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Abstract Organic fluorine chemistry has attracted considerable attention due to its unique character in the field of materials
science, catalytic chemistry, medicine, fine chemicals and biochemistry, which majorly focus on the construction and cleavage
of carbon-fluorine bonds. The transition metals are introduced to allow new possibilities for activating carbon-fluorine bonds
and are gradually becoming an alternative way to synthesize numerous complex organics containing fluorine. In this review,
the recent works on the theoretical mechanistic study for transition metals mediated carbon-fluorine bonds activation and
cleavage are summarized. Meanwhile, the general modes of carbon-fluorine bonds activation have been concluded systemati-
cally, including the oxidative addition of carbon-fluorine bonds to transition metals, transition-metal-activated nucleophilic
substitution, Sx2 type activation of carbon(sp®)-fluorine bonds and p-fluorine elimination, efc. The theoretical calculation
shows that the reaction could be proceed by an oxidation addition mode, when the zero-valent nickel catalyst with strong re-
ducibility is employed. However, if a zero-valent platinum catalyst is used, oxidation addition only occurs at extra activated
carbon-fluorine bonds. In the reduction of polyfluorinated aromatic hydrocarbons by hydrogenated metal species, aromatic

*

Corresponding author. E-mail: lanyu@cqu.edu.cn

Received October 18, 2018; revised December 5, 2018; published online December 7, 2018.

Dedicated to Professor Qingyun Chen on the occasion of his 90th birthday.

Project supported by the National Natural Science Foundation of China (Nos. 21822303, 21772020), the Basic and Frontier Research Project of Chongging
Science and Technology Commission (No. cstc2018jcyjAX0827), the Project of Science and Technology Collaborative Innovation Platform Construction of
Chongqing University of Education (No. 2017XJPTO1), the University-Level Key Projects of Chongqing University of Education (No. KY201704A), the Sci-
entific Research Foundation of Chongqing University of Education (No. 2017BSRCO001).

K H AR FE G (Nos. 21822303, 21772020)  FIR T AIZEHE SRR T 7T 5 BTV R Z)(No. cstc2018jeyjAX0827) TR HE I 4 e AHE By 7 61 31
A HE(No. 2017XIPTO1). P VL 2R 2% 8 f(No. KY201704A). KA It 2 B 18 1 5 5h A4 (No. 2017BSRC001) % Bh5i H .

38 http://sioc-journal.cn/ A © 2019 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2019, 39, 38~46



Chinese Journal of Organic Chemistry

REVIEW

nucleophilic substitution between hydride and polyfluorinated aromatic hydrocarbons could occur to realize the activation of
carbon-fluoride bonds. For carbon(sp®)-fluorine bonds, if “hard” Lewis base such as lithium or magnesium salt is employed,
the carbon(sp’)-fluorine bonds can be activated via bimolecular nucleophilic substitution (Sx2). In addition, S-fluoride elimina-
tion is also  frequently proposed in transition metal-catalyzed C—F functionalizations.

Keywords transition metal; C—F functionalization; reaction mechanism; fluorine chemistry
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The energies were determined by DFT with the BP86 functional in ben-
zene solvent. The relative free energies (AG) in benzene are given in
kcal/mol. The bond lengths are in angstroms
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