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5 [0001] The present invention relates to a method for producing phenoxypyridine 

derivatives useful as an anti-tumor agent and an inhibitor for cancer metastasis having 

inhibitory activity against hepatocyte growth factor receptor (hereafter referred to as 

"HGFR"), anti-tumor activity, inhibitory activity against angiogenesis, inhibitory activity 

against cancer metastasis or the like. 

10 Background Art 

[0002] Patent Literature 1 discloses a phenoxypyridine derivative having inhibitory 

activity against HGFR and being useful as an anti-tumor agent, inhibitor for angiogenesis or 

inhibitor for cancer metastasis. 
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15 wherein R1 isa3- to 10-membered non-aromatic heterocyclic group or the like, R2 and R3 . 

are each a hydrogen atom, R4
, R5

, R6 and R7 may be the same or different and are each a 

hydrogen atom, a halogen atom, a Ci-<> alkyl group, or the like, R8 is a hydrogen atom or the 

like, R9 is a 3- to 10-membered non-aromatic heterocyclic group or the like, n is an integer of 

1 to 2, and X is a group represented by a formula -CH= or a nitrogen atom. 

20 [0003] As the method for producing such a phenoxypyridine derivative, Patent Literature 

1 describes, in Example 48, the following reaction in N,N-dimethylformamide in the 

presence of triethylamine and benzotriaz.ol-1-yloxytris( dimethylamino )phosphoniwn 

hexafluorophosphate. 
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[0004] Patent Literature 2 discloses the production method in which an aniline derivative 

and carboxylic acid derivative are reacted in the presence of a condensation agent as a 

method for producing the phenoxypyridine derivative suitable for industrial large scale 

synthesis. 

wherein R1 is an azetidin-1-yl group optionally substituted with a substituent or the like, R2
, 

R3
, R4 and Rs may be the same or different and are each a hydrogen atom or a fluorine atom, 

and R 6 is a hydrogen atom or a fluorine atom. 

[0005] Patent Literature 3 discloses the production method shown in the following scheme 

10 as another method for producing the phenoxypyridine derivative. 

wherein R1 is a 4-( 4-methylpiperazin-1-yl)piperidin-1-yl group or a 3-hydroxyazetidin-1-yl 

group, R2
, R3

, R4 and Rs may be the same or different and are each a hydrogen atom or a 

fluorine atom, provided that two or three ofR2
, R3

, R4 and Rs are a hydrogen atom, R6 is a 

15 hydrogen atom or a fluorine atom, R7 is a protection group for an amino group, and Ar is a 

phenyl group or the like. 

Citation List 

Patent Literature 
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[0006] Patent Literature 1: WO 20071023768 

Patent Literature 2: WO 2008/026577 

Patent Literature 3: WO 2009/104520 

Summary of Invention 

5 Technical Problem 
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[0007] However, the production methods described in the above Patent Literatures 2 and 

3, despite being usable as the industrial production methods, have never been fully 

satisfactory when pursuing a higher yield, higher purity or shorter reaction time. Further, in 

recent years, environmentally :friendly technologies, so-called green chemistry technologies, 

10 such as using as little organic solvent as possible, have been attracting attention but the 

production methods described in the above Patent Literatures 2 and 3 were not sufficiently 

environmentally friendly. 

Solution to Problem 

[0008] Thus, the present inventors have made extended efforts and found the invention of 

15 the present application which is the production method even more suitable for the industrial 

production method and environmentally :friendly. 

[0009] More specifically, the present invention provides: 

(1) a method for producing a compound or a salt thereof represented by a formula (I) 

20 wherein R1 
is a 4-[3-( dimethylamino )azetidin-1-yl]piperidin-l-yl group, a 4-( 4-

methylpiperazin-1-yl)piperidin-1-yl group, a 3-hydroxyazetidin-1-yl group or a methyl(l­

methylpiperidin-4-yl)amino group, 

R2
, R3

, R4 and R5 may be the same or different and are each a hydrogen atom or a fluorine 

atom, and 

25 R6 is a hydrogen atom or a halogen atom, 

comprising reacting a compound or a salt thereof represented by a formula (II) 
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and an aniline derivative represented by a formula (Ill) H2No I R6 (Ill) 
~ 

in water or a mixed solvent of water and an organic solvent in the presence of 1-ethyl-3-(3-

5 dimethylaminopropyl)carbodiimide hydrochloride and substantially in the absence of a base. 

(2) The production method according to (1), wherein R1 isa4-(4-methylpiperazin-l-

yl)piperidin-1-yl group. 

(3) The production method according to (1) or (2), wherein R2
, R4 and R5 are each a 

hydrogen atom and R3 is a fluorine atom. 

10 (4) The production method according to any one of (1) to (3), wherein the aniline 

derivative represented by the formula (Ill) is 4-:fluoroaniline. 

Advantageous Effects of Invention 

[0010] The method for producing a phenoxypyridine derivative according to the present 

invention, in comparison with the conventional production methods, provides a higher yield 

15 and requires a less amount of an organic solvent to be used. 

Description of Embodiments 

[0011] The S}Tilbols and tenns as used herein will be defined and the present invention 

will be described in details below. 

[0012] The structural formulas for the compounds throughout the present specification 

20 may represent only certain isomeric form for the sake of convenience, but the invention 

encompasses all isomers such as geometric isomers, optical isomers based on asymmetric 

carbons, stereoisomers, tautomers, and mixtures of those isomers which occur due to the 

structures of the compounds, without being limited to any of the formulas shown for the sake 

of convenience and may be either one of isomers or a mixture thereof 

25 [0013] The compounds of the invention therefore may sometimes contain asymmetric 

carbons in the molecule and an optically active or racemic form may be present, but the 

present invention is not limited to either one but includes both of them. There are also no 
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restrictions when polymorphic crystalline forms thereof exist, and the compounds may be in 

one crystalline form or a mixture of different crystalline forms. Further, anhydrates and 

hydrates of the compounds of the invention are also included. 

[0014] The production method according to the present invention is described in details 

5 below. 

(llQ 

[0015] The present reaction is a reaction for obtaining a compound or a salt thereof 

represented by the formula (I) by reacting a compound or a salt thereof represented by the 

formula (Il) and an aniline derivative represented by the formula (III) in water or a mixed 

10 solvent of water and an organic solvent in the presence of 1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide hydrochloride and substantially in the absence of a base. 

[0016] The compounds or salts thereof represented by the formula (II) can be obtained 

from publicly known compounds, commercially available compounds or compounds easily 

produced by methods those skilled in the art usually carry out from commercially available 

15 compounds. 

[0017] The aniline derivatives represented by the formula (III) can be obtained from 

publicly known compounds, commercially available compounds or compounds easily 

produced by methods those skilled in the art usually carry out from commercially available 

compounds. 

20 [0018] The solvent used for this step may be, as described above, water alone or a mixed 

solvent of water and a water-soluble organic solvent (for example, tetrahydrofuran (THF), or 

acetonitrile or the like). It is preferable that the solvent be water used alone. 

[0019] The reaction temperature will generally differ depending on the starting materials, 

the solvent and the other reagents used in the reaction, and it is preferably 0 to 50°C and more 

25 preferably 0 to 30°C. 

[0020] The reaction time will generally differ depending on the starting materials, the 

solvent, the other reagents used in the reaction, and it is preferably 10 minutes to 12 hours 

and more preferably 30 minutes to 6 hours. 
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[0021] The aniline derivative represented by the fommla (III) can be used in an amount of 

1.0- to 3.0-fold molar equivalent, preferably 1.0- to 1.5-fold molar equivalent, with respect to 

the compound or salt thereof represented by the formula (II). 

[0022] 1-Ethyl-3-(3-climethylaminopropyl)carbodiimide hydrochloride (EDC) can be 

5 used in an amount of 1.0- to 3.0-fold molar equivalent, preferably 1.0- to 1.5-fold molar 

equivalent, with respect to the compound or salt thereof represented by the formula (II). 

[0023] Typically, when amine and carboxylic acid are reacted using EDC to form an 

amide bond, a base must be present However, SUiprisingly, in the present reaction, the 

reaction was found to proceed efficiently substantially in the absence of a base without 

10 causing the reduction of yield and extension of the reaction time. The phrase "substantially 

in the absence of a base" as referred to in the present invention means that a base is absent 

during the reaction or a base may be contained to the extent in which it does not substantially 

affect the reaction of the present invention. Examples of the "base" herein include inorganic 

bases such as lithium hydroxide, sodium hydroxide, potassium hydroxide, lithium carbonate, 

15 sodium carbonate, potassium carbonate, cesium carbonate, sodium hydrogen carbonate, 

potassium hydrogencarbonate, and cesium carbonate; organic metal reagents such as butyl 

lithium, methyl lithium, lithium bistrimethylsilylarnide, sodium bistrimethylsilylarnide, and 

potassium bistrimethylsilylarnide; hydrides such as lithium hydride, sodium hydride, and 

potassium hydride; heterocycles such as imidazole, pyridine, and 4-climethylaminopyridine; 

20 and organic amines such as triethylamine and N,N-diisopropylethylamine. 

[0024] Further, the present reaction can be carried out with reference to the reaction 

conditions, post-reaction operation, purification methods, and the like, described in Examples 

to be described later. 

[0025] The salts of the compound represented by the formula (I) and the salts of the 

25 compound represented by the formula (II) are not particularly limited, and examples include 

a salt with an inorganic acid, a salt with an organic acid, a salt with an inorganic base, a salt 

with an organic base, and a salt with an acidic or basic amino acid 

[0026] The preferable salt with an inorganic acid includes, for example, a salt with 

hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, or phosphoric acid. The 

3 0 preferable salt with an organic acid includes, for example, a salt with acetic acid, succinic 

acid, fumaric acid, maleic acid, tartaric acid, citric acid, lactic acid, stearic acid, benzoic acid, 

methanesulfonic acid, ethanesulfonic acid, or p-toluenesulfonic acid. 

[0027] The preferable salt with an inorganic base includes, for example, an alkali metal 

6 
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salt such as sodium salt and potassium salt, an alkaline earth metal salt such as calcium salt 

and magnesium salt, aluminum salt, or ammonium salt The preferable salt with an organic 

base includes, for example, a salt with diethylamine, diethanolamine, meglumine, or N,N­

dibenzylethylenediamine. 

5 [0028] The preferable salt with an acidic amino acid includes, for example, a salt with 

aspartic acid or glutamic acid. The preferable salt with a basic amino acid includes, for 

example, a salt with arginine, lysine, or ornithine. 

[0029] The respective substituents of the compound represented by the formula (I), 

formula (II) or formula (III) will be described below. 

10 [The definition ofR1
] 

15 

[0030] R 1 is a 4-[3-( dimethylamino )azetidin-1-yl]piperidin-1-yl group, a 4-( 4-

methylpiperazine-1-yl)piperidin-1-yl group, a 3-hydroxyazetidin-1-yl group or a methyl(l­

methylpiperidin-4-yl)amino group. The structural formula of each group is shown below. 

'NLN 
I 

0% 
or 

It is preferable that R1 be a 4-( 4-methylpiperazin-1-yl)piperidin-l-yl group. 

[The definition of R2
, R3

, R4 and Rs] 

't;J) 
~N}s 

I 

[0031] R2
, R3

, R4 and Rs may be the same or different and are each a hydrogen atom or a 

fluorine atom. All of R.2, R3
, R4 and Rs may be a hydrogen atom, all of them may be a 

fluorine atom, or some of them may be a hydrogen atom and the rest may be a :fluorine atom, 

20 but it is preferable that R2
, R4 and Rs be each a hydrogen atom and R3 be a :fluorine atom. 

[The definition ofR 6] 
[0032] R6 is a hydrogen atom or a halogen atom. The halogen atom means a fluorine 

atom, a chlorine atom, a bromine atom or an iodine atom. The position of R6 in the aniline 

derivative represented by the formula (III) may be any of the ortho position, meta position 

25 and para position to the amino group. R6 is preferably a halogen atom, more preferably a 

fluorine atom, most preferably a fluorine atom bonded to the para position to the amino 

group. 

Example 

[0033] Examples of the present invention are illustrated below, but the present invention is 

30 not limited to these Examples. 
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Example 1: Synthesis of N-(2-:fluoro-4-{[2-({f 4-( 4-methylpiperazin-1-yl)piperidin-1-

yl]carbonyl }amino )pyridin-4-yl]oxy}phenyl)-N'-( 4-:fluorophenyl)cyclopropane-l, 1-

dicarboxyamide 

1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride ( 493.2 g) was 

added at 15°C to an aqueous (7.5 kg) solution of 1-[2-:fluoro-4-(2-{[4-(4-methylpiperazin-1-

yl)piperidine-1-carbonyl]amino} pyridin-4-yloxy)phenylcarbamoyl]cyclopropanecarboxylic 

acid trihydrochloride dihydrate (1495.5 g) and 4-fluoroaniline (250 g) and stirred for 1 hour. 

Acetone ( 6.95 kg) and an aqueous solution of 5N sodium hydroxide (l .92 kg) were added to 

10 the reaction mixture, the pH was adjusted to alkaline and seed crystals (1.5 g) ofN-(2-fluoro-

4-{[2-( {[ 4-( 4-methylpiperazin-1-yl)piperidin-1-yl]carbonyl }amino )pyridin-4-

yl]oxy} phenyl)-N'-( 4-fluorophenyl)cyclopropane-1, 1-dicarboxyamide obtained by the 

method described in WO 2008/026577 was added thereto. The reaction mixture was 

stirred for 16.5 hours at l 5°C, and after confirming the crystal precipitation, water (8.82 kg) 

15 was added and the mixture was further stirred for 23 hours. The obtained solid was 

collected by filtration and dried to give 1.29 kg of the title compound. 

[0034] Using the same method as in Example 9 (method 3) described in WO 

2008/026577 as a comparative example, the condensation reaction time, yield and purity 

thereof were compared with those of the method described in Example 1, and both are 

20 shown in the table below. The purity means the numerical value obtained by dividing the 

peak area of an intended compound with the total of all peak areas in a high performance 

liquid chromatography (HPLC) analysis. 

[Table l] 

Condensation 
Yield Purity 

reaction time 
Example 1 About 1 hour 89.7% 98.5% 

Comparative 
About 5 hours 47.4% 96.7% 

Example 

[0035] The compound represented by the formula (II) used in the invention of the present 
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application can alternatively be synthesized using the following Reference Examples as a 

starting material. 

[0036] (Reference Example 1) 

1-[ 4-(2-Carbamoylpyridin-4-yloxy)-2-fluorophenylcarbamoyl]cyclopropanecarboxylic acid 

5 benzyl ester 

Jv~~o~ 
0
A} 0 0 

H,N~ 
0 

Thionyl chloride was added at -20°C to a solution of 1-

(benzyloxycarbonyl)cyclopropanecarboxylic acid (97.98 g) in tetrahydrofuran (200 ml) and 

N-methylpyrrolidone (200 ml) and stirred for 30 minutes. A solution of 4-(4-arnino-3-

10 fluorophenoxy)pyridine-2-carboxyamide (100 g) and N-methylmorpholine (40.91 g) in N­

methylpyrrolidone ( 600 ml) were added to the reaction mixture at the same temperature and 

stirred for 1 hour at 10°C. Water (lOOg) was added to the reaction mixture and stirred for 1 

hour at 20°C. After confirming the crystal precipitation, a 1 N sodium hydroxide aqueous 

solution (1 L) was added and further stirred for 19 hours. The precipitated solid was 

15 collected by filtration and washed with water (500 g). The obtained solid was dried for 20 

hours at 60°C to give 176.7 g of the title compound 

[0037] (Reference Example 2) 

l-[2-Fluoro-4-(2-{[4-(4-methylpiperazin-l-yl)piperidine-l-carbonyl]arnino}pyridin-4-

yloxy)phenylcarbamoyl]cyclopropanecarboxylic acid trihydrochloride dihydrate 

F H \j 
,)-yNyyOH 

0~ o o 

0 r' 
(N)lNJ.Nj 3HCI 

('N~ H 2H20 

20 ,.NJ 
A 5N sodium hydroxide aqueous solution ( 40 ml) was added at room temperature 

to a solution of 1-[2-fluoro-4-(2-{[4-( 4-methylpiperazin-l-yl)piperidine-1-

carbonyl]amino }pyridin-4-yloxy)phenylcarbamoyl]cyclopropanecarboxylic acid benzyl 

ester trihydrochloride (20 g) in tetrahydrofuran (200 ml) and stirred for 2 hours and 42 
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minutes. After completion of the reaction, the reaction mixture was allowed to stand and 

the layers were separated. The obtained organic layer was added dropwise over a period of 

1 hour and 5 :rrrinutes at room temperature to a suspension solution of acetone (200 ml), 

water (20 ml), 35% hydrochloric acid (16 ml) and seed crystals (0.2 g) of 1-[2-fluoro-4-(2-

5 { [ 4-( 4-methylpiperazin-1-yl)piperidine-1-carbonyl]amino} pyridin-4-

yloxy )phenylcarbamoyl]cyclopropanecarboxylic acid trihydrochloride dihydrate obtained by 

the method described in Example 8-2 in WO 2008/026577. The mixture was stirred for 2 

hours and 28 :rrrinutes at room temperature, and after con.firming the crystal precipitation, 

acetone (100 ml) was added and the mixture was further stirred for 1 hour and 25 minutes. 

10 The obtained solid was collected by filtration and dried to give 19.2 g of the title compound. 

[0038] (Reference Example 3) 

15 

1-[2-Fluoro-4-(2-phenoxycarbonyla:minopyridin-4-

yloxy)phenylcarbamoyl]cyclopropanecarboxylic acid benzyl ester 

~~n7oo~ 
~ 0 0 

no~ 
~ )l ~-J 0 N N 

H 

Pyridine (50 ml) was mixed with tetrahydrofuran (40 ml) and cooled to 10°C. A 

solution of phenyl chloroformate (4.83 g) in acetonitrile (50 ml) and a solution of 1-[4-(2-

a:minopyridin-4-yloxy)-2-fluorophenylcarbamoyl]cyclopropanecarboxylic acid benzyl ester 

(10.00 g) in tetrahydrofuran (80 ml) were added dropwise to the tetrahydrofuran-pyridine 

solution over a period of 2 hours at 10°C. At this time, the amounts of the phenyl 

20 chloroformate-acetonitrile solution and the 1-[ 4-(2-aminopyridin-4-yloxy)-2-

fluorophenylcarbamoyl]cyclopropanecarboxylic acid benzyl ester/tetrahydrofuran solution 

added dropwise were adjusted to the constant rate so that each solution was added dropwise 

over a period of 2 hours. The crystals were precipitated while the solutions were added 

dropwise. After completing the dropwise addition, the completion of reaction was 

25 confirmed using an HPLC apparatus. Subsequently, a mixed solution of water (10 ml) and 

acetonitrile (50 ml) was added to the reaction mixture. The crystals were collected by 

filtration and washed with a mixed solution of tetrahydrofuran (15 ml)-acetonitrile (15 ml) 

and dried under reduced pressure to give the title compound (12.74 g). Apparent yield 

98.0%, purity 94.6% (HPLC area percentage). 

30 [0039] (ReferenceExample4) 
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yloxy)phenylcarbamoyl]cyclopropanecarboxylic acid benzyl ester 
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1-[ 4-(2-Amillopyridin-4-yloxy)-2-fluorophenylcarbamoyl]cyclopropanecarboxylic 

5 acid benzyl ester (176.0 kg), tetrahydrofuran (1876 kg), acetonitrile (692 kg) and pyridine 

(860 kg) were mixed and cooled to 10°C. Phenyl chlorofonnate (105 kg) was added 

dropwise to the mixed solution over a period of 1 hour at 10°C. The crystals were 

precipitated while the solution was added dropwise. After completing the dropwise 

addition, the completion of reaction was confirmed using an HPLC apparatus. 

10 Subsequently, acetonitrile ( 692 kg) was added to the reaction mixture. The crystals were 

collected by filtration, washed with a mixed solution of tetrahydrofuran (234 kg) and 

acetonitrile (207 kg) and dried under reduced pressure to give the crude crystals of 1-[2-

fluoro-4-(2-phenoxycarbonyl aminopyridin-4-

yloxy)phenylcarbamoyl]cyclopropanecarboxylic acid benzyl ester (202. 9 kg). The crude 

15 crystals (202.9 kg), acetonitrile (638 kg) and water (812 L) were stirred for 1 hour at 20°C. 

The crystals were collected by :filtration, washed with acetonitrile (319 kg) and dried under 

reduced pressure to give the title compound (174.8 kg). Apparent yield 77.1%, purity 

93.9% (HPLC area percentage). 

[0040] (Reference Example 5) 

20 1-[ 4-(2-Carbamoylpyridin-4-yloxy)-2-fluorophenylcarbamoyl]cyclopropanecarboxylic acid 

benzyl ester 

1-Ethyl-3-(3-dirnethylaminopropyl)carbodiimide hydrochloride (1.16 g) was 

added at room temperature to a solution of 4-(4-amino-3-fluorophenoxy)pyridine-2-

25 carboxyamide (1.0 g) and 1-(benzyloxycarbonyl)cyclopropanecarboxylic acid (1.07 g) in 

acetone (10 ml), water (10 ml) and a 5N hydrochloric acid solution (1.4 ml) and stirred for 5 
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minutes. After confinning proceeding of the reaction, the obtained solid was collected by 

filtration, washed with water (5 ml) and dried to give 1.52 g of the title compotmd. 

12 
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CLAIMS 

1. A method for producing a compound or a salt thereof represented by a formula (I) 

wherein RI is a 4-(3-(dimethylamino)azetidin-1-yl]piperidin-l-yl group, a 4-(4-

5 methylpiperazin-l-yl)piperidin-1-yl group, a 3-hydroxyazetidin-1-yl group or a methyl(l­

methylpiperidin-4-yl)amino group, 

R2
, R3

, R4 and Rs may be the same or different and are each a hydrogen atom or a fluorine 

atom, and 

R6 is a hydrogen atom or a halogen atom, 

10 comprising reacting a compound or a salt thereof represented by a formula (II) 

R3 H 

R2~N~OH 
0 

0 0 (II) 
R5 

0 A R4 

R1 JlNJLN) 
H 

and an aniline derivative represented by a formula (III) 

H2N'O-I R6 (Ill) 
A 

in water or a mixed solvent of water and an organic solvent in the presence of 1-ethyl-3-(3-

15 dimethylaminopropyl)carbodiimide hydrochloride and substantially in the absence of a base. 

2. The production method according to claim 1, wherein RI is a 4-(4-

methylpiperazin-1-yl)piperidin-1-yl group. 

3. The production method according to claim 1 or 2, wherein R.2, R4 and Rs are each a 

hydrogen atom and R3 is a fluorine atom. 

20 4. The production method according to any one of claims 1 to 3, wherein the aniline 

derivative represented by the formula (III) is 4-fluoroaniline. 

13 


