
DESCRIPTION 

[Title of Invention] PROCESS FOR PRODUCING PHENYL-SUBSTITUTED 

HETEROCYCLIC DERIVATIVE THROUGH COUPLING USING TRANSITION 

METAL CATALYST 

[Technical Field] 

[Q00I] 

The present invention relates to a process for producing a phenyl-substituted 

heterocyclic derivative by using a novel coupling process between a phenyl derivative and a 

heterocyclic derivative by the use of a transition metal catalyst More particularly, the 

present invention relates to an excellent process for producing a phenyl-substituted 

heterocyclic derivative or an intermediate thereof, which is useM. for example, as a 

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

[Background Art] 

[0002] 

The underlying condition of gout is hyperuricemia and, after remission of the gout 

attack, remedies to improve hyperuricemia are carried out. The therapeutic agents for 

hyperuricemia are broadly divided into a uricosuric agent and uric acid synthesis inhibitor 

(xanthine oxidase inhibitor), and are selected appropriately depending on the state and 

degree of the condition. 

[0003] 

The xanthine oxidase (XOD) inhibitors include 2-phenylthiazole derivatives (PTLs 1 to 
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6, NPL I), 3-pheny lisothiazole derivatives (PTLs 7 and 8), phenylpyrazole derivatives 

(PTL 9 to 11). 2-phenyloxazole derivatives (PTL 12), and phenyl-heteroaryl derivatives 

(PTL 13). Hie production processes described in the patent literatures cited in PTLs 1 to 12 

are those wherein heterocyclic rings are formed by production processes comprising a 

series of consecutive reactions and. thus, involve a large number of steps. The production 

process described in PLT 13 is a process wherein the skeleton is formed by direct coupling 

of a phenyl ring with a heterocyclic ring and, thus, involves a small number of steps. 

However, in this process, it is necessary to prepare boron compounds and therefore results 

in a higher cost. Thus, tbis process is not yet satisfactory from a standpoint of a low-cost 

production process involving a small number of steps. 

[0004] 

As a process to bind a C-H bond on a heterocyclic ring directly to a phenyl ring without 

the use of boron compounds, there have been reported coupling reactions by using, as a 

catalyst, palladium (NPLs 2 to 10), rhodium (NPL 11), iridium (NPL 12), copper (NPL 13), 

nickel (NPL 14 and 15), cobalt (NPL 16), palladium-copper (NPL 17 to 19), and 

palladium-silver (NPL 20). Among them, the production process using a nickel catalyst is 

related to a synthetic process for a phenyl-substituted heterocyclic derivative which is a 

xanthine oxidase (XOD) inhibitor (NPL 9). However, there has been reported no example 

where a phenyl-substituted heterocyclic derivative of the present invention was synthesized 

by using a metal catalyst other than the nickel catalyst. In addition, none of the reactions is 

satisfactory from a standpoint of substrate restriction, cost, and yield. 
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[Summary of Invention] 

[Technical Problem] 

[0007] 

It is an object of the present invention proposes to provide an excellent short-step 

production process, which is different from the heretofore known production processes 

mentioned above, for a phenyl-substituted heterocyclic derivative or its intermediate, the 

derivative being a xanthine oxidase inhibitor used as a therapeutic agent for gout, 

hyperuricemia, and the like. 

[0008] 

[Solution to Problem] 

The present inventors conducted a diligent research with the above object and, as a 

result, found that the phenyl ring of a phenyl derivative and a C-H bond on a heterocyclic 
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f 

derivative can be coupled directly with high selectivity by use of a transition metal 

compound. 

[0009] 

That is, the present invention relates to the following: 

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

[0010] 

[Formula 1] 

[0011] 

(In the formula (1), R represents a hydrogen atom or halogen atom.; R represents a' 

hydrogen atom, cyano group, nitro group, halogen atom, formyl. group, or. halomethyl 

group; A represents a hydrogen atom, Ci to C% alkyl group, C3 to C& cycloalkyl group, 

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

group (only when X is an oxygen atom), wherein A. may be substituted by 1 to 3 

substituents, such substituent representing a group selected from the group consisting of a 

halogen atom, Ci to C4 alkyl group, Ci to C4alkoxy group, Ci to C4 alkylthio group, C3 to 

Ce cycloalkyl group, phenyl group, phenoxy group, and pyridyl group; X represents a bond 

(only when A is a phenyl group or fluorine atom) or oxygen atom; and Y represents a 

leaving group) 
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and a compound represented by the following formula (2): 

[0012] 

[Formula 2] 

[0013] 

(In the formula (2), H represents a hydrogen atom; and B represents a group selected from 

the following formulae: 

[0014] 

[Formula 3] 

[0015] 

R3 represents C00R33 or COR3b; R3a represents a hydrogen-atom, C] to C4 alkyl group, or 

ester-type protecting group for a carboxyi group; Rjb represents an amide-type protecting 

group for a carboxyi group, the protecting group forming an amide with a neighboring 

carbonyl group; R4 represents a hydrogen atom, halogen atom, or C\ to C4 alkyl group; and 

W represents an oxygen atom or sulfur atom) 
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in the presence of a transition metal compound to produce a phenyl-substituted heterocyclic 

derivative represented by the following formula (3): 

[0016] 

[Formula 4] 

[0017] 

(in the formula (3), A, X, R1, and R2 are the same as defined in the formula (1); and B and 

R3 are the same as defined in the formula (2)). 

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

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

[4] The production process according to any of [1] to [3], wherein X is an oxygen atom. 

[5] The production process according to any of [1] to [4], wherein R1 is a hydrogen atom. 

[6] The production process according to any of [1] to [5], wherein R is a cyano group, 

[7] The production process according to any of [1] to [6], wherein Y represents a halogen 

atom, -0002-(Cj to C4 alkyl group), -OCC>2-(phenyl group), -OSC>2-(Ci to C4 alkyl group), 

-OSC>2-(phenyl group), or a diazonium group, wherein, in Y, the Ci to C4 alkyl group may 

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

3 halogen atoms or Ci to C4 alkyl groups. 

[8] The production process according to any of [1] to [7], wherein B is represented by the 
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following group: 

[0018] 

[Formula 5] 

[0019] 

[9] The production process according to any of [I] to [8], wherein R4 is a methyl group. 

[10] The production process according to any of [1] to [9], wherein the transition, metal 

compound is zero-valent copper or a salt of mono-valent copper. 

[11] The production process according to any of [1] to [9], wherein the transition metal 

compound is zero-valent palladium or a salt of mono- or di-valent palladium. 

[12] The production process according to. any of [1] to [9], wherein the transition metal 

compound is zero-valent palladium or a salt of di-valent palladium. 

[13] The production process according to any of [1] to [9], wherein the transition metal 

compound is zero-valent Cobalt or a salt of di-valent cobalt. 

[14] The production process according to any of [1] to [9], wherein the transition metal 

compound is copper (!) iodide (Cul). 

[15] The production process according to any of [1] to [9], wherein the transition metal 

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

(Pd(0(C=0)CH2CH3)2), palladium (II) 2-methylpropanoate (Pd(0(C-0)CH(CH3)2)2; 

palladium pivalate (Pd(OPiv)2)? palladium (II) chloride (PdCh), palladium (I) bromide 
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(Pd2Br2), or palladium (II) hydroxide (Pd(OH)2). 

[16] The production process according to any of [1] to [9], wherein the transition metal 

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

(Pd(0(CO)CH2CH3)2), palladium (II) 2™methylpropanoate (Pd(0(C=0)CH(CH3)2)2, or 

palladium pivalate (Pd(OPiv)2). 

[17] The production process according to any of [1] to [9], wherein the transition metal 

compound is palladium' (II) acetate (Pd(OAc)2), palladium (II) chloride (PdCh), or 

palladium (II) hydroxide (Pd(OH)2). 

[18] The production process according to any of [1] to [9], wherein the transition metal 

compound is cobalt (II) acetate (Co(OAc)2). 

[19] The production process according to any of [1] to [18], wherein a ligand capable of 

coordinating to the transition metal compound is additionally present during the course of 

the reaction. 

[20] The production process according to [19], wherein the ligand is triphenylphosphine, 

tri(tert~butyi)phosphine, di(tert-butyl)methylphosphine, tert-butyldicyclohexylphosphine, 

di(tert-butyl)cyclohexylphosphine, tri(cychlohexyl)phosphine, 

2-dicyc]ohexylphosphino-2',6'-diisopropoxy-1,1 '-biphenyl, 

2-dicychlohexylphosphiiio-2',4',6'-triisopropyl-l,l'-biphenyl, phenanthrolme, 

1,1'- bis(diphenylpho sphmojferrocene, or salts thereof. 

[21] The production process according to [19]. wherein the ligand is triphenylphosphine, 

tri(tert-butyi)phosphine, di(tert-butyl)methylphosphine, tert-butyldicyclohexylphosphine, 

cli(tert-butyl)cyclohexylphosphine, tri(cycIohexyl)phosphine, phenanthroline, or 

1,1 '-bis(diphenylphosphino)ferrocene. 

[22] The production process according to [19], wherein the ligand is triphenylphosphine, 
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phenanthroline, or l,r-bis(diphenylphosphino)ferrocene. 

[23] The production process according to [19], wherein the ligand is a phosphine-type 

ligand. 

[24] The production process according to [23], wherein the ligand is 

tri(tert-butyl)phosphine, tert-butyldicyclohexylphosphine, di(tert-butyl)methylph.osphine, 

di(tert-butyl)cyclohexylphosphine, tri(cyclohexyl)phosphine, 

2-dicyclohexylphosphino-2'56'-diisopropoxy-l5l '-biphenyl, 

2-dicycIohexylphosphino-2\4\6'-triisopropyl-l,l'-biphenyI, or a salt thereof. 

[25] The production process according to [23], wherein the ligand is 

tri(tert-butyl)ph.osphine, tert-butyldicyclohexylphosphine, di(tert-butyl)methylphosphine5 

di(tert-butyl)cyclohexylphosphine, or tri(cyclohexyl)phosphine. 

[26] The production process according to any of [1] to [25], wherein a base is additionally 

present during the course of the reaction. 

[27] The production process according to [26], wherein the base is lithium tert-butoxide. 

[28] The production process according to [26], wherein the base is potassium carbonate or 

cesium carbonate. 

[29] The production process according to any of [1] to [28], wherein a silver salt is 

additionally present during the course of the reaction. 

[30] The production process according to [29], wherein the silver salt is silver carbonate. 

[31] The production process according to any of [1] to [30], wherein a Cj to C12 carboxylic 

acid or salt thereof is additionally present during the course of the reaction. 

[32] The production process according to any of [1] to [30], wherein a Cj to Cg carboxylic 

acid or a salt thereof is additionally present during the course of the reaction. 

[33] The production process according to [32], wherein the carboxylic acid or salt thereof is 
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2-methylpropan.oic acid, pivalic acid, or a salt thereof. 

[34] The production process according to [32], wherein the carboxylic acid or a salt thereof 

is pivalic acid. 

[0019a] 

In one embodiment, the present invention relates to a process comprising reacting a 
compound represented by the following formula (1): 

1 *5 (In the formula (1), R represents a hydrogen atom, or halogen atom; R^ represents a 

hydrogen atom, cyano group, nitro group, halogen atom, formyl group, or haloinethyl 

group; A represents a hydrogen atom, Ci to Cg alkyl group, C3 to Cg cycloalkyl group, 

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

group (only when X is an oxygen atom), wherein. A may be substituted by 1 to 3 

substituents, such substituent representing a group selected from the group consisting of a 

halogen atom, Cj to C4 alkyl group, Cj to CA alkoxy group, Ci to C4 alkylthio group, C3 to 

Cg c3'cloalkyl group, phenyl group, phenoxy group, and pyridyl group; X represents a bond 

(only when. A is a phenyl group or fluorine atom) or oxygen atom; and Y represents a 

leaving group) 

and a compound represented by the following formula (2): 
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(In the formula (2), H represents a hydrogen atom; 

R3 represents COGR3a or COR3b; R3a represents a hydrogen atom, C\ to C4 alkyl group, or 

ester-type protecting group for a carboxyi group; R3b represents a amide-type protecting 

group for a carboxyi group, the protecting group forming an amide with a neighboring 

carbonyl group; R4 represents a haiogen atom, or Ci to C4 a!kyl group in the 

presence of (i) a transition metal compound selected from the group consisting of zero-

valent palladium and a salt of mon- and di-valent palladium, and (ii) a phosphine-type 

ligand capable of coordinating to the transition metal compound to produce a phenyl-

substituted heterocyclic derivative represented by the following formula (3): 

(in the formula (3), A, X. R", and R~ are the same as defined in the formula (1); and 

R3 and R4 are the same as defined in the formula (2)). 
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[Advantageous Effects of Invention] 

[0020] 

According to the present invention, a phenyl-substituted heterocyclic derivative (a 

compound represented by the formula (3)) can be obtained in a process involving a small 

number of steps by subjecting a phenyl derivative (a compound represented by the formula 

(1)) and a heterocyclic derivative (a compound represented by the formula (2)) to a 

selective coupling reaction by using a transition metal catalyst. 

[0021] 

Furthermore, since the process involves a small number of steps, it is possible to 

produce the phenyl-substituted heterocyclic derivative (a compound represented by the 

formula (3)) in high, yield, and at low cost 

[Description of Embodiments] 

[0022] 

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

the following. Unless otherwise noted, explanation of each substituent shall be common to 

each, position- In addition, a combination of substituents and variables is allowed only when 

such a combination results in a chemically stable compound. When the substituent itself is 

substituted with two or more groups, these many groups can exist on the same or different 

carbon atom as long as a stable structure is formed. 
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[0023] 

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

bromine atom, or iodine atom. 

[0024] 

In the present invention, the "Cj to Cg alkyl group" means a. linear or branched saturated 

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

methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, 

tert-butyl group, n-pentyl group, isopentyl group, neopentyl group, 1-methylpropyl group, 

n-hexyl group, isohexyl group, 1,1 -dimethylbutyl group, 2,2-dimethylbutyl group, 

3,3-dimethylbutyl group, n-heptyl group, n-octyl group, and the like. 

[0025] 

In the present invention, the "Q to C4 alkoxy group" means a group consisting of the 

"Ci to C4 alkyl group" and an oxy group. The examples include a methoxy group, etboxy 

group, 11-propyloxy group, isopropyloxy group, n-butyloxy group, isobutyloxy group, 

tert-butyloxy group, and the like. 

[0026] 

In the resent invention, the "C3 to Cg cycloalkyl group" means a cyclic alkyl group 

having 3 to 6 carbon atoms and includes, for example, a cyciopropyl group, cyclobutyl 

group, cyclopentyl group, cyclohexyl group, and the like. 

[0027] 

In the present invention, the "Ci to C4 alkyltiuo group" means a group consisting of the 

"Cj to C4 alkyl group" and. a thio group. The examples include a methylthio group, 

ethylthio group, n-propylthio group, isopropylthio group, n-butylthio group, isobutylthio 

group, tert-butylthio group, and the like. 
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[0028] 

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

one or more halogen atoms and includes, for example, a trifluoromethyl group, 

difluoromethyl group, fiuoromethyl group, trichloromethyl group, dichloromethyl group, 

chioromethyl group, tribromometliyl group, dibromomoethyl group, bromomethyl group, 

and the like. 

[0029] 

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

departs from the reaction substrate in a substitution reaction, elimination reaction, or the 

like. Such a leaving group includes, for example, a halogen atom, -OCCVCQ to C4 alkyl 

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

diazonium group (-N+=N), or the like. Furthermore, the Q to C4 alkyl group and the phenyl 

group that constitute the leaving group may be substituted with 1 to 3 halogen atoms and 

with 1 to 3 halogen atoms or Ci to C4 alkyl groups, respectively. However, the present 

invention is not limited to these. 

[0030] 

The "protecting group for a hydroxy! group" means a group which protects the 

hydroxy! group. Such a "protecting group for a hydroxy! group" is well known in the art 

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

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

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

as a protecting group for phenol and the like in T. W. Greene and P. G. M. Wuts, "Protective 

Groups in Organic Synthesis (3rd Ed., 1994), (4th Ed., 2006)" and the like, such as a 

benzyloxymethyl group, methoxyethoxymethyl group, phenylthiomethyl group, 
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phenacylmethyl group, 4-bromophenacylmethyl group, cyclopropyimethyl group, allyl 

group, propargyl group, cyclohexyl group, benzyl group, ortho-nitrobenzyl group, 

4-(dimethyIami.no)carbonylbenzyl group, 4-metfaylsulfinylbenzyl group, 9-anthranylmethyl 

group, 4-picoryl group, trimethylsilyl group, tert-butyldimethylsilyl group, 

tert-butyldiphenylsilyl group, triisopropylsilyl group, formyl group, -(C=0)-(Ci to C4 alkyl 

group), benzoyl group, 4-oxopentanoyl group, pivaloyl group, methyl ester group, 

1 -adamantyloxycarbonyl group, tert-butoxycarbonyl group, 

4-methylsulfInylbenzyloxycarbonyl group, 2,4-dimethylpent-3-yloxycarbonyl group, 

2,2,2-trichIoroethoxycarbonyl group, vinyloxycarbonyl group, benzyloxycarbonyl group, 

-(C=0)NH-(Ci to C4 aklyl group), methanesulfonyl group, toluenesulfonyl group, and the 

like. However, the present invention is not limited to the groups exemplified herein and any 

group may be selected as long as it is used as a protecting group for the hydroxyl group. 

Here, the protecting group for the hydroxyl group as A is used as such when X is an. oxygen 

atom. For example, when a benzyl group is the protecting group, A-X- corresponds to 

PhCH2-0-. 

[0031] 

The "ester-type protecting group for a carboxyi group" in the present invention means a 

group which protects the carboxyi group by combining with the oxygen atom of the 

carboxyi group to be protected and forming an ester. Such an "ester-type protecting group 

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

the carboxyi group in T. W. Greene and P. G. M. Wuts, "Protective Groups in Organic 

Synthesis (3rd Ed.,1994), (4th Ed., 2006)," such as a Ci to Cg alkyl group, 

9-fiu.orenylmethyl group, methoxymethyl group, methylthiomethyl group, 

tetrahydropyranyl group, tetrahydrofuranyl group, methoxyethoxymethyl group, 
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2~(trimethylsilyl)ethoxymethyl group, benzyloxymethy! group, pivaloyloxymethyl group, 

phenylacetoxymethyl group, triisopropylsilylmethyl group, para-bromophenacyl group, 

a-methylphenacyl group, para-methoxyphenacyl group, decyl group, carboxamidomethyl 

group, para-azobenzenecarboxamidomethyl group, N-phthalimidomethyl group, 

2,2,2-trichIoroethyI group, 2-haloethyl group, co-chloroalkyi group, 2-(triethylsilyI)ethyl 

group, 2-methylthioethyl group, l,3-dithianyl-2-methyl group, 

2-(para-nitrophenylsulfenyl)ethyl group, 2-(para-toluenesulfony.l)ethyl group, 

2-(2'-pyridyl)ethyl group, 2-(para-methoxyphenyl)ethyl group, 2-(diphenyiphosphino)ethyl 

group, 1-methyl-1-phenylethyl group, 2-(4-acetyl-2-rdtrophenyl)ethyl group, 2-cyanoethyl 

group, dicyolopropylmethyl group, cyclopentyl group, cyclohexyl group, allyl group, 

methallyl group, 2-methylbut-3-en-2-yl group, 3-methyIbut-2-(prenyl) group, 3-buten-l-yl 

group, 4-(trimethylsilyl)-2-buten-l-yl group, cinnamyl group, a-methylcinnamyl group, 

prop-2-ynyl (propargyl) group, phenyl group, 2,6-dimethyIphenyl group, 

2,6-diisopropylphenyl group, 2,6-d.i.(tert-butyl)-4-methylphenyl group, 

2,6-di(tert-butyl)-4-methoxylpheiiyl group, para-(methy]thio)phenyl group, 

pentafluorophenyl group, benzyl group, triphenylmethyl group, diphenylmethyl group, 

bis(ortho-nitrophenyl)methyJ group, 9-anthraxiylmethyl group, 

2-(9,10-dioxo)anthranyhnethyl group, 5-dibenzosuberyl group, 1-pyrenylmethyl group, 

2-(trifluoromethyl)-6-chromonylmethyl group, 2,4,6-trimethylbenzyl group, 

para-bromobenzyl group, ortho-nitrobenzyl group, para-nitrobenzyl group, 

para-methoxybenzyl group, 2,6-dimethoxybenzyl group, 4-(methylsulfmyl)benzyl group, 

4-sulfobenzyl group, 4-azidomethoxybenzyl group, piperonyl group, 4-piconyl group, 

para -benzyl group, trimethylsilyl group, triethylsilyl group, tert-butyldimethylsilyl group, 

isopropyldimethylsilyl group, phenyldimethylsilyl group, di(tert-butyl)methylsilyl group, 
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triisopropyIsilyI group, Ci to C6 alkylthio group, oxazole group, 2-aIkyl-l,3-oxazoline 

group, ' 4-alkyl-5-oxo-l,3-oxazolidine group, 

2,2-bistrifluoromethyl-4-alkyl-5-oxo-l,3-oxazoIidine group, 5-alkyl-4-oxo~l,3-dioxolane 

group, dioxanone group, and the like. However, the present invention is not limited to the 

groups exemplified herein and any group may be selected as long as it is used as a 

protecting group for the carboxyi group. 

[0032] 

The "amide-type protecting group for a carboxyi group" in the present invention means 

a group which protects the carboxyi group by combining with the carbonyl carbon atom of 

the carboxyi group to be protected and forming an amide. Such an "amide-type protecting 

group for a carboxyi group" includes the groups described as a protecting group for the 

carboxyi group in T. W. Greene and P. G. M. Wuts, "Protective Groups in Organic Synthesis 

(3rd Ed.,1994), (4th Ed., 2006)," such as an N,N-dimethyIamino group, pyrrolidinyi group, 

piperidinyl group, 5.6-dihydrophenanthridyl group, ortho-nitrophenylamino group, 

N-7-mtroindolyl group, N-8-nitro-l,2,3,4-tetrahydroquinolyl group, N-phenyIhydrazyl 

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

limited to the groups exemplified herein and any amino group may be selected as long as it 

is used as a protecting group for the carboxyi group. 

[0033] 

In the present invention. "C" such as in "Cj" and the like represents a carbon atom and 

the numeral which follows it represents the number of the carbon atoms. For example, "Ci 

to Cg" represents a range of the number of carbon atoms from 1 to 6. Naturally, in the 

present invention, when the number of carbon atoms is different, the corresponding group is 

different. For example, a "Ci to C4 alkyl group" means a group having 1 to 4 carbon atoms 



among the alkyl groups defined by the "Cj to C% alkyl group." Treatment of the number of 

carbon atoms in other groups is the same. 

[0034] 

The "diazonium group" in the present invention may form a salt. Such a salt includes a 

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

[0035] 

Abbreviations used in the present invention are as follows: 

TfO: trifluoromethanesulfonyloxy group, MsO: methanesulfonyloxy group, TsO: 

toiuenesulfonyloxy group, Me: methyl group, Et: ethyl group, n-Pr: n-propyl group, i-Pr: 

isopropyl group, i-Bu: isobutyl group, t-Bu: tert-butyl group, MeO: methoxy group, Ph: 

phenyl group, OAc: acetyloxy group, 4-MeO~Ph: 4-methoxy-phenyl group, Cy: cyclohexyl 

group, Piv: pivaloyl group. 

The present invention relates to a process comprising reacting a compound represented 

by the following formula (1): 

[0036] 

[Formula 6] 

1 

( 1) 
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[0037] 

and a compound represented by the following formula (2): 

[0038] 

[Formula 7] 

(2) 

[0039] 

in the presence of a transition metal compound to produce a phenyl-substituted. heterocyclic 

derivative represented by the following formula (3): 

[0040] 

[Formula 8] 

1 

(3) 

[0002] 

In the formulae (1) and (3), R1 represents a hydrogen atom, or halogen atom. 

[0003] 
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The "halogen atom" in R1 is preferably a chlorine atom or fluorine atom, more 

preferably a fluorine atom. 

[0043] 

As a whole, R1 is preferably a hydrogen atom. 

[0044] 

In the formulae (1) and (3), R represents a hydrogen atom, cyano group, nitro group, 

halogen atom, formyl group, or haiomethyl group. 

[0045] 
-V 

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

[0046] 

The "haiomethyl group" in R2 is preferably a chioromethyl group, diehloromethyl 

group, trichloromethyl group, or trifluoromethyl group. 

[0047] 

As a whole, R2 is preferably a cyano group, nitro group, or formyl group and., above all, 

a cyano group is preferable. 

[0048] 

In the formulae (1) and (3), A represents a hydrogen atom, C3 to C§ alkyl group, C3 to 

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

group for a hydroxyl group (only when X is an oxygen atom). Here, the protecting group 

for a hydroxyl group as A is used as such when X is an oxygen atom. For example, when 

the protecting group is a benzyl, group, A-X- represents PhCFb-O-. 

[0049] 

Furthermore, A. may be substituted with 1 to 3 substituents, such substituent 

representing a group selected from the group consisting of a halogen atom, Cj to C4 alkyl 
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group, C] to C4 alkoxy group, Cj to C4 alkylthio group. C3 to Cg cycloalkyl group, phenyl 

group, phenoxy group, and pyridyl group. 

[0050] 

The "Cj to Cg alkyl group" in A is preferably a methyl group, ethyl group, n-propyl 

group, isopropyl group, n-butyl group, isobutyl group, tert-butyl group, n-pentyl group, 

isopentyl group, or neopentyl group. Above all, preferable is an isobutyl group or neopentyl 

group; more preferable is an isobutyl group. 

[0051] 

As a whole, A is preferably a C] to C5 alkyl group. 

[0052] 

In the formulae (1) and (3), X represents a bond (only when A is a phenyl group or 

fluorine atom) or an oxygen atom. Above all, an oxygen atom is preferable. 

[0053] 

I11 the formula (1), Y represents a leaving group. Above all, preferable is a halogen atom, 

-OCC>2-(Ci to C4 alkyl group), -0C02-(phenyl group), -0S02-(Cj to C4 alkyl group), 

-0S02~(phenyl group), or a diazonium group. 

[0054] 

When the leaving group as Y is "-0C02-(Ci to C4 alkyl group)" or "-OSQ2-(CI to C4 

alkyl group)," such a "Ci to C4 alkyl group" in Y is preferably a methyl group. 

[0055] 

When the leaving group as Y is "-OCO?~(C[ to C4 alkyl group)" or "-QSCV(Ci to C4 

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

atoms. Such a "halogen atom" is preferably a fluorine atom. It is particularly preferable that 

the group is substituted with, three fluorine atoms. 
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[0056] 

When the leaving group as Y is "-0C02-(phenyl group)" or "-OSC>2-(phenyl group)," 

such a "phenyl group" in Y may be substituted with 1 to 3 halogen atoms or Cj to C4 alkyl 

groups. Such a "Cj to C4 alkyl group" is preferably a methyl group. 

[0057] 

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

iodine atom, bromine atom, or chlorine atom. Above all, an iodine atom or bromine atom is 

preferable. 

[0058] 

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

"diazonium group," the salt of the "diazonium group" is preferably a teirafluoroborate. 

[0059] 

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

group, or the like. 

[0060] 

In the formula (2), H represents a hydrogen atom. 

[0061] 

In the formulae (2) and (3), B represents a group selected from the following formulae. 

Meanwhile, the bond at the right-hand side of each of the following formulae is for bonding 

to R3; arid the bond at the leit-hand side is for bonding to a hydrogen atom in the formula 

(2) and to a phenyl group in the formula.(3): 

[0062] 

[Formula 9] 
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or 

[0063] 

Above all, the following group is preferable: 

[0064] -

[Formula 10] 

s. 

[0065] 

In the formulae (2) and (3), R3 represents COGR3a or COR3D. 

[0066] 

R3a represents a hydrogen atom, Ci to C4 alkyl group, or ester-type protecting group for 

a carboxyi group. Here, the ester-type protecting group for a carboxyi group as R3a protects 

the carboxyi group "which R3a substitutes. 

[0067] 

As R3a5 preferable is a hydrogen atom or C] to C4 alkyl group. 
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[0068] 

R3b represents an amide-type protecting group for a carboxyi group which forms an 

amide with a neighboring carbonyl group. 

[0069] 

As a whole, R3 is preferably COGR3a. 

[0070] 

In the formulae (2) and. (3), R4 represents a hydrogen atom, halogen atom, or Cj to C4 

alkyl group. 

[0071] 

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

[0072] 

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

[0073] 

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

preferable. 

[0074] 

In the formulae (2) and (3), W represents an oxygen atom or sulfur atom. 

[0075] 

In the formula (3), definition of A, X, R1, and R2 and preferable groups thereof are 

respectively the same as those in the formula (1); and definition of B and R3 and preferable 

groups thereof are respectively the same as those in the fonnula (2). 

[0076] 

Specific examples of the compounds represented by the formula (1) and specific 

examples of the compounds represented by foimula (2) are listed in Tables 1 to 4 and 
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Tables 5 to 7, respectively. However, the compounds represented by the fonnula (1) and 

formula (3) are not limited to such specific examples. 

[0077] 

[Table I] R1x 

No. A X R1 R* Y 
1 i-Bu 0 H GN I 
2 i-Bu 0 H CN Br 
3 i-Bu 0 H CN Ci 
4 i-Bu 0 H CN OTf 
5 i-Bu 0 H CN OMs 
6 i-Bu 0 H CN OTs 
7 i-Bu 0 H CHO I 
8 i-Bu 0 H CHO Br 
9 i-Bu 0 H CHO Ci 
10 i-Bu 0 H CHO OTf 
11 i-Bu 0 H CHO OMs 
12 r-Bu 0 H CHO OTs 
13 i-Bu 0 H NO* 1 
14 i-Bu 0 H NO, Br 
15 i-Bu 0 H MO2 CI 
16 -Bu 0 H NO2 OTf 
17 -Bu 0 H NO? OMs 
18 -Bu 0 H N02 OTs 
IS -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 ! 
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 (CHJ)3CCH2 0 H CN j 

32 (GH3)3CCH2 0 H CN Br 
33 (GH3)3CCH3 0 H CN Ci 
34 (CH3)3CCH2 0 H CN OTf 
35 (CH3)3CCH2 0 H CN OMs 
36 (CH3)3CCH2 0 H GN 

CHO 
OTs 

1 37 (CN3)XCCH> 0 H 
GN 

CHO 
OTs 

1 
38 (GH3)3CCH2 0 H CHO Br 
3S (GHzhCQH? 0 H CHO Ci 
40 (CH3)2CCH2 0 K CHO OTf 
41 CGH3)3CCHJ 0 H CHO OMs 
42 (CH3)3CGH2 0 H CHO OTs 
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[0078] 

[Table 2] 

Y (1) 

No. A X R1 F?z Y 
43 {CHACON* 0 H NO, I 

44 (CHJ)3CGH2 0 H NO2 Br 
45 <CH353CCH2 o • H NO2 CI 

46 (GH3!3CGH2 0 H . NO2 OTf 
47 (CH353CCH2 0 H NO* QMs 

48 (CH3)3CCHH 0 H NOz OTs 

49 (CH3)aCCH2 0 H H I 

50 (CH3)aC0Hg 0 H H Br 
51 (CHg^OCHi 0 H H G! 
52 (CH^CCH, 0 H H OTf 

53 CCH^CCH* 0 H H OMs 

54 (CH^CCHj 0 H H OTs 

55 (CH3)3CGH2 0 H Br J 
58 r (GH3)3CCH2 Q H Br Br 
57 (CH2)30CH7 0 H Br Ci 

58 <CH3)3CCH2 0 H Br OTf 
59 CGH3)3GGHZ 0 H Br OMs 

60 (CH3)3CCH^ 0 H Br OTs 
61 Benzvi 0 H CN i 
62 Benzvl 0 H CN Br 
63 Benzvl 0 H CN Ci 
64 Benzivl 0 H CN OTf 
65 Benzvl 0 H CN OMs 
66 Benzvl 0 H CN OTs 
67 Benzvi 0 H CHO 1 
68 Benzvl 0 H CHO Br 
69 Benzvi 0 H CHO Ci 
70 Benzvi 0 H CHO OTf 
71 Benzvl 0 H CHO OMs 
72 Benzvi o H CHO OTs 
73 Benzyl 0 H NQ2 I 
74 Benzyi o H U0Z Br 

75 Benzyl 0 H KO2 GS 
76 Benzyl 0 H ms OTf 

77 Benzyi 0 H m2 OMs 

78 Benzyi 0 H uo2 OTs 
79 Benzv( 0 H H I 
80 Benzvi 0 H H Br 
81 Benzvi 0 H H . CI 
82 Benzvi 0 H H OTf 
83 Benzvi 0 H H OMs 
84 Benzvl 0 H H OTs 
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[0079] 

[Table 3] 

R2 

No. A X Rs R2 Y 
85 Benzvl 0 H Br J 
86 Benzyl 0 H Br Br 
87 Benzvl 0 H Br Ci 
88 Benzvi 0 H Br OTf 
,B9 Bertzv! 0 H Br OMs 
90 Benzyl 0 H Br OTs 
&1 Pb bond H CN I 
92 Ph bond H CN Br 
93 Ph bond H CN Ci 
94 Ph bond H CN OTf 
95 Ph bond H CN OMs 

~ gg Ph bond H CN OTs 
97 Ph bond H CHO 1 
S8 Ph bond H CHO Br 
99 Ph bond H OHO C! 
10Q Ph bond H CHO OTf 
10S Ph bond H CHO OMs 
102 Ph bond H CHO OTs 
103 Ph bond H NOj I 
104 Ph bond H NOf Br 
105 Ph bond H NOj CI 
106 Ph bond H N0£ OTf 
107 Ph bond H NGZ OMs 
103 Ph bond H NO£ OTs 
109 Ph bond H H I 
110 Ph bond H H Br 
HI 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 
1 IB Ph bond H Br Br 
117 Ph bond H Br G1 
118 Ph bond H Br OTf 
119 Ph bond H Br OMs 
120 Ph bond H Br OTs 
121 4-MeO-Ph bond H CN I 
122 4~MeO-Ph bond H CN Br 
123 4-MeO-Rh bond H G'N C( 
124 4-MeO-Ph bond H CN OTf 
125 4-MeO-Ph bond H CN OMs 
126 4-MeO-Ph bond H CN OTs 
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[0080] 

[Table 4] 

No, A X R' R2 Y 
127 4-MeO-Fh bond H CHO I 
128 4-MeO-Ph bond CHO Br 
129 4-Me'O-Ph bond H CHO CI 
130 4-MeO-Ph bond H CHO OTf 
131 4-MeO-Ph . bond H CHO OMs 
132 4-MeOHPh 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 HO2 CI 
136 4-MeO-Ph bond H no, OTf 
137 4~MeO--Ph bond H m2 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 
146 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-MeO-Ph bond H Br OTs 
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[0081] 

[[Table 5] 

No. t-j 3a R R4 

151 t-Bu ! 

C
O

 

X
 

o
 

152 n-Pr CH3 
153 j-Pr GH3 

154 Et CH3 
155 Me C

O
 

X
 

o
 

156 H CH3 
157 t-Bu H 
158 n-Pr fT~ I 
159 i-Pr H 
160 Et H 
161 Me H 
162 H 
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[0082] 

[Table 6] 

4/COOR3a 

No. R3* R* 
163 t-Bu 5-CH3 

184 n-Pr 5~CH3 

185 i-Pr 5-GH3 
166 Et 5-CH3 
167 Me 5-CHa 

168 H 5-CH3 

189 t-Bu H 
I 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 5-01 
182 n-Pr 5-G! 
183 i-Pr 5—CI 
184 Et 5—CI 
185 Me 5-Cf 
186 H 5—CI 
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[0083] 

[Table 7 

No. W R3a R4 

IS? 0 t-Bu CH3 

188 0 n-Pr CH3 

189 0 i-Pr o
 

X
 

•190 0 Et 

X
 

o
 

191 0 Me CHS 

192 0 H CH3 
193 0 t-Bu H 
194 0 n-Pr H 
195 0 i-Pr H 
196 0 Et H 
197 0 Me H 
198 ~0 1 H H 
199 s t-Bu CH3 

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

202 s Et rt 
X

 
o 

203 s Me CH3 

204 s H 

X
 

a
 : 

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 

[0084] 

The production process of the present invention is characterized in that a transition 

metal compound, is used as the catalyst. In the production process of the present invention, 

the transition metals in the transition metal compounds used are those other than nickel and 

include copper, palladium, cobalt, iron, rhodium., ruthenium, iridium, and the like. Above 
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ail, copper, palladium, or cobalt is preferable. Copper includes zero-valent Cu(0), 

mono-valent Cu(I). and di-valent Cu(II), wherein preferable is zero-valent Cu(G) or 

mono-valent Cu(I). Palladium is preferably zero-valent Pd(0), mono-valent PdjT), or 

di-valent Pd(II). Cobalt includes zero-valent Co(0), mono-valent Co(I), di-valent Co(ll), 

and tri-valent Co(III), wherein preferable is zero-valent Co(0), mono-valent Co or di-valent 

Co (II). Iron includes zero-valent Fe(0), di-valent Fe(II), and tri-valent Fe(III), wherein 

preferable is di-valent Fe(II) ortrivalent Fe(III). Rhodium is preferably zero-valent Rh(0) or 

mono-valent Rh(I). Ruthenium is preferably zero-valent Ru(0) or di-valent Rh(H). Iridium 

includes zero-valent lr(0), mono-valent Ir(I), di-valent Ir(II), tri-valent Ir(IH), and 

tetra-valent Ir(IV), wherein preferable is trivaJent Ir(III). 

[0085] 

The salt of Cu(I) includes copper(I) chloride, copper(I) bromide, copper(I) iodide, 

copper(I) acetate, copper tetrafluoroborate, copper thiophene-2-carboxylate, hydrates s 

thereof, mixtures of these, and the like. 

[0086] 

The salt of Cu(II) Includes copper(II) fluoride, copper(II) chloride, copper(II) bromide, 

copper(II) iodide, copper(II) acetate, copper(II) formate, copper(II) hydroxide, copper(II) 

nitrate, copper(II) carbonate, copper(II) acetylacetonate, copper(II) borate, copper(II) 

oxalate. copper(II) phthalate, copper(IJ) tartrate, copper (II) triiluoromethanesulfonate. 

copper(II) benzoate, hydrates thereof, mixtures of these, and the like. 

[0087] 

Above all, preferable is copper(I) iodide (Cul). 

[0088] 

The salt of Pd(.I) includes dibromo-dipalladium(I), a hydrate thereof, and the like. 
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[0089] 

The salt of Pd(II) includes palladium® acetate. palladium® propionate, palladium® 

butanoate, palladium® 2-meth.ylpropanoate, palladium(II) 3-methylbutanoate, 

palladium® 2-methylbutanoate, palladium® 2-ethylbutanoate, palladium® pivalate, 

palladium® 3,3-dimethylbutanoate, palladium(II) 2.2,3,3-tetramethylbutanoate, 

palladium(II) trifluoroacetate, palladium® nitrate, palladium(II) chloride, palladium® 

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

palladium® citrate, palladium® oxalate, palladium® cyclohexanebutyrate, 

palladium® benzoate, palladium(II) stearate, palladium® sulfamate, palladium® 

carbonate, palladium® thiocyanate, palladium® trifluoromethanesulfonate, 

palladium® bis(4-diethyIaminodithiobenzil)palladium (II), palladium® cyanide, 

palladium® fluoride, palladium® boride, palladium® borate, palladium® 

hypophosphite, palladium® ammonium sulfate, palladium® hydroxide, 

cyclopentadienyl palladium®, hydrates thereof, mixtures of these, and the like. Above all, 

preferable is palladium® acetate (Pd(OAc)2), palladium® propionate 

(Pd(0(C=0)CH2CH3)2), palladium® 2-methylpropanoate (Pd(G(C=0)CH(CH3)2)2, 

palladium® pivalate (Pd(OPiv)2), palladium® chloride (PdCl2), palladium© bromide 

(Pd2Br2), or palladium® hydroxide (Pd(OH)2); especially preferable is palladium® 

acetate (Pd(OAc)2), palladium®" propionate (Pd(0(00)CH2CH3)2)» palladium® 

2-methylpropanoate (Pd(0(C=0)CH(CH3)2)2, or palladium pivalate (Pd(OPiv)2). 

[0090] 

The salt of cobalt® includes cobalt® acetate, cobalt® nitrate, cobalt® chloride, 

cobalt® bromide, cobalt® iodide, cobalt® acetylacetonate, cobalt® perchlorate, 

cobalt® citrate, cobalt® oxalate, cobalt® fumarate, cobalt® gluconate, cobalt® 
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benzoate, cobalt(II) lactate, cobalt(II) stearate, cobalt(II) sulfamate, cobalt(II) carbonate, 

cobalt(II) thiocyanate, cobalt(II) fluoride, cobalt(II) phosphate, cobalt(II) sulfate, cobalt(II) 

hydroxide, cobalt(II) sulfide, hydrates thereof, mixtures of these, and the like. Above all, 

preferable is cobalt(II) acetate (Co(OAc)2). 

[0091] 

The salt of cobalt(III) includes cobalt(IIi) fluoride, cohalt(III) chloride, cobaIt(XII) 

bromide, cobalt(III) iodide, cobaI.t(III) acetylacetonate, cobalt(III) sulfate, cobalt(III) nitrate, 

cobait(III) phosphate, cobalt(III) perchlorate, cobalt(III} cirate, hydrates thereof, mixtures 

of these, and the like. 

[0092] 

The salt of iron(II) includes iron(II) fluoride, iron(II) chloride, iron(II) bromide. iron(II) 

iodide, iron(II) sulfate, iron(II) nitrate, lron(II) oxalate. iron(II) fumarate, iron(H) acetate, 

iron(II) lactate, iron(II) gluconate, iron(II) benzoate, iron(II) stearate, iron(II) 

acetylacetonate, iron(l!) sulfide, hydrates thereof, mixtures of these, and the like. 

[0093] 

The salt of iron(III) includes iron(III) fluoride, iron (III) chloride, iron(III) bromide, 

iron(IIT) iodide, iron(III) sulfate, iron(III) phosphate, iron(III) perchlorate, hydrates thereof, 

mixtures of these, and the like. 

[0094] 

The salt of rhodium(I) includes rhodium(I) chloride, hydrates thereof, mixtures of these, 

and the like. 

[0095] 

The salt of ruthenium(II) includes ruthenium(II) chloride, hydrates thereof, mixtures of 

these, and the like. 
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[0096] 

The salt of iiidium(III) includes iridium(III) chloride, iridium(III) bromide, iridium(III) 

acetate. iridium(III) carbonyl (acetylacetonato)iridium(III), potassium 

hexachloroiridate(III), potassium pentachloronitrosyHridate(III), iridium(III) 

2,4-pentanedionate, (pentamethylcyclopentadienyl)iridium(IH) dicliloride dimer, 

dichloro(pentamethylcyclopentadienyl)iridium(III) dimer, 

(pentamethylcyclopentadienyl)iridram hydrochloride dimer, hydrates thereof, mixtures of 

these, and the like. 

[0097] 

These transition metal compounds may be used as a mixture. 

[0098] 

Among these transition metal compounds, the particularly preferable metal species is 

palladium. 

[0099] 

As these transition metal compounds, there may be used compounds to which ligands 

were coordinated in advance. As such transition metal compounds having the ligands 

coordinated, there may be mentioned, for example, the following transition metal 

compounds. However, the present invention is not limited to these. 

[0100] 

[Formula 11] 
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t-Bu^ /-Bu t-Buv Br t-Su t.Bu, 9^ ,t-Bu t-l 
t-Sti—f-Pd-P~~t-Bu j-Bu~P—Pd"Pd~P<~t-Bu 

t-Bu t-Bu t-Bu' Vr t-Bu 
Pd{PlBU5>2 [Pd(P'Bu3}Br], 

-s I / 
-P-Pd-P—t-
h7 ci PH 

t-Buv 

Bu—P-

PdCi2(!Bu,Ph)2 

t-Bu 
-R—t-E 

Pd(P'Bu,Cy)2 

t-Bu^ CI Jl-Qu 
t-Su—P—Pd—R—t-Bu 

i-Su^ 9' .t-Bi 
P-Pd-R—t-

Cl 

Ci. 

\ / 
PdC]2KPrBu,(p'NMe2Ph}]2 P(iCl2[(PCy2(p-NMc^Ph)]3 

/ \\ / Ph3P—Pd—P; 

f] PPh3 
Pd{PPh3)4 

MCh(PCy2) 

PdClj(DCVPP) VJ/Ph 
PdCl2(DPEPhs) 

i-Pf^ 
/i-F 

.CI 

i-Pr 

PdCl2{D'PiPF) 

/ ra 

< Ci 
/Hpr 

PdCl2(D'BuPF) 

PF.PPS1-J?r 
PdC!2{DCyPF) 

[0101] 

In the production process of the present invention, a ligand which, can coordinate to the 

transition metal may be present together with the transition metal compound. The presence 

of a ligand which can coordinate to the transition metal compound in the reaction facilitate 

the coupling of the phenyl ring of a phenyl derivative and the C-H bond on the heterocyclic 

derivative can be coupled with high, selectivity, resulting in a higher yield of the compound 

represented by the formula. (3). Such a ligand used in the producti on process of th e present 

invention includes a carboxylic acid type, amide type, phosphine type, oxime type, sulfide 

type, sulfonic acid type, 1,3-diketone type, Schiff's base type, oxazoline type, diamine type, 
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hydrocarbon type, carbon monooxide, a carbene type, and the like. However, the present 

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

atom, phosphorous atom, oxygen atom, sulfur atom, and the like. As the ligand, there are a 

monodentate ligand having a coordinating atom at one position and a polydentate ligand 

having coordinating atoms at two or more positions. As for the hydrocarbon type, carbon 

monoxide, and carbene type, the coordinating atom is the carbon atom. These ligands may 

be used as salts. 

(wherein R5, R6, and R7 each independently represent a Cj. to Cg alkyl group, Ci to C4 

alkoxy group, C3 to C§ cycloalkyl group, phenyl group, biphenyl group, phenoxy group, 

and furyl group. The C3 to Q cycloalkyl group may further be substituted, with a C\ to C4 

alkyl group. The phenyl group may further be substituted with a methyl group, sulfonic 

acid group, or a salt thereof The biphenyl group may farther be substituted each, 

independently with a €1 to C4 alklyl group, C\ to C4 alkoxy group, and dimethylamino 

group), triethylamine, pyridine, and the like. 

[0102] 

5 6 1 The monodentate ligand includes a phosphine-type ligand represented by PR R R 

[01.03] 

The phosphine-type ligand represented by PR5R6R7 includes, for example, 

tert- isobutyldicyclohexylphosphine, 

(n-butyl)dicyclohexyiphosphine5 isopropyldicycloh.exylph.osp.hine, 

(n-propyl)dicyclohexylphosphine, ethyldicyclohexylphosphine, 

methyldicyclohexylphosphine, cyclopropyldicyclohexylphosphine, 

cyclobutyldicyclohexylphosphine, tert-butyldicyclooctylphosphine, 

tert-butyldicycloheptylphosphine, tert-butyldicyclopentylphosphine, 
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tert-butyldicyclobutylphosphxne, tert-butyldicyclopropylphosphJne, trietibylphosphine, 

tri(n-propyI)phosphine, tri(isopropyl)phosphine, tri(tert-butyl)phosphme, 

tri(n-butyl)phosphirie, tri(n-octyl)phosphine5 tri(cyclooctyl)phosphme. 

tri(cycloheptyl)phosphine, tri(cyclohexyl)phosphine, tri(cyclopentyl)phosphine5 

tri(cyclob"utyl)phospMne5 tri(cyclopropyl)phosphine, di(tert-butyl)methyIphosphine, 

di(tert-butyl)ethylphosphine, di(tert-butyl)n-propylphosplime, 

di(teit-buiyl)isopropyiphosphine, di(tert-bulyl)n-butylphosphine> 

di(tert-buly])isobutylphosphme, di(tert-butyl)neopentylphosphine, triphenylphosphine, 

tri(ortiio-tolyl)phosphine5 tri(mesityl)phosphine, tri(phenoxy)phosphine, 

tri(2-furyI)phospfrlne, trimethoxyphosphine, triethoxyphosphine, lri(n-propyloxy)phosphine, 

tri(isopropyloxy)phosphirte, tri(n-butyloxy)pho sphine, tri(isobutyloxy)phosphine5 

trI(tert-butyloxy)phospbme, di(tert~butyl)cyclohexylphosphine, 

di(isobutyI)cyclohexyIphosphine, di(n~butyI)cyclohexylphosphme, 

di(isopropyl)cyclohexyIphosphine, di(n-propyl)cyclohexyIphosphine, 

diethylcyclohexylphosphme, dimethylcyclohexylphosphme, 

di(tert~butyl)cycIopentylphosphine5 di(isobutyl)cyclopentylphosphine, 

di(n-butyl)cyclopentylphosphine, di(isopropyI)cyclopentylphosphine, 

di(n-p.ropyl)cyclopentylphosphme, diethylcyclopentylphosphine, 

dimethylcyclopentylphosphine, di(tert-butyl)cyclooctyiphosphine, 

di(tert-butyl)cycloheptylphosphine, di(tert-butyl)cyclopentylphosphines 

di(tert-butyl)cyclobutylphosphine, di(tert-butyl)cyclopropylphosphine3 

dimethylphenylphosphine, diethylph.enylphosphi.ne, di(n-propyl)phenylphosphine, 

di(isopropyl)phenylphosphine, di(n-butyl)phenylphospMne, di(isobutyl)phenylphosphine, 

di(tert-butyl)phenyIphosphine, di(cyclooctyl)phenylphosphine, 
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dicycloheptylphenylphosphine, dicyclohexylphenylphosphine, 

dicyclopentylphenylphosphine, dicyclobutylphenylphosphine, 

dicyclopropylphenylphosphine, dicyclohexyl(para-tolyl)phosphine, 

dicyclohexyl.(ortho-tolyl)phosphine5 dicyclohexyl(para-tolyl)phosphine, 

dicyclohexyl(2,4?6-trimethylphenyl)phosphlne, meuhyldiphenylphosphine, 

ethyldiphenylphosphine. (n-propyl)diphenylphosphine, isopropyldiphenylphosphine, 

(n-butyl)diphenylphosphiiie. isobutyldiphenylphosphine, (tert-butyl)diphenylphosphine, 

cyclooctyldiphenylphosphine, cycloheptyldipheriylphosphine, 

cyclohexyldiphenylphosphine, . cyclopentyldiphenylphosphine, 

cyclobutyldiphenyiphosphine, cyclopropyldiphenylphosphine, 

bis(para-sulfonatophenyl)phenylphospbine potassium, cBRIDP, BippyPhos, TrippyPhos, 

XPhos (2-dicyclohexylphosphmo-2' ,4' ,6' -triisopropyl-1,1' -biphenyl), t-Bu-XPhos, 

JohiiPhos, Cy-JohnPhos, MePhos, 1-Bu-MePlios, DavePhos, t-Bu-DavePhos, SPhos, 

RuPhos (2-dicyclohexylph.osphino-25,6'"diisopropoxy-l ,r~biphenyl), cataCXium. A, 

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

POMeCy, cataCXium PIntB, cataCXium PlnCy, cataCXium PICy, Q-Phos, JOSIPHOS, 

and the like; and. mixtures of these. 

[0104] 

(Formula 12) 
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w ̂ Ph P^ 
1 
t-Bu 

cBRJDP 

Bu i-Pr-

-Bu 

Ph' 
BippyPhos TrippyPhos 

i-Pr 

XPhos (R=Cyc!ohexy!) 
t-Bu-XPhos (11= t-Bu) 

JohnPhos (R=Cydohexyl) MePhos (R-CydohcxyJ) SPhos (Methyl) 
Cy-JohnPhos (R= i-Bu) t-Bu-MePhos (R= t-Bu) t-Bu-McPhos (R= t-Bu) RuPhos (R^J 

^PR7 

cataCXitifR A (R-n-Bti) cataCXium PtB (R=i-Bu) cataCXium POMetB (R=t-Bii) calaCXium PlntB (R=l-Bu) 
cataCXium ABn (R-Benzyl) cataCXium PCy fR-CycIohexyl) cataCXium POMeCy (R=Cyclohexyl) cataCXium PlnCy (R=Cydohexyl> 

;-Bu 

t-Bu 

cataCXium PICy (RCydohexyl) Q-Phos (R=l-Bu) <RMS)-PPF-P'BIJ2 

JQSIPHOS 
(RHS)-PPF-PCy2-E(OH 

[0105] 

The bidendate ligand includes 2,2'-bipyridyl, 4J45-(tert-butyl)bipyridyls phenanthroline, 

2,2' -bipyrimidyl, l,4-diazabicyclo[2.2.2]octane, 2-(dimetb:yIaiiiino)ethaiiol5 

tetramethylethyienediainine. NjN-dimethylethylenediamine, 

N,N'-dimethylethylenedi amine, 2-ammomethylpyridine, 

(NE)-N-(pyridin-2-ylmethylidene)aiiiJine, l,l'-bis(diphenylphosphino)ferrocene, 

1,1. '-his(tert-butyl)ferrocene, diphenylphosphinomethane, 
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l,2-bis(diphenylphosphino)ethane, 

I,5-bis(diphenylphosphino)pentane, 

l,2-bis(dicyclohexylphosphino)ethane5 

l52-bis(di-tert-butylphosphino)ethane. 

1,3 -bis(diphenylphosphino)propane, 

l,2-bis(dipentafluoropheny]phosphino)ethane. 

3,3-(dicyclohexylphosphino)propane, 

l,3-bis(di-tert-butylphosphino)propane. 

l,2"bis(dipheny.lphosp.hino)benzene, 1,5-cyclooctadiene, BINAP, BIPHEMP, PROPHOS, 

DIOP, DEGUPHOS, DIPAMP, DuPIIOS, NORPHOS, PNNP, SKEWPHOS, BPPFA, 

SEGPHOS, CHIRAPHOS, DPEphos, Xantphos, and the like; and mixtures of these. 

[0106] 

[Formula 13] 

L P{C6H5)2 

PROPHOS 

NORPHOS 

P(C6H5)2 

CHIRAPHOS 

PROPHOS{R=CH3) DEGUPHOS 
BENZPHOSCR^eHsCH,) 

CyCPHOS(R=C6Hn) 

>(C6H5}2 )--P(C6HE)2 

H3CO 

D3QP 
DIOP(R=C&Hs) PK 

CyDIOPCR-C^;.} 

/ 

V\\ // 
H3CO 

DLPAMP 

PNNP SKEWPHOS 
SEGPHOS 

Sh 

P(C6H5k P{C6H5}2 P(CSH5)2 P(C8HS)2 

DPEphos Xantphos 

DuPHOS 
Me-DuPHOS(R=CH3) 
Et~DuPH0S(R^C2H5) 
i-Pr-DuPHOS(R=i-Pi) 

H^-BINA? 

[0107] 

BINAP includes derivatives thereof and specific examples include 

2,2' -bis(diphenylphosphino)-1,1 '-binaphthyl, 
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2,2'-bis(di-para-tolylphosphino)-1,1' -binaphthyl, 

2>2'-bis(di-paxa-tert-butyiphenylphospbiii.o)-l,r-binaphthyl, 

2,2'-bis(di-m.eta-toIylphosphino)-1,1'-binaphtliyl, 

2,25-bis(di-3,5-dimethylpheny.lphosphino)-1,1 '-binaphthyl, 

2,2'-bis(di-para-methoxyphenylphosphino)-l,l'-binaphthyl, 

2s2'-bis(dicyclopentylphosphino)-l J '-binaphthyl. 

2.2' -bis(dicyclohexylphosphino)-1, r-binaphthyl, 

2-di(j3~naphthyl)phosphino-2'-diphenylphosphino-l, r-binaphthyl, 

2 -diphenyipho sphino -25 -di (para-trifluorometliyIphenyl)pho sphino -1,1' -binaphthyl, and the 

like. 

[0108] 

BIPHEMP includes derivatives thereof and specific examples include 

2,2,-dimethyl~6,6,~bis(diphenylphosphino)-1,3'-biphenyl, 

2;2,-dimethyl-6,6'-bis(dicyclohexylphosphino)-l,r-biphenylJ 

252'-dimethyl-434'-bis(diniethylammo)-6,65-bis(diphenylphQsphino)-l,r-biph.enyl, 

2,2' ,4.4' -tetramethyl-6,6' -bis (diphenylphosphino) -1,1' -biphenyl, 

2,2J-dimethoxy-6,6'-bis(diphenylphosphino)-l,r-biphenyl> 

252',3,3'-tetramethoxy~656,-bis(diphenylphosphino)-l J '-biphenyl, 

2,2'34,4'-tetraine1iiyl-3,3,-diinethoxy-6,6'-bis(diphenylphosphino)-l5r-bipbenylJ 

2,2J-dimethyI-6,6'-bis(di-para-tolylphosphino)-l,i'-biphenyl. 

2,25-dimethyl-6,6'-bis(di-para-tert-butylphenylphosphino)-l,r-biphenyl, 

232',454'-tetramethyl-3,3'-dimethoxy-6,6'-bis(di-paTa-methoxyphenyiphosphino}-l,r-

biphenyl, and the like. . 

[0109] 
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The ligand used in the reaction of the present invention may be used as a salt. Such a 

salt includes, for example, a hydrochloric acid salt, hydrobromic acid salt, tetrafluoroboric 

acid salt, and the like. 

[OHO] 

When a palladium catalyst is used, the ligand is preferably a phosphine-type ligand. 

Above all, the phosphine-type ligand represented by PR5R6R7 is preferable. Specifically, 

preferable is tri(tert-butyl)phosphine, tri(cyclohexyl)phosphine, 

tert-butyldicyclohexylphosphine, di(tert~butyl)cyclohexylphosphine, 

di(tert~butyI)methylphosphine. 2-dicyclohexylphospliino-25,6'-diisopropoxy-1,1'-biphenyl, 

2-dicyclohexylphosphmo-2'34',6'-triisopropyl-l,! '-biphenyl, or salts thereof; more 

preferable is tri(tert-butyl)phosphine, di(tert-butyl)cyclohexylphosphine, or a salt thereof; 

and particularly-preferable is di(tert-butyl)cyclohexy!phosphine or a salt thereof. 

[0111] 

When the ligand is coordinated in advance, a preferred ligand. may be used, by 

coordinating the same to palladium. 

[0112 

The ligand may be used as a mixture. Furthermore, the ligand may be used by 

coordinating the same to a transition metal compound, in advance. In addition, the ligand 

used in the reaction of the present invention may not be used depending on the 

circumstances. 

[0113] 

In the production process of the present invention, a base may be used together with the 

transition metal compound. By using the base together, the yield of the compound 

represented by the formula (3) can be improved. Such a base used in the production process 
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of the present invention is not particularly limited but preferable above all is 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; a. Q to C6 

alkoxide metal salt (lithium salt, sodium salt, potassium salt, and magnesium salt); Cj to Q 

alkyl anion metal salt (lithium salt, sodium salt, potassium salt, and magnesium salt); 

tetra(Cj to C4 alkyl)ammomum salt (fluoride salt, chloride salt, and bromide salt), 

diisopropylethylamine, tributylamine, N-methylmorpholine, dlazabicycloundecene, 

diazabicyclooctane, imidazole; or the like. 

[0114] 

In the "Ci to Cg alkoxide metal salt (lithium salt, sodium salt, potassium salt, and 

magnesium salt)" used as a base in the production process of the present invention, the "Ci 

to C§ alkoxide" includes methoxide, ethoxide, n-propoxide, isopropoxide, n-butoxide, 

isobutoxide, tert-butoxide, n-pentoxide, isopentoxide, neopentoxide, l-methylpropoxide, 

n-hexoxide, isohexoxide, 1,1 -dimethylbutoxide, 2,2-dimethylbutoxide, 

3,3-dimethylbutoxide, and the like. Furthermore, there may be used mixtures of these. 

[0115] 

In the "Ci to C6 alkyl anion metal salt (lithium salt, sodium salt, potassium salt, and 

magnesium salt)" used as a base in the reaction of the present invention, the "Ci to Q alkyl 

anion" includes a methyl anion, ethyl anion, n-propyl anion, isopropyl anion, n-butyl anion, 

isobutyl anion, tert-butyl anion, n-pentyl anion, isopentyl anion, neopentyl anion, 

1-methylpropyl anion, n-hexyl anion, isohexyl anion, 1,1-dimethylbutyl anion, 

2,2-dimethylbutyl anion, 3,3-dimethylbutyl anion, and the like. Furthermore, there may be 

used mixtures of these. 
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[0116] 

When a palladium catalyst is used, the base is preferably potassium carbonate, 

potassium bicarbonate, cesium carbonate, or tetra(n-butyl)ammonium fluoride; particularly 

preferably potassium carbonate or cesium carbonate. 

[0117] 

When a copper catalyst is used, the preferable base is potassium phosphate. When a 

cobalt catalyst is used, the preferable base is cesium fluoride. 

[0118] 

Depending on the circumstances, the base used in the present reaction may not be used. 

[0119] 

In the production process of the present invention, a reducing agent which reduces the 

transition metal may be used together with the transition metal compound. For example, 

there may be mentioned zinc and the like. 

[0120] 

In the production process of the present invention, there may be added a silver salt. By 

addition of the silver salt may further improve the yield of the compound represented by the 

formula (3). Such a silver salt includes, for example, silver carbonate and the like. 

[0121] 

In the production process of the present invention, there may be added a Ci to C12 

carboxylic acid or salt thereof. The addition of the Ci to C12 carboxylic acid or salt thereof 

may further improve the yield of the compound represented by the formula (3) and/or the 

rate of the reaction. These Ci to Cn carboxylic acids and salts thereof may be used as a 

mixture. The C] to C12 carboxylic acid has 1 to 12 carbon atoms including the carbon atom 

of the carboxyi group and may contain a halogen atom, oxo group, and ether bond. The 
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examples include formic acid, acetic acid., propionic acid, butanoic acid, 2-methylpropanoic 

acid., pentanoic acid, 3-methylbutanoic acid, 2 -methy lbutanoic acid, pivalic aid, 

3,3-dimeth.ylbutanoic acid, 2-methylpentanoic acid, 2-methylhexanoic acid, 

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

3,3-dimethylbutanoic acid, 2-etliylbutanoic acid, 2-methylpentanoic acid, 

3-methylpentanoic acid, 2,2-dimethylbutanoic acid, 2,3-dimethylbutanoic acid, heptanoic 

acid, 2-methylhexanoic acid, 3-methylhexanoic acid, 4-methylhexanoic acid, 

5-methylhexanoic acid, 2,2-dimethylpentanoic acid, 2,3,3-trimethyIbutanoic acid, octanoic 

acid, 2-propylpentanoic acid, 2-ethylhexanoic acid, 2-methylheptanoic acid, 

3-methyilieptanoic acid, 4-methylheptaxioic acid, 6-methylheptanoic acid, 

2,2-dimethylheptanoic acid, 3-methyIheptan.oic acid, 2,2-diethylbutanoic acid, 

2,2,4-trimethylpentanoic acid, 2-methyloctanoic acid, 2-methylundecanoic acid, 

2-methylnonanoic acid, a-methylcinnamyl acid, cyclopropylacetic acid, 

3-cyclopropylprop.ionic acid, cyclobutylacetic acid, cycl'opentylacetic acid, 

cyciohexylacetic acid, cyclopentylpropionic acid, (2-methyicyclopentyl)acetic acid, 

cyclopentanecarboxylic acid, 3-oxocyclopentanecarboxylic acid, cyclopropanecarboxylic 

acid, cyclobutanecarboxylic acid, cyclohexanecarboxylic acid, cycloheptanecarboxylic acid, 

1 -methylcyclopropanecarboxylic acid, 2-methylcyclopropanecarboxylic acid, 

2,2-dimethylcyclopropanecarboxylie acid, 2,2,3,3-tetramethyicyclopropaiiecarboxyiic acid, 

2-octylcyclopropanecarboxylic acid, 1 -(4-methylphenyl)-1 -cyclopropanecarboxylic acid, 

2-para-tolylcyclopropanecarboxylic acid, l-(2-fluorophenyl)cyclopropanecarboxylic acid, 

1 -(3-fluorophenyl)cyciopropanecarboxylic acid, 1 -(4-fIuorophenyI)cyc!opropanecarboxy lie 

acid, 1 -(4-chlorophenyl)cyclopropanecarboxylic acid, 

l-(3-chlorophenyl)cyc!opropanecarboxylic acid, 2-(4-chlorophenyl)cyclopropanecarboxylic 
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acid, 1 -(2,4~dicholorophenyl)cyclopropanecarboxylic acid, 

1-(3,4-dichlorophenyl)cycIopropanecarboxylic acid, 

2-fluoro-2-phenylcyclopropanecarboxylic acid, 

l-(4-methoxyphenyl)cyclopropanecarboxylic acid, 

2»(4-(tert-bulyl)pheiiyl)cyclopropanecarboxylic acid, 2,2-difluorocyclopropanecarboxylic 

acid, 2,2-dicMorocyclopropanecarboxylic acid, 2-chloro-2-fluorocyclopropanecarboxyIic 

acid, 1 -trifluorornethylcyclopropanecarboxylic acid, 

2.2-dicMoro-1 -methylcyclopropanecarboxylic acid, cyclopropane-1., 1 -dicarboxylic acid, 

2.2'-oxydiacetic acid, 1,2-dimethyIcyclopropanedicarboxyl.i.c acid, 

4-methylcyclobutanecarboxyIic acid, 4-ethyIcycIopropanecarboxylic acid, 

3-methoxycyclobutanecarboxylic acid, 3-chlorocyclobutanecarboxylic acid, 

4-chlorobutanecarboxylic acid, 3-oxo-cyclobutanecarboxylic acid, 

3.3-dimethylcyclobutanecarboxylic acid, l-methylcyclopentanecarboxylic acid, 

3 -cyclopentenecarboxylic acid, 1 -methylcyclopentanecarboxylic acid, 

1-metkylcyclohexanecarboxylic acid, 4-methylcyclohexaiiecarboxylic acid, 

2-methylcyclohexanecarboxylic acid, 3-methylcyclohexanecarboxylic acid, 

cyclooctanecarboxylic acid, spiro[2.2]pentane-l-carboxylic acid, 

spiro[2.3]hexane-I-carboxylic acid, bicyclo[4.1.0]heptane-7-carboxylic acid, 

tricyclo[3.2.L0*2, 4*]octane-3-carboxylic acid, bicyclo[6.1.0jnonane-9-carboxylic acid. 

bicyclo[2.2.1]heptane-l-caiboxylic acid, bicyclo[2.2.1]heptane-2-carboxylic acid, 

7,7-dimethyltricyclo[2.2.jL0(256)]heptane-l-carboxylic acid, 5~norbornene-2-carboxyl.ic 

acid, norbornane-2-carboxyIic acid, 1-adamantanecarboxylic acid, 

3-methyladamantane-l-carboxylic acid, 3-fluoroadamantane-1 -carboxylic acid, 

3,5-dimethyiadaniantane-l-carboxylic acid, 3-ethyladamantane-l -carboxylic acid, 
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3-chtoroadamantane-l-carboxylic acid, 3,5.7-trimethyladamantane-l -carboxylic acid, 

3-bromoadamantane-1-carboxylic acid, 5-bromo-3-methyladamantane-l-carboxylic acid, 

5-bromo-3-ethyladamantane-l-carboxylic acid, tetrahydrofuran-2-carboxylic acid. 

tetrahydro.fuian-3 -carboxylic acid, tetrahydropyran-4-carboxyIic acid, 

tetrahydropyran-3-carboxylic acid, methoxyacetic acid, trichloroacetic acid, dichloroacetic 

acid, chloroacetic acid, fluoroacetic acid, 2-fluoro-2-methylpropanoic acid, difluoroacetic 

acid, 2-chloropropanoic acid, 3~fluoropropionic acid, 2-ffuoropropi.onjc acid, 

2-chloropropionic acid, 3-chloropropionic acid, 2-chlorobutanoic acid, 3-chlorobutanoic 

acid, 4-chlorobuta.noic acid, 2-chloro-2-methy.ipropanoic acid, 

3-chioro-2,2-dimethylpropanoic acid, 5-chloropentanoic acid, 2-chloro-3-methylbutanoic 

acid, dichloroacetic acid, 1-fluoro-l-chloroacetic acid, 2,2-difluoropropiomc acid, 

2,2-difluorobutanoic acid, 2,2-dichloropropionic acid, 2,3-dichloropropionic acid, 

chlorodifluoroacetic acid, trifluoroacetic acid, 3,3,3 -trifluoropropi onic acid, 

2-methyl-4,4,4-trifluorobutanoic acid, 4,4,4-trifluorobutanoic acid, 

2,2,3,3-tetrafluoropropionic acid, 2,3.3,3-tetrafluoropropionic acid, and the like. However, 

the present invention is not limited to these. 

[0122] 

As the Cj to C12 carboxylic acid, preferable is a carboxylic acid wherein the carbon 

atom at the a-position of the carboxyi group is not a carbon atom on an aromatic ring, more 

preferable being a carboxylic acid which may contain a halogen atom, or ether bond. 

Examples include acetic acid, propionic acid, 2-methylpropanoic acid, 2-ethylbutanoic acid, 

pivalic acid, cyclopropanoic acid, 2,2,3,3-tetramethylcyclopropanoic acid, cyclopentanoic 

acid, 1-adamantanecarboxylic acid, 2-chloro-2-methyIpropanoic acid, 

tetrahydrofuran-2-carboxylic acid, 2,2'~oxydiacetic acid, cyclopropane-1,1-dicarboxylic 



acid, and the like. 

[0123] 

Above all, preferable is a carboxylic acid having one carboxyi group. Examples include 

acetic acid, propionic acid, 2-methyIpropanoic acid, 2-ethylbutanoic acid, pivalic acid, 

cyclopropanoic acid, 2,2,3,3-tetramethylcyclopropanoic acid, cyclopentanoic acid, 

1 -adamantanecarboxylic acid, 2-cWoro-2-methyIpropanoic acid, 

tetrahydrofuran-2-carboxylic acid, and the like. 

[0124] 

Further, more preferable is a carboxylic acid wherein the number of hydrogen atoms 

bonded to the carbon atom at the a-position of the carboxyi group is 0 or 1. Examples 

include 2-methylpropanoic acid, 2-ethylbutanoic acid, pivalic acid, cyclopropanoic acid, 

2,2,3,3-tetramethylcyclopropanoic acid, cyclopentanoic acid, 1 -adamantanecarboxylic acid, 

2-chloro-2-methylpropanoic acid, tetrahydrofuran-2-carboxylic acid, and the like. 

[0125] 

Particularly, more preferable is a carboxylic acid consisting of only carbon atoms and 

hydrogen atoms except the carboxyi group. Examples include 2-methylpropanoic acid, 

2-ethylbutanoic acid, pivalic acid, cyclopropanoic acid, 2,2,3,3-tetramethyleyelopropanoic 

acid, cyclopentanoic acid, 1-adamantanecarboxylic acid, and the like. 

[0126] 

More particularly, preferable is a carboxylic acid having 1 to 8 carbon atoms, more 

preferable being a carboxylic acid having 1 to 6 carbon atoms. Examples include 

2-methylpropanoic acid, 2-ethylbutanoic acid, pivalic acid, cyclopropanoic acid, 

cyclopentanoic acid, and the like. Even more particularly, preferable is 2-methylpropanoic 

acid or pivalic acid. 
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[0127] 

The Ci to C12 carboxylic acid used in the reaction of the present invention may be used 

as a salt. Such a salt includes, for example, alkali metal salts such as a sodium salt, 

potassium salt, lithium salt, and the like; alkaline earth metal salts such as a calcium salt, 

magnesium salt, and the like; metal salts such as an aluminum salt, iron salt, and the like; 

inorganic salts such as an ammonium salt and the like; organic salts such as amine salts 

including a t-octylamine salt, dibenzylamine salt, morpholine salt, glucosamine salt, 

phenylgiycyl alkyl ester salt, ethylenediamine salt, N-methylglucamine salt, guaxddine salt, 

diethylamine salt, triethylamine salt, dicyclohexylamine salt, 

N,N'-dibenzy!ethylenediamme salt, chloroprocaine salt, procaine salt, diethanolamine salt, 

N-benzylphenylamine salt, piperazine salt, tetramethylammonium salt, 

tris(hydroxymethyl)aminomethane salt, and the like. 

[0128] 

The C] to C12 carboxylic acid and. salt thereof used in the reaction of the present 

invention can usually be used as an additive. However, if they are commercially available 

as or easy to prepare as carboxylic acid salts of transition metal compounds (for example, 

palladium(II) propionate), the transition metal carboxylates may be used. 

[0129] 

The production process of the present invention may be carried out in a wide range of 

temperature. The range is generally 0°C to 200°Cf preferably 0°C to 150°C. Furthermore, 

the reaction is preferably carried out under ordinary pressure but may also be carried out 

under increased pressure or reduced pressure. The reaction time is 0.1 to 72 hours, 

preferably 0.1 to 48 hours. The reaction can be carried out in air but it is desirable that the 

reaction is carried out under a gas atmosphere having no ill effect on the reaction, such as 



argon gas, nitrogen gas, and the like. Furthermore, in the present reaction, microwave may 

be irradiated. 

[0130] 

The solvent used in the production process of the present invention includes aliphatic 

hydrocarbons (hexane, cyclohexane. heptane, and the like), aliphatic halogenated 

hydrocarbons (dichloromethane, chloroform, carbon tetrachloride, dichloroethane, and the 

like), aromatic hydrocarbons (benzene, toluene, mesitylene, chlorobenzene, and the like), 

ethers (diethyl ether, dibutyl ether, dimethoxyethane (DME), cyclopentyl methyl ether 

(CPME), tert-butyl methyl ether, tetrahydrofaran, dioxane, and the like), esters (ethyl 

acetate, ethyl propionate, and the like), acid amides (dimethylforamide (DMF), 

dknethylacetamide (DMA), N-methylpyrrolidone (NMP), and the like), nitriles (acetonitrile, 

propionitrile, and the like), dimethyl sulfoxide (DMSO), mixed solvents thereof, and the 

like. 

[0131] 

In the production process of the present invention, the amount used of the compound of 

the formula (2) may be in a range from 1 mol% to 1000 mol% relative to the compound of 

the formula (1). The range is preferably 50 mol% to 200 mol%, more preferably 80 mol% 

to 120 mol%. 

[0132] 

In the production process of the present invention, the amount used of the transition 

metal compound and ligand may be in a range of 100 mol% or less relative to the 

compound of the formula (1) or the compound of the formula (2). Preferably the amount is 

in a range of 20 mol% or less. The ligand may not be .used depending on the circumstances. 

[0133] 
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In the production process of the present invention, the amount used of the base may be 

in a range of 1000 mol% or less relative to the compound of the formula (1) or the 

compound of the formula (2). Preferably, the amount is in a range of 500 mol% or less. 

[0134] 

In the production, process of the present invention, the amount used of the solvent may 

be 1000 times or less the weight of the compound of the formula (1) or the compound of 

the formula (2). The amount is preferably 100 times or less, more preferably 20 times or 

less. 

[0135] 

The addition order of the compound of the formula (1), compound of the formula (2), 

transition metal compound, ligand, base, Ci to C12 carboxylic acid, and solvent, which are 

used in the production process of the present invention, is optional. The best order may be 

selected depending on the combination of the reagents used. 

[0136] 

In the production process of the present invention, the amount used of the Ci to C12 

carboxylic acid may be 50000 mol% or less relative to the transition metal compound used. 

The amount is preferably 5000 mol% or less, more preferably 1000 mol% or less, 

particularly preferably 500 mol% or less. 

[0137] 

In the production process of the present invention,., the amount used of the silver salt is 

500 mol% or less relative to the compound of the formula (1). Preferably, the amount is 200 

mol% or less. 

[0138] 

The "mol%" represents a concentration of a certain material, obtained by dividing the 
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number of moles of the certain material by 100 mol of a related material. 

[0139] 

The compound represented by the formula (1), which is used in the production process 

of the present invention, can be produced by the following method s. 

Synthetic method (1): 

[0140] 

[Formula 14] 

[0141] 

In the reaction equation, X represents an oxygen, atom; R1, R2, A, and Y are the same as 

defined in the formula (1); L3 represents a leaving group and includes a halogen atom, 

methanesulfonyloxy group, trifluoromethanesulfonyloxy group, para-toluenesulfonyloxy 

group, and the like. 

Specifically, the compound represented by the formula (1) 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. 

[0142] 

The solvent used is not particularly limited and includes, for example, aliphatic 

hydrocarbons (bexanc, cyclohexane, heptane, and • the like), aliphatic halogenated 



hydrocarbons (dichloromethane, chloroform, carbon tetrachloride, dichloroethane, and the 

like), aromatic hydrocarbons (benzene, toluene, xylene, chlorobenzene. mesitylene, and the 

like), ethers (diethyl ether, dibutyi ether, dimethoxyethane (DME), cyclopentyl methyl ether 

(CPME), tetrahydrofuran, dioxane, and the like), esters (ethyl acetate, ethyl propionate, and 

the like), acid amides (dimethylforamide (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. 

[0143] 

The base used includes, 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; a Q to Cg alkoxide metal salt (lithium salt, sodium 

salt, and potassium salt); Ci to Q alkyl anion metal salt (lithium salt, sodium salt, and 

potassium salt); diisopropylethylamine, tributylamine, N-methylmorpholine, 

diazabicycloundecene, diazabicyclooctane, imidazole; and the like. 

[0144] 

For example, the synthesis can be carried out by referring to the Reference Example of 

the present invention or "Bioorg. Med. Chem. Lett., 2004:14, pp. 2547-2550," etc. 

[0145] 

Synthetic method (2): 

[0146] 

[Formula 15] 
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[0147] 

In the reaction equation, X represents an oxygen atom; R1, R2, A, and Y are the same as 

defined in the formula (1). This reaction can be carried out by using the Mitsunobu reaction. 

For example, in the presence of diethyl azodicarboxylate (DEAD), diisopropyl 

azodicarboxylate (DIAD), 1 J'-(azodicarbonyl)dipiperidine (ADDP), 

l,l5-azobis(N,N-dimethylformamide) (TMAD), or the like and in the presence of 

triphenylphosphine, tributyIpho sphine, or the like, the reaction can be carried out in a 

solvent such as tetrahydrofuran, diethyl ether, 1,2-dimethoxyethane, dichloromethane, 

toluene, or the like at a temperature range of from 0°C to 150°C,. 

[0148] 

The compound represented by the formula (1) can be produced by a reaction using the 

Mitsunobu reaction and its related reactions described in Bull. Chem. Soc. Jpn., 1967:40, p. 

23S0; Synthesis, 1981s p, 1; and Org. React, 1992:42, p. 335. 

[0149] 

Besides the above, the compound represented by the fonnula (1) can also be 

synthesized by using an existing general ether synthesis method. For example, the synthesis 

can be carried out by referring to general text books on synthetic organic chemistry such as 

Jikken Kagaku Koza 4th ed., No. 20, "Organic Synthesis II Alcohol/Amine," Ed. Chemical 
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Society of Japan (Maruzen Co., Ltd.), pp. 187-205, and the like. 

[0150] 

Among the compounds represented by the formula (2), those having a thiazole ring as B 

are commercially available in some cases but they can be synthesized by referring, for example, 

to the following scheme: 

[0151] 

[Formula 16] 

ft s H2N s 

RSYR4 +HAHJ v L/V-R3"^I 
X R4 

[0152] 
3 4 In the reaction scheme described above, R and R are the same as defined in the formula 

(2) of the present invention. X' represents a halogen atom. 

[0153] 

The 2-aminothiazole derivative according to the thiazole cyclization reaction of Step 1 

can be synthesized by referring to Pharmaceutical Chemistry Journal, 2007:41, pp. 105-108; 

Pharmaceutical Chemistry Journal, 2001:35, pp. 96-98; WO 2005/075435; WO 2005/026137; 

and the like. The reaction of Step 2 can be carried out by reference to Journal of Heterocyclic 

Chemistry, 1985:22, pp. 1621-1630; Journal of the Chemical Society, Perkin Transactions 1: 

Organic and Bio-Organic Chemistry, 1982:1, pp. 159-164; and Bioorganic & Medicinal 

Chemistry Letters, 2008:18, pp. 6231-6235. In addition, the thiazole derivative represented by 

the fonnula (2) can be synthesized by referring to, for example, WO 2002/051849 and WO 

2001/062250. 

[0154] 

Among the compounds represented by the formula (2), various compounds having a 

pyridine ring as B are commercially available. As well as being purchasable, synthetic 

55 



methods of these compounds axe widely reported and, thus, they can be synthesized by 

using those techniques. 

Among the compounds represented by the foimula (2), those having an. isoxazole ring 

or isothiazole ring [in the formula (2), W is an oxygen atom or sulfur atom] are 

commercially available in some cases. However, they can be synthesized by referring, for 

example, to the methods described in Tetrahedron Letters,' 1968, pp. 5209-5213; Synthesis, 

1970, pp. 344-350; Angewandte Cheinie, 1967:79, pp. 471-472; and Chemische Berichte, 

1973:106, pp. 3291-3311. 

[0156] 

In the following, the present invention will be described specifically with reference to 

Examples, etc. However, it should be understood that the scope of the present invention is 

not limited in any sense by these Examples. 

In the present Examples, the analysis and purification were carried out by using the 

following instruments and the like: 

[0158] 

TLC: E. Merck silica gel 60 F254 (0.25 mm) 

Flash column chromatography: Biotage Flash, Si40 

Preparative thin-layer chromatography (PTLC): Merck silica gel 60 F254 (1 mm) 

Liquid Chromatography/Mass Spectrometry (LC/MS): 

Analytical System: SHIMAZU LCMS-2010A 

[0155] 

[Examples^ 

[0157] 

56 



Software: LCM-S Solution 

Experimental Conditions: 

Column: Phenomenex Gemini 3 |j.m 4.6 mm x 30 mm 

Flow Rate: 1.2mL/m.m 

Measurement Temperature: 40°C 

A-Solvent: 5% MeCN/95% H20 + 0.05% TFA 

B-Solvent: 95% MeCN/5% H2G + 0.05% TFA 

MS-mode: ESPI­

ES! Voltage: 4.5 KV 

Source Temp: 130°C 

DesolvationTemp: 320°C 

[0159] 

[Table 8] 

1 

Time 
fmirfl 

A 
M 

B ra Flow 
[ml/min] 

1 0.01 95 5 1.2 
2 0.3 60 40 

cs
j 

3 2.3 0 100 12 
4 3.8 d 100 1.2 
5 4.0 95 5 1.2 
0 4.5 95 5 0 

A dual column system was employed. 

[0160] 

Nuclear magnetic resonance (NMR): JEOL JNM-AL400 (3H 400 MHz) 

The 3H-NMR shift values are shown in ppm with the shift value of tetramethysilaiie (8 

0.0 p A dual coiuim'system was employed, 'he following abbreviations: 
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s = singlet, d ~ doublet, dd - doublet of doublets, t = triplet, q = quartet, m = multiplet, br = 

broad signal. 

In addition, in the !H-NMR spectra in Reference Examples and Examples, the proton 

signal of a carboxylic acid may not be able to be confirmed in some cases, depending on 

the measurement conditions such as the solvent and the like. 

[Reference Example 1] 

Synthesis of tert-butvl 4-m6thylthiazole-5-carboxvlate 

[0161] 

[Formula 17] 

[0162] 

A mixture of 4-methyl-5-thiazolecarboxylic acid (1.36 g, 9.48 mmol) and thionyl 

chloride (28.7 mL) was stirred at 80°C for 1 hour. The reaction mixture was concentrated 

under reduced pressure by removing thionyl chloride and the crude product obtained was 

dried under reduced pressure. To a solution of this crude material in dichloromethane (5.68 

mL), there were added tert-butanol (2.84 mL) and pyridine (16.9 mL) and the mixture was 

stirred at 60°C overnight. After the reaction was complete, the reaction mixture was 

concentrated under reduced pressure. To the crude material obtained were added a saturated 



aqueous sodium carbonate solution and ethyl acetate. After separating ethyl acetate, 

extraction was performed by adding ethyl acetate again to the saturated aqueous sodium 

bicarbonate solution. The combined organic phases were washed with a saturated aqueous 

sodium chloride solution and dried over anhydrous magnesium sulfate. After removing 

magnesium sulfate by filtration, the solvent was concentrated under reduced pressure. The 

crude product obtained was purified, by silica gel chromatography (hexane/ethyl acetate = 

85/15) to obtain the title compound (964 mg). Yield, 51%. 

'H-NMR (400MHZ, CDC13): 8 8.72 (s, 1H), 2.74 (s, 3H), 1.58 (s, 9H). 

[Reference Example 2] 

Synthesis of 5-iodo-2~isobutoxybenzonilrile 

[0163] 

[Formula 18] 

A solution of 2-methyl-1 -propanol (0.56 mL, 6.06 mmol) in N,N-dimethylformamide 

(10 mL) was cooled to 0°C and to this was added sodium hydride (242 mg, a 60% 

suspension in mineral oil, 6.06 mmol) in small portions. The turbid reaction mixture was 

stirred at 0°C for 5 minutes and the temperature was raised to 23°C. Thereafter, the mixture 

[0164] 
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was stirred at room temperature for 10 minutes and cooled again to 0°C. To the reaction 

mixture was added 2-fluoro-5-iodobenzonitrile (1.0 g, 4.04 mmol) and, after being warmed 

to room temperature, the reaction mixture was stirred for 1.5 hours. After the reaction was 

complete, water (20 mL) was added to the reaction mixture, which, was extracted with ethyl 

acetate (3 x 30 mL), The organic phases were combined, washed with a saturated aqueous 

sodium, chloride solution (3 x 30 mL), and thereafter dried over anhydrous magnesium 

sulfate. After removing magnesium sulfate by filtration, the solvent was concentrated under 

reduced pressure. The crude product obtained was puriiied by silica gel chromatography 

(hexane/ethyl acetate = 98/2) to obtain the title compound (950 mg). Yield, 78%. 

SH-NMR (400MHz, CDC13): 5 7.81 (d, J = 2.2Hz, 1H), 7.76 (dd, J = 8.8Hz, 2.2Hz, III), 

6.72 (d, J = 8.8Hz, 1H), 3.80 (d, J - 6.3Hz, 2H), 2.21-2.11 (m, 1H), 1.06 (d, J = 6.8Hz, 6H). 

[Reference Example 3] 

Synthesis of 5-bromo-2-lsobutoxybenzonitrile 

[0165] 

[Fonnula 19] 

A suspension of sodium hydride (1.64 g, a 60% suspension in mineral oil, 37.5 mmol) 

in N,N-dimefhylformamide (50 mL) was cooled to 0°C and thereafter 2-methy.l-l-propanol 

[0166; 
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(3.47 mL, 37.5 mmol) was added thereto in small portions. The reaction mixture was stirred 

at room temperature for 20 minutes. The mixture was cooled again to 0°C, 

2-fIuoro-5-bromobenzonitrile (5.00 g, 25.0 mmol) was added thereto in small portions, and 

thereafter the reaction mixture was stirred at room temperature for 15 hours.. After the 

reaction was complete, water (100 mL) was added to the reaction mixture, which was then 

extracted, with ethyl acetate (3 x 100 mL). The organic phases were combined, washed with 

a saturated aqueous sodium chloride solution (2 x 50 mL), and thereafter dried over 

anhydrous sodium sulfate. After removing sodium sulfate by filtration, the solvent was 

concentrated under reduced pressure. The crude product obtained was purified by silica gel 

chromatography (hexane/ethyl acetate = 9/1) to obtain the title compound (6.04 g). Yield, 

95%. 

!H-NMR (400MHz, CDC13): 5 7.65 (d, J - 2.4Hz, 1H), 7.60 (d, J = 9.0Hz, 2.4Hz, 1H), 

6.84 (d, J = 8.8Hz, 1H), 3.81 (d, J - 6.6Hz; 2H), 2.22-2.12 (in, 1H), 1.06 (d, J - 6.6Hz, 6H). 

[Example 1] 

Synthesis of tert-butvl 2-(3-cvano-4-isobutoxvphenvl)-4-methvlthiazole-5-carboxvlate 

[0167] 

[Formula 20] 

[0168] 

To a reaction vessel were added tert-butyl 4-methylthiazole-5-carboxyIate (49.8 mg. 
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0.25 mmol) obtained in Reference Example 1, 5-iodo-2~isobutoxybenzonitrile (112.9 rag, 

0.375 mmol) obtained in Reference Example 2, and anhydrous N,N-dimethylformamide 

(1.25 mL). After adding tert-butoxy lithium (40.0 mg, 0.5 mmol) and copper(I) iodide (9.5 

mg, 0.05 mmol) to the mixture under a nitrogen atmosphere, the reaction mixture was 

heated to 140°C and stirred for 30 minutes. After the reaction was complete, the reaction 

mixture was cooled to room temperature. Water was added to the reaction mixture, which 

was then extracted with ethyl acetate. The combined organic phases were washed with, a 

saturated aqueous sodium chloride solution and dried over magnesium sulfate. After 

removing magnesium sulfate by filtration, the organic solvent was concentrated under 

reduced pressure. The crude product obtained was purified by thin-layer silica gel 

chromatography (hexane/ethyl acetate = 4/1) to obtain the title compound (29.2 mg). Yield, 

31%. 

^-NiMR (400MHz, CDC13): 8 8.16 (d, J - 2.4Hz, 1H), 8.08 (dd, J = 8.8Hz, 2.4Hz, 1 H)s 

7.00 (d, J - 8.8Hz, 1H), 3.89 (d, J - 6.8Hz, 2H), 2.73 (s, 3H), 2.24-2.16 (m, 1H), 1.59 <s, 

9H),1.09 (d, J -6.8Hz, 6H). 

[Example 2] 

Synthesis of tert-butyl 2-(3-cvano-4-isobutoxvphenvl")-4-methyjthiazole-5-carboxvlate 

[0169] 

[Fonnula 21] 

62 



MC 

-O. 

+ i 
60 mol% PPh, 

10 inni% PdCIj(dppf) 

2.0 equiv Ag.CO,-
HiO 

60 °C, 24 hr 
Y. 94% 

[0170] 

To a reaction vessel were added tert-butyl 4-methylthiazole-5-carboxylate (49.8 mg, 

0,25 mmol) obtained in Reference Example 1, 5-iodo-2-isobutoxybenzonitrile (112.9 mg, 

0.375 mmol) obtained in Reference Example 2, and water (0.5 mL). Under a nitrogen, 

atmosphere, a complex of palladium (II) chloride with bidentate 

1,r-bis(diphenylphosphino)ferrocene [PdCkCdppf)] (20.7 mg, 0.025 mmol), 

triphenylphosphine (39.3 mg, 0.15 mmol), and silver carbonate (138-4 mg, 0.5 mmol) were 

added and, thereafter, the reaction, mixture was heated to 60°C and. stirred, for 24 hours. 

After the reaction was complete, the reaction mixture was cooled to room temperature. 

Ethyl acetate (2.5 mL) was added to the reaction mixture, and insoluble material was 

separated by filtration and the filtrate was washed with ethyl acetate. The filtrate was 

extracted with ethyl acetate twice. The combined organic phases were washed with a 

saturated aqueous sodium chloride solution and dried over magnesium sulfate. After 

removing magnesium sulfate by filtration, the organic solvent was concentrated under 

reduced pressure. The crude product obtained was purified by thin-layer silica gel 

chromatography (hexane/ethyl acetate = 3/1) to obtain the title compound (87.6 mg). Yield, 

!H~NMR (400MHz, CDC13): 5 8.16 (d, J - 2.4Hz, 1H), 8.08 (dd, J = 8.8Hz, 2.4Hz, 1H), 

7.00 (d, J = 8.8Hz, 1H), 3.89 (d, J = 6.8Hz, 2H), 2.73 (s, 3H), 2.24-2.16 (m, 1H), 1.59 (s, 

94%, 
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9H), 1.09 (d, J = 6.8Hz,6H). 

[Example 3] 

Synthesis of tert-butyl 2-(3-cyano-4-isobutoxyphenyIV4-methvlthiazole-5-carboxvlatc 

[0171] 

[Formula 22] 

-O 
+ < 

o 
20 mol% PCy3 

iQ mol% P<i(OA-c)j 

2.0 equiv CSJCOJ 
toluene 

!20"CT 19Jir 
Y. 83% 

[0172] 

To a test tube-type reaction vessel (50 mL) were added tert-butyl 

4-methylthiazole-5-carboxylate (598 mg, 3.0 mmol) obtained in Reference Example 1, 

5-bromo-2-isobutoxybenzonitrile (762 mg, 3.0 mmol) obtained in Reference Example 3, 

palladium acetate (67.4 mg, 0.30 mmol), tri(cyclohexyl)phosphine (168 mg, 0.60 mmol), 

cesium carbonate (1.95 g, 6.0 mmol), and toluene (11 mL). Thereafter, the reaction vessel 

was filled with nitrogen, heated to 120°C under airtight seal, and the reaction mixture was 

stirred for 19 hours. After the reaction was complete, ethyl acetate (30 mL) was added to 

the reaction mixture and insoluble matter was removed by filtration. To the filtrate was 

added 0.1 mol/L hydrochloric acid (20 mL) and the organic phase was extracted and 

separated. Further, the aqueous phase was extracted with ethyl acetate (20 mL). The 

combined organic phases were washed with water (30 mL) and a saturated aqueous sodium 

chloride solution (30 mL) and dried over sodium sulfate. After removing sodium sulfate by 

filtration, the organic solvent was concentrated under reduced pressure. The crude product 
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obtained was purified by silica gel chromatography (hexane/ethyl acetate = 7/1) to obtain 

the title compound (930 mg). Yield, 83%. 

XH-NMR (400MHz, CDCI3): 5 8.16 (d, J - 2.44Hz, 1H), 8.08 (dd, J - 8.78Hz, 2.20Hz, 

1H), 7.00 (d, J = 8.78Hz-, 1H), 3.90 (d, J = 6.59Hz, 2H), 2.73 (s, 3H), 2.25-2.16 (m, 1H), 

1.59 (s, 9H), 1.09 (d, J = 6.83Hz, 6H). 

[Example 4] 

Synthesis of tert-butyl 2-(3-cyano-4-isobutoxypheiiyl)-4-methylthiazole-5-carboxylate 

[0173] 

[Formula 23] 

To a test tube-type reaction vessel were added tert-butyl 4-methyithiazole-5-carboxylate 

(180 mg, 0.903 mmol) obtained in Reference Example 1, 5-bromo-2-isobutoxybenzonitrile 

(230 mg, 0.903 mmol) obtained in Reference Example 3, palladium hydroxide (31.7 mg, 

0.045 mmol), tri(cyclohexyl)phosphine (12.7 mg, 0.045 mmol), potassium carbonate (250 

mg, 1.81 mmol), copper iodide (172 mg, 0.903 mmol), and dimethyl sulfoxide (3.0 mL). 

Thereafter, the reaction, vessel was filled with nitrogen, heated to 120°C under airtight seal, 

and the reaction mixture was stirred for 20 hours. After the reaction was complete, ethyl 

acetate (10 mL) and water (10 mL) were added to the reaction mixture, and the resultant 

5 mol% PCy3 
5 mol% Pd(OH);,/C 

l.U equivCui 
2.0 equiv K2COJ 

DMSO 
I2Q°C, 2E>hr 

Y, 39% 

[0174] 
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mixture was stirred at room temperature for 30 minutes. The solution was filtered through 

Celite and the Celite layer was washed with ethyl acetate (20 mL) and water (10 mL). The 

organic phase was separated from the filtrate and the aqueous phase was extracted further 

with ethyl acetate (20 mL). The combined organic phases were washed with a saturated 

aqueous sodium chloride solution (1.0 mL) and dried over sodium sulfate. After removing 

sodium sulfate by filtration, the organic solvent was concentrated under reduced pressure. 

The crude product obtained was purified by silica gel chromatography (hexane/ethyl acetate 

= 49/1 to 4/1) to obtain a crude product of the title compound (188 mg). After dissolving 

this again in ethanol (3 mL) by heating (80°C), the solution was cooled to 10°C and the 

precipitated solid was separated by filtration and washed with ethanol (2 mL). The solid 

was dried at room temperature under reduced pressure, to obtain the title compound (132 

mg). Yield, 39%. 

JH-NMR (400MHz, CDC13): S 8.17 (d, J - 2.20Hz, 1H), 8.08 (dd5 J = 8.90Hz, 2.32Hz, 

1H), 7.00 (d, J - 9.02Hz, 1H), 3.90 (d, J - 6.59Hz, 2H), 2.73 (s, 3H), 2.24-2.15 (m, 1H), 

1.59 (s, 9H), 1.09 (d, J - 6.83Hz, 6H). 

[Example 5] 

Synthesis of tert-butyl 2-C3-cvano-4-isobutoxvphenyi")-4-methvlthiazole-5-carboxvlate 

[0175] 

[Formula 24] 

•°Y> + < J 
30 nnol% tBuC02H 

20 rnol% PCy3" 
10 mcl% PdfOAc); 

toluene 
reflux, 9hr 

Y. 79% 
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[0176] 

To a reaction vessel were added tert-butyl 4-methylthiazole-5-carboxylate (598 mg, 3.0 

mmol) obtained in Reference Example 1, 5-bromo-2-isobutoxybenzomtrile (762 mg, 3.0 

mmol) obtained in Reference Example 3, paliadium acetate (67.4 mg, 0.30 mmol), 

tri(cyclohexyl)phosphine (168 mg, 0.60 mmol), potassium carbonate (829 mg, 6.0 mmol) , 

toluene (10 mL), and pivalic acid (92 mg, 0.90 mmol). Thereafter, the reaction mixture was 

stirred, at room temperature for 30 minutes tinder a nitrogen atmosphere and for further 9 

hours with heating under reflux. After the reaction was complete, water (20 mL) and ethyl 

acetate (20 mL) were added to the reaction mixture and the organic phase was extracted and 

separated. Further, the aqueous phase was extracted with ethyl acetate (20 mL), The 

combined organic phases were dried over magnesium sulfate. After removing magnesium 

sulfate by filtration, the organic solvent was concentrated under reduced pressure. The 

crude product obtained was purified by silica gel chromatography (hexane/ethyl acetate = 

100/0 to 0/100) to obtain the title compound (880 mg). Yield, 79%. 

1H-NMR (400MHz, CDCU): 6 8.16 (d, J - 2.20Hz, III), 8.08 (dd, J - 8.78Hz, 2.20Hz, 

1H), 7.00 (d, J - 8.78Hz, 1H), 3.90 (d, J - 6.34Hz, 2H), 2.73 (s, 3H), 2.25-2.15 (m, 1H), 

1.59 (s, 9H), 1.09 (d, J - 6.59Hz, 6H). 

[Example 6] 

Synthesis of ethyl 2-(3-cvano-4-isobutoxvphenvl)-4-methylthiazole-5-carboxylate 

[0177] 

[Formula 25] 
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30 mol% tBuCOvH 
20 n)o!% PCy3 

iC moi% Pd(OAc)2 

2-0 equiv K.2CD3 
toiuene 

reflux, lOhr 
Y. 72% 

[0178] 

To a reaction vessel were added ethyl 4-methylthiazole-5-carboxylate (514 mg, 3.0 

mmol), 5-bromo-2-isobutoxybenzonitrilc (762 mg, 3.0 mmol) obtained in Reference 

Example 3, palladium acetate (67.4 mg, 0.30 mmol), tri(cyclohexyl)phosphine (168 mg, 

0.60 mmol), potassium carbonate (829 mg, 6.0 mmol), toluene (10 mL), and pivalic acid 

(92 mg, 0.90 mmol). Thereafter, the reaction mixture was stirred at room temperature for 30 

minutes under a nitrogen atmosphere and for further 10 hours with heating under reflux. 

After the reaction was complete, water (20 mL) and ethyl acetate (20 mL) were added to 

the reaction mixture and the organic phase was extracted and separated. Further, the 

aqueous phase was extracted with, ethyl acetate (20 mL). The combined organic phases 

were dried over magnesium sulfate. After removing magnesium sulfate by filtration, the 

solvent was concentrated under reduced pressure. The crude product obtained was purified 

by silica gel chromatography (hexane/ethyl acetate = 100/0 to 0/100) to obtain the title 

compound 734 mg). Yield, 71%. 

!H-NMR (400MHz, CDC13): 6 8,18 (d, J - 2.44Hz, 1H1 8.09 (dd, J - 8.78Hz, 2.20Hz, 

1H), 7.01 (df J - 8.78Hz, 1H), 4.36 (q, J - 7.07Hz, 2H), 3.90 (d, J = 6.34Hz, 2H), 2.77 (s, 

3H), 2.26-2.16 (m, JH), 1.39 (t, J = 7.19Hz, 3H), 1.09 (d, J- 6.83Hz, 611). 

[Example 7] 
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Synthesis of tert-butyl 2-f3-cvano-4-isobutoxvp.henyD-4-methylthiazole-5-carboxyla(:e 

[0179] 

[Formula 26 

20 mol% PCy(fert-Bu), 
Itl mc>I% Pcl(OAr)2 

2.0 cqutv KjCO^ 
toluene 

reflux, 24hr 
Y. 91% 

[0180] 

To a reaction vessel were added tert-butyl 4-methylthiazole-5-carboxylate (598 mg, 3.0 

mmol) obtained in Reference Example 1? 5-bromo-2-isobutoxybenzonitrile (801 mg, 3.15 

mmol) obtained in Reference Example 3, palladium acetate (67.4 mg, 0.30 mmnlY 

di(tert-butyl)cyclohexylphosphine (137 mg, 0.60 mmol), potassium carbonate (829 mg, 6.0 

mmol), and toluene (10 mL). Thereafter, the reaction mixture was stirred at room 

temperature for 30 minutes and for further 24 hours under a nitrogen atmosphere with 

heating under reflux. After the reaction was complete, water (15 mL) and ethyl acetate (20 

mL) were added to the reaction mixture and the organic phase was extracted and separated. 

Further, the aqueous phase was extracted with ethyl acetate (20 mL). The combined organic 

phases were dried over magnesium sulfate. After removing magnesium sulfate by filtration, 

the organic solvent was concentrated under reduced pressure to obtain a crude product. 

After dissolving the crude product by adding toluene (1 ml) and heating to 70°C, heptane (9 

mL) was added thereto at 70°C and the resultant mixture was allowed to cool to room 

temperature and further cooled to 0°C. The precipitated solid was separated by filtration, 

washed with heptane (20 mL) to obtain the title compound (611 mg, 1.64 mmol). Further, 
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the filtrate was concentrated under reduced pressure and the crude product obtained was 

purified by silica gel chromatography (hexane/ethyl acetate = 100/0 to 0/100) to obtain the 

title compound (405 mg, 1.09 mmol). Yield, 91%. 

!H~NMR (400MHz, CDC13): 6 8.17(ds J - 2.20Hz, 1H), 8.09 (dds J - 8 ,90Hz, 2.32Hz. 

1H), 7.00 (d, J - 8.78Hz, 1H), 3,90 (d, J = 6.34Hz, 2Bfc 2.73 (s, 3H), 2.24-2.17 (in, 1H), 

1.59 (s, 9H), 1.09 (d, J = 6.83Hz, 6H). 

[Example 8] 

Synthesis of ethyl 2-(3-cYano-4-isobutoxyphenvlV4-methylthiazole-5-cai'boxylate 

[0181] 

[Fonnula 27] 

3 mol% P(tert-Bu)-, 
1 mol% Pd(OAc), 

1.05 cquiv K.2CO3 
Xylene 

refiux, 37 hr 
Y. 78% 

[0182] 

To a reaction vessel were added ethyl 4-methylthiazole-5-carboxylate (1.71 g5 10.0 

mmol), 5-bromo-2-isobutoxybenzomtrile (2.54 mg, 10.0 mmol) obtained in Reference 

Example 3, palladium acetate (22.4 mg, 0.10 mmol), a tetrafluoroboric acid salt of 

tri(tert-butyl)phosphine (87.0 mg, 0.30 mmol), potassium carbonate (1.45 g, 10.5 mmol) , 

and xylene (10 mL). Thereafter, the reaction mixture was stirred at room temperature for 30 

minutes and for further 17 hours under a nitrogen atmosphere, with heating under reflux. 

After the reaction was complete, the reaction mixture was filtered while hot and the 

filtration bed was washed with toluene and dichloromethane. The filtrate was concentrated 

70 



under reduced pressure and the crude product obtained was purified to obtain the title 

compound (2.69 g). Yield, 78%. 

!H-NMR (400MHZ, CDC13): 5 8.18 (d, J = 2.44Hz, 1H), 8.09 (dd, J = 8.78Hz, 2.20Hz, 

1H), 7.01 (d, J - 8.78Hz, 1H), 4.36 (q, J = 7.07Hz, 2H), 3.90 (d, J = 6.34Hz, 2H)S 2.77 (s, 

3H), 2.26-2.16 (m, 1H), 1.39 (t, J - 7.19Hz, 3H), 1.09 (d, J - 6.83Hz, 6H). 

[Example 9] 

Synthesis of ethyl 2-f3-cyano-4-isobutoxvphenyiy4-methvlthiazole-5-carboxYlate 

[0183] 

[Fonnula 28] 

To a reaction vessel were added ethyl 4-methylthiazole-5-carboxylate (1.71 g. 10.0 

mmol), 5-broino-2-isobutoxybenzonitrile (2.69 g. 10.5 mmol) obtained in Reference 

Example 3, palladium acetate (22.4 mg, 0.10 mmol), di(tert-buty])cyc.lohexylphosphine 

(68.5 mg, 0.30 mmol), potassium carbonate (1.45 g, 10.5 mmol), and xylene (10 mL). 

Thereafter, the reaction mixture was stirred at room temperature for 30 minutes and for 

further 24 hours under a nitrogen atmosphere with heating under reflux. After the reaction 

was complete, the reaction mixture was filtered while hot and the filtration bed was washed 

with toluene and dichloromethane. The filtrate was concentrated under reduced pressure 

and the crude product obtained was purified to obtain the title compound (2.83 g). Yield, 

3 mo!'/. PCy(lcft-Bu)2 
1 mol% Pd(OAc)2 

0184] 
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82%. 

!H-NMR (400MHZ, CDC13): S 8.18 (d, J = 2.44Hz, IB), 8.09 (dd, J - 8.78Hz, 2.20Hz, 

1H), 7.01 (d, J - 8.78Hz, 1H), 4.36 (q, J = 7.07Hz, 2H), 3.90 (d, J - 6.34Hz, 2H), 2.77 (s, 

3H), 2:26-2.16 (m, 1H), 1.39 (t, J - 7.19Hz, 3H), 1.09 (d, J - 6.83Hz, 6H). 

[Example 10] 

Synthesis of tert-butyl 2-(3-cyano-4TsobutQxyphenyl)~4~methyltliiazole-5-carboxviate 

[Formula 29] 

+ 

A 
Reaction Condition NC Y 

f/H 
D 

To a test tube-type reaction vessel (10 mL) were added tert-butyl 

4-methylthiazole-5-carboxyIate (59.8 mg, 0.3 mmol) obtained in Reference Example 1, 

5-bromo-2"isobutoxybenzomtrile (76.2 mg, 0.3 mmol) obtained in Reference Example 3, 

palladium acetate (6.7 mg, 0.030 mmol), a ligand, a base (0.60 mmol), and a solvent (1 mL). 



Thereafter, the reaction vessel was filled with nitrogen, heated to 120°C under airtight seal, 

and the reaction mixture was stirred. After the reaction was complete, a portion of the 

reaction mixture was diluted with DMSO and the solution obtained, was measured by 

HPLC. The total I-IPLC area% of the compounds A to D and TM was set as 100% and the 

calculated yield of the target material was computed from the HPLC area% of the target 

material. Computation of the calculated yield of the target material from the HPLC area% 

thereof was carried out by putting the corresponding values in the following calculation 

formula. 

[0187] 

Yield of TM (%) = total amount of TM (mol)/[{total amount of B (mol) + total amount 

of D (mol) x 2 + total amount of TM (mol)}/2 + {total amount of A (mol) -r total amount of 

(C) x 2 + total amount of TM (mol)}/2] x 100 

Total amount of each, compound (mol) = HPLC area value (mAU)/ HPLC area value 

per mol of each compound (mAU/mol) 

High Performance Liquid Chromatography: 

Analytical System: G1315A Hewlett Packard Series 1100 

Software: ChemStation for LC 3D 

Experimental Conditions: 

Column: Imtakt Cadenza CD-C18 4.6 x 100 mm 

Flow: 1.0 mL/min 

Wavelength: 254 nni 

Temperature: 40°C 
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A-Solvent: 5% MeCN/95% H20 + 0.05% TFA 

B-Solvent: 95% MeCN/5% H20 + 0.05%TFA 

Gradient: 

0-1 min 10% B-Solv. 

1-7 min 10-50% B-Solv. 

7-14 min 0-80% B-Solv. 

14-16 min 80-100% B-Solv. 

16-20 min 100% B-Solv. 

20-22 min 100-10% B-Solv. 

22-25 min 10% B-Solv. 

The results in the present Example are shown in the following. 
[0188] 
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-F=» 
Cu 

Reaction Conditions HPLC area % Calculated 
Experiment 

No. 
Solvent 
0. 3M 

Base 
2 eq. 

Pd 
0.1 eq. 

Ligand 
0 . 2 eq. 

Additive 
0.3 eq. 

Temperature 
°C 

Reaction 
Time 
hr 

TM A B C D Yield % 
TM 

1 DME K2CO3 Pd(OAc) P (t-Bu) 3 -HBF4 
(0.4 eq.) - 120 24 63 0 4 . 1 21 . 6 N. D. N D. 98.8 

2 NMP K3PO, Pd(OAc)2 P (t-Bu) 3 -HBF4 - 120 24 20 8 8 .2 62 . 1 3.7 N D. 89 2 
3 NMP CS2CO-I Pd(OAc)2 P (t-Bu) 3 -HBF4 - 120 24 38 2 7 .3 38 .4 2.7 N D. 95 0 
4 Toluene Cs2C03 Pd(OAc)2 PPh3 - 120 24 19 5 6 .4 59 . 6 5.6 N D. 65 5 
5 Toluene Cs2C03 Pd(OAc)2 dppp - 120 24 20 8 5 .7 56 . 9 11.6 N D. 65.8 
6 Toluene Cs2C03 Pd(OAc)2 dppe - 120 24 20 5 5 . 4 55 .5 13.5 N D. 64 4 
7 Toluene Cs2C03 Pd{OAc)2 dppf - 120 24 13 5 5 .8 68 8 6.4 N D. 61 7 
8 Toluene Cs2C03 Pd{OAc)2 dppb - 120 24 24 9 6 .0 53 7 7 . 8 N D. 71.0 
9 DME Cs2C03 Pd(OAc)2 PCy3 - 120 .19 15 3 5 . 9 71 6 5.2 N D. 90 0 
10 EA K2CO3 Pd(OAc)2 rcy3 PivOH 120 24 60 6 0 0 26 5 3.1 9 . 8 81 9 
11 CPME K2CO3 Pd(OAc)2 PCy3 PivOH 120 24 63 6 0 0 35 7 0.7 0 . 0 87 9 
12 Toluene K2CO3 Pd(OAc), P(n-Bu)3 PivOH 120 24 54 7 0 .0 30 0 6.5 8 .7 78.8 
13 Toluene K2CO3 Pd(OAc)2 P(n-Oct.)3 PivOH 120 24 55 4 0 0 28 7 7 . 9 8 . 1 7 9 0 
14 Toluene K2CO3 Pd(OAc)2 PCy3 PivOH 80 90 82 7 0 0 13 1 0.0 4 .2 92. g 



[0189] 

Abbreviations in the Table represent the following: 

DME: Dimethoxyethane 

NMP: N-Methylpyrrolidone 

EA: Ethyl acetate 

CPME: Cyclopentyl methyl ether 

HBF4: Tetrafluoroboric acid 

dppp: 1,1 '-Bis(diphenylphosphino)propane 

dppe: 1,1' -Bis(diphenylphospbino)ethane 

dppb: 1,15 -Bis(diphenylphosphino)butane 

dppf: 1,1'-Bis(diphenylphosphino)ferrocene 

PCy3: Tricyclohexylphosphine 

PivOH: Pivalic acid 
n-Oct.: n-Octyl 

[Example 11] 

Synthesis of ethyl 2-(3-cvano-4-isobutoxyphenvl)-4-methvlthiazol.e-5-carbox.vlate 

[0190] 

[Formula 30] 
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+ 

A 

[0191] 

To a test tube-type reaction vessel (10 mL) were added ethyl 

4-methylthiazole-5-carboxylate (85.5 mg, 0.5 mmol), 5-bromo-2-isobutoxybeiizonitrile 

(127.1 mg, 0.5 mmol) obtained in Reference Example 3, a palladium species, a ligand, a 

base (1.0 mmol), an additive (0.15 mmol), and a solvent (1.7 mL). Thereafter, the reaction 

vessel was filled with nitrogen, heated to 120°C under airtight seal, and the reaction 

mixture was stirred. After the reaction was complete, a portion of the reaction mixture was 

diluted with DMSO and the solution obtained was measured by HPLC. The total HPLC 

area % of the compounds A to D and TM was set as 100% and the calculated yield of the 

target material was computed from the HPLC area % of the target material. The results are 

shown in Table 10. 
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[0192] 

High Performance Liquid Chromatography: 

Analytical System: G1315A Hewlett Packard Series 1100 

Software: ChemStation for LC 3D 

Experimental Conditions: 

Column: Phenomenex Luna Phenyl-Hexyl Sum 4.6 * 100 mm 

Flow: 1.0 mL/min 

Wavelength: 240nm 

Temperature: 40°CA-Solvent: 5%MeCN/95%H20 + 0.05%TFA 

B-solvent: 95%MeCN/5%H20 + 0.05%TFA 

Gradient: 

0-1 min 10% B-Solv. 

1-14 min 10-70% B-Solv. 

14-24 min 70-80% B-Solv. 

24-25 min 80-100% B-Solv. 

25-30 min 100% B-Solv. 

30-32 min 100-10% B-Solv. 

32-35 min 10% B-Solv 
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-vf 

QJ 

Reaction Conditions HPLC area % Calculated 
Experiment 

No. 
Solvent 
0.3M 

Base 
2 eq. 

Pd Ligand Additive Temperature Reaction 
0.3 eq. °c Time 

hr 

TM A B C D Yield % 
TM 

1 Toluene K2CO3 Pd(OAc)2 
(0.1 eq.) 

P(t-
(0 

Bu) 3 'HBF4 
.2 eq.) - 120 5.5 31 . 4 39.2 29.4 N D. N D. 26.5 

2 Toluene K2CO. 
Pd(OAc)2 
(0.1 eq.) (0 

XPhos 
.2 eq.) 

- 120 5.5 31 .5 38.0 30.6 N D. N D. 26. 5 

3 Toluene K2CO3 Pd(OAc)2 
(0.1 eq.) 

RuPhos 
(0.2 eq.) 

- 120 5.5 39 .4 35.7 24.9 N. D. N D. 34.0 

4 Toluene K2CO3 Pd(OPiv)2 
{0.02 eq.) 

P(t-
(0 

Bu) 3 'HBF4 
04 eq.) - 120 15 90 . 1 3.1 4 1 0 . 7 2 . 1 90.7 

5 Toluene KHCO3 Pd(OAc)2 
(0.02 eq.) 

P(t-
(0 

Bu) 3 -HBF4 
04 eq.) - 12.0 15 41 0 34 . 6 24.1 0 .0 0 . 3 35.7 

6 Toluene K2CO3 Pd(OAc)2 
(0.02 eq.) 

P(t-
(0 

Bu) 3 -HBF4 
04 eq.) ' - 120 15 46 0 30.3 22.2 0 . 8 0 . 7 40 . 9 

7 Toluene K2CO3 Pd(OAc)2 
(0.02 eq.) 

P(t-
(0 

Bu) 3 -HBF4 
04 eq.) 

AcOH 120 15 47 5 29. 6 21.9 0 . 6 0 .4 42.1 

8 Toluene K2CO3 Pd(OAc)2 
(0.02 eq.) 

P(t-
(0 

Bu) 3 -HBF4 
04 eq.) 

PivOH 120 15 79 3 10.3 8.2 0 .3 1 . 9 77.1 

9 Toluene K2CO3 Pd(OAc)2 
(0.02 eq.) 

P(t-
(0. 

Bu)3 -HBF4 
04 eq.) 

EtC02H 120 15 62 7 20.0 15.7 0 .6 0 .9 57.9 

10 Toluene K2CO3 Pd(OAc)2 
(0.02 eq.) 

P(t-
(0. 

Bu) 3 -HBF4 
04 eq.) 

i-PrC02H 120 15 93 4 1.0 3.8 0 6 1 .2 93.7 

11 Toluene K2CO3 Pd (P (t-Bu) 3) 2 
(0.1 eq.) - - 120 6 8. 9 50.2 4 0.9 0 0 0 . 0 7.1 

12 Toluene K2CO3 (Pd (P (t-Bu) 3) Br) 2 (0.1 eq.) - - 120 6 11 9 49.7 36.8 1 6 0 0 9.8 

13 Toluene K2CO3 Pd (P (t-Bu) 3) 2 
(0.1 eq.) - PivOH 120 6 90 1 0.1 6.7 0 0 2 5 91. 4 

14 Toluene K2CO3 (Pd ( P (t-Bu) 3) Br) 2 
(0.1 eq.) - PivOH 120 6 78 0 10.5 0.5 3 5 7 5 87.0 

P> 
tr 
(D 

i—1 

o 



[0193] 

Abbreviations in the Table represent the following: 

AcOH: acetic acid 

ECO2H: propionic acid 

i-PrCC^H: 2-methylpropanoic acid 

[0194] 

[Example 12] 

Synthesis of ethvl 2-(3-cvano-4-isobutoxvr)henvl)-4-methvlthiazole-5-carboxvlate 

[0195] 

[Formula 31] 
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[0196] 

To a test tube-type reaction vessel (20 mL) were added ethyl 

4-methylthiazole~5-carboxylate (381.2 mg, 1.5 mmol), 5-bromo~2-isobutoxybenzonitrile 

(256.8 mg, 1.5 mmol) obtained in Reference Example 3, palladium acetate (6.7 mg, 0.030 

mmol), di(tert-butyl)cyclohexylphosphine (13.7 mg, 0.060 mmol), potassium carbonate 

(414.6 mg, 3.0 mmol), an additive (0.45 mmol), and xylene (5.0 mL). Thereafter, the 

reaction vessel was filled with nitrogen, heated to 120°C "under airtight seal, and the 

reaction mixture was stirred for 5 hours. After the reaction was complete, a portion of the 

reaction mixture was diluted with DMSO and the solution obtained was measured by 

HPLC. The total area % of the compounds A to D and TM was set as 100% and the 

calculated yield of the target material was computed from the HPLC area % of the target 

material,. The results are shown in Table 11. 
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[0197] 

High Performance Liquid Chromatography: 

Analytical System: G1315A Hewlett Packard Series 1100 

Software: ChemStation for LC 3D 

Experimental Conditions: 

Column: Phenomenex Luna Phenyl-Hexyl 5 um 4.6 x 100 mm 

Flow: 1.0 mL/min 

Wavelength: 240 run 

Temperature: 40°C 

A-Solvent: 5%MeCN/95%H20 + 0.05%TFA 

B-solvent: 95%MeCN/5%H2G + 0.05%TFA 

Gradient: 

0-1 min 10% B-Solv. 
1-14 min 10-70% B-Solv. 
14-24 min 70-80% B-Solv. 
24-25 min 80-100% B-Solv. 
25-30 min 100% B-Solv. 
30-32 min 100-10% B Solv. 
32-35 min 10% B-Solv. 
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Reaction Conditions HPLC area % Calculated 
Experiment 

No. 
Solvent 
0.3M 

Base 
2 eq. 

Pd 
0.02 eq. 

Ligand 
0.04 eq. 

Additive 
0.3 eq. 

Temperature Reaction 
°C Time 

hr 

TM A B C D Yield % 
TM 

1 Xylene - Pd(OAc)2 (t-Bu)2PCy - 120 5 1. 1 59 2 39 .5 0.0 0 .2 0.9 
2 Xylene K2CO3 Pd(OAc)2 (t-Bu)2PCy - 120 5 31 .0 40 5 27 . 4 0.3 0 .8 26.7 
3 Xylene K2CO3 Pd(OAc)2 (t-Bu)2PCy PivOH 120 5 74 . 6 13 2 9. 1 0.0 3 . 1 72.5 
4 Xylene K?CO3 Pd(OAc)2 (t-Bu)2PCy CyPrC02H 120 5 28 7 42 5 28 . 7 0.0 0 . 1 24 . 3 
5 Xylene K2CO3 Pd(OAc) 2 (t-Bu)2PCy tetraMeCyPrC02H 120 5 45 5 32 5 19 .1 0.0 2 .8 4.1.6 
6 Xylene K2CO3 Pd(OAc)2 (t-Bu)2PCy (CH3CH2)2CHC02H 120 5 61 8 21 2 12 .7 0.5 3 . 8 59.4 
7 Xylene K2CO3 Pd(OAc)2 (t-Bu)2?Cy CyPnC02H 120 5 52 0 28 2 18 7 0.0 1 . 1 46.8 
8 Xylene K2CO3 Pd(OAc)2 (t-Bu)2PCy l-ad-C02H 120 5 49 9 29 5 20 1 0.0 0 . 6 44.4 
9 Xylene K2CO3 Pd(OAc)2 (t-Bu)2PCy CyPenteneC02H 120 5 37 0 37 1 25 7 0.0 0 .3 31.8 
10 Xylene K2CO3 Pd(OAc)2 (t-Bu)2PCy 3-THFC02H 120 5 50 5 29 0 20 1 0.0 0 . 3 44 . 9 
11 Xylene K2CO3 PdCl2 (t-Bu)2PCy PivOH- 120 5 86 2 6. 1 5. 6 0.0 2 . 1 85.2 

H 
aT tr 
i—1 

CD 

CO 
O 
CD 



[0198] 

Abbreviations in the Table represent the following: 

CyPrCC^H: cyclopropanecarboxylic acid 

tetraMeCyPrCC^H: 2,2,3,3-tetramethyJcyclopropanecarboxylic acid 

CyPnCC^H: cyclopentanecarboxylic acid 

l-ad-C02H: 1-adamantanecarboxylic acid 

CyPenteneC02H: 3-cyclopentenecarboxylic acid 

3-THFC02H: tetrahydrofuran-3-carboxylic acid 

[Industrial Applicability] 

[0399] 

The novel coupling process of the present invention, wherein a phenyl derivative represented 

by the formula (1) and a heterocyclic derivative represented by the formula (2) are coupled in the 

presence of a transition metal compound to obtain a phenyl-substituted heterocyclic derivative 

represented by the formula (3), is useful for producing a xanthine oxidase inhibitor, which is a 

therapeutic agent for hyperuricemia, or an intermediate thereof in a process involving aw small 

number of steps and, consequently, in high yield and at low cost. 
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[Claim 1] A process comprising 

(1): 

CLAIMS 

reacting a compound represented by the following formula 

(In the formula (1), R1 represents a hydrogen atom or halogen atom; R2 represents a 

hydrogen atom, cyano group, nitro group, halogen atom, formyl group, or halomethyl 

group; A represents a hydrogen atom. Cj to Cg alkyl group, C3 to Cg cycloalkyl group, 

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

group (only when X is an oxygen atom), wherein A may be substituted by 1 to 3 

substituents, such substituent representing a group selected from the group consisting of a 

halogen atom, Cj to C4 alkyl group, Ci to C4 alkoxy group, Ci to C4 alkylthio group, C3 to 

C6 cycloalkyl group, phenyl group, phenoxy group, and pyridyl group; X represents a bond 

(only when A is a phenyl group or fluorine atom) or oxygen atom; and Y represents a 

leaving group) 

and a compound represented by the following formula (2): 
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(In the formula (2), H represents a hydrogen atom; 

R3 represents COOR3a or COR3b; R3a represents a hydrogen atom, Ci to C4 alkyl group, or 

3b ester-type protecting group for a carboxyi group; R represents a amide-type protecting 

group for a carboxyi group, the protecting group forming an amide with a neighboring 

carbonyl group; R4 represents a halogen atom, or Ci to C4 alkyl group in the 

presence of (i) a transition metal compound selected from the group consisting of zero-

valent palladium and a salt of mon- and di-va3ent palladium, and (ii) a phosphine-type 

ligand capable of coordinating to the transition metal compound to produce a phenyl-

substituted heterocyclic derivative represented by the following formula (3): 
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(in the formula (3), A, X. R , and R" are the same as defined in the formula (1); and 

R3 and R4 are the same as defined in the formula (2)). 

[Claim 2] The production process according to claim 1, wherein A is a C\ to Cs alkyl group. 

[Claim 3] The production process according to claim 1, wherein A is an isobutyl group. 

[Claim 4] The production process according to any of claims 1 to 3, wherein X is an 

oxygen atom. 

[Claim 5] The production process according to any of claims 1 to 4, wherein R1 is a 

hydrogen atom. 

[Claim 6] The production process according to any of claims 1 to 5, wherein R is a cyano 

group. 

[Claim 7] The production process according to any of claims 1 to 6, wherein Y represents a 

halogen atom, ~OC02-(d to C4 alkyl group), -OC()2-(phenyl group), -OSO?-(Ci to C4 alkyl 

group), -OS02-(phenyl group), or a diazonium group wherein, in Y, the Ci to C4 alkyl group 

maybe substituted with 1 to 3 halogen atoms and the phenyl group maybe substituted with 

1 to 3 halogen atoms or Ci to C4 alkyl groups. 
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[Claim 8] The production process according to any of claims 1 to 7, wherein R4 is a methyl 

group. 

[Claim 9] The production process according to any of claims 1 to 8, wherein the transition 

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

(Pd(0(C=0)CH;?CH3)2), palladium (II) 2-methylpropanoate (Pd(0(C-0)CH(CH3)2)2s 

palladium pivalate (Pd(OPiv)2), palladium (II) chloride (PdCb), palladium (I) bromide 

(Pd2Br?); or palladium (II) hydroxide (Pd(OH)2). 

[Claim 10] The production process according to any of claims 1 to 8, wherein the transition 

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

(Pd(0(C-0)CH2CH3)2), palladium (II) 2-methylpropanoate (Pd(0(C-0)CH(CH3)2)2, or 

palladium pivalate (Pd(OPiv)2). 

[Claim 11] The production process according to claims 1 to 10, wherein the phosphine-

type 
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ligand is tri(tert-butyl)phosphine, di(tert-butyl)methyiphosphine, 

tert-butyldicyclohexylphosphine, di(tert-butyl)cyclohexylphosphine, 

tri(cyclohexyl)phosphine, 2-dicyclohexylphosphmo-2',6'-diisopropoxy-l,r-biphenyl, 

2-dicyclohexylphosphino-2'4',6'-triisopropyl-U '-biphenyl, or a salt thereof. 

[Claim 12] The production process according to any of claims 1 to 11, wherein abase 

isaduitionally present during the course of the reaction. 

[Claim 13] The production process according to claim 12, wherein the base is potassium 

carbonate, potassium bicarbonate, cesium carbonate, or tetra-n-butylammonium fluoride. 

[Claim 14] The production process according to any of claims 1 to 13, wherein a silver salt 

is additionally present during the course of the reaction. 

[Claim 15] The production process according to claim 14, wherein the silver salt is silver 

carbonate. 

[Claim 16] The production process according to any of claims 1 tol5, wherein a Ci to C12 

carboxylic acid or salt thereof is additionally present during the course of the reaction. 

[Claim 17] The production process according to claim 16, wherein the carboxylic acid or 

salt thereof is 2-methylpropanoic acid, pivalic acid, or a salt thereof. 
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