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Abstract

Pyrrolidine is a commonly used drug skeleton, which has been found to have valuable
application from the various pharmacological aspects, such as preventing osteoporosis, protecting the
nervous system, and anti-cancer. This study reviewed the synthesis method of nitrogen-containing
five-membered rings in the literature, summarized the mechanism of asymmetric catalysis utilizing a
bifunctional hydrogen bond catalyst, and finally explored the theoretical thermodynamic profile along
the catalytic reaction coordinate using density functional theory of computational chemistry.

The study is consisted of four sections. The first section is the theoretical methodology testing,
where the ®-B97X-D and B3LYP functionals were selected for the subsequent potential energy
surface exploration. In the second section, various stereoisomers of the fully substituted pyrrolidone
were analyzed, and the targeted stereoisomer was identified for thermodynamic profile simulation.
The third section includes the theoretical analysis in different solvents — the low dielectric constant
solvent, e.g. toluene, favoring the forward reaction.. The final section focuses on the catalyst
improvement - adding the electron-withdrawing functional groups adjacent to the hydrogen bond
donor of the catalyst can lower the activation energy of the reaction. In the future, further catalyst

refinements will be explored to enhance the reaction feasibility toward other stereoisomers.
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