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Electronic structure insights into oriented external electric field effects on
Diels-Alder reaction

LIAO Junchao', HUANG Weijie', XU Xiaofei'", TANG Weigiang'’, ZHAO Shuangliang’

1. School of Chemical Engineering, East China University of Science and Technology, Shanghai 200237, China
2. College of Chemistry and Chemical Engineering, Guangxi Low—Carbon Technology and Green Chemical Materials Laboratory,
Guangxi University, Nanning 530004, China

Abstract Using Kohn—Sham density functional theory, we investigate the Diels—Alder reaction between cyclopentadiene and methyl
vinyl ketone as a model system to elucidate the regulatory mechanism and microscopic origin of oriented external electric fields (OEEF)
on cycloaddition reactivity. The results demonstrate that both the direction and magnitude (£,) of the electric field significantly affect the
reaction rate and selectivity: When F >0, the reaction rate accelerates and the endo product ratio increases, whereas F,<0 leads to a slower
reaction but favors exo product selectivity. Mechanistic analysis reveals that OEEF induces electronic polarization and decreases the
HOMO,—LUMOy gap, thereby improving the electron transfer capability between molecular orbitals, strengthening the interactions
between bonding atoms in the transition state, and facilitating interfragment charge transfer. These effects stabilize the transition state and
lower the activation barrier. Furthermore, electronic structure descriptors, including electrostatic potential, electron density difference,
orbital energy gaps, fragment charges, and dipole moment, are provided to rationalize and predict the influence of OEEF on Diels—Alder
reactivity.

Keywords computational chemistry; oriented external electric field; Kohn—Sham density functional theory; Diels—Alder reaction
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