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Sumnmy: Three sequential trmbtmts~qf an N-prorcftcd tribr~ole with n-B+ I electr~le if a I- 
gtp&m_U to N-protected2,+5-tnsubstitutcd kdawles. The method can lx appkd to the pizpamtmn qf 

pFeamorclpca?met~. 

The chemistry of the lmkfazole ring occuptes an e,xtremely important niche within the famlty of 5-membered 
rlng heteroaromatbsl And yet, In spite of its central rob In numerous molecules of establtshed bkacttvtties, 
of natural origln or otherwise (e.g., histamine (l), nudeosldes (2),2 glrolline (3).3 carmethbole (4).4 
etc.), a general procedure for the rapfd ebboratbn of the basic skeleton has not matertattzed as yet. 
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Converston of an N-derivattzed tdbromide5 and bd#e6 to the correspondbg metaltated btennedbbs has heen 
documented, most extenstvely by lddon.7 as well as by several other gmups.8 However, we are aware of onty a 
single repott describing the replacement of all three halogens with three tdentbat elecuophtles In a single pot 
operatbn.g 
precursors,lO 

Based on our interest in the manfpulatbn of approprtately substituted systems as ft-lactam 
we set out to devebp a protocol for the potyfunctbnaltzatbn of simple imtdazotes. We now 

report on such a method, along with tts use as an entry to the dbl precursor assodated with the potent 
antinecplastb agent carmethtzole.4 
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The starting tribromide 5 is available in quantity via polybromination of imidarole’ ’ followed by 
straightforward N-alkylation (Eq. 2). Metal-halogen exchange using’ n-BuLi was initially shown to occur, as 
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expected,12 at the P-position with a variety of trapping agents (Eq.‘3). Double replacement at the 2- and 5 
positions, likewise, was not problematic, with isolated yields for these P-substituted and 2,5-disubstituted 
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imidazoles obtained routinely in the 85-97% range (e.g., Eq. 4). Extension of the double lithiation- 
electrophile quench to the remaining C-4 bromide afforded overall yields on the order of 51-71% for the 
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l-pot, g-step sequence. The final lithium-bromine exchange was noticeably less facile than those at the C-2 
and C-5 sites. Numerous attempts to Improve the rate and overall efflcfency using, e.g., s-BuLi, f-BuLi, 
n-BuNa, etc. were not fruitful. Several examples of the resulting triply dertvatlzed materials are illustrated 
in Table 1, concerning which the following salient features deserve mention: (1) Using CPrCH (1 eq) as E2 
(cf. Eq. 1) allows for generation of the 1,2,4-trisubstitutkm pattern which has been found receptive toward 
[4+2] singlet oxygenation en route to nonracemic peptides.13 When used together with a C-4 DMF 
quench/NaBH4 reduction, suitable materials result for eventual 3-lactam construction;’ o (2) Anionic 
trapping is not limited to disulftdes and aldehydes; Introduction of three distinct electrophiles, including these 
as well as ketones, protons, and trtalkylsllanes, halides and stannanes can be achieved. 

Lastly, the ability to control the sequence for Insertion of electrophiles onto the ring has allowed us to prepare 
the key N-methyl-2-thiomethyI-4,5-dihydroxymethylimidazole precursor 8 to its his-carbamate 
derivatlve. carmethizole (4).4 Starting with N-methyltribromolmidazole 6, initial installation of the MeS- 
moiety at C-2, followed by formylatlon at C-5 and then at C-4 led to dialdehyde 7 (51%). Double reduction 
with NaBH4 afforded target diol 8 (91%). This path to 8 compares quite favorably (overall yield from 6 to 
8 Is 45%) with literature procedures which proceed via a thiolmidarolone intermedfate.4 Gtven the 
(postulated) critical role played by the sulftde residue In 44 our carbanion approach should permlt (using 
various dlsulfides) realization of several analogs not readily prepared via sulfur alkylation chemistry (e.g., 
the thtophenyl case). 
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Table 1. l-Pot generation of N-protected-2,4,5_trIrubstituted lmidazoles 
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~~~~~___~~~~~~__~_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘Fully characterbed by IR, NMR, MS, & HRMS dam. bleolated. ‘By quantltatlve NMR. 
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In conciusbn, using a readily available irihaioimidaxoie. a single flask multiple metaiatbnlanbn trapping 
protocol has been developed which leads to an imtdazole ring containing a variety of substitutbn patterns 
(e.g., Table 1, entry 1; see typical procedure).14 Further appikatlons of this chemistry en route to 
giroiline and monocycik 6.iactams of interest will be reported in due course. 
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N-Benzyi-2,4,5-tribromoimidazole (200mg, 0.51 mmmol), was dried azeotropically with toiuene, 
dtssofved in 5 mL of THF, cooled to -78O, and n-BuLi (2&M, 0.21 mL, 0.51 mmoi), was added via 
syringe and the solution stirred 5 minutes at -78”. Dimethyldisuiftde (45.6 uL, 0.51 mmoi), was then 
added and sttrred 5 minutes at -78’. The second aitquot of n-SuLi (2.45M, 0.21 mL. 0.51 mmoi), was 
then added and stirred 15 minutes at -76” prior to the introductbn of 2.propanol (38.8 uL, 0.51 
mmoi). After another 5 minutes at -76”. the third aliquot of n-SuLi (2.45M. 0.21 mL. 0.51 mmol), 
was added and folkwring another 15 minute period at -78O. acetone (37.2 uL, 0.51 mmoi), was added and 
stirred for 15 minutes at -76”. The solution was then poured into 30mL of water saturated with NH&I, 
extracted with 3x3OmL of ethyl acetate and dried over Na2S04. The soivent was removed In vacua to 
ghre 0.1687g of an orange oil. The residue was purifted by flash chromatography (silica gel, 612 
hexane/ethyl acetate), to gtve O.OS46g (71%) of a clear oil; tH NMR (500 MHz CDCi3) 1.50 (s, 6 
H), 2.50 (8, 3 H), 2.92 (br 8, 1 H), 5.05 (s, 2 H). 6.72 (8, 1 H). 7.20-7.33 (m, 5 H); IR (neat) 
cm-l : 3400 2975 2925 1740 1670 1560 1540 1495 1450 1420 1355 1210 1165 950 850 725 
690 860; MS (El) m/e (rei int): 244 (32-S), 229 (3.3). 153 (16.8). 91 (100). 65 (13.5); 
HREIMS: caicd for C,4H,sN2S-H20 244.1034, found 244.1022. 
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