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Reaction Is Reversed from that of a Dienophile 
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Abstract The Diels-Alder reaction of 2-alkoxy hepta-3,5-dienes with N-phenyl- 

maleimide gives good diastereofacelectivity; and a face selectivity rule is formu- 

lated. 

Several years ago we demonstrated that a chiral allylic substituent adjacent 

to a dienophilic double bond directed intermolecular Diels-Alder cycloaddition 

with some selectivity to one face. 
1 

In the example illustrated, the allylic 

re ? 

OMe 

si 

center derived from an "R" carbon in a sugar directed attack on the si face of the - 

dienophile. Subsequent work 2,3,4 (with one exception) 
5 on intermolecular Diels- 

Alder reactions and dipolar cycloadditions to acyclic dienophiles and dipolaro- 

philes confirmed this pattern of selectivity viz. an "R" derived group favors si - 

face approach whereas an "S" derived group favors re face attack. 
6 

- 

The selectivity has been rationalized in two ways by invoking two different 

preferred conformations of the allylic group with different interactions between 

the allylic functions and the developing transition state. Of course both ratio- 

nales are in accord with the same face selectivity outcome. 1,2,3 A very recent 

report 
7 

on face selectivity in an allylic substituted diene prompts us to report 

our similar results which shows that the face selectivity observed is opposite to 

that in the dienophile case. Here an "RI' derived group induces re face selecti- - 

vity and "S" induces si face selectivity. 
8 

Recently, two related rationales have - 

been published to explain allylic effects on face selectivity in the reactions of 

alkenes. Both Fleming' and McGarvey 
10 

suggest that there are two controlling con- 

formations of the allylic group, one rotamer for an adjacent II system that is 

being subjected to nucleophilic attack and a second rotamer when the II system is 

undergoing electrophilic attack. McGarvey explicitly invokes a o*, II* interaction 

between the allylic group and the LUMO of the allylically perturbed system being 

attacked by a nucleophile; and he calls into play a 0, II interaction for the 

allylic effect on the HOMO of the system being attacked by an electrophile. These 

two different effects serve to increase the reactivity of opposite faces in the 
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two systems. McGarvey's arguments, 11 translated to the Diels-Alder reaction, 

where the dienophile reactivity is LUMO-controlled while the diene is HOMO-con- 

trolled, would rationalize our observations. Without recourse to conformational 

or FM0 arguments, an empirical rule for allylic group effects can be formulated:ll 

The test dienes 

lithium in ether at 

yield. The alcohol 

chirality of face selected 
allylic dienophile diene 
group 

R si re 

S re si 

were prepared by reacting sorbic aldehyde & with methyl 

-78OC to give the allylic alcohol 2 (b.p. 86OC)/l5 mm) in 90% 

;? was treated with sodium hydride-methyl iodide in THF to 

afford the methyl ether (2%) (b.p. 57'C/15mm) in 68% yield and with BSA to form Z$. 

The methyl ether 2~ was allowed to react with N-phenylmaleimide in benzene at 55'C 

for three days to give a mixture of diastereoisomers tc and 2% in a ratio of 5:l 

based on NMR. A benzene solution of N-phenylmaleimide was added to the crude 

silyl ether ,3Q and the mixture stirred at room temperature for ten days. Once 

again a mixture of diastereoisomers $k and zk were obtained in a ratio of 7.3:1 

based on isolation of the two isomers. Both major products $e and $Q exhibit very 

similar NMR spectra, as do the minor pair z$ and 25. In order to determine the 

stereochemistry of the two isomers and hence the face of attack that predominates 

in the Diels-Alder reaction the mixture of silyl ether isomers were separated by 

preparative chromatography to obtain /$ (m.p. 130°C) in 88% and 5~5 in 12% yields. 

The two silyl ethers $Q and z$ were treated with a solution of tetrabutylammonium 

fluoride in THF at room temperature for 24 hours to afford a mixture of lactones 

6 and z along with the corresponding alcohols 2~ and ,55. While the major isomer 

$Q gave a greater amount of the lactone ,6 the minor isomer ,55 gave a greater pro- 

portion of the alcohol 21;. The two lactones ,6 and ,7 were separated from their 

respective alcohols by preparative chromatography and analysed by NMR to determine 

the stereochemistry of the two lactone isomers. However, the coupling constants 

of the protons Ha and Hb in the two lactone isomers were found to be 7.3 Hz for 

the major lactone ,6 and 6.72 Hz for the minor lactone ,7. These values are too 

close for us to assign the stereochemistry. Therefore the stereochemistry was 

determined by NOEds experiments. Our NOEds results are shown on the structural 

diagrams of ,6 and ,7. Further the silyl ether &I and the methyl ether 4a were ?i'L 
converted to the same iodo compound ,5$.12 This shows that the two major Diels- 

Alder adducts $'~a and $,b belong to the same stereochemical series, therefore 'Ls," and 

zb must belong to the isomeric series. 

It appears to follow from our complementary results with dienophiles and 
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dienes that the face selectivity in the intermolecular Diels-Alder reaction is a 

predictable function of the configuration of the adjacent chiral center. 
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