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Abstract: Treatment of the acetal S, readily prepared from 2.6,6-trimethyl-2-(1 4-dioxenyl)-1-cyclohexene 3, with
carbon nucleophiles in the presence of Lewis acid leads to the formation of a new carbon-carbon bond with
simultaneouus cleavage of the dioxene ring.

Earlier disclosures from this laboratory have demonstrated the utility of 1,4-dioxene (2,3-dihydro-1,4-
dioxin) 1 in the formation of carbon-carbon bonds with rapid elaboration of useful functional groups.! Thus,
allylic alcohols, easily obtained from 2-lithio-5,6-dihydro-1,4-dioxin 2 and ketones or aldehydes, undergo
dehydration to afford substituted 2-vinyl-dioxenes.2 In particular, 2,6,6-trimethyl-1[2-(1,4-dioxenyl)]-1-
cyclohexene 3, prepared from 2,2,6-trimethylcyclohexanone, appeared to be a useful springboard for the
synthesis of terpenes and related substances.2 Starting from this compound, we have recently described a
methodology for the early introduction of the C-6 and C-7 oxygenated groups in the A,B ring system of
forskolin.# As part of synthetic studies towards polyoxygenated natural products, we required a general method
for the introduction of a second carbon-carbon bond with simultaneous opening of the dioxene ring and release of
the oxygenated functionalities. To this end, the behaviour of lithiated derivative 4 towards carbon electrophiles
was first examined. According to early reports related to metallation of cyclic vinyl ethers? including 1,4-dioxene,
we assumed that deprotonation of 3 with strong lithiating agents should preferably occur at the position adjacent
to the oxygen atom leading to 4. Instead, treatment of 3 with strong bases (-BuLi, n-BuLi--BuOK, sec-BuLi-
TMEDA, PhLi-HMPA) followed by Bu3SnCl gave rise to the dioxene ring-cleavage compounds as majors
products (Scheme 1).3.6
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To circumvent this problem, introduction of the new carbon-carbon bond on the dioxene moiety was then
envisaged from acetal 5. Lewis acid mediated addition of carbon nucleophiles to acetals has become a widely
used reaction for the formation of carbon-carbon bonds.” In particular, an important contribution has been the
development of allylsilanes in the stereoselective allylation of carbohydrates derivatives.8 We anticipated that
acetal § would also behave as an electrophile in the allylsilane-induced C-C bond formation. This communication
discloses the preliminary results.

Oxidation of 3 with m-chloroperbenzoic acid (m-CPBA) in methanol at 0°C afforded 5 as a mixture of
diastereomers in 70% yield.® This white cristalline compound, which is stable at room temperature, was allowed
to react with allyltrimethylsilane in CH2Cl2 in the presence of BF3-Et20. The reaction gave product 7 as a
mixture of diastereomers. The structure of 7 was assigned on the basis of its spectroscpic data, and confirmed by
acid hydrolysis to 8 (Scheme 2).
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Formation of 7 undoubtedly occurs via cyclization of the initially formed adduct 6 caused by the presence
of adventitious protons.10 Indeed, when the reaction was carried out in acetonitrile, a more basic solvent than
CH;Cl, compoud 6 was isolated as the sole product. However, ethylaluminum dichloride, a proton scavenger
Lewis acid!!, in CH2Cl was found to be the most effective reagent and gave 6 in 85% yield.

As shown in Scheme 3, the reaction worked with various types of nucleophiles. Thus, the addition of
bromoallyltrimethylsilane, 3-iodo-2[(trimethylsilyl)methyl]-propenel2 and cyanotrimethylsilane proceeded
smoothly to give, as expected, products 9, 13 and 10 respectively, in good yield. With 1-[(trimethylsilyl)-
methyl]cyclohexene!3, the adduct 14 was isolated in 52% yield as a mixture of separable diastereomersina 1.6 ;
1 ratio. In the same way, phenyl and vinyl Grignard reagents produced compouds 11 and 12 in good yield.
However, trimethylsilyl enol ethers [e.g. 1-(trimethylsilyloxy)cycloxene or 2-(trimethylsilyloxy)furan] failed to
react with 5, and compound 15 was isolated as the major product.

A typical procedure is as follows: to a stirred solution of § (128 mg, 0.5 mmol) and C-nucleophile (1
mmol) in dry CH»Cl3 (4 mL) at -70°C was added EtAICl; (1 mmol) and the mixture allowed to warm to -20°C.
The reaction was monitored by TLC until complete conversion. The reaction mixture was then quenched with
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water, extracted with ether and dried over MgSQj4. After evaporation of the solvent, the pure productsl4 were
isolated by flash chromatography [SiO2, AcOEt/petroleum ether (1:4 v/V)].
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Scheme 3. Reaction of § with carbon nucleophiles

This reaction probably proceeds via the oxocarbenium intermediate 16 which arises from Lewis acid
complexation and ionization of the methoxy group.16 At this stage, the formation of the final product could be
reasonably explained in terms of addition of the nucleophile to the hemiacetal part with concomitant migration of
the C-O bond in the dioxenyl moiety as shown in Scheme 4.
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In conclusion, we have found that treatment of acetal §, readily prepared from 2,6,6-trimethyl-2-(1,4-
dioxenyl)-1-cyclohexene 3, with carbon nucleophiles in the presence of Lewis acid leads to the formation of a
new carbon-carbon bond with simultaneouus cleavage of the dioxene ring. Application of this method to the total
synthesis of natural products is in progress in our laboratory.
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