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Summary: Initial ally1 cation geometry appears to be irrelevant with respect to the stereochemistry of cycloadducts 

in the intramolecular 4+3 cycloaddition of alkoxyallylic cations derived from alkoxyallylic sulfones. 

We recently reported new methodology for the execution of intramolecular 4+3 cycloadditions in which 

alkoxyallylic sulfones served as precursors to the requisite alkoxyallylic cations (Equation 1). l-4 In our continuing 

Equation 1 

studies of this reaction we became interested in the effect of ally1 cation stereochemistry on the course, particularly the 

stereochemical course, of this reaction. 

Our initial studies allowed no clear understanding of the effects of ally1 cation geometry on this reaction since 

both cation configurations were available from the alkoxyallylic sulfone. A system in which at least the initial 

configurations could be determined had to be prepared. The synthesis is shown in Scheme 1. Treatment of the 

protected cyanohydrin of propionaldehyde5 with LDA followed by alkylation with 2-(3-iodopropyl)furan6 gave 4 in 

85% yield. Hydrolysis afforded ketone 5 in virtually quantitative yield8 Condensation of 5 with ethynyl- 

magnesium bromide followed by sulfinate ester formation with p-toluenesulfiiyl chloride9 and thermolysis gave the 

allenic sulfone 6 in 76% overall yield. lQl1 Nucleophilic addition of ethoxide gave an 85% yield of alkoxyallylic 

sulfone 7 as a 1: 1 mixture of E and Z isomers. 12 These isomers could be separated using preparative HPLC.13 

The stereochemical assignments of these isomers were secured by NOESY. Either isomer of 7 could be alkylated 

twice with methyl iodide to give Sa or 8b, the cycloaddition precursors.14 

Treatment of either isomer of 8 with Tic14 in CH2C12 at -78oC gave 2 in 58% yield after chromatographic 

purification. It is interesting and important that both isomers lead solely to the same product and in the same yield. 

This observation is corroborated by inspection of molecular models which suggests that the lowest energy transition 

structures for 4+3 cycloaddition lead to 2 regardless of ally1 cation geometry. Somewhat disturbing is the finding 

that the transformation of 8 to 2 takes place in 20% lower yield that the conversion of 1 to 2. This suggests that a 
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Scheme 1 

common intermediate may not be produced for both cycloaddition precursors. 

The structure of 2 was initially based on precedent from our own work and the 1iterature.l v4 Attempts to 

deduce stereochemical information using nOe were unsuccessful and ultimately we turned to X-ray analysis of a 

derivative of 2 to establish relative stereochemistry. Treatment of 2 with bromine in CH2C12 at -780C followed by 

warming to room temperature produced the decalin derivative 13 as shown in Scheme 2. Apparently, bromonium 
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ion formation is followed by a 1,2 shift to produce oxonium ion 10. Loss of a proton, followed by a second 

bromination and hydrolysis upon work-up gives 13 in 83% yield after recrystallization. X-ray analysis confirmed 

the structure of 13 and established the expected relative stereochemical relationships in 2 (Figure 1).15 Such 

rearrangements should offer unique opportunities in the synthesis of carbocycles from cycloadducts such as 2.16 

In summary, we have shown that the initial geometry of the allylic cation in intramolecular 4+3 cycloadditions is 

irrelevant with respect to the yield and stereochemistry of the cycloadduct obtained. Whether this points to rapid 
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Figure 1 

rotation of an allylic cation intermediate or whether a discrete ally1 cation exists at all is currently 

through studies on relative asymmetric induction17 

being addressed 
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