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Stereoselective Diels-Alder Reactions using a Bifunctional, C>-
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Abstract: Highly selective, asymmetric, Lewis acid catalysed Dicls-Alder reactions are reported with a
bifunctional, C2-symmetrical diacrylate derivative obtained from a chiral auxiliary based on dihydroxylated

dispiroketals.

In the previous paper we reported the preparation of a Cj-symmetrical dihydroxylated
dispiroketal (1) in optically pure form. Here we show that the corresponding diacrylate (2)2
(Scheme 1) undergoes Lewis acid catalysed Diels-Alder reactions with a number of dienes, both
cyclic and acyclic, to afford cycloaddition products with very high selectivity.
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Scheme 1
In a series of experiments with (2) we studied cycloaddition reactions with cyclopentadiene in the
presence of a variety of Lewis acids (Scheme 2, Table 1). In summary, this work established the
need for strong dichelating Lewis acids such as the aluminium chlorides of which ethylaluminium
dichloride3 proved to give the best results in terms of both yields and selectivity.
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Ratio of
3:@
Endo: Exo
Entry Lewis Temp. Time R= R= Yield
Acid O (hours) %
%(3) . % @

1 EtAIC], -78 1 23.5:1 99%
2 Et,AICI -78 3 15.5:1 98%
3 AlCly -78 23 6.3:1 80%
4 ZnCl, -78 18 2.6:1 84%
5 TiCl, 0 3.5 2.6:1 40%
6 SnCl, 0 3.5 1.4:1 12%

Table 1

Moreover we found that (2) required only one equivalent of Lewis acid to prechelate both
acrylate carbonyl groups. The acrylates are oriented in an s-trans configured arrangement and the
additions proceed to give, as the major product, the symmetrical bis-endo adduct (3) together with a
small amount of a readily separable unsymmetrical exo-endo, bis-adduct (4). In the best case
(EtAICl;) these diadducts were formed in a combined yield of 99% and the ratio of (3) to (4) was
23.5:1. The structure of (3), which was confirmed by X-ray crystallography, suggests that the
reaction proceeds via a transition state arrangement as in (5) (Scheme 3).
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Scheme 3
Using the optimised conditions? established for cyclopentadiene, (2) was also reacted with other
dienes to give the corresponding adducts (6a-e}(Scheme 4 and Table 2).
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Table 2

From these data a number of points arise that deserve further comment. In all cases, with the
exception of the piperylene reaction (Entry 4), the observed Diels-Alder reactions proceeded to give

products of the expected regio- and stereochemical outcome. With piperylene, however, the
cycloaddition reaction was relatively slow and, although the expected ortho-substitution pattern was
observed in the product, a reversal of the normal endo-selectivity was observed. In this case the
reaction proceeded to give the exo-cycloaddition product as the major isomer in an exo- to endo-
ratio of 8.8:1. The symmetrical, all exo-product (6d) could, however be separated from the
unsymmetrical endo-exo-product by flash column chromatography.

Cleavage of the Diels-Alder adduct from the auxiliary could be achieved in high vield either
hydrolytically (NaOH, MeOH, H2O, reflux) or reductively (LiAlH4 in diethyl ether, -30°C) (Scheme
5). In neither case was any epimerisation observed and the auxilliary and cleaved adduct could in all
cases be separated and recoverd in high yield by extractive methods. Thus in no case was column
chromatography required to obtain pure products. For example treatment of (3) under hydrolytic
conditions gave (7) in 96% yield and the recovered auxilliary (1) in 92%. Alternatively treatment of
(3) under reductive conditions gave norbormenol (8) and the recovered auxilliary (1) both in 93%
yield. The cleavage of all Diels-Alder adducts (6a-d) proceded smoothly (86-96% yield of cleaved
Diels-Alder adduct and >90% recovery of auxilliary) to give the known carboxylic acids which were
identical to literature examples.>

NaOH
= = 8V)
o Yo%
o] o
Bo 96%
(o]
° 3 ., M
93%
@ Ho ®)
93%

Scheme 5

7453



7454

The above reactions represent a new opportunity with a Cz-symmetrical dihydroxylated

dispiroketal diol (1) as a chiral scaffold for asymmetric Diels-Alder reactions with the bis-acrylate
derivative (2) and a variety of simple dienes under Lewis acid-catalysed conditions. The Coa-
symmetry and bifunctional format of this auxiliary maximises its effectiveness in being able to react

two side chains per asymmetric unit.
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