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Abstract

Synthesis of functionalized 5,6-dihydro-4-hydroxy-2-pyrones via a novel formal cycloaddition reaction between
electron-deficient aldehydes and pyrandione2 is described. Pericyclic and aldol-like pathways have been proposed.
© 2000 Published by Elsevier Science Ltd. All rights reserved.

The 5,6-dihydro-4-hydroxy-2-pyrone ring is contained within a number of natural products, such as
mescengricin, a neuronal cell protecting substance.1 It is also the pharmacophore of a promising series
of nonpeptidic HIV protease inhibitors.2 A number of methods for the synthesis of this structure have
appeared in the literature.2,3 In this report, we wish to describe a novel formal cycloaddition reaction
followed by decarboxylation that leads to the formation of the dihydropyrone functionality.

During the course of our investigation of asterriquinone analogs, we required a convergent route for the
synthesis of structure3. It has been reported by Steglich and co-workers in their synthesis of grevilline
that structure3 can be readily obtained through condensation of aromatic aldehyde1 and pyrandione2.4

Following the reported procedure, benzaldehyde1 (Ar=phenyl) was reacted with pyrandione2 (acetic
acid, catalytic HCl, 90°C, 3 h) to give the desired product3 (Ar=phenyl) in 90% yield (Scheme 1).
However, when 3-pyridinecarboxaldehyde was reacted with2 under the same reaction conditions, no
aldol product3 was obtained. Instead, dihydropyrone4 (Ar=3-pyridyl) was isolated in 75% yield.

We rationalize this unexpected transformation to proceed through two potentially competing mech-
anistic pathways as outlined in Scheme 2. Under the reaction conditions, pyrandione2 exists in
equilibrium with its enol form5. Protonation of the basic nitrogen atom of 3-pyridinecarboxaldehyde
generates6, which is a very electron-deficient aldehyde. The ability of aldehydes bearing strongly
electrophilic�-substituents to function as heterodienophiles has been known for some time.5 A pericyclic
pathway has been proposed in the reaction of 1-methoxy-3-[(trimethylsilyl)oxy]-butadiene (‘Danishefsky
diene’) with aldehydes under Lewis acid catalysis.6 In close analogy, the electron-rich diene5 could
undergo [4+2] cycloaddition with the electron-deficient aldehyde6 to produce the bicyclic adduct7
(path A). Decarboxylation of7 provides9 which, after isomerization, affords the final product4a.
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Scheme 1.

Scheme 2.

Alternatively, the aldol condensation can serve to join the two reactants5 and6 to produce intermediate
8 (path B). Due to the cationic character in the transition state of the dehydration process, the protonated
pyridyl moiety of8 significantly increases the transition state energy of the dehydration step. Instead of
losing one molecule of water to form structure3, as in the case of benzaldehyde, intermediate8 allows the
newly formed hydroxyl group to attack the 3-carbon position to produce the bicyclic product7, which,
after collapse, affords4. In a closely related case, Corey found that the reaction of Danishefsky diene
with aldehydes in the presence of the tryptophan-derived oxazaborolidine catalyst proceeded through a
two-step aldol-Michael sequence.7

In order to differentiate the two reaction pathways, we tried to isolate the proposed aldol intermediate
and to see if we can independently transform it into the corresponding dihydropyrone. When 4-
quinolinecarboxaldehyde10was allowed to react with pyrandione2 at lower reaction temperature (50°C,
1.5 h), the carbinol11 precipitated out during the reaction and was isolated by filtration in 75% yield
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(Scheme 3).8 Indeed, when carbinol11 was subjected to the same reaction conditions (acetic acid,
catalytic HCl, 90°C, 3 h), dihydropyrone4c was generated in 90% yield. This observation strongly
supports the two-stage aldol pathway.

Scheme 3.

To demonstrate the generality of this reaction, and because of the relevance to certain synthetic targets
of interest to us, we have examined reactions between pyrandione2 and a variety of electron-deficient
aldehydes. Selected results from these investigations are shown in Table 1.9

Table 1
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In a typical experiment, pyrandione2 (1.0 mmol) and an aldehyde (1.0 mmol) are dissolved in
glacial acetic acid (5.0 mL). To this solution is added three drops of concentrated HCl via a pipet.
The reaction mixture is heated at 90°C under stirring for 3 h. After cooling to room temperature, Et2O
(10 mL) is added. The precipitate is collected by filtration. Further purification by recrystallization or
chromatography affords the final product.
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