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Abstract

The monofluoromethyl group (-CHzF) is a pivotal bioisostere of methyl and a structural mimic of
hydroxymethyl in medicinal chemistry. This review traces the evolution of monofluoromethylating
reagents from ethyl fluoroacetate (1963) to photoredox ring-opening fluorosulfonylation (2026),
critiquing their limitations in synthetic routes, cost, safety, and scope. It then spotlights three key
strategic advances: (i) modular N-CHzF building blocks (isolable carbamoyl/thiocarbamoyl fluo-
rides and sequential acylation-fluorination) for efficient access to N-monofluoromethyl amides,
formamides, carbamates, and alkynamides; (ii) alkene monofluoromethylation (Pd catalysis, Ag
radical cascades, Co/photocatalysis, and photocatalyst-free ATRA) enabling transformations from
styrenes to unactivated alkenes; and (iii) alkyne monofluoromethylation (Au-catalyzed divergent
synthesis and photocatalytic XAT with high Z/E selectivity), along with transition metal-catalyzed
cross-coupling on arenes (Ni, Cu). Current trends—reagent innovation, strategic diversification,
green chemistry, and rational design—are evident, yet challenges persist in developing general
methods, achieving late-stage selective modification of complex molecules, and elucidating reaction
mechanisms.
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Figure 1. Fluorine-containing and monofluoromethyl group-bearing organic drug molecules
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Figure 2. Synthesis of fluorobenzothiazolyl sulfone
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Figure 3. Preparation of monofluoromethylating reagents
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Figure 4. Synthetic route of S-(monofluoromethyl)-S-phenyl-bis(methoxycarbonyl)methylsulfonium ylide
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Figure 5. Synthetic route of phenyl-A>-iodanediyl bis(2-fluoroacetate)
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Figure 6. Synthesis of N-fluorosulfonamidopyridinium salts
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Figure 7. Synthetic route of N-monofluoromethylcarbamoyl fluoride building block via AgOCF3-mediated one-pot method
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Figure 8. Preparation of N-CH2F amides via one-pot sequential acylation-fluorination
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Figure 9. Modular synthesis of N-monofluoromethyl building blocks based on thiophosgene/BTC
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Figure 10. Palladium-catalyzed aminofluorination difunctionalization of alkenes
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Figure 11. Synthesis of a-aryl-f-fluoroalkyl amides
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Figure 12. Visible-light-induced cobaloxime-catalyzed C-H monofluoroalkylation of styrenes
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Figure 13. Photosensitizer-free atom transfer radical addition of unactivated alkenes
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Figure 14. Visible-light-induced monofluoromethylation of styrenes
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Table 1. Comparison of representative methods for monofluoromethylation of alkenes
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Figure 15. Condition-driven divergent synthesis of fluorinated products via gold-catalyzed reaction of alkynyl sulfones
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Figure 16. Gold(I)-catalyzed hydrofluorination
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Figure 17. Gold-catalyzed hydrofluorination
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Figure 18. Photocatalytic silacarboxylic acid-XAT monofluoroalkylation
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Figure 19. Photocatalytic supersilanol-XAT monofluoromethylation
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Figure20. Cross-coupling reaction of arylboronic acids with monofluoromethylating reagents
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Figure21. Copper-catalyzed debenzoylative monofluoromethylation of aryl iodides
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Figure 22. Copper-mediated difluoro-/monofluoromethanesulfonylation of aryl diazonium salts with sodium difluoro-/mono-
fluoromethanesulfinates
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