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Abstract- A facile regiospecific synthesis of 4- and 5-substituted 
N-alkyl imidazoles has been developed from N-trimethylsilyloxyethyl- 
imidazole(s). The method combines directed metallation with alkyl 
trifiate mediated imidazole quatemization and SEM group cleavage. 

Imidazole is an important heterocycle because of its catalytic properties,' liganding abilitiesZ and biological 

activities.' Although there are many methods for imidazole ring synthesis, there is still need for general and 

practical methods to prepare imidazole derivatives of a defmed substitution pattern with regard to an 

N-substituent. In this communication we report a simple flexible method which allows the regiospecific 

synthesis of 4-substituted N-alkylimidazoles as well as the corresponding 5-substituted isomers. Lipshutz has 

developed an excellent method for preparing free N-H, 4(5)-substituted imidazoles4 (Scheme I) .  He has 

demonstrated that 1-trimethylsilylethyloxyimidazole (I-SEM-imidazole) is readily deprotonated in the 

2-position and then blocked in sinr with a trimethylsilyl group. Afterwards, the 5-position can be efficiently 
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deprotonated in a directed metallation with sec-BuLi at low temperature and various electrophiles introduced, 

the trimethylsilyl group is removed upon simple aqueous w o ~ k - u ~ . ~  Removal of the SEM directing group then 

yields 4(5)-substituted imidazoles with the regiochemistly regarding the N-substituent being lost in the process. 

The simple N-alkylation of free N-H imidazoles generally6 yields a mixture of regioisomers. We envisaged and 

have realized the expansion of the Lipshutz method to the facile, regiospecific synthesis of both 4-substituted 

N-alkylirnidazoles and by slight extension, the corresponding 5-substituted regioisomers. 

Our strategy (Scheme 2) was to alkylate the 5-substituted 1SEM-imidazoles (3) on the distal, unsubstituted 

imidazole nitrogen to give an I-SEM-3-alkylimidazolium species from which the SEM group could 
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presumably be easily hydrolyzed to give 1-alkyl-4-substituted imidazoles. In a model study, treatment of 1 with 

methyl iodide gave the corresponding 1-SEM-3-methylimidazolium iodide7 as an oil in good yield. This was 

then readily converted to 1-methylimidazole using the previously described conditions4 (3N-HC1, EtOH 

reflux). To our surprise, when 3a was treated with methyl iodide, instead of receiving the corresponding 

imidazolium salt, compound (6)8 representing a formal migration of the SEM group was the major reaction 

product (isolated 45%) along with many minor uncharacterized products (Scheme 3). Apparently, in this case, 

iodide ion generated upon slow formation of the imidazolium species (7) undergoes internal return cleaving the 

SEM group to give the imidazole (8) and SEM-iodide. However, SEM-iodide then quatemizes 3a more 

rapidly than methyl iodide. The bis-SEM imidazolium iodide (5) formed, then undergoes analogous internal 

return of iodide to regenerate SEM-iodide and 6 in a catalytic migration process. Compound (6) does not react 

significantly with methyl iodide under these conditions. Reasoning that a non-nucleophilic counterion in the 
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imidazolium species could circumvent the above problem, we turned to alkyl M a t e s  as alkylating agenis. In a 

model study 1 was treated with methyl and ethyl trifluoromethanesulfonate in toluene9 or benzyl tdnoro- 

methane~ulfonate'~ in dichloromethane at 0% The species formed and their fates could be readily monitored 

by 'H-nmr spectroscopy in CD~OD." The putative initially formed intermediates (9a-c) could not be obsewed. 

Thus the spectra revealed that silyl group cleavage had already occurred to give the 1-alkyl-3-hydroxymethyl- 

imidazolium species (1Oa-c). These species then decay to the protonated 1-alkylimidazoles (lla-c) and 

formaldehyde dideuteromethylacetal in a very clean reaction (Scheme 4).12 Based on these results 3a was 

treated with methyl and ethyl tkluoromethanesulfonate in toluene or benzyltrifluorotnethanesulfonate in 

dichloromethane at o°C." 'H-nmr analysis of the imidazolium species generated showed at least the partial 
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presence of the initially formed SEM-imidazolium species indicating a stabilizing effect of the aldehyde 

hnction in these cases. To obtain the imidazolealdehydes directly, the solvent was removed and the reaction 
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products were treated with aifluoroacetic acid. In this fashion 13a,'4 13bL5 and 13c16 were easily prepared and 

isolated in good yields after standard chromatography (Scheme 5). 

The same alkylative transposition strategy can be employed to prepare 1-allcyl-5-substituted imidazoles from 

I-alkyl-4-benzylimidazoles such as 13c. Alkylation, of the unsubtituted distal imidazole nitrogen in such a 

compound gives a stable imidazolium species, which upon simple hydrogenolysis of the benzyl group leads to 

the related 1-alkyl-5-substituted imidazole. ?bus, treatment of 13c with methyl u~uoromethanesulfonate in 

toluene resulted in the precipitation of the putative imidazolium species (14) as an oil. Dissolving this species 

in ethanol led to the clean formation of the corresponding imidazolium diethyl acetal (15) which was 
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characterized by I ~ - n m r  analysis in CDC~~.'' This very facile acetal formation from an imidazolium species" 

is useful in that a separate protection step is avoided should this be necessary for further transformation (eg. a 

2-position deprotonationJtrapping sequence). The toluene solvent was decanted and ethanol added along with 

ammonium fonnate and 10% PUC. After brief heating at reflux the 1-methyl-5-formylimidazole diethyl acetal 

(16) was obtained in excellent yield (Scheme 6).19 
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