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Development of Cycloaddition Reactions Based on Precise Orbital Data Collection and
Analysis ('Graduate School of Pharmaceutical Sciences, Chiba University) O Shingo
Harada,' Hiroki Takenaka,' Tsubasa Ito,! Haruki Kanda,' Tetsuhiro Nemoto'

According to frontier orbital theory, chemical reactions are predominantly governed by the
interaction between the HOMO of the electron donor and the LUMO of the electron acceptor.
However, utilizing this principle for reaction design in practical scenarios remains challenging.
This difficulty arises because, even when sterically bulky regions possess a low LUMO level,
the lack of orbital overlap can prevent the reaction from occurring. We developed a semi-
automated code for visualizing molecular orbitals and successfully obtained the energy levels
of orbitals involved in pericyclic reactions. Our findings revealed that the reaction feasibility
is primarily determined not by the HOMO-LUMO gap but by the HOBO-LUBO gap. Based
on these data, we constructed 650,000 regression models, which revealed that a neural network
architecture (activation function: tanh; hidden layers: [145, 30, 45]) was optimal for predicting
the desired outcome. This approach enabled us to successfully obtain cycloadducts containing
complex fused ring systems".
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