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Abstract-The 1:1 zwitterionic intermediate generated from dimethyl 

acetylenedicarboxylate and isocyanide is intercepted with 2-hydroxy-1,4-

naphthoquinone, 4-hydroxycoumarin, 4-hydroxy-1-methylquinolinone, 4-

hydroxy-6-methylpyrone, and 1-naphthol in one-pot to give novel pyran annulated 

heterocyclic systems in good yields. 
 

 

Multicomponent reactions (MCRs) by virtue of their many attributes, especially, facility of execution and 

high efficiency, have invoked enormous interest in the last two decades.1 MCRs, particularly the Ugi, 

Passerini and related reactions provide many opportunities to discover new reactions and basic 

structures.2 Extensive efforts are now being made in this area, especially from the vantage point of 

combinatorial chemistry.3 

Previously we have designed some facile three component reactions for the construction of heterocyclic 

systems such as aminofurans,4 iminolactones5 and aminopyrroles.6 The strategy adopted is mainly based 

on the formation of 1:1 zwitterionic species from dimethyl acetylenedicarboxylate (DMAD) and 

                                                           
ƒ This paper is dedicated to Professor Albert Meyers in appreciation of his original contributions in the area of heterocyclic 
chemistry on the occasion of his 70th birthday. 



isocyanide7 and its interception with an electrophilic component. We surmised that trapping of the 

zwitterionic intermediate with various active methylene compounds would lead to interesting 

heterocycles, thereby extending the scope of the reaction. Except for an isolated report on such 

interception using N, N-dimethylbarbituric acid leading to 4H-pyrano[3,2-d]pyrimidine derivatives,8  

there has been no efforts on this line. 

Against the background presented above, we investigated the interception of 1:1 zwitterionic intermediate 

with a variety of cyclic active methylene compounds with the perception that such a reaction sequence 

would lead to novel pyran annulated heterocycles, thus constituting a novel multiple component reaction. 

The preliminary results of our investigation are presented in this paper. 

Our studies were initiated by treating 4-hydroxycoumarin with dimethyl acetylenedicarboxylate and 

stoichiometric amount of cyclohexyl isocyanide in refluxing benzene; the reaction afforded a colorless 

crystalline solid in 68% yield characterized as 4a (Scheme 1). 10 
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Scheme 1 

 

The IR spectrum of product (4a) showed methoxycarbonyl absorptions at 1726 and 1693 cm-1 and the -NH 

absorption at 3271 cm-1. In the 1H NMR spectrum, the characteristic methoxy protons appeared as singlets 

at δ 3.74 and 3.71. The signal at δ 4.70 is attributed to the diallylic methine proton α to the ester group. 

The amine hydrogen atom resonated at δ 8.73 (exchangeable by D2O) indicating extensive intramolecular 

hydrogen bond formation with the vicinal ester carbonyl group. In the 13C NMR spectrum, the ester 

carbonyls were observed at δ 172.82 and 169.10. Finally the assigned structure was confirmed 

unambiguously by single crystal X-Ray analysis (Figure). 
 



 

Single crystal X-Ray structure for 4a 

Figure 

Mechanistically, the reaction may be rationalized as shown in Scheme 2. Protonation of the 1:1 

zwitterionic intermediate by the hydroxycoumarin followed by the quenching of the cationic center by the 

enolate can conceivably generate the ketenimine (5). Cyclization of the latter and subsequent 

isomerization culminated in the formation of 4a. 
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Similarly, the reaction of 2-hydroxy-1,4-naphthoquinone, 4-hydroxy-6-methyl pyrone and α-naphthol 

afforded the corresponding condensation products in good yields. The reaction can easily be extended to 

employ tert-butyl isocyanide (3b)11 as the nucleophile without compromising chemical efficiency. The 

results are presented in Table. 



Table: Trapping of isocyanide-DMAD zwitterion with various cyclic active methylene compounds. 
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 Where Cy = cyclohexyl. 

In conclusion, we have found that the one-pot reaction of isocyanides and DMAD with various active 

methylene compounds offers a facile synthesis of polycyclic pyran derivatives.12 
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