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1 , 3 - D i e n y l b o r o n a t e s  i n  D ie l s -Alde r  R e a c t i o n :  P a r t  m 
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Abstract: New examples of  Diels-Alder reactions involving 1,3-disubstituted 1,3-dienylboronates are 
reported. Various dienophiles were tested. With methyl acrylate as the dienophile, lower reaction 
temperature,  shorter  react ion time and better stereocontrol have been reached with the use of a 
steochiometric amount of  Lewis acid EtAICI 2. © 1997 Elsevier Science Ltd. 

When the Diels-Alder reaction is performed with 1,3-dienylboronates as the diene,l, 3 the resultant 
allylboronate offers a great number of possibilities for further stereocontrolled transformations. 4 
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It has already been shown that the Diels-Alder adduct could be obtained with fairly good regio- and 
stereocontrol, and studies towards an enantioeontrolled reaction are currently under study, lb,Sa However, the 
reaction conditions are rather harsh, require temperatures of at least 80°C or long reaction times, thus limiting 
the use of many potentially interesting functionalities. One elegant way of overcoming this problem is to 
activate the diene by reducing the electron-withdrawing power of the boron group, as achieved by Wang and 
Vaultier 5 by the use of a Lewis base to complex boron. But these reaction conditions are likely to raise 
problems in taking advantage of the Lewis acid properties born by the boron atom. We report here our results 
on the opposite strategy consisting in the activation of the dienophile by a Lewis acid, 6 in order to widen the 
scope of the reaction and to improve its stereoeontrol. With this goal in mind, to allow comparison with 
previously published results, 1 easily available diene 1 and methyl acrylate were chosen to find the best 
reaction conditions. 
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Use of a stoechiometric amount of Lewis acid to activate the dienophile was first studied. As 

summarized in Table 1, EtAIC12 offered the best results. Stoechiometric amounts of Lewis acid are necessary 
to obtain higher yields. With Et2AICI, further aldehyde condensation was performed with good results as 
previously described.l, 3c In the case of EtAICI2, one equivalent of Et~l  had to be added before the aldehyde 
in order to obtain the expected condensation adduct. 

We also used other dienophiles in thermal conditions. As already described, 3c N-phenyl maleimide 
and maleic anhydride react almost quantitatively with 1, yielding exclusively the endo adducts. Acrylonitrile 
proved to be a far less useful dienophile, since polymerization and cycloaddition occured simultaneously 
under the various reaction conditions tested. Nevertheless, after 48 hours at 80°C, with acrylonitrile as the 
solvent, a 8/2 endolexo mixture was obtained in 25% yield. 
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Lewis Acid 
none 
none 
none 

Et2AICI 

EtAICI2 
AIC13 
TiCI4 

BF3.Et20 
BF3.Et20 

Solvant Temperature (°C) Time (h) 2a/2b 
C6H6 80 24 80/20 
neat 80 12 85/15 
neat 60 12 90110 

C6H6 80 4.5 85/15 a 

CH2CI 2 0 50 >95•5 
CH2CI 2 0 diene polymerizes ; some product was detected after 4h 
CH2CI 2 0 diene polymerizes ; traces of product were observed after 3h 
CH2C12 0 no reaction after 6h 
CH2CI2 20 slow degradation of the diene 

Subsequent allylboration led with propanal yielded 67% (a) and 40% (b) isolated condensation products. 

In the case of chloroacrylonitrile, a potential vinyl alkoxide equivalent, the adduct undergoes a 
deboronochlorination as previouly described, 7 and probably via a mecanism similar to that proposed by 
Matteson, s yielding compound 3. Similarly, the reaction of diene 1 with nitroethylene affords compound 4 as 
a single diastereomer. This structure results of the Diels-Alder reaction between an elimination product and 
excess nitroethylene. When treated with diethyl ethylidene malonate or diethyl benzalmalonate in the 
presence of Lewis acid, diene 1 gave only endo  cycloaddition product. Subsequent ailylboration with 
isobutyraldehyde afforded compounds 5 and 6 in moderate yield, which stereochemistry could be easily 
confirmed. The following dienophiles failed to react with diene 1 : phenylvinyl sulfone, cyclohexenone, 
methyl vinylketone, acroleine, trimethylsilyl ethylene, 1-nitro 2-trimethylsilyl ethylene, 3-acetyl ethyl 
acrylate, ethyl vinyl ether and vinyl acetate both in thermal conditions (80°C), and when a Lewis acid is added 
(EtAICI z, -78 to 20°C overnight). 
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Activation of the dienophile with the Lewis acid EtAICI2 allowed us to perform Diels-Alder 
cycloaddition reaction of 1,3-dienylboronate I with methyl acrylate at lower temperature, increasing the yield 
and the stereocontrol of the reaction. This improvement is of great interest, since it is obtained with a 
moderately electron deficient dienophile, and is compatible with a further aldehyde condensation. Further 
studies on more substituted dienes are currently in progress 3a. 
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