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FREE RADICAL RING-EXPANSION LEADING TO NOVEL 
SIX- AND SEVEN-MEMBERED HETEROCYCLES 
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Summary: Free radical ring-expansion of a variety of heterocycles is described. 

The regioselective, free radical ring-expansion of P-keto esters1p2r3 has broad potential 
applicability in organic synthesis. 4 The synthetic utility of the ring-expansion reaction will be 
further enhanced by the inclusion of heterocyclic compounds5 in the ring-expansion process. 

Thus, a convenient synthetic sequence is illustrated by the one-carbon ring-expansion of 
the six-membered, ethyl l-benzyl-3-oxo-4-piperidinecarboxylate (1) to the seven-membered 
azepine derivative 3 (eq 1). Alkylation of 1 with chloromethyl phenyl selenide6 and sodium 
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hydride in the presence of sodium iodide in refluxing tetrahydrofuran yielded the phenylseleno 
adduct 2 (18%). Tri-n-butyltin hydride reduction of 2 in refluxing benzene, containing a catalytic 
amount of AIBN, led to smooth rearrangement to the ring expanded product 3 (71% isolated 
yield). 

By contrast, when ring expansion of 5 was attempted, the direct reduction product 7 pre- 
dominated over the rearranged product 6 by a 2:l ratio (Scheme 1; see also Table 1, entry a). The 
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ratio of 6 to 7 does not depend on the tin hydride concentration nor does the ratio change upon 
ten-fold dilution of the reactants. Thus, the reduction probably involves intramolecular 1,5- 
hydrogen atom transfer7 (Scheme 1, Inset) in competition with bimolecular hydrogen atom 
transfer from n-BugSnH. 

When 5 was treated with tri-n-butyltin deuteride, the ring-expansion product 6-dl was 

5 6-d, ‘4, 7’-di 

obtained in 17 % yield together with reduction products 7-dl and 7’-dl (33%) in a ratio of 3:7 (eq 2). 
The location of deuterium in the products was established by NMR and mass spectrometry. The 
observation of reduction product 7-dl, with deuterium at the benzylic carbon establishes the 
occurrence of 1,5-hydrogen atom transfer during the reaction of 5 with tin hydride. This 
undesired reduction process can be suppressed by replacing the benzyl group in 5 with the 
triphenylmethyl group, shown by a comparison of entries a and b in Table 1. 

Six-membered, sulfur- and oxygen-containing p-keto esters 128 and 169 undergo 
regioselective ring-expansion to the seven-membered thiepane and oxepane derivatives 14 and 
18 in good yield (Table 1, entries c and d). Functionalized heterocycles such as 3,6,10,14, and 18 

Table 1, Free Radical Ring-Expansion of Hetemcyclic PKeto Esters (% Isolated Yield) 
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Table 1 (continued) 
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‘All new substances had satisfactory NMR, IR, and mass spectra including exact mass determination. 

in the azepine, oxepane, and thiepane series are not easily prepared by other means.5 
The five-membered P-keto ester 1910 and the enamines 22 and 25*l rearrange readily to the 

novel, six-membered heterocyclic compounds 21 and 27 (Table 1, entries e, f and g). The five- 
membered heterocyclic compounds rearrange more easily than their six-membered ring 
counterparts as judged by the negligible amount of direct reduction products formed.1 

The open-chain product 28 was obtained in 39% yield together with the ring-expansion 
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product 21 (17 % yield) when 20 was treated with 2.0 equiv of n-Bu$nH (Scheme 2). The 
reduction product 28 apparently arises from attack of excess tin radical on the sulfur atom of the 
rearranged product 21 followed by tin hydride reduction of the resulting stabilized radical 
adjacent to the carbonyl group. The formation of 28 was completely suppressed by using 1.1 
equiv of tin hydride (Table 1, entry e>. 

The free radical ring-expansion reaction has been extended to oxygen-, nitrogen-, and 
sulfur-containing heterocyclic P-keto esters. The sequential alkylation and ring-expansion of 
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heterocyclic J3-keto esters, readily available by Dieckmann condensation, provides a rapid and 
efficient route to new and unusual heterocyclic compounds. 
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