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In sharp contrast to the use of conventional magnesium-based Grignard reagents (R−MgX), 

the application of calcium-based heavy Grignard reagents (R−CaX) remains poorly explored. 

This is mainly due to the lack of experimentally simple ways to access such organocalcium 

nucleophiles from readily available starting materials under mild conditions. The direct 

synthesis from organic halides with calcium metal would be a versatile route to obtain 

organocalcium reagents. However, due to the relatively high atomization energy of calcium 

metal, pre-activation of the calcium metal is necessary. One reliable pre-activation method is 

first dissolving the calcium metal in liquid ammonia and then quickly removing the solvent by 

distillation at low temperature to provide highly reactive and pyrophoric calcium powder. Rieke 

calcium metal can also be prepared by reduction of CaX2 with lithium biphenylide. The 

requirements for toxic ammonia or harsh reduction conditions, dry organic solvents, and strict 

control of the reaction temperature greatly impede the widespread use of calcium-based carbon 

nucleophiles in organic synthesis. 

Based on our experiences with mechanochemical organic synthesis using a ball mill,2 we 

hypothesized that the mechanical impact could provide sufficient energy to overcome the 

relatively high atomization energy of calcium metal, which would allow the efficient activation 

of calcium metal and thus make the direct generation of organocalcium reagents feasible. In 

this study, using the mechanochemical method, we have achieved for the first time the 

generation of calcium-based heavy Grignard reagents from commercially available, unactivated 

calcium metal without applying any pre-activation process. Furthermore, we present the first 

example of the alkylation of arylcalcium nucleophiles with alkyl electrophiles to form 

carbon−carbon bonds, which has not been reported using previous pre-activation methods for 

the direct generation of organocalcium compounds.3 This operationally simple approach will 

significantly advance the synthetic organic chemistry of organocalcium compounds. 
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