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Abstract— When several azole derivatives such as imidazole, thiazole, and oxazole are treated with a catalyst system of 
copper(II)/silver(I) under oxygen atmosphere, oxidative dimerization at the CH bond of the 2-position takes place to afford 
the corresponding bisazoles up to 86% yield.  

1. Introduction  

We have recently shown that CH, NH coupling of azoles 
occurs with several amines and amides by the catalysis of 
copper(II) salt under an oxygen atomosphere.1) The 
reaction was found to proceed with thiazole, oxazole, and 
imidazole derivatives leading to the 2-aminated azoles, 
which were found in a variety of biologically active 
compounds.2) During the course of our studies on further 
understanding of the reaction details, we found that 
undesirable dimerization of a imidazole derivative occurred 
to give the corresponding imidazole dimer as a minor side 
product.3)  Since azole dimers are shown to serve as a 
supramolecular compound as well as bidentate ligand of 
transition metals,4) development of an efficient synthetic 
protocol toward such molecules are of significant interest in 
organic synthesis. Nevertheless, catalytic dimerization of 
azoles that occurs at the electron-deficient CH bond, in a 
reasonable yield has not yet been shown to the best of our 
knowledge.5-7) It is thus intriguing if such a catalytic CH, 
CH coupling is achieved in a facile manner. Herein, we 
report that a catalyst system with Cu(II)/Ag(I) is highly 
effective for the oxidative dimerization of azoles. 

 2. Results and discussion 

 When the oxidative amination of 1-methylbenzimidzole 
(1a) was carried out in the presence of 20 mol% of 
copper(II) acetate with N-methylaniline, homocoupled 
product 2a was obtained in <10% along with the 
aminated product 3 (51%) as shown in eq 1.1) It was 
found that such dimerization to give 2a took place in the 
absence of the amine reagent to result in 11% yield when 
the reaction of 1a was carried out in the presence of 
copper(II) acetate (10 mol%)/PPh3 (20 mol%) and 1.1 

equivalents of sodium acetate under an oxygen 
atmosphere as shown in eq 2. These results suggest that 
reaction conditions to give 3 are not effective for the 
homocoupling of 1a. However, the yield of 
homocoupling was found to improve to 86% when the 
additive base was switched to silver(I) carbonate8) in 
place of NaOAc. Such highly effective homocoupling in 
hand, the reaction conditions were examined as 
summarzed in Table 1. Lower silver(I) carbonate loading 
(20 mol %) also afforded 2a in 75% yield suggesting 
that the silver reagent did not serve as a base but an 
oxidant. The yield was, indeed, decreased to 44−47% 
when the reaction was performed under a nitrogen 
atmosphere. The addition of PPh3 as a ligand of copper 
was not crucial to undergo the C−H homocoupling. Thus, 
2a was afforded in 71% yield. The use of other copper 
catalysts, including Cu2O, CuF2, and Cu was found to 
promote the reaction although the yield was slightly 
inferior to that of Cu(OAc)2.  
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The use of silver(I) fluoride and oxide instead of carbonate 
similarly promoted the reaction to afford 69% and 82% of 
the dimerized product, respectively while the yield was 
significantly decreased when silver(I) nitrate was employed. 
It appeared to be important to carry out the reaction both 
with catalytic amounts of copper and silver. The yield was 
decreased to 13% when the reaction was performed without 
silver, and no reaction took place without copper catalyst. 
 
Table 1. Oxidative dimerization of 1-methylbenzimidazole 
(1a).a 

Cu (eq.) Ag (eq.)    O2
b %yield 

Cu(OAc)2-2PPh3 

(0.1) 

Ag2CO3 (1.1) + 86 

Cu(OAc)2-2PPh3 

(0.1) 

Ag2CO3 (0.2) + 75c

Cu(OAc)2-2PPh3 

(0.1) 

Ag2CO3 (1.1) - 47c

Cu(OAc)2-2PPh3 

(0.1) 

Ag2CO3 (0.2) - 44 

Cu(OAc)2  (0.1) Ag2CO3 (0.2) + 71 

Cu2O  (0.1) Ag2CO3 (0.2) + trace 

CuF2  (0.1) Ag2CO3 (0.2) + 62 

Cu  (0.1) Ag2CO3 (0.2) + 69 

Cu(OAc)2  (0.1) AgF (0.2) + 69 

Cu(OAc)2  (0.1) AgNO3 (0.2) + 24 

Cu(OAc)2  (0.1) Ag2O (0.2) + 82 

Cu(OAc)2  (0.1) - + 13 

- Ag2CO3 (0.2) +  0 
aUnless noted, the reaction was performed with 1 (0.2 
mmol) in 1 mL of xylene at 140 ºC for 24 h under 1 atm 
of O2. 

bIn the absence of O2, the reaction was performed 
under a N2 atmosphere. cThe reaction period: 20 h. 
 

Table 2 summarizes the effect of the substituent on the 
nitrogen atom at the 1-position. Several benzimidazole 
derivatives (1a-h) with a different substituents were 
subjected to the homocoupling reaction. The use of allyl 
(1b), benzyl (1c) substituted derivatives effected the 
reaction to afford the corresponding 2,2'-
bis(benzimidazole). It was found that the N-arylated (4-
methylphenyl) derivative 1d  also effected 
homocoupling in a moderate yield. The reaction with 

CH2COOEt 1e substituted one resulted in a lower yield. 
By contrast, benzimidazoles bearing an electron-
withdrawing substituent did not promote the reaction at 
all under similar conditions. The use of t-butoxycarbonyl 
(1f: Boc), benzoyl (1g: Bz), and 4-toluenesulfonyl (1h: 
Ts) derivatives resulted in completely no reaction.  
 
Table 2. C−H homocoupling of N-substituted  
benzimidazoles 1a 

substrate substituent %yield 

1a CH3 81 

1b CH2CH=CH2 83 

1c CH2C6H5 62 

1d C6H4-p-CH3 52 

1e CH2COOEt 11 

1f COOtBu (Boc) 0 

1g COC6H5 (Bz) 0 

1h SO2C6H4-p-CH3 (Ts) 0 
aThe reaction was carried out with 1-substituted 
benzimidazole (0.2 mmol), Cu(OAc)2 (10 mol%), and 
Ag2CO3 (20 mol%), under 1 atm of O2, 1 mL of xylene, at 
140 ºC for 24 h. 

In addition to benzimidazoles, CH homocoupling of 
several other azoles are examined as shown in Table 3. 
Benzoxazole (4) underwent the dimerization to give 5 in 
a poor yield (22%) and benzothiazole (6) resulted in no 
reaction, these results contrasted to that of imidazole 
derivatives. However, several methylated thiazole 
derivatives such as 4-methylthiazole (8) and 4,5-
dimethylthiazole (9) were found to induce homocoupling 
to afford the corresponding dimerized product 10 and 11, 
respectively, although the yield was slightly inferior 
(42% and 43%).  The reaction of a mixture of 1-benzyl-
4- and 5-methyl-imidazoles (12), which was obtained by 
the reaction of 4-methylimidazole with benzyl bromide 
to give ca. 1:2 of the mixture,9) also effected 
homocoupling highly efficiently although the product 13 
was a statistic amount of mixture. These results suggest 
that the order of the reactivity of oxidative dimerization 
(imidazole > thiazole ~ oxazole) is not consistent with 
the palladium-catalyzed CH functionalization reactions 
with organic halides, which we have shown 
previously.10,11) 

 

Scheme 1 shows a plausible reaction mechanism of the 
oxidative homocoupling reaction. Although further studies 
are necessary for the understanding of the mechanism, the 
reaction would be reductive coupling of the intermediate 
copper bisazole complex I, which is the resultant of CH 
substitution with copper. As discussed in the CH, NH 
coupling of azoles,1) the reaction of Cu(OAc)2 and azole in 
the presence of a base would form an organocopper species 
bearing a carbonmetal bond at the 2-position of azole. 
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Since this process has shown to occur without a silver salt,  
the role of silver in the homocoupling reaction would be a 
kind of base to neutralize thus formed HX. Formation of 
the dimerized product accompanies Cu0, which would be 
oxidized by O2 to regenerate CuII species. This step would 
also occur mediated by silver(I) carbonate although the role 
of the silver salt has not been clear yet. 
 
Table 3. C−H homocoupling of azolesa  
entry Azole−H product yield  
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aReaction conditions: Azole−H (0.2 mmol), Cu(OAc)2 (10 
mol%), and Ag2CO3 (20 mol%), under 1 atm of O2, 1 mL 
of xylene, at 140 ºC for 24 h. bIsolated yield. cPerformed 
with 20 mol% Ag2O 
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Scheme 1.  

 In conclusion, we have demonstrated the CH 
homocoupling of azoles in the presence of catalytic 
amounts of copper and silver species. The 1-substituted 
benzimidzole derivatives with an electron-donating 
substituent afforded the homocoupled products in good 
yields. It is worthy of note that a simple mixed catalyst 
system undergoes oxidative dimerization at an acidic CH 
bond of azoles. The reaction would be a complimentary 
coupling protocol in addition to the palladium-catalyzed 
oxidative homocoupling of thiophene and thiazoles (5-
position),4) which occurs at the electron-enriched CH 
bond.12) 
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