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  The anionic transition metal complexes, so-called ate complexes and their potent catalytic activities 
remained undeveloped in sharp contrast with neutral and cationic transition metal complexes. Since the ate 
complexes are synthesized in situ by reacting transition metal complexes with organometallic reagents such as 
organolithium and -magnesium reagents, the ate complexes consist with transition metal anion and Lewis acidic 
typical metal cation. We hypothesized that the anionic charge on transition 
metal center activates metal center itself and own ligands as nucleophile, and 
the counter cation coordinates to leaving group in substrates. In addition, these 
metal centers are closely coexisted by electrostatic interaction leading to 
kinetic activation of substrates (Figure 1). These thermodynamic and kinetic 
activations indeed enable carbon-carbon bond formations via the cleavage of 
strong chemical bonds such as C–F and C–O bonds.  

When alkyl fluorides were used as carbon electrophiles, cross-coupling reaction with sterically congested 
tertiary alkyl Grignard reagents,1 regioselective hydroalkylation of 1,3-dienes,2 and dimerizative alkylarylation 
of 1,3-butadiene3 were achieved. In these reactions, alkyl fluorides gave the best results among alkyl 
(pseudo)halides. Mechanistic studies indicated that Lewis acidic counter cation of the ate complexes efficiently 
activates C(sp3)–F bond, one of the strongest single bonds in organic compounds.4 

Another representative reactivity of the ate complexes is the bond cleavage of ethereal C–O bond at the vinylic 
position realizing cross-coupling reaction of alkenyl ethers with aryl Grignard reagents.5,6 Interestingly, more 
reactive C(sp2)–Br bond in aromatic ring survived under the reaction conditions. 

Some of these ate complexes were successfully isolated and determined their molecular structures and 
chemical behavior.3–5,7,8  
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