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SYNTHESIS OF 2,5-DILITHIO-1-METHYLIMIDAZOLE

Gideon Shapiro* and Martin Marzi
Preclinical Research, Sandoz Pharma Ltd., CH-4002 Basel, Switzerland

Summary: C5 to C2 position migrations of 2-trialkylsilyl and thiophenyl groups have been observed
upon lithiation at the CS5-position of corresponding C2-substituted 1-methylimidazoles. Double
bromine-lithium exchange of 1-methyl-2,5-dibromoimidazole (5) affords a facile, quantitative and
unequivocal synthesis of 2,5-dilithio-1-methyl-imidazole (4). Reaction of 4 with one equivalent of DMF
occurs selectively at the C5 position to give 1-methylimidazole-5-carboxaldehyde (1).

In the course of our synthesis of (+)-pilosinine! we became interested in alternative routes for the
important starting material, 1-methyl-imidazole-5-carboxaldehyde (1). Classically, 1 is prepared by a five step
procedure starting from sarcosine methylester.2 More recently the practical conversion of 5-bromo-1-methyl-
imidazole (2) to 1 in two steps via Grignard reaction has been described.? There are however, drawbacks to
both methods.*
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For a practical and economic synthesis of 1 we considered 3 an attractive starting material. Facile
deprotonation of imidazoles in the 2-position with n-BuLi followed by introduction of various electrophiles is
well established.5 Furthermore, dilithiation of 3 via deprotonation with two or more equivalents of nBuLi had
been reported by three groups.5 One group in particular has reported a very detailed analysis of reaction
conditions: solvent, temperature (room temperature or reflux), TMEDA additive and amount of nBuLi on the
yield of 4 based on deuterium incorporation upon D,O quenching of the reaction mixture.® Ether and hexane
were better solvents than THF, and TMEDA enhanced the rate of double deprotonation which could be driven
to near completion by the use of excess nBuLi.®® Unfortunately, the trapping of 4 prepared as such, requires the
use of excess electrophiles,” has other drawbacks later called attention to® and was, in our hands, unsuitable
even for the preparation of 1-methylimidazole-5-carboxylic acid.”

We decided to investigate the use of lithium-halogen exchange chemistry for the preparation of 1. An
extensive lithiom halogen exchange study of 1-methyl-polyhalogenated-imidazoles showing the varying
reactivities of the 2, 4, and 5 positions served as our inspiration.? In particular it had been demonstrated that the
2-bromine of 1-methyl-2,5-dibromoimidazole (5)!° was exchanged selectively upon treatment with nBuLi with
2 being obtained quantitatively upon aqueous quench. We conceived the following strategy for preparing 1: use
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one equivalent of BuLi to perform a 2-position lithium-halogen exchange on §, transiently protect in situ with
the labile5* trimethylsilyl(TMS) function, use a second equivalent of BuLi to metallate the 5-position, quench
with DMF and workup with removal of the TMS group. After conducting the experiment described above, a
mixture of the desired 1 and 1-methyl-5-trimethylsilyl-2-formyl-imidazole (6) was obtained (Scheme 1) in ca.
40:60 ratio (50% yield after chromatography).}! The formation of 6 can be explained as depicted in Scheme 2.
After the second lithium-halogen exchange the intermediate 1-methyl-2-trimethylsilyl-5-lithio-imidazole (7)
disproportionates to give disilyl species 8 and the dilithio species 4; further disproportionation of 4 with 8
yields 1-methyl-2-lithio-5-trimethylsilyl-imidazole (9) which reacts with DMF to give 6. In hindsight this
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Scheme 1

rearrangement should not be so surprising since analogous 2 to 5 position proton shifts have been reported for
alkali metal-halogen exchange reactions of 1-methylimidazoles conducted in THF.3%12 Nevertheless,
4-unsubstituted-5-lithio imidazoles bearing a trialkylsilyl (SiMe,SiEt;, SiMe,tBu) or SPh group in the
2-position have been trapped successfully in THF with electrophiles in cases where a directing group is present
in the 1-position (SO,NMe,, CH,OR).1> To our greater surprise we found that the more hindered
t-butyldimethylsilyl group also migrates readily at -70°C to the 5-position (Scheme 3).14 To study the potential
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migration of sulfur we prepared 1-methyl-2-thiophenyl-5-bromo-imidazole (11).!5 Upon treatment of 11 with
nBuLi in THF at-70°C and warming to 0°C clean butylation at the S-position with no rearrangement was
observed.! We then prepared 1-methyl-2-thiophenyl-imidazole (12) and treated it with nBuLi in THF at 0°C.
After 1.5 hours partial migration of the SPh group to the 5-position was observed (Scheme 4).17

The above results indicated (Scheme 2) that an exchange reaction to give the intermediate dilithium
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species 4 is fast even at -70°C. This being the case we reasoned that it should be possible to directly form 4 by
double lithium-halogen exchange using two equivalents of nBuLi.!® Indeed, treatment of 5 directly with two
equivalents of BuLi in THF at -70°C resulted in the rapid precipitation of a colorless amorphous solid from
solution. 1 The precipitate was first formed upon addition of the second equivalent of nBuLi and indicated that
the true dilithioimidazole 4 is a highly insoluble species. Since it has been shown that lithiom bromide
dramatically enhances the solubility of enolates in THF,2® we investigated its effect on the solubility of 4.
When the double exchange was carried out in the presence of two equivalents of lithium bromide in THF at
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-70°C, a homogeneous yellow solution of 4 was obtained. Addition of Me;SiCl (2.2 Eq.) to the reaction
mixture at -70°C followed by aqueous ammonium chloride workup gave 14 in 88% yield after chromatography
(Scheme 5). Furthermore, it proved possible to introduce an electrophile selectively at the 5-position of 4.
Addition of 1.0 equivalents of DMF to the above solution of 4 at -70°C followed by aqueous workup -70°C and
chromatography gave a 48% average yield of 12! with 3 being the major side product.
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In summary an imidazole silicon to carbon "dance reaction"?? has been observed and a facile unequivocal
preparation of the often questionably formulated 2,5-dilithio-1-methylimidazole achieved.
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