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Abstract

Alkyl halides are important organic synthesis intermediates, and the activation of alkyl halides through
halogen atom transfer (XAT) to generate carbon radicals and induce free radical chemical reactions is one of
the important research directions in the field of organic synthesis in recent years. Traditionally, halogen atom
transfer (XAT) processes are typically achieved through photocatalysis or transition metal catalysis. However,
these methods often require expensive (photocatalysts), limiting their application scope and scenarios. In
recent years, electrochemical organic synthesis strategies have been widely used in constructing C-X bonds,
oxidation, carboxylation, and bifunctional functionalization of olefins. In this article, the halogen atom
transfer process of alkyl halides is driven by electrochemical means, thereby achieving efficient generation
and effective utilization of carbon radicals, and constructing a series of C-C and C-X bonds. The
electrocatalytic XAT reaction utilizes electrical energy as a driving force, avoiding the use of photocatalysts,
and has the advantages of being green and sustainable.

Based on this, the main research content of this project is as follows:

(1) Quinolone ketone skeleton is a special structure among numerous synthetic intermediates, natural
alkaloids, and drugs with biological and pharmacological activities. In this thesis, a new method was
developed for the skeleton modification of quinoxalone ketone compounds. Using quinoxalone as the raw
material, alkyl halides were activated by electrochemical technology, and the modification of quinoxalone
ketone molecules was achieved through halogen atom transfer (XAT) process under transition metal free and
oxidant free conditions. In the experiment, a carbon electrode was used as the anode and a platinum electrode
as the cathode, with a controlled current of 5 mA, acetonitrile: water = 10:1 as the mixed solvent, and
tetrabutylammonium perchlorate ("BusNClOs) as the electrolyte. The reaction was carried out at 50 °C for
19 hours in an air atmosphere, and the model reaction yield reached 90%. The electrochemical system has
good substrate adaptability and 33 products were isolated with moderate to good yields. The final structures
of the obtained compounds were determined by nuclear magnetic resonance technology, high-resolution mass
spectrometry, and other tests.

(2) Gem-difluoroalkenes are a type of olefin compound in which two fluorine atoms are attached to the
same carbon atom. Due to their unique electronic and stereochemical effects, gem difluoroalkenes have
important application value in organic synthesis, materials science, and medicinal chemistry. This article
utilizes the organic electrochemical catalyzed halogen atom transfer (XAT) process to achieve defluorination

coupling between trifluoromethyl olefins and alkyl halides, resulting in gem difluoroalkenes derivatives. By



optimizing the conditions, the optimal reaction conditions were determined: using a carbon electrode as the
anode and a platinum electrode as the cathode, controlling the current at 5 mA, dimethyl sulfoxide (DMSO)
as the solvent, and tetrabutylammonium hexafluorophosphate ("BusNPF¢) as the electrolyte. The reaction
was carried out at 60 °C for 18 hours in an air atmosphere, and the model reaction yield reached 70%. Under
these conditions, the substrate range of trifluoromethyl olefins and alkyl halides was studied, and 14
corresponding difluoroalkene compounds were ultimately isolated. The final structure of the target compound
was determined through nuclear magnetic resonance technology testing.

Key words: Organic electrochemistry; Halogen atom transfer (XAT); Alkyl radical; Quinolone ketone;

Gem-Difluoroalkenes
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Figure 1-1 Various electrochemical reactions
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Figure 1-2 Electrochemical mediated coupling of unactivated alkanes and aromatic hydrocarbons




