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STEREOSPECIFIC CYCLOPROPANE SYNTHESIS FROM Y-STANNYL ALCOHOLS1
Ian Fleming* and Christopher J. Urch
University Chemical Laboratory, Lensfield Road, Cambridge CB2 1EW, England

Summary—Tertiary and benzyl alcohols with a Y~trialkyltin group form cyclopropanes stereo-
specifically on treatment with acid, with inversion of configuration at both carbon atoms.

We have reported earlier2’3

several examples of silicon-controlled carbonium ion re-
arrangement, of which the most simple was the hydride shift (1 3).2 In contrast, there were
several indications4-6 that the corresponding tin compounds would give cyclopropanes, a reaction
we have almost never7 seen in the silicon series. Thus solvolysis of the tertiary chloride cor-
responding to the alcohol (2) was known4 to give the cyclopropane (4). We were not surprised,
therefore, to find that the alcohol (2) gave the cyclopropane (4) on treatment with acid under
the same conditions that we had used for the alcohol (1). We have now investigated this cyclo-

propane-forming reaction in more detail, and find that it is both high-yielding and amenable to
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a high level of stereocontrol.
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The reactions in Scheme 1 illustrate methods for the synthesis of simple Y-stannyl
alcohols using hydrostannation8 or conjugate addition of tin-lithium reagents.g The acid-cata-
lysed formation of the cyclopropanes takes place in high yield, even when the carbon-carbon

bond is formed between fully-substituted centres.
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The reactions in Scheme 2 illustrate the stereospecificity of the reaction, each

diastereoisomer (6 or 7) giving a different cyclopropane (8 or 9). The steveospecificity at the
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hydroxyl-bearing carbon is remarkable in view of its tertiary benzylic nature. That the reac-

tions actually take place with inversion of configuration at both centres, as illustrated, was
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only proved in the more complicated case helow (Scheme 3). Conjugate addition of trimethyltin-
lithium to the enone (65), followed by methylation of the intermediate enolate, gave the ketones
(10 and 11) with high diastereoselectivity.10 The reaction of the phenyl Grignard reagent on
the major ketone gave the alcohols (12 and 13), also with high diastereoselectivity,n Proof

of structure was provided by an X-ray structure vleterm:lnation12 on the major alcohol (12).
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Treatment of this alcohol with acid gave two cyclopropanes (14 and 15), whereas the minor al-
cohol gave only the cyclopropane (15). Although the stereospecificity with inversion of config-
uration at both centres is now proved,13 it is no longer complete at the hydroxyl-bearing car-
bon of 12. The sequence of reactions (6 > 10 - 12) is a highly stereocontrolled and effective
synthesis of the cyclopropanes (14 and 15), and it is easily possible to adapt it for the syn-

thesis of the stereoisomeric cyclopropanes (20 and 21). Thus conjugate addition (Scheme 4) to
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10 . .
the ester (16), followed by protonation and ester hydrolysis, gave largely the acid (17).

15
Successive treatment with phenyl-lithium and the methyl Grignard reagent gave largely the al-

cohol (18), and the alternative order, methyl-lithium and the phenyl Grignard reagent, gave
Ph Ph
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Each of these alcohols cyclised with high but incomplete stereospec-
ificity to give the cyclopropanes (20 and 21).

largely the alcohol (19).

The reactions in Scheme 5 were carried out to give the alcohols (22 and 23) a highly

favourable opportunity to undergo rearrangement by phenyl shift with formation of a tertiary
cation. This did not take place, demonstrating vividly the contrast between the tin and the
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silicon series. Finally, the reactions in Scheme 6 show that secondary benzyl alcohols give
cyclopropanes with complete stereospecificty.

We have met two failures in our attempts to extend this cyclopropane synthesis One
limit is that simple secondary alcohols with a Y-stannyl group decompose without noticeable
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cyclopropane formation. The other is more serious: we have failed16 to make the reaction work

in such a way as to fuse a gem-dimethylcyclopropane onto a five-, six-, or seven-membered ring.

This was disappointing in view of the analogous reaction,17 in which five- and six-membered

rings have been fused onto six-membered rings using a functionally isolated carbon-tin bond as

the carbon nucleophile.
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