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Theoretical study of the cyclization of β-oxoesters

Several pharmaceutical products contain furan moiety, and furan derivates are widely used in chemical syntheses. Therefore developing economical and highly efficient methods for their production is of great importance.
β-oxoesters react with acetylene derivates in the presence of silver carbonate.1 The reaction is an oxidative C-H/C-H functionalization involving a cyclization step. The main advantage of this one-pot synthesis is that trisubstituted furans are produced in excellent yields and with high selectivity.
C-H/C-H functionalization reactions of 1,3-dioxo compounds and aryl alkenes or aryl alkynes supported by various transition metals are known in literature. However, regarding the experimental observations, the silver-mediated coupling does not follow the presumed mechanism of the previously mentioned reactions. By studying the mechanism of this reaction our goal is to help our experimental research partners optimize the reaction conditions and develop an even more effective synthesis.
During my research a silver carbonate-mediated oxidative cyclization (presented at Figure 1) was investigated theoretically. The M06 exchange-correlation functional was used for my calculations.
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Figure 1: Silver-mediated oxidative cyclization of pehenylacetylene and ethyl acetoacetate
The geometry and the Gibbs energy of formation of the possible intermediates and transition states were calculated at the temperature applied in the experimental work. The effect of the solvent on the energy was also taken into consideration. Gibbs free energy profiles have been gained by investigating the particular steps of various reaction paths. The most probable mechanism has been chosen by comparing the stability of the intermediates and the barrier heights of different reaction pathways.
1 He, Guo, Ke, Hao, Xu, Chen, and Lei, J. Am. Chem. Soc. 2012 5766
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