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Summary

Phytoalexins are molecules constituting a response of some plants to various kinds of aggression such as, fungic attack, exposure to ultraviolet radiation, or ozone for example. Among the members of this family, resveratrol, piceatannol, combretastatins, and others are stilbene derivates. These compounds possess very interesting properties as antioxidant, anti-bacterial, antiviral, and antitumor agents. Some are also active against diabetes. Chemical synthesis is the most economical way to produce these substances. Among the methods developed so far, we chose to investigate the decarbonylative Heck coupling between an enol ester and styrene derivatives, because this catalytic method is based on the use of widely available and inexpensive reagents, and leads to the formation of acetone and carbon monoxide as only by-products. Thus, the decarbonylative coupling as well as the prior synthesis of enol esters were studied and optimized.

First, the activity and the selectivity of several classes of ruthenium-based catalysts were evaluated for the synthesis of enol esters. A model reaction based on the addition of 4-acetoxybenzoic acid to 1-hexyne in toluene was used for comparison between the different catalytic systems under investigation (Scheme 1). This reaction led to the formation of three isomeric products, of which only the Markovnikov-type adduct can be exploited in the Heck coupling, thereby underlying the importance of developing highly selective catalysts. The esterification was carried out at 60 °C in a thermostated oil bath or at higher temperature (100-160 °C) in a monomode microwave reactor. The influence of additives such as bases and water was also examined.   
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Scheme 1. Addition of 4-acetoxybenzoic acid to 1-hexyne in the presence of a ruthenium complex. This addition leads to a mixture of three isomers: the Markovnikov (M), the (Z)-anti-Markovnikov (AMZ), and the (E)-anti-Markovnikov (AME) adducts.

Second, the influence of various experimental parameters on the decarbonylative Heck coupling between an enol ester and a styrene derivative was evaluated. These parameters include the palladium catalyst, the presence of stabilizing compounds, the temperature and the heating mode, the solvent or the nature of the enol ester and the styrene derivative. Their impact was evaluated on the basis of the kinetics and the selectivity of the reaction when coupling isopropenyl benzoate or isopropenyl 4-acetoxybenzoate with styrene (Scheme 2). Finally, the synthesis of various natural or synthetic polyhydroxystilbènes, such as resveratrol, piceatannol, pterostilbene, rhapontigenin, iso-rhapontigenin, DMU-212, and trans-combretastatin A-4 was accomplished using our new, optimised procedure.
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Scheme 2. Decarbonylative Heck coupling between isopropenyl benzoate (R = H) or isopropenyl 4-acetoxybenzoate (R = OAc) and styrene.
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