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Conventional reagents for the closure of ortho d&nines to fused imidazoles (anhydrides. orthoformates, 

dimethylformami de dimethyl acetal) generally require the forcing conditions of strong acid and high 
temperahue for successful reaction.12 Under these conditions, side reactions may also occur, especially with 
substrates which have additional reactive sites. This was our predicament when we attempted to pmpare the 
imidazolo [4,5-b] pyridine 3 from 1 and dimethylformamkk diithyl acetal in refluxing acetic acid. Although 
the ring closure was efficient, further reaction ccc& adjacent to the tetralone carbonyl to produce 2 in 75% 
yield. While2couldbtconvertedtothedesiredproduct3byrefluxingwith6NHQ,wedesireda~dinct 
and general synthesis of the fused imidazoles, pmfermbly under neutral conditions. We present hem. the use of 
ethoxymethylenemalonates and malononitriles (EMM reagents) for the synthesis of fused imi~les and 

thiazoles in what appears to be a general method, The reaction takes advantage of the ability of these reagents 
to act as double Michael acceptors and the facile elimination of malonate or malononitrile anions to introduce 

the unsahuation and complete the synthesis. Tht significance of this simp!e transformation is magnified by the 
recent emergence of imidazolo [4,5-b] pyridines as potent inhibitors of angiotensin I& an enzyn~ which may be 

impottant in the regulation of blood pressure.3 
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EMM reagents have been used extensively in the synthesis of various six-membexed ring species.4 In general, 

these ring forming processes involve Michael addition, elimination of ethoxide, and subsequent ring closure 
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though a cyclization process with one of the ester 0T nitrile gmups. One exception is the reaction of ortho 
aminobenzamidc with EMM reagents. s In this case, reaction takes place through two sequential Michael 
additions to the EMM reagent with subsequent loss of malonatc or malononiaile. The key diffaence between 
these~istb*ttbadouMc~~pacCssseemotobc~~odywhentbt~~(ie. 
Michrel-Bdditiasl~bycyclieatiogonthe~~anitrile)mustyiCIdariogaf~thmrix~. Thus. 
reaction of EM?M reagents with 1,2&@&s should yield five nxsnbt& rings prefemntially.6 

In our initial stud& 17 trqcd with dicthyl ethoxymethykncQqmatc (4,1.2 qliv.).in acetic acid at loooc 
and 3 was obtained directly in 78% yield with no evidence of side products from reaction adjacent to the 
tcualonc carbonyl. Only a minor a&ount of the nonqclixed interme&& 5 and dicthyl malonatc wae found in 
the crude reaction mixture. 

Having established that 4 could effectively deliver a single carbon at the formic acid oxidakn level to an l,S 
diamine, we next explored solvent effects to try to escape fkom acidic reaction media. In rcfluxing apmtic 
solvents such as dioxanc and chlo&brm, bnly in- S was formed. However, in protic solvents such as 
ethanol or iqqmnol, the dcsimd product 3 was farmed eSiciently (cnhics 2.3, Table 1). 
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We have extended this study to ethoxymethylenemalononitrile (6) and find that in many cases it may be the 
magent of choice. This is likely due to the lower pKa of malononitrile (11.2) relative to diethyl malonate 
(13.3).7 The pKa difference renders the malononiailc a better leaving group, and in many cases, it can also 
facilitate the workup since the by-product malononitrile is easily extracted away from the product with aqueous 
hydroxide. 

As ilh~strated in Table 1, many fused imidazoles were efficiently prepared using the EMM reagents.8 Yields are 
generally very good9 but in some cases, slightly lower yields niay reflect a dcgr& of water solubility in the 
products. Usually, the EMM reagents were interchangeable with no loss of yield, however reactions may 
require more time with 4. Additionally, some reactions would only proceed under acidic conditions (entries 4. 
5, and 9, Table 1). 

Fused imidaxolcs substituted in the 2 position may also be pmpsrcd by using substituted EMM magcnts.to For 
example entry 12 shows that 3-bcnzyl-2-mcthylimidaxolo [4,5-b] pyridine can be readily prepared in high yield 
from ethoxyethylidenemalononitrile (7) and 3-amino-2-benzylaminopyridine. 

We attempted to extend this reaction to f’uscd thiaz~les and oxaxoks and found that the parent bcnxothkolc 
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was easily pqwed. In contrast, 2-minophenol was very sluggish in reacting with the EMM rcagam 4 or 6 
and produced several unidcntitled pmducts and little bcnmxazole. However, 3-amino-2-naphthol meted with 

7toproduccthc&siredoxazoleproduct(67%basedonNMR)butthe~~~vedtobedifFiclllt~oisolate 
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efficimtly from the reaction mixtu15 (entry 10). Thus this method is not useful far the synthesis of fused 
OXW#kL 

The examples described herein serve to highlight a useful and efficient method to prepare fused imidazoles 
which appears to also have application to fused thiazole synthesis. The case of reaction, neutral reaction 
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krtypkalexampleaury8is~~indemil. Amixnueof3-amin+~y~(0.324gg.1.70mmol) 
and ethoxymethylene malarontanlc (0.312 g, 2.56 mmol. 1.5 equiv) in hprop~& (10 IL) wm aefhxed 6 II. The remho 
mS-tIUCdandlhClddIl8W&? ~oosilicagel(lx3inches). Rlllthwith2%-2O%etilylacemm- 
hexancgIIVeO.~8OfllllllhdeMifkdimplrity. cmtinued~utionwilh3o9bethyl~-~gsVeO.2r16g.~%ob3- 
cyclohexyl-imidaob-[4,5-b]-m as a crystalline soli& NMR (250 MHz. CDCl3) 6 8.40 (dd, J * 1.5.5 Hz. 1 II). 8.14 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
(m.5H).1.70-1.47(symm.2H).1.45-1.25(symm.1H). Theanalyticalsamplewasmcfya&&fmm~tmdhadmp 
69-7O.Y’C. Anal. cakd forC12H$‘I3: C. 71.61; H, 7.51; N. 20.88. Found: C. 71.47; H, 7.W; N. 20.78. 

RMM wga~ts 4.6. and 7 are all commehlly available from Aldrich Chemical Cunpany. 
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