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Abae A bifunctional. C2-symmetrical chiral auxiliary derived from dihydroxylated dispimketals has 
been used to induce a high degree of asymmetry in Michael additions of cuprates to a variety of di-u,,B- 
unsaturated ester systems. 

In the previous papers we reported the preparation and application of a Cz-symmetrical dispiroketal 

dial (1) as a readily obtained chiral auxiliary for asymmetric Diels-Alder reactions. During this study 

a diacrylate derivative underwent highly stereoselective Lewis acid-catalysed Dieis-Alder reactions with 

a variety of dienes. 

In this paper we would like to report the application of (1) to the synthesis of a variety of 

bifunctional Michael acceptors (2a-c)z and to describe a variety of highly stereoselective additions of 

cuprate reagents to these systems. 3 The Michael acceptors were synthesised by quenching of the 

dialkoxide anion of (1) with the appropriate acid chloride (Scheme 1). 
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(i) KO’Bu, THF, 0%rt; (ii) Acid chloride. -78-C. 

Scheme 1 

Initial investigations centred on the dicrotonate (Za) and the addition a variety of butyl 

organocopper reagents to this system (Scheme 2). These included organocopper reagents, homo- and 

heterocuprate reagents and copper-catalysed Grlgnard reagents4 (Table 1). 
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Table 1 

It was of interest to note that in all cases where a species which may act as a bidentate Lewis acid is 

present in the reaction medium, the stereochemistry of the product was R. In the case where no such 

Lewis acidic species existed, the net stereofacial selectivity was reversed. This result was consistent 

with our model for the prediction of the stereochemical outcome of asymmetric Diels-Alder reactions 

proposed in the previous communication. 

Figure 1 

In our model, a bidentate Lewis acid is envisaged to chelate the two carbonyls in the system 

(Figure 1). The enoate adopts a conformation where the carbonyl bond in antiplanar with the olefinic 

bond. The Si-face of the enoate is thus shielded by the pyran rings of the dispiroketal forcing the 

cuprate to approach from the Re-face of the enoate to give the R product. 

The conditions offering the highest degree of stereocontrol were found to be modified Yamamoto 

conditions5 (Entry 1, BuCU.BFJ.PBU~) and these were applied to a variety of different systems 

(Scheme 3 and Table 2). 

Scheme 3 
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Notes: * Yield based on recovered starting material. # Reaction carried out in 5050 ether:THF. 

Table 2 

Michael additions involving methyls and butyl7 organocopper reagents (Entries 1,4,6 and 7) all 

proceeded in both high yield and stereoselectivity. In an example of the addition of phenyl 

organocopper reagent (Entry 2) both the yield and selectivity were reduced. This is probably due to 

the low reactivity of this cuprate which necessitated an elevated reaction temperature. The additions of 

Fleming’s phenyldimethylsilyl cuprate (Entries 3 and 5) to our dienoate system proceeded in high 

yield but with reduced stereofacial selectivity. The reason for this may be that the reactions were 

carried out in a 1: 1 mixture of ether and THF and any bidentate chelate complexes involved in the 

control of the stereochemical outcome of these reactions may be partially destroyed by the presence of 

the THF. 

Tbe Michael adducts could be cleaved hydrolytically (NaOH, MeOH, H20, reflux) or reductively 

(LiAlH4, ether, -30°C) and isolated in high yield from the recovered auxiliary as previously reported. 

The isolated carboxylic acids had data identical to that in me literature.9 

In this communication we have shown that, as well as being an effective bifunctional chiral 

auxiliary for Diels-Alder reactions, (1) is able to induce a high degree of stereoselectivity in double 

conjugate additions to this system. The bifunctional nature of the auxiliary means that it has a very low 

effective molecular weight and is therefore a highly efficient auxiliary. 

The exploitation of (1) for other asymmetric reactions is currently under way, as are investigations 

into other applications of dihydroxylated dispiroketals in asymmetric synthesis either as auxiliaries or 

ligands and modifiers for catalytic asymmetric processes. 
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