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Summahy. Cycloadditions of ketene acetals with a,B-unsaturated carbonyl compounds are strongly 
promoted by high pressure. The influence of the solvent and the substitution pattern on 

the product distribution at 12 kl3ar has been investigated. In the polar solvent, acetonitrile, 
a,a-unsaturated uLde.hyden not having large 8-substituents, yield mainly cyclobutane aldehydes, 
which are minor products at normal pressure. The products can be transformed under basic condi- 
tions without ring opening. 

Recently, two groups reported',' that the high pressure-promoted addition of 0-silylated ketene 

acetals to a,a-unsaturated carbonyl systems gives only conjugate addition products. This prompt- 

ed us to report our results on high pressure-promoted cycloadditions of ketene acetals (la,b) 

with o,l+unsaturated aldehydes and ketones (2a-e). _- _ 
A pti~hi such cycloadditions may lead to three different types of products as is depicted in 

Scheme I. 
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In the presence of a catalyst oxetanes 3 are mostly the kinetically determined products3*'+; at 

low temperature they can be isolated after neutralization of the catalyst. Athighertemperatures 

the formation of oxetanes is reversible, and the thermodynamically more stable dihydropyranes 

(4) are ultimately formed. In the absence of a catalyst higher temperatures are necessary for 

notable conversions, and in general dihydropyranes (4) are the main products. In the polar sol- 

vent acetonitrile la gave with 2a after 20 hours at room temperature (90% conversion) a reaction _I 
mixture of 50% of 4 and 50% of 2. With 2b after 20 hours at 100" (85% conversion) the obtained -.. 
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reaction mixture contained only 20% of 5. Compound 

the product distribution. 

In the present investigation we studied similar 

2c reacted at 100"tooslow with la to measure __ _) 

reactions under neutral conditionsat kBar. 

The experiments were run in a high pressure apparatus equipped with a one wall piston-cylinder 

for pressures up to 14 kBar (1.4 GPa) and having an initial volume of 70 ml. For analytical pur- 

poses reactions were performed on a 1 mmole scale in sealed teflon tubes of 0.8 ml; for synthet- 

ic purposes (lo-20 mmole scale) tubes of 8 ml were used. 

The conversion rate of 2 and relative amounts of 3, 4 and 5 were determined by proton NMR. 

Detailed proton NMR-spectra of the compounds 3 and 4 have been published before3. The oxetanes 

(3) show typical HCO-ring proton absorptions (6=3.9-4.3 ppm), whereas the dihydropyrans (4) have 

characteristic vinylether proton absorbtions (6=4.3-4.8 ppm, HC=C-0 and 5.9-6.2 ppm6, C=CHO-). 

The cyclobutanes (5) are characterized by an aldehyde proton absorbtion at higher field (6=9.5) 

than that of &,b,c,e. The conversion rate of 2 was measured from the disappearance of the alde- 

hyde proton and appearance of the characteristic protons of the products 3, 4 and 5. 

The results of the analytical experiments are given in Table I. It appears that high pressure 

has a strong accelerating effect, as was previously found for(2+2)cycloadditions of 1 with 

simplecarbonyl compounds7. Comparison of the product distribution at high pressure with that at 

normal pressure shows that formation of (2+2) cycloadducts is favoured at high pressure. From 

the possible (2+2) cycloadducts 5 is the main product when o.,l.+unsaturated afkkhyden without 

large l?,-substituents are used and the reaction is performed in a polar solvent (acetonitrile). 

In the non-polar hexane formation of oxetanes (3) and dihydropyranes (4) become more important. 

Results from the literature show that po&~~ (2+2) cycloadditions have large negative activa- 

tion volumes exceeding those of Diels-Alder reactions'. Whereas dihydropyranes (4) can be formed 

in a concerted (4+2) cycloaddition U,&L a 

clobutanes (5) have to be formed L&X the 

Figure 1). 

less polar transition state (III) oxetanes (3) and cy- 
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Although 4 may also be formed wL~4 II, the solvent effect suggests that it is formed U&X 

III. The preferential formation of 5 (u&z II) in a polar solvent suggests that the transition 

state in the cyclobutane formation at high pressure is more polar than in the oxetane formation. 

As expected, the formation of 5 is diminished by substituents at the B-carbon atom of 2. In 

the reaction of cinnamaldehyde (2:) with la a cyclobutane could not at all be detected in the 

reaction mixture. Another extreme result was obtained in the reaction of methyl vinyl ketone 

($I) in which both cyclobutane and oxetane formation are depressed. This may be ascribed to the 

greater stability and lower electron-withdrawing ability of the ketone function. 






