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Abstract : C-(4-oxo-4H[1]benzopyran-3-yl)-N-phanylnitrone (1) adds regiospecifically to the C2-C3 x-bond of allenic esters (2a- 
e) and the 1,3-dipolar cycioadducts formed undergo a series of intramolecular reorganisations including an intramolecular (4+2) 
cycloadditiun, in situ, to yield novel functionalized benzo[blindolizines (3a-e), in good yields. © 1998 Elsevier Science Ltd. All 
rights reserved. 
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Allenes have been recognised as valuable synthons and are being extensively employed in the synthesis of  

a variety of  molecules) These are generally involved in synthesis through a cycloaddition step which provides 

easily functionalisable cyclic structures having an exo-alkylidene moiety. Recently, 1,3-dipolar cycloadducts of 
nitrones and allenes have been reported 2 to undergo rearrangements yielding a variety of  heterocyclic 

systems. In continuation of our investigations on cycloadditions of  allenes, 3 we report here that C-(4-oxo- 

4/-/[1]benzopyran-3-yl)-N-phenylnitrone (1) undergoes regiospecific cycloadditions to the C2-C3 x bond of 

allenic esters (2a-e) and the formed cycloadducts undergo a series of  tandem intramolecular transformations to 

afford novel functionalized benzo[b]indolizines (3a-e) in good yields; the minor products (scheme 1) include 2- 

ethoxycarbonylmethyl-indoles (4a-e). 
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S c h e m e  I 

Refluxing an equimolar solution of  nitrone 4 and allenic ester (2a-e) 3 in dry benzene, under anhydrous 

conditions and column chromatographic separation of the residue obtained on evaporation of solvent, yielded 

3a-c as red to orange-red needles (CCl4-hexane) along with indoles (4a-e). 5 The  assigned structures of  the 

benzoindolizines (3a-e) are based on rigorous spectroscopic analysis and microanalytical d~_tR_; complete i H and 
13C NMR assignments for 3a are included. 5b A highly characteristic resonance in the 13C NMR spectrum of 3a 
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was that of  C10 which appeared at 15 97.94cf6; in case of 3b,e the C10 resonance (quat. carbon) appeared at 

105.34 and 112.00, respectively. 

Mechanistically, the plausible route to formation of the benzoindolizines involves rearrangement of  

initially formed 5-exo-alkylidene-isoxazolidines (A) to tetrahydrobenzazepinones (B) of'2 followed by cleavage 

of  the azepinone ring by a retro-Mannich reaction 2~b leadimg to a ring-opened intermediate C which cyclizes to 

D, and the latter, after dehydration and chromone ring opening, yields benzoindolizine (3a-e); opening of  

chromone rings is reported to be quite facile. 7 Alternatively, hydrolytic cleavage of C=N in C followed by 

intramolecuiar condensation would lead to the indole (4). cf2 It may be mentioned here that in the proposed 

scheme the cyclization in C has been indicated as a concerted (47~+2~) process,  however, a stepwise or highly 

non-synchronous cyclization cannot be ruled out; in the latter case the high electrophilicity of  the C2 of 

chromone 7 (Cb in C) may be crucial and experiments are being taken up to verify this. 

To rationalize the higher yields of indolizines and shorter reaction times in the case of 2 b  and c 

(scheme 1), molecular modeling, employing dtmm (version 2.0) of intermediate C was helpful. The energy 

minimized model of  C revealed that in its lowest energy conformation the heterodienic component and the 

enol-~ systems are parallel as required for cycloadditon. The molecular modeling further revealed that confor- 

mational constraints imposed by alkyl substituents at Ca lead to further compacted structures, increasing the 

proximity between diene and dienophilic components in the intermediate C, and this may be responsible for 

enhanced yields of indolizines from aUenic esters 2b and 2e; these observations are being further verified. 
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