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Intramolecular and Intermolecular Methyl Migration of Fenthion Studied by
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Abstract Methyl transfer reactions are of great significance in the field of synthetic chemistry and life sciences. So far,
most of the reported methyl migration reactions have occurred between different types of molecules. Therefore, it is of certain
value to search for new methyl transfer reactions. In this study, fenthion, a most common insecticide in the environment, was
selected as the studied object, and electrospray ionization mass spectrometry (ESI-MS) was used as the analytical tool to
conduct highly sensitive analysis of the reaction system, so as to explore the possibility of methyl transfer reaction in fenthion
molecules under the condition of trifluoroacetic acid and nanometer titanium dioxide. Other than m/z 279 (protonated fenthi-
on), some new product ions (m/z 293 and m/z 265) could be observed in the fingerprint MS of fenthion reaction solution.
Tandem MS experiments showed that the intensity of product ion m/z 231 (elimination of CH;SH) in the dissociation of m/z
279 from fenthion reaction solution were different from that from protonated fenthion standard. This indicated that the methyl
in the fenthion could transfer from oxygen atom to unsaturated sulfur atom via 1,3-methyl transfer, forming isomer a2, which
led to the high intensity of product ion m/z 231 in the dissociation of m/z 279 from fenthion reaction solution. Under the as-
sistance of acid, the methyl cation continued to transfer from sulfur atom in a2 to the unsaturated sulfur atom in another fen-
thion molecule, forming a3 (m/z 293) and a4 via intermolecular methyl transfer reaction, which was verified by tandem MS
experiments of ions at m/z 293 and m/z 265. In addition, density functional theory (DFT) calculations were carried out to
confirm the mechanism of intramolecular and intermolecular methyl transfer reactions of fenthion. In order to observe the
phenomenon of methyl transfer more intuitively, the effects of different acids, metal oxides, reaction time and reaction tem-
perature on the signal intensities of ions at m/z 265 and m/z 293 of intermolecular methyl transfer reactions of fenthion were
investigated. It could be concluded that under the conditions of trifluoroacetic acid and nanometer titanium dioxide, and
60 °C ultrasound reaction for 6 h, the proportion of intermolecular methyl transfer reactions of fenthion was the highest. In
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this study, intramolecular and intermolecular methyl transfer reactions were both discovered and investigated in fenthion,
which can not only provide a method to study methyl transfer reactions, but also propose a new idea for the study of degrada-

tion of fenthion.

Keywords fenthion; intramolecular methyl transfer; intermolecular methyl transfer; electrospray ionization mass spectrom-

etry; trifluoroacetic acid; nanometer titanium dioxide
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