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Intramolecular Carbostannation Reaction of Active Methine Compounds
Having an Allenyl Group Mediated by SnCls4-Et3N
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Abstract: In the presence of SnCl4 and Et3N, intramolecular carbostannation reaction of active
methine compounds having an allenyl group proceeded in a completely regioselective manner to give
cyclopeniene and cyclohexene derivatives in good yields. © 1999 Elsevier Science Ltd. All rights reserved.
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Intramolecular carbometallation of unstabilized carbanions having an unactivated C-C n-bond such as
unsaturated alkyl lithium or Grignard reagents is well known to smoothly proceed to give carbocyclic alkyl
metal,! while that of stabilized carbanions such as metal enolates prepared from active methylene
compounds should be difficult to achieveZ because of endothermic process involving the conversion of a
stabilized enolate anion to an unstabilized carbanion.3 As very few examples of such reaction, Pd-catalyzed
carbocylizations of active methine compounds with unactivated alkenyl, alkynyl or allenyl groups have been
reported by several groups.4 On the other hand, in the course of our work in relation to iodine-mediated
carbocyclization reaction,5 we recently found a carbocyclization reaction of various active methine
compounds having an unactivated 4-alkynyl group mediated by a Lewis acid such as TiCl4.6 In contrast to
Pd-catalyzed carbocyclization reaction which proceeds in a srans-addition manner to the C-C n-bond, this
reaction proceeds through a cis-addition of trichlorotitanium enolate of active methines to alkynes, giving
methylenecyclopentane derivatives with high stereoselectivity by further reaction of the resulting
vinyltitanium intermediate with electrophiles (Scheme 1).
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In this paper, we report the result of intramolecular carbostannation reaction of active methine
compounds having an allenyl group which proceeds in the presence of SnCly and Et3N.7 The present
reaction proceeds with complete regioselectivity through the attack of Sn-enolates of active methines at the
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central carbon of an allene to give the corresponding cyclopentene and cyclohexene derivatives in good
yields by the successive regioselective reaction of the allyl tin intermediate with electrophiles (Scheme 1).

The intramolecular carbometalltion reaction of 4,5-hexadienylmalonate 1la was investigated by
employing various Lewis acids and Et3N. Among Lewis acids examined, the use of SnCly was found to be
the most effective; that is, the cyclization reaction of 1a with SnCly (1.8 eq) and Et3N (1 eq) completed
within 1h at rt (Scheme 2). The successive iodination of the resulting allyl tin intermediate 1A gave
iodomethylcyclohexene 2a with complete regioselectivity in good yield (82 %),8 while the quenching of 1A
by an acid gave allyl tin compound 3a without the formation of a protonated product and a regioisomer of
3a having exo-methylene. The iodonolysis of 1A was carried out within 2 min, because prolonged reaction
time resulted in a mixture of allyl iodide 2a and chloride through halogen exchange of 2a by tin chloride.

The exclusive formation of cyclohexenylmethyl tin 3a9 indicates that the cyclization of 1a proceeds
with complete 6-exo-selectivity through the attack of Sn-enolate at the central carbon of the allene. Although
carbopalladation of allenes with a hard carbon nucleophile also generally favors C-C bond formation at the
central carbon, 10 it has been reported that in the reaction of stabilized carbanion such as enolates from active
methines, the attack of a carbon nucleophile exclusively occurs at an internal carbon and not at the central
carbon of allene, because the reaction proceeds through the formation of a x-ally complex.4¢4h Thus, the
SnCly-mediated carbocyclization should be complementarily used with the Pd-catalyzed reaction?h for the
regioselective construction of carbocyclic compounds.

Furthermore, regioselective C-C bond formation of intermediate 1A is also possible; the reaction of
1A with benzaldehyde exclusively occurred at the exo-methyl carbon and not the carbon on the cyclohexene
ring, giving diene 4a in 62 % via the following dehydration. This regioselectivity may indicate that the C-C
bond formation with aldehyde occurs through the reaction with reactive intermediate 1A' which was
possibly brought about by metallotropic rearrangement of stable intermediate 1A.11
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Although the reason is not clear, the reaction of 1a with TiCly which gave good results in the
carbocyclization reaction of 4-alkynylmalonates,5 led to the formation of allyl chloride 5a after quenching by
HCI (Scheme 2). On the other hand, as a Lewis acid, the use of Ti(Oi-Pr)4 and Sn(OTf), was ineffective,
resulting in recovery of 1a.

The results of intramolecular carbostannation reaction and the following iodonolysis of various
allenylated active methine compounds 1 are shown in Table 1.12

Similar to dimethyl malonate derivative 1a, the reaction of dibenzyl malonate 1b gave the 6-exo-
cyclized products 2b in good yield in the presence of SnCly and Et3N (Entry 1), while in the
carbocyclization of 1b with TiCl4 and Et3N, the formation of a complex mixture due to cleavage of the
benzyl ester by TiCls was observed. Not only malonate, the reaction of acetacetate and Cyanoacetate



derivatives 1¢ and 1d also proceeded smoothly to give products 2¢ and 5d, respectively (Entries 2, 3). In
the reaction of cyanoacetate 1d, although the use of iodine as an electrophile resulted in a decrease in the
chemical yield, on using NIS, chloromethylcyclohexene 5d was obtained as the major product in 60 % yield
through the following halogene exchange of the resulting allyl iodide by SnCly (Entry 3). The effect of
SnCly in these reactions should be noteworthy, because the reaction of 1d with TiCly and Et3N did not
proceed, resulting in recovery of 1d.

The present reaction can be also applied to cyclopentene forming reaction with 3,4-pentadienyl active
methine compounds le and 1f; in these reactions, 5-exo-cyclized products 2e and 2f were obtained in good
yields, respectively (Entries 4, 5). In the reactions of entries 1-5, since the formation of other regio-isomers
was not observed, these reactions should proceed with complete 5- or 6-exo cyclization and the following
selective iodonolysis of the allyl tin intermediates. Unfortunately, reaction of 5,6-heptadienylmalonate 1g
hardly proceeded to give cycloheptene derivative 2g in poor yield (Entry 6).

Table 1. Intramolecular Carbometallation Reaction®
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2 Carbometallation: 1 (1 mmol), SnCly (1.8 mmol), EizN (1 mmol), CH,Cly (8 mi), rt,th
and then Iz or NIS (2 mmol). ® Isolated yields. ° When I, was used as an
electrophile, the corresponding iodide was obtained in 39 % yield. 9 lodide was
also obtained In 5 % yield together with chioride 5¢.
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In conclusion, we have succeeded in the development of an intramolecular carbostannation reaction of
various allenylated active methine compounds which proceeds in a completely regioselective manner in the
presence of SnCl4 and Ei3N. Furthemore, the following regicselective reaction of the resulting allyl tin
intermediates with electrophiles gave functionalized cyclopentene and cyclohexene derivatives in good
yields. The present reaction should be complementarily used with the Pd-catalyzed reaction#h which was
previously reported by Yamamoto et al. for the regioselective construction of carbocyclic compounds.
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