group, an optionally substituted C3-8 cycloalkyl group, an optionally substituted C4-8 

cycloalkenyl group, an optionally substituted aryl group, an optionally substituted C1-6 alkoxy 

group, an optionally substituted C1-6 alkylamino group, an optionally substituted di(C1-6 15 

alkyl)amino group, an optionally substituted arylamino group, an optionally substituted 

carbamoyl group, an optionally substituted sulfamoyl group, an optionally substituted C1-6 

alkylsulfonyl group, an optionally substituted heterocyclic group, an optionally protected amino 

group, an optionally protected hydroxyl group or an optionally protected carboxyl group is 

preferred. 20 

 A compound in which m number of R
4
 are the same or different and each are a 

halogen atom, an optionally substituted C1-3 alkyl group, an optionally substituted C1-3 

alkylamino group, an optionally substituted C1-3 alkylsulfonyl group or an optionally protected 

amino group is more preferred. 

 A compound in which m number of R
4
 are the same or different and each are a 25 

halogen atom, an optionally substituted C1-3 alkyl group, an optionally substituted C1-3 

alkylamino group or an optionally protected amino group is further preferred. 

 A compound in which m number of R
4
 are the same or different and each are a 

halogen atom or an optionally substituted C1-3 alkyl group is still further preferred.  A 

compound in which each of m number of R
4
 is a halogen atom is particularly preferred. 30 

[0052] 

 In an alternative embodiment, a compound in which 

m number of R
4
 are the same or different and each are a halogen atom, a cyano group, an 

optionally substituted C1-6 alkyl group, an optionally substituted C1-6 alkoxy group, an optionally 
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substituted carbamoyl group, an optionally substituted C1-6 alkylsulfonyl group, an optionally 

substituted heterocyclic group, an optionally protected amino group, an optionally protected 

carboxyl group, 

an optionally substituted C2-5 alkylene group formed together by two adjacent R
4
, an optionally 

substituted C2-4 alkylene group formed together by one R
4
 and R

7
, 5 

a group represented by the general formula O-Y
1
 formed together by one R

4
 and R

7
 wherein Y

1
 

is as defined above, 

a group represented by the general formula S(O)n-Y
2
 formed together by one R

4
 and R

7
 wherein 

Y
2
 is as defined above, or 

a group represented by the general formula N(R
8
)-Y

3
 formed together by one R

4
 and R

7
 wherein 10 

R
8
 and Y

3
 are as defined above 

is preferred. 

[0053] 

 A compound in which 

m number of R
4
 are the same or different and each are a halogen atom, an optionally substituted 15 

C1-3 alkyl group, an optionally substituted C1-3 alkylamino group, an optionally substituted C1-3 

alkylsulfonyl group, an optionally protected amino group, 

an optionally substituted C2-5 alkylene group formed together by two adjacent R
4
, an optionally 

substituted C2-4 alkylene group formed together by one R
4
 and R

7
, 

a group represented by the general formula O-Y
1
 formed together by one R

4
 and R

7
 wherein Y

1
 20 

is as defined above, 

a group represented by the general formula S(O)n-Y
2
 formed together by one R

4
 and R

7
 wherein 

Y
2
 is as defined above, or 

a group represented by the general formula N(R
8
)-Y

3
 formed together by one R

4
 and R

7
 wherein 

R
8
 and Y

3
 are as defined above 25 

is more preferred. 

[0054] 

 A compound in which 

m number of R
4
 are the same or different and each are a halogen atom, an optionally substituted 

C1-3 alkyl group, an optionally substituted C1-3 alkylsulfonyl group, 30 

an optionally substituted C2-3 alkylene group formed together by two adjacent R
4
, an optionally 

substituted C2-4 alkylene group formed together by one R
4
 and R

7
, 

a group represented by the general formula O-Y
1
 formed together by one R

4
 and R

7
 wherein Y

1
 

is as defined above, 
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a group represented by the general formula S(O)n-Y
2
 formed together by one R

4
 and R

7
 wherein 

Y
2
 is as defined above, or 

a group represented by the general formula N(R
8
)-Y

3
 formed together by one R

4
 and R

7
 wherein 

R
8
 and Y

3
 are as defined above 

is further preferred. 5 

[0055] 

 A compound in which 

m number of R
4
 are the same or different and each are a halogen atom, an optionally substituted 

C1-3 alkyl group, an optionally substituted C1-3 alkylsulfonyl group, 

an optionally substituted C2-3 alkylene group formed together by two adjacent R
4
, an optionally 10 

substituted C2-3 alkylene group formed together by one R
4
 and R

7a
, or 

a group represented by the general formula O-Y
1a

 formed together by one R
4
 and R

7a
 wherein 

Y
1a

 is as defined above 

is still further preferred. 

[0056] 15 

 A compound in which 

m number of R
4
 are the same or different and each are an optionally substituted C1-3 alkyl group, 

an optionally substituted C2-3 alkylene group formed together by two adjacent R
4
, or 

an optionally substituted C2-3 alkylene group formed together by one R
4
 and R

7b
 

is particularly preferred. 20 

 A compound in which m number of R
4
 are the same or different and each are an 

optionally substituted C1-3 alkyl group or an optionally substituted C2-3 alkylene group formed 

together by one R
4
 and R

7b
 is most preferred. 

[0057] 

 In a further alternative embodiment, a compound in which m number of R
4
 are the 25 

same or different and each are a halogen atom is preferred. 

[0058] 

 “m” is an integer of 0 to 5. 

 A compound in which m is an integer of 0 to 2 is preferred. 

[0059] 30 

 R
5
 is a hydrogen atom, a halogen atom or an optionally substituted C1-6 alkyl 

group. 

 A compound in which R
5
 is a hydrogen atom is preferred. 

[0060] 
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 R
6
 is a hydrogen atom, an amino-protective group or an optionally substituted C1-6 

alkyl group. 

 A compound in which R
6
 is a hydrogen atom or an optionally substituted C1-3 

alkyl group is preferred.  A compound in which R
6
 is an optionally substituted C1-3 alkyl group 

is more preferred. 5 

[0061] 

 R
7
 is a hydrogen atom, an amino-protective group or an optionally substituted C1-6 

alkyl group.  Alternatively, R
7
 is, together with one substituent R

4
 on ring A, an optionally 

substituted C2-4 alkylene group, a group represented by the general formula O-Y
1
 wherein Y

1
 is 

as defined above, a group represented by the general formula S(O)n-Y
2
 wherein Y

2
 and n are as 10 

defined above, or a group represented by the general formula N(R
8
)-Y

3
 wherein Y

3
 and R

8
 are as 

defined above. 

 A compound in which R
7
 is an optionally substituted C1-3 alkyl group, or a 

compound in which R
7
 is, together with one substituent R

4
 on ring A, an optionally substituted 

C2-3 alkylene group, a group represented by the general formula O-Y
1a

 wherein Y
1a

 is as defined 15 

above, or a group represented by the general formula N(R
8a

)-Y
3
 wherein R

8a
 represents an 

optionally substituted C1-3 alkyl group; and Y
3
 is as defined above is preferred. 

 A compound in which R
7
 is an optionally substituted C1-3 alkyl group, or a 

compound in which R
7
 is, together with one substituent R

4
 on ring A, an optionally substituted 

C2-3 alkylene group or a group represented by the general formula O-Y
1a

 wherein Y
1a

 is as 20 

defined above is more preferred. 

 A compound in which R
7
 is an optionally substituted C1-3 alkyl group, or a 

compound in which R
7
 is, together with one substituent R

4
 on ring A, an optionally substituted 

C2-3 alkylene group is further preferred. 

[0062] 25 

 R
8
 is a hydrogen atom, an amino-protective group, an optionally substituted C1-6 

alkyl group or an optionally substituted aryl group. 

 A compound in which R
8
 is a hydrogen atom or an optionally substituted C1-6 

alkyl group is preferred.  A compound in which R
8
 is a hydrogen atom is more preferred. 

[0063] 30 

 Y
1
 is an optionally substituted C1-3 alkylene group. 

 A compound in which Y
1
 is an ethylene group is preferred. 

 Y
2
 is an optionally substituted C1-3 alkylene group. 

 A compound in which Y
2
 is a C1-3 alkylene group is preferred. 
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 Y
3
 is an optionally substituted C1-3 alkylene group. 

 A compound in which Y
3
 is a C1-3 alkylene group is preferred. 

[0064] 

 In an alternative embodiment, a compound in which 

R
2
 is a hydrogen atom or an optionally substituted C1-6 alkyl group; and 5 

each of Z
1
, Z

2
 and Z

3
 is CH 

is preferred. 

[0065] 

 In an alternative embodiment, a compound in which 

R
1
 is a C1-3 alkyl group, and 10 

R
3
 is an optionally substituted C1-6 alkyl group, an optionally substituted C3-8 cycloalkyl group, 

an optionally substituted aryl group or an optionally substituted heterocyclic group 

is preferred. 

[0066] 

 In an alternative embodiment, a compound in which 15 

X
1
 is a group represented by the general formula C(=O)N(R

6a
) wherein R

6a
 is as defined above; 

m number of R
4
 are the same or different and each are a halogen atom, an optionally substituted 

C1-3 alkyl group, an optionally substituted C1-3 alkylamino group or an optionally protected 

amino group; and 

m is an integer of 0 to 2 20 

is preferred. 

[0067] 

 In an alternative embodiment, a compound in which 

R
3
 is an optionally substituted C1-6 alkyl group, an optionally substituted C3-8 cycloalkyl group or 

an optionally substituted heterocyclic group; 25 

X
1
 is a group represented by the general formula C(=O)N(R

6b
) wherein R

6b
 is as defined above; 

m number of R
4
 are the same or different and each are a halogen atom or an optionally 

substituted C1-3 alkyl group; and 

m is an integer of 0 to 2 

is preferred. 30 

[0068] 

 In an alternative embodiment, a compound in which 

R
3
 is an optionally substituted C1-6 alkyl group, an optionally substituted C3-8 cycloalkyl group or 

an optionally substituted heterocyclic group; 
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X
1
 is a group represented by the general formula N(R

7a
)C(=O) wherein R

7a
 is as defined above; 

m number of R
4
 are the same or different and each are a halogen atom, an optionally substituted 

C1-3 alkyl group, an optionally substituted C1-3 alkylsulfonyl group, 

an optionally substituted C2-3 alkylene group formed together by two adjacent R
4
, 

an optionally substituted C2-3 alkylene group formed together by one R
4
 and R

7a
, or 5 

a group represented by the general formula O-Y
1a

 formed together by one R
4
 and R

7a
 wherein 

Y
1a

 is as defined above; and 

m is an integer of 0 to 2 

is preferred. 

[0069] 10 

 A compound in which 

R
3
 is an optionally substituted heterocyclic group; 

X
1
 is a group represented by the general formula N(R

7b
)C(=O) wherein R

7b
 is as defined above; 

m number of R
4
 are the same or different and each are an optionally substituted C1-3 alkyl group, 

an optionally substituted C2-3 alkylene group formed together by two adjacent R
4
, or 15 

an optionally substituted C2-3 alkylene group formed together by one R
4
 and R

7b
; and 

m is an integer of 0 to 2 

is more preferred. 

[0070] 

 A compound in which 20 

R
3
 is an optionally substituted heterocyclic group; 

X
1
 is a group represented by the general formula N(R

7b
)C(=O) wherein R

7b
 is as defined above; 

m number of R
4
 are the same or different and each are an optionally substituted C1-3 alkyl group, 

or 

an optionally substituted C2-3 alkylene group formed together by one R
4
 and R

7b
; and 25 

m is an integer of 0 to 2 

is further preferred. 

[0071] 

 In an alternative embodiment, a compound in which 

R
3
 is an optionally substituted C1-6 alkyl group or an optionally substituted heterocyclic group; 30 

X
1
 is an optionally substituted divalent cyclic hydrocarbon group resulting from the removal of 

one hydrogen atom from each of two adjacent atoms or an optionally substituted divalent 

heterocyclic group resulting from the removal of one hydrogen atom from each of two adjacent 

atoms; 
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m number of R
4
 are the same or different and each are a halogen atom; 

m is an integer of 0 to 2 

is preferred. 

 A compound in which 

R
3
 is an optionally substituted heterocyclic group; 5 

X
1
 is an optionally substituted divalent heterocyclic group resulting from the removal of one 

hydrogen atom from each of two adjacent atoms; 

m number of R
4
 are the same or different and each are a halogen atom; and 

m is an integer of 0 to 2 

is more preferred. 10 

[0072] 

 Examples of preferred compounds according to the present invention include the 

following compounds. 

[0073] 

 6-(3,4-dihydroquinolin-1(2H)-ylcarbonyl)-1-ethyl-4-(1-methylpiperidin-4-15 

yl)quinolin-2(1H)-one, 1-ethyl-N-methyl-N-(4-methylphenyl)-4-(1-methylpiperidin-4-yl)-2-oxo-

1,2-dihydroquinoline-6-carboxamide, N-(2,3-dihydro-1H-inden-5-yl)-1-ethyl-N-methyl-4-(1-

methylpiperidin-4-yl)-2-oxo-1,2-dihydroquinoline-6-carboxamide, 6-(5-(4-chlorophenyl)-2-oxo-

2,3-dihydro-1H-imidazol-1-yl)-1-ethyl-4-(morpholin-4-yl)quinolin-2(1H)-one, 6-(5-(4-

chlorophenyl)-3-methyl-2-oxo-2,3-dihydro-1H-imidazol-1-yl)-1-ethyl-4-(morpholin-4-20 

yl)quinolin-2(1H)-one, 1-ethyl-4-(morpholin-4-yl)-6-(2-oxo-5-phenyl-3-(propan-2-yl)-2,3-

dihydro-1H-imidazol-1-yl)quinolin-2(1H)-one, 1-ethyl-N-(3-fluoro-4-methylphenyl)-N-methyl-

4-(1-methylpiperidin-4-yl)-2-oxo-1,2-dihydroquinoline-6-carboxamide, N-(3-chloro-4-

methylphenyl)-1-ethyl-N-methyl-4-(1-methylpiperidin-4-yl)-2-oxo-1,2-dihydroquinoline-6-

carboxamide and N-(3,4-dimethylphenyl)-1-ethyl-N-methyl-4-(1-methylpiperidin-4-yl)-2-oxo-25 

1,2-dihydroquinoline-6-carboxamide. 

[0074] 

 Examples of the salt of the compound represented by the general formula [1] can 

include a usually known salt of a basic group such as an amino group or an acidic group such as 

a hydroxyl group or a carboxyl group. 30 

[0075] 

 Examples of the salt of a basic group include: a salt with a mineral acid such as 

hydrochloric acid, hydrobromic acid, nitric acid and sulfuric acid; a salt with an organic 

carboxylic acid such as formic acid, acetic acid, citric acid, oxalic acid, fumaric acid, maleic 
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acid, succinic acid, malic acid, tartaric acid, aspartic acid, trichloroacetic acid and trifluoroacetic 

acid; and a salt with a sulfonic acid such as methanesulfonic acid, benzenesulfonic acid, p-

toluenesulfonic acid, mesitylenesulfonic acid and naphthalenesulfonic acid. 

[0076] 

 Examples of the salt of an acidic group include: a salt with an alkali metal such as 5 

sodium and potassium; a salt with an alkaline earth metal such as calcium and magnesium; an 

ammonium salt; and a salt with a nitrogen-containing organic base such as trimethylamine, 

triethylamine, tributylamine, pyridine, N,N-dimethylaniline, N-methylpiperidine, 4-

methylmorpholine, diethylamine, dicyclohexylamine, procaine, dibenzylamine, N-benzyl-β-

phenethylamine, 1-ephenamine and N,N'-dibenzylethylenediamine. 10 

[0077] 

 Among the salts described above, examples of preferred salts include 

pharmacologically acceptable salts. 

 When the compound represented by the general formula [1] has isomers (e.g., 

optical isomers, geometric isomers and tautomers), the present invention encompasses these 15 

isomers and also encompasses solvates, hydrates and various forms of crystals. 

[0078] 

 Next, methods for producing the compound of the present invention will be 

described. 

 The compound of the present invention is produced by a combination of methods 20 

known per se in the art and can be produced according to, for example, the following production 

methods: 

[0079] 

[Production method 1] 

 25 

wherein L
1
 represents a hydroxyl group or a leaving group; and R

1
, R

2
, R

3
, R

4
, R

6
, Z

1
, Z

2
, Z

3
, A 

and m are as defined above. 

[0080] 

(1-1) In the case where L
1
 is a hydroxyl group 
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 For example, p-chlorobenzoic acid is known as the compound represented by the 

general formula [3]. 

 The compound represented by the general formula [1a] can be produced by 

reacting the compound represented by the general formula [2] with the compound represented by 

the general formula [3] in the presence of a condensing agent or an acid halide and in the 5 

presence of a base. 

 The solvent for use in this reaction is not particularly limited as long as the 

solvent does not influence the reaction.  Examples thereof include halogenated hydrocarbons, 

ethers, esters, amides, nitriles, sulfoxides and aromatic hydrocarbons.  These solvents may be 

used as a mixture. 10 

 Preferred examples of the solvent include halogenated hydrocarbons, ethers, 

esters and amides.  Halogenated hydrocarbons and amides are more preferred. 

 The amount of the solvent used is not particularly limited and can be 1 to 500 

times (v/w) the amount of the compound represented by the general formula [2]. 

 Examples of the base for use in this reaction include an inorganic base and an 15 

organic base. 

 Preferred examples of the base include an organic base.  Triethylamine, N,N-

diisopropylethylamine and 4-methylmorpholine are more preferred, and N,N-

diisopropylethylamine and 4-methylmorpholine are further preferred. 

 The amount of the base used can be 1 to 50 times, preferably 1 to 10 times the 20 

mol of the compound represented by the general formula [2]. 

[0081] 

 Examples of the condensing agent for use in this reaction include: carbodiimides 

such as N,N'-diisopropylcarbodiimide (DIC), N,N'-di-(tert-butyl)carbodiimide, N,N'-

dicyclohexylcarbodiimide (DCC), N-(tert-butyl)-N'-ethylcarbodiimide (BEC), N-cyclohexyl-N'-25 

(2-morpholinoethyl)carbodiimide (CMC) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 

(EDC); imidazoliums such as 1,1'-carbonyldiimidazole (CDI) and 1,1'-carbonyldi(1,2,4-triazole) 

(CDT); acid azides such as diphenylphosphorylazide; acid cyanides such as 

diethylphosphorylcyanide; 2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline; and uroniums such 

as O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate (HBTU), O-(7-30 

azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate (HATU), O-

(benzotriazol-1-yl)-N,N,N',N'-bis(tetramethylene)uronium hexafluorophosphate (HBPyU), O-

(benzotriazol-1-yl)-N,N,N',N'-bis(pentamethylene)uronium hexafluorophosphate (HBPipU), O-

(6-chlorobenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate (HCTU), O-
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(3,4-dihydro-4-oxo-1,2,3-benzotriazin-3-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate 

(HDBTU), O-(2-oxo-1(2H)pyridyl)-N,N,N',N'-tetramethyluronium hexafluorophosphate 

(TPTU), O-((ethoxycarbonyl)cyanomethyleneamino)-N,N,N',N'-tetramethyluronium 

hexafluorophosphate (HOTU), O-((ethoxycarbonyl)cyanomethyleneamino)-N,N,N',N'-

tetramethyluronium tetrafluoroborate (TOTU), N,N,N',N'-tetramethyl-O-(N-5 

succinimidyl)uronium hexafluorophosphate (HSTU), N,N,N',N'-tetramethyl-O-(N-

succinimidyl)uronium tetrafluoroborate (TSTU) dipyrrolidino(N-succinimidyloxy)carbenium 

hexafluorophosphate (HSPyU) and S-(1-oxido-2-pyridyl)-N,N,N',N'-tetramethylthiouronium 

tetrafluoroborate (TOTT). 

 Preferred examples of the condensing agent include carbodiimides.  EDC is 10 

more preferred. 

 The amount of the condensing agent used can be 1 to 50 times, preferably 1 to 5 

times the mol of the compound represented by the general formula [2]. 

[0082] 

 In the case of using a carbodiimide as the condensing agent, it is preferred to add 15 

an additive. 

 Examples of the additive include 1-hydroxybenzotriazole (HOBT), 1-hydroxy-7-

azabenzotriazole (HOAT) and ethyl (hydroxyimino)cyanoacetate.  HOBT and ethyl 

(hydroxyimino)cyanoacetate are preferred. 

 The amount of the additive used can be 0.01 to 10 times, preferably 0.1 to 1 times 20 

the mol of the compound represented by the general formula [2]. 

[0083] 

 Examples of the acid halide for use in this reaction include: oxalyl chloride; 

carboxylic acid halides such as acetyl chloride and trifluoroacetyl chloride; sulfonic acid halides 

such as methanesulfonyl chloride and tosyl chloride; and chloroformic acid esters such as ethyl 25 

chloroformate and isobutyl chloroformate. 

 The amount of the compound represented by the general formula [3] used is not 

particularly limited and can be 1 to 10 times the mol of the compound represented by the general 

formula [2]. 

 This reaction can be carried out at -30 to 150°C, preferably 0 to 100°C, for 30 30 

minutes to 48 hours. 

[0084] 

(1-2) In the case where L
1
 is a leaving group 

 For example, p-chlorobenzoyl chloride is known as the compound represented by 
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the general formula [3]. 

 The compound represented by the general formula [1a] can be produced by 

reacting the compound represented by the general formula [2] with the compound represented by 

the general formula [3] in the presence of a base. 

 The solvent for use in this reaction is not particularly limited as long as the 5 

solvent does not influence the reaction.  Examples thereof include halogenated hydrocarbons, 

ethers, esters, amides, nitriles, sulfoxides and aromatic hydrocarbons.  These solvents may be 

used as a mixture. 

 Preferred examples of the solvent include halogenated hydrocarbons, ethers and 

esters.  Halogenated hydrocarbons are more preferred. 10 

 The amount of the solvent used is not particularly limited and can be 1 to 500 

times (v/w) the amount of the compound represented by the general formula [2]. 

[0085] 

 Examples of the base for use in this reaction include an inorganic base and an 

organic base. 15 

 Preferred examples of the base include an organic base.  Triethylamine, N,N-

diisopropylethylamine, 4-methylmorpholine and pyridine are more preferred, and N,N-

diisopropylethylamine, 4-methylmorpholine and pyridine are further preferred. 

 The amount of the base used can be 1 to 50 times, preferably 1 to 10 times the 

mol of the compound represented by the general formula [2]. 20 

 The amount of the compound represented by the general formula [3] used is not 

particularly limited and can be 1 to 10 times the mol of the compound represented by the general 

formula [2]. 

 This reaction can be carried out at -30 to 150°C, preferably 0 to 100°C, for 30 

minutes to 48 hours. 25 

[0086] 

[Production method 2] 
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wherein R
6A

 represents an optionally substituted C1-6 alkyl group; L
2
 represents a leaving group; 

and R
1
, R

2
, R

3
, R

4
, L

1
, Z

1
, Z

2
, Z

3
, A and m are as defined above. 

[0087] 

<Step 1> 5 

 The compound represented by the general formula [1b] can be produced by 

reacting the compound represented by the general formula [4] with the compound represented by 

the general formula [3]. 

 This reaction can be carried out according to Production method 1. 

[0088] 10 

<Step 2> 

 For example, methyl iodide is known as the compound represented by the general 

formula [5]. 

 The compound represented by the general formula [1c] can be produced by 

reacting the compound represented by the general formula [1b] with the compound represented 15 

by the general formula [5] in the presence of a base. 

 The solvent for use in this reaction is not particularly limited as long as the 

solvent does not influence the reaction.  Examples thereof include halogenated hydrocarbons, 

ethers, ketones, esters, amides, nitriles, sulfoxides and aromatic hydrocarbons.  These solvents 

may be used as a mixture. 20 

 Preferred examples of the solvent include ethers and amides.  Amides are more 

preferred. 

 The amount of the solvent used is not particularly limited and can be 1 to 500 

times (v/w) the amount of the compound represented by the general formula [1b]. 

[0089] 25 
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 Examples of the base for use in this reaction include: an organic base such as 

sodium methoxide, sodium ethoxide, potassium tert-butoxide, pyridine, dimethylaminopyridine 

and triethylamine; and an inorganic base such as sodium hydride, sodium hydroxide, potassium 

hydroxide, sodium bicarbonate, potassium carbonate and sodium carbonate.  Preferred 

examples of the base include sodium hydride and potassium carbonate. 5 

 The amount of the base used is not particularly limited and can be 1 to 20 times, 

preferably 1 to 5 times the mol of the compound represented by the general formula [1b]. 

 The amount of the compound represented by the general formula [5] used is not 

particularly limited and can be 1 to 10 times the mol of the compound represented by the general 

formula [1b]. 10 

 This reaction can be carried out at -30 to 150°C, preferably 0 to 100°C, for 30 

minutes to 48 hours. 

[0090] 

[Production method 3] 

 15 

wherein L
3
 represents a hydroxyl group or a leaving group; and R

1
, R

2
, R

3
, R

4
, R

7
, Z

1
, Z

2
, Z

3
, A 

and m are as defined above. 

[0091] 

 For example, N-methylaniline is known as the compound represented by the 

general formula [7]. 20 

 The compound represented by the general formula [1d] can be produced by 

reacting the compound represented by the general formula [6] with the compound represented by 

the general formula [7]. 

 This reaction can be carried out according to Production method 1. 

[0092] 25 

[Production method 4] 
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wherein R
7A

 represents an optionally substituted C1-6 alkyl group; L
4
 represents a leaving group; 

and R
1
, R

2
, R

3
, R

4
, L

3
, Z

1
, Z

2
, Z

3
, A and m are as defined above. 

[0093] 

<Step 1> 5 

 The compound represented by the general formula [1e] can be produced by 

reacting the compound represented by the general formula [6] with the compound represented by 

the general formula [8]. 

 This reaction can be carried out according to Production method 1. 

[0094] 10 

<Step 2> 

 For example, methyl iodide is known as the compound represented by the general 

formula [9]. 

 The compound represented by the general formula [1f] can be produced by 

reacting the compound represented by the general formula [1e] with the compound represented 15 

by the general formula [9]. 

 This reaction can be carried out according to <Step 2> of Production method 2. 

[0095] 

[Production method 5] 

 20 
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wherein R
a
 represents a hydrogen atom or an optionally substituted C1-6 alkyl group; R

b
 

represents a hydrogen atom or an optionally substituted C1-6 alkyl group; or R
a
 and R

b
 together 

represent an optionally substituted C1-3 alkylene group; L
5
 represents a leaving group; X

1A
 

represents an optionally substituted divalent cyclic hydrocarbon group resulting from the 

removal of one hydrogen atom from each of two adjacent atoms or an optionally substituted 5 

divalent heterocyclic group resulting from the removal of one hydrogen atom from each of two 

adjacent atoms; and R
1
, R

2
, R

3
, R

4
, Z

1
, Z

2
, Z

3
, A and m are as defined above. 

[0096] 

 For example, 2-biphenylboric acid is known as the compound represented by the 

general formula [11]. 10 

 The compound represented by the general formula [1g] can be produced by 

reacting the compound represented by the general formula [10] with the compound represented 

by the general formula [11] in the presence or absence of a base, in the presence of a palladium 

catalyst and in the presence or absence of a ligand. 

 The solvent for use in this reaction is not particularly limited as long as the 15 

solvent does not influence the reaction.  Examples thereof include water, alcohols, halogenated 

hydrocarbons, ethers, ketones, esters, amides, nitriles, sulfoxides and aromatic hydrocarbons.  

These solvents may be used as a mixture. 

 Preferred examples of the solvent include mixed solvents of aromatic 

hydrocarbons and water and mixed solvents of ethers and water. 20 

 The amount of the solvent used is not particularly limited and can be 1 to 500 

times (v/w) the amount of the compound represented by the general formula [10]. 

[0097] 

 Examples of the palladium catalyst for use in this reaction include: metal 

palladium such as palladium-carbon and palladium black; an inorganic palladium salt such as 25 

palladium chloride; an organic palladium salt such as palladium acetate; chloro(2-

(dicyclohexylphosphino)-3,6-dimethoxy-2',4',6'-triisopropyl-1,1'-biphenyl)(2-(2-

aminoethyl)phenyl)palladium(II); an organic palladium complex such as 

tetrakis(triphenylphosphine)palladium(0), bis(triphenylphosphine)palladium(II) dichloride, 

bis(di-tert-butyl(4-dimethylaminophenyl)phosphine)dichloropalladium(II), 1,1'-30 

bis(diphenylphosphino)ferrocene palladium(II) dichloride, (E)-di(µ-acetato)bis(o-(di-o-

tolylphosphino)benzyl)dipalladium(II) and tris(dibenzylideneacetone)dipalladium(0); and a 

polymer-supported organic palladium complex such as polymer-supported 

bis(acetato)triphenylphosphine palladium(II) and polymer-supported 
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di(acetato)dicyclohexylphenylphosphine palladium(II).  An organic palladium complex is 

preferred. 

 The amount of the palladium catalyst used can be 0.00001 to 1 times, preferably, 

0.01 to 0.2 times the mol of the compound represented by the general formula [10]. 

[0098] 5 

 Examples of the ligand that is used in this reaction, if desired, include: 

trialkylphosphines such as trimethylphosphine and tri-tert-butylphosphine; 

tricycloalkylphosphines such as tricyclohexylphosphine; triarylphosphines such as 

triphenylphosphine and tritolylphosphine; trialkyl phosphites such as trimethyl phosphite, 

triethyl phosphite and tributyl phosphite; tricycloalkyl phosphites such as tricyclohexyl 10 

phosphite; triaryl phosphites such as triphenyl phosphite; imidazolium salts such as 1,3-

bis(2,4,6-trimethylphenyl)imidazolium chloride; diketones such as acetylacetone and 

octafluoroacetylacetone; amines such as trimethylamine, triethylamine, tripropylamine, 

triisopropylamine and tributylamine; 1,1'-bis(diphenylphosphino)ferrocene; 2,2'-

bis(diphenylphosphino)-1,1'-binaphthyl; 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl; 2-15 

dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl; 2-(di-tert-butylphosphino)-2',4',6'-

triisopropylbiphenyl; 2-dicyclohexylphosphino-2'-(N,N-dimethylamino)biphenyl; 4,5-

bis(diphenylphosphino)-9,9-dimethylxanthene; and 2-(di-tert-butylphosphino)biphenyl. 

 The amount of the ligand used can be 0.00001 to 1 times, preferably 0.02 to 0.5 

times the mol of the compound represented by the general formula [10]. 20 

[0099] 

 Examples of the base that is used in this reaction, if desired, include an inorganic 

base and an organic base.  An inorganic base such as sodium bicarbonate, sodium carbonate, 

potassium carbonate, cesium carbonate and tripotassium phosphate is preferred. 

 The amount of the base used can be 1 to 50 times, preferably 2 to 10 times the 25 

mol of the compound represented by the general formula [10]. 

 The amount of the compound represented by the general formula [11] used can be 

1 to 50 times, preferably 1 to 2 times the mol of the compound represented by the general 

formula [10]. 

 This reaction can usually be carried out at 0 to 160°C, preferably 20 to 120°C, for 30 

1 minute to 96 hours in an inert gas (e.g. nitrogen and/or argon) atmosphere. 

[0100] 

[Production method 6] 
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wherein L
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[0101] 

 The compound represented by the general formula [1h] can be produced by 5 

reacting the compound represented by the general formula [12] with the compound represented 

by the general formula [13]. 

 This reaction can be carried out according to Production method 5. 

[0102] 

[Production method 7] 10 

 

wherein R
3A

 represents an optionally substituted C1-6 alkylamino group, an optionally substituted 

di(C1-6 alkyl)amino group or an optionally substituted cyclic amino group; L
7
 represents a 

leaving group; and R
1
, R

2
, R

4
, X

1
, Z

1
, Z

2
, Z

3
, A and m are as defined above. 

[0103] 15 

 For example, morpholine is known as the compound represented by the general 

formula [15]. 

 The compound represented by the general formula [1i] can be produced by 

reacting the compound represented by the general formula [14] with the compound represented 

by the general formula [15] in the presence or absence of a base. 20 

 The solvent for use in this reaction is not particularly limited as long as the 

solvent does not influence the reaction.  Examples thereof include halogenated hydrocarbons, 

ethers, esters, amides, nitriles, sulfoxides and aromatic hydrocarbons.  These solvents may be 

used as a mixture. 

 Preferred examples of the solvent include halogenated hydrocarbons, ethers, 25 
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esters and amides.  Amides are more preferred. 

 The amount of the solvent used is not particularly limited and can be 1 to 500 

times (v/w) the amount of the compound represented by the general formula [14]. 

 Examples of the base for use in this reaction include an inorganic base and an 

organic base. 5 

 Preferred examples of the base include an organic base.  Triethylamine, N,N-

diisopropylethylamine and 4-methylmorpholine are more preferred, and N,N-

diisopropylethylamine and 4-methylmorpholine are further preferred. 

 The amount of the base used can be 1 to 50 times, preferably 1 to 10 times the 

mol of the compound represented by the general formula [14]. 10 

 The amount of the compound represented by the general formula [15] used is not 

particularly limited and can be 1 to 10 times the mol of the compound represented by the general 

formula [14]. 

 This reaction can be carried out at -30 to 150°C, preferably 0 to 150°C, for 30 

minutes to 48 hours. 15 

[0104] 

 Next, methods for producing starting materials for the production of the 

compound of the present invention will be described. 

[0105] 

[Production method A] 20 

 

wherein R
3B

 represents an optionally substituted C1-6 alkyl group, an optionally substituted C3-8 

cycloalkyl group, an optionally substituted aryl group or an optionally substituted heterocyclic 

group; R
c
 represents a hydrogen atom or an optionally substituted C1-6 alkyl group; R

d
 represents 

a hydrogen atom or an optionally substituted C1-6 alkyl group; or R
c
 and R

d
 together represent an 25 

optionally substituted C1-3 alkylene group; L
8
 represents a leaving group; L

9
 represents a leaving 
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group; and R
1
, R

2
, Z

1
, Z

2
 and Z

3
 are as defined above. 

[0106] 

<Step 1> 

 For example, 4-chloro-6-nitroquinolin-2(1H)-one is known as the compound 

represented by the general formula [S1]. 5 

 For example, ethyl iodide is known as the compound represented by the general 

formula [S2]. 

 The compound represented by the general formula [S3] can be produced by 

reacting the compound represented by the general formula [S1] with the compound represented 

by the general formula [S2] in the presence of a base. 10 

 The solvent for use in this reaction is not particularly limited as long as the 

solvent does not influence the reaction.  Examples thereof include halogenated hydrocarbons, 

ethers, esters, amides, nitriles, sulfoxides and aromatic hydrocarbons.  These solvents may be 

used as a mixture. 

 Preferred examples of the solvent include amides and sulfoxides.  Amides are 15 

more preferred. 

 The amount of the solvent used is not particularly limited and can be 1 to 500 

times (v/w) the amount of the compound represented by the general formula [S1]. 

 Examples of the base for use in this reaction include an inorganic base and an 

organic base. 20 

 Preferred examples of the base include an inorganic base.  Cesium carbonate is 

more preferred. 

 The amount of the base used can be 1 to 50 times, preferably 1 to 10 times the 

mol of the compound represented by the general formula [S1]. 

 The amount of the compound represented by the general formula [S2] used is not 25 

particularly limited and can be 1 to 10 times the mol of the compound represented by the general 

formula [S1]. 

 This reaction can be carried out at -30 to 150°C, preferably 0 to 100°C, for 30 

minutes to 48 hours. 

[0107] 30 

<Step 2> 

 For example, cyclopropylboric acid is known as the compound represented by the 

general formula [S4]. 

 The compound represented by the general formula [S5] can be produced by 
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reacting the compound represented by the general formula [S3] with the compound represented 

by the general formula [S4] in the presence of a base, in the presence of a palladium catalyst and 

in the presence or absence of a ligand. 

 This reaction can be carried out according to Production method 5. 

[0108] 5 

<Step 3> 

 The compound represented by the general formula [4] can be produced by 

subjecting the compound represented by the general formula [S5] to reduction reaction.  This 

reaction can be carried out according to a method described in Richard C. Larock et al., 

Comprehensive Organic Transformations, 2nd edition, p. 823-827, 1999, John Wiley & Sons, 10 

INC. or a method equivalent thereto.  Specific examples thereof include catalytic hydrogenation 

reaction using a metal catalyst, and reduction reaction using a metal such as iron or zinc. 

[0109] 

 In the case of subjecting the compound represented by the general formula [S5] to 

the catalytic hydrogenation reaction, the solvent used is not particularly limited as long as the 15 

solvent has no adverse effect on the reaction.  Examples thereof include water, alcohols, 

amides, halogenated hydrocarbons, aromatic hydrocarbons, ethers, acetonitrile, ketones, esters, 

acetic acid and pyridine.  These solvents may be used as a mixture. 

 Examples of the metal catalyst for use in this reaction include: metal palladium 

such as palladium-carbon and palladium black; a palladium salt such as palladium oxide and 20 

palladium hydroxide; nickel metal such as Raney nickel; and a platinum salt such as platinum 

oxide. 

 The amount of the metal catalyst used is 0.001 to 5 times (w/w), preferably 0.01 

to 1 times (w/w) the amount of the compound represented by the general formula [S5]. 

 Examples of the hydrogen source include: hydrogen; formic acid; formate such as 25 

sodium formate, ammonium formate and triethylammonium formate; cyclohexene; and 

cyclohexadiene. 

 The amount of the hydrogen source used can be 2 to 100 times, preferably, 2 to 10 

times the mol of the compound represented by the general formula [S5]. 

 This reaction can be carried out at 0 to 200°C, preferably 0 to 100°C, for 1 minute 30 

to 24 hours. 

[0110] 

 In the case of subjecting the compound represented by the general formula [S5] to 

the reduction reaction using a metal, the solvent used is not particularly limited as long as the 
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solvent has no adverse effect on the reaction.  Examples thereof include water, alcohols, 

amides, halogenated hydrocarbons, aromatic hydrocarbons, ethers, acetonitrile, ketones and 

esters.  These solvents may be used as a mixture. 

 Examples of the metal for use in this reaction include iron, zinc, tin and tin(II) 

chloride. 5 

 The amount of the metal used is 1 to 50 times, preferably 1 to 10 times the mol of 

the compound represented by the general formula [S5]. 

 Examples of the acid that is used in this reaction, if desired, include hydrogen 

chloride, hydrogen bromide, acetic acid and ammonium chloride. 

 The amount of the acid used can be 0.001 to 100 times (v/w), preferably 0.01 to 10 

20 times (v/w) the amount of the compound represented by the general formula [S5]. 

 This reaction can be carried out at 0 to 200°C, preferably 0 to 100°C, for 1 minute 

to 24 hours. 

[0111] 

[Production method B] 15 

 

wherein R
e
 represents a carboxyl-protective group; and R

1
, R

2
, R

3B
, R

c
, R

d
, L

5
, L

8
, Z

1
, Z

2
 and Z

3
 

are as defined above. 

[0112] 

<Step 1> 20 

 For example, N-ethyl-4-iodoaniline is known as the compound represented by the 

general formula [S6]. 

 For example, 3-tert-butoxy-3-oxopropionic acid is known as the compound 

represented by the general formula [S7]. 
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 The compound represented by the general formula [S8] can be produced by 

reacting the compound represented by the general formula [S6] with the compound represented 

by the general formula [S7] in the presence of a condensing agent or an acid halide and in the 

presence of a base. 

 This reaction can be carried out according to Production method 1. 5 

[0113] 

<Step 2> 

 The compound represented by the general formula [S9] can be produced by 

reacting the compound represented by the general formula [S8] with a dehydrating agent. 

 The solvent for use in this reaction is not particularly limited as long as the 10 

solvent does not influence the reaction.  Examples thereof include halogenated hydrocarbons, 

ethers, esters, amides, nitriles, sulfoxides and aromatic hydrocarbons.  These solvents may be 

used as a mixture. 

 Preferred examples of the solvent include amides and sulfoxides.  Amides are 

more preferred. 15 

 The amount of the solvent used is not particularly limited and can be 1 to 500 

times (v/w) the amount of the compound represented by the general formula [S8]. 

 Examples of the dehydrating agent for use in this reaction include diphosphorus 

pentoxide, phosphorus pentachloride, phosphoryl chloride and thionyl chloride. 

 The amount of the dehydrating agent used can be 1 to 50 times, preferably 1 to 10 20 

times the mol of the compound represented by the general formula [S8]. 

 This reaction can be carried out at -30 to 150°C, preferably 0 to 100°C, for 30 

minutes to 48 hours. 

[0114] 

<Step 3> 25 

 When L
8
 is, for example, a halogen atom, the compound represented by the 

general formula [S10] can be produced by reacting the compound represented by the general 

formula [S9] with a halogenating agent. 

 The solvent for use in this reaction is not particularly limited as long as the 

solvent does not influence the reaction.  Examples thereof include aliphatic hydrocarbons, 30 

halogenated hydrocarbons, ethers, ketones, esters, amides, nitriles, sulfoxides and aromatic 

hydrocarbons.  These solvents may be used as a mixture. 

 Preferred examples of the solvent include aromatic hydrocarbons. 

 The amount of the solvent used is not particularly limited and can be 1 to 500 
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times (v/w) the amount of the compound represented by the general formula [S9]. 

 Examples of the halogenating agent for use in this reaction include phosphorus 

oxychloride, phosphoryl chloride and thionyl chloride. 

 The amount of the halogenating agent used can be 1 to 50 times, preferably 1 to 

10 times the mol of the compound represented by the general formula [S9].  Also, the 5 

halogenating agent may be used as a solvent. 

 This reaction can be carried out at -30 to 150°C, preferably 0 to 100°C, for 30 

minutes to 48 hours. 

[0115] 

<Step 4> 10 

 The compound represented by the general formula [S11] can be produced by 

reacting the compound represented by the general formula [S10] with sodium formate in the 

presence of a base and in the presence of a palladium catalyst. 

 The solvent for use in this reaction is not particularly limited as long as the 

solvent does not influence the reaction.  Examples thereof include halogenated hydrocarbons, 15 

ethers, esters, amides, nitriles, sulfoxides and aromatic hydrocarbons.  These solvents may be 

used as a mixture. 

 Preferred examples of the solvent include amides and sulfoxides.  Amides are 

more preferred. 

 The amount of the solvent used is not particularly limited and can be 1 to 500 20 

times (v/w) the amount of the compound represented by the general formula [S10]. 

 Examples of the base for use in this reaction include an organic base. 

 The amount of the base used can be 1 to 50 times, preferably 1 to 10 times the 

mol of the compound represented by the general formula [S10]. 

 Examples of the palladium catalyst for use in this reaction include: metal 25 

palladium such as palladium-carbon and palladium black; an inorganic palladium salt such as 

palladium chloride; an organic palladium salt such as palladium acetate; chloro(2-

(dicyclohexylphosphino)-3,6-dimethoxy-2',4',6'-triisopropyl-1,1'-biphenyl)(2-(2-

aminoethyl)phenyl)palladium(II); an organic palladium complex such as 

tetrakis(triphenylphosphine)palladium(0), bis(triphenylphosphine)palladium(II) dichloride, 30 

bis(di-tert-butyl(4-dimethylaminophenyl)phosphine)dichloropalladium(II), 1,1'-

bis(diphenylphosphino)ferrocene palladium(II) dichloride, (E)-di(µ-acetato)bis(o-(di-o-

tolylphosphino)benzyl)dipalladium(II) and tris(dibenzylideneacetone)dipalladium(0); and a 

polymer-supported organic palladium complex such as polymer-supported 
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bis(acetato)triphenylphosphine palladium(II) and polymer-supported 

di(acetato)dicyclohexylphenylphosphine palladium(II).  An organic palladium complex is 

preferred. 

 The amount of the palladium catalyst used can be 0.00001 to 1 times, preferably 

0.01 to 0.2 times the mol of the compound represented by the general formula [S10]. 5 

 The amount of sodium formate used can be 1 to 50 times, preferably 1 to 10 times 

the mol of the compound represented by the general formula [S10]. 

 This reaction can be carried out at -30 to 150°C, preferably 0 to 100°C, for 30 

minutes to 48 hours. 

[0116] 10 

<Step 5> 

 For example, tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,6-

dihydropyridine-1(2H)-carboxylate is known as the compound represented by the general 

formula [S4]. 

 The compound represented by the general formula [6a] can be produced by 15 

reacting the compound represented by the general formula [S11] with the compound represented 

by the general formula [S4] in the presence of a base, in the presence of a palladium catalyst and 

in the presence or absence of a ligand. 

 This reaction can be carried out according to Production method 5. 

[0117] 20 

 When each compound used in these production methods has solvates, hydrates 

and various forms of crystals, these solvates, hydrates and various forms of crystals can also be 

used. 

 Among the compounds used in these production methods, a compound having, 

for example, an amino group, a hydroxyl group or a carboxyl group can be subjected to the 25 

protection of the group with a usual protective group in advance, and after the reaction, the 

protective group can be eliminated by a method known per se in the art. 

 Each compound obtained by these production methods can be converted to a 

different compound, for example, by subjecting the compound to a reaction known per se in the 

art such as condensation, addition, oxidation, reduction, dislocation, substitution, halogenation, 30 

dehydration or hydrolysis or by appropriately combining these reactions. 

[0118] 

 In the case of using the compound represented by the general formula [1] as a 

medicament, the compound represented by the general formula [1] may be appropriately mixed 



 45 

with a pharmaceutical aid usually used in formulation, such as an excipient, a carrier and a 

diluent.  Such a preparation can be administered orally or parenterally in a form such as a tablet, 

a capsule, a powder, a syrup, granules, a pill, a suspension, an emulsion, a solution, a dust, a 

suppository, eye drops, nasal drops, ear drops, a patch, an ointment or an injection according to a 

routine method.  The administration method, the dose and the number of doses can be 5 

appropriately selected according to the age, body weight and symptoms of a patient.  Usually, 

the compound represented by the general formula [1] can be administered orally or parenterally 

(e.g. administered through injection, administered through intravenous drip, and administered to 

a rectal site) to an adult at a daily dose of 0.01 to 1000 mg/kg, which is administered in one 

portion or several portions. 10 

[0119] 

 Examples of the disease involving the overproduction of CXCL10 include an 

immune disease such as inflammatory bowel disease, arthritis, psoriasis, systemic sclerosis, 

systemic lupus erythematosus and autoimmune neuroinflammatory disease. 

 The pharmaceutical composition means a composition containing the compound 15 

of the present invention or the salt thereof as an active ingredient appropriately mixed with a 

pharmaceutical aid usually used in formulation, such as an excipient, a carrier and a diluent. 

 The agent for treatment means a pharmaceutical composition aimed at treatment. 

 The treatment includes prophylaxis or therapy.  The prophylaxis includes the 

inhibition of development, reduction in the risk of development and the delay of development.  20 

The therapy includes the amelioration of a target disease or condition and the suppression 

(sustentation or delay) of progression of the disease or the condition.  The recipient for the 

treatment includes a human or a nonhuman animal in need of the treatment. 

[0120] 

 Next, the present invention will be described with reference to Reference 25 

Examples, Examples and Test Examples.  However, the present invention is not intended to be 

limited by them. 

[0121] 

 Purification by column chromatography employed an automatic purification 

apparatus ISOLERA (Biotage Japan Ltd.) or a medium-pressure liquid chromatograph YFLC-W 30 

Prep 2XY.N (Yamazen Corp.), unless otherwise specified. 

 The carrier used in silica gel column chromatography was SNAP KP-Sil 

Cartridge (Biotage Japan Ltd.) or Hi-Flash Column W001, W002, W003, W004 or W005 

(Yamazen Corp.), and the carrier used in basic silica gel column chromatography was SNAP KP-
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NH Cartridge (Biotage Japan Ltd.), unless otherwise specified. 

 The mixing ratio of an eluent is a volume ratio.  For example, "hexane:ethyl 

acetate gradient elution = 100:0 - 50:50" means that an eluent composed of 100% hexane and 0% 

ethyl acetate was finally changed to an eluent composed of 50% hexane and 50% ethyl acetate. 

[0122] 5 

 The flow hydrogenation reaction apparatus used was H-Cube (ThalesNano 

Nanotechnology Inc.). 

 The microwave apparatus used was Initiator+ or Initiator Sixty (both from 

Biotage Japan Ltd.). 

 MS spectra were measured using ACQUITY SQD LC/MS System (Waters Corp., 10 

ionization method: ESI (electrospray ionization), model M-8000 (Hitachi, Ltd., ionization: ESI), 

LCMS-2010EV (Shimadzu Corp., ionization: simultaneous ionization method of ESI and APCI 

(atmospheric pressure chemical ionization)) or JMS-T100LP (DART) (JEOL Ltd., ionization: 

DART (direct analysis in real time)). 

 NMR spectra were measured using tetramethylsilane as internal standards and 15 

Bruker AV300 (Bruker Corp.) or model JNM-AL400 (JEOL Ltd.), and total δ values were 

indicated by ppm. 

[0123] 

 Abbreviations in NMR measurement have the following meanings: 

 s: Singlet 20 

 brs: Broad singlet 

 d: Doublet 

 dd: Double doublet 

 t: Triplet 

 q: Quartet 25 

 quint: Quintet 

 m: Multiplet 

 DMSO-D6: deuterated dimethyl sulfoxide 

[0124] 

 Abbreviations in Reference Examples and Examples have the following 30 

meanings: 

 Bn: Benzyl 

 Me: Methyl 

[0125] 
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Reference Example 1 

 

 To a suspension of 18.5 g of 4-chloro-6-nitroquinolin-2(1H)-one in 150 mL of 

N,N-dimethylacetamide was added 53.8 g of cesium carbonate at 40-50°C.  To the reaction 

mixture under ice cooling was added 7.91 mL of ethyl iodide, and then the mixture was stirred at 5 

room temperature for 3 hours.  To the reaction mixture were added ethyl acetate and water, and 

the pH of the mixture was adjusted to 2.0 with 2 mol/L hydrochloric acid.  The solid matter was 

filtered and washed with water to obtain a slightly brown solid.  To the obtained solid were 

added ethyl acetate and diisopropyl ether, and then the solid matter was filtered and washed with 

ethyl acetate to obtain 8.88 g of 4-chloro-1-ethyl-6-nitroquinolin-2(1H)-one as a slightly brown 10 

solid. 

1
H-NMR (CDCl3) δ: 1.39 (3H, t, J = 7.3 Hz), 4.39 (2H, q, J = 7.3 Hz), 7.01 (1H, s), 7.51 (1H, d, 

J = 9.9 Hz), 8.48 (1H, dd, J = 9.2, 2.6 Hz), 8.94 (1H, d, J = 2.6 Hz). 

[0126] 

Reference Example 2 15 

 

 A mixture of 5.17 g of 4-chloro-1-ethyl-6-nitroquinolin-2(1H)-one, 4.26 g of 

cyclopropylboric acid monohydrate, 10.9 g of sodium carbonate, 0.44 g of bis(di-tert-butyl(4-

dimethylaminophenyl)phosphine)dichloropalladium(II), 50 mL of ethylene glycol dimethyl 

ether, and 5.0 mL of water was heated at reflux under nitrogen atmosphere for 3 hours.  The 20 

reaction mixture was cooled to room temperature, and then ethyl acetate and water were added.  

The organic layer was fractionated, washed successively with water and saturated sodium 

chloride aqueous solution, and then dried over anhydrous magnesium sulfate, and the solvent 

was distilled off under reduced pressure.  To the obtained residue were added diisopropyl ether, 

ethyl acetate, and hexane, and the solid matter was filtered and washed with diisopropyl ether to 25 

obtain 4.81 g of 4-cyclopropyl-1-ethyl-6-nitroquinolin-2(1H)-one as a slightly brown solid. 

1
H-NMR (CDCl3) δ: 0.79-0.87 (2H, m), 1.15-1.24 (2H, m), 1.37 (3H, t, J = 7.3 Hz), 2.11-2.23 
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(1H, m), 4.37 (2H, q, J = 7.1 Hz), 6.54 (1H, s), 7.47 (1H, d, J = 9.2 Hz), 8.42 (1H, dd, J = 9.2, 2.6 

Hz), 9.00 (1H, d, J = 2.6 Hz). 

[0127] 

Reference Example 3 

 5 

 A mixture of 4.8 g of 4-cyclopropyl-1-ethyl-6-nitroquinolin-2(1H)-one, 0.68 g of 

ammonium chloride, 3.91 g of iron powder, 48 mL of ethanol, and 9.6 mL of water was heated at 

reflux for 1 hour.  The reaction mixture was cooled to room temperature, and then water and 

ethyl acetate were added, and the insoluble matter was filtered off.  The filter residue was 

washed with ethyl acetate and water.  The filtrate was combined with the wash solution, and the 10 

organic layer was fractionated, washed with water and saturated sodium chloride aqueous 

solution, then dried over anhydrous magnesium sulfate, and the solvent was distilled off under 

reduced pressure.  To the obtained residue were added diisopropyl ether and ethyl acetate, and 

the solid matter was filtered to obtain 3.92 g of 6-amino-4-cyclopropyl-1-ethylquinolin-2(1H)-

one as a light yellow solid. 15 

1
H-NMR (CDCl3) δ: 0.71-0.79 (2H, m), 0.99-1.08 (2H, m), 1.33 (3H, t, J = 7.3 Hz), 1.96-2.08 

(1H, m), 3.74 (2H, brs), 4.31 (2H, q, J = 7.1 Hz), 6.42 (1H, s), 6.99 (1H, dd, J = 9.2, 2.6 Hz), 

7.23 (1H, d, J = 9.2 Hz), 7.38 (1H, d, J = 2.6 Hz). 

[0128] 

Reference Example 4 20 

 

 A mixture of 2.0 g of 4-chloro-1-ethyl-6-nitroquinolin-2(1H)-one, 10 mL of N,N-

dimethylacetamide and 3.46 mL of morpholine was stirred at the ambient temperature of 130-

140°C for 2 hours.  The reaction mixture was cooled to room temperature and the solvent was 

distilled off under reduced pressure.  To the obtained residue was added water, and the solid 25 

matter was filtered and washed with diisopropyl ether to obtain 2.29 g of 1-ethyl-4-(morpholin-
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4-yl)-6-nitroquinolin-2(1H)-one as a slightly brown solid. 

1
H-NMR (CDCl3) δ: 1.37 (3H, t, J = 7.3 Hz), 3.10-3.18 (4H, m), 3.95-4.03 (4H, m), 4.36 (2H, q, 

J = 7.0 Hz), 6.27 (1H, s), 7.46 (1H, d, J = 9.2 Hz), 8.38 (1H, dd, J = 9.2, 2.6 Hz), 8.71 (1H, d, J = 

2.6 Hz). 

[0129] 5 

Reference Example 5 

 

 A mixture of 2.27 g of 1-ethyl-4-(morpholin-4-yl)-6-nitroquinolin-2(1H)-one, 

0.26 g of ammonium chloride, 1.46 g of iron powder, 20 mL of ethanol and 4.0 mL of water was 

heated at reflux for 3 hours and 20 minutes.  To the reaction mixture were added 20 mL of 10 

dioxane and 20 mL of ethyl acetate, and the mixture was heated at reflux for 3 hours.  The 

reaction mixture was cooled to room temperature, allowed to stand overnight, and then heated at 

reflux for 1 hour.  To the reaction mixture was added 100 mL of chloroform, and the mixture 

was heated at reflux for 1 hour.  To the reaction mixture were added 0.26 g of ammonium 

chloride and 0.73 g of iron powder, and the mixture was heated at reflux for 5 hours.  The 15 

reaction mixture was cooled to room temperature and the insoluble matter was filtered off.  The 

filter residue was washed with chloroform and water.  The filtrate was combined with the wash 

solution, and then the organic layer was fractionated, washed with saturated sodium chloride 

aqueous solution, then dried over anhydrous magnesium sulfate, and the solvent was distilled off 

under reduced pressure.  To the obtained residue was added diisopropyl ether, and the solid 20 

matter was filtered to obtain 1.76 g of 6-amino-1-ethyl-4-(morpholin-4-yl)quinolin-2(1H)-one as 

slightly brown solid. 

1
H-NMR (CDCl3) δ: 1.32 (3H, t, J = 7.3 Hz), 3.04-3.12 (4H, m), 3.71 (2H, brs), 3.89-3.96 (4H, 

m), 4.29 (2H, q, J = 7.0 Hz), 6.18 (1H, s), 6.96 (1H, dd, J = 8.6, 2.6 Hz), 7.09 (1H, d, J = 3.3 Hz), 

7.24 (1H, d, J = 9.2 Hz). 25 

[0130] 

Reference Example 6 
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 To a solution of 0.7 g of 6-amino-1-ethyl-4-(morpholin-4-yl)quinolin-2(1H)-one 

in 14 mL of dichloromethane was added 0.46 g of 1,1'-carbonyldiimidazole, and the mixture was 

stirred at room temperature for 4 hours.  To the reaction mixture was added 0.54 mL of 

triethylamine.  To the reaction mixture under ice cooling was added 0.48 g of 2-amino-1-5 

phenylethanone hydrochloride, and the mixture was stirred at room temperature for 3 hours.  To 

the reaction mixture were added chloroform and water, and the pH of the mixture was adjusted to 

2.0 with 2 mol/L hydrochloric acid.  The organic layer was fractionated, washed with saturated 

sodium chloride aqueous solution, and then dried over anhydrous magnesium sulfate, and the 

solvent was distilled off under reduced pressure.  To the obtained residue were added 10 

diisopropyl ether and ethyl acetate, and the solid matter was filtered to obtain 0.86 g of 1-(1-

ethyl-4-(morpholin-4-yl)-2-oxo-1,2-dihydroquinolin-6-yl)-3-(2-oxo-2-phenylethyl)urea as a 

slightly brown solid. 

1
H-NMR (CDCl3) δ: 1.34 (3H, t, J = 6.9 Hz), 3.10-3.17 (4H, m), 3.89-3.97 (4H, m), 4.32 (2H, q, 

J = 7.0 Hz), 4.86 (2H, d, J = 4.0 Hz), 5.93-6.01 (1H, m), 6.22 (1H, s), 6.98 (1H, s), 7.34 (1H, d, J 15 

= 9.2 Hz), 7.42-7.56 (3H, m), 7.59-7.68 (1H, m), 7.96-8.03 (3H, m). 

[0131] 

Reference Example 7 

 

 To a solution of 5 mL of N-ethylaniline in 50 mL of dichloromethane and 25 mL 20 

of methanol was added 6.7 g of sodium bicarbonate at room temperature, followed by the 

addition of 13.8 g of benzyltrimethylammonium dichloroiodate.  After stirring the reaction 

mixture at room temperature for 30 minutes, ethyl acetate and water were added to the mixture.  

The organic layer was fractionated, washed successively with water and saturated sodium 

chloride aqueous solution, and then dried over anhydrous magnesium sulfate, and the solvent 25 

was distilled off under reduced pressure to obtain 9.8 g of N-ethyl-4-iodoaniline as a slightly 

brown solid. 
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1
H-NMR (CDCl3) δ: 1.24 (3H, t, J = 6.9 Hz), 3.12 (2H, q, J = 7.0 Hz), 3.60 (1H, brs), 6.34-6.42 

(2H, m), 7.37-7.45 (2H, m). 

[0132] 

Reference Example 8 

 5 

 To a mixture of 9.8 g of N-ethyl-4-iodoaniline, 7.0 g of 3-tert-butoxy-3-

oxopropionic acid and 50 mL of dichloromethane was added 8.38 g of 1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide hydrochloride under ice cooling, and the obtained mixture 

was stirred at room temperature for 2 hours.  To the reaction mixture were added 6.1 mL of 

triethylamine and 5.34 g of N,N-dimethyl-4-aminopyridine, and the mixture was stirred at room 10 

temperature for 1 hour.  To the reaction mixture were added 1.75 g of 3-tert-butoxy-3-

oxopropionic acid and 4.2 g of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride, 

and the mixture was stirred at room temperature for 1 hour.  To the reaction mixture were added 

water and ethyl acetate.  The organic layer was fractionated, washed twice with saturated 

sodium hydrogen carbonate aqueous solution and 1 mol/L hydrochloric acid, and then dried over 15 

anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure.  To the 

obtained residue was added diisopropyl ether and ethyl acetate, and the solid matter was filtered 

and washed with diisopropyl ether to obtain 8.1 g of tert-butyl 3-(ethyl-(4-iodophenyl)amino)-3-

oxopropanoate as a white solid. 

1
H-NMR (CDCl3) δ: 1.12 (3H, t, J = 7.3 Hz), 1.42 (9H, s), 3.07 (2H, s), 3.75 (2H, q, J = 7.0 Hz), 20 

6.94-7.01 (2H, m), 7.71-7.79 (2H, m). 

[0133] 

Reference Example 9 

 

 To 40 mL of methanesulfonic acid was added 8.1 g of tert-butyl 3-(ethyl (4-25 

iodophenyl)amino)-3-oxopropanoate at room temperature.  To the obtained mixture was added 
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5.91 g of diphosphorus pentaoxide, and then the mixture was stirred at the ambient temperature 

of 50-60°C for 30 minutes.  The reaction mixture was warmed and stirred at the ambient 

temperature of 100-110°C for 30 minutes.  The reaction mixture was cooled to room 

temperature, and then the mixture was put into iced water.  The solid matter was filtered and 

washed with water to obtain 6.55 g of 1-ethyl-4-hydroxy-6-iodoquinolin-2(1H)-one as a slightly 5 

brown solid. 

1
H-NMR (DMSO-D6) δ: 1.14 (3H, t, J = 7.3 Hz), 4.17 (2H, q, J = 7.0 Hz), 5.86 (1H, s), 7.36 

(1H, d, J = 9.2 Hz), 7.88 (1H, dd, J = 8.6, 2.0 Hz), 8.14 (1H, d, J = 2.0 Hz), 11.56 (1H, brs). 

[0134] 

Reference Example 10 10 

 

 To 25 mL of phosphorous oxychloride was added 6.5 g of 1-ethyl-4-hydroxy-6-

iodoquinolin-2(1H)-one at room temperature, and the mixture was stirred at the ambient 

temperature of 90-100°C for 30 minutes.  The reaction mixture was cooled to room 

temperature, and then the mixture was put into water.  To the obtained mixture was added ethyl 15 

acetate, the organic layer was fractionated, washed with saturated sodium chloride aqueous 

solution, and then dried over anhydrous magnesium sulfate, and the solvent was distilled off 

under reduced pressure.  The obtained residue was purified by silica gel column 

chromatography [ethyl acetate].  To the obtained residue were added diisopropyl ether, ethyl 

acetate, and hexane, and the solid matter was filtered to obtain 4.87 g of 4-chloro-1-ethyl-6-20 

iodoquinolin-2(1H)-one as a slightly brown solid. 

1
H-NMR (DMSO-D6) δ: 1.19 (3H, t, J = 7.3 Hz), 4.25 (2H, q, J = 7.0 Hz), 6.98 (1H, s), 7.52 

(1H, d, J = 9.2 Hz), 8.01 (1H, dd, J = 9.2, 2.0 Hz), 8.19 (1H, d, J = 2.0 Hz). 

[0135] 

Reference Example 11 25 

 

 A mixture of 1.48 g of 4-chloro-1-ethyl-6-iodoquinolin-2(1H)-one, 0.9 g of 

sodium formate, 0.56 g of lithium chloride, 1.51 mL of N,N-diisopropylethylamine, 0.86 mL of 
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acetic anhydride, 0.12 g of tris(dibenzylideneacetone)dipalladium (0), and 10 mL of N,N-

dimethylacetamide was stirred under nitrogen atmosphere at the ambient temperature of 90°C for 

4 hours.  The reaction mixture was cooled to room temperature and the insoluble matter was 

filtered off.  The filter residue was washed with 5 mol/L sodium hydroxide aqueous solution 

and water.  After combining the filtrate with the wash solution and adjusting the pH to 2.0 with 5 

6 mol/L hydrochloric acid, diisopropyl ether and ethyl acetate were added to the mixture.  The 

solid matter was filtered and washed with diisopropyl ether to obtain 1.06 g of 4-chloro-1-ethyl-

2-oxo-1,2-dihydroquinoline-6-carboxylic acid as a slightly brown solid. 

1
H-NMR (DMSO-D6) δ: 1.23 (3H, t, J = 7.3 Hz), 4.31 (2H, q, J = 7.0 Hz), 7.06 (1H, s), 7.80 

(1H, d, J = 9.2 Hz), 8.22 (1H, dd, J = 8.6, 2.0 Hz), 8.51 (1H, d, J = 2.0 Hz), 13.27 (1H, brs). 10 

[0136] 

Reference Example 12 

 

 A mixture of 10.1 g of 4-chloro-1-ethyl-6-nitroquinolin-2(1H)-one, 8.07 g of 

isopropenylboronic acid pinacol ester, 17.38 g of tripotassium phosphate, 0.28 g of bis(di-tert-15 

butyl(4-dimethylaminophenyl)phosphine)dichloropalladium(II), 225 mL of dioxane and 90 mL 

of water was heated at reflux under nitrogen atmosphere for 3 hours and 10 minutes.  To the 

reaction mixture was added 0.28 g of bis(di-tert-butyl(4-

dimethylaminophenyl)phosphine)dichloropalladium(II), and the mixture was heated at reflux for 

30 minutes.  To the reaction mixture was added 0.28 g of bis(di-tert-butyl(4-20 

dimethylaminophenyl)phosphine)dichloropalladium(II), and the mixture was heated at reflux for 

1 hour and 30 minutes.  The reaction mixture was cooled to room temperature, and then ethyl 

acetate and water were added.  The organic layer was fractionated, and the aqueous layer was 

extracted twice with ethyl acetate.  The organic layer was combined with the extract, washed 

with saturated sodium chloride aqueous solution, and then dried over anhydrous magnesium 25 

sulfate, and the solvent was distilled off under reduced pressure.  To the obtained residue were 

added diisopropyl ether and ethyl acetate, and the solid matter was filtered to obtain 10.19 g of 1-

ethyl-6-nitro-4-(prop-1-en-2-yl)quinolin-2(1H)-one as a yellow solid. 

1
H-NMR (CDCl3) δ: 1.40 (3H, t, J = 7.2 Hz), 2.14-2.19 (3H, m), 4.40 (2H, q, J = 7.2 Hz), 5.13-

5.18 (1H, m), 5.49-5.53 (1H, m), 6.66 (1H, s), 7.48 (1H, d, J = 9.3 Hz), 8.40 (1H, dd, J = 9.3, 2.7 30 

Hz), 8.64 (1H, d, J = 2.7 Hz). 
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[0137] 

Reference Example 13 

 

 A solution of 5.0 g of 1-ethyl-6-nitro-4-(prop-1-en-2-yl)quinolin-2(1H)-one in 

450 mL of methanol, and 50 mL of dioxane was added 2.5 g of 10% palladium-carbon, and the 5 

mixture was stirred at room temperature under hydrogen atmosphere for 2 hours.  The insoluble 

matter was filtered off, and the solvent was distilled off under reduced pressure, to obtain 3.86 g 

of 6-amino-1-ethyl-4-(propan-2-yl)quinolin-2(1H)-one as a yellow foam. 

1
H-NMR (CDCl3) δ: 1.31 (6H, d, J = 6.8 Hz), 1.27-1.38 (3H, m), 3.23-3.35 (1H, m), 4.32 (2H, q, 

J = 7.2 Hz), 6.63 (1H, s), 6.98 (1H, dd, J = 9.0, 2.4 Hz), 7.10 (1H, d, J = 2.4 Hz), 7.23-7.30 (1H, 10 

m). 

[0138] 

Reference Example 14 

 

 To a suspension of 1.01 g of 4-chloro-1-ethyl-2-oxo-1,2-dihydroquinoline-6-15 

carboxylic acid in 5 mL of N,N-dimethylformamide were added 0.83 g of potassium carbonate 

and 0.51 mL of benzyl chloride, and the mixture was stirred at the ambient temperature of 80°C 

for 1 hour.  The reaction mixture was cooled to room temperature, and then ethyl acetate and 

water were added, and the pH of the mixture was adjusted to 2.0 with 6 mol/L hydrochloric acid.  

The organic layer was fractionated, and the aqueous layer was extracted with ethyl acetate.  The 20 

organic layer was combined with the extract, washed successively with water and saturated 

sodium chloride aqueous solution, and then dried over anhydrous magnesium sulfate, and the 

solvent was distilled off under reduced pressure.  The obtained residue was purified by silica 

gel column chromatography [hexane:ethyl acetate gradient elution = 80:20 to 70:30].  To the 

obtained residue was added diisopropyl ether, and the solid matter was filtered to obtain 1.09 g 25 

of benzyl 4-chloro-1-ethyl-2-oxo-1,2-dihydroquinoline-6-carboxylate as a white solid. 

1
H-NMR (CDCl3) δ: 1.36 (3H, t, J = 7.2 Hz), 4.36 (2H, q, J = 7.2 Hz), 5.43 (2H, s), 6.93 (1H, s), 

7.34-7.52 (6H, m), 8.30 (1H, dd, J = 9.0, 2.0 Hz), 8.75 (1H, d, J = 2.0 Hz). 



 55 

[0139] 

Reference Example 15 

 

 A mixture of 1.09 g of benzyl 4-chloro-1-ethyl-2-oxo-1,2-dihydroquinoline-6-

carboxylate, 1.18 g of tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,6-5 

dihydropyridine-1(2H)-carboxylate, 1.36 g of tripotassium phosphate, 68 mg of bis(di-tert-

butyl(4-dimethylaminophenyl)phosphine)dichloropalladium(II), 23 mL of dioxane and 9 mL of 

water was heated at reflux under nitrogen atmosphere for 30 minutes.  The reaction mixture 

was cooled to room temperature, and then ethyl acetate and water were added.  The organic 

layer was fractionated, and the aqueous layer was extracted twice with ethyl acetate.  The 10 

organic layer was combined with the extract, washed with saturated sodium chloride aqueous 

solution, and then dried over anhydrous magnesium sulfate, and the solvent was distilled off 

under reduced pressure.  The obtained residue was purified by silica gel column 

chromatography [hexane:ethyl acetate gradient elution = 70:30 to 60:40] to obtain benzyl 4-(1-

(tert-butoxycarbonyl)-1,2,3,6-tetrahydropyridin-4-yl)-1-ethyl-2-oxo-1,2-dihydroquinoline-6-15 

carboxylate as a yellow oil. 

 To a solution of the obtained benzyl 4-(1-(tert-butoxycarbonyl)-1,2,3,6-

tetrahydropyridin-4-yl)-1-ethyl-2-oxo-1,2-dihydroquinoline-6-carboxylate in 4 mL of formic 

acid was added 2.5 mL of 37% formaldehyde aqueous solution, and the mixture was stirred at 

the ambient temperature of 80°C for 1 hour and 30 minutes.  To sodium hydrogen carbonate 20 

aqueous solution were added the reaction mixture and ethyl acetate.  The organic layer was 

fractionated, and the aqueous layer was extracted twice with ethyl acetate.  The organic layer 

was combined with the extract, washed with saturated sodium chloride aqueous solution, and 

then dried over anhydrous sodium sulfate, and the solvent was distilled off under reduced 

pressure.  The obtained residue was purified by silica gel column chromatography 25 

[chloroform:methanol gradient elution = 100:0 to 70:30] to obtain 1.17 g of benzyl 1-ethyl-4-(1-

methyl-1,2,3,6-tetrahydropyridin-4-yl)-2-oxo-1,2-dihydroquinoline-6-carboxylate as a light 

brown solid. 
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1
H-NMR (CDCl3) δ: 1.37 (3H, t, J = 7.2 Hz), 2.45 (3H, s), 2.42-2.53 (2H, m), 2.71 (2H, t, J = 5.6 

Hz), 3.13-3.21 (2H, m), 4.37 (2H, q, J = 7.2 Hz), 5.39 (2H, s), 5.80-5.87 (1H, m), 6.58 (1H, s), 

7.33-7.50 (6H, m), 8.21 (1H, dd, J = 9.0, 2.0 Hz), 8.45 (1H, d, J = 2.0 Hz). 

[0140] 

Reference Example 16 5 

 

 To a solution of 118 mg of benzyl 1-ethyl-4-(1-methyl-1,2,3,6-tetrahydropyridin-

4-yl)-2-oxo-1,2-dihydroquinoline-6-carboxylate in 20 mL of methanol was added 118 mg of 

10% palladium-carbon, and the mixture was stirred under hydrogen atmosphere at room 

temperature for 3 hours and 15 minutes.  The insoluble matter was filtered off, and the solvent 10 

was distilled off under reduced pressure.  To the obtained residue was added ethyl acetate, and 

the solid matter was filtered to obtain 62 mg of 1-ethyl-4-(1-methylpiperidin-4-yl)-2-oxo-1,2-

dihydroquinoline-6-carboxylic acid. 

1
H-NMR (D2O) δ: 1.12 (3H, t, J = 7.3 Hz), 1.70-1.85 (2H, m), 2.01-2.12 (2H, m), 2.81 (3H, s), 

3.13-3.23 (2H, m), 3.24-3.34 (1H, m), 3.48-3.57 (2H, m), 4.13 (2H, q, J = 7.3 Hz), 6.41 (1H, s), 15 

7.51 (1H, d, J = 9.0 Hz), 7.98 (1H, d, J = 9.0 Hz), 8.25 (1H, s). 

[0141] 

Reference Example 17 

 

 A mixture of 0.39 g of 4-chloro-1-ethyl-6-iodoquinolin-2(1H)-one, 2.0 mL of 20 

N,N-dimethylacetamide and 0.51 mL of morpholine was stirred in a sealed tube at the ambient 

temperature of 130-140°C for 1 hour and 30 minutes.  The reaction mixture was cooled to room 

temperature and then the solvent was distilled off under reduced pressure.  To the obtained 

residue were added ethyl acetate and water, and the pH of the mixture was adjusted to 2.0 with 2 

mol/L hydrochloric acid.  The organic layer was fractionated, washed with saturated sodium 25 
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chloride aqueous solution, and then dried over anhydrous magnesium sulfate, and the solvent 

was distilled off under reduced pressure.  To the obtained residue were added diisopropyl ether 

and hexane, and the solid matter was filtered to obtain 0.33 g of 1-ethyl-6-iodo-4-(morpholin-4-

yl)quinolin-2(1H)-one as slightly brown solid. 

1
H-NMR (CDCl3) δ: 1.32 (3H, t, J = 7.3 Hz), 3.04-3.13 (4H, m), 3.90-3.99 (4H, m), 4.28 (2H, q, 5 

J = 7.3 Hz), 6.18 (1H, s), 7.14 (1H, d, J = 9.2 Hz), 7.79 (1H, dd, J = 8.9, 2.3 Hz), 8.10 (1H, d, J = 

8.9 Hz). 

[0142] 

Reference Example 18 

 10 

 A mixture of 0.25 g of 1-ethyl-6-iodo-4-(morpholin-4-yl)quinolin-2(1H)-one, 53 

mg of 1,1'-bis(diphenyl phosphino)ferrocene palladium(II) dichloride, 0.19 g of potassium 

acetate, 0.17 g of bis(pinacolato)diboron, and 3.0 mL of dioxane was heated at reflux under 

nitrogen atmosphere for 4 hours.  The reaction mixture was cooled to room temperature, and 

then ethyl acetate and water were added.  The organic layer was fractionated, washed with 15 

saturated sodium chloride aqueous solution, and then dried over anhydrous magnesium sulfate, 

and the solvent was distilled off under reduced pressure.  The obtained residue was purified by 

silica gel column chromatography [hexane:ethyl acetate gradient elution = 80:20 to 0:100] to 

obtain 66 mg of 1-ethyl-4-(morpholin-4-yl)-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)quinolin-2(1H)-one as a slightly brown oil. 20 

1
H-NMR (CDCl3) δ: 1.20-1.45 (15H, m), 3.05-3.22 (4H, m), 3.90-4.05 (4H, m), 4.25-4.41 (2H, 

m), 6.14-6.22 (1H, m), 7.33-7.43 (1H, m, ), 7.89-8.00 (1H, m), 8.23-8.33 (1H, m). 

[0143] 

Reference Example 19 

 25 



 58 

 To a solution of 1.0 g of 6-amino-1-ethyl-4-(morpholin-4-yl)quinolin-2(1H)-one 

in 10 mL of dichloromethane was added 0.65 g of 1,1'-carbonyldiimidazole, and the mixture was 

stirred at the ambient temperature of 40-50°C for 2 hours.  To the reaction mixture under ice 

cooling were added 0.76 mL of triethylamine and 0.84 g of 2-amino-1-(4-chlorophenyl)ethanone 

hydrochloride, and the mixture was stirred at room temperature for 2 hours.  To the reaction 5 

mixture were added chloroform and water, and the pH of the mixture was adjusted to 2.0 with 2 

mol/L hydrochloric acid.  The organic layer was fractionated, washed with water and saturated 

sodium chloride aqueous solution, and then dried over anhydrous magnesium sulfate, and the 

solvent was distilled off under reduced pressure.  The obtained residue was purified by silica 

gel column chromatography [chloroform:methanol gradient elution = 100:0 to 90:10].  To the 10 

obtained residue were added diisopropyl ether and ethyl acetate, and the solid matter was filtered 

to obtain 0.74 g of 1-(2-(4-chlorophenyl)-2-oxoethyl)-3-(1-ethyl-4-(morpholin-4-yl)-2-oxo-1,2-

dihydroquinolin-6-yl)urea as a slightly brown solid. 

1
H-NMR (DMSO-D6) δ: 1.17 (3H, t, J = 7.0 Hz), 3.01-3.08 (4H, m), 3.79-3.86 (4H, m), 4.20 

(2H, q, J = 7.1 Hz), 4.70 (2H, d, J = 5.1 Hz), 5.99 (1H, s), 6.50 (1H, t, J = 5.2 Hz), 7.47 (1H, d, J 15 

= 9.3 Hz), 7.56 (1H, dd, J = 9.1, 2.6 Hz), 7.61-7.67 (2H, m), 8.01-8.07 (3H, m), 9.07 (1H, s). 

[0144] 

Reference Example 20 

 

 A mixture of 11.14 g of 4-chloro-1-ethyl-6-iodoquinolin-2(1H)-one, 7.93 g of 20 

tert-butyl 1-phenylhydrazinecarboxylate, 581 mg of tri-tert-butyl phosphonium tetrafluoroborate, 

375 mg of palladium acetate, 16.32 g of cesium carbonate, and 160 mL of toluene was heated at 

reflux under nitrogen atmosphere for 1 hour and 30 minutes.  The reaction mixture was cooled 

to room temperature, and then water was added.  The organic layer was fractionated, and the 

aqueous layer was extracted with ethyl acetate.  The organic layer was combined with the 25 

extract, washed with saturated sodium chloride aqueous solution, and then dried over anhydrous 

sodium sulfate, and the solvent was distilled off under reduced pressure.  The obtained residue 

was purified by silica gel column chromatography [hexane:ethyl acetate gradient elution = 80:20 

to 60:40] to obtain 6.01 g of tert-butyl 2-(4-chloro-1-ethyl-2-oxo-1,2-dihydroquinolin-6-yl)-1-

phenylhydrazinecarboxylate as a yellow solid. 30 
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1
H-NMR (CDCl3) δ: 1.33 (3H, t, J = 7.2 Hz), 1.43 (9H, s), 4.31 (2H, q, J = 7.1 Hz), 6.58 (1H, s), 

6.87 (1H, s), 7.13-7.20 (2H, m), 7.29-7.39 (3H, m), 7.45 (1H, d, J = 2.7 Hz), 7.54-7.60 (2H, m). 

[0145] 

Reference Example 21 

 5 

 A mixture of 690 mg of tert-butyl 2-(4-chloro-1-ethyl-2-oxo-1,2-dihydroquinolin-

6-yl)-1-phenylhydrazinecarboxylate, 172 mg of cyclopropylboric acid, 1.06 g of tripotassium 

phosphate, 35 mg of bis(di-tert-butyl(4-dimethylaminophenyl)phosphine)dichloropalladium(II), 

12 mL of dioxane and 4.0 mL of water was stirred at 140°C for 5 minutes using microwave 

equipment.  The reaction mixture was cooled to room temperature, and then ethyl acetate and 10 

water were added.  The organic layer was fractionated, and the aqueous layer was extracted 

with ethyl acetate.  The organic layer was combined with the extract, washed with saturated 

sodium chloride aqueous solution, and then dried over anhydrous magnesium sulfate, and the 

solvent was distilled off under reduced pressure.  The obtained residue was purified by silica 

gel column chromatography [hexane:ethyl acetate gradient elution = 60:40 to 40:60] to obtain 15 

527 mg of tert-butyl 2-(4-cyclopropyl-1-ethyl-2-oxo-1,2-dihydroquinolin-6-yl)-1-

phenylhydrazinecarboxylate as a light yellow solid. 

1
H-NMR (CDCl3) δ: 0.67-0.73 (2H, m), 0.94-1.01 (2H, m), 1.32 (3H, t, J = 7.1 Hz), 1.41 (9H, s), 

1.90-2.00 (1H, m), 4.31 (2H, q, J = 7.2 Hz), 6.44 (1H, d, J = 0.98 Hz), 6.56 (1H, s), 7.08-7.19 

(2H, m), 7.25-7.39 (3H, m), 7.52 (1H, d, J = 2.4 Hz), 7.57-7.63 (2H, m). 20 

[0146] 

Reference Example 22 

 

 A mixture of 200 mg of tert-butyl 2-(4-cyclopropyl-1-ethyl-2-oxo-1,2-

dihydroquinolin-6-yl)-1-phenylhydrazinecarboxylate and 2 mL of 20% sodium ethoxide-ethanol 25 

solution was stirred at 140°C for 2 minutes using microwave equipment.  The reaction mixture 
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was cooled to room temperature, and then ethyl acetate and water were added.  The organic 

layer was fractionated, washed successively with water and saturated sodium chloride aqueous 

solution, and then dried over anhydrous magnesium sulfate, and the solvent was distilled off 

under reduced pressure.  To the obtained residue was added diisopropyl ether, and the solid 

matter was filtered and washed with diisopropyl ether to obtain 115 mg of 4-cyclopropyl-1-5 

ethyl-6-(2-phenylhydrazinyl)quinolin-2(1H)-one as a light yellow solid. 

1
H-NMR (DMSO-D6) δ: 0.62-0.69 (2H, m), 0.87-0.95 (2H, m), 1.15 (3H, t, J = 7.0 Hz), 1.90-

2.00 (1H, m), 4.18 (2H, q, J = 7.0 Hz), 6.20 (1H, s), 6.65 (1H, t, J = 7.2 Hz), 6.74-6.81 (2H, m), 

7.08-7.15 (3H, m), 7.41 (1H, d, J = 9.3 Hz), 7.45 (1H, d, J = 2.4 Hz), 7.69-7.77 (2H, m). 

[0147] 10 

Reference Example 23 

 

 To a suspension of 4.0 g of 4-chloro-1-ethyl-2-oxo-1,2-dihydroquinoline-6-

carboxylic acid in 25 mL of tetrahydrofuran at room temperature were added 2.6 mL of oxalyl 

chloride and 10 µL of N,N-dimethylformamide, and the mixture was stirred for 3 hours.  To a 15 

28% ammonium aqueous solution under ice cooling were added the reaction mixture and 100 

mL of water.  The solid matter was filtered and washed with water to obtain 3.70 g of 4-chloro-

1-ethyl-2-oxo-1,2-dihydroquinoline-6-carboxamide as a slightly brown solid. 

1
H-NMR (DMSO-D6) δ: 1.22 (3H, t, J = 7.1 Hz), 4.31 (2H, q, J = 7.2 Hz), 7.02 (1H, s), 7.52 

(1H, brs), 7.76 (1H, d, J = 9.0 Hz), 8.22 (1H, dd, J = 8.9, 2.1 Hz), 8.25 (1H, brs), 8.50 (1H, d, J = 20 

2.2 Hz). 

[0148] 

Reference Example 24 

 

 A mixture of 4-chloro-1-ethyl-2-oxo-1,2-dihydroquinoline-6-carboxamide and 10 25 

mL of 1,1-dimethoxy-N,N-dimethylethaneamine was heated at reflux for 4 hours.  After 

cooling the reaction mixture to room temperature, diisopropyl ether was added to the reaction 

mixture, the solid matter was filtered and washed with diisopropyl ether to obtain 2.13 g of 4-



 61 

chloro-N-((1E)-1-(dimethylamino)ethylidene)-1-ethyl-2-oxo-1,2-dihydroquinoline-6-

carboxamide as a slightly brown solid. 

1
H-NMR (DMSO-D6) δ: 1.22 (3H, t, J = 7.1 Hz), 2.31 (3H, s), 3.16 (3H, s), 3.19 (3H, s), 4.30 

(2H, q, J = 7.1 Hz), 7.00 (1H, s), 7.72 (1H, d, J = 8.8 Hz), 8.33 (1H, dd, J = 8.8, 2.0 Hz), 8.64 

(1H, d, J = 2.0 Hz). 5 

[0149] 

Reference Example 25 

 

 To a solution of 0.50 g of 6-amino-4-cyclopropyl-1-ethylquinolin-2(1H)-one in 9 

mL of acetonitrile was added 1.25 g of p-toluenesulfonic acid monohydrate followed by the 10 

addition of 1.3 mL of aqueous solution of 0.91 g of potassium iodide and 0.30 g of sodium nitrite 

under ice cooling.  The mixture was stirred for 10 minutes, and then stirred at room temperature 

for 1 hour.  To the reaction mixture were added water, saturated sodium carbonate aqueous 

solution, 1% sodium thiosulfate aqueous solution, and ethyl acetate.  The organic layer was 

fractionated, and the aqueous layer was extracted with ethyl acetate.  The organic layer was 15 

combined with the extract, washed with saturated sodium chloride aqueous solution, and then 

dried over anhydrous sodium sulfate, and the solvent was distilled off under reduced pressure.  

The obtained residue was purified by silica gel column chromatography [hexane:ethyl acetate 

gradient elution = 70:30 to 40:60].  To the obtained residue was added diisopropyl ether, and 

the solid matter was filtered to obtain 0.31 g of 4-cyclopropyl-1-ethyl-6-iodoquinolin-2(1H)-one 20 

as a light yellow solid. 

1
H-NMR (CDCl3) δ: 0.75-0.79 (2H, m), 1.07-1.12 (2H, m), 1.32 (3H, t, J = 7.2 Hz), 2.01-2.08 

(1H, m), 4.30 (2H, q, J = 7.2 Hz), 6.43 (1H, d, J = 1.2 Hz), 7.14 (1H, d, J = 8.8 Hz), 7.81 (1H, 

dd, J = 8.8, 2.0 Hz),  8.38 (1H, d, J = 2.0 Hz). 

[0150] 25 

Reference Example 26 
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 By the same method as Reference Example 18, from 4-chloro-1-ethyl-6-

iodoquinolin-2(1H)-one was obtained 4-chloro-1-ethyl-6-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)quinolin-2(1H)-one. 

1
H-NMR (CDCl3) δ: 1.35 (3H, t, J = 7.2 Hz), 1.38 (12H, s), 4.36 (2H, q, J = 7.2 Hz), 6.88 (1H, 

s), 7.39 (1H, d, J = 8.5 Hz), 8.03 (1H, dd, J = 8.5, 1.5 Hz), 8.46 (1H, d, J = 1.5 Hz). 5 

[0151] 

Reference Example 27 

 

 A mixture of 334 mg of 4-chloro-1-ethyl-6-iodoquinolin-2(1H)-one, 112 mg of 

ethynylbenzene, 2 mg of copper iodide(I), 5 mg of triphenylphosphine, 2 mg of 10 

dichloropalladium, 0.42 mL of triethylamine, and 5 mL of tetrahydrofuran was stirred under 

nitrogen atmosphere at room temperature for 2 hours.  To the reaction mixture were added ethyl 

acetate, water and 1 mol/L hydrochloric acid.  The organic layer was fractionated, and the 

aqueous layer was extracted with ethyl acetate.  The organic layer was combined with the 

extract, washed with saturated sodium chloride aqueous solution, and then dried over anhydrous 15 

magnesium sulfate, and the solvent was distilled off under reduced pressure.  To the obtained 

residue was added diisopropyl ether, and the solid matter was filtered to obtain 160 mg of 4-

chloro-1-ethyl-6-(phenylethynyl)quinolin-2(1H)-one as a brown solid. 

1
H-NMR (CDCl3) δ: 1.37 (3H, t, J = 7.2 Hz), 4.36 (2H, q, J = 7.2 Hz), 6.92 (1H, s), 7.35-7.42 

(4H, m), 7.55-7.60 (2H, m), 7.76 (1H, dd, J = 8.8, 2.0 Hz), 8.20 (1H, d, J = 2.0 Hz). 20 

[0152] 

Reference Example 28 

 

 A mixture of 154 mg of 4-chloro-1-ethyl-6-(phenylethynyl)quinolin-2(1H)-one, 

52 mg of cyclopropylboric acid, 318 mg of tripotassium phosphate, 11 mg of bis(di-tert-butyl(4-25 

dimethylaminophenyl)phosphine)dichloropalladium(II), 3 mL of dioxane and 1 mL of water was 
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stirred at 140°C for 15 minutes using microwave equipment.  The reaction mixture was cooled 

to room temperature, and then ethyl acetate, water and 2 mol/L hydrochloric acid were added.  

The organic layer was fractionated, and the aqueous layer was extracted with ethyl acetate.  The 

organic layer was combined with the extract, washed with saturated sodium chloride aqueous 

solution, and then dried over anhydrous magnesium sulfate, and the solvent was distilled off 5 

under reduced pressure.  The obtained residue was purified by silica gel chromatography 

[hexane:ethyl acetate gradient elution = 80:20 to 60:40].  To the obtained residue was added 

diisopropyl ether, and the solid matter was filtered to obtain 100 mg of 4-cyclopropyl-1-ethyl-6-

(phenylethynyl)quinolin-2(1H)-one as a white solid. 

1
H-NMR (CDCl3) δ: 0.77-0.83 (2H, m), 1.08-1.16 (2H, m), 1.36 (3H, t, J = 7.1 Hz), 2.08-2.19 10 

(1H, m), 4.35 (2H, q, J = 7.2 Hz), 6.45-6.49 (1H, m), 7.34-7.42 (4H, m), 7.55-7.61 (2H, m), 7.71 

(1H, dd, J = 8.9, 1.8 Hz), 8.27 (1H, d, J = 2.0 Hz). 

[0153] 

Reference Example 29 

 15 

 A mixture of 31 mg of 4-cyclopropyl-1-ethyl-6-(phenylethynyl)quinolin-2(1H)-

one, 24 mg of magnesium sulfate, 19 mg of potassium permanganate, 5 mg of sodium hydrogen 

carbonate, 3 mL of acetone, and 1.7 mL of water was stirred at room temperature for 20 minutes.  

To the reaction mixture was added 43 mg of potassium permanganate, and the mixture was 

stirred at room temperature for 1 hour.  To the reaction mixture were added 30 mg of sodium 20 

nitrite and 10% sulfuric acid aqueous solution, and then the insoluble matter was filtered off.  

The filter residue was washed with ethyl acetate and water.  The filtrate was combined with the 

wash solution, and the organic layer was fractionated, and the aqueous layer was extracted with 

ethyl acetate.  The organic layer was combined with the extract, washed with saturated sodium 

chloride aqueous solution, and then dried over anhydrous magnesium sulfate, and the solvent 25 

was distilled off under reduced pressure.  The obtained residue was purified by silica gel 

chromatography [hexane:ethyl acetate gradient elution = 60:40 to 30:70] to obtain 20 mg of 1-(4-

cyclopropyl-1-ethyl-2-oxo-1,2-dihydroquinolin-6-yl)-2-phenylethane-1,2-dione. 

1
H-NMR (CDCl3) δ: 0.74-0.80 (2H, m), 1.05-1.12 (2H, m), 1.35 (3H, t, J = 7.1 Hz), 2.07-2.16 

(1H, m), 4.36 (2H, q, J = 7.2 Hz), 6.46-6.49 (1H, m), 7.46 (1H, d, J = 9.0 Hz), 7.54 (2H, t, J = 7.9 30 
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Hz), 7.69 (1H, t, J = 7.4 Hz), 8.02 (2H, dd, J = 8.3, 1.2 Hz), 8.14 (1H, dd, J = 8.9, 2.1 Hz), 8.77 

(1H, d, J = 2.0 Hz). 

[0154] 

Reference Example 30 

 5 

 A mixture of 503 mg of 4-chloro-1-ethyl-2-oxo-1,2-dihydroquinoline-6-

carboxylic acid, 639 mg of 8-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-(1,4-

dioxaspiro[4.5]dec-7-ene, 849 mg of tripotassium phosphate, 42 mg of bis(di-tert-butyl(4-

dimethylaminophenyl)phosphine)dichloropalladium(II), 12 mL of dioxane and 4 mL of water 

was stirred at 140°C for 5 minutes using microwave equipment.  The reaction mixture was 10 

cooled to room temperature, and then ethyl acetate and water were added to the reaction mixture.  

The aqueous layer was fractionated and washed twice with ethyl acetate.  To the aqueous layer 

was added 6 mol/L hydrochloric acid to adjust the pH to 2.0, and then added tetrahydrofuran.  

The organic layer was fractionated, and the aqueous layer was extracted twice with ethyl acetate.  

The organic layer was combined with the extract, washed with saturated sodium chloride 15 

aqueous solution, and then dried over anhydrous magnesium sulfate, and the solvent was 

distilled off under reduced pressure.  To the obtained residue was added ethyl acetate, and the 

solid matter was filtered to obtain 590 mg of 4-(1,4-dioxaspiro[4.5]dec-7-en-8-yl)-1-ethyl-2-oxo-

1,2-dihydroquinoline-6-carboxylic acid as a light brown solid. 

1
H-NMR (DMSO-D6) δ: 1.21 (3H, t, J = 7.0 Hz), 1.85 (2H, t, J = 6.2 Hz), 2.39-2.56 (4H, m), 20 

3.94-4.00 (4H, m), 4.29 (2H, q, J = 7.1 Hz), 5.71-5.76 (1H, m), 6.41 (1H, s), 7.69 (1H, d, J = 9.0 

Hz), 8.11 (1H, dd, J = 8.9, 2.1 Hz), 8.26 (1H, d, J = 2.2 Hz), 13.02 (1H, brs). 

[0155] 

Reference Example 31 
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 To a mixture of 583 mg of 4-(1,4-dioxaspiro[4.5]dec-7-en-8-yl)-1-ethyl-2-oxo-

1,2-dihydroquinoline-6-carboxylic acid, 20 mL of dioxane and 100 mL of methanol was added 

291 mg of 20% hydroxide palladium-carbon, and the mixture was stirred under hydrogen 

atmosphere at room temperature for 30 minutes.  The insoluble matter was filtered off, and the 5 

solvent was distilled off under reduced pressure.  To the obtained residue was added diisopropyl 

ether, the solid matter was filtered to obtain 502 mg of 4-(1,4-dioxaspiro[4.5]dec-8-yl)-1-ethyl-2-

oxo-1,2-dihydroquinoline-6-carboxylic acid as a white solid. 

1
H-NMR (DMSO-D6) δ: 1.22 (3H, t, J = 7.0 Hz), 1.60-1.93 (8H, m), 3.10-3.25 (1H, m), 3.87-

3.96 (4H, m), 4.29 (2H, q, J = 6.9 Hz), 6.46-6.51 (1H, m), 7.66-7.73 (1H, m), 8.13 (1H, dd, J = 10 

8.7 Hz, 1.6 Hz), 8.45 (1H, d, J = 1.5 Hz), 13.06 (1H, brs). 

[0156] 

Reference Example 32 

 

 To a suspension of 250 mg of 4-(1,4-dioxaspiro[4.5]dec-8-yl)-1-ethyl-2-oxo-1,2-15 

dihydroquinoline-6-carboxylic acid in 10 mL of tetrahydrofuran at room temperature was added 

1.0 mL of concentrated hydrochloric acid, and the mixture was stirred for 4 hours.  The solid 

matter was filtered and washed with ethyl acetate to obtain 182 mg of 1-ethyl-2-oxo-4-(4-

oxocyclohexyl)-1,2-dihydroquinoline-6-carboxylic acid as a white solid. 

1
H-NMR (DMSO-D6) δ: 1.22 (3H, t, J = 7.1 Hz), 1.83-2.00 (2H, m), 2.09-2.19 (2H, m), 2.26-20 

2.37 (2H, m), 2.71-2.83 (2H, m), 3.67-3.77 (1H, m), 4.30 (2H, q, J = 7.1 Hz), 6.58-6.62 (1H, m), 

7.73 (1H, d, J = 9.0 Hz), 8.16 (1H, dd, J = 8.9 Hz, 1.8 Hz), 8.57 (1H, d, J = 2.0 Hz). 

[0157] 
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Example 1 

 

 To a suspension of 1.2 g of 6-amino-4-cyclopropyl-1-ethylquinolin-2(1H)-one in 

6 mL of pyridine was added 0.73 mL of benzoyl chloride, and the mixture was stirred at room 

temperature for 1 hour.  To the reaction mixture were added ethyl acetate and water, and the pH 5 

of the mixture was adjusted to 2.0 with 2 mol/L hydrochloric acid.  The organic layer was 

fractionated, washed with water and saturated sodium chloride aqueous solution, then dried over 

anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure.  To the 

obtained residue were added diisopropyl ether and ethyl acetate, and the solid matter was filtered 

to obtain 1.75 g of N-(4-cyclopropyl-1-ethyl-2-oxo-1,2-dihydroquinolin-6-yl)benzamide as a 10 

slightly brown solid. 

1
H-NMR (DMSO-D6) δ: 0.75-0.84 (2H, m), 1.02-1.11 (2H, m), 1.20 (3H, t, J = 6.9 Hz), 2.09-

2.21 (1H, m), 4.26 (2H, q, J = 7.1 Hz), 6.32 (1H, s), 7.44-7.66 (4H, m), 7.91-8.09 (3H, m), 8.65 

(1H, d, J = 2.0 Hz), 10.45 (1H, s). 

[0158] 15 

Example 2 

 

 To a solution of 1.75 g of N-(4-cyclopropyl-1-ethyl-2-oxo-1,2-dihydroquinolin-6-

yl)benzamide in 15 mL of N,N-dimethylacetamide, 0.25 g of 60% sodium hydride was added 

under ice cooling and the mixture was stirred for 10 minutes.  To the reaction mixture under ice 20 

cooling was added 0.43 mL of methyl iodide, the mixture was stirred at room temperature for 1 

hour.  To the reaction mixture were added ethyl acetate and water, and the pH of the mixture 

was adjusted to 2.0 with 6 mol/L hydrochloric acid, and then the solid matter was filtered.  The 

organic layer of the filtrate was fractionated, washed with water and saturated sodium chloride 

aqueous solution, then dried over anhydrous magnesium sulfate, and the solvent was distilled off 25 

under reduced pressure.  To the obtained residue and filtered solid matter were added 

diisopropyl ether, ethyl acetate and water, and then the solid matter was filtered, washed with 
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water and diisopropyl ether to obtain 1.45 g of N-(4-cyclopropyl-1-ethyl-2-oxo-1,2-

dihydroquinolin-6-yl)-N-methylbenzamide as a slightly brown solid. 

1
H-NMR (DMSO-D6) δ: 0.48-0.57 (2H, m), 0.86-0.95 (2H, m), 1.13 (3H, t, J = 6.9 Hz), 1.93-

2.06 (1H, m), 3.44 (3H, s), 4.19 (2H, q, J = 6.8 Hz), 6.24 (1H, s), 7.16-7.33 (5H, m), 7.46-7.58 

(2H, m), 7.76-7.81 (1H, m). 5 

[0159] 

Example 3 

 

 To a suspension of 0.86 g of 1-(1-ethyl-4-(morpholin-4-yl)-2-oxo-1,2-

dihydroquinolin-6-yl)-3-(2-oxo-2-phenylethyl)urea in 5.0 mL of dioxane at room temperature 10 

was added 5.0 mL of concentrated hydrochloric acid and the mixture was stirred for 2 hours.  

To the reaction mixture was added water, and the solid matter was filtered and washed with 

water and diisopropyl ether to obtain 0.72 g of 1-ethyl-4-(morpholin-4-yl)-6-(2-oxo-5-phenyl-

2,3-dihydro-1H-imidazol-1-yl)quinolin-2(1H)-one as a slightly brown solid. 

1
H-NMR (DMSO-D6) δ: 1.19 (3H, t, J = 7.3 Hz), 2.54-2.65 (4H, m), 3.44-3.53 (4H, m), 4.17-15 

4.29 (2H, m), 5.98 (1H, s), 6.87 (1H, d, J = 2.6 Hz), 7.05-7.12 (2H, m), 7.14-7.31 (4H, m), 7.59-

7.68 (2H, m), 10.57-10.63 (1H, m). 

[0160] 

Example 4 

 20 

 To a suspension of 3.0 g of 4-chloro-1-ethyl-2-oxo-1,2-dihydroquinoline-6-

carboxylic acid in 30 mL of tetrahydrofuran at room temperature were added 1.25 mL of oxalyl 

chloride and 10 µL of N,N-dimethylformamide, and the mixture was stirred for 2 hours.  To the 

reaction mixture under ice cooling were added 1.55 mL of N-methylaniline and 1.81 mL of 

triethylamine, and then the mixture was stirred at room temperature for 1 hour.  To the reaction 25 

mixture were added ethyl acetate and water.  The organic layer was fractionated, washed with 
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water and saturated sodium chloride aqueous solution, and then dried over anhydrous 

magnesium sulfate, and the solvent was distilled off under reduced pressure.  The obtained 

residue was purified by silica gel column chromatography [hexane:ethyl acetate gradient elution 

= 50:50 to 20:80].  To the obtained residue were added diisopropyl ether and ethyl acetate, and 

then the solid matter was filtered to obtain 2.01 g of 4-chloro-1-ethyl-N-methyl-2-oxo-N-phenyl-5 

1,2-dihydroquinoline-6-carboxamide as a slightly brown solid. 

1
H-NMR (CDCl3) δ: 1.28 (3H, t, J = 6.9 Hz), 3.55 (3H, s), 4.26 (2H, q, J = 7.3 Hz), 6.81 (1H, s), 

7.07-7.13 (2H, m), 7.15-7.32 (4H, m), 7.65 (1H, dd, J = 9.2, 2.0 Hz), 7.94 (1H, d, J = 2.0 Hz). 

[0161] 

Example 5 10 

 

 A mixture of 2.0 g of 4-chloro-1-ethyl-N-methyl-2-oxo-N-phenyl-1,2-

dihydroquinoline-6-carboxamide, 2.18 g of tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)-3,6-dihydropyridine-1(2H)-carboxylate, 1.24 g of sodium carbonate, 0.21 g of bis(di-tert-

butyl(4-dimethylaminophenyl)phosphine)dichloropalladium(II), 20 mL of ethylene glycol 15 

dimethyl ether, and 4.0 mL of water was heated at reflux under nitrogen atmosphere for 3 hours.  

The reaction mixture was cooled to room temperature, and then ethyl acetate and water were 

added.  The organic layer was fractionated, washed successively with water and saturated 

sodium chloride aqueous solution, and then dried over anhydrous magnesium sulfate, and the 

solvent was distilled off under reduced pressure.  The obtained residue was purified by silica 20 

gel chromatography [hexane:ethyl acetate gradient elution = 50:50 to 0:100] to obtain 2.9 g of 

tert-butyl 4-(1-ethyl-6-(methyl(phenyl)carbamoyl)-2-oxo-1,2-dihydroquinolin-4-yl)-3,6-

dihydropyridine-1(2H)-carboxylate as a slightly brown foam. 

1
H-NMR (CDCl3) δ: 1.32 (3H, t, J = 6.9 Hz), 1.56 (9H, s), 1.94-2.14 (2H, m), 3.53 (3H, s), 3.57 

(2H, t, J = 5.6 Hz), 3.99-4.06 (2H, m), 4.30 (2H, q, J = 7.0 Hz), 5.42 (1H, brs), 6.41 (1H, s), 25 

6.99-7.07 (2H, m), 7.10-7.19 (1H, m), 7.22-7.33 (3H, m), 7.35-7.41 (1H, m), 7.77 (1H, dd, J = 

9.2, 2.0 Hz). 

[0162] 
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Example 6 

 

 A mixture of 1.47 g of tert-butyl 4-(1-ethyl-6-(methyl(phenyl)carbamoyl)-2-oxo-

1,2-dihydroquinolin-4-yl)-3,6-dihydropyridine-1(2H)-carboxylate, 0.44 g of 5% palladium-

carbon, 0.29 g of ammonium formate, and 15 mL of methanol was heated at reflux under 5 

nitrogen atmosphere for 1 hour and 30 minutes.  The reaction mixture was cooled to room 

temperature and the insoluble matter was filtered off.  The filter residue was washed with ethyl 

acetate.  The filtrate was combined with the wash solution, and the solvent was distilled off 

under reduced pressure.  To the obtained residue were added 0.44 g of 5% palladium-carbon, 

0.29 g of ammonium formate, and 15 mL of methanol, and the mixture was heated at reflux 10 

under nitrogen atmosphere for 2 hours.  The reaction mixture was cooled to room temperature 

and the insoluble matter was filtered off.  The filter residue was washed with ethyl acetate.  

The filtrate was combined with the wash solution, and the solvent was distilled off under reduced 

pressure.  To the obtained residue was added diisopropyl ether, and the solid matter was filtered 

and washed with diisopropyl ether to obtain 1.26 g of tert-butyl 4-(1-ethyl-6-15 

(methyl(phenyl)carbamoyl)-2-oxo-1,2-dihydroquinolin-4-yl)piperidine-1-carboxylate as a white 

solid. 

1
H-NMR (CDCl3) δ: 1.31 (3H, t, J = 7.3 Hz), 1.40-1.58 (4H, m), 1.50 (9H, s), 2.62-2.85 (3H, m), 

3.56 (3H, s), 4.15-4.34 (4H, m), 6.49 (1H, s), 7.04-7.11 (2H, m), 7.12-7.20 (1H, m), 7.23-7.33 

(3H, m), 7.61 (1H, d, J = 2.0 Hz), 7.73 (1H, dd, J = 8.6, 2.0 Hz). 20 

[0163] 

Example 7 
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 A mixture of 1.26 g of tert-butyl 4-(1-ethyl-6-(methyl(phenyl)carbamoyl)-2-oxo-

1,2-dihydroquinolin-4-yl)-piperidine-1-carboxylate in 5 mL of dichloromethane and 5 mL of 

trifluoroacetic acid was stirred at room temperature for 30 minutes, and then the solvent was 

distilled off under reduced pressure.  To the obtained residue were added ethyl acetate and 5 

saturated sodium hydrogen carbonate aqueous solution, and the organic layer was fractionated.  

The aqueous layer was extracted with ethyl acetate, and further extracted twice with chloroform.  

The organic layer was combined with the extract, and then dried over anhydrous magnesium 

sulfate, and the solvent was distilled off under reduced pressure to obtain 1.0 g of 1-ethyl-N-

methyl-2-oxo-N-phenyl-4-(piperidin-4-yl)-1,2-dihydroquinoline-6-carboxamide as a white solid. 10 

1
H-NMR (CDCl3) δ: 1.31 (3H, t, J = 7.3 Hz), 1.55-1.67 (4H, m), 2.67-2.90 (3H, m), 3.22-3.34 

(2H, m), 3.56 (3H, s), 4.29 (2H, q, J = 7.3 Hz), 6.55 (1H, s), 7.05-7.20 (3H, m), 7.22-7.32 (3H, 

m), 7.62 (1H, d, J = 2.0 Hz), 7.71 (1H, dd, J = 8.6, 2.0 Hz). 

[0164] 

Example 8 15 

 

 To a suspension of 1.0 g of 1-ethyl-N-methyl-2-oxo-N-phenyl-4-(piperidin-4-yl)-

1,2-dihydroquinoline-6-carboxamide in 15 mL of acetone and 8 mL of tetrahydrofuran were 

added 0.71 g of potassium carbonate and 0.25 mL of ethyl iodide, and the mixture was stirred at 

room temperature for 30 minutes, and then stirred at the ambient temperature of 40°C for 2 20 

hours.  After adding 0.24 g of potassium carbonate and 82 µL of ethyl iodide to the reaction 

mixture and stirring at the ambient temperature of 40°C for 1 hour, the solvent was distilled off 



 71 

under reduced pressure.  To the obtained residue were added ethyl acetate and water, the 

organic layer was fractionated, washed with saturated sodium chloride aqueous solution, and 

then dried over anhydrous magnesium sulfate, and the solvent was distilled off under reduced 

pressure.  The obtained residue was purified by basic silica gel column chromatography 

[hexane:ethyl acetate gradient elution = 50:50 to 0:100].  To the obtained residue was added 5 

diisopropyl ether, and the solid matter was filtered to obtain 0.76 g of 1-ethyl-4-(1-

ethylpiperidin-4-yl)-N-methyl-2-oxo-N-phenyl-1,2-dihydroquinoline-6-carboxamide as a white 

solid. 

1
H-NMR (DMSO-D6) δ: 1.05 (3H, t, J = 7.3 Hz), 1.15 (3H, t, J = 7.3 Hz), 1.31-1.52 (4H, m), 

1.92-2.06 (2H, m), 2.40 (2H, q, J = 7.0 Hz), 2.47-2.63 (1H, m), 2.86-2.98 (2H, m), 3.43 (3H, s), 10 

4.20 (2H, q, J = 7.0 Hz), 6.36 (1H, s), 7.10-7.32 (5H, m), 7.50-7.58 (2H, m), 7.73 (1H, dd, J = 

8.9, 1.7 Hz). 

[0165] 

Example 9 

 15 

 By the same method as Example 4, from 4-chloro-1-ethyl-2-oxo-1,2-

dihydroquinoline-6-carboxylic acid was obtained 4-chloro-6-(3,4-dihydroquinolin-1(2H)-

ylcarbonyl)-1-ethylquinolin-2(1H)-one. 

1
H-NMR (CDCl3) δ: 1.31 (3H, t, J = 7.2 Hz), 2.10 (2H, quint, J = 6.6 Hz), 2.88 (2H, t, J = 6.6 

Hz), 3.96 (2H, t, J = 6.7 Hz), 4.30 (2H, q, J = 7.2 Hz), 6.65 (1H, d, J = 7.8 Hz), 6.83-6.90 (2H, 20 

m), 7.00-7.06 (1H, m), 7.18-7.28 (2H, m), 7.56 (1H, dd, J = 8.8, 2.0 Hz), 8.09 (1H, d, J = 2.2 

Hz). 

[0166] 

Example 10 

 25 

 A mixture of 64 mg of 4-chloro-6-(3,4-dihydroquinolin-1(2H)-ylcarbonyl)-1-
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ethylquinolin-2(1H)-one, 47 mg of 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-

1,2,3,6-tetrahydropyridine, 55 mg of sodium carbonate, 12.3 mg of bis(di-tert-butyl(4-

dimethylaminophenyl)phosphine)dichloropalladium(II), 2 mL of ethylene glycol dimethyl ether, 

and 0.2 mL of water was heated at reflux under nitrogen atmosphere for 2 hours.  The reaction 

mixture was cooled to room temperature, and then ethyl acetate and water were added.  The 5 

organic layer was fractionated, washed successively with water and saturated sodium chloride 

aqueous solution, and then dried over anhydrous magnesium sulfate, and the solvent was 

distilled off under reduced pressure.  The obtained residue was purified by basic silica gel 

chromatography [hexane:ethyl acetate gradient elution = 50:50 to 0:100] to obtain 62 mg of 6-

(3,4-dihydroquinolin-1(2H)-ylcarbonyl)-1-ethyl-4-(1-methyl-1,2,3,6-tetrahydropyridin-4-10 

yl)quinolin-2(1H)-one as a slightly brown foam. 

1
H-NMR (CDCl3) δ: 1.35 (3H, t, J = 6.9 Hz), 2.05-2.18 (4H, m), 2.41 (3H, s), 2.45-2.55 (2H, m), 

2.87 (2H, t, J = 6.6 Hz), 2.94-3.02 (2H, m), 3.95 (2H, t, J = 6.6 Hz), 4.33 (2H, q, J = 7.1 Hz), 

5.29-5.36 (1H, m), 6.47 (1H, s), 6.54 (1H, d, J = 7.9 Hz), 6.80-6.89 (1H, m), 6.94-7.02 (1H, m), 

7.18 (1H, d, J = 7.3 Hz), 7.35 (1H, d, J = 9.2 Hz), 7.49 (1H, d, J = 2.0 Hz), 7.77 (1H, dd, J = 8.6, 15 

2.0 Hz). 

[0167] 

Example 11 

 

 A mixture of 60 mg of 6-(3,4-dihydroquinolin-1(2H)-ylcarbonyl)-1-ethyl-4-(1-20 

methyl-1,2,3,6-tetrahydropyridin-4-yl)quinolin-2(1H)-one in 15 mL of methanol and 15 mL of 

ethyl acetate was subjected to hydrogenation reaction (25°C, 1 bar, flow rate 2 mL/min, 10% 

palladium-carbon) using the flow type hydrogenation reaction apparatus.  The solvent was 

distilled off under reduced pressure, and then the obtained residue was purified by basic silica gel 

column chromatography [hexane:ethyl acetate gradient elution = 50:50 to 0:100].  To the 25 

obtained residue were added diisopropyl ether and ethyl acetate, and the solid matter was filtered 

to obtain 10 mg of 6-(3,4-dihydroquinolin-1(2H)-ylcarbonyl)-1-ethyl-4-(1-methylpiperidin-4-

yl)quinolin-2(1H)-one as a white solid. 

1
H-NMR (DMSO-D6) δ: 1.18 (3H, t, J = 6.9 Hz), 1.24-1.52 (4H, m), 1.80-1.94 (2H, m), 1.95-
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2.10 (2H, m), 2.19 (3H, s), 2.50-2.65 (1H, m), 2.70-2.81 (2H, m), 2.87 (2H, t, J = 6.3 Hz), 3.81 

(2H, t, J = 6.6 Hz), 4.24 (2H, q, J = 6.8 Hz), 6.38 (1H, s), 6.58 (1H, d, J = 7.9 Hz), 6.84 (1H, t, J 

= 7.3 Hz), 6.96 (1H, t, J = 7.3 Hz), 7.22 (1H, d, J = 7.3 Hz), 7.50-7.55 (1H, m), 7.62 (1H, d, J = 

9.2 Hz), 7.73-7.81 (1H, m). 

[0168] 5 

Example 12 

 

 By the same method as Example 4, from 4-chloro-1-ethyl-2-oxo-1,2-

dihydroquinoline-6-carboxylic acid was obtained 4-chloro-1-ethyl-N-methyl-N-(4-

methylphenyl)-2-oxo-1,2-dihydroquinoline-6-carboxamide. 10 

1
H-NMR (CDCl3) δ: 1.29 (3H, t, J = 7.2 Hz), 2.29 (3H, s), 3.51 (3H, s), 4.26 (2H, q, J = 7.1 Hz), 

6.81 (1H, s), 6.98 (2H, d, J = 8.3 Hz), 7.07 (2H, d, J = 8.3 Hz), 7.20 (1H, d, J = 8.8 Hz), 7.65 

(1H, dd, J = 8.8, 2.0 Hz), 7.94 (1H, d, J = 2.0 Hz). 

[0169] 

Example 13 15 

 

 By the same method as Example 10, from 4-chloro-1-ethyl-N-methyl-N-(4-

methylphenyl)-2-oxo-1,2-dihydroquinoline-6-carboxamide was obtained 1-ethyl-N-methyl-N-(4-

methylphenyl)-4-(1-methyl-1,2,3,6-tetrahydropyridin-4-yl)-2-oxo-1,2-dihydroquinoline-6-

carboxamide. 20 

1
H-NMR (CDCl3) δ: 1.31 (3H, t, J = 7.2 Hz), 2.14-2.21 (2H, m), 2.26 (3H, s), 2.45 (3H, s), 2.61 

(2H, t, J = 5.6 Hz), 3.04-3.11 (2H, m), 3.50 (3H, s), 4.29 (2H, q, J = 7.1 Hz), 5.36-5.42 (1H, m), 

6.45 (1H, s), 6.92 (2H, d, J = 8.3 Hz), 7.03 (2H, d, J = 8.5 Hz), 7.27 (1H, d, J = 8.8 Hz), 7.51 

(1H, d, J = 2.0 Hz), 7.69 (1H, dd, J = 8.9, 2.1 Hz). 

[0170] 25 
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Example 14 

 

 By the same method as Reference Example 13, from 1-ethyl-N-methyl-N-(4-

methylphenyl)-4-(1-methyl-1,2,3,6-tetrahydropyridin-4-yl)-2-oxo-1,2-dihydroquinoline-6-

carboxamide was obtained 1-ethyl-N-methyl-N-(4-methylphenyl)-4-(1-methylpiperidin-4-yl)-2-5 

oxo-1,2-dihydroquinoline-6-carboxamide. 

1
H-NMR (CDCl3) δ: 1.30 (3H, t, J = 7.1 Hz), 1.50-1.71 (4H, m), 1.99-2.10 (2H, m), 2.26 (3H, s), 

2.36 (3H, s), 2.48-2.59 (1H, m), 2.91-3.00 (2H, m), 3.53 (3H, s), 4.28 (2H, q, J = 7.2 Hz), 6.55 

(1H, s), 6.96 (2H, d, J = 8.3 Hz), 7.06 (2H, d, J = 8.0 Hz), 7.25-7.30 (1H, m), 7.60 (1H, d, J = 2.0 

Hz), 7.71 (1H, dd, J = 8.8, 2.0 Hz). 10 

[0171] 

Example 15 

 

 By the same method as Example 1, from 6-amino-1-ethyl-4-(propan-2-

yl)quinolin-2(1H)-one and 4-chlorobenzoyl chloride was obtained 4-chloro-N-(1-ethyl-2-oxo-4-15 

(propan-2-yl)-1,2-dihydroquinolin-6-yl)benzamide. 

1
H-NMR (CDCl3) δ: 1.34 (6H, d, J = 6.6 Hz), 1.31-1.40 (3H, m), 3.34-3.47 (1H, m), 4.37 (2H, q, 

J = 7.1 Hz), 6.67 (1H, s), 7.42 (1H, d, J = 9.2 Hz), 7.48 (2H, d, J = 8.3 Hz), 7.77 (1H, dd, J = 9.2, 

2.3 Hz), 7.91 (2H, d, J = 8.3 Hz), 8.23 (1H, s), 8.33 (1H, d, J = 2.3 Hz). 

[0172] 20 

Example 16 
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 By the same method as Example 2, from 4-chloro-N-(1-ethyl-2-oxo-4-(propan-2-

yl)-1,2-dihydroquinolin-6-yl)benzamide was obtained 4-chloro-N-(1-ethyl-2-oxo-4-(propan-2-

yl)-1,2-dihydroquinolin-6-yl)-N-methylbenzamide. 

1
H-NMR (CDCl3) δ: 1.12 (6H, d, J = 6.8 Hz), 1.34 (3H, t, J = 7.2 Hz), 3.01-3.14 (1H, m), 3.53 5 

(3H, s), 4.31 (2H, q, J = 7.2 Hz), 6.61 (1H, s), 7.12-7.19 (2H, m), 7.24-7.29 (2H, m), 7.31-7.37 

(3H, m). 

[0173] 

Example 17 

 10 

 A mixture of 80 mg of 1-ethyl-4-(1-methylpiperidin-4-yl)-2-oxo-1,2-

dihydroquinoline-6-carboxylic acid, 80 µL of N-methyl-2,3-dihydro-1H-inden-5-amine, 3 mL of 

dichloromethane, 90 mg of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride, 63 

mg of 1-hydroxy-7-azabenzotriazole and 0.3 mL of triethylamine was stirred in a sealed tube at 

the ambient temperature of 70-80°C for 3 hours.  The reaction mixture was cooled to room 15 

temperature and then the solvent was distilled off under reduced pressure.  To the obtained 

residue were added 1 mL of 2 mol/L sodium hydroxide aqueous solution, 4 mL of 

tetrahydrofuran, and 2 mL of methanol, and the mixture was stirred at the ambient temperature 

of 40-50°C for 20 minutes, and the solvent was distilled off under reduced pressure.  To the 

reaction mixture were added ethyl acetate and saturated sodium chloride aqueous solution, the 20 

organic layer was fractionated, and the aqueous layer was extracted with ethyl acetate.  The 

organic layer was combined with the extract, and then dried over anhydrous magnesium sulfate, 

and the solvent was distilled off under reduced pressure.  The obtained residue was purified by 

silica gel column chromatography [chloroform:methanol gradient elution = 100:0 to 80:20] to 

obtain 8 mg of N-(2,3-dihydro-1H-inden-5-yl)-1-ethyl-N-methyl-4-(1-methylpiperidin-4-yl)-2-25 
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oxo-1,2-dihydroquinoline-6-carboxamide as a white solid. 

1
H-NMR (DMSO-D6) δ: 1.15 (3H, t, J = 7.0 Hz), 1.36-1.57 (4H, m), 1.89-2.06 (4H, m), 2.24 

(3H, s), 2.69-2.89 (6H, m), 3.29-3.37 (1H, m), 3.39 (3H, s), 4.21 (2H, q, J = 7.1 Hz), 6.38 (1H, 

s), 6.84-6.92 (1H, m), 7.07 (1H, d, J = 8.0 Hz), 7.15 (1H, s), 7.52-7.61 (2H, m), 7.75 (1H, dd, J = 

8.9, 1.6 Hz). 5 

[0174] 

Example 18 

 

 By the same method as Reference Example 2, from 1-ethyl-4-(morpholin-4-yl)-6-

(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)quinolin-2(1H)-one and 4-bromo-1-methyl-5-10 

phenyl-1H-pyrazole was obtained 1-ethyl-6-(1-methyl-5-phenyl-1H-pyrazol-4-yl)-4-(morpholin-

4-yl)quinolin-2(1H)-one. 

1
H-NMR (DMSO-D6) δ: 1.17 (3H, t, J = 6.9 Hz), 2.65-2.76 (4H, m), 3.42-3.53 (4H, m), 3.74 

(3H, s), 4.21 (2H, q, J = 6.8 Hz), 5.95 (1H, s), 7.35 (1H, d, J = 2.0 Hz), 7.37-7.64 (7H, m), 7.81 

(1H, s). 15 

[0175] 

Examples 19-244 

 Confirming to the procedure described in the specification, the compounds 

indicated in Tables 1-25 were produced by publicly known reactions, such as condensation, 

addition, oxidization, reduction, rearrangement, substitution, halogenation, dehydration, 20 

hydrolysis or the like, or the appropriate combination of these reactions. 

[0176] 
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[Table 1] 

 

[0177] 
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[Table 2] 

 

[0178] 



 79 

[Table 3] 

 

[0179] 
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[Table 4] 

 

[0180] 
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[Table 5] 

 

[0181] 
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[Table 6] 

 

[0182] 
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[Table 7] 

 

[0183] 
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[Table 8] 

 

[0184] 
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[Table 9] 

 

[0185] 
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[Table 10] 

 

[0186] 
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[Table 11] 

 

[0187] 
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[Table 12] 

 

[0188] 
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[Table 13] 

 

[0189] 
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[Table 14] 

 

[0190] 
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[Table 15] 

 

[0191] 
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[Table 16] 

 

[0192] 
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[Table 17] 

 

[0193] 
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[Table 18] 

 

[0194] 
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[Table 19] 

 

[0195] 
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[Table 20] 

 

[0196] 
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[Table 21] 

 

[0197] 
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[Table 22] 

 

[0198] 
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[Table 23] 

 

[0199] 
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[Table 24] 

 

[0200] 
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[Table 25] 

 

[0201] 

Example 245 

 5 

 To a suspension of 0.70 g of 1-(2-(4-chlorophenyl)-2-oxoethyl)-3-(1-ethyl-4-

(morpholin-4-yl)-2-oxo-1,2-dihydroquinolin-6-yl)urea in 4.0 mL of dioxane was added 4.0 mL 

of concentrated hydrochloric acid at room temperature and the mixture was stirred for 2 hours.  

Water was added to the reaction mixture, and the solid matter was filtered and washed with water 

and diisopropyl ether.  The obtained solid matter was purified by silica gel column 10 

chromatography [chloroform:methanol gradient elution = 100:0 to 90:10].  To the obtained 

residue was added diisopropyl ether, and the solid matter was filtered to obtain 0.59 g of 6-(5-(4-

chlorophenyl)-2-oxo-2,3-dihydro-1H-imidazol-1-yl)-1-ethyl-4-(morpholin-4-yl)quinolin-2(1H)-

one as a white solid. 

1
H-NMR (DMSO-D6) δ: 1.19 (3H, t, J = 6.8 Hz), 2.64-2.73 (4H, m), 3.50-3.57 (4H, m), 4.23 15 

(2H, q, J = 6.8 Hz), 6.00 (1H, s), 6.95 (1H, s), 7.07-7.13 (2H, m), 7.24 (1H, d, J = 2.4 Hz), 7.32-

7.38 (2H, m), 7.57 (1H, dd, J = 9.1, 2.3 Hz), 7.65 (1H, d, J = 9.0 Hz), 10.67 (1H, s). 

MS (ESI, m/z):451(M+H), 449(M-H) 

[0202] 

Example 246 20 
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 To a solution of 300 mg of 6-(5-(4-chlorophenyl)-2-oxo-2,3-dihydro-1H-

imidazol-1-yl)-1-ethyl-4-(morpholin-4-yl)quinolin-2(1H)-one in 3 mL of N,N-

dimethylformamide was added under ice cooling 30 mg of 60% sodium hydride and the mixture 

was stirred for 5 minutes.  To the reaction mixture, under ice cooling was added 50 µL of 5 

methyl iodide, the mixture was stirred at room temperature for 2 hours.  To the reaction mixture 

were added under ice cooling ethyl acetate and water, and the pH of the mixture was adjusted to 

2.0 with 1 mol/L hydrochloric acid, the solid matter was filtered, and washed with water and 

diisopropyl ether to obtain 203 mg of 6-(5-(4-chlorophenyl)-3-methyl-2-oxo-2,3-dihydro-1H-

imidazol-1-yl)-1-ethyl-4-(morpholin-4-yl)quinolin-2(1H)-one as a white solid. 10 

1
H-NMR (DMSO-D6) δ: 1.19 (3H, t, J = 7.0 Hz), 2.64-2.72 (4H, m), 3.28 (3H, s), 3.50-3.57 (4H, 

m), 4.23 (2H, q, J = 6.8 Hz), 6.01 (1H, s), 7.05-7.12 (2H, m), 7.07 (1H, s), 7.26 (1H, d, J = 2.4 

Hz), 7.34-7.39 (2H, m), 7.57 (1H, dd, J = 9.0, 2.4 Hz), 7.66 (1H, d, J = 9.0 Hz). 

MS (ESI, m/z):465(M+H) 

[0203] 15 

Example 247 

 

 To a suspension of 330 mg of 1-ethyl-4-(morpholin-4-yl)-6-(2-oxo-5-phenyl-2,3-

dihydro-1H-imidazol-1-yl)quinolin-2(1H)-one in 2 mL of N,N-dimethylacetamide under ice 

cooling was added 35 mg of 60% sodium hydride and the mixture was stirred for 5 minutes.  To 20 

the reaction mixture under ice cooling was added 119 µL of 2-iodopropane, and the mixture was 

stirred at room temperature for 1 hour.  To the reaction mixture was added 60 µL of 2-

iodopropane, and the mixture was stirred at room temperature for 1 hour.  To the reaction 

mixture under ice cooling were added ethyl acetate and water, and the pH of the mixture was 
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adjusted to 2.0 with 1 mol/L hydrochloric acid.  The organic layer was fractionated, washed 

with water and saturated sodium chloride aqueous solution, and then dried over anhydrous 

magnesium sulfate, and the solvent was distilled off under reduced pressure.  The obtained 

residue was purified by silica gel column chromatography [ethyl acetate to chloroform:methanol 

gradient elution = 95:5 to 90:10].  To the obtained residue were added diisopropyl ether and 5 

ethyl acetate, and the solid matter was filtered.  The obtained solid matter was purified by silica 

gel column chromatography [ethyl acetate].  To the obtained residue were added diisopropyl 

ether and ethyl acetate, and the solid matter was filtered to obtain 68 mg of 1-ethyl-4-

(morpholin-4-yl)-6-(2-oxo-5-phenyl-3-(propan-2-yl)-2,3-dihydro-1H-imidazol-1-yl)quinolin-

2(1H)-one as a light brown solid. 10 

1
H-NMR (CDCl3) δ: 1.36 (3H, t, J = 7.1 Hz), 1.43 (6H, d, J = 6.8 Hz), 2.63-2.70 (4H, m), 3.55-

3.62 (4H, m), 4.32 (2H, q, J = 7.2 Hz), 4.55 (1H, quint, J = 6.8 Hz), 6.09 (1H, s), 6.51 (1H, s), 

7.07-7.12 (2H, m), 7.15-7.28 (3H, m), 7.33 (1H, d, J = 2.4 Hz), 7.43 (1H, d, J = 9.0 Hz), 7.72 

(1H, dd, J = 9.0, 2.4 Hz). 

[0204] 15 

Example 248 

 

 A mixture of 100 mg of 4-cyclopropyl-1-ethyl-6-(2-phenylhydrazinyl)quinolin-

2(1H)-one, 46 mg of ethyl carbamoyl carbamate and 3 mL of toluene was stirred at 140°C for 1 

hour and 30 minutes using microwave equipment.  The reaction mixture was cooled to room 20 

temperature, and then ethyl acetate and water were added.  The organic layer was fractionated, 

washed successively with water and saturated sodium chloride aqueous solution, and then dried 

over anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure.  

The obtained residue was purified by silica gel column chromatography [hexane:ethyl acetate 

gradient elution = 50:50 to 0:100].  To the obtained residue was added chloroform, and the solid 25 

matter was filtered to obtain 15 mg of 1-(4-cyclopropyl-1-ethyl-2-oxo-1,2-dihydroquinolin-6-yl)-

2-phenyl-1,2,4-triazolidine-3,5-dione as a light brown solid. 

1
H-NMR (DMSO-D6) δ: 0.57-0.65 (2H, m), 0.92-1.01 (2H, m), 1.14 (3H, t, J = 7.0 Hz), 2.03-

2.14 (1H, m), 4.20 (2H, q, J = 7.1 Hz), 6.29 (1H, s), 7.20-7.27 (1H, m), 7.34-7.47 (4H, m), 7.60 

(1H, d, J = 9.3 Hz), 7.70 (1H, dd, J = 9.1, 2.6 Hz), 8.03 (1H, d, J = 2.4 Hz), 12.09 (1H, s). 30 
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[0205] 

Example 249 

 

 To a suspension of 2.0 g of 6-amino-1-ethyl-4-(morpholin-4-yl)quinolin-2(1H)-

one in 10 mL of pyridine under ice cooling was added 1.12 mL of 4-chlorobenzoyl chloride and 5 

the mixture was stirred at room temperature for 1 hour.  To the reaction mixture under ice 

cooling were added ethyl acetate and water, and the pH of the mixture was adjusted to 2.0 with 2 

mol/L hydrochloric acid.  The solid matter was filtered and washed with water and diisopropyl 

ether to obtain 3.01 g of 4-chloro-N-(1-ethyl-4-(morpholin-4-yl)-2-oxo-1,2-dihydroquinolin-6-

yl)benzamide as a white solid. 10 

1
H-NMR (DMSO-D6) δ: 1.19 (3H, t, J = 7.0 Hz), 3.03-3.13 (4H, m), 3.81-3.90 (4H, m), 4.24 

(2H, q, J = 7.1 Hz), 6.04 (1H, s), 7.59 (1H, d, J = 9.3 Hz), 7.64 (2H, d, J = 8.5 Hz), 7.98 (1H, dd, 

J = 9.3, 2.4 Hz), 8.01 (2H, d, J = 8.5 Hz), 8.35 (1H, d, J = 2.2 Hz), 10.48 (1H, s). 

[0206] 

Example 250 15 

 

 To a suspension of 3.0 g of 4-chloro-N-(1-ethyl-4-(morpholin-4-yl)-2-oxo-1,2-

dihydroquinolin-6-yl)benzamide in 24 mL of N,N-dimethylacetamide, 0.35 g of 60% sodium 

hydride was added under ice cooling and the mixture was stirred for 10 minutes.  To the 

reaction mixture under ice cooling was added 0.68 mL of methyl iodide, the mixture was stirred 20 

at room temperature for 1 hour.  To the reaction mixture were added ethyl acetate and iced 

water, and the pH of the mixture was adjusted to 2.0 with 2 mol/L hydrochloric acid.  The 

organic layer was fractionated, washed with water and saturated sodium chloride aqueous 

solution, and then dried over anhydrous magnesium sulfate, and the solvent was distilled off 
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under reduced pressure.  To the obtained residue were added diisopropyl ether and ethyl acetate, 

the solid matter was filtered, washed with diisopropyl ether to obtain 2.55 g of 4-chloro-N-(1-

ethyl-4-(morpholin-4-yl)-2-oxo-1,2-dihydroquinolin-6-yl)-N-methylbenzamide as a white solid. 

1
H-NMR (DMSO-D6) δ: 1.16 (3H, t, J = 7.1 Hz), 2.45-2.60 (4H, m), 3.42 (3H, s), 3.60-3.71 (4H, 

m), 4.19 (2H, q, J = 6.9 Hz), 5.96 (1H, s), 7.21 (1H, s), 7.28 (2H, d, J = 8.3 Hz), 7.33 (2H, d, J = 5 

8.3 Hz), 7.60 (1H, d, J = 9.0 Hz), 7.68 (1H, dd, J = 9.0, 2.2 Hz). 

[0207] 

Example 251 

 

 A mixture of 1.5 g of 4-chloro-N-((1E)-1-(dimethylamino)ethylidene)-1-ethyl-2-10 

oxo-1,2-dihydroquinoline-6-carboxamide, 0.51 ml of phenylhydrazine and 12 mL of acetic acid 

was stirred at the ambient temperature of 120°C for 2 hours.  The reaction mixture was cooled 

to room temperature and then the solvent was distilled off under reduced pressure.  To the 

obtained residue were added diisopropyl ether and ethyl acetate, and the solid matter was filtered 

and washed with diisopropyl ether to obtain 1.37 g of 4-chloro-1-ethyl-6-(3-methyl-1-phenyl-15 

1H-1,2,4-(triazol-5-yl)quinolin-2(1H)-one as a light brown solid. 

1
H-NMR (DMSO-D6) δ: 1.18 (3H, t, J = 7.1 Hz), 2.41 (3H, s), 4.25 (2H, q, J = 6.9 Hz), 6.97 

(1H, s), 7.44-7.58 (5H, m), 7.72 (1H, d, J = 9.0 Hz), 7.77 (1H, dd, J = 9.0, 2.0 Hz), 7.99 (1H, d, J 

= 2.0 Hz). 

[0208] 20 

Example 252 

 

 A mixture of 1.37 g of 4-chloro-1-ethyl-6-(3-methyl-1-phenyl-1H-1,2,4-triazol-5-

yl)quinolin-2(1H)-one, 0.48 g of cyclopropylboric acid, 1.6 g of tripotassium phosphate, 0.26 g 

of bis(di-tert-butyl(4-dimethylaminophenyl)phosphine)dichloropalladium(II), 15 mL of dioxane 25 

and 3.0 mL of water was stirred under nitrogen atmosphere at the ambient temperature of 100-
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110°C for 3 hours.  The reaction mixture was cooled to room temperature, and then ethyl 

acetate and water were added.  The organic layer was fractionated, washed successively with 

water and saturated sodium chloride aqueous solution, and then dried over anhydrous 

magnesium sulfate, and the solvent was distilled off under reduced pressure.  The obtained 

residue was purified by silica gel column chromatography [hexane:ethyl acetate gradient elution 5 

= 50:50 to 0:100].  To the obtained residue were added diisopropyl ether and cyclohexane, and 

the solid matter was filtered to obtain 1.10 g of 4-cyclopropyl-1-ethyl-6-(3-methyl-1-phenyl-1H-

1,2,4-(triazol-5-yl)quinolin-2(1H)-one as a slightly brown solid. 

1
H-NMR (DMSO-D6) δ: 0.54-0.61 (2H, m), 0.70-0.79 (2H, m), 1.17 (3H, t, J = 7.1 Hz), 1.70-

1.79 (1H, m), 2.40 (3H, s), 4.23 (2H, q, J = 7.1 Hz), 6.31 (1H, s), 7.42-7.57 (5H, m), 7.64 (1H, d, 10 

J = 9.0 Hz), 7.81 (1H, dd, J = 8.9, 2.1 Hz), 8.03 (1H, d, J = 2.0 Hz). 

[0209] 

Example 253 

 

 A mixture of 41 mg of 1-ethyl-6-iodo-4-(morpholin-4-yl)quinolin-2(1H)-one, 17 15 

mg of (5S)-5-phenylpyrrolidin-2-one, 1 mg of copper iodide(I), 4 mg of 4,7-dimethoxy-1,10-

phenanthroline, 48 mg of cesium carbonate, and 0.5 mL of N-methyl-2-pyrrolidone was stirred at 

the ambient temperature of 130-135°C for 30 minutes.  The reaction mixture was cooled to 

room temperature, and then ethyl acetate was added to the reaction mixture, and the insoluble 

matter was filtered off.  To the filtrate were added water and saturated sodium chloride aqueous 20 

solution, and the organic layer was fractionated, washed with saturated sodium chloride aqueous 

solution, and then dried over anhydrous sodium sulfate, and the solvent was distilled off under 

reduced pressure.  The obtained residue was purified by basic silica gel chromatography 

[hexane:ethyl acetate gradient elution = 70:30 to 40:60].  To the obtained residue was added 

diisopropyl ether, and the solid matter was filtered to obtain 23 mg of 1-ethyl-4-(morpholin-4-25 

yl)-6-((5S)-2-oxo-5-phenylpyrrolidin-1-yl)quinolin-2(1H)-one as a light yellow solid. 

1
H-NMR (CDCl3) δ: 1.29 (3H, t, J = 7.2 Hz), 2.02-2.08 (1H, m), 2.60-2.97 (7H, m), 3.73-3.80 

(4H, m), 4.20-4.33 (2H, m), 5.29-5.32 (1H, m), 6.11 (1H, s), 7.23-7.35 (6H, m), 7.75 (1H, d, J = 

2.4 Hz), 7.81 (1H, dd, J = 8.8, 2.4 Hz). 

[0210] 30 
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Example 254 

 

 A mixture of 38 mg of 4-cyclopropyl-1-ethyl-6-iodoquinolin-2(1H)-one, 18 mg of 

(5S)-5-phenylpyrrolidin-2-one, 1 mg of copper iodide(I), 4 mg of 4,7-dimethoxy-1,10-

phenanthroline, 51 mg of cesium carbonate, and 0.5 mL of N-methyl-2-pyrrolidone was stirred at 5 

the ambient temperature of 130-135°C for 1 hour and 15 minutes.  The reaction mixture was 

cooled to room temperature, and then ethyl acetate was added to the reaction mixture, and the 

insoluble matter was filtered off.  To the filtrate were added water and saturated sodium 

chloride aqueous solution, the organic layer was fractionated, washed with saturated sodium 

chloride aqueous solution, and then dried over anhydrous sodium sulfate, and the solvent was 10 

distilled off under reduced pressure.  The obtained residue was purified by basic silica gel 

chromatography [hexane:ethyl acetate gradient elution = 80:20 to 60:40] to obtain 22 mg of 4-

cyclopropyl-1-ethyl-6-((5S)-2-oxo-5-phenylpyrrolidin-1-yl)quinolin-2(1H)-one as a light yellow 

solid. 

1
H-NMR (CDCl3) δ: 0.50-0.57 (1H, m), 0.64-0.71 (1H, m), 0.82-0.99 (2H, m), 1.28 (3H, t, J = 15 

7.2 Hz), 1.79-1.86 (1H, m), 2.05-2.12 (1H, m), 2.63-2.85 (3H, m), 4.26 (2H, q, J = 7.5 Hz), 5.27-

5.30 (1H, m), 6.39 (1H, d, J = 1.2 Hz), 7.25-7.40 (6H, m), 7.79 (1H, dd, J = 9.2, 2.4 Hz), 7.99 

(1H, d, J = 2.4 Hz). 

[0211] 

Example 255 20 

 

 A mixture of 60 mg of 1-ethyl-6-iodo-4-(morpholin-4-yl)quinolin-2(1H)-one, 25 

mg of 2-phenyl-1H-imidazole, 1.1 mg of copper oxide(I), 5.6 mg of 4,7-dimethoxy-1,10-

phenanthroline, 29 mg of polyethylene glycol, 71 mg of cesium carbonate, and 4 mL of 

butyronitrile was stirred under nitrogen atmosphere at 170°C for 40 minutes using microwave 25 

equipment..  The reaction mixture was cooled to room temperature, and then ethyl acetate and 
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water were added.  The organic layer was fractionated, washed with saturated sodium chloride 

aqueous solution, and then dried over anhydrous sodium sulfate, and the solvent was distilled off 

under reduced pressure.  The obtained residue was purified by thin layer chromatography for 

fractionation.  To the obtained residue was added hexane, and the solid matter was filtered to 

obtain 10 mg of 1-ethyl-4-(morpholin-4-yl)-6-(2-phenyl-1H-imidazol-1-yl-quinolin-2(1H)-one 5 

as a white solid. 

1
H-NMR (DMSO-D6) δ: 1.20 (3H, t, J = 7.3 Hz), 2.57-2.66 (4H, m), 3.42-3.52 (4H, m), 4.26 

(2H, q, J = 6.8 Hz), 6.03 (1H, s), 7.22 (1H, d, J = 1.3 Hz), 7.28-7.38 (6H, m), 7.59 (1H, s), 7.71-

7.77 (2H, m). 

MS (ESI, m/z):401(M+H) 10 

[0212] 

Example 256 

 

 A mixture of 50 mg of 1-ethyl-6-iodo-4-(morpholin-4-yl)quinolin-2(1H)-one, 23 

mg of 4-methyl-2-phenyl-1H-imidazole, 1.9 mg of copper oxide(I), 6.2 mg of 4,7-dimethoxy-15 

1,10-phenanthroline, 25 mg of polyethylene glycol, 64 mg of cesium carbonate, and 1.5 mL of 

butyronitrile was stirred under nitrogen atmosphere at 210°C for 45 minutes using microwave 

equipment.  To the reaction mixture was added 1.9 mg of copper oxide(I), and the mixture was 

stirred at 225°C for 45 minutes using microwave equipment.  To the reaction mixture were 

added 6.0 mg of copper oxide(I) and 6.2 mg of 4,7-dimethoxy-1,10-phenanthroline, and the 20 

mixture was stirred at 230°C for 1 hour and 30 minutes using microwave equipment.  The 

reaction mixture was cooled to room temperature, and then the insoluble matter was filtered off, 

and ethyl acetate and water were added.  The organic layer was fractionated, washed with 

saturated sodium chloride aqueous solution, and then dried over anhydrous sodium sulfate, and 

the solvent was distilled off under reduced pressure.  The obtained residue was purified by thin 25 

layer chromatography for fractionation.  To the obtained residue was added diisopropyl ether, 

and the solid matter was filtered to obtain 5 mg of 1-ethyl-6-(4-methyl-2-phenyl-1H-imidazol-1-

yl)-4-(morpholin-4-yl)quinolin-2(1H)-one as a white solid. 

1
H-NMR (DMSO-D6) δ: 1.20 (3H, t, J = 6.9 Hz), 2.23 (3H, s), 2.56-2.66 (4H, m), 3.41-3.51 (4H, 
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m), 4.20-4.30 (2H, m), 6.02 (1H, s), 7.22-7.36 (7H, m), 7.67-7.76 (2H, m). 

MS (ESI, m/z):415(M+H) 

[0213] 

Example 257 

 5 

 A mixture of 50 mg of 1-ethyl-6-iodo-4-(morpholin-4-yl)quinolin-2(1H)-one, 28 

mg of 1-phenyl-1H-imidazole, 50 mg of copper iodide(I), 1.5 mg of palladium acetate, and 2 mL 

of N,N-dimethylacetamide was stirred under nitrogen atmosphere at 185°C for 30 minutes using 

microwave equipment.  The mixture was further stirred at 205°C for 20 minutes.  The reaction 

mixture was cooled to room temperature and then N,N-dimethylacetamide was distilled off 10 

under reduced pressure.  To the obtained residue was added methanol, and the solid matter was 

filtered.  To the obtained solid matter was added chloroform, and the mixture was heated at 

reflux for 10 minutes.  The reaction mixture was cooled to room temperature, and then the 

insoluble matter was filtered off.  The filtrate was purified by silica gel column chromatography 

[chloroform:methanol].  To the obtained residue were added hexane and ethyl acetate, and the 15 

solid matter was filtered to obtain 10 mg of 1-ethyl-4-(morpholin-4-yl)-6-(1-phenyl-1H-

imidazol-2-yl)quinolin-2(1H)-one as a light brown solid. 

1
H-NMR (DMSO-D6) δ: 1.16 (3H, t, J = 6.9 Hz), 2.64-2.73 (4H, m), 3.47-3.57 (4H, m), 4.19 

(2H, q, J = 7.0 Hz), 5.97 (1H, s), 7.23-7.38 (3H, m), 7.39-7.63 (6H, m), 7.74-7.85 (1H, m). 

MS (ESI, m/z):401(M+H) 20 

[0214] 

Example 258 

 

 A mixture of 50 mg of 1-ethyl-6-iodo-4-(morpholin-4-yl)quinolin-2(1H)-one, 28 

mg of biphenyl-2-ylboronic acid, 6 mg of tris(dibenzylideneacetone)dipalladium(0), 85 mg of 25 
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cesium carbonate, and 2 mL of dioxane was stirred under nitrogen atmosphere at 150°C for 30 

minutes using microwave equipment.  The mixture was further stirred at 160°C for 30 minutes.  

The reaction mixture was cooled to room temperature, and then the insoluble matter was filtered 

off, and the solvent was distilled off under reduced pressure.  The obtained residue was purified 

by silica gel column chromatography [hexane:ethyl acetate].  To the obtained residue were 5 

added hexane and ethyl acetate, and the solid matter was filtered to obtain 6 mg of 6-(biphenyl-

2-yl)-1-ethyl-4-(morpholin-4-yl)quinolin-2(1H)-one as a white solid. 

1
H-NMR (DMSO-D6) δ: 1.19 (3H, t, J = 6.9 Hz), 2.46-2.55 (4H, m), 3.50-3.58 (4H, m), 4.23 

(2H, q, J = 7.0 Hz), 5.93 (1H, s), 7.13-7.22 (3H, m), 7.23-7.31 (3H, m), 7.42-7.53 (4H, m), 7.59-

7.70 (2H, m). 10 

MS (ESI, m/z):411(M+H) 

[0215] 

Examples 259-276 

 Confirming to the procedure described in the specification, the compounds 

indicated in Tables 26-28 were produced by publicly known reactions, such as condensation, 15 

addition, oxidization, reduction, rearrangement, substitution, halogenation, dehydration, 

hydrolysis or the like, or the appropriate combination of these reactions. 

[0216] 
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[Table 26] 

 

[0217] 
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[Table 27] 

 

[0218] 
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[Table 28] 

 

[0219] 

Example 277 

 5 

 A mixture of 0.17 g of 4-chloro-1-ethyl-6-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)quinolin-2(1H)-one, 0.11 g of 3-bromo-2-phenylpyridine, 0.20 g of 

tripotassium phosphate, 33 mg of bis(di-tert-butyl(4-

dimethylaminophenyl)phosphine)dichloropalladium(II), 6 mL of dioxane and 2 mL of water was 

stirred under nitrogen atmosphere at the ambient temperature of 100-110°C for 1 hour.  The 10 

reaction mixture was cooled to room temperature, and then ethyl acetate and water were added.  

The organic layer was fractionated, and the aqueous layer was extracted with ethyl acetate.  The 

organic layer was combined with the extract, washed with saturated sodium chloride aqueous 

solution, and then dried over anhydrous sodium sulfate, and the solvent was distilled off under 

reduced pressure.  The obtained residue was purified by silica gel chromatography 15 

[hexane:ethyl acetate gradient elution = 100:0 to 60:40] to obtain 134 mg of 4-chloro-1-ethyl-6-

(2-phenylpyridin-3-yl)quinolin-2(1H)-one as a white foam. 

1
H-NMR (CDCl3) δ: 1.33 (3H, t, J = 7.1 Hz), 4.31 (2H, q, J = 7.1 Hz), 6.89 (1H, s), 7.24-7.29 

(3H, m), 7.32-7.42 (5H, m), 7.81 (1H, dd, J = 7.6, 1.7 Hz), 7.94 (1H, d, J = 2.2 Hz) , 8.74 (1H, 
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dd, J = 4.8, 1.7 Hz). 

[0220] 

Example 278 

 

 A mixture of 36 mg of 4-chloro-1-ethyl-6-(2-phenylpyridin-3-yl)quinolin-2(1H)-5 

one, 17 mg of cyclopropylboric acid, 43 mg of tripotassium phosphate, 8 mg of bis(di-tert-

butyl(4-dimethylaminophenyl)phosphine)dichloropalladium(II), 0.6 mL of dioxane and 0.2 mL 

of water was stirred at 120°C for 15 minutes using microwave equipment.  The reaction 

mixture was cooled to room temperature, and then ethyl acetate and water were added.  The 

organic layer was fractionated, and the aqueous layer was extracted with ethyl acetate.  The 10 

organic layer was combined with the extract, and the solvent was distilled off under reduced 

pressure.  The obtained residue was purified by silica gel chromatography [hexane:ethyl acetate 

gradient elution = 100:0 to 50:50].  To the obtained residue was added hexane, and the solid 

matter was filtered to obtain 3 mg of 4-cyclopropyl-1-ethyl-6-(2-phenylpyridin-3-yl)quinolin-

2(1H)-one as a white solid. 15 

1
H-NMR (CDCl3) δ: 0.53-0.59 (2H, m), 0.81-0.92 (2H, m), 1.34 (3H, t, J = 7.1 Hz), 1.71-1.80 

(1H, m), 4.33 (2H, q, J = 7.3 Hz), 6.39-6.44 (1H, m), 7.20-7.49 (8H, m), 7.82 (1H, dd, J = 7.6, 

1.5 Hz), 7.87 (1H, d, J = 2.2 Hz), 8.73 (1H, dd, J = 4.6, 1.5 Hz). 

[0221] 

Example 279 20 

 

 A mixture of 30 mg of 4-chloro-1-ethyl-6-(2-phenylpyridin-3-yl)quinolin-2(1H)-

one, 0.7 mL of N,N-dimethylformamide, 35 mg of potassium carbonate and 21.5 µL of 

morpholine was stirred at 150°C for 5 minutes using microwave equipment.  The mixture was 

further stirred at 200°C for 40 minutes.  The reaction mixture was cooled to room temperature, 25 

and then ethyl acetate and water were added.  The organic layer was fractionated, and the 
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aqueous layer was extracted with ethyl acetate.  The organic layer was combined with the 

extract, and the solvent was distilled off under reduced pressure.  The obtained residue was 

purified by silica gel chromatography [hexane:ethyl acetate gradient elution = 100:0 to 0:100 to 

chloroform:methanol = 95:5].  To the obtained residue were added hexane and ethyl acetate, 

and the solid matter was filtered to obtain 8 mg of 1-ethyl-4-(morpholin-4-yl)-6-(2-5 

phenylpyridin-3-yl)quinolin-2(1H)-one as a brown solid. 

1
H-NMR (CDCl3) δ: 1.38 (3H, t, J = 7.1 Hz), 2.57-2.65 (4H, m), 3.57-3.66 (4H, m), 4.34 (2H, q, 

J = 7.2 Hz), 6.09 (1H, s), 7.20-7.29 (2H, m), 7.35-7.49 (6H, m), 7.61 (1H, dd, J = 8.7, 2.1 Hz), 

7.74 (1H, dd, J = 7.6, 1.7 Hz), 8.73 (1H, dd, J = 4.9, 1.7 Hz). 

[0222] 10 

Example 280 

 

 A mixture of 20 mg of tert-butyl 2-(4-cyclopropyl-1-ethyl-2-oxo-1,2-

dihydroquinolin-6-yl)-1-phenylhydrazinecarboxylate, 0.5 mL of diethyl methylmalonate and 1 

mL of 20% sodium ethoxide-ethanol solution was stirred at 180°C for 3 minutes using 15 

microwave equipment.  The reaction mixture was cooled to room temperature, and then ethyl 

acetate and water were added, and the pH of the mixture was adjusted to 1.0 with 2 mol/L 

hydrochloric acid.  The organic layer was fractionated, and the aqueous layer was extracted 

with ethyl acetate.  The organic layer was combined with the extract, washed with saturated 

sodium chloride aqueous solution, and then dried over anhydrous magnesium sulfate, and the 20 

solvent was distilled off under reduced pressure.  The obtained residue was purified by silica 

gel column chromatography [chloroform:methanol gradient elution = 100:0 to 95:5].  To the 

obtained residue was added ethyl acetate, and the solid matter was filtered to obtain 6 mg of 1-

(4-cyclopropyl-1-ethyl-2-oxo-1,2-dihydroquinolin-6-yl)-4-methyl-2-phenylpyrazolidine-3,5-

dione as a white solid. 25 

1
H-NMR (CDCl3) δ: 0.58-0.65 (2H, m), 0.95-1.03 (2H, m), 1.30 (3H, t, J = 7.1 Hz), 1.64 (3H, d, 

J = 7.8 Hz), 1.84-1.94 (1H, m), 3.47 (1H, q, J = 7.7 Hz), 4.27 (2H, q, J = 7.2 Hz), 6.44 (1H, d, J = 

1.2 Hz), 7.18-7.24 (1H, m), 7.31-7.39 (5H, m), 7.61 (1H, dd, J = 9.1 Hz, 2.6 Hz), 7.94 (1H, d, J = 

2.4 Hz). 

[0223] 30 
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Example 281 

 

 A mixture of 20 mg of tert-butyl 2-(4-cyclopropyl-1-ethyl-2-oxo-1,2-

dihydroquinolin-6-yl)-1-phenylhydrazinecarboxylate, 0.5 mL of diethyl diethylmalonate and 1 

mL of 20% sodium ethoxide-ethanol solution was stirred at 150°C for 3 minutes using 5 

microwave equipment.  The reaction mixture was cooled to room temperature, and then ethyl 

acetate and water were added, and the pH of the mixture was adjusted to 1.0 with 2 mol/L 

hydrochloric acid.  The organic layer was fractionated, and the aqueous layer was extracted 

with ethyl acetate.  The organic layer was combined with the extract, washed with saturated 

sodium chloride aqueous solution, and then dried over anhydrous magnesium sulfate, and the 10 

solvent was distilled off under reduced pressure.  The obtained residue was purified by silica 

gel column chromatography [chloroform:methanol gradient elution = 100:0 to 95:5].  To the 

obtained residue was added diisopropyl ether, and the solid matter was filtered to obtain 8 mg of 

1-(4-cyclopropyl-1-ethyl-2-oxo-1,2-dihydroquinolin-6-yl)-4-ethyl-2-phenylpyrazolidine-3,5-

dione as a light yellow solid. 15 

1
H-NMR (CDCl3) δ: 0.58-0.65 (2H, m), 0.95-1.02 (2H, m), 1.10-1.18 (3H, m), 1.30 (3H, t, J = 

7.2 Hz), 1.85-1.94 (1H, m), 2.15-2.24 (2H, m), 3.42 (1H, t, J = 5.5 Hz), 4.27 (2H, q, J = 7.2 Hz), 

6.42-6.45 (1H, m), 7.18-7.24 (1H, m), 7.31-7.40 (5H, m), 7.61 (1H, dd, J = 9.1 Hz, 2.6 Hz), 7.95 

(1H, d, J = 2.4 Hz). 

[0224] 20 

Examples 282a, 282b 

 

 A mixture of 56 mg of 4-cyclopropyl-1-ethyl-6-(2-phenylhydrazinyl)quinolin-

2(1H)-one, 14 µL of 4-methylideneoxetan-2-one, 27 µL of triethylamine, and 1 mL of 

chloroform was heated at reflux for 2 hours.  The reaction mixture was cooled to room 25 

temperature and then the solvent was distilled off under reduced pressure.  The obtained residue 
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was purified by silica gel column chromatography [ethyl acetate:methanol gradient elution = 

100:0 to 95:5] to obtain 7 mg of a) 4-cyclopropyl-1-ethyl-6-(3-methyl-5-oxo-2-phenyl-2,5-

dihydro-1H-pyrazol-1-yl)quinolin-2(1H)-one as a white solid, and 4 mg of b) 4-cyclopropyl-1-

ethyl-6-(5-methyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-1-yl)quinolin-2(1H)-one as a white 

solid. 5 

a) 4-cyclopropyl-1-ethyl-6-(3-methyl-5-oxo-2-phenyl-2,5-dihydro-1H-pyrazol-1-yl)quinolin-

2(1H)-one 

1
H-NMR (CDCl3) δ: 0.63-0.69 (2H, m), 0.99-1.05 (2H, m), 1.28 (3H, t, J = 7.2 Hz), 1.91-2.00 

(1H, m), 2.12 (3H, d, J = 1.0 Hz), 4.26 (2H, q, J = 7.0 Hz), 5.61 (1H, d, J = 0.7 Hz), 6.40 (1H, d, 

J = 1.0 Hz), 7.21-7.39 (6H, m), 7.71 (1H, dd, J = 9.3 Hz, 2.4 Hz), 7.95 (1H, d, J = 2.4 Hz). 10 

b) 4-cyclopropyl-1-ethyl-6-(5-methyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-1-yl)quinolin-

2(1H)-one 

1
H-NMR (CDCl3) δ: 0.64-0.70 (2H, m), 1.02-1.09 (2H, m), 1.30 (3H, t, J = 7.1 Hz), 1.90-1.99 

(1H, m), 2.14 (3H, s), 4.27 (2H, q, J = 7.0 Hz), 5.61-5.65 (1H, m), 6.44-6.48 (1H, m), 7.13 (1H, 

t, J = 7.3 Hz), 7.22-7.42 (6H, m), 7.87 (1H, d, J = 2.2 Hz). 15 

[0225] 

Example 283 

 

 A mixture of 40 mg of 1-(4-cyclopropyl-1-ethyl-2-oxo-1,2-dihydroquinolin-6-yl)-

2-phenylethane-1,2-dione, 1 mL of acetic acid, 89 mg of ammonium acetate, and 32 µL of 20 

acetaldehyde was stirred at 120°C for 5 minutes using microwave equipment.  The reaction 

mixture was further stirred at 140°C for 5 minutes.  The reaction mixture was cooled to room 

temperature, and then ethyl acetate and saturated sodium hydrogen carbonate aqueous solution 

were added.  The organic layer was fractionated, and the aqueous layer was extracted with ethyl 

acetate.  The organic layer was combined with the extract, washed with saturated sodium 25 

chloride aqueous solution, and then dried over anhydrous magnesium sulfate, and the solvent 

was distilled off under reduced pressure.  The obtained residue was purified by silica gel 

chromatography [ethyl acetate:methanol gradient elution = 100:0 to 90:10].  To the obtained 

residue was added diisopropyl ether, and the solid matter was filtered to obtain 4.7 mg of 4-

cyclopropyl-1-ethyl-6-(2-methyl-5-phenyl-1H-imidazol-4-yl)quinolin-2(1H)-one as a white 30 
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solid. 

1
H-NMR (CDCl3) δ: 0.59-0.67 (2H, m), 0.75-0.85 (2H, m), 1.34 (3H, t, J = 7.2 Hz), 1.79-1.90 

(1H, m), 2.55 (3H, s), 4.33 (2H, q, J = 7.2 Hz), 6.36-6.42 (1H, m), 6.72 (1H, s), 7.20-7.41 (4H, 

m), 7.42-7.55 (1H, m), 7.75-7.79 (1H, m), 8.19-8.26 (1H, m). 

[0226] 5 

Example 284 

 

 A mixture of 27 mg of 1-(4-cyclopropyl-1-ethyl-2-oxo-1,2-dihydroquinolin-6-yl)-

2-phenylethane-1,2-dione and 1 mL of polyethylene glycol 400 was stirred at 100°C for 5 

minutes using microwave equipment.  To the reaction mixture was added 5.2 µL of ethan-1,2-10 

diamine, and the mixture was stirred at 150°C for 7 minutes using microwave equipment.  The 

reaction mixture was further stirred at 160°C for 10 minutes.  The reaction mixture was cooled 

to room temperature, and then ethyl acetate and water were added.  The organic layer was 

fractionated, washed with water and saturated sodium chloride aqueous solution, and then dried 

over anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure.  15 

The obtained residue was purified by silica gel chromatography [hexane:ethyl acetate gradient 

elution = 50:50 to 0:100].  To the obtained residue was added diisopropyl ether, and the solid 

matter was filtered to obtain 2 mg of 4-cyclopropyl-1-ethyl-6-(3-phenylpyradin-2-yl)quinolin-

2(1H)-one as a white solid. 

1
H-NMR (CDCl3) δ: 0.52-0.58 (2H, m), 0.77-0.85 (2H, m), 1.34 (3H, t, J = 7.2 Hz), 1.65-1.75 20 

(1H, m), 4.33 (2H, q, J = 7.2 Hz), 6.37-6.41 (1H, m), 7.31-7.41 (4H, m), 7.47-7.54 (2H, m), 7.86 

(1H, dd, J = 8.9 Hz, 2.1 Hz), 8.13 (1H, d, J = 2.2 Hz), 8.63 (2H, dd, J = 6.8 Hz, 2.4 Hz). 

[0227] 

Example 285 

 25 
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 To a suspension of 134 mg of 1-ethyl-2-oxo-4-(4-oxocyclohexyl)-1,2-

dihydroquinoline-6-carboxylic acid in 5 mL of dichloromethane were added 72 mg of 4-chloro-

N-methylaniline, 0.27 mL of triethylamine and 216 mg of bis(2-oxo-3-oxazolidinyl)phosphinic 

acid chloride, and the mixture was stirred at room temperature for 9 hours.  To the reaction 

mixture were added 72 mg of N-methyl-4-chloroaniline, 0.27 mL of triethylamine and 216 mg of 5 

bis(2-oxo-3-oxazolidinyl)phosphinic acid chloride, and the mixture was stirred at room 

temperature for 15 hours.  The obtained reaction mixture was subjected to solvent elimination 

by distillation under reduced pressure.  The obtained residue was purified by silica gel column 

chromatography [ethyl acetate].  To the obtained residue were added diisopropyl ether and ethyl 

acetate, the solid matter was filtered to obtain 73 mg of N-(4-chlorophenyl)-1-ethyl-N-methyl-2-10 

oxo-4-(4-oxocyclohexyl)-1,2-dihydroquinoline-6-carboxamide as a white solid. 

1
H-NMR (CDCl3) δ: 1.32 (3H, t, J = 7.2 Hz), 1.74-1.88 (2H, m), 1.95-2.04 (2H, m), 2.42-2.61 

(4H, m), 3.07-3.17 (1H, m), 3.55 (3H, s), 4.30 (2H, q, J = 7.1 Hz), 6.55-6.58 (1H, m), 7.03 (2H, 

d, J = 8.8 Hz), 7.22-7.33 (3H, m), 7.66 (1H, dd, J = 8.9 Hz, 2.1 Hz), 7.71 (1H, d, J = 1.7 Hz). 

[0228] 15 

Example 286 

 

 A mixture of 51 mg of N-(4-chlorophenyl)-1-ethyl-N-methyl-2-oxo-4-(4-

oxocyclohexyl)-1,2-dihydroquinoline-6-carboxamide, 8.8 mg of sodium borohydride, and 1.0 

mL of methanol was stirred at room temperature for 1 hour.  To the reaction mixture were 20 

added ethyl acetate and 1 mol/L hydrochloric acid.  The organic layer was fractionated, and the 

aqueous layer was extracted with ethyl acetate.  The organic layer was combined with the 

extract, washed with saturated sodium chloride aqueous solution, and then dried over anhydrous 

magnesium sulfate, and the solvent was distilled off under reduced pressure.  The obtained 

residue was purified by silica gel column chromatography [ethyl acetate:methanol gradient 25 

elution = 100:0 to 90:10].  To the obtained residue was added diisopropyl ether, and the solid 

matter was filtered to obtain 41 mg of N-(4-chlorophenyl)-1-ethyl-4-(4-hydroxycyclohexyl)-N-

methyl-2-oxo-1,2-dihydroquinoline-6-carboxamide as a white solid. 
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1
H-NMR (CDCl3) δ: 1.32 (3H, t, J = 7.2 Hz), 1.36-1.70 (6H, m), 2.09-2.20 (2H, m), 2.50-2.61 

(1H, m), 3.54 (3H, s), 3.60-3.75 (1H, m), 4.29 (2H, q, J = 7.0 Hz), 6.51-6.55 (1H, m), 7.02 (2H, 

d, J = 8.8 Hz), 7.20-7.35 (3H, m), 7.55 (1H, d, J = 2.0 Hz), 7.72 (1H, dd, J = 8.8 Hz, 2.0 Hz). 

[0229] 

Example 287 5 

 

 By the same method as Example 5, from 4-chloro-1-ethyl-N-methyl-N-(4-

methylphenyl)-2-oxo-1,2-dihydroquinoline-6-carboxamide was obtained tert-butyl 4-(1-ethyl-6-

(methyl(4-methylphenyl)carbamoyl)-2-oxo-1,2-dihydroquinolin-4-yl)-3,6-dihydropyridine-

1(2H)-carboxylate. 10 

MS (ESI, m/z):502(M+H) 

[0230] 

Example 288 

 

 By the same method as Example 6, from tert-butyl 4-(1-ethyl-6-(methyl(4-15 

methylphenyl)carbamoyl)-2-oxo-1,2-dihydroquinolin-4-yl)-3,6-dihydropyridine-1(2H)-

carboxylate was obtained tert-butyl 4-(1-ethyl-6-(methyl(4-methylphenyl)carbamoyl)-2-oxo-1,2-

dihydroquinolin-4-yl)piperidine-1-carboxylate. 

MS (ESI, m/z):504(M+H) 

[0231] 20 
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Example 289 

 

 By the same method as Example 7, from tert-butyl 4-(1-ethyl-6-(methyl(4-

methylphenyl)carbamoyl)-2-oxo-1,2-dihydroquinolin-4-yl)piperidine-1-carboxylate was 

obtained 1-ethyl-N-methyl-N-(4-methylphenyl)-2-oxo-4-piperidin-4-yl)-1,2-dihydroquinoline-6-5 

carboxamide. 

MS (ESI, m/z):404(M+H) 

[0232] 

Example 290 

 10 

 A mixture of 50 mg of 1-ethyl-N-methyl-N-(4-methylphenyl)-2-oxo-4-(piperidin-

4-yl)-1,2-dihydroquinoline-6-carboxamide, 20 µL of acetyl chloride, 0.1 mL of triethylamine, 

and 1 mL of dichloromethane was stirred at room temperature for 20 minutes.  The reaction 

mixture was purified by silica gel column chromatography [chloroform:methanol gradient 

elution = 100:0 to 80:20].  To the obtained residue were added hexane and ethyl acetate, and the 15 

solid matter was filtered to obtain 13 mg of 4-(1-acetylpiperidin-4-yl)-1-ethyl-N-methyl-N-(4-

methylphenyl)-2-oxo-1,2-dihydroquinoline-6-carboxamide as a yellow solid. 

1
H-NMR (DMSO-D6) δ: 1.12-1.55 (7H, m), 2.05 (3H, s), 2.20 (3H, s), 2.57-2.69 (1H, m), 2.86-

2.99 (1H, m), 3.10-3.23 (1H, m), 3.40 (3H, s), 3.87 (1H, d, J = 13.9 Hz), 4.20 (2H, q, J = 6.9 Hz), 

4.49 (1H, d, J = 12.9 Hz), 6.37 (1H, s), 7.06-7.13 (4H, m), 7.52-7.62 (2H, m), 7.74 (1H, d, J = 20 

8.8 Hz). 
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[0233] 

Example 291 

 

 A mixture of 30 mg of 4-chloro-1-ethyl-6-(2-phenylpyridin-3-yl)quinolin-2(1H)-

one, 10 mg of methylboric acid, 35 mg of tripotassium phosphate, 6 mg of bis(di-tert-butyl(4-5 

dimethylaminophenyl)phosphine)dichloropalladium(II), 0.5 mL of dioxane and 0.2 mL of water 

was stirred at 120°C for 10 minutes using microwave equipment.  The reaction mixture was 

cooled to room temperature.  The reaction mixture was purified by silica gel chromatography 

[hexane:ethyl acetate gradient elution = 100:0 to 30:70].  To the obtained residue was added 

hexane, and the solid matter was filtered to obtain 5 mg of 1-ethyl-4-methyl-6-(2-phenylpyridin-10 

3-yl)quinolin-2(1H)-one as a white solid. 

1
H-NMR (CDCl3) δ: 1.34 (3H, t, J = 7.3 Hz), 2.21 (3H, d, J = 1.0 Hz), 4.33 (2H, q, J = 7.3 Hz), 

6.55 (1H, d, J = 0.96 Hz), 7.23-7.32 (4H, m), 7.34-7.42 (4H, m), 7.48 (1H, d, J = 1.9 Hz), 7.81 

(1H, dd, J = 7.8, 1.7 Hz), 8.73 (1H, dd, J = 4.9, 1.7 Hz). 

MS (ESI, m/z):341(M+H) 15 

[0234] 

Examples 292-294 

 Confirming to the procedure described in the specification, the compounds 

indicated in Table 29 were produced by publicly known reactions, such as condensation, 

addition, oxidization, reduction, rearrangement, substitution, halogenation, dehydration, 20 

hydrolysis or the like, or the appropriate combination of these reactions. 

[0235] 
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[Table 29] 

 

[0236] 

Test Example 1 

(CXCL10 production inhibition test) 5 

 0.5 × 10
4
 or 1 × 10

4
 human umbilical vein-derived endothelial cells were 

suspended in 100 µL of an EGM-2 BulletKit medium (without GA) or a Medium-200 medium 

supplemented with an EGM-2 SingleQuots kit (without GA), inoculated to a 96-well plate and 

cultured overnight.  100 µL of a solution of each test compound diluted with the same medium 

as that used in the inoculation was added to the cultured cells (final concentration of the test 10 

compound: 0.1 µmol/L).  1 hour thereafter, TNFα was added thereto at a final concentration of 

10 ng/mL.  72 hours after the stimulation, the supernatant was recovered, and the amount of 

CXCL10 produced in the culture supernatant was determined using an ELISA kit (Peprotech, 

900-K39). 

 The rate of inhibition was calculated according to the following expression: 15 

[0237] 

 Rate of inhibition (%) = 100 - (Amount of CXCL10 produced in the presence of 

the test compound / Amount of CXCL10 produced in the absence of the test compound) × 100 

 The compounds of Example 2, Example 3, Example 8, Example 11, Example 14, 

Example 16, Example 17, Examples 245 to 248, Example 250, Examples 252 to 276, Examples 20 

278 to 281, Example 282a, Example 282b, Example 283, Example 284, Example 286 and 
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Examples 290 to 294 inhibited 50% or more of CXCL10 production at 0.1 µmol/L. 

 The compound of the present invention exhibited an excellent CXCL10 

production inhibitory effect. 

 

Industrial Applicability 5 

[0238] 

 The compound represented by the general formula [1] or the salt thereof has an 

excellent CXCL10 inhibitory activity and is useful as an agent for treatment such as prophylaxis 

and/or therapy of a disease involving the overproduction of CXCL10. 

 10 
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CLAIMS 

[Claim 1] 

 A compound represented by the general formula [1] or a salt thereof: 

 

wherein 

R
1
 represents an optionally substituted C1-6 alkyl group; 

R
2
 represents a hydrogen atom, a halogen atom or an optionally substituted C1-6 alkyl group; 

R
3
 represents a halogen atom, an optionally substituted C1-6 alkyl group, an optionally substituted 

C2-6 alkenyl group, an optionally substituted C3-8 cycloalkyl group, an optionally substituted C4-8 

cycloalkenyl group, an optionally substituted aryl group, an optionally substituted C1-6 alkoxy 

group, an optionally substituted C1-6 alkylamino group, an optionally substituted di(C1-6 

alkyl)amino group or an optionally substituted heterocyclic group; 

Z
1
, Z

2
 and Z

3
 are the same or different and each represent a nitrogen atom or a group represented 

by the general formula CR
5
 wherein R

5
 represents a hydrogen atom, a halogen atom or an 

optionally substituted C1-6 alkyl group; 

X
1
 represents 

(1) a group represented by the general formula C(=O)N(R
6
) wherein the carbon atom is bonded 

to ring A, and R
6
 represents a hydrogen atom, an amino-protective group or an optionally 

substituted C1-6 alkyl group, 

(2) a group represented by the general formula N(R
7
)C(=O) wherein the nitrogen atom is bonded 

to ring A, and R
7
 represents a hydrogen atom, an amino-protective group or an optionally 

substituted C1-6 alkyl group; or R
7
 represents, together with one substituent R

4
 on ring A, an 

optionally substituted C2-4 alkylene group, a group represented by the general formula O-Y
1
 

wherein the oxygen atom is bonded to ring A, and Y
1
 represents an optionally substituted C1-3 

alkylene group, a group represented by the general formula S(O)n-Y
2
 wherein the sulfur atom is 

bonded to ring A, Y
2
 represents an optionally substituted C1-3 alkylene group, and n represents an 

integer of 0 to 2, or a group represented by the general formula N(R
8
)-Y

3
 wherein the nitrogen 

atom is bonded to ring A, Y
3
 represents an optionally substituted C1-3 alkylene group, and R

8
 

represents a hydrogen atom, an amino-protective group, an optionally substituted C1-6 alkyl 



 126 

group or an optionally substituted aryl group, 

(3) an optionally substituted divalent cyclic hydrocarbon group resulting from the removal of one 

hydrogen atom from each of two adjacent atoms or 

(4) an optionally substituted divalent heterocyclic group resulting from the removal of one 

hydrogen atom from each of two adjacent atoms; 

ring A represents a cyclic hydrocarbon group or a heterocyclic group; 

m number of R
4
 are the same or different and each represent a halogen atom, a cyano group, a 

nitro group, an amino-protective group, an optionally substituted C1-6 alkyl group, an optionally 

substituted C2-6 alkenyl group, an optionally substituted C2-6 alkynyl group, an optionally 

substituted C3-8 cycloalkyl group, an optionally substituted C4-8 cycloalkenyl group, an optionally 

substituted aryl group, an optionally substituted C1-6 alkoxy group, an optionally substituted 

aryloxy group, an optionally substituted C1-6 alkylamino group, an optionally substituted di(C1-6 

alkyl)amino group, an optionally substituted arylamino group, an optionally substituted 

carbamoyl group, an optionally substituted sulfamoyl group, an optionally substituted C1-6 

alkylthio group, an optionally substituted arylthio group, an optionally substituted C1-6 

alkylsulfonyl group, an optionally substituted arylsulfonyl group, an optionally substituted 

heterocyclic group, an optionally protected amino group, an optionally protected hydroxyl group, 

an optionally protected carboxyl group, 

an optionally substituted C2-5 alkylene group formed together by two adjacent R
4
, 

an optionally substituted C2-4 alkylene group formed together by one R
4
 and R

7
, 

a group represented by the general formula O-Y
1
 formed together by one R

4
 and R

7
 wherein the 

oxygen atom is bonded to ring A, and Y
1
 represents an optionally substituted C1-3 alkylene 

group, 

a group represented by the general formula S(O)n-Y
2
 formed together by one R

4
 and R

7
 wherein 

the sulfur atom is bonded to ring A, Y
2
 represents an optionally substituted C1-3 alkylene group, 

and n represents an integer of 0 to 2, or 

a group represented by the general formula N(R
8
)-Y

3
 formed together by one R

4
 and R

7
 wherein 

the nitrogen atom is bonded to ring A, Y
3
 represents an optionally substituted C1-3 alkylene 

group, and R
8
 represents a hydrogen atom, an amino-protective group, an optionally substituted 

C1-6 alkyl group or an optionally substituted aryl group; and 

m represents an integer of 0 to 5. 

[Claim 2] 

 The compound according to claim 1 or a salt thereof, wherein 

R
2
 is a hydrogen atom or an optionally substituted C1-6 alkyl group; and 
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each of Z
1
, Z

2
 and Z

3
 is CH. 

[Claim 3] 

 The compound according to claim 1 or 2 or a salt thereof, wherein 

R
1
 is a C1-3 alkyl group, and 

R
3
 is an optionally substituted C1-6 alkyl group, an optionally substituted C3-8 cycloalkyl group, 

an optionally substituted aryl group or an optionally substituted heterocyclic group. 

[Claim 4] 

 The compound according to any one of claims 1 to 3 or a salt thereof, wherein 

ring A is a cyclic hydrocarbon group. 

[Claim 5] 

 The compound according to any one of claims 1 to 4 or a salt thereof, wherein X
1
 

is a group represented by the general formula C(=O)N(R
6
) wherein the carbon atom is bonded to 

ring A, and R
6
 represents a hydrogen atom, an amino-protective group or an optionally 

substituted C1-6 alkyl group. 

[Claim 6] 

 The compound according to any one of claims 1 to 4 or a salt thereof, wherein 

X
1
 is a group represented by the general formula C(=O)N(R

6a
) wherein the carbon atom is 

bonded to ring A, and R
6a

 represents a hydrogen atom or an optionally substituted C1-3 alkyl 

group; 

m number of R
4
 are the same or different and each are a halogen atom, an optionally substituted 

C1-3 alkyl group, an optionally substituted C1-3 alkylamino group or an optionally protected 

amino group; and 

m is an integer of 0 to 2. 

[Claim 7] 

 The compound according to any one of claims 1 to 4 or a salt thereof, wherein 

R
3
 is an optionally substituted C1-6 alkyl group, an optionally substituted C3-8 cycloalkyl group or 

an optionally substituted heterocyclic group; 

X
1
 is a group represented by the general formula C(=O)N(R

6b
) wherein the carbon atom is 

bonded to ring A, and R
6b

 represents an optionally substituted C1-3 alkyl group; 

m number of R
4
 are the same or different and each are a halogen atom or an optionally 

substituted C1-3 alkyl group; and 

m is an integer of 0 to 2. 

[Claim 8] 

 The compound according to claim 7 or a salt thereof, wherein 
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m number of R
4
 are the same or different and each are a halogen atom; and 

m is an integer of 0 to 2. 

[Claim 9] 

 The compound according to any one of claims 1 to 4 or a salt thereof, wherein 

X
1
 is a group represented by the general formula N(R

7
)C(=O) wherein the nitrogen atom is 

bonded to ring A, and R
7
 represents a hydrogen atom, an amino-protective group or an optionally 

substituted C1-6 alkyl group; or R
7
 represents, together with one substituent R

4
 on ring A, an 

optionally substituted C2-4 alkylene group, a group represented by the general formula O-Y
1
 

wherein the oxygen atom is bonded to ring A, and Y
1
 represents an optionally substituted C1-3 

alkylene group, a group represented by the general formula S(O)n-Y
2
 wherein the sulfur atom is 

bonded to ring A, Y
2
 represents an optionally substituted C1-3 alkylene group, and n represents an 

integer of 0 to 2, or a group represented by the general formula N(R
8
)-Y

3
 wherein the nitrogen 

atom is bonded to ring A, Y
3
 represents an optionally substituted C1-3 alkylene group, and R

8
 

represents a hydrogen atom, an amino-protective group, an optionally substituted C1-6 alkyl 

group or an optionally substituted aryl group. 

[Claim 10] 

 The compound according to any one of claims 1 to 4 or a salt thereof, wherein 

R
3
 is an optionally substituted C1-6 alkyl group, an optionally substituted C3-8 cycloalkyl group or 

an optionally substituted heterocyclic group; 

X
1
 is a group represented by the general formula N(R

7a
)C(=O) wherein the nitrogen atom is 

bonded to ring A, and R
7a

 represents an optionally substituted C1-3 alkyl group, or R
7a

 represents, 

together with one substituent R
4
 on ring A, an optionally substituted C2-3 alkylene group or a 

group represented by the general formula O-Y
1a

 wherein the oxygen atom is bonded to ring A, 

and Y
1a

 represents an ethylene group; 

m number of R
4
 are the same or different and each are a halogen atom, an optionally substituted 

C1-3 alkyl group, an optionally substituted C1-3 alkylsulfonyl group, 

an optionally substituted C2-3 alkylene group formed together by two adjacent R
4
, 

an optionally substituted C2-3 alkylene group formed together by one R
4
 and R

7a
, or 

a group represented by the general formula O-Y
1a

 formed together by one R
4
 and R

7a
 wherein the 

oxygen atom is bonded to ring A, and Y
1a

 represents an ethylene group; and 

m is an integer of 0 to 2. 

[Claim 11] 

 The compound according to any one of claims 1 to 4 or a salt thereof, wherein 

R
3
 is an optionally substituted heterocyclic group; 
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X
1
 is a group represented by the general formula N(R

7b
)C(=O) wherein the nitrogen atom is 

bonded to ring A, and R
7b

 represents an optionally substituted C1-3 alkyl group, or R
7b

 represents, 

together with one substituent R
4
 on ring A, an optionally substituted C2-3 alkylene group; 

m number of R
4
 are the same or different and each are an optionally substituted C1-3 alkyl group, 

an optionally substituted C2-3 alkylene group formed together by two adjacent R
4
, or 

an optionally substituted C2-3 alkylene group formed together by one R
4
 and R

7b
; and 

m is an integer of 0 to 2. 

[Claim 12] 

 The compound according to claim 11 or a salt thereof, wherein 

X
1
 is a group represented by the general formula N(R

7b
)C(=O) wherein the nitrogen atom is 

bonded to ring A, and R
7b

 represents an optionally substituted C1-3 alkyl group, or R
7b

 represents, 

together with one substituent R
4
 on ring A, an optionally substituted C2-3 alkylene group; 

m number of R
4
 are the same or different and each are an optionally substituted C1-3 alkyl group, 

or 

an optionally substituted C2-3 alkylene group formed together by one R
4
 and R

7b
; and 

m is an integer of 0 to 2. 

[Claim 13] 

 The compound according to any one of claims 1 to 4 or a salt thereof, wherein X
1
 

is an optionally substituted divalent cyclic hydrocarbon group resulting from the removal of one 

hydrogen atom from each of two adjacent atoms or an optionally substituted divalent 

heterocyclic group resulting from the removal of one hydrogen atom from each of two adjacent 

atoms. 

[Claim 14] 

 The compound according to any one of claims 1 to 4 or a salt thereof, wherein 

R
3
 is an optionally substituted C1-6 alkyl group or an optionally substituted heterocyclic group; 

X
1
 is an optionally substituted divalent cyclic hydrocarbon group resulting from the removal of 

one hydrogen atom from each of two adjacent atoms or an optionally substituted divalent 

heterocyclic group resulting from the removal of one hydrogen atom from each of two adjacent 

atoms; 

m number of R
4
 are the same or different and each are a halogen atom; and 

m is an integer of 0 to 2. 

[Claim 15] 

 The compound according to claim 14 or a salt thereof, wherein 

R
3
 is an optionally substituted heterocyclic group; and 
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X
1
 is an optionally substituted divalent heterocyclic group resulting from the removal of one 

hydrogen atom from each of two adjacent atoms. 

[Claim 16] 

 A pharmaceutical composition comprising a compound according to any one of 

claims 1 to 15 or a salt thereof. 

[Claim 17] 

 An agent for treatment of an immune disease, comprising a compound according 

to any one of claims 1 to 15 or a salt thereof. 

 

 


