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Alkylidenecarbenes from 1,1-Dihalogenoalkenes with Samarium Diiodide:
Mild and Efficient Method for the Synthesis of Cyclopentenes
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Abstract: A new mild method for construction of cyclopentenes via 1,5-C—H insertion of alkylidenccarbenes by the reaction of
2,2-dialkyl-1,1-dihalogencalkenes with Smiy in benzene—hexamethylphosphoric triamide (HMPA) was developed.

The intramolecular 1,5-C—H insertion of alkylidenccarbenes is an efficient and convenient method for
construction of five-membered ring because the carbencs are capable of undergoing regioselective carbon—carbon
bond formation on non-activated carbon centers. Several mild methods for generation of alkylidenecarbenes;
fluoride-induced o-elimination of a-chlorovinylsilanes or silylvinyl triflates,12.P thermal decomposition of
tosylazoalkenes!® or diazoalkenes!d and weak base-induced ci-elimination of alkenyliodonium salts,!® have been
developed. Here we report a new mild method for construction of cyclopentenes (5) via 1,5-C—H insertions of
alkyhdenecarbenes (4) (or carbenoids (3)) generated from 1,1-dihalogenoalkenes (1) by the reaction with Smiy 2
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The reaction will proceed by a route illustrated in Scheme 1. Since alkyl groups at o position to carbenic
center are loath to migrate leading to alkynes in alkylidenecarbenes,!d 1% 3 we examined the reaction of 2,2-dfalkyl-
1.1-dibromoalkene with SmI2 in benzene—HMPA.* Exposure of 6 (X = Br) in benzene to Smlz (2.5 equvil) in
benzene—HMPA (9 : 1) at room temperature under nitrogen flow for 10 min gave cyclopentene (7) in 59 % yield
(Table 1). Diiodide (6, X = I) also afforded 7 in 76 % yield whereas the reactivity of dichloride toward SmI was
very low, Another product of these reactions was fully reduced alkene (6, X = H) and no reamranged alkynes were
detected. As summarized in Table 1, diiodides generally gave the corresponding insertion product more than
dibromides. The reactions of dihalides (8) and (10) afforded fused bicyclic (9) and spiro (11) compounds,
respectively.  Although a heteroatom activates C—H bond at o position to it toward insertion by carbenes,> the
reaction of benzyl ether (14) with Smiy afforded dihydrofuran derivative (15) in somewhat low yield (Scheme 2).
Since the activation of C—H bond is ascribed to weakening of it by a-heteroatoms, an intramolecular hydrogen
abstraction by an «-halovinyl radical corresponding to 2 from the activated bond probably competes with the
generation of carbenoid.®

It should be noted that not only mildness and simplicity of the reaction but also stability and accessibility of
gem-dihalogenoalkenes make the present reaction useful for synthesis of five-membered ring especially substituted
cyclopentenes via alkylidenecarbenes.
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Table 1. 1,5-C—H Insertion of alkylidenccarbenes derived from 1,1-dihalogenoalkenes with Smi;.
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a) Reactions were carried out in benzene—HMPA (9 : 1) for 10 min at r.t. under nitrogen flow. b) The reaction
was carried out for 3 h at r.t. ¢) The reaction was carried out for 3 h at reflux temp. d) 48 % of 6 was recovered.
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