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Abstract: gem-Difluorocyclopropanes are fluorinated three-membered-ring compounds in which two fluorine atoms are attached to
the same ring carbon. Owing to the combined influence of cyclopropane ring strain and the electronic effect of the gem-difluoro group,
these compounds have become useful building blocks in organofluorine synthesis. Their reactivity is not limited to simple preservation
of the cyclopropane framework; under suitable conditions, the strained C—C bonds and the C—F bonds can participate in selective ring
opening, defluorinative coupling, cyclization, and skeletal rearrangement. As a result, gem-difluorocyclopropanes provide access to a
broad range of fluorinated allylic, difluoromethylene-containing, monofluoroalkene, trifluoromethylated, cyclic, and heterocyclic
structures. This review summarizes the synthesis and synthetic applications of gem-difluorocyclopropanes and their derivatives, with
emphasis on the relationship between structural features, fluorine retention, and reaction mode. On the basis of skeleton construction
and the origin of the difluoromethylene unit, the synthetic methods are classified into six categories: intramolecular Wurtz (Freund)
reactions, transformations of gem-difluorocyclopropenes, nucleophilic fluorination of halogenated cyclopropanes, intramolecular
cyclization reactions, cyclopropanation of difluoroalkenes with carbenes, and difluorocyclopropanation of alkenes with
difluorocarbenes. The development of difluorocarbene precursors is also discussed, including difluorohalomethanes, organophosphorus
reagents, difluorodiazirine, hexafluoropropylene oxide, metal difluorocarbene reagents, difluorohalomethylsilanes, and difluoroacetic
acid-derived reagents. These precursors differ in reactivity, operational safety, substrate scope, and potential for scale-up, and their
development has strongly influenced the practical synthesis of gem-difluorocyclopropanes. The synthetic applications are organized
according to the number of fluorine atoms retained in the products. Reactions retaining two fluorine atoms mainly include ring-opening
difunctionalization and cyclization or cycloaddition processes that preserve a difluoromethylene unit. Special attention is given to
transformations in which C—F bond activation occurs without net fluorine loss, as both fluorine atoms are incorporated into the final
products. Reactions retaining one fluorine atom involve linear- or branched-selective defluorinative coupling, hydrodefluorination, and
construction of monofluorinated cyclic products. Reactions retaining no fluorine atom are represented by heterocyclic skeleton
construction and didefluorinative functionalization, including both ring-opening and ring-retentive pathways. This classification
highlights how C—C bond cleavage, C—F bond activation, and fluorine-atom retention are connected in different transformations. Finally,

current limitations and future opportunities are discussed, including safer and scalable difluorocarbene sources, improved reactivity
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toward less activated alkenes, better control of regio-, stereo-, and enantioselectivity in ring-opening reactions, and broader use in late-

stage modification and the synthesis of fluorinated molecules relevant to pharmaceuticals, agrochemicals, and functional materials.

Key words: gem-difluorocyclopropanes; difluorocarbene; fluorinated building blocks; ring-opening reactions; defluorinative

functionalization
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