
A b s t r a c t
We have established the first synthetic method for fluorine com-

pounds by insertion reaction of a C1 unit into a carbon–fluorine 
bond. This reaction is a new synthetic method for fluorine com-
pounds, in which the innovative concept of carbon-fluorine bond 
scission & reconstruction is the key. Quantum chemical calcula-
tions revealed that the two functions of boron trifluoride, scission & 
reconstruction carbon-fluorine bond, are important. Boron trifluoride 
abstracts fluoride ions from alkyl fluorides (scission of C-F bond) 
and then returns fluoride ions to the intermediate (reconstruction of 
C-F bond) to complete the insertion reaction.

▍ Background & Results

Fluorine is an important substituent in high value products that
support modern society, such as pharmaceuticals, agrochemicals, 
lubricants, surfactants, and organic electronic materials. In phar-
maceuticals and agrochemicals, the introduction of fluorine atom 
dramatically increases drug activity, including metabolic stability 
and the mimic effect for recognition by enzymes. For this reason, 
the development of new synthetic methods for organofluorine 
compounds is of great significance in modern society. However, 
conventional methods are limited to the introduction of fluorine 
substituents into organic compounds, which is problematic be-
cause it requires expensive, corrosive, and highly toxic fluorinating 
reagents. Therefore, the establishment of a new methodology for 
the synthesis of fluorinated compounds is an urgent issue. In this 
context, this research established the first method for the synthesis 
of fluorine compounds by insertion reaction of a C1 unit into a car-
bon–fluorine bond. This reaction is a new synthetic method for fluo-
rine compounds, in which the innovative concept of carbon-fluorine 
bond scission & reconstruction is the key. The reaction of alkyl 
fluorides with diazo compounds in the presence of boron trifluoride 
catalyst yielded a product in which a C1 unit from the diazo com-
pound was inserted into the carbon–fluorine bond of the alkyl flu-
oride. Quantum chemical calculations for the reaction mechanism 
revealed that the two functions of boron trifluoride, carbon-fluorine 
bond scission & reconstruction, are important. Boron trifluoride 
abstracts fluoride ions from alkyl fluorides (scission of C-F bond) 
and then returns fluoride ions to the intermediate (reconstruction of 
C-F bond) to complete the insertion reaction. By utilizing this reac-
tion, we have also succeeded in synthesizing fluorine analogues of
TRPC channel inhibitors.

▍ Significance of the research and Future perspective

This innovative scission & reconstruction of carbon-fluorine 
bond method developed enables the construction of libraries for 
complex fluorine compounds, which is expected to create novel 
chemical spaces. Fluorine compounds are an important group of 
compounds that have practical applications in pharmaceuticals, 

agrochemicals, functional resins, organic electronic materials, etc. 
Therefore, this research will have a great impact on the develop-
ment of next-generation pharmaceuticals and functional materials.
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