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Abstract

Dihydrofuran derivatives were obtained by a simple one-step procedure involving an easy epoxidation
of 2-alkenyl-1,3-dicarbonyl compounds by dimethyldioxirane prepared in situ and a subsequent cyclisa-
tion under the same basic reaction conditions. © 2000 Published by Elsevier Science Ltd.
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In previous work we described cyclisations of g,d-unsaturated ketones to obtain
dihalodihydropyrans1 and 2-alkenyl substituted 1,3-dicarbonyl compounds in a convenient
approach to furan derivatives.2

Cyclic ethers are often present in naturally occurring compounds3 and furthermore are useful
synthetic intermediates;4 for these reasons new methodologies for their preparation have been
intensively studied during the last few years.5

Our approach to the synthesis of furan and dihydrofuran derivatives involves the utilisation
of 1,3-dicarbonyl compounds as a source of an intramolecular nucleophile and iodine as an
electrophile to promote a cyclisation reaction. In this way, dihydrofurans functionalised with an
iodine atom in the side-chain can be obtained in highly regio- and diastereo-selective processes.6

Due to our interest in methods for the synthesis of dihydrofuran derivatives, we explored the
possibility of using an oxirane as the electrophile. The use of dioxiranes, which are a new
generation of epoxidising reagents studied in our laboratories in the last decade,7 could, in this
case, allow a one-pot transformation.

Substrates taken as models for this study were 2-alkenyl-1,3-dicarbonyl compounds, of which
we have had experience of preparing.8
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The epoxides were submitted to different reaction conditions to allow intramolecular nucle-
ophilic attack. The reactions worked well to give the dihydrofuran derivatives 3 with complete
regiochemical control, the 5-exo-tet cyclisation being the only observed process.9 In contrast,
the cyclisation of 1c using iodine as the electrophile gave a mixture of dihydropyran and
dihydrofuran derivatives. As shown in Table 1, the use of a base (NaH or Na2CO3) on the
isolated epoxides, or the addition of a base (Na2CO3) to the reaction mixture led to similar
results. Epoxides 2 were prepared by the use of dimethyldioxirane (DMD) in a quantitative
process.

We then optimised a method in which dimethyldioxirane was produced in the reaction
medium. In this way, as a general procedure, to a mixture of the substrate (1 mmol), acetone
(10 ml), water (10 ml) and Na2CO3 (1 g), Oxone (3 g) was added in portions until disappear-
ance of the starting material was observed. Acetone was removed under vacuum and the
mixture extracted with diethyl ether. After evaporation of the solvent, pure heterocyclic
products 3 were obtained. Chromatographic purifications were performed only if required.

Table 1

Substrate R R% Basea (equiv.) Temp. (°C) Time (h)Entry Yield (%)

92H H NaH (1)b 251 241a
\967225Na2CO3 (2)c2 HH1a
\96H H Na2CO3 (2)b 703 181a

1b H Me4 NaH (1)b 25 2 75
754425Na2CO3 (2)c5 MeH1b

2470Na2CO3 (2)b \96MeH1b6
831c7 Me Me NaH (1)b 25 0.5

258 1c Me 48Me Na2CO3 (2)c 57
\96Na2CO3 (2)bMeMe1c9 70 24

H Ph NaH (1)b1d 2510 17 86
1d H Ph Na2CO3 (2)c 25 22 3511
1d H Ph Na2CO3 (2)b 70 512 \96

a NaH was used in THF, Na2CO3 in acetone–water.
b Base added to a solution of the isolated epoxide.
c Base added to the mixture after the epoxidation reaction.
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Table 2

Substrate R R% Base Temp. (°C) Time (h) Yield (%)Entry

H NaHCO3 25 72 691 1a H
H Na2CO3 70H 181a 752
H Na2CO3 253 201a 95H
Me NaHCO3 25H 284 501b
Me Na2CO3 25 365 701b H
Me NaHCO3 25Me 246 621c
Me Na2CO3 707 361c 96Me
Ph Na2CO3 25H 228 571d
Ph Na2CO3 709 481d 90H

Table 2 shows the results obtained with this procedure. Products were obtained in good to
excellent yields, also in the case of a-cyclohexenyl-b-dibenzoylmethane low conversions were
observed under all conditions.

The process is stereospecific since when a 70:30 trans/cis diastereomeric mixture of 1b was
used, the same ratio of erythro/threo isomers of the dihydrofuran 3b was recovered. Moreover,
pure trans 1b (or 1d) gave only one diastereoisomer, presumably the erythro form, by SN2 attack
of the nucleophile.10

For 1c, good results were obtained also in the absence of acetone, possibly by using the keto
groups of the substrate as dioxirane precursor. The epoxidation occurred efficiently and the
resulting epoxide underwent nucleophilic attack to give the corresponding cyclisation product
3c. For all other substrates the same procedure led either to no conversion 1a, undesired
products, or complex mixtures.

In perspective, with the introduction of a recent method for asymmetric epoxidation using
chiral dioxiranes,11 this method could be useful for the preparation of optically enriched
dihydrofurans.

In conclusion we have shown that in a one-step procedure, 2-alkenyl-1,3-dicarbonyl com-
pounds can be cyclised efficiently with high regio- and stereocontrol, in a method of general
value for the synthesis of dihydrofuran derivatives. Work is in progress to determine the
advantages and limits of this approach.

References

1. Antonioletti, R.; Magnanti, S.; Scettri, A. Tetrahedron Lett. 1994, 35, 2619.



10130

2. Antonioletti, R.; Bonadies, F.; Scettri, A. Tetrahedron Lett. 1988, 39, 4987. Antonioletti, R.; Cecchini, C.; Ciani,
B.; Magnanti, S. Tetrahedron Lett. 1995, 36, 9019.

3. Nakanishi, K. Natural Products Chemistry ; Kodansha Ltd.; Academic: New York, 1974. Meyers, A. I.
Heterocycles in Organic Synthesis ; John Wiley & Sons: New York, 1974. Danheiser, R. L.; Stoner, E. J.; Kojama,
H.; Yamashita, D. S.; Klade, C. A. J. Am. Chem. Soc. 1989, 111, 4407. Vernin, G. The Chemistry of Heterocyclic
Flavoring and Aroma Compounds ; Ellis Horwood: Chichester, 1982.

4. Lipshutz, B. H. Chem. Rev. 1986, 86, 795.
5. Harding, K. E.; Tiner, T. H. Comprehensive Organic Synthesis ; Pergamon: Oxford, 1991; Vol. 4, p. 663. Cardillo,

G.; Orena, M. Tetrahedron Lett. 1990, 46, 3321. Staninets, V. I.; Shilov, E. A. Russ. Chem. Rev. 1971, 40, 272.
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