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Research of mechanism of organocatalytic reaction via theoretical chemical approach

Research of mechanism of organocatalytic reaction via theoretical chemical methods
The reaction we deal with was investigated by two researchers, Keisuke Asano and Seijiro Matsubara, in 2011. Organocatalyst they utilized was invented by a Hungarian group headed by Tibor Soós. Its structure is based on natural quinine alkaloids, however, the most active part of the catalyst is a tiourea group connected to the quinine through a chiral carbon atom. The examined reaction was an asymmetric cycloetherification of a α,β-unsaturated-ketone resulting 2-chiral-substituted tetrahydrofuran (THF) group.
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The main purpose of our study was to explain the mechanism of this reaction, and show geometric reasons for the enantiomer-excess (ee). The possible conformations were searched by OPLS 2005 force field model, which is based on classical mechanics. The quantum mechanical calculations were carried using density functional theory. B97XD functional ¬ with the 6 31G* basis set  – was used for the geometric optimization and M06-2X was used – with the 6 311++G** – for the single point calculations.

According to our results, the reaction has two steps. Firstly, the THF ring formed while the base of the catalyst was receiving the proton from the alcohol. As a result, an enolate ion had been formed as an intermediate. Finally, this charge separation broke off. The transition states of the first step have higher Gibbs free energy values than the second ones, therefore the velocity and the enantiomer-excess of the reaction depends on the first step.
To sum up, our results are suggesting similar ratio of amounts of the two forming enantiomers that it has been determined previously. Examined structures of the first transition states have some geometric differences that have been noticed. The difference between the energy levels of these two transition states could be explained by the different hydrogen bond system and dispersion interactions between groups of the molecules.
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CPME, 25°C, 24 h
up to 99% yield, 95% ee




