
DESCRIPTION 

METHOD FOR PRODUCING PHENYL-S USBST.ITUTED HETEROCYCLIC 

DERIVATIVE BY MEANS OF COWLING METHOD USING PALLADIUM 

COMPOUND 

5 TECHNICAL FIELD 

[0001] 

The present invention relates to a method for producing a pheuyl-substituted 

heterocyclic derivative by using a novel coupling method between a phenyl derivative 

and a heterocyclic derivative. More particularly, the present invention relates to an 

10 excellent method for producing a phenyl-substituted heterocyclic derivative or an 

intermediate thereof which is useful as a xanthine oxidase inhibitor used as a therapeutic 

agent for gout and/or hyperuricemia and the like. 

BACKGROUND ART 

15 [0002] 

The underlying disease of gout is hyperuricemia and, after remission from gout 

attacks, therapeutic modalities to improve hyperuricemia are performed. The therapeutic 

agents for hyperuricemia are broadly divided into a uricosuric drug and a uric acid 

synthesis inhibitor (xanthine oxidase inhibitor) and are selected appropriately depending 

20 on the status and degree of the disease. 

The xanthine oxidase (XOD) inhibitors include 2-phenylthiazole derivatives (patent 

literature 1 to 6, non-patent literature 1), 3-phenylisoth.iazole derivatives (patent literature 

7,8). phenylpyrazoie derivatives (patent literature 9 to 11), 2-phenyloxazole derivatives 

[0003] 



(patent literature 12), and phenylheteroaryl derivatives (patent literature 13). The 

methods of production disclosed in the patent literature 1 to 12 are those wherein 

heterocyclic rings are formed by linear consecutive reactions and thus, involve a large 

number of steps. The method of production disclosed in the patent literature 13 is a 

5 process wherein the skeleton is formed by direct coupling between a phenyl ring and a 

heterocyclic ring and, thus involves a small number of steps. However, this method needs 

to prepare boron compounds and thus results in a higher cost. Therefore, this method is 

not satisfactory in terms of a low-cost production method with a short process. 

[0004] 

10 As a method of production, by binding a heterocyclic ring directly to a phenyl ring at 

the position of C-H bond on the heterocyclic ring without using boron compounds, there 

have been reported methods of coupling reactions by using, as a catalyst, palladium 

compounds (non-patent literature 2 to 8), rhodium compounds (now-patent literature 9), 

iridium compounds (non-patent literature 10), copper compounds (non-patent literature 

15 11), nickel compounds (non-patent literature 12 to 13), and cobalt compounds 

(non-patent literature 14). Among them, the method of production by using a nickel 

compound relates to a method for producing a phenyl-substituted heterocyclic derivative 

that is a xanthine oxidase (XOD) inhibitor (non-patent literature 12). However, no 

example has been reported wherein the phenyl-substituted heterocyclic derivative which 

20 is the target compound in the present invention was produced by using a metal catalyst 

other than nickel compounds. Moreover, none of the methods are satisfactory in terms of 

the restriction of substrate, cost, and yield. 

[0005] 

The method of production which directly binds a heterocyclic ring to a phenyl ring at 
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the position of C-H bond on the phenyl ring by using palladium compounds and copper 

compounds (non-patent literature 15 to 22), or a palladium compound and silver 

compounds (non-patent literature 23), is well known, but there are many examples 

wherein copper compounds and silver compounds that are not environmentally 

5 preferable are used in an amount equivalent or more to that of the substrate (non-patent 

literature 15 to 17, 23). In addition, even under the condition of not using the equivalent 

or more amount of the substrate (non-patent literature 18 to 22), the method is not 

satisfactory in terms of the restriction of substrate, cost, and yield. 

[0006] 

10 Moreover, no example has been reported wherein the reaction rate is improved by 

using a palladium compound and a copper compound, or a palladium compound and a 

silver compound combined with a. carboxylic acid. 
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DISCLOSURE OF THE INVENTION 

[Technical problem] 

20 [0009] 

The object of the present invention is to provide an excellent method of production 

involving short process, which is different from the heretofore publicly known methods, 

for a phenyl-substituted heterocyclic derivative or intermediates thereof, which is a 

xanthine oxidase inhibitor used as a therapeutic agent for gout and/or hyperuricemia and 
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the like. 

Summary 

[0009a] In an aspect, there is provided a production method comprising reacting a 

5 compound represented by the following formula (1) 

wherein in formula (1), 

R1 represents a hydrogen atom or halogen atom; 

R2 represents a hydrogen atom, a cyano group, a nitro group, a halogen atom, a 

15 formyl group or a halomethyl group; 

A represents a hydrogen atom, a Ci to Cg alkyl group, a C3 to C6 cycloalky! group, a 

phenyl group, a fluorine atom only when X is bond, or protecting group for a hydroxyl 

group only when X is an oxygen atom, 

A may be substituted with 1 to 3 substituents, such substituents include a group 

20 selected from the group consisting of a halogen atom, a Ci to C4 alkyl group, a C\ to C4 

allcoxy group, a Ci to C4 alkylthio group, a C3 to Ci$ cycloalkyl group, a phenyl group, a 

phenoxy group, and a pyridyl group; 

X represents a bond only when A is a phenyl group or a fluorine atom, or an oxygen 

atom; and Y represents a leaving group, 
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and a compound represented by the following formula (2) 

wherein in formula (2), 

H represents a hydrogen atom; 

5 R3 represents a -COOR3' or -COR3b; 

R3a represents a hydrogen atom, a Cj to C4 alkyl group, or an ester-type protecting 

group of a carboxyl group; 

R3b represents an amide-type protecting group for a carboxyl group, the protecting 

group forming an amide with a neighboring carbonyl group; 

10 R4 represents a hydrogen atom, a halogen atom, or C\ to C4 alkyl, 

in the presence of 

(i) a palladium compound, 

(ii) a ligand capable of coordinating to the palladium compound or a salt thereof, 

(iii) a base, 

15 (iv) a Cj to C40 carboxylic acid or a salt thereof 

(v) at least one additive selected from the group of consisting of copper, silver, and salts 

thereof, and complexes thereof; 

to produce a phenyl-substituted heterocyclic derivative represented by the following 

formula (3) 

6a 



Wherein in formula (3), 

the definition of A, X, R1 and R2 is the same as defined in formula (1), and that of R3 

and R4 is the same as in formula (2). 

[Means for solving the problem] 

[0010] 

As a result of extensive efforts and investigation to solve the above-mentioned 

problems, the inventors have attained the finding that the phenyl ring of a phenyl 

derivative and a heterocyclic derivative at the position of C-H bond on the heterocyclic 

ring can be directly coupled and a desired coupling reaction progresses with high 

substrate selectivity by using; 

(i) a palladium compound, 

(ii) a ligand capable of coordinating to the palladium compound or a salt thereof, 

(iii) a base, 

(iv) a Cj to C40 carboxylic acid or a salt thereof, and 

(v) at least one additive selected from the group consisting of copper, silver, and salts 

thereof, and complexes thereof. 

[0011] 

Accordingly, the present invention relates to: 

[1] A method comprising reacting 
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a compound represented by the following formula (1) 

[0012] 
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Compound 1 

[0013] 

wherein in formula (1) 

10 R1 represents a hydrogen atom or a halogen atom; 

R2 represents a hydrogen atom, a cyano group, a nitro group, a halogen atom, a 

formyl group, or a halomethyl group; 

A represents a hydrogen atom, a Q to Cg alkyl group, a C3 to C6 cycloalkyl group, a 

phenyl group, a fluorine atom (only when X is a bond), or a protecting group for a 

15 hydroxy! group (only when X is an oxygen atom), 

wherein A may be substituted with 1 to 3 substituents, such substituents are a group 

selected from the group consisting of a halogen atom, a C] to C4 alkyi group, a Ci to C4 

alkoxy group, a Ci to C4 alkylthio group, a C3 to C6 cycloalkyl group, a phenyl group, a 

phenoxy group, and a pyridyl group; 

20 X represents a bond (only when A is a phenyl group or a fluorine atom), or an 

oxygen atom; and Y represents a leaving group); and 

a compound represented by the following formula (2) 

[0014] 

Compound 2 
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5 [0015] 

wherein in formula (2) 

H represents a hydrogen atom; and 

B represents a group selected from the following formulae; 

[0016] 

10 Compound 3 

15 [0017] 

R3 represents -COOR"'a or -CQR3b; 

Rja represents a hydrogen atom, a Q to C4 alkyl group or an ester-type protecting 

group for a carboxyl group; 

R3b represents an amide-type protecting group for a carboxyl group, wherein the 

20 protecting group forms an amide with an adjacent carbonyl group; 

R4 represents a hydrogen atom, a halogen atom or a C\ to Q alky! group; and 

W represents an oxygen atom or a sulfur atom); 

in the presence of 

(i) a palladium, compound, 
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(ii) a ligand capable of coordinating to the palladium compound or a salt thereof, 

(iii) a base, 

(iv) a Ci to C40 carboxylic acid or a salt thereof, and 

(v) at least one additive selected from, the group consisting of copper, silver, salts 

thereof, and complexes thereof to produce a phenyl-substituted heterocyclic derivative 

represented by the following formula (3); 

[0018] 

Compound 4 

[0019] 

wherein in formula (3) 

1 the definition of A, X, R , and Rr is the same as those defined in formula (1), the 

definition of B and R3 is the same as in formula (2)). 

[2] The method of production according to [1], wherein A is a Ci to C5 alkyl group. 

[3] The method of production according to [1], wherein A is an isobutyl group. 

[4] The method of production according to any one of [1] to [3], wherein X is an 

oxygen atom. 

[5] The method of production according to any one of [ 1 ] to [4], wherein R.1 is a 
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hydrogen atom. 

6] The method of production according to any one of [1] to [5], wherein R" is a 

cyano group. 

[7] The production method according to any one of [I] to [6], wherein Y is a halogen 

5 atom, -0C02-(Ci to C4 alkyi group), -OCCVCpheny! group), -0S02-(Ci to C4 alkyl 

group), -0S02-(phenyl group), or diazonium group, wherein, in Y, the Cj tcv C4 alkyl 

group may be substituted, with. 1 to 3 halogen atoms and the phenyl group may be 

substituted with 1 to 5 optional substituents selected from halogen atoms and Ci to C4 

alkyl groups. 

1.0 [8] The method of production according to any one of [1] to [7], wherein B is 

represented by the following group. 

[0020] 

Compound 5 

15 

0021] 

20 [9] The method of production according to any one of [1] to [8], wherein R3 is 

COOR3£ and R3a is a Cj to C4 alkyl group. 

[10] The method of production according to any one of [1] to [9], wherein R4 is a 

methyl group. 

[11] The method of production according to any one of [1] to [10], wherein the 

0 



palladium, compound is zerovalent palladium, or a salt of monovalent or divalent 

palladium. 

[12] The method of production according to any one of [1] to [10], wherein the 

palladium compound is zerovalent. palladium or a salt of divalent palladium. 

5 [13] The method of production according to any one of [1] to [10], wherein the 

palladium compound is palladium(II) acetate (Pd(OAc>2), pailadium(II) propionate 

(Pd(0(C=0)CH2CH3)2), paliadium(II) 2-methylpropanoate (Pd(0(C™0)CH(CH3)2)2), 

palladium(II) pivalate (Pd(OPiv)2)5 palladium(II) 1 -adamantanecarboxylate, 

paliadium(II) chloride (PdCl2), palladium(I) bromide (Pd2Bi2), palladium(II) bromide 

10 (PdBr2), or palladram(O). 

[14] The method of production according to any one of [I] to [10], wherein the 

palladium compound is palladium(II) acetate (Pd(OAc)2). palladium(II) propionate 

(Pd(0(C-0)CH2CH3)2)9 palladium(II) 2-methylpropanoate (Pd(0(CK))CH{CH3)2)2), 

palladium(II) pivalate (Pd(OPiv)2), palladium(H) chloride fPdCli), palladium(II) 

15 bromide (PdBr2), or palladium(O). 

[15] The method of production according to any one of [1] to [10], wherein the 

palladium compound is palladium(II) 2-methylpropanoate (Pd(0(C=0)CH(CH3)2)2), 

palladium pivalate (Pd(OPiv)2), palladium(U) chloride (PdC^), palladium(II) bromide 

(PdBr2), or palladium(O). 

20 [16] The method of production according to any one of [1] to [13], wherein the 

ligand is a phosphine-type ligand. 

[17] The method of production according to any one of [1] to [16], wherein the 

ligand is a phosphine-type ligand represented by R5P(R6)R7 (R3, R6, and R7 represent 

each independently a Q to Cg alkyl group, a Ci to C4 alkoxy group, an aiicyclic 
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hydrocarbon group, a Ce to C-2 aryl group, a heteroaryi group, a CG to Cn aryloxy group, 

or heteroaryloxy group, and R3 and R6 may bind together to form a C2 to Cg allcylene 

group). 

[IB] The method of production according to [17], wherein as for the phosphine-type 

5 ligand represented by R5P(R.6)R7, R:and R6 represent each independently a C3 to Cg alkyl 

group or an alicyclic hydrocarbon group, and R represents a Ci to Q alkyl group, 

alicyclic hydrocarbon group, a C6 to C12 aryl group or a heteroaryi group. 

[19] The method of production according to [18], wherein as for the phosphine-type 

ligand represented by R5P(R6)R'} the number of hydrogen atoms bonded to each carbon 

10 atom of R5 and R6 is 0 or 1, wherein R5 and R6 are bonded to a phosphorus atom. 

[20] The method of production according to [19], wherein R7 is a C3 to Cg alkyl 

group or an alicyc-lic hydrocarbon group. 

[21] The method of production according to any of [1] to [16], wherein the ligand is 

tri(tert-butyl)pbosphine, di(tert- butyl jmethyip ho sphme, 

15 di(/er/-butyl)cyclohexylphosphine, tert-butyldicyciohexylphosphine, or tri(cyclohexyl) 

phosphine. 

[22] The method of production according to any one of [1] to [16], wherein the 

ligand is di(te7t-butyl)cyclohexylphosphine. 

[23] The method of production according to any one of [1] to [16], wherein the 

20 ligand is a phosphine-type ligand represented by Rs(R9)PRlijP(R!i)Ru or an 

amine-phosphine-type ligand represented by RS(R9) PRl0N(Ru)Rl2, wherein R8, R9, Rlf, 

and Ri2 represent each independently a C\ to C§ alkyl group, a Ci to C4 alkoxy group, an 

alicyclic hydrocarbon group, a C6 to C!2 aryl group, a heteroaryi group, a C6 to CI2 

aryloxy group, or a heteroaryloxy group; 



R10 represents a Ci to Q alkylene group, a divalent alicyclic hydrocarbon group, a 

Cg to Cn arylene group, or a heteroarylene group; and the nitrogen atom bonded to R.11 

and R12. R.n, and Ru may form a heteroaryi group together when ,RU arid R!2 are bonded 

to the nitrogen atom. 

5 [24] The method of production according to [23], wherein R8 and R9 are each 

independently a C3 to Cg alkyl group or alicyclic hydrocarbon group in the 

phosphine-type ligand represented by R8(R9) PR10P(Rh)R12 or the amine-phosphine-type 

ligand represented by R8 (R9) PR10N(Rn) R12. 

[25] The method of production according to [24], wherein the number of hydrogen 

10 atoms bonded to each carbon atom of R8 or R9 is 0 or 1, wherein R8 and R9 are bonded 

to the phosphorus atom or the nitrogen atom in the phosphine-type ligand represented by 

R8(R9)PR10P(Rn)R12 or the amine-phosphine-type ligand represented by 

RS(R9)PR30N(R15)R12. 

[26] The method of production according to any one of [1] to [25], wherein the base 

15 is a hydroxide of an alkali metal or a Group 2 element, a fluoride of an alkali metal, a 

phosphate of an alkali metal, or a carbonate or a hydrogen carbonate of an alkali metal or 

a Group 2 element. 

[27] The method of production according to any one of [1] to [25], wherein the base 

is a carbonate or a hydrogen carbonate of an alkali metal. 

20 [28] The method of production according to any one of [1] to [25], wherein the base 

is potassium carbonate, potassium hydrogen carbonate, cesium carbonate, sodium 

carbonate, or sodium hydrogen carbonate. 

[29] The method of production according to any one of [I] to [25], wherein the base 

is potassium carbonate, potassium hydrogen carbonate, sodium carbonate, or sodium 
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hydrogen carbonate. 

[30] The method of production according to anyone of [1] to [25], wherein the base 

is potassium carbonate or potassium hydrogen carbonate. 

[31] The method of production according to any one of [1] to [30], wherein the 

5 carbon atom of the carboxyl group at the exposition in the Cj to C4o carboxylic acid is not 

the carbon atom on the aromatic ring. 

[32] The method of production according to any one of [1] to [31], wherein the 

number of hydrogen atoms bonded to the carbon atom of the carboxyl group at the 

a-position in the Cj to C40 carboxylic acid is 0 or 1. 

10 [33] The method of production according to any one of [ 1 ] to [32], wherein the Cj to 

C40 carboxylic acid contains one carboxyl group. 

[34] The method of production according to anyone of [1] to [33], wherein the C\ to 

C40 carboxylic acid consists of only carbon atoms and hydrogen atoms as constituent 

atoms except the carboxyl group. 

15 [35] The method of production according to any one of [1] to [34], wherein the 

carboxylic acid is a C-, to Cn carboxylic acid. 

[36] The method of production according to any one of [1] to [30], wherein the 

carboxylic acid is 2-methyIpropanoic acid or pivalic acid. 

[37] The method of production according to any one of [1] to [36], wherein a 

20 divalent palladium salt of a C\ to C40 carboxylic acid is used instead of using (i) the 

palladium, compound and (iv) the Cs to Qo carboxylic acid or a. salt thereof 

independently. 

[38] The method of production according to any one of [1] to [36], wherein a 

monovalent copper salt or a monovalent silver salt of a C> to C40 carboxylic acid is used 
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instead of using (iv) the Ci to C40 carboxylic acid or a salt thereof and (v) the additive 

independently. 

[39] The method of production according to any one of [1] to [37], wherein the 

additive is zerovalent copper or a monovalent copper salt. 

5 [40] The method of production according to any one of [1] to [38], wherein the 

additive is at least one additive selected from the group consisting of copper(I) oxide, 

copper® fluoride, copper(I) chloride, copper(I) bromide, copper® iodide, copper{I) 

formate, copper(I) acetate, copper(I) propionate, copper® 2-methylpropanoate, 

copper® 2-ethylbutanoate, copper® 2-methylbutanoate, copper® 2-methyIpentanoate, 

10 copper® 2-methylhexanoate. copper® 2- me t h y 1 hep t ano at e, copper® 

2,2-dimethylbutanoaie, copper(I) 2,3-dimethylbutanoate, copper(I) 

2,2-dimethylpentanoate, copper® 2,3,3-trimethylbutanoate, copper(I) 

2-ethylhexaiiOate, copper® 2,2-diethylbutanoate, copper® 2,2,4-trimethylpentanoat.e, 

copper(I) 2-methyloctanoate, copper(I) 2-methylimdecanoate, copper® 

15 2-methylnonanoate, copper(I) pivalate, copper(I) cyclopropanoate, copper(I) 

2,2,3,3-tetramethylcyclopropanoate, copper(I) cyclopentanoate, and copper® 

1 -adamantanecarboxylate. 

[41] The method of production according to any one of [1] to [38], wherein the 

additive is at least one additive selected from the group consisting of copper® chloride, 

20 copper® bromide, copper® 2-methylpropanoa.te, and copper® pivalate. 

[42] The method of production according to any one of [1] to [38], wherein the 

additive is zerovalent silver or a monovalent silver salt. 

[43] The method of production according to any one of [1] to [38], wherein the 

additive is at least one additive selected from the group consisting of silver® oxide, 
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silver(I) fluoride, silver(l) chloride, silver(I) bromide, silver(I) iodide, silver(l) formate, 

silver (I) acetate, silver® propionate, silver(I) 2-methylpropanoate, silver(I) 

2-ethylbutanoate, silver(I) 2-methylbutanoate, silver(I) 2-methyIpentanoate, silver(I) 

2~methylhexanoate, silver(I) 2-methylheptanoate, silver(I) 2,2-dimethylbutanoate, 

5 siiver(I) 2,3-dimethylbutanoate, silver(I) 2.2-dimethvlpentanoate, silver(I) 

2,3,3-trimethylbutanoate, silver(I) 2-ethylhexanoate, silver(I) 2,2-diethylbutanoate, 

siiver(I) 2,2,4-trimethylpentanoate, silver(I) 2-methyloctanoate, silver(I) 

2-methylundecanoate, silver(I) 2-methyinona.noate, silver(I) pivalate, silver(l) 

cyciopropanoate, siiver(I) 2,2,3,3-tetramethylcyelopropanoate, silver(l) 

10 cyclopentanoate, and silver(I) 1-adamantanecarboxylate. 

[44] The method of production according to any one of [1] to [38], wherein the 

additive is at least one additive selected from the group consisting of siiver(I) chloride, 

oilver(I) bromide, silver(l) 2-methylpropanoate. and silver(I) pivalate. 

[45] The method of production according to anyone of [1] to [44], wherein a solvent 

15 further exists in the course of the reaction. 

[46] The method of production according to [45], wherein the solvent is at least one 

solvent selected from the group consisting of aliphatic hydrocarbons (pentane, hexane, 

heptane, octane, nonane, decane, undecane, dodecane, cyclohexane, cycloheptane, 

cyclooctane, and the like), aromatic hydrocarbons (toluene, xylene, mesityiene, 

20 chlorobenzene and. the like), ethers (dimethoxyethane, cyclopenty! methyl ether, 

tertAMyl methyl ether, tetrahydrofuran, diethylene glycol dimethyl ether, and the like), 

ketones (acetone, methyl isobutyl ketone, and the like), esters (butyl acetate, ethyl 

propionate, and the like), and mixed solvents thereof. 
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[Advantageous Effects of Invention] 

[0022] 

According to the present invention, by selectively coupling a phenyl derivative (a 

compound represented by formula (1)) and a heterocyclic derivative (a compound 

5 represented by formula (2)) together in the presence of a palladium compound, a ligand 

capable of coordinating to the palladium compound, a base, a Ci to C40 carboxylic acid, 

and one or more additives, a phenyl-substituted heterocyclic derivative (a compound 

represented by formula (3)) can be obtained in a short process. 

[0023] 

10 Furthermore, the phenyl-substituted heterocyclic derivative (the compound 

represented by formula (3)) can be produced in high yield and at low cost since the 

method of production involves a short process. 

[DESCRIPTION OF EMBODIMENTS] 

15 [0024] 

The terms used alone or in combination in the present description will be explained 

111 the following. Explanation of each substituent shall be common to each part unless 

otherwise indicated. In addition, combinations of substituents and variables are allowed 

only when such combinations give a chemically stable compound. When the substituent 

20 itself is substituted with two or more groups, these many groups can exist in the same or 

different carbon atom to the extent that, a stable structure is formed. 

[0025] 

In the present invention, the term "halogen atom" means a fluorine atom, a chlorine 

atom, a bromine atom, and an iodine atom. 
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[0026] 

In the present invention, the term "Ci to C§ alkyl group" means a linear or branched 

saturated aliphatic hydrocarbon group having 1 to 8 carbon atoms and includes, for 

example, a methyl group, an ethyl group, a ^-propyl group, an isopropyi group, a «-butyl 

5 group, an isobutyl group, a tert-butyl group, a n-pentyl group, an isopentyl group, a 

neopentyl group, a S.-methylpropyl group, a rz-hexyl group, an isohexyl group, a 

1,1-dimethylbutyl group, a 2,2-dimethylbutyl group, a 3,3-dimethylbutyl gi"oup, a 

n-heptyl group, a /1-octyl group, and the like. 

[0027] 

10 In the present invention, for example, the term "C" such as "Cj" and the like mean a 

carbon atom and the following numeral indicates the number of the carbon atoms. For 

example, the term "Ci to C<$" means a. range of the number of carbon atoms from 1 to 6. 

Needless to say, in the present invention, when the number of carbon atoms iu different, it 

means the group having the number of carbon atoms with the specified number. For 

15 example-, the term "C, to C4 alkyl group" means alkyl having 1 to 4 carbon atoms in the 

explanation of the "Ci to C§ alkyl group". The number of carbon atoms in the other 

groups is handled in the same rule. 

[0028] 

In the present invention, the term "Ci to C4 alkoxy group" means a group consisting 

20 ofa"Ct to C4 alkyl group" and an oxy group and includes, for example, a methoxy group, 

an ethoxy group, a «~propyloxv group, an isopropyloxy group, a ft-butyloxy group, an 

isobutyloxy group, a /er/-butyloxy group, and. the like. 

[0029] 

In the present invention, the term, "alicyclic hydrocarbon group" means a saturated 
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alicyclic hydrocarbon group having 3 to 12 carbon atoms wherein the carbon ring is 

monocyclic, bicyclic or tricyclic. The examples involve a cyclopropyl group, a 

cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a cycloheptyi group, a 

cyclooctyl group, a 1-norbomyl group, a 2-norhorny! group, a 7-norbomyl group, a 

5 I -adarnantyl group, a 2-adamantyl group, a 3-noradamantyl group, and the like. 

[0030] 

In the present invention, the term "C3 to C8 cycloalkyl group" means a monocyclic 

alicyclic hydrocarbon group having 3 to 8 carbon atoms among all. the "alicyclic 

hydrocarbon groups" and includes, for example, a cyclopropyl group, a cyclobutyl group, 

10 a cyclopentyl group, a cyclohexyl group, a cycloheptyi group, a cyclooctyl group, and the 

like. 

[0031] 

In the present invention, the term "C[ to Q alkylene group" means a divalent group 

of a saturated linear or branched aliphatic hydrocarbon group having 1 to 8 carbon atoms 

15 and includes, for example, a methylene group, an ethylene group, a /^-propylene group, a 

w-butylene group, a /J-pentylene group, a 1-methylpropylene group, a rc-hexylene group, 

an isohexylene group, a 1,1-dimethylbutylene group, a 2,2-dimethylbutylene group, a 

1,3-di.methylbutylene group, a H-heptylene group, a ^-octylene group, and the like. 

[0032] 

20 In the present invention, the term "divalent alicyclic hydrocarbon group" means a 

divalent group of an alicyclic hydrocarbon group having 3 to 12 carbon atoms wherein 

the carbon ring is saturated monocyclic, bicyclic or tricyclic. Example includes a 

cyclopropylene group, a cyciobutylene group, a cyclopentylene group, a cyciohexylene 

group, a cycloheptyfene group, a cyclooctylene group, a norbornylene group, a 
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noradamantylene group, and the like, 

[0033] 

In the present invention, the term. "C3 to Cs cycloalkylene group" means a divalent 

group of a monocyclic aiicyciic hydrocarbon group having 3 to 8 carbon atoms among all 

5 the "divalent alicyclic hydrocarbon groups" and includes, for example, a cyclopropyiene 

group, a cyclobutylene group, a cyclopentylene group, a cyclohexylene group, a 

cycloheptylene group, a cyclooctylene group, and the like. 

[0034] 

In the present invention, the term "C5 to C12 aryl group" means a functional group 

10 formed, by eliminating one hydrogen atom bonded to the carbon atom on the ring of an 

aromatic hydrocarbon having 6 to 12 carbon atoms and includes, for example, a phenyl 

group, a biphenyl group, a naphthyl group, and the like. 

[0035] 

In the present invention, the term "heteroaryi group" means a functional group 

15 formed by eliminating one hydrogen atom from a 5- to 12-membered aromatic 

heterocycle having 1 to 4 hetero atoms selected from the group consisting of an oxygen 

atom, a sulfur atom, a nitrogen atom and includes, for example, a furyl group, a thiofuryl 

group, a pyrrolyl group, an imidazoryl group, a pyrazolyl group, a thiazolyl group, an 

oxazolyl group, an indolyl group, a benzothiazolyl group, a benzimidazolyl group, a 

20 benzoxazolyl group, a triazolyl group, a tetrazolyl group, a pyridyl group, and the like. 

[0036] 

In the present invention, the term "C$ to C;2 aryloxy group" means a group 

consisting of a "C6 to C\2 aryl group" and an oxy group and includes, for example, a 

phenoxy group, a biphenoxy group, a naphthoxy group and, the like. 
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[0037] 

in the present invention, the term "heteroaryloxy group" means a group consisting of 

a "heteroaryi group" and an oxy group and includes, for example, a furyloxy group, a 

thiofuryloxy group, a pyrroloxy group, an imidazoloxy group, a pyrazoloxy group, a 

5 thiazoloxy group, an oxazoloxy group, an indoleoxy group, a benzothiazoloxy group, a 

henzimidazoloxy group, a benzoxazoloxy group, a triazoleoxy group, a tetrazoleoxy 

group, a pyridinoxy group, and the like. 

[003S] 

In the present invention, the term "C6 to C12 arylene group" means a divalent 

10 functional group formed by eliminating two hydrogen atoms bonded to the carbon atom 

of the aromatic hydrocarbon having 6 to 12 carbon atoms and includes, for example, a 

phenylene group, a biphenylene group, a naphthylene, and the like. 

[0039] 

In the present invention, the term "hetero arylene group" means a functional group 

15 formed by eliminating two hydrogen atoms from a 5- to 12-membered aromatic 

heterocycle having 1 to 4 hetero atoms selected from the group consisting of an oxygen 

atom, a sulfur atom., and a nitrogen atom and includes, for example, a furylene group, a 

thiofurylene group, a pyrrolylene group, an imidazolylene group, a pyrazolylene group, a 

thiazolylene group, an. oxazolylene group, an indoJylene group, a benzothiazolylene 

20 group, a benzimidazolylene group, a benzoxazolylene group, a triazolyiene group, a 

pyridylene group, and the like. 

[0040] 

In the present invention, the term "Ci to C4 alkylthio group" means a group 

consisting of a "Cj to C4 alkyl group" and a thio group and includes, for example, a 
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methyithio group, an ethylthio group, a «-propylthio group, an isopropylthio group, a 

n-butylthio group, an isobutylthio group, a ter/-butylthio group, and the like. 

In the present invention, the "Cj to Cg alkyl group", the "Cj to C4 alkoxy group", the 

5 "alicyclic hydrocarbon group", the "divalent alicyclic hydrocarbon group", the "Q to C[2 

aryl group", the "heteroaryi group", the "C6to Ci2 aryloxy group", the "heteroaryloxy 

group", the "C6 to C]2 arylene group", and the "heteroarylene group" existing in the 

phosphine-type ligand represented by R5P(R6)R7 or R8(R9)PRi0P(Ru)R12, the 

amine-phosphine-type ligand represented by R8(R9)PR!0N(Rn)R12, or the amine-type 

10 Ugand represented by R8(R9)NR10N(Rn)R12 may be substituted with 1 to 4 groups 

selected from the group consisting of a halogen atom, a C] to C4 alkyl group, a Ci to C4 

alkoxy group, a C6 to C]2 aryl group, a heteroaryi group, a C6 to Cn aryloxygroup, a 

heteroaryloxy group, a primary amino group, a secondary amino group, a h,:domethyl 

group, and the like. 

15 [0042] 

In the present invention, the term "primary amino group" means a functional group 

wherein a group selected from the group consisting of "a Ci to C4 alkyl group, an alicyclic 

hydrocarbon group, a Cf,to C12 aryl group, and a heteroaryi group" and a hydrogen atom 

are bonded to the nitrogen atom of the amino group and includes, for example, a 

20 methyiamino group, an ethylamino group, a n-propylamino group, an isopropylamino 

group, a /2-butyIamino group, an isobutylamino group, a tert-butylamino group, a. 

cyclopropylamino group, a cyclobutylamino group, a cyclopentylamino group, a 

cyclohexylamino group, a cycloheptylamino group, a cyclooctylamino group, a 

1-norbomylamino group, a 2-norbornylamino group, a 7-norboraylamino group, a 

[0041 
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1-adamantylamino group, a 2-adamantylamino group, a 3 -noradamantylarriino group, an 

aniiino group, a biphenylami.no group, a naphtylami.no group, a furylamino group, a 

thiofurylamino group, a pyiTolylamino group, an imidazolylamino group, a 

pyrazoJylami.no group, a thiazolylamino group, an oxazolylamino group, an 

5 indolylamino group, a benzothiazolylamino group, a benzimidazolylamino group, a 

benzoxazolylamino group, a triazolylami.no group, a tetrazolylamino group, a 

pyridylamino group, and the like. 

[0043] 

In the present invention, the term "secondary amino group" means a functional 

10 group wherein two groups independently selected from the group consisting of "a Ci to 

C4 alkyl group, an alicyclic hydrocarbon group, a C6 to C12 aryl group, and a heteroaryi 

group" are bonded to the nitrogen atom of the amino group or "a Ci to Cg alkylene group" 

is bonded to the iiitrogen atom of the amino group by its two bond;: independently. 

[0044] 

15 In the secondary amino group, there are cited examples of the functional group 

wherein two groups independently selected from the group consisting of the "a Q to C4 

alkyl group, an alicyclic hydrocarbon group, a Cfi to Ci2 aryl group, and a heteroaryi 

group" are bonded to the nitrogen, atom of the amino group include a diethylamino group, 

a diisopropylamino group, a di(n-butyl)amino group, a diisobutylamino group, a 

20 di-ferf-butylamino group, an ethylmethylamino group, an. ethylisopropylamino group, a 

dicyclopropylamino group, a dicyclobutylamino group, a dicyclopentylamino group, a 

dicyclohexylamino group, a dicycloheptylamino group, a dicyclooctylamino group, a 

cyclopropylmethylamino group, a cyclohexylmethylamino group, a 

cyclopentylethylamino group, a cyclooctyl(«-propyl) amino group, a 
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methyl-1-ii.orbornylamino group, an ethyl-2-norbomyiamiiio group, a 

n-propyl-7-norhornylamino group, an isopropyi- 1-adamantylamino group, an 

isobutyl-2-adamantylamino group, a cyclopropyl-3-noradamantylamino group, a 

diphenylamino group, a biphenylphenylamino group, a naphthylphenylamino group, a 

5 difurylamino group, a dithiofurylamino group, a dipyrro lylamino group, a 

diimidazolylamino group, a dipyrazolylamino group, a dithiazolylamino group, a 

dioxazolyf&mino group, a diindolylamino group, a dibenzothiazolylamino group, a 

dibenzimidazo lylamino group, a dibenzoxazolylamino group, a ditriazolylamino group, a 

ditetrazolylamino group, a dipyridylamino group, and the like. 

10 [0045] 

There are cited examples of the functional group wherein the "Ci to Cg alkylene 

group" is bonded to the nitrogen atom of the amino group by its two bonds independently 

include an aziridino group, an azetidino group, a pyrrolidine group, a piperidino group, 

and the like. 

15 [0046] 

In the present invention, the term "heteroarene" means a 5- to 12-membered 

aromatic heterocyclic compound having 1 to 4 hetero atoms selected from the group 

consisting of an oxygen atom, a sulfur atom, and a nitrogen atom and includes, for 

example, furan, thiofuran, pyran, imidazole, pyrazole, oxazole, indole, benzothiazole, 

20 benzimidazole, benzoxazole, triazole, tetrazole, pyridine, and the like. The heteroarene is 

used as a monodentate or bidentate ligand in the present invention. The heteroarene may 

be substituted with 1 to 3 substitutes selected from, the group consisting of a halogen atom, 

a Ci to C4 alkyl group, a Ci to C4 alkoxy group, a Cgto C\2 aryl group, a heteroaryi group, 

a C(3 to Ci;> aryloxy group, a heteroaryloxy group, a primary amino group, a secondary 
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amino group, a halo methyl group, and the like. 

[0047] 

In the present invention., the term "halomethyl group" means a methyl group 

substituted with, i to 3 halogen atoms and includes, for example, a trifluoromethyl group, 

5 a difluoromethyl group, a fluoromethyl group, a trichloromethyl group, a dichloromethyl 

group, a chloromethyl group, a tribro mo methyl group, a dibromomethyl group, a 

hromomethyl group, and the like. 

[0048] 

In the present invention, the term "leaving group" means an atom or a group of 

10 atoms, which is detached from the reaction substrate in. substitution, reactions, elimination 

reactions, or the like. Examples of such a "leaving group" include, a halogen atom, 

-0C02-(C] to C4 alkyl group), -0C02-(phenyl group), -0S02-(Ci to C4 alkyl group), 

-0S02-(phenyi group), a diazonium group (-N+=N), or the like. In addition, the C\ to C4 

alkyl group that constitutes the leaving group may be substituted with 1 to 3 halogen 

15 atoms and the phenyl group that constitutes the leaving group may be substituted with 1 

to 5 optional substituents selected from the group consisting of a halogen atom or Cj to C4 

alkyl group. However, it is not limited to those. 

[0049] 

The term "protecting group for a hydroxyl group" means a. group which protects a 

20 hydroxyl group. Such a "protecting group for a hydroxyl group" is well known in the art 

and is classified into an ether-type protecting group, a silyl ether-type protecting group, 

an ester-type protecting group, a carbonate-type protecting group, a phosphine-type 

protecting group, a sulfonate-type protecting group, and the like. Examples include a 

protecting group for phenol described in "Protective Groups in Organic Synthesis (3rd 
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Ed., 1994), (4th Ed., 2006)" by T. W. Greene and P. G .ML Wuts, and the like, such as a 

ben2yloxymethyI group, a methoxyethoxymethyl group, a phenylthiomethyl group, a 

phenacylmethyl group, a 4-bromophenacyimethyl group, a cyclopropylmethyl group, an 

ailyl group, a propargyl group, a cyclohexyl group, a benzyl group, an o-nitrobenzyl 

5 group, a 4-(dimethylamino)carbonylbenzyl group, a 4-methyIsulfmylbenzyl group, a 

9-anthranylmethyl group, a 4-picolyl group, a trimethylsilyl group, a 

/erf-butyldimethylsilyl group, a fer/-butyidiphenylsilyl group, a triisopropylsilyl group, a 

formyl group, -(C=0)-(Ci to C4 alkyl group), a benzoyl group, a 4-oxo-pentanoyl group, 

a pivaloyl group, a methylester group, a 1-adamantyloxycarbonyl group, a 

10 tert-butoxycarbonyl group, a 4-metb.ylsulfinylbenzyioxycarbonyl group, a 

2,4-dimethyIpent-3-yloxycarbonyl group, a 2,2.2-trichloroethoxycarbonyL group, a 

vmybxycarbonyl group, a benzyloxycarbonyl group, -(C=0)NH-(Ci to C4 alkyl group), 

a methanesulfonyl group, a teluenesulfonyl group, and the like. However, the present 

invention is not limited to the groups exemplified herein and any group may be selected 

15 as long as it can be employed as the protecting group for the hydroxyl group. Herein, the 

protecting group for the hydroxyl group as A is employed as the protecting group for the 

hydroxyl group when X is an oxygen atom. For example, when a benzyl group is the 

protecting group, A-X- corresponds to PhCH.2-0-. 

[0050] 

20 In the present invention, the term "ester-type protecting group for a carboxyl group" 

means a group that protects the carboxyl group by binding with an oxygen atom of the 

carboxyl group to be protected and form an ester. Such, an "ester-type protecting group 

for a carboxyl group" includes groups described as an ester-type protecting group for the 

carboxyl group described in "Protective Groups in Organic Synthesis (3rd Ed., 1994), 
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(4th Ed, 2006)" byT. W. Greene and P. G. ML Wuts, such as a Ct to C6 alkyl group, a 

9-fluorenylmethyl group, a methoxymethyi group, a methylthiomethyl group, a 

tetrahydropyranyl group, a tetrahydrofuranyl group, a metboxyetboxymethyl group, a 

2-(trimethy!silyi)ethoxymethyl group, a benzyloxymethyl group, a pivaloyloxymethyl 

5 group, a phenylacetoxymethyl group, a triisopropylsiiyimethyl group, a 

p-bromophenacyl group, an a-methylphenacyi group, a p-methoxyphenacyl group, a 

decyi group, a carboxamidomethyl group, a p-azobenzenecarboxamidomethyl group, an 

JV-phthalimidomethyl group, a 2,2,2-trichioroefhyl group, a 2-haloethyl group, an 

0-chloroalkyl group, a 2-(triethylsilyl)ethyl group, a 2-methylthioethyl group, a 

10 l,3-dithianyl-2-methyl group, a 2-(p-nitrophenylsulfenyl)ethyl group, a 

2-(p-toluenesulfonyl)ethyl group, a 2-(2'-pyndyl)ethyl group, a 

2-(p-methoxyphenyl)ethyI group, a 2-(diphenylphosphino)ethyl group, . a 

1-methyl-l-phenylethyl group, a 2-(4-acetyl-2-nitrophenyl)ethyl group, a 2-cyanoethyl 

group, a dicyclopropylmethyl group, a cyclopentyl group, a cyclohexyl group, an allyl 

15 group, a methallyl group, a 2-methylbut-3-en-2-yl group, a 3-methylbut-2-enyI (or 

prenyl) group, a 3-buten-l-y! group, a 4-(trimethylsilyi)-2-buten-l-yl group, a cinnamyl 

group, an a-methylcinnamyl group, a prop-2-ynyl (or propargyl) group, a phenyl group, 

a 2,6-dimethylphenyl group, a 2,6-diisopropylphenyl group, a 

2,6-di(tert-butyl)-4-methylphenyl group, a 2,6-di(fer/-butyl)-4-methoxypheny] group, a 

20 j9-(methylthio)phenyl group, a pentafhiorophenyl. group, a benzyl group, a 

triphenylmethyl group, a diphenylmethyl group, a bis(o-nitrophenyl)methyl group, a 

9-anthranylmethyl group, a 2-(9,10-dioxo)anthranylmethyl group, a 5-dibenzosuberyl 

group, a 1-pyrenylmethyl group, a 2-(trifluoromethyl)~6-chromonylmethyl group, a 

2,4,6-trimethyIbcnzy 1 group, a /?-bromobenzyl group, an o-nitrobenzyl group, a 
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/Miitrobenzyl group, a p-methoxybenzyl group, a 2,6-di.methoxybenzyl group, a 

4-(methylsulfinyI)benzyl group, a 4-suIfobenzyI group, a 4-azidomethoxybenzyi group, a 

piperonyl group, 4-piconyl group, a trimethylsilyl group, a trietbylsilyl group, a 

terf-butyldimetbylsilyl group, an isopropyldimethylsilyl group, a phenyldimethyisilyl 

5 group, a di(/m-butyi)methylsiiyl group, a triisopropylsilyl group, a Cj to C6 alkylthio 

group, an oxazole group, a 2-alkyH,3-oxazoline group, a 

4-alkyl-5-oxyo-l,3-oxazolidine group, a 

2,2-bistrifluoromethyl-4-all<ylo-oxo-i,3-oxazolidine group, a 

5-alkyl-4-oxo-l,3-dioxolane group, a dioxanone group, and the like. However, the 

10 present invention is not limited to the groups exemplified herein and any group that is 

capable of being the protecting group for the carboxyl group may be subject to this. 

[0051] 

Tl*3 term "amide-type protecting group for a carboxyl group" in the present 

invention means a group that protects the carboxyl group by binding with the carbonyl 

15 carbon atom of the carboxyl group to be protected and form an amide. Such an. 

"amide-type protecting group for a carboxyl group" includes a protecting group for the 

carboxyl group described in "Protective Groups in Organic Synthesis (3rd Ed., 1994, 4th 

Ed., 2006)" by T.W. Greene and P.G.M. Wuts, such as an N,N-dimethylamino group, a 

pyrrolidinyl group, a piperidinyl group, a 5,6-dihydrophenanthridyl group, an 

20 o-nitrophenylamirio group, an N-7-nitroindolyl group, an 

N-8-nitro-l,2,3,4-tetrahydroquinolyl group, an N-phenylhydrazyl group, an. 

N,N'-diisopropylhydrazyl group, and the like. However, the present invention is not 

limited to those groups exemplified herein and any amino group that is capable of being 

the protecting group for the carboxyl group may be used for this purpose. 
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[0052] 

The "protecting group" in the present invention may be supported by a solid material 

such as resin or silica gel. 

The "diazonram group" in the present invention can form a salt. Such a salt includes 

fluoride, chloride, bromide, iodide, a tetrafluoroborate, and the like. 

[0053] 

Abbreviations used in the present invention are as follows: 

OTf: a trifluoromethanesulfonyloxy group, OMs: a methansulfonyloxy group, 

OTs: a toluenesulfonyloxy group, Me: a methyl group, Et: an ethyl group, 

/?-Pr: a ^-propyl group, i-Pr: an isopropyl group, i-Bu: an. isobutyl group, 

t-Bu: a fej-r-butyl group, M.eO: a methoxy group, Ph: a phenyl group, OAc: an acetyloxy 

group, 4-MeO-Ph: a 4-methoxy-phenyl group, Cy: a cyclohexyl group, Piv: a pivaloyl 

group. 

The present invention relates to a method of production comprising reacting 

[0054] 

Compound 6 

a compound represented by the above-mentioned, formula (1) and a compound 

0055] 
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represented, by the following formula (2), 

[0056] 

Compound 7 

[0057] 

in the presence of 

10 (i) a palladium compound, 

(ii) a ligand capable of coordinating to the palladium compo und or a salt thereof, 

(iii) a base, 

(iv) a Ci to C40 carboxylic acid or a salt thereof, and 

(v) at least one additive selected from the group consisting of copper, silver, a salt thereof, 

15 and a complex thereof, 

[0058] 

Compound 8 

20 

[0059] 
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to produce a phenyl-substituted heterocyclic derivative represented by formula (3). 

[0060] 

In the above-mentioned formulae (1) and (3), R1 represents a hydrogen, atom or a 

halogen atom. 

5 [0061] 

The "halogen atom" in R1 is preferably a. chlorine atom or a fluorine atom, more 

preferably a fluorine atom. 

[0062] 

As a whole, R1 is preferably a hydrogen atom. 

10 [0063] 

In the above-mentioned, formulae (1) and (3), R2 represents a hydrogen atom, a 

cyano group, a nitro group, a halogen atom, a formyi group, or a halomethyl group. 

[0064] 

The "halogen atom" in R is preferably a bromine atom. 

15 [0065] 

The "halomethyl group" in R is preferably a chloromethyl group, a dichloromethyl 

group, a trichloromethyl group, or a triiluoromethyl group. 

[0066] 

As a whole, R2 is preferably a cyano group, a nitro group, or a formyi group. Above 

20 all, a cyano group is preferable. 

[0067] 

In the above-mentioned formulae (1) and (3), A represents a hydrogen atom, a C\ to 

Cs alkyl group, a C3 to C6 cycloalkyl group, a phenyl group, a fluorine atom (only when X 

is a bond), or a protecting group for a hydroxyl group (only when X is an oxygen atom). 
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Herein, the protecting group fox the hydroxyl group as A is employed as the protecting 

group for the hydroxyl group when X is an oxygen atom. For example, when the 

protecting group is a benzyl group, A-X- corresponds to PhCHk-O-. 

[0068] 

5 furthermore, A may be substituted with 1 to 3 substituents, and such a substituent is 

a group selected from the group consisting of a halogen atom, a Cj to C4 alkyl group, a Ci 

to Ci alkoxy group, a Cj to C4 alkyltbio group, a C3 to Q cycloalkyl group, a phenyl 

group, a phenoxy group, and a pyridyl group. 

[0069] 

10 The "Ci to CB alkyl group" in A is preferably a methyl group, an ethyl group, a 

^-propyl group, an isopropyl group, a n-butyl group, an isobutyl group, a tert-hutyl group, 

a n-pentyl group, an isopentyl group, or a neopentyl group. Above all, an isobutyl group 

or a neopentyl group is preferable, and an isobutyl group is more preferable. 

[0070] 

15 As a whole, A is preferably a C\ to C$ alkyl group. 

[0071] 

In the above-mentioned formulae (1) and (3), wherein X represents a bond (only 

when A is a phenyl group or a fluorine atom) or an. oxygen atom. Above all. an oxygen 

atom is preferable. 

20 [0072] 

In the above-mentioned formula (1), Y represents a leaving group. Above all, a 

halogen atom, -0C02~(Ci to C4 alkyl group), -OC02-(phenyl group), -0S02-(Ci to C4 

alkyl group), -0S02-(phenyl group), or a diazonium group is preferable. 

[0073] 
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When the leaving group as Y is "-0C02-(Ci to C4 alkyl group)" or "-0S02-(Ci to C4 

alky! group)", such a "Cj to C4 alkyl group" in Y is preferably a methyl group. 

[0074] 

When the leaving group as Y is "~GCC>2-(CI to C4 alkyl group)" or c'-OSOa-(Ci to C4 

5 alkyl group)'5, such a "Ct to C4 alkyl group" in Y may be substituted with 1 to 3 halogen 

atoms. Such a "halogen atom" is preferably a fluorine atom, in particular, the group 

substituted with 3 fluorine atoms is preferable. 

[0075] 

When the leaving group as Y is u-0C02-(phenyl group)" or "-0S02-(phenyI 

10 group)", such a "phenyl group" in Y may be substituted with 1 to 5 optional substituents 

selected 'from a halogen atom and a Cj to C4 alkyl group. Such a "Cj to C4 alkyl group" is 

preferably a methyl group. 

[0076] 

When the leaving group as Y is the "halogen atom", such a "halogen atom" is 

15 preferably an iodine atom, bromine atom, or chlorine atom. Above all, an iodine atom or a 

bromine atom is preferable. 

[0077] 

The "diazonium group" can form a salt. When the leaving group as Y represents a 

"diazonium group", a tetrafluoroborate is preferable as the salt of the "diazonium group". 

20 [0078] 

As a whole, Y is preferably an iodine atom, a bromine atom, a 

trifiuoromethanesulfonyloxy group, or the like. 

[0079] 

In the above-mentioned formula (2), H represents a hydrogen atom. 
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[0080] 

In the above-mentioned formulae (2) and (3), B represents a group selected from the 

following formulae. A bond at the right-hand side of each following formula binds to R\ 

a bond at the left-hand side binds to a hydrogen atom in formula (2) and to a phenyl group 

in formula (3). 

[0081] 

Compound 9 

or 
>.y 

Above all, the following groups are preferable. 

[0083] 

Compound 10 

[0084] 

In the above-mentioned formulae (2) and (3), R3 represents COOR,a or COR3b 

[0085] 

R3a represents a hydrogen atom, a Ci to C4 alkyl group, or an ester-type protecting 
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group for a carboxyl group. Herein, the ester-type protecting group for the carboxyl group 

as R3a protects a carboxyl group to be substituted with R3a. 

[0086] 

R3a is preferably a hydrogen atom or a C-, to CA alkyl group, and more preferably a Cj 

5 to C4 alkyl group. 

[0087] 

R3b represents an amide-type protecting group for a carboxyl group that forms an 

amide with an adjacent carbonyl group. 

[0088] 

10 As a whole. R3 is preferably COOR3a and R3a is preferably a Ci to C4 alkyl group. 

[0089] 

In B of the above-mentioned formulae (2) and (3), R4 represents a hydrogen atom, a 

halogen atom, or a Ci to C4 alkyl group. 

[0090] 

15 The "halogen atom" in R4 is preferably a fluorine atom. 

[0091] 

The "Ci to C4 alkyl. group" in R4 is preferably a methyl group. 

[0092] 

As a whole, R4 is preferably a Ci to C4 alkyl group. Above all, a methyl group is 

20 preferable. 

[0093] 

In B of the above-mentioned formulae (2) and (3), W represents an oxygen atom or a 

sulfur atom. 

[0094] 
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In the above-mentioned formula (3), the definition of A, X, R[, R2and a preferable 

group are the same as those defined in formula (1), the definition of B and R3, and a 

preferable group are the same as those defined in formula (2), respectively. 

[0095] 

5 Specific examples of the compound represented, by formula (1) are listed in Table 1 

to 4 and specific examples of the compound represented by formula (2) are listed in 

Tables 5 to 7. However, the compounds represented by formulae (1) and (2) are not 

limited to such specific examples. 

[0096] 

10 Table 1 
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/ 
R2 

No. A X R1 R2 Y 
1 . -Bu 0 H CN 1 
2 -Bu 0 H CN Br 
3 -Bu 0 H CN C! 
4 -Bu 0 H CN OTf 
5 -Bu 0 H CN QMs 
6 -Bu 0 H CN OTs 
7 -Bu 0 H CHO I 
8 -Bu 0 H CHO Br 
9 -Bu 0 H CHO CI 
10 -Bu 0 H CHO OTf 
11 -Bu 0 H CHO OMs 
12 ™Bu 0 H CHO OTs 
13 ~Su 0 H NO2 I 
14 -Bu 0 H NO2 8r 
15 ~Bu 0 H HO2 Ci 
16 -Bu 0 H HOz OTf 
17 ~Bu 0 H NO2 OMs 
18 -Bu 0 H NQ2 OTs 
19 -Bu 0 H H ] 

20 -Bu 0 H H Br 
21 -Bu 0 H H CI 
22 -Bu 0 H H OTf 
23 -Bu 0 H H OMs 
24 -Bu 0 H H OTs 
25 -Bu 0 H Br I 
26 -Bu 0 H Br Br 
27 -Bu 0 H Br Ci 
28 -Bu 0 H Br OTf 
29 -Bu 0 H Br OMs 
30 -Bu 0 H Br OTs 
31 (CH3)3CCH2 0 H CN [ 

32 (CH3)3CCH2 G H CN Br 
33 (GH3)3CCH3 0 H CN C! 
34 (CH3)3CGH2 0 H CN OTf 
35 (CH3)3CCH2 0 H CM OMs 
36 (CH3)3CCH2 0 H CN OTs 
37 (CH3)3CGH2 0 H CHO 1 
38 (CH3)3GCH3 0 H CHO Br 
39 (GH3)3CCHS 0 H CHO Ci 
40 (CH3)3CCH2 0 H CHO OTf 
41 [CH3)3CCH2 0 H CHO OMs 
42 (CH3)3CCH2 0 H CHO OTs 
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[0097] Table 2 

No. A X R1 R2 V 
43 (CH3)3CCH2 0 H NO2 I 
44 (CH3)3CCH2 0 H NO2 Br 
45 (CH3)3COH2 0 H NO, CI 
48 (CH3)3CCH2 0 H NO2 OTf 
47 <CH3}3CCH2 0 H j N02 OMs 
48 (GH3)3CCH2 0 H j N02 OTs 
49 (GH3)3CGH3 0 H H I 
50 (CH3)3GCH2 0 H H Br 
51 (CH3)3CCH2 0 H H CI 
52 (OH3)3GCH2 0 H H OTf 
53 (CH3)3CCH2 0 H H OMs 
54 (CH3)3CCH2 0 H H OTs 
55 (CH3)3CCH2 0 H Br I 
56 CGH3)3GCH2 0 H Br Br 
57 (CH3)3CCH2 0 H Br CI 
58 (CH3)3CGH2 0 H Br OTf 
59 (CH3)3CCH2 0 H Br OMs 
60 (CH3)3CCH2 0 H Br OTs 
61 Benzyl 0 H CN I 
62 Benzvi 0 H CN Br 
63 Benzvi 0 H CN CI 
64 Benzyl 0 H CN OTf 
65 Benzvi 0 H CN OMs 
68 Benzvi 0 H CN OTs 
87 Benzvi 0 H OHO I 
68 Benzvi 0 H CHO Br 
69 Benzvi 0 H CHO CI 
70 Benzvi 0 H CHO OTf 
71 Benzyl 0 H CHO OMs 
72 Benzyl 0 H CHO OTs 
73 Benzyl 0 H NO2 I 
74 Benzyl 0 H NO2 Br 
75 Benzyl 0 K N02 Ci 
76 Benzyl 0 H NO2 OTf 
77 Benzyl 0 H NO2 OMs 
78 Benzyl 0 H NO2 OTs 
79 Benzvi 0 H H I 
80 Benzvi 0 H H Br 
81 Benzvi 0 H H 01 
82 Benzvi 0 H H OTf 
83 Benzvi 0 H H OMs 
84 Benzvi 0 H H OTs 
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[0098] Table 3 

No. A X R1 R? Y 
85 Benzvi O H Br I 
86 Benzvi O H Br Br 
87 Benzvi 0 H Br CI 
88 Benzvi 0 H Br OTf 
89 Benzvi 0 H Br OMs 
90 Benzvi 0 H Br OTs 
91 Ph bond H CN I 
92 Ph bond H CN Br 
93 Ph bond H CN OS 
94 Ph bond H CN OTf 
95 Ph bond H CN OMs 
96 Ph bond H CN OTs 
97 Ph bond H CHO I 
98 Ph bond H CHO Br 
99 Ph bond H GHO Ci 

100 Ph bond H CHO OTf 
101 Ph bond H CHO OMs 
102 Ph bond H CHO OTs 
103 Ph bond H NOa I 
104 Ph bond H NO3 Br 
105 Ph bond H NOa CI 
108 Ph bond H NO? OTf 
107 Ph bond H NO2 OMs 
108 Ph bond H NO2 OTs 
109 Ph bond H H 1 
110 Ph bond H H Br 
111 Ph bond H H CI 
112 Ph bond H H OTf 
113 Ph bond H H OMs 
114 Ph bond H H OTs 
115 Ph bond H Br I 
118 Ph bond H Br Br 
117 Ph bond H Br C! 
118 Ph bond H Br OTf 
118 Ph bond H Br OMs 
120 Ph I bond H Br OTs 
121 4-MeG-Ph | bond H CM 1 
122 4-MeO-Ph l bond H CN Br 
123 4-MeO-Ph | bond H CN Ci 
124 4-MeO-Ph I bonci H CN OTf 
125 4-MeO-Pb | bond H CN OMs 
126 4-MeO-Ph j bond H CN OTs 
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[0099] Table 4 

No. A X R1 R2 Y 
127 4-MeO-Ph bond H CHO I 
128 4-MeO-Ph bond H CHO Br 
129 4-MeO-Ph bond H CHO CI 
130 4~Me0-Ph bond H CHO OTf 
131 4-MeO-Ph bond H CHO OMs 
132 4-MeO-Ph bond H CHO OTs 
133 4-MeO-Ph bond H NO2 I 
134 4~MeO~Ph bond H NO2 Br 
135 4~MeO-Ph bond H NO£ C! 
136 4-MeO-Ph bond H NO2 OTf 
137 4-MeO-Ph bond H NO2 OMs 
138 4-MeO~Ph bond H NO2 OTs 
139 4-MeO-Ph bond H H I 
140 4-MeO-Ph bond H H Br 
141 4-MeO-Ph bond H H Ci 
142 4-MeO-Ph bond H H OTf 
143 4-MeO-Ph bond H H OMs 
144 4-MeO-Ph bond H H OTs 
145 4-MeO-Ph bond H Br I 
148 4-MeO-Ph bond H Br Br 
147 4-MeO-Ph bond H Br ci 
148 4-MeO-Ph bond H Br OTf 
149 4-MeO-Ph bond H Br OMs 
150 4~fyleO~Ph I bond N Br OTs 
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[0100] Tables 

COOR3a 

10 

15 

No. p3a p4 

151 t~Bu I GH3 

152 n-Rr CH3 

153 i-Pr CH3 

154 Et CH3 

155 Me CH3 

156 H CH3 
157 t-Bu H 
158 n-Pr H 
159 i~Pr H 
160 Et H 
161 Me H 

I 162 H H 

20 
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[oioi] 

Table 6 

H. 2 COOR3a 

N^4 R' 

No. R3a R4 

183 t-Bu 5-CH3 

184 n-pr 5"CH3 

165 i-Pr 5-CH3 
166 Et 5-CH3 
167 Me 5-CHa 
168 H 5-CH3 
169 t-Bu H 
170 n-Pr H 
171 i-Pr H 
172 Et H 
173 Me H 
174 H H 
175 t-Bu 3-F 
176 n~Pr 3-F 
177 i-Pr 3-F 
178 Et 3-F 
179 Me 3-F 
180 H 3»F 
181 t-Bu 5-Cl 
182 n-Pr 5—CI 
183 i~Pr 5~Cf 
184 Et I 5-CI 
185 Me I 5-CI 
186 H 1 5~CI 
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[0102] 

Table 7 

10 

35 

20 

No. W R3a R4 

187 0 t-Bu CH3 

188 0 n-Pr CH3 
189 o i-Pr •CH3 
190 0 Et CH3 
191 0 Me CH3 

192 0 H CH3 
193 0 t~Bu H 
194 0 n~Pr H 
195 0 i-Pr H 
196 0 Et hi 
197 0 Me H 
198 O H H 
199 S t~Bu CH3 

200 s n-Pr CH3 
201 s i~Pr GH3 

202 s Et CH3 

203 s Me CH3 
204 s H CH3 
205 s t-Bu H 
206 s n-Pr H 
207 s i-Pr H 
208 s Et H 
209 s Me H 
210 s H H 
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[01.03] 

The method of production in the present invention is characterized by reacting using 

(i) a palladium compound, 

(ii) a ligand capable of coordinating to the palladium compound or a salt thereof, 

5 (iii) a base, 

(iv) a Ci to C40 carboxylic acid or a salt thereof, and 

(v) at least one additive selected from the group consisting of copper, silver, and a salt 

thereof and a complex thereof. 

[A palladium compound] 

3.0 The palladium compound used in the present invention is preferably zerovalent 

palladium, or a salt of monovalent or divalent palladium. 

[0104] 

The salts of monovalent palladium include, for example, dibromo-dipalladium (1), 

hydrates thereof, and the like. 

15 [0105] 

The salts of divalent palladium include, for example, palladium(II) acetate, 

pailadium(Il) propionate, palladium(II) butanoate, palladium(II) 2-methylpropanoate, 

palladium(Il) 3-methylbutanoate, palladium(Il) 2-methylbutanoate, palladium(II) 

2-ethylbutanoate, palladium(II) pivalate, palladium(II) 3,3-dimethylbutanoate, 

20 palladium(n) 2,2,3,3-tetramethylbutanoate, palladium(ll) 1 -adamantanecarboxylate, 

palladium(II) 2-adamantanecarboxylate, palladium(II) 3-noradamantanecarboxylate, 

palladium(II) triflnoroacetate, palladium(O) nitrate, pailadium(II) chloride, palladium(II) 

bromide, palladium(ll) iodide, palladium(II) acetylacetonate, palladium(II) perchlorate, 

palladium(II) citrate, palladium(II) oxalate, palladium(II) cyclohexanebutyrate, 
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palladium(II) benzoate, palladium(H) stearate, palladium(II) sulfamate, palladium(H) 

carbonate, palladium(II) thiocyanate, paliadium(II) trifluoromethanesulfonate, 

b.is(4-diethylaminodithiobenzyl) palladium(II), palladium(II) cyanide, palladium(Il) 

fluoride, palladium(Il) boride, palladiura(E) borate, palladium(Il) hypophosphite, 

5 palladiutn(II) ammonium sulfate, palladmm(n) hydroxide, cyclopentadienyl 

palladium(II)? hydi"ates thereof, and the like. 

[0106] 

Above all, palladium(II) acetate (Pd(OAc)2), palladium(ll) propionate 

(Pd(0(C=0)CH2CH3}2.), palladium(II) 2-methylpropanoate (Pd(0(C~0)CH(CH3)2)2), 

10 palladium(II) pivalate (Pd(OPiv)2), palladium(II) 1-adamantanecarboxylate, 

palladium(II) chloride (PdCl2), palladium(I) bromide (Pd2Br2)5 palladium(II) bromide 

(PdBr2), or pailadium(O) is preferable, in particular, palladium(II) 2-methylpropanoate 

(Pd(0(C=0)CH(CH3)2)2), palladium(n) pivalate (Pd(OPiv>2), palladium^!) bromide 

(PdBr2), palladium(II) chloride (PdC^), or palladium(O) is preferable. 

15 [0107] 

These palladium compounds may be used in mixed combination. 

[0108] 

As these palladium compounds, a compound coordinated by a ligand in advance 

may be employed. Such a palladium compound coordinated by the ligand includes, for 

20 example, the following palladium compounds. However, the present invention is not 

limited to these. 

[0109] 

Compound 11 
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10 

15 

l-Bu 
t-Bu t-Bu 

a w J'~l l_D" A /S"Bu '-BU, 91 >Bu t-Bu~P-Pd-P~t-Bu 
t-Bu-P-Pd-R-t-Bu t^Bu—-p-Pd-^d-P^—t-Bu t-Bu-P-Pd-P^t-Bu 

t-Bu {.Bu 

/ \ y - , J.JJU 1 rU r 
t-Bu ^ t-Bu i-8u Br t-Bu p,/ ^ >h 

Pd(P'Bu?)j ;pd(l'!Bu3)Br]j EMCl2<lBU2Ph)2 

t-Bux 91 /t-Bu 
t-Bu—P-Pd-P--t-Bu 

Pd(PBu3Cy)2 

t-Bu^ CI /{-Bu 
C)-RH-Pd-P^-CI 
t-Bu hi 

PXPd 

Cf 

\ / 
PdCi2[(PlBu2^-NMe2.Ph)h 

Ckf J*K /' p p 

Mchw?m p^DPE?hs) 

\ /• 
PdC!jLtPCys(p-NMe2Ph>]2 

pph 
P\ ,CI 

?<*. 
,p( CI 

NPh 

cr "a 
iMClj(PCy>)j 

Pda-(Xan!|ihos) 

PK 

PdCK(DPPF) 

PPh3 

Ph3P—Pd~PPh3 
PPh3 

Pd(Pl'hj)4 

'^Pd^Pcl~|) 

Aitylpalladmm chloride 
dirner 

Crotylpalladium chloride 
dimcr 

Ci-RH-Pd-PH-CI 
CJ t-Bu 

PXPdJ 

Pd(dba]j 
Pd:(dbH)j-CHC!3 

[ono] 

[A ligand capable of coordinating to a palladium compound and a salt thereof] 

20 The presence of a ligand that is capable of coordinating to the palladium compound 

in the course of the reaction facilitates coupling of a phenyl ring of a phenyl derivative to 

a heterocyclic derivative at the position of C-H bond on the heterocyclic ring with good 

substrate selectivity and. thus, the yield of the compound represented by formula (3) can 

be increased. Such a ligand used in. the production method of the present invention 
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includes a ligand of carboxylic acid-type, amide-type, phosphine-type, oxime-type, 

sulfide-type, sulfonic acid-type, 1.3-diketone-type, Shiff base-type, oxazoline-type, 

diamine-type, hydrocarbon-type, carbon monoxide, carbene-type, and the like. However, 

the present invention is not limited to these. The coordinating atom in the ligand includes 

5 a nitrogen atom, a phosphorus atom, an oxygen atom, a sulfur atom, and the like. There 

are a monodentate ligand having one coordinating atom at only one position and a, 

multidentate ligand having coordinating atoms at two or more positions. A 

hydrocarbon-type, carbon monoxide and carbene-type have a carbon atom as the 

coordinating atom. These ligands may be used as salts. 

10 [0111] 

The monodentate ligand includes a phosphine-type ligand represented by R5P(R6)R7 

(wherein R\ R65 and R7 represent each independently a Ci to Cg alkyl group, a Q to C4 

alkoxy group, an alicyclic hydrocarbon group, a C6 to C12 aryl group, a heteroaryi group, 

a C6 to C12 aryloxy group, or a heteroaryloxy group. In addition, R5 and R6 may bind 

15 together to form C2 to Q alkylene group), triethylamine, heteroarene, and the like. 

[0112] 

The phosphine-type ligand represented by R5P(R6)R7 includes, for example, tert-

butyldicyclohexylphosphine, isobutyldicyclohexylphosphine, 

(ft-butyi)dicyclohexylphosphine, isopropyldicyclohexyiphosphine, 

20 (/i-propyl)dicyciohexylphosphine, ethyldicyclohexylphosphine, 

methyldicyclohexyiphosphme, cyclopropyldicyclohexylphosphine, 

cyclobutyldicyciohexylphosphine, rert-butyldicyclooctylphosphine, 

tert-butyldicycloheptylphosphine, fert-butyldicyclopentylphosphine, 

/ert-butyldicyclobutylphosphine, tert-butyldicyclopropylphosphine, triethylphosphine, 
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tri(rt-propyl)phosphine, tri(isopropyl)phosphine, tri(ter^butyI)pho sphine, 

tri(«-butyl)phosphiiie, tri(«-octyl)ph.o sphine, tri(cyclooctyl)phosphme5 

tri(cycloheptyl)phosphine, tri(cyclohexyl)phosphine, tri(cycIopentyi)phosphine, 

tri(cyclobutyI)phosphme, tri(cycl.opropyl)phosphine, di(/6T/-butyl)methylphosphine, 

5 di(te/^butyI)ethylpho sphine, di(/er/-butyi)7-j-propylphosphme. 

di(/er^-butyl)isopropyIphosphme, di(rer^butyl)rc-butylphosphine. 

di(fer/-butyI)isobutyiphosphine, di(/ert-butyl)neopentylphosphine, triphenylpho sphine. 

tri(o-toluyl)phosphiae, tri(mesityl)phosphine, tri(phenoxy)phosphine. 

tri(2-foryl)phosphine, trimethoxyphosphine, triethoxyphosphine, 

10 tri(«-propyloxy)phosphme, tri(isopropyloxy)phosphine, tri(/?-butyloxy)phosphine, 

tri(isobutyloxy)phosphine, tri(terf-butyloxy)phosphine, 

di(^r/-butyl)cyclohexyiphosphine, di(isobutyl)cyclohexylphosphine, 

di(;?-butyl)cyclohexylphosphine. di(isopropyl)c)clohexylpho sphine, 

di(n-propyI)cyclohexy]phosphine, d iethyic yc lo hexy Ipho sphine, 

15 dimethylcyclohexylphosphine, di(fer?-butyl)cyclopentylphosphine, 

di(isobutyl)cyclopentylphosphine, di(n-butyl)cyciopentylphospliine, 

di(isopropyl)cyclopentylphosphine, di(rc-propyl)cyclopentyiphosphine, 

diethyicyclopentylpho sphine, dimethylcyclopentylphosphine, 

di(^r/-butyi)cycIooctylphosphine, di(/m-butyl)cyclohcptyIphosphine, 

20 di(?erf-butyl.)cyclopentyiphosphme, di(rerz-butyl)cyclobutyiphosphine; 

d.i(/"er/-butyi)cyciopropylphosphine, dimethylphenylphosphine, diethylphenylpho sphine, 

di(«-propyl)phenyIphosphine, di(isopropyl)phenylphosphine, 

di(rc-butyl)phenylphosphine, di(isobutyl)phenylphosphine, 

&i(tert- buty l)phe ny Ipho sphine, dicyclooctyiphenyiphosphine, 
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dicycloheptylphenylphosphine, dicyclohexylphenylphosphine, 

dicyclopentylphenyIpho sphine, dicyclobutylphenylphosphine, 

dicyclopropylphenylphosphine, dicyclohexyl-(p-toluyl)phosphine, 

dicyclohexyl-(o-toIuyi)phosphine. dicyclohexyl-(p-toliiyl)phosphine, 

5 dicyclohexyl-(2,4s6-trimethylphen.yl)phosphine, methyldiphenylphosphine, 

ethyldipheny Ipho sphine, (».-propyI)diphenylphosphine, isopropyldiphenvIpho sphine, 

(/i-butyl)diphenylphosphine, isobutyldiphenylphosphine, (terMoutyl)diphenyipho sphine, 

cyclooctyldiphenylphosphine, cycloheptyldiphenylphosphine, 

cyclohexyldiphenylphosphine, eye lopentyldipheny ip ho sphine, 

10 cyclobutyldiphenylphosphine, cyclopropyldiphenylphosphine, 

bis(p-sulfonatophenyl)phenylphosphine potassium, 

2-(2;-dicyclohexyiphosphinophenyl)-l ,3-dioxolane, cBRIDP, 

XPhos(2-dicyciohexylphosphino-2',45>6'-triisopropyl-l,r-biphenyl)> z-Bu-XPhos, 

JohnPhos, Cy-JohnPhos, MePhos, r-Bu-MePhos, SPhos, 

15 RuPhos(2-dicyclohexylphosphino-2',6'-diisopropoxy-1,1 '-biphenyl), cataCXium A, 

cataCXium ABn, cataCXium PtB, cataCXium PCy; cataCXium POMetB, cataCXium 

POMeCy, cataCXium PIntB, cataCXium PInCy, cataCXium Pl'Cy, Q-Phos, JOSIPHOS, 

and the like. 

[0113] 

20 Among the examples of the phosphine-type ligand represented by R5P(R6)R7 as 

noted above, the chemical structures of a part of the examples indicated as abbreviations 

are shown hereinafter. 

[0114] 

Compound 12 
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10 

Ph "f 
t-Bu 

cBRIDP 

^ >R, V f \ Ph 

.lohnPhos (R'CyciohcxyS) MePhos (R-Cyclohexyl) XPhos (R™Cycif,iie*yi) SPhos (R=Mcihyl) 
Cy-JnhnPhos (R- t-Bii) i-Bu-MePhos (,R= i-Bti) t-Bu-XPhos {R= t-Bu) RuWios (R=i-Pr) 

JK ^ rK* ~PRa tCf ^ 
cataCXium A lli=n-Ru) cataCXium PtB(K=t-l3u) caiaCXiumPOMetB (It—t-Bu) cataCXium PlrnS (R=t-8u) 

cataCXium ABn (R-Bcnzyl) cataCXium PCy (R=Cycioitexyl) eawCXium POMeCy (R=Cyclohcxyl) cataCXium PlnCy {R=Cyclohexyl) 

t. t-Bu t-Bu 

{•8u PhV 
Ph—p-^—Ph 

Ph^'^<X^Ph 
} pr Ph JOSIPHOS 

cataCXium PICy Q-Pbos (R)-(S)-PPF-P^RLI, (RMS)-PPF-PCy2-EtOH 

[0115] 

The bidentate ligand includes a phosphine-type ligand represented by 

R8(R5)PRIOP(Rn)R12, an amine-phosphine-type ligand represented by 

15 R8(R9)PR!0N(Rn)R12, an amine-type ligand represented by Rs(Rs)NR10N(Rn)R12 

(wherein R8, R9, R11, and Ri2 each independently represent a C5 to C8 alkyl group, a Ci to 

C4 alkoxy group, an alicyclic hydrocarbon group, a C6io C12 aryl. group, a heteroaryi 

group, a Qto Cn aryloxyl group, or a heteroaryloxy group. R10 represents a Cx to C8 

alkylene group, a divalent alicyclic hydrocarbon group, a C6 to C12 arylene group, or a 

20 heteroarylene group. Furthermore, when R31 and R12 bind to a nitrogen atom, the nitrogen 

atom bonded to Rn and R12, R11, and R12 may form a heteroaryi group together), 

heteroarene, 1,5-cyclooctadiene, 2-(dimethylamino)ethanol, and the like. Moreover, as 

the amine-type ligand, examples of the heteroaryi group that can be formed by the 

^ 1 I ^ II [ nitrogen atom bonded to R' and R ~, R , and R * together include a pyrrolyl group, an 
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isoxazoiyl group, an isothiazolyl group, a pyrazolyl group, an oxazolyl group, an 

imidazofyl group, a triazolyf group, a tetrazolyl group, a pyridyl group, a pyrimidyl group, 

a pyridazyl group, a pyrazyl group, a thiazolyl, and the like. 

[0116] 

5 The phosphine-type ligand represented by R8(R9)PR10P(Rn)R12 includes, for 

examp le, 1-15-bis(diphenylphosphino)ferrocene, 1,1 '-bis(/er?-Z>utyI)ferrocene3 

diphenylphosphinomethane, l,2-bis(diphenylphosphino)ethane, 

1.3-bis(diphenylphosphino)propane, l,5-bis(diphenylphosphino)pentane, 

l,2-bis(dipentafhiorophenylphosphino)ethane, l,2-bis(dicyclohexylphosphino)ethane, 

1.0 1,3-(dicyclohexyJphosphino)propane, 1,4-bis(dicyclohexylphosphino)butane, 

l,2-bis(di-/ert-butylphosphino)ethane, i,3-bis(di-?erf-butylphosphino)propane, 

1.4-bis(di-ter/-butylphosphino)butane, 1,2-bis(diphenylphosphsno)benzene, BINAP, 

BIPHEMP, PKOPHOS, DIOP, DEGUPHOS, DIPAMP, DuPHOS, NORPHOS, I'NNP, 

SKEWPHOS, BPPFA, SEGPHOS, CHIRAPHOS, DPEphos, Xantphos, and the like. 

15 [0117] 

The amine-phosphine-type ligand represented by R8(R9)PR10N(R]1)R!2 includes, for 

example, 2-di(te^butyl)phosphino-2'-(jV,AMimethylamino)biphenyl, DavePhos, 

r-Bu-DavePhos, TrippyPhos, BippyPhos, and the like. 

[0118] 

20 The amine-type ligand represented by R8(R9)NR30N(R!1)R12 includes, for example, 

l,4-diazabicyc!o[2,2.2]octane, tetramethylethylenediamxne, 

N,N-dimethytethylenediamine} N,N'-dimethylethyienediamine, 2-aminomethylpyridine, 

(NE)-iV-(pyridin-2-ylm.ethyIidene)aniline, and the like. 

[0119] 
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Heteroarenes include, for example, 2,2'-bipyridyl, 4,4'-(ter/-butyl)bipyridyl, 

phenanthroline, 2,2,-bipyrimidyl, and the like. 

[01201 

Among the examples of the phosphine-type ligand represented by 

R8(R9)PR10P(RU)R12 as noted above, the chemical structures of a part of the examples 

described as abbreviations are shown below: 

[0121] 

Compound 13 

10 
R\zP<C6H5)2 

>(CeH5S2 

PROPHOS 
PROPHOS(R=CH3) 

BENZPHOS(R-C6H3CH2) 
CyCPHOS(R=C6Hu) 

R-NCC 
P(C8H5)2 

P(CSK6)2 

DEGUPHOS 

.PR2 xu 
DIOP 

DIOP(R-C,,H5) 
CyDIOP(R-C6Hn) 

H3CQ 
Ph 

^~A\ /, 

j 

HaCO 
DIPAMP 

15 

P(C6HS(2 

P(C6HS)2 

NORPHOS 

V.P(C8H5fc 

•^\[C SHSJ? 

CHIRAPHOS 

r H 
^ P(C6HS>2 

V^P(C6HS)2 

H 

PNTNP 

-P(C6H5)2 

-P(C6H5)2 

SKEWPHOS 

P{C6H5}2 

P(C6HS)2 

o 
P^HS)2 P*CeHs)2 

OPEnhos 

Ph-

t- Bu' 

,N-
// 

t-Bu 

.P 

DavcPlios (R»CycIohexy!) 
i-Bu-MePhos fR- t-Bu) 

Ph 
TrippyPhos 

SEGPHOS 

P(CeH5)2 P(C6H5}2 

Xantnlios 

Ph—& V 

/">h 
j—N >Bu 

BippyPhos 

P(C6H5)2 

.P(C6H5)2 

Hg-Bl'NAP 

R 
DuPHOS 

Me-DuPHOS(R-CHj) 
Et-DoPHOS(R=C?H5) 
i-Pr-DuPHOS(R-'i-Pr) 

52 



[0122] 

Derivatives of BINAP are also included as BINAP, and the specific examples 

include 

2,2'-bis(diphenylphosphino)~ 1,1 '-binaphthyi, 

2,2,-bis(di-/?-tolyIphosphino)-l,r-bmaphthyl, 

2,2*-bis(di-p-tert-butylphenylphosphino)-l, 1 '-binaphthyi, 

2,2>-bis(di-m-tolylphosphino)-1,1 '-binaphthyi, 

2,2' -bis(di-3,5-dimethylphenylphosphmo)-1, \' -binaphthyi, 

2?2'-bis(di-/?-methoxyphenylphosphino)-1,1 '-binaphthyi, 

2,2,-bis(dicyclopentylphosphino)-l, 1 '-binaphthyi 

252,-bis(dicyciohexylphosphino)-l,r-binaphthyl, 

2-di(/?-naphthyl)phosphino-2'-diphenylphosphino-l,r-binaphthyl, 

2-diphenyiphosphijio-2'-di(/>-trifluoromethyiphenyl)phosplimo-l,r-bmaphthyl, and the 

like. 

[0123] 

Derivatives of BIPHEMP are also included as BIPHEMP, and. the specific examples 

include 2,2'-dimethyI-6,6,-bis(diphenylphosphino)-l,l '-biphenyl. 2,23-dimethyl-6,6' 

-bis(dicyclohexylphosphino)-1,1' -biphenyl, 

2,2'-dimethyl-454,-bis(dimethylamino)-6,6'-bis(diphenylphospbino)-l,r-biphenyl, 

2,2!54,4'-tetramethyl-6,6'~bis(diphenylphosphino)~l, 1 '-biphenyl, 

2,2'-dimethoxy-6,6,-bis(diphenylphosphino)-!,r-bipheny], 2,2',3,3'-tetramethoxy-6,6'-

bis(diphenylphosphino)-1,1 '-biphenyl, 

2.2',4,4'-tetraniethyl-3,3'-dimethoxy-6,6'-bis(diphenylphosphino)-l,r-biphenyL, 

2.2'-dimethyl-6,6'-bis(di-_p-tolylphosphino)-l,r-biphenyl, 
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2,2,-dimethyl-6,6'-bis(di-/>-ter/-butylphenyiphosphmo)-l,r-biphenyl, 

2,25,4,4'-tetramethyi-3,3>-<iiniethoxy-6,6'-bis(di-/?-methoxyphenylphosphmo)-l}r 

-biphenyl, and the like. 

[0124] 

5 The ligand used in the production method of the present invention may be used as a 

salt. Such a salt includes, for example, a hydrochloride, a hydrobromi.de, a 

tetraphenylborate, a tetrafluoroborate, and the like. 

[0125] 

As the ligand used in the production method of the present, invention, above all, the 

10 phosphine-type ligand is preferable, moreover, the phosphine-type ligand represented by 

R5P{R6)R7 and the phosphine-type ligand represented by R*(R9)PRI0P(RM)R12, and the 

amine-phosphine-type ligand represented by RS(R9)PR10N(RU) Ri2 are preferable, 

[0126] 

As for the phosphine-type ligand represented by R5P(R6)R7, R5 and R6 each, are 

15 independently preferably a C3 to Cg alkyl group or an alicyclic hydrocarbon group, and, 

in addition, more preferably R7 is a Ci to Q alkyl group, an alicyclic hydrocarbon group, 

a Cg to C12 aryl group, or a heteroaryi group. Specific examples include 

tri(ter?-butyl)phosphine, tn(cyclohexyl)phosphine5 fcrt-buty Id icyc lo hexy !p ho sp bine, 

di(/erf-butyl)cyclohexylphosphine, di(rert-butyl)methylphosphine, 

20 2-(2>-dicyclohexylphosphinophenyl)-lJ3-dioxolane, XPhos, SPhos, RuPhos, cataCXium 

A, cataCXium ABn, cataCXium PtB, cataCXium PCy, cataCXium POMetB, cataCXium 

POMeCy, cataCXium PIntB, cataCXium PInCy, cataCXium. PlCy, Q-Phos, JOSIPHOS 

tri(«-butyl)phosphine, tri(rc-octyl)phosphine, salts thereof, and the like. Above all, 

phosphine having 0 or 1 hydrogen atoms bonded to each carbon atom of R5 and R6 is 
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preferable, wherein R5 and R6 are bonded to a phosphorus atom. Specific examples 

include tri(/ert-butyl)phosphme, tri(cyc!ohexyl)phosphine, 

/ert-butyldicyclohexylphosphine, di(fer/-butyl)cycIohexylphosphine, 

di(/err-butyl)methylphosphine, 2-(25-dicyclohexylphosphinophenyl)-lJ3-dioxoIane, 

5 XPhos, SPhos, RuPhos, cataCXium A, cataCXium ABn, cataCXium PtB, cataCXium 

PCy, cataCXium POMetB, cataCXium POMeCy, cataCXium PIntB, cataCXium PInCy, 

cataCXium PICy, Q-Phos, JOSIPHOS, salts thereof, and the like. Furthermore, R7 is 

preferably a C3 to C8 alkyl group or an alicyclic hydrocarbon group. For example, 

tri(fer/-butyl)phosphine, di(ter^butyl)methylpho sphine, 

10 di(Zer/~butyl)cyclohexylphosphine, ferf-butyldicyclohexylphosphine, 

tricyclohexylphosphine, or salts thereof is preferable, in particular, 

di(?er?-butyl)cyclohexylphosphine or a salt thereof is preferable. 

[0127] 

As for the phosphine-type ligand represented by R8(R9)PRl0P(Rn)R12 and the 

15 amine-phosphine-type ligand represented by R8(R9)PR10N(Rn)R12, R8 and R9 each 

independently are preferably a C3 to Cg alkyl group or an aiicyclic hydrocarbon group. 

Moreover, the ligand. having 0 or 1 hydrogen atoms bonded to each carbon atom of R8 and 

R9 is preferable, wherein R8 and R9 are bonded to a phosphorus atom or a nitrogen atom. 

Examples include l,r-bis(ter/-hutyl)feTTOcene, l,2-bis(dicyclohexylphosphino)ethane, 

20 l,3-(dicyclohexylphosph.ino)propane, 1.4-bis(dicycIohexylphosphino)butane, 

l,2-bis(di-ter/-butyIphosphino)ethane> l,3-bis(di-ter/~butylphosphino)propane, 

l,4-bis(di-Zer/-butylphosphino)butane, DavePhos, /-Bu-DavePhos, TrippyPhos, 

BippyPhoS, salts thereof, and the like. 

[0128] 
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Furthermore, the ligand can be used by coordinating to the palladium compound in 

advance. In such a case, it is preferable to use by coordination of a preferable ligand. 

[0129] 

These ligands or salts may be used in mixed combination. 

5 [0130] 

[A base] 

In the course of the reaction, the yield of the compound represented by formula (3) 

can be increased by concomitant usage of bases. Such bases used in the production 

method of the present invention, are, although not limited thereto, among all, lithium 

10 hydride, sodium hydride, potassium hydride, a hydroxide of an alkali metal (lithium 

hydroxide, sodium hydroxide, potassium hydroxide, and cesium hydroxide), a hydroxide 

of a Group 2 element (magnesium hydroxide, calcium, hydroxide, and barium hydroxide), 

a fluoride of an alkali metal (lithium fluoride, sodium, fluoride, potassium fluoride, and 

cesium fluoride), a phosphate of an alkali metal (trilithium phosphate, trisodium 

15 phosphate, trisodium phosphate, and tricesium phosphate), lithium acetate, sodium 

acetate, potassium acetate, a carbonate of an alkali metal or a Group 2 element (lithium, 

carbonate, sodium carbonate, potassium carbonate, cesium carbonate, magnesium 

carbonate, calcium carbonate, and barium carbonate), a hydrogen carbonate of an alkali 

metal or a Group 2 element (lithium hydrogen carbonate, sodium, hydrogen carbonate, 

20 potassium hydrogen carbonate, cesium hydrogen carbonate, magnesium hydrogen 

carbonate, calcium hydrogen carbonate, and barium hydrogen carbonate), a metallic salt 

of Ci to C6 alkoxide (a lithium salt, a sodium salt, a potassium, salt, and a magnesium salt), 

a metallic salt of Cj to C6 alkyl anion (a lithium salt, a sodium salt, a potassium, salt, and a 

magnesium salt), a halide of tetra(Ci to C4 aIkyl)ammonium (fluoride, chloride, and 
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bromide), diisopropylethylamine, tributyl amine, N-methylmorpholine. 

diazabicycloundecene, diazabicyclooctane, imidazole, and the like. 

[0131] 

The "Ci to C6 alkoxide" in the "metallic salt of the C\ to C6 alkoxide (a lithium salt, 

5 a sodium salt, a potassium salt, and a magnesium salt)" used as the base in the production 

method of the present invention includes methoxidc, ethoxide, K-propyloxide, 

isopropyloxide, w-butyloxide, isobutyloxide, fert-butyloxide, ^-pentyloxide, 

isopentyloxide, neopentyloxide, 1 -methylpropyloxide, rc-hexyloxide, isohexyloxide, 

1,1-dimethylbutyloxide, 2,2-dimethyIbutyloxide, 3,3-dimethylbutyloxide, and the like. 

10 [0132] 

The "Ci to Cg alkyl anion" in the "metallic salt of Cj to C<s alkyl anion (a lithium salt, 

a sodium salt, a potassium salt, and a magnesium salt)" used as the base in the production 

method of the present invention includes, methyl anion, ethyl anion, n-propy! anion, 

isopropyl anion, ft-butyl anion, isobutyl anion, ferf-butyl anion, n-pentyl anion, isopentyl 

15 anion, neoperityl anion, 1-methylpropyl anion, w-hexyl anion, isohexyl anion, 

1,1-dimethyIbutyl anion, 2,2-dimethyIbutyl anion, 3,3-dimethyIbutyi anion, and the like. 

[0133] 

As the base in the production method of the present invention, the hydroxide of the 

alkali metal or the Group 2 element, the fluoride of the alkali metal, the phosphate of the 

20 alkali metal, the carbonate of the alkali metal or the Group 2 element,, the hydrogen 

carbonate of the alkali metal or the Group 2 element, are preferable, above all, the 

carbonate of the alkali metal or the hydrogen carbonate of the alkali metal are preferable. 

Moreover, potassium carbonate, potassium hydrogen carbonate, sodium carbonate, 

sodium hydrogen carbonate, or cesium carbonate is preferable, in particular, potassium 
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carbonate, potassium hydrogen carbonate, sodium, carbonate, or sodium hydrogen 

carbonate is preferable, in addition, potassium carbonate or potassium hydrogen 

carbonate is particularly preferable. 

[0134] 

5 These bases may be used in mixed combination. 

[0135] 

[Ct to C40 carboxylic acid or a salt thereof] 

In the course of the reaction, by adding Ci to C40 carboxylic acid, the yield of the 

compound presented by formula (3) and/or the reaction rate can be further increased. The 

10 Ci to C40 carboxylic acid may be used as a salt. Such a salt includes, for example, alkali 

metal salts such as a sodium salt, a potassium salt, a lithium salt and the like; salts of 

Group 2 element, such as a calcium salt, a magnesium salt, and the like; metallic salts 

such as an aluminum salt, an iron salt, a copper salt, a silver salt, and the like, inorganic 

salts such as ammonium salt and the like; organic salts like amine salts such as a 

15 tert-octylamine salt, a dibenzylamine salt, a morpholine salt, a glucosamine salt, a 

phenylglycylalkyl ester salt, an ethylenediamine salt, an N-methylglucamine salt, a 

guanidine salt, a diethylamine salt, a triethylamine salt, a dicyclohexylamine salt, an 

N,N'-dibenzylethyIenediamine salt, a chloroprocaine salt, a procaine salt, a 

diethanolamine salt, an N-benzylphenylamine salt, a piperazine salt, a 

20 tetramethylammonium salt, a tris(hydroxymethyl)ami.nomethane salt, and the like. 

[0136] 

The Cj to C40 carboxylic acid has 1 to 40 carbon atoms including the carbon of the 

carboxyl group, and may contain a halogen atom, an oxo group, and an ether linkage. The 

examples include formic acid, acetic acid, propionic acid, butanoic acid, 
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2-methylpropanoic acid, pentanoic acid, 3-methylbutanoic acid, 2-methyibutanoic acid, 

pivalic acid, 3,3-dimethylbutanoic acid, 2-methylpentanoic acid, 2-methy Ihexanoic acid. 

2-methylheptanoic acid, pentanecarboxylic acid, hexanoie acid, 4-methylpentanoic acid, 

3,3-dimethylbutanoic acid, 2-ethylbutanoic acid, 3-methylpentanoic acid, 

5 2,2-dimethylbutanoic acid, 2,3-dimethylbutanoic acid, heptanoic acid, 3~methyIhexanoic 

acid, 4-methy Ihexano ic acid, 5-methy Ihexano ic acid, 2,2-dimethyipentanoic acid, 

2,3,3-trimethylbutanoic acid, octanoic acid, 2-propylpentanoic acid, 2-eth.ylhexanoic acid, 

3-methylheptanoic acid, 4-methylheptanoic acid, 6-metbylheptano ic acid, 

2,2-dimethylheptanoic acid, 3-methylheptanoic acid, 2,2-diethyIbutanoic acid, 

10 2,2,4-trimethyipentanoic acid, 2-methyloctanoic acid. 2-methylundecanoic acid, 

2-methylnonanoic acid, 2-methyldecanoic acid, 2-ethyldecanoic acid. 

2,2-dimethyhmdecanoic acid, 2-ethyiundecanoic acid, 2-propyldecanoic acid. 

2-hexyldecanoic acid, 2-methylpeiJtadecanoic acid, 2-methylhexadecanoic ackl, 

2-heptylundecanoic acid, 2-raethyloctadeca.noic acid, pristanic acid, 2-decyldodecanoic 

15 acid, 2-dodecyltetradecanoic acid, 2-tetradecylhexadecanoic acid, 

2-hexadecyi-octadecanoic acid, 2-octadecyleicosanoic acid, a-methylcinnamic acid, 

cyclopropylacetic acid, 3-cyclopropylpropionic acid, cyciobutylacetic acid, 

cyclopentylacetic acid, cyclohexylacetic acid, cyclopentylpropiomc acid, 

(2-methylcyclopentyl)acetic acid, cyclopentanecarboxyhc acid, 

20 3-oxocyclopentanecarboxylic acid, cyciopropanecarboxyiic acid, cyclobutanecarboxylic 

acid, cyclohexanecarboxylic acid, cycioheptanecarboxylic acid, 

1-methylcyclopropanecarboxylic acid, 2-methylcyclopropanecarboxylic acid, 

2,2-dimethylcyclopropanecarboxylic acid, 2,2,3,3-tetramethylcyclopropanecarboxylic 

acid, 2-octylcyclopropanecarboxyiic acid, 
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l-(4-methylphenyl)-l-cyclopropanecarboxylic acid, 2~p-toluyl-cyclopropanecarboxyIic 

acid, l-(2-fluorophenyl)cyclopropanecarboxylic acid, l-(3-fl\iorophenyi) 

cyclopropanecarboxylic acid, l-(4-fluorophenyl)cyciopropaiiecarboxylic acid, 

1-(4-chlorophenyl.)cycjopropanecarboxylic acid, 

5 1 -(3-chioropheiiyl)cyciopropanecarboxy]ic acid, 

2-(4-chlorophenyi)cyclopropanecarboxyiic acid, 

l-(2,4-dichlorophenyl)cyclopropanecarboxylic acid, 

1-(3,4-dichiorophenyl)cyclopropanecarboxylic acid, 

2-fluoro-2-phenylcyc-lopropanecarboxyiic acid, 

10 l-(4~metboxyphenyl)cyclopropanecarboxylic acid, 

2-(4-(terZ-butyl;phenyl)cyclopropaiiecarboxyIic acid, 

2,2-difluorocyclopropanecarboxylic acid, 2,2-dichlorocyclopropanecarboxylic acid, 

2-chloro-2-fluorocyclopropanecaTboxylic acid, 

1 -trifluoromethylcyclopropanecarboxylic acid, 

15 2,2-dichloro-l-methylcyclopropanecarboxylic acid, cyclopropane-1,1 -dicarboxylic acid, 

2,2'-oxydiacetic acid, 2,3-dimethylcyclopropanedicarboxyiic acid. 

2,2-dimethylmalonic acid, 2,3-dimethylsuccinic acid, 2,2,3-trimethylsuccinic acid, 

2?2.3,3-tetraniethyisuccinic acid, 2,4-dimethylghitaric acid. 2,2,4-trimethylglutaric acid, 

2,2,4,4-tetrametbylglutaric acid, 2,5-dimethyla.dipic acid, 2,2,5-trimethyladipic acid, 

20 2,2,5,5-tetramethyladipic acid, 2,6-dimethylpimelic acid, 2,2.6-tiimethylpime 1 ic acid, 

2,2,6,6-tetrarnethylpimelic acid, 4-methyicyclobutanecarhoxylic acid, 

4-ethylcyclopropanecarboxylic acid, 3-methoxycyclobutanecarboxylic acid, 

3-chlorocyclobutanecarboxylic acid, 4-chlorobutanecarboxylic acid, 

3-oxo-cyclobutanecarboxyiic acid, 3,3-dimethylcyclobutanecarboxylic acid, 
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1-methylcyclopentanecarboxylic acid, 3-cyclopeiitenecarboxylic acid, 

1-methyicyciopentanecarboxylic acid, 1-meihylcyclohexanecarboxylic acid, 

4-methyIcyclohexanecarboxylic acid, 2-methylcyclohexanecarboxylic acid, 

3-methylcyclohexanecarboxylic acid, cyclooctanecarboxylic acid, 

5 spiro[2.2]pentaiie-l -carboxylic acid, spiro[2.3]hexane-l-carboxylic acid, 

bicyclo[4.1.0]heptatne-7-carboxylic acid, tricycio[3.2.1.02,4]octane-3-carboxylic acid, 

bicyclo[6.1.0]nonane-9-carboxylic acid, bicyclo[2.2.1]heptane-l-carboxylic acid, 

bicyclo[2.2. l]heptane-2-carboxylic acid, 

7,7-dimethyltricyclo[2.2.1,02,6]heptai}.e-l-carboxyIic acid, 5-norbomene~2-carboxylic 

10 acid, norbomane-2-carboxylic acid, 1-adamantanecarboxylic acid, 

3-methyl-adama.ntaiie-l-carboxylic acid, 3-fluoroadamantane-1 -carboxylic acid, 

3,5-dimethyladamantane-l-carboxylic acid, 3-ethyladamantane-l-carboxylic acid, 

3-chloroadamantane-1 -carboxylic acid, 3,5,7-trimethylada.mantane-l-carboxylic acid, 

3-bromoadamantane-l-carboxylic acid, 5-bromo-3-methyladaroantane-l-carboxylic acid, 

15 5-bromo-3-ethyladamantane-l -carboxylic acid, tetrahydro&ran-2-carboxylic acid, 

tetrahydroforan-3-carboxylic acid, tetrahydropyran-4-carboxylic acid, 

tetrahydropyran-3-carboxylic acid, methoxyacetic acid, trichloroacetic acid, 

dichloroacetic acid, chloioacetic acid, fluoioacetic acid, 2-fhioro-2-rnethylpropanoic acid, 

difluoroacetic acid, 2-chloropropanoic acid, 3-ftuoropropionic acid, 2-fluoropropionic 

20 acid, 2-chloropropionic acid, 3-chloropropionic acid, 2-chlorobutanoic acid, 

3-chlorobutanoic acid, 4-chlorobutanoic acid, 2-chloro-2-methylpropanoic acid, 

3-chloro-2s2-dimethyipropanoic acid, 5-chloropentanoic acid, 

2-chloro-3-methylbutanoic acid, dichloroacetic acid, 1 -fluoro-1 -chloroacetic acid, 

2,2-difluoropropionic acid, 2,2-difluorobutanoic acid, 2,2-dichloropropionic acid, 
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2,3-dichloropropionic acid, chiorodifluoroacetic acid, trifluoroacetic acid, 

3.3.3-trifluoropropionic acid, 2-methyl-4.4,4-trifluorobutanoic acid, 

4.4.4-trifluorobutanoic acid, 2,2,3.3-tetrafiuoropropionic acid, 

2,3,3,3,-tetrafluoropropionic acid, and the like. However, the present invention is not 

5 limited thereto. 

[0137] 

As the Cj to C40 carboxylic acid in the production method of the present invention, 

the carboxylic acid is preferred wherein the carbon atom of the carboxylic group at the 

a-position is not the carbon atom on the aromatic ring. Examples include acetic acid, 

10 propionic acid, 2-methyfpropanoic acid, 2-ethyibutanoic acid, pivalic acid, 

2-methylbutanoic acid, 2-methylpentanoic acid, 2-methylhexanoic acid, 

2-methylheptanoic acid, 2,2-dimethyIbutanoic acid, 2,3-dimethylbutanoic acid, 

2,2-dimethylpentanoic acid, 2,3,3-trimethyIbutaaoic acid, 2-ethyIhexanoic acid, 

2,2-diethyibutanoic acid, 2,2.4-trimethylpentanoic acid, 2-methyloctanoic acid, 

15 2-methyhmdecanoic acid, 2-methylnonanoic acid, 2-methyldecanoic acid, 

2-ethyidecanoic acid, 2,2-dimethylundecanoic acid, 2-ethyhindecanoic acid, 

2-propyldecanoic acid, 2-hexyldecanoic acid, 2-methylpentadecano ic acid, 

2-methylhexadecanoic acid, 2-heptyiundecanoic acid, 2-methyloctadecanoic acid, 

pristanic acid, 2-decyldodecanoic acid, 2-dodecyltetradecanoic acid, 

20 2-tetradecylhexadecanoic acid, 2-hexadecyloctadecanoic acid, 2-octadecyleicosanoic 

acid, 3,5-dimethyladamantane-l-carboxylic acid, cyclopropanoic acid, 

2,2,3,3-tetramethyicyclopropanoic acid, cyclopentanoic acid, 1-adamantanecarboxyiic 

acid, 2-chloro-2-methylpropanoic acid, tetrahydrofuran-2-carboxyIic acid, 

2,2'-oxydiacetic acid, 2,3-dimethylcyclopropanedicarboxylic acid, 
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2,3-dimethylcyclopropanedicarboxylic acid, 2,2-dimethylmalonic acid, 

2.3-dimethylsuccinic acid, 2,2,3-trimethylsuccinic acid, 2.2,3,3-tetramethylsuccinic acid, 

2.4-dimethyIglutaric acid, 2,2,4-trimethylglutaric acid, 2,2,4,4-tetramethylglutanc acid, 

2.5-dimethyladipic acid, 2,2,5-trimethyladipic acid, 2,2,5,5-tetramethyladipic acid, 

5 2,6-dimethylpimeIic acid, 2,2,6-trimethylpimelic acid, 2,2,6,6-tetramethylpimelic acid, 

cyclopropane-I,l-dicarboxylic acid, and the like. 

[0138] 

Above all, the CL to C40 carboxylic acid having 0 or 1 hydrogen atoms bonded to the 

carboxyl group at the ^-position is more preferable. Examples include 

10 2-methylpropanoic acid, 2-ethylbutanoic acid, pivalic acid, 2-methylbutanoic acid, 

2-methylpentanoic acid, 2-methylhexanoic acid, 2-methylheptanoic acid, 

2,2-dimethylbutanoic acid, 2,3-dimethylbutanoic acid, 2,2-dimethylpentanoic acid, 

2.3.3-trimethylbutanoic acid, 2-ethylhexanoic acid, 2,2-diethyIbutanoic acid, 

2.2.4-trimethylpentanoic acid, 2-methyloctanoic acid, 2~methylundecanoic acid, 

15 2-methylnonanoic acid, 2-methyldecanoic acid, 2-ethyldecanoic acid, 

2.2-dimethylundecanoic acid, 2-ethyhmdecanoic acid, 2-propyldecanoic acid, 

2-hexyldecanoic acid, 2-methylpentadecanoic acid, 2-methylhexadecanoic acid, 

2-heptylundecanoic acid, 2-methyloctadecanoic acid, pristanic acid, 2-decyldodecanoic 

acid, 2-dodecyltetradecanoic acid, 2-tetradecylhexadecano ic acid, 

20 2-hexadecyloctadecanoic acid. 2-octadecyleicosanoic acid, 

3,5-dimethyladamantane-1 -carboxylic acid, cyclopropanoic acid, 

2,2,3,3-tetramethylcyclopropanoic acid, cyclopentanoic acid, 1-adamantanecarboxyiic 

acid, 2-chloro-2-methylpropanoic acid, tetrahydrofuran-2-carboxylic acid, 

2.3-dimethyl-cyclopropanedicarboxylic acid, 2,2-dimethylmalonic acid, 
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2,3-dimethylsuccinic acid, 2,2,3-trimethylsuccinic acid, 2,2,3,3,-tetramethylsuccinic 

acid, 2,4-dimethylglutaric acid, 2,2,4-trimethylglutaric acid, 2,2,4,4-tetramethylglutaric 

acid, 2,5-dimethyIadipic acid, 2,2,5-trimethyladipic acid, 2,2,5,5-tetramethyladipic acid, 

2,6-dimethylpimelic acid, 2,2,6-trimethylpimelic acid, 2,2,6,6-tetramethylpimelic acid, 

5 cyclopropane-1,1 -dicarboxylic acid, and the like. 

[0139] 

Furthermore, the C-, to C40 carboxylic acid having one carboxyl group is preferable. 

Examples include 2-methylpropanoic acid, 2-ethylbutanoic acid, pivalic acid, 

2-methylbutanoic acid, 2-methylpentanoic acid, 2-methylhexanoic acid, 

10 2-methylheptanoi.c acid, 2,2-dimethylbutanoic acid, 2,3-dimethylbutanoic acid, 

2,2-dimethy Ipentano ic acid, 2,3,3 - trimethylbutano ic ac id, 2-ethylhexano ic acid, 

2,2-diethylbutanoic acid, 2,2,4-trimethylpentanoic acid, 2-methyloctanoic acid, 

2-methylundecanoic acid, 2-methylnonanoic acid, 2-methyldecaiioic acid, 

2-ethyldecanoic acid, 2,2-dimethylundecanoic acid, 2-ethylundecanoic acid, 

15 2-propyldecanoic acid, 2-hexyldecanoic acid, 2-methylpentadecanoic acid, 

2-methylhexadecanoic acid, 2-heptylundecanoic acid, 2-methyloctadecanoic acid, 

pristanic acid, 2-decyldodecanoic acid, 2-dodecyltetradecanoic acid, 

2-tetradecylhexadecanoic acid, 2-hexadecyioctadecanoic acid, 2-octadecyleicosanoic 

acid, 3,5-dimethyladamantane-l-carboxylic acid, cyciopropanoic acid, 

20 2,2,3,3-tetramethylcyclopropanoic acid, cyclopentanoic acid, l-adamantanecarboxylic 

acid, 2~chloro-2-methylpropanoic acid, tetrahydrofuran-2-carboxylic acid, and the like. 

[0140] 

Particularly, the Ci to C40 carboxylic acid consisting of only carbon atoms and 

hydrogen atoms except the carboxyl group is more preferable. Examples include 
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2-methylpropanoic acid, 2-ethylbutanoic acid, pivalic acid, 2-methylbutanoic acid, 

2-methylpentanoic acid, 2-methylhexanoic acid, 2-methylbeptanoic acid, 

2,2-dimethyIbutanoic acid, 2,3-dimethylbutanoic acid, 2,2-di.methylpentanoic acid, 

2,3,3-trimethylbut.anoic acid, 2-ethylhexanoic acid, 2,2-diethylbutanoic acid, 

5 2,2,4-trimethylpentanoic acid, 2-methyloctanoic acid, 2-methylundecanoic acid, 

2-methylnonanoic acid, 2-methyldecanoic acid, 2-ethyldecanoic acid, 

2,2-dimethylundecanoic acid, 2-ethylundecanoic acid, 2-propyldecanoic acid, 

2-hexyldecanoic acid, 2-methylpentadecanoic acid, 2-methyIhexadecanoic acid, 

2-heptylundecanoic acid, 2-methyloctadecanoic acid, pristanic acid, 2-decyidodecanoic 

10 acid, 2-dodecyltetradecanoic acid, 2-tetradecylhexadecanoic acid, 

2-hexadecyloctadecanoic acid, 2-octadecyleicosa.noic acid, 

3.5-dimethyladamantane-1 -carboxylic acid, cyclopropanoic acid, 

2,2,3,3-tetrame;hylcyclopropanoic acid, cyclopentanoic acid, 1-adamantanecarboxylic 

acid, and the like. 

Above all, the Ci to C34 carboxylic acid is more preferable; in particular, Ci to C12 

carboxylic acid is more preferable. Examples include 2-methylpropanoic acid, 

2-ethylbutanoic acid, pivalic acid, 2-methylbutanoic acid, 2-methylpentanoic acid, 

2-methylhexanoic acid, 2-methylheptanoic a.cid, 2,2-dimethylbutanoic acid, 

20 2,3-dimethylbutanoic acid, 2,2-dimethylpentanoic acid, 2,3,3-trimethylbutanoic acid, 

2-ethylhexanoic acid, 2,2-diethylbutanoic acid, 2,2,4-trimethylpentanoic acid, 

2-methyloctanoic acid, 2-methylundecanoic acid, 2-methylnonanoic acid, 

cyclopropanoic acid, 2,2,3,3-tetramethylcyclopropanoic acid, cyclopentanoic acid, 

l-adamantanecarboxylic acid, and the Mice. Above all 2-methylpropanoic acid or pivalic 

15 [0141 
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acid is preferable 

[0142] 

As a Ci to C40 carboxylic acid or a salt thereof, these C\ to C40 carboxylic acids or 

salts thereof may be used in combination. 

5 [01.43] 

[An additive] 

In the course of the reaction, by adding at least one additive selected from the group 

consisting of copper, silver, and salt thereof, the improvement of the yield of the 

compound represented by formula (3), the improvement of the reaction rate, the reduction 

10 in the amount of the palladium compound, and/or the suppression of side reactions, and 

the like can be achieved. 

Copper and salts thereof include zerovalent copper, a monovalent copper salt, and a 

divalent copper salt. In particular, zerovalent copper or a monovalent copper salt is 

15 preferred. The monovalent copper salts include, for example, copper(I) halides (copper® 

fluoride, copper(I) chloride, copper(I) bromide, and copper® iodide), copper® 

carboxyiates (copper® formate, copper® acetate, copper® propionate, copper® 

2-methylpropanoate, copper® 2-ethyIbutanoate, copper® 2-methylbutanoate, copper® 

2-methylpentanoate, copper® 2-methyihexanoate, copper® 2-methylheptanoate, 

20 copper® 2,2-dimethylbutanoate, copper® 2,3-dimethylbutanoate, copper® 

2,2-dimethyIpentanoate, copper® 2,3,3-tri.methyIbutanoate, copper® 2-ethylhexanoate, 

copper® 2,2-diethylbutanoate, copper® 2,2,4-trimethylpentanoate, copper® 

2-methyloctanoate, copper® 2-methylundecanoate, copper® 2-methylnonanoate, 

copper® pivalate, copper® cyclopropanoate, copper® 

0144] 
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2,2,3,3-tetramethylcyclopropanoate, copper(I) cyclopentanoate, copper(I) 

1-adamantanecarboxylate, and the like, although not limited thereto), copper® 

tetrafluoroborate, copper® sulfate, copper(I) nitrate, copper® cyanide, copper(I) 

thiocyanide, copper(J) phosphate, copper® oxide, copper® sulfide, hydrates thereof, 

5 and the like. 

[145] 

Above ail, copper(I) oxide, copper (I) halides. or copper(I) carboxylates is 

preferable. In particular, copper(I) chloride, copper® bromide, copper(I) 

2-methylpropanoate or copper(I) pivalate are preferable. 

10 [0146] 

Silver and salts thereof include zerovalent silver, a monovalent silver salt, and a 

divalent silver salt, and above all, zerovalent silver or a monovalent silver salt is preferred. 

The monovalent silver salts include, foi example, silver(I) halides (silver(I) fluoride, 

silver® chloride, silver® bromide, silver® iodide), silver® carboxylates (silver® 

15 formate, silver (I) acetate, silver® propionate, silver® 2-methylpropanoate, silver® 

2-ethylbutanoate, silver® 2-methylbutanoate, silver® 2-methyIpentanoate, silver® 

2-methyihexanoate, silver® 2-methylheptanoate, silver® 2,2-dimethylbutanoate. 

silver® 2,3-dimethy Ibutano ate, silver(l) 2,2-dimethyipentanoate, silver(I) 

2,3,3-trimethylbutanoate, silver(I) 2-ethylhexanoate, silver® 2,2-diethylbutanoate, 

20 silver® 2,2,4-trimethylpentanoate, silver® 2-methyloctanoate, silver® 

2-methylundecanoate, silver(l) 2-methylnonanoate, silver® pivalate, silver(l) 

cyclopropanoate, silver® 2,2,3,3-tetramethylcyclopropanoate, siiver®cyclopentanoate. 

silver(I) I-adamantanecarboxylate. and the like, although not limited thereto), silver® 

tetrafluoroborate, silver® sulfate, silver® nitrate, silver(f) cyanide, silver® thiocyanide, 
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silver(I) carbonate, silver© phosphate, silver(I) oxide, silver(I) sulfide, silver(I) Ci to Q 

alkoxylate, hydrates thereof, and the like. 

[0147] 

Above all, silver® oxide, silver® halide. or silver® carboxylate is preferable. In 

5 particular, silver® chloride, siiver(I) bromide, siiver(I) 2-methylpropanoate, or silver® 

pivalate is preferable. 

[0148] 

Copper, silver, and salts thereof used in the production method of the present 

invention as the additive may be used by forming complexes. Such examples include a 

10 dimethylsulfide complex, a triphenylphosphine complex, a trimethylphosphine complex, 

a tetrahydrofuran complex, and the like. 

[0149] 

These additives may be used in combination. 

[0150] 

15 Instead of using the "palladium compound" and the "Ci to C40 carboxylic acid or 

salts thereof independently, carboxylic acid salts of the palladium compound (for 

example, palladium®) propionate) or complexes thereof may be used when they are 

commercially available or easy to prepare. Similarly, the carboxylic acid salt of copper or 

silver, or complexes thereof may be used, instead of using the "Cj to C40 carboxylic acid 

20 or salts thereof and the "additive" independently. Such C\ to C40 carboxylic acid salts 

include salts of divalent palladium, monovalent copper, or monovalent silver. 

[0151] 

When a palladium compound salt, a copper salt, a silver salt of the Ci to C40 

carboxylic acid, or a complex thereof is used, the "Ci to C40 carboxylic acid or a salt 
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thereof maybe additionally used. 

[0152] 

In the divalent palladium salt, a monovalent copper salt, or a monovalent silver salt 

of the Cj to C4o carboxylic acid, which is commercially available or easy to prepare, 

5 examples of the Q to C40 carboxylic acid include formic acid, acetic acid, propionic acid, 

2-methylpropanoic acid, 2-ethylbutanoic acid, 2-methylbutanoic acid, 2-methylpentanoic 

acid, 2-methylhexanoic acid, 2-methylheptanoic acid, 2, 2-dimethyIbutano ic acid, 2, 

3-dimethylbutanoic acid, 2, 2-dimethylpentanoic acid, 2, 3, 3-trimethylbutanoic acid, 

2-ethylhexanoic acid, 2, 2-diethylbutanoic acid, 2,2,4-trimethylpentanoic acid, 

10 2-methyloctanoic acid, 2-methylundecanoic acid, 2-methylnonanoic acid, pivalic acid, 

cyclopropano ic a.ci d, 2,2,3,3-tetramethylcyc lopropano ic acid, eye lopentano ic acid, 

1-adamantanecarboxylic acid, and the like. 

[0153] 

In the production method of the present invention, a reducing agent for reducing 

1.5 palladium compounds may be used in conjunction with the palladium compound. 

Examples include zinc, magnesium, triethylsilane, and silane supported by a resin or 

silica gel, and the like. 

[0154] 

In the production method of the present invention, an antioxidant that prevents the 

20 oxidation of palladium compounds may be used in conjunction with the palladium 

compound. Examples include ascorbic acid and the like. 

[0155] 

The production method of the present invention can be earned out in a broad range 

of temperature. Generally, the production method is performed at 0°C to 200°C 
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preferably at 0°C to 150°C. Furthermore, the reaction under ordinary pressure is desirable, 

however, the process can be earned out under increased or reduced pressure. The reaction 

time is 0.1 to 144 hours, preferably 0.1 to 48 hours. The reaction can be performed in air, 

however, the reaction under a gas that does not have adverse effects on the reaction such 

5 as argon gas, nitrogen gas, and the like is desirable. Moreover, microwave irradiation may 

be applied in the reaction of the present invention. 

[0156] 

Solvents used in the present invention include, although it is not particularly limited 

thereto, aliphatic hydrocarbons (pentane, hexane, cyclohexane, heptane, octane, nonane, 

10 decane, undecane, dodecane, cycloheptane, cyclooctane, and the like), aliphatic 

halogenated hydrocarbons (dichloromethane, chloroform, carbon tetrachloride, 

dichioroethane, and the like), aromatic hydrocarbons (benzene, toluene, xylene, 

mesitylene, chlorobenzene,- and the like), ethers (diethyl ether, dibutyl ether, 

dimethoxyethane (DME), cyclopentyl methyl ether (CPME), f erf-butyl methyl ether, 

15 tetrahydrofuran, dioxane, diethylene glycol dimethyl ether, and the like), ketones 

(acetone, methyl isobutyl ketone, and the like), esters (ethyl acetate, ethyl propionate, and 

the like), acid amides (dimethylformamide (DMF), dimethylacetamide (DMA), 

N-methylpyrrolidone (NMP), and the like), nitriles (acetonitrile, propionitrile. and the 

like), dimethyl sulfoxide (DMSO), water, mixed solvents thereof, and the like. 

20 [0157] 

Above all, aliphatic hydrocarbons, aromatic hydrocarbons, ethers, ketones, esters, 

mixed solvents thereof, or the like is preferable. 

[0158] 

The amount of the compound of formula (2) relative to the compound of formula (1) 
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used in the production method of the present invention may be in a range from 1 mole % 

to 1000 mole %. The range is preferably 50 .mole % to 200 mole %, more particularly, the 

range from 75 mole % to 125 mole % is preferable. 

[0159] 

5 The amount of the palladium compound, the ligand or salts thereof, or the Q to CUo 

carboxylic acid or salts thereof used in the production method of the present invention 

may be in a range of 100 mole % or less relative to the compound of formula (1) or the 

compound of formula (2). Preferably the range is 0.001 mole % to 20 mole %, more 

preferably, 0.01 mole % to 5 mole %. 

10 [0160] 

The amount of the additive used in the production method of the present invention 

may be in a range of 1000 mole % or less relative to the compound of formula (1) or the 

compound of formula (2). Preferably, it is 0. 001 mole % to 100 mole %, more preferably, 

0. 01 mole % to 20 mole %. 

15 [0161] 

The amount of the base used in the production method of the present invention may 

be in a range of 1000 mole % or less relative to the compound of formula (1) or the 

compound of formula (2). Preferably, it is in a range of 25 mole % to 500 mole %. 

[0162] 

20 The amount of the solvent used in the production method of the present invention 

may be 1000 times or less in weight relative to the compound of formula (1) or the 

compound of formula (2). Preferably, it is 0.1 times to 100 times. More preferably, it is 

0.1 times to 20 times. Furthermore, 0.5 times to 20 times is more preferable. 

[0163] 
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The order of addition of the compound of formula (1), the compound of formula (2), 

the palladium compound, the ligand or a salt thereof, the base, the Cj to C40 carboxylic 

acid or a salt thereof, the additive, and the solvent used in the production process of the 

present invention is arbitrary and the most appropriate order may be selected depending 

5 on the combination of the reagents used. 

[0164] 

The " moie %" represents a concentration of a certain material, which is calculated 

by dividing the number of moles of the material by 100 mole of the relevant material. 

[0165] 

10 The compound represented by formula (1) used in the production method of the 

present invention can be prepared by the following methods. 

[0166] 

Synthesis method (1) 

Compound 14 

20 [01.67] 

In the reaction formula, X represents an oxygen atom, and the definition of R1, R2, A, 

and Y is the same as defined in formula (1). L1 represents a leaving group and includes a 

halogen atom, a methanesulfonyioxy group, a trifluoromethanesulfonyloxy group, a 

p-toluenesulfonyloxy group, and the like. 
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[0168] 

Specifically, the compound represented by formula (i) can be produced by reacting 

the compound (a) with the compound (b) in the presence of a suitable base in a suitable 

solvent under a suitable temperature condition. 

5 [0169] 

The solvents used are not particularly limited and include, for example, aliphatic 

hydrocarbons (hexane, cyclohexane, heptane, and the like), aliphatic halogenated 

hydrocarbons (dichloromethane, chloroform, carbon tetrachloride, dichloroethane, and 

the like), aromatic hydrocarbons (benzene, toluene, xylene, chlorobenzene, mesitylene, 

1.0 and the like), ethers (diethyl ether, dibutyl ether, dimethoxyethane (DME), cyclopentyl 

methyl ether (CPME), tetrahydrofuran, dioxane, and the like), esters (ethyl acetate, ethyl 

propionate, and the like), acid amides (dimethylformamide (DMF), dimethylacetamide 

(DMA), N-methylpyrro 1 idone (NMP), and the like), nitrites (acetonitrile, propionitrile, 

and the like), dimethyl sulfoxide (DMSO), water, mixed solvent thereof, and the like. 

15 [0170] 

The bases used include, for example, lithium hydride, sodium hydride, potassium 

hydride, sodium hydroxide, potassium hydroxide, sodium carbonate, potassium 

carbonate, cesium carbonate, potassium fluoride, cesium fluoride, tripotassium phosphate, 

sodium acetate, potassium acetate, and the like, metallic salts of a Ci to Q, alkoxides 

20 (lithium salt, sodium salt, and potassium salt), metallic salts of a Ci to C6 alkyl anion 

(lithium salt, sodium salt, and potassium salt), diisopropylethylamine, tributylamine, 

Af-raethylmorpholine, diazabicycloundecene, diazabicyclooctane, imidazole, and the 

like. 

[0171] 
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For example, the synthesis can be carried out by referring to Reference Examples of 

the present invention or the methods described in "Bioorg. Med. Chem. Lett. 2004:14, 

2547-2550", and the like. 

[0172] 

5 Synthesis Method (2) 

R2 (5) R2 (1) 

Compound 15 

[0173] 

It the reaction formula, X represents an oxygen atom, and the definition of R!, R2, A, 

and Y is the same as defined in formula (1). In this reaction, the Mitsunobu reaction can 

15 be employed. For example, the reaction can be carried out in the presence of diethyl 

azodicarboxylate (DEAD), diisopropyl azodicarboxylate (DIAD), 

1,1' -(azodicarbonyl)dipiperidine (ADDP), 1,1 '-azobis(N,N-dimethylformamide) 

(TMAD), or the like, and in the presence of triphenylphosphine, tributylphosphine or the 
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like, in a solvent such as tetrahydrofuran, diethyl ether, 1,2-dimethoxyethane, 

dichloromethane, or toluene and the like at a temperature ranging from 0°C to 150°C. 

[0174] 

The compound represented by formula (1) can be synthesized by reacting using the 

5 Mitsunobu reaction and its related reactions described in "Bull. Chem. Soc. Jpn. 1967: 40, 

2380", "Synthesis 1981: 1", and "Org. React. 1992: 42, 335" 

[0175] 

The compound represented by formula (1) can also be synthesized by using other 

existing generally known ether synthesis methods. For example, by referring to general 

10 textbooks on the organic synthesis such as "Jikken Kagaku Koza 20, 4th Ed., Organic 

synthesis II, alcohols and amines, pp. 187-205, Ed., The Chemical Society of Japan 

(Maruzen Co., Ltd.)" and the like. 

[0176] 

Among the compounds represented by formula (2), the compound having a thiazole 

15 ring as B can be synthesized, for example, by referring to the following schemes, 

although they are commercially available in some cases. 

[0177] 

Compound 16 

[0178] 

In the above-mentioned reaction scheme, the definition of R3 and R4 is the same as 

defined in formula (2) of the present invention. X' represents a halogen atom. 
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[0179] 

2-AminothiazoIe derivatives synthesized by the thiazole cyclization reaction of 

Step 1 in the above-mentioned scheme can be synthesized by referring to the methods 

described in "Pharmaceutical Chemistry Journal 2007, 41, 105-108", "Pharmaceutical 

5 Chemistry Journal 2001: 35, 96-98", "WO 2005/075435", "WO 2005/026137", and the 

like. The reaction of Step 2 in the above-mentioned scheme can be carried out by 

referring to "Journal of Heterocyclic Chemistry, 1985: 22, 1621-1630", "Journal of the 

Chemical Society, Perkin Transactions 1: Organic and Bio-Organic Chemistry, 1982: 1, 

159-164", and "Bioorganic & Medicinal Chemistry Letters, 2008:18, 6231-6235". In 

10 addition, for example, the thiazole derivative represented by formula (2) can be 

synthesized by referring to "WO 2002/051849" and "WO 2001/062250". 

Among the compounds represented by formula (2), various compounds having a 

pyridine ring as B are commercially available, and many synthetic methods of these 

15 compounds have been reported as well as available for purchase, therefore, these 

compounds can be synthesized by using those techniques. 

Among the compounds represented by formula (2). the compound wherein B is an 

isoxazole ring or an isothiazole ring (in formula (2), W represents an oxygen atom or a 

20 sulfur atom), although they are commercially available in some cases, can be synthesized 

by referring, for example, to the methods described in "Ttetrahedron Letters 1968: 

5209-5213", "Synthesis 1970: 344-350", "Angewandte Chemie 1967:79, 471-472" and 

"Chemische Berichte, 1973:106, 3291-3311". 

When the compound represented by formula (3) in the present invention is used as 

[0180] 

0181] 
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an intermediate, the phenyl-substituted heterocyclic derivative as the final product can be 

obtained by a hydrolysis reaction and the like. 

[EXAMPLES] 

5 [0182] 

The present invention will be specifically illustrated by the following examples. 

However, the scope of the present invention is not limited in any sense by these examples. 

[0183] 

hi the present examples, the following instruments and the like were used for 

10 analysis and purification. 

TLC: E. Merck silica gel 60 F254 (0. 25 mm) 

Flash column chromatography: Biotage Flash, Si40 

Liquid. Chromatography/Mass Spectrometry (LC/MS) 

Analytical System: SHIMAZU LCMS-2010A 

15 Software: LCMS Solution 

Experimental Condition: 

Column: Phenomenex Gemini 3 j.im4. 6 mmX30 mm 

Flow rate: 1.2 mL/min 

Measurement Temperature: 40°C 

20 A Solvent: 5% MeCN/95% H20+0. 05% TFA 

B Solvent: 95% MeCN/5% I-I2CH-0. 05% TFA 

MS-mode: ESI+ 

ESI Voltage: 4. 5 KV 

Source Temp: 130°C 
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Desolvation Temp: 320°C 

[0184] 

Table 8 

Time 
[min] 

A ra... B 
[%) 

Flow 
[ml/min] 

1 0.01 95 5 1.2 
2 0.3 80 40 1.2 
3 2.3 0 100 1.2 
4 3.8 0 100 1.2 
5 4.0 95 5 1.2 | 
6 4.5 95 5 0 

10 A dual column system was employed. 

[0185] 

High Performance Liquid Chromatography (HPLC) 

Analytical System: G1315 A Hewlett Packard series 1100 

15 Software: ChemStation for LC 3D 

Experimental Condition: 

Column: Phenomenex Luna Phenyl-Hexyl 5 pm 4. 6x100 mm 

Flow rate: 1. 0 mL/min 

Wave Length: 240 nm 

20 Measurement Temperature: 40°C" 

A. Solvent: 5% MeCN/95% H200.05% TFA 

B Solvent: 95% MeCN/5% H20-h0.05% TFA 

Gradient: 

0^1 min 10% B Solvent 
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10 

15 

1=^14 min. 10=^70% B Solvent 

|4=>24 min 70=»80% B Solvent 

24=>25 min 80=>100% B Solvent 

25=^30 min 100% B Solvent 

30=>32 min 100^10% B Solvent 

32:r^35niin 10% B Solvent 

Nuclear magnetic resonance (NMR): JEOL JNM-AL400 ([H 400MHz) JH~NMR 

shift values are shown in ppm by using tetramethyl silane shift value (5 0.0 ppm) as a 

standard value. The data were described as the following abbreviations, 

s=singlet, d=doublet, dd=doublet of doublets, t=triplet, q=quartet, m^multipiet, 

br=broad signal). 

The proton signal of the carboxylic acid in the lH-NMR spectra in Reference 

Examples and Examples may not be able to confirmed depending cva the measurement 

condition such as solvent and the like. 

[0186] 

[Reference Example 1] 

Synthesis of 5-bromo-2-isobutoxybenzonitrile 

Compound 17 

[0187; 
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After cooling a suspension of sodium hydride (1.64 g, 60% suspension in mineral oil, 

37.5 mmol) inN,N-dimethylformamide (50 mL) to 0°C, 2-methyl-1 -propano 1 (3.47 mL, 

37.5 mmol) was added stepwise. And the reaction mixture was stirred at 25°C for 20 

minutes. Again, the reaction mixture was cooled to 0°C, 2-fluoro-5-bromobenzomtrile 

5 (5.00 g, 25.0 mmol) was added stepwise to the reaction mixture and the mixture was 

stirred at 25°C for 15 hours. After the completion of the reaction, water (100 mL) was 

added and the mixture was extracted with ethyl acetate (3x100 mL). The combined 

organic layer was washed with saturated brine (2x50 mL), and dried over sodium sulfate 

anhydrous. After removing sodium sulfate by filtration, the solvent was evaporated 

10 under reduced pressure, and the resulting crude compound was purified on silica-gel 

chromatography (hexane/ethyJ acetate ~ 9/1) to obtain the titled compound (6.04 g). 

Yield: 95%. 

lK-NMR(400 MHz, CDC13) 5 7.65 (d, J=2.4 Hz, Hi), 7.60 (d, J=9.0 Hz, 2.4 Hz, 

1H), 6.84 (d, J—8.8 Hz, 1H), 3.81 (d, JM6.6 Hz, 2H), 2.22-2.12 (m, IH), 1.06 (d, J-6.6 Hz, 

[Example 1] 

Synthesis of ethyl 2-(3-cyano-4-isobutoxyphenyl)-4-methylth.iazole-5-carboxylate 

Compound 18 

15 6H). 

[0188] 

20 i.O mo!% CuBr-SMe2 
0.60 nioi'/s iPrCOjH 

6.60 moWo PCyiten-Bii)^ 
0.15 mol% PdCU O' 
2.1 equivKjCOj 

toluene 
reflux, 21 hr 

Y. 89% \ 

[0189] 

80 



To a reaction vessel were added 5-bromo-2-isobutoxybenzonitrile (5.08 g, 20.0 

mmol) obtained in the Reference Example 1, ethyl 4-methylthiazole-5-carboxylate (3.60 

g, 21.0 mmol), palladium chloride (5.3 mg, 0.030 mmol), 

di(fert~butyl)cycIohexylphosphine (27.4 mg. 0.120 mmol), 2-methylpropanoic acid (10.6 

5 mg, 0.120 mmol), copper(I) bromide-dimethylsulfide complex (41.1 mg, 0.20 mmol), 

potassium carbonate (5.80 g, 42.0 mmol), and toluene (15.2 mL), and the mixture was 

stirred at 25°C for 5 minutes under a nitrogen gas atmosphere, further heated to reflux 

followed by stirring for 21 hours. After the completion of the reaction, hot filtration was 

carried out to remove insoluble matter. The filtrate was concentrated under reduced 

10 pressure, and the resulting crude compound was purified to obtain the titled compound 

(6.11 g). Yield: 89%. 

?H-NMR(400 MHz, CDC13) 6 8.18 (d, J-2.44 Hz, IH), 8.09 (dd, J-8.78 Hz, 2.20 

Hz, IH), 7.01 (d, 3- 8.78 Hz, 1H), 4.36 (q, >7.07 Hz, 2H), 3.90 (d, J-6.34 Hz, 2H), 2.77 

(s, 3H), 2.26-2.16 (ra, 1.H), 1.39 (t, J-7.I9 Hz, 3H), 1.09 (d, J-6.83 Hz, 6H). 

15 [0190] 

[Example 2] 

Synthesis of ethyl 2-(3-cyano -4-isobutoxyphenyl)-4-raethylthiazoIe-5-carboxylate 

Compound 19 

20 „o 

NO Br 

Q" 

1.0 mol% CsiRr 
0.40 mol% iPrC02H 

».24 mo!% PCy(ten-Bu)2 

0.) 0 mol% PdCl-, _ 
2.1 equiv K.HCO3 

lohienc 
reflux, 8 hr 

Y. 93% 

.O 

NC 

O-

[0191] 

To a reaction vessel were added 5-bromo-2-isobutoxybenzomtrile (5.08 g, 20.0 
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mmol) obtained in the Reference Example 1, ethyl 4-methylthiazole-5-carboxylate (3.60 

g, 21.0 mmol), palladium chloride (3.5 mg. 0.020 mmol), 

di(/c?r/-butyl)cyclohexyiphosphine (11.0 mg, 0.048 mmol), 2-methylpropanoic acid (7.0 

mg, 0.080 mmol), copper(I) bromide (28.7 mg, 0.20 mmol), potassium hydrogen 

5 carbonate (4.21 g, 42.0 mmol), and toluene (15.2 mL), the mixture was stirred at 25°C for 

5 minutes under a nitrogen gas atmosphere, further heated to reflux, and stirred for 8 

hours. After the completion of the reaction, the mixture was hot filtrated to remove 

insoluble matter. The resulting crude compound was purified to obtain the titled 

compound (6.38 g). Yield 93%. 

10 [0192] 

[Example 3] 

Synthesis of ethyl 2-(3-cyano~4-isobutoxyphenyl)-4~methylthiazole~5-carboxylate 

Compound 20 

15 

20 

0193] 

82 



To a test tube-type reaction vessel (60 mL) were added ethyl 

4-methylth.iazole-5-carboxylate (2.14 g, 12.5 mmol), 5-bromo-2-isobutoxybenzonitrile 

(2.54 g, 10.0 mmol) obtained in the Reference Example 1 and xylene (7.6 mL). After 

adding compounds listed in the Table 9 as a palladium compound (0.025 mmol), a ligand 

5 (0.10 mmol), a base (21.0 mmol), a carboxylic acid (0.10 mmol), and an additive (1.0 

mmol), the reaction vessel was filled with nitrogen gas and sealed air-tight. The reaction 

mixture was heated to 140°C and stirred for 24 hours. After the completion of the reaction, 

a part of the reaction solution was diluted with xylene and DMSO and the resulting 

solution was analyzed by HPLC measurement. The total HPLC area % of the compound 

10 A to D and TM(TM means target compound) was adjusted to 100%, the calculated yield 

of the subject material was calculated from each HPLC area %. Calculation of the yield 

from the HPLC area % of the subject material was carried out by applying corresponding 

numbers in the folio wing calculation formula. 

Yield (%) of TM -total amount of TM (mol) / [{total amount of A (mol) + total 

15 amount of C (mol)x2+total amount ofTM (mol)}] xlOO 

Total amount of each compound (mol) =HPLC area value (mAU) of each compound 

/ HPLC area value (mAU/mol) per mol of each compound 

The results are shown in the Table 9. 

[0194] 

20 [Table 9] 
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[0195] 

As shown in the experimental number 1 to 4, the base, the palladium, compound, the 

ligand, and the carboxylic acid are necessary elements for proceeding the reaction. 

Furthermore, the reaction proceeds without additives as shown in the experimental 

5 number 5 and 6; however, yield of target compound in the reaction was dramatically 

improved by adding additives. 

[0196] 

[Example 4] 

Synthesis of ethyl 2-(3-cyano-4-isobutoxyphenyl)-4-methylthiazole-5-carboxylate 

10 Compound21. 

[0197] To a test tube-type reaction vessel (60 mL) were added ethyl 

4-methyIthiazole-5-carboxy!ate (2.14 g, 12.5 mmol), 5-bromo-2-isobutoxybenzonitrile 

(2.54 g, 10.0 mmol) obtained in the Reference Example 1, and a solvent (7.6 mL), a 
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palladium compound (0.025 mmol), a ligand (0.10 mmol), abase (21..0 mmol). carboxylic 

acid (0.10 mmol), an additive (0.10 mmol), and a reducing agent (0.10 mmol.) listed, in the 

Table 10. Thereafter, the reaction vessel was filled with nitrogen gas and sealed air-tight 

and the mixed solution was heated to 140°C and stirred for 24 hours. After the completion 

5 of the reaction, a portion of the reaction solution was diluted with xylene and DMSO and 

the resulting solution was analyzed by HPLC measurement. The total HPLC area % of 

the compound. A to D and TM was adjusted to 100%s the calculated yield of the subject 

material was computed from each HPLC area %. Calculation of the calculated yield from 

the HPLC area % of subject material was carried out by applying corresponding numbers 

10 in the following calculation formula. 

Yield (%) ofTM -total amount of TM (moi) / [{total amount of A (mol) + total 

amount of C (mol) x 2 + total amount of TM (mol) }] xlOO 

Total amount of each compound (mol) =HPLC area value (mAU) of each compouid 

/ HPLC area vaiue (mAU/mol) per mol of each compound 

15 The results are shown in Table 10. Note that the experimental number 22 in the 

Table 10 was performed by using «-butyl acetate as a solvent, causing the conversion of a 

part of ethyl esters in the compound TM, B, and D to butyl esters. Thus HPLC area % of 

the corresponding ethyl esters and butyl esters were added and presented. 

[0198] 

20 [Table 10] 
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[0199] 

As shown in Table 10, the present invention can be conducted by using various 

solvents, bases, palladium compounds, ligands, carboxylic acids, and additives. 

[0200] 

5 As shown in the experimental number 14, the reaction proceeds efficiently even 

when the carboxylic acid salt of the palladium compound is used instead of using the 

palladium compound and the carboxylic acid independently. 

[0201] 

The abbreviations in. Table 10 are as follows: 

10 PCy3-HBF4: tricyclohexylphosphinetetrafliioroborate 

tBuPCy2i fer^-biityidicyciohexylphosphine 

1-ad-CC^H: 1-adamantanecarboxylic acid 

tBuiP-HBR;: tri-ter^biitylphosphme tetrafluoroborate 

PivOH: pivalic acid 

15 Cu (OAc): copper(I) acetate 

2-Me-BuCt>2H: 2-methylbutanoic acid 

Pd(OPi.v)2: palladium(II) pivalate 

Crotyl Dimer: crotyl palladium(II) chloride dimer 

Pd(dba)2 : bis(dibenzylideneacetone) palladium(O) 

20 EtsSil-I: triethylsilane 

Diglyme: diethylene glycol dimethyl ether 

n-Hexadec. n-octadec. CO2H: 2~hexadecyloctadecanoic acid 

3, 5-di.Me-l~ad-CC)2H: 3, 5-d.imethyl-l-adamantaiiecarboxyIic acid 

Cy2p(QH4)-l,3~dioxorane: 2-(2,-dicyclohexylphosphinophenyl)-l,3-dioxolane 
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Cy2P{CH2)4PCy2: 1,4-bis(dicyclohexylphosphino)butane 

[Industrial Applicability] 

[0202] 

5 A novel coupling method comprising coupling between a phenyl derivative 

represented by formula (1) and a heterocyclic derivative represented by formula (2) in the 

presence of a palladium compound, a ligand capable of coordinating to the palladium 

compound, a base, and C\ to C40 carboxylic acid, furthermore one kind of additive or 

more to obtain a phenyl-substituted heterocyclic derivative represented by formula (3) of 

10 the present invention is useful to produce a xanthine oxidase inhibitor, which is a 

therapeutic agent for hyperuricemia, or intermediates thereof in a short process, with high 

yield and at low cost. 
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CLAIMS 

1 A production method comprising reacting a compound represented by the 

following formula (1) 

10 wherein in formula (1), 

R1 represents a hydrogen atom or halogen atom; 

R represents a hydrogen atom, a cyano group, a nitro group, a halogen atom, a 

formyi group or a halomethyl group; 

A represents a hydrogen atom, a Ci to Cg alkyl group, a C3 to C6 cycloalkyl group, a 

15 phenyl group, a fluorine atom only when X is bond, or protecting group for a hydroxyl 

group only when X is an oxygen atom, 

A may be substituted with 1 to 3 substituents, such substituents include a group 

selected from the group consisting of a halogen atom, a Cj to C4 alkyl group, a C\ to C4 

alkoxy group, a Ci to C4 alkylthio group, a C3 to C6 cycloalkyl group, a phenyl group, a 

20 phenoxy group, and a pyridyl group; 

X represents a bond only when A is a phenyl group or a fluorine atom, or an oxygen 

atom; and Y represents a leaving group, 

and a compound represented by the following formula (2) 
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wherein in formula (2), 

H represents a hydrogen atom; 

R3 represents a -COOR3a or -COR3b; 

5 R3a represents a hydrogen atom, a Ci to C4 alkyl group, or an ester-type protecting 

group of a carboxyl group; 

R3b represents an amide-type protecting group for a carboxyl group, the protecting 

group forming an amide with a neighboring carbonyl group; 

R4 represents a hydrogen atom, a halogen atom, or Cj to C4 alkyl, 

10 in the presence of 

(i) a palladium compound, 

(ii) a ligand capable of coordinating to the palladium compound or a salt thereof, 

(iii) a base, 
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(iv) a Ci to C40 carboxylic acid or a salt thereof 

(v) at least one additive selected from the group of consisting of copper, silver, and salts 

thereof, and complexes thereof; 

to produce a phenyl-substituted heterocyclic derivative represented by the following 

5 formula (3) 

Wherein in formula (3), 

the definition of A, X, R3 and R2 is the same as defined in formula (1), and that of RJ 

and R4 is the same as in formula (2). 

10 2. The method of production according to claim 1, wherein A is a C\ to C5 alkyl group. 

3. The method of production according to claim 1, wherein A is an isobutyl group. 

4. The method of production according to any one of claims 1 to 3, wherein X is an 

oxygen atom. 

5. The method of production according to any one of claims 1 to 4, wherein R1 is a 

15 hydrogen atom. 

6. The method of production according to any one of claims 1 to 5, wherein R2 is a 

cyano group. 
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7. The method of production according to any one of claims 1 to 6, wherein Y 

represents a halogen atom, -OCC>2-(Ci to C4 alkyl group), -0C02-(phenyl group), 

-0S02-(Ci to C4 alkyl group), -OSC>2-(phenyl group), or a diazonium group, and ,in Y, the 

Cj to C4 alkyl group can be substituted with 1 to 3 halogen atoms, and the phenyl group 

5 can be substituted with 1 to 5 optional substituents selected from halogen atoms and Q to 

C4 alkyl groups. 

8. The method of production according to any one of claims 1 to 7, wherein R3 is 

COOR3a and R3a is a C\ to C4 alkyl group. 

9. The method of production according to any one of claims 1 to 8, wherein R4 is a 

10 methyl group. 

10. The method of production according to any one of claims 1 to 9, wherein the 

palladium compound is zerovalent palladium, or a salt of monovalent or divalent 

palladium. 

11. The method of production according to any one of claims 1 to 9, wherein the 

15 palladium compound is palladium(II) acetate (Pd(OAc)2), palladium(II) propionate 

(Pd(0(C=0)CH2CH3)2), palladium® 2-methylpropanoate (Pd(0(t>0)CH(CH3)2)2), 
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palladium(II) pivalate (Pd(OPiv)2), palladium(II) chloride (PdCl2), palladium(II) 

bromide (PdBr2), or palladium(O). 

12. The method of production according to any one of claims 1 to 9, wherein the 

palladium compound is palladium(Il) 2-methylpropanoate (Pd(0(C=0)CH(CH3)2)2), 

5 palladium(II) pivalate (Pd(OPiv)2), palladium(II) chloride (PdCk), palladium(II) 

bromide (PdBr2), or palladium(O). 

13. The method of production according to any one of claims 1 to 12, wherein the 

ligand is a phosphine-type ligand. 

14. The method of production according to claim 13, wherein the phosphine-type 

10 ligand is a phosphine-type ligand represented by R5P(R6)R7 (R5 and R6 are each 

independently a C3 to C§ alkyl group or an alicyclic hydrocarbon group wherein the 

number of hydrogen atoms bonded to each carbon atom of R5 and R6 which bind to a 

phosphorus atom is 0 or 1, R7 is a Cj to C§ alkyl group, an alicyclic hydrocarbon group, a 

C& to C12 aryl group, or a heteroaryi group). 

15 15. The method of production according to claim 14, wherein the phosphine-type 

ligand is tri(fer£-butyl)phosphine, di(?er/-butyl)methylphosphine, 

terf-butyldicyclohexylphosphine, di(ter?-butyl)cyclohexylphosphine, or 

tri(cyclohexyl)phosphine. 

16. The method of production according to any one of claims 1 to 15, wherein the 

20 base is a hydroxide of an alkali metal or a Group 2 element, a fluoride of an alkali metal, 

a phosphate of an alkali metal, or a carbonate or a hydrogen carbonate of an alkali metal 

or a Group 2 element. 

17. The method of production according to claim 16, wherein the base is potassium 

carbonate, potassium hydrogen carbonate, sodium carbonate, or sodium hydrogen 
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carbonate. 

18. The method of production according to any one of claims 1 to 17, wherein the 

carbon atom of the carboxyl group at the a-position in the Ci to C40 carboxylic acid is not 

the carbon atom on the aromatic ring and the number of hydrogen atoms bonded to the 

5 carbon atom of the carboxyl group at the a-position is 0 or 1. 

19. The method of production according to claim 18, wherein the C\ to C40 

carboxylic acid contains one carboxyl group and consists of only carbon atoms and 

hydrogen atoms as constituent atoms except for the carboxyl group. 

20. The method of production according to claim 19, wherein the Ci to C40 

10 carboxylic acid is 2-methylpropanoic acid or pivalic acid. 

21. The method of production according to any one of claims 1 to 20, wherein a 

divalent palladium salt of the Ci to C40 carboxylic acid is used instead of using (i) the 

palladium compound and (iv) the C\ to C40 carboxylic acid and a salt thereof 

independently. 

15 22. The method of production according to any one of claims 1 to 20, wherein a 

monovalent copper salt or a monovalent silver salt of the C\ to C40 carboxylic acid is used 

instead of using (iv) the Ci to C40 carboxylic acid or a salt thereof and (v) the additive 

independently. 

23. The method of production according to any one of claims 1 to 22, wherein the 

20 additive is zerovalent copper 01* a salt of monovalent copper. 

24. The method of production according to any one of claims 1 to 22, wherein the 

additive is at least one additive selected from the group consisting of copper(I) oxide, 

copper(I) fluoride, copper® chloride, copper(I) bromide, copper(I) iodide, copper(I) 

formate, copper(I) acetate, copper(I)propionate, copper(I) 2-methylpropanoate, copper(I) 
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2-ethylbutanoate, copper(I) 2-methyIbutanoate, copper(I) 2-methylpentanoate, copper® 

2-methylhexanoate, copper(I) 2-methylheptanoate, copper(I) 2,2-dimethylbutanoate, 

copper(I) 2,3 -dimethylbutanoate, copper(I) 2,2-dimethylpentanoate, copper® 

2,3,3-trimethylbutanoate, copper(I) 2-ethylhexanoate, copper(I) 2,2-diethylbutanoate, 

5 copper® 2,2,4-trimethylpentanoate, copper(I) 2-methyloctanoate, copper® 

2-methylundecanoate, copper(I) 2-methylnonanoate, copper® pivalate, copper® 

cyclopropanoate, copper(I) 2,2,3,3-tetramethylcyclopropanoate, copper(I) 

cyclopentanoate, and copper® 1-adamantanecarboxylate. 

25. The method of production according to any one of claims 1 to 22, wherein the 

10 additive is zerovalent silver or a salt of monovalent silver. 

26. The method of production according to any one of claims 1 to 22, wherein the 

additive is at least one additive selected from the group consisting of silver® oxide, 

silver® fluoride, silver® chloride, silver® bromide, silver® iodide, silver® formate, 

silver (I) acetate, silver® propionate, silver® 2-methylpropanoate, silver® 

15 2-ethylbutanoate, silver® 2-methylbutanoate, silver® 2-methylpentanoate, silver® 

2-methylhexanoate, silver® 2-methylheptanoate, silver® 2,2-dimethylbutanoate, 

silver® 2,3-dimethylbutanoate, silver® 2,2-dimethylpentanoate, silver® 

2,3,3-trimethylbutanoate, silver® 2-ethylhexanoate, silver®. 2,2-diethylbutanoate, 

silver® 2,2,4-trimethylpentanoate, silver® 2-methyloctanoate, silver® 

20 2-methylundecanoate, silver® 2-methylnonanoate, silver® pivalate, silver® 

cyclopropanoate, silver® 2,2,3,3-tetramethylcyclopropanoate, silver® cyclopentanoate, 

and silver® 1-adamantanecarboxylate. 
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