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Abstract: Trifluoromethyl compounds are widely used in many fields, such as pharmaceuticals and pesticides. Developing green and
scalable trifluoromethylation methods is a crucial task in synthetic chemistry. The recently emerged ball-milling trifluoromethylation
reactions are typical examples of combining mechanochemistry and organic fluorine chemistry for application. This work reported a
solvent-free and grinding-promoted thiocyanotrifluoromethylation reaction of alkenes, efficiently preparing p-trifluoromethyl
thiocyanates. The reaction employed PhICF3Cl as the trifluoromethylating reagent and thiocyanate salts as the thiocyanation reagents,
representing a streamlined three-component coupling strategy. The reaction required no piezoelectric material catalyst, only using
alkenes, PhICF3Cl reagent and thiocyanate salts. The reaction was completed simply by manually grinding a three-component
mixture of alkene, PhICF3Cl, and thiocyanate salt for 10 minutes. Notably, this mechanochemical protocol operated under ambient
conditions without the requirement of external heating or cooling, and avoided the use of any auxiliary solvents or piezoelectric
additives throughout the entire process. This method exhibited good functional group compatibility, and was applicable to a broad
substrate scope. It was suitable for various types of non-activated and conjugated alkenes, including monosubstituted, disubstituted,
and trisubstituted alkenes, as well as the late-stage functionalization of drug derivatives, demonstrating remarkable tolerance toward
diverse electronic and steric variations. The synthetic utility of this method was further highlighted by its successful extension to
perfluoroalkylthiocyanation and selenocyanotrifluoromethylation reactions under identical grinding conditions, thereby establishing a
unified platform for the difunctionalization of alkenes with sulfur, selenium, and fluorinated moieties. Therefore, this simple grinding
method was also applied to give perfluoroalkylthiocyanation and selenocyanotrifluoromethylation compounds. Mechanistic studies
suggested that the reaction likely processed through a radical process, where the thiocyanate salt not only acted as a thiocyanating
reagent but also as a SET reducing agent. The dual role of the thiocyanate salt in both bond formation and electron transfer
effectively simplified the reaction system and enhanced the overall atom economy. Notably, such smooth reaction should be mainly
attributed to the highly efficient CF3 transfer capability of PhICF3Cl. The unique reactivity profile of this hypervalent iodine reagent
stemed from its non-cyclic structure, which facilitated the homolytic cleavage of the I-CF3 bond under mechanical force. In summary,
this streamlined, solvent-free grinding approach provided a novel approach for the synthesis of p-trifluoromethyl thiocyanates, which
were valuable structural motifs frequently encountered in pharmaceuticals, agrochemicals, and bioactive molecules. The operational
simplicity, mild reaction conditions, and avoidance of hazardous solvents rendered this approach particularly attractive for industrial
applications, and a practical strategy for sustainable development of medicinal and green chemistry. This work not only enriched the
toolbox of mechanochemical organic synthesis but also provided new insights into the rational design of multicomponent reactions
under solvent-free conditions.
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Tab.1 Optimization of reaction conditions
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Entry" [CF3] [SCN] Time Yield of
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12/%

13 1.5 NaSCN/3 10 28

23 12 NaSCN/5 10 45

39 12 NaSCN/5 60 70
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7 111/2 NaSCN/5 10 n.d.®
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10 12 KSCN/5 10 70
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