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Summary: Using the carboxylate function as a readily 
removed blocking group for the 2-position, a regioselective 
synthesis of diverse 4,5-disubstituted 1-methylimidazoles 
has been developed starting from l-methyltribromoimi- 
dazole, 5. 

The imidazole ring confers upon a compound that 
carries it the potential for a range of catalytic properties, 
liganding abilities, and quite often, biological activities. 
Therefore, substituted imidazoles are in great demand 
for designing artificial catalysts,' metal chelating agents: 
and pharmaceutical  agent^.^ This in turn creates the 
need for versatile methods for preparing imidazoles 
bearing multiple substitutions. Our interest in 4,5- 
disubstituted 1-methylimidazoles as pharmaceutical in- 
termediates led us to develop a practical and flexible 
synthesis of this class of compounds employing a novel 
carboxylate protection strategy. Although the metalation 
chemistry of imidazoles has been extensively investi- 
gated,4 there is a clear need for additional methodology 
for preparing polysubstituted derivatives. Our attention 
was directed to finding a simple blocking group for the 
2-position which would be compatible with imidazole 
metalation chemistry and could be easily removed upon 
reaction workup. Recently: we reported the 2- to 5-posi- 
tion migration of 2-(trialkylsily1)-substituted 5-lithio-N- 
methylimidazoles making the silyl group unsuitable as 
a blocking group in this system. A 2-silyl group is easily 
removed from an alkylimidazole 1 with water alone 
(Scheme 116 This has been proposed to be due to the 
favorable formation of ylide 3, which is also the putative 
intermediate in the decarboxylation of N-methylimida- 
zole-2-carboxylic acid to N-methylimidazole' 2. Bearing 
this in mind we decided to investigate the suitability of 
the readily removed carboxylate function as a blocking 
group for the 2-po~ition.~ 
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To arrive a t  4,5-disubstituted 1-methylimidazoles we 
envisaged l-methyl4,5-dibromoimidazole-2-carboxylic acid 
(6) as an attractive starting material. We expected that 
the dilithium species 7 would be obtained upon treatment 
of 6 with 2 equiv of BuLi as a stable species a t  low 
t empera t~ re .~ , '~  Electrophiles would then be readily 
introduced into the 5-position of 7. Furthermore, the 
presence of a 4-bromine would allow subsequent elabora- 
tion of another substituent a t  the 4-position. The un- 
known l-methyl-4,5-dibromoimidazole-2-carboxylic acid, 
6, was easily prepared" in good yield from the readily 
obtained 54J2 by selective exchange of the 2-bromine with 
BuLi followed by trapping with COZ (Scheme 2). After 2 
equiv of BuLi was added to 6 in THF a t  -70 "C a 
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Table 1. Suzuki Couplings 
starting material boron reagent R1 R2 product base yield (%) 

9a PhB(OH)z Me Ph 1 la 2 N NazC03 43 
9b PhB(0H)z CHO Ph l l b  2 N Nazi203 71 
9b (E)-PhCH=CHB(O&eH4) CHO (E)-PhCH=CH- 110 2 N NaOH 55 
9b CHO H p C H -  l l d  2 N NaOH 44 
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8a Fi= CHQ 9aR-CH3 45% 
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virtually homogeneous solution was formed. Additon of 
Me1 or DMF followed by decarboxylation gave the known 
methylation and formylation products 9a (45%) and 9b 
(43%), re~pective1y.l~ In the formylation reaction the 
known 1-methylimidazole-4-carboxaldehyde14 was char- 
acterized as a side product in 10-15% yield (Scheme 3). 
This compound presumably arises by the quenching of 7 
by adventitious water followed by further bromine- 
lithium exchange and trapping a t  the 4-p0siti0n.l~ Al- 
though the isolated yields of 9a and 9b are moderate, no 
attempts were made to optimize the reaction. 

(13) (a) General Procedure. 2 equiv of n-BuLi was added to a 
THF solution of 6 at  -70 "C under argon giving a fine suspension. 
After 10 min 1.4 equiv of the corresponding electrophile (Me1 or DMF) 
was added and the mixture was allowed to warm to 0 "C. A small 
amount of 2 N HCl was added to quench the reaction and the mixture 
concentrated on a rotary evaporator. The residue was dissolved in 
ethanol and HCl added to give pH 2. This mixture was heated at reflux 
for 1 h, concentrated in vacuo to a residue which was easily purified 
by column chromatography (SiOz, 10% MeOH: 1% NH3-CHzClz) the 
side products having greatly different Rjs. (b) Sa: m a n  et al. J. 
Chem. SOC. 1910,97, 1827. Sa: 'H-NMR (360 MHz, CDC18) 6 = 7.32 
(8 ,  lH), 3.59 (8 ,  3H), 2.18 (8,  3H); MS-E1 M+ = 174, 176. (c) The 
preparation of 9b in four steps from 4-bromoimidazole has been 
described. Mukaihira, T.; Fujii, T. Heterocycles 1992, 33, 21. Our 
melting point of 9b was identical to that reported. 9b: mp 89-90 'C; 
'H-NMR (360 MHz, CDCl3) 6 9.78 (8 ,  lH), 7.52 (8 ,  lH), 3.93 (s, 3H); 
MS-E1 M+ = 188, 190. 
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It remained to explore the possibilties for synthetic 
exploitation of the bromine a t  C-4.16 Catalytic transfer 
hydrogenation of 9b to the important starting material 
for pilocarpine synthesis,17 imidazolecarboxaldehyde, 10, 
proceeds cleanly in good yield (Scheme 4). More impor- 
tantly, the Suzuki coupling1* of 9a and 9b with phenyl- 
boronic acid in toluene at reflux with 5% Pd(PPh& using 
sodium carbonate as  the base proceeded cleanly giving 
lla in moderate and the unknown llb in good yield after 
chromatographic pur3i~ation.l~ Also, couplings of B-(phen- 
ylethenyl)catecholborane20 and a vinyl boronate ester 
(4,4,6-trimethyl-2-viny1-1,3,2-dio~aborinate~~) with 9b 
were performed in an analogous fashion using sodium 
hydroxide as the base. These reactions proceeded 
smoothly to give the novel cinnamyl- and vinylimidazoles 
llc and lld in moderate yields after chromatographic 
purification (Scheme 5).22 
Thus, defined 4,5 substitution representing a wide 

range of functionality is readily achievable for an N- 
alkylimidazole with this methodology. Although the 
yields are moderate, the chemistry is simple and the 
products are readily isolated in pure form in few steps. 
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The method is general and thus also well suited toward 
the preparation of a series of related analogs (e.g., for 
SAR studies). Further functionalization or substitution 
at  the 2-position is clearly achievable on these products 
or derivatives thereof using established methods. Fi- 
nally, the potential for expanding the application of this 

chemistry to other related heterocycles (thiazoles, ox- 
azoles, etc.) is evident. 
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