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Abstract. Copper-catalyzed N-arylation of imidazoles can be accomplished using
(CuOTf),*benzene as a copper source and Cs,COj3 as a base in xylenes at 110-125 °C. Addition
of 1,10-phenanthroline (phen) and trans,trans-dibenzylideneacetone (dba) was crucial to the
success of the process. The products, N-arylimidazoles, were isolated in high yields.

© 1999 Elsevier Science Ltd. All rights reserved.

N-Arylimidazoles are important compounds, particularly in pharmaceutical research. A number of them
have been reported to have significant biological activity as, e.g., thromboxane synthase inhibitors,!2¢ cyclic
AMP phosphodiesterase inhibitors,!d-2 AMPA receptor antagonists,!" and antiglaucoma agents.!! As such,
there is significant interest in developing efficient methods for their preparation.

The most straightforward routes to N-arylimidazoles involve the direct formation of the aryl-nitrogen
bond. Two methods for constructing the C-N bond have been most commonly used: (1) nucleophilic aromatic
substitution,!ad.eh and (2) Ullmann-type coupling of imidazoles with aryl halides.!b¢eii The former method
requires that the aryl halide substrate possess strongly electron withdrawing substituents, which limits its scope.
The reaction is performed in a polar solvent such as DMF or DMSO usually at high temperatures (>150 °C). The
Ullmann protocol has a broader substrate scope with respect to the aryl halide. However, this copper-mediated or
-catalyzed reaction also requires the use of high temperatures and polar solvents such as nitrobenzene, DMF, or
N-methylpyrrolidone.2

We have recently reported a general method for Ullmann diaryl ether synthesis using (CuOTf),*benzene as
the catalyst.3 In view of this, we examined copper-catalyzed N-arylation of imidazoles and found that the
coupling proceeds fairly smoothly in the presence of 1,10-phenanthroline (phen) and rans, trans-
dibenzylideneacetone (dba) as additives, with (CuOTf),*benzene as a copper source and Cs;COs as a base, in
xylenes at relatively low temperatures (110-125° C) (Eq. 1).# The results are shown in Table 1.
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The reaction proceeds cleanly with little, if any, formation of arene or biaryl by-products. For
combinations of aryl halides and imidazoles both lacking ortho-substituents, the N-arylimidazole is formed in
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Table 1. N-Arylation of Imidazoles®
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2 Reactions were carried out with 2.0 mmol aryl halide, 3.0 mmol imidazole, 2.2 mmol Cs;CO;, 0.1 mmol (CuOTf),*PhH (0.2
mmol Cu), 2.0 mmol phen, 0.1 mmol dba, and xylenes. The volume of xylenes was either 0.8 mL or 0.4 mL. b Reaction
temperatures and concentrations of aryl halide: A= 110°C,2.5M; B =125°C,5.0M; C=110°C, 5.0 M. ¢ Products were
isolated by flash chromatography on silica gel. All yields reported are isolated yields (average of two or more runs) of compounds
estimated to be >97% pure by 'H NMR and GC analysis. All compounds were characterized by NMR ('H, 13C) and EI-MS. ¢
The combined yield of the two regioisomers (ratio 4-substituted/5-substituted = 4.5/1) is shown. © The combined yield of the two
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regioisomers (ratio 4-substituted/5-substituted = 99/1) is shown. f The reaction proceeded to 65% conversion in 48 h. & The

reaction proceeded to 80% conversion in 48 h.
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nearly quantitative yield. As is usually the case with Ullmann-type coupling processes, the protocol works for
both electron-rich and electron-poor aryl halides. Aryl iodides undergo coupling with imidazole at 110 °C and the
reactions go to completion in 24-30 h, while the use of aryl bromides require a higher reaction temperature, a
higher concentration of the substrates, and longer reaction times.

Substitution on either the imidazole or at the ortho position of the aryl halide slows the rate of the reaction.
Thus, coupling of 2-bromo-p-xylene with imidazole at 125 °C at [ArBr] = 5 M gave the desired product in 79%
yield after 48 h (entry 9), although the reaction did not go to completion. Reaction of 5-bromo-m-xylene gave a
99% yield of the corresponding N-arylimidazole in 36 h under the same reaction conditions (entry 5, condition B).

For 4-methylimidazole or 4-phenylimidazole, a mixture of 4- and 5-subsituted 1-arylimidazoles was
obtained. In the former case a 4:1 mixture of the products was formed, whereas a 99:1 mixture of isomers was
seen in the latter case. The major product was the 4-substituted isomer for both cases.b indicating that, as
expected, the coupling occurred preferentially at the less hindered nitrogen atom.

The inclusion of a stoichiometric quantity of 1,10-phenanthroline is one key to the success of the process.”
For example, the reaction of 5-bromo-m-xylene with imidazole in the presence of 1,10-phenanthroline at 125 °C
provides the desired product in 99% yield after 36 h. In contrast, <10% N-arylimidazole was formed in the
absence of 1,10-phenanthroline under similar conditions. As ligands are known to inhibit copper-assisted
coupling reactions,38 it is interesting that this reaction is promoted by adding a 10-fold excess of a chelating
ligand (relative to the amount of copper). The reason for this rate enhancement is at present unclear. Possible
explanations include these: (1) 1,10-phenanthroline prevents the aggregation of or improves the solubility of
intermediate copper complexes; (2) decomposition of the catalyst is inhibited by 1,10-phenanthroline; (3) 1,10-
phenanthroline prevents the multiple ligation of imidazoles to a single copper center, a process which might lead to
the formation of inactive copper complexes. It was also found that the inclusion of 5 mol % of dba in the reaction
mixture is also beneficial, significantly increasing the reproducibility of this reaction. The effect of dba was most
obvious when the reaction was performed in an atmosphere of moist air. For example, the reaction of 5-bromo-
m-xylene and imidazole under argon gave an 80% yield of product (entry 5, condition A). When the same
reaction was carried out under ambient conditions, a good yield of product was obtained (67%) when 5 mol % of
dba was included in the reaction mixture. However, in the absence of this additive, <5% of the desired product
was formed.? Although copper species of different oxidation states (0, I, IT) have been used as precatalysts for
Ullmann type reactions, a copper(I) complex is most commonly invoked as the actual catalytic species.’
Copper(I) complexes can be oxidized to copper(Il) complexes or can undergo disproportionation to give copper(0)
and copper(II) complexes. Thus, it is conceivable that dba is either preventing undesirable disproportionation or
in some way stabilizing the catalytically active copper(I) species.

In conclusion, the copper-catalyzed N-arylation of imidazoles, using (CuOTf),*benzene as a copper source
and Cs»COs5 as a base, has been demonstrated to be an efficient process. The products, N-arylimidazoles, were
isolated in high yields using either aryl bromides or aryl iodides.
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