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Abstract 
 

 

Group 13 complexes are prototypical Lewis acids with numerous applications 

in organic synthesis. As the catalytic applications of neutral group 13 catalysts 

continue to expand, the chemistry of cationic group 13 catalysts has also 

emerged in recent years. In the past few years, our group has reported that 

hypercoordinate boron cation ([Cp*B-R]+) is effective in catalyzing 

hydrosilylation and cyanosilylation of carbonyl derivatives. Kinetic studies on 

the related pyridine-coordinate borenium cations revealed that the reagent 

coordinated boron cation obtained from the reaction between TMSCN and 

[Cp*B-R]+ is much more efficient in promoting the transfer of TMS-CN to the 

substrate. Subsequently, we discovered that the Cp* substituent is not 

essential to realize a borinium catalyst. An aryl amino borinium ion, [TMP-B-

Mes]+, can also catalyze the hydrosilylation of ketones and promote Si-H/Si-C 

cross metathesis at room temperature. In addition to achiral catalysts, chiral 

functionalities can be incorporated into the Cp*-stabilized boron cation system, 

leading to a series of chiral [B-Cl-B]+ diboron cations and hypercoordinate 

boron cations. Furthermore, in addition to boron cations, we have prepared a 

series of prolinol-derived tetra-coordinate chiral aluminum cations, which 

exhibit considerably higher Lewis acidity compared to B(C6F5)3. These 

aluminum cations are effective in catalyzing the C2-alkylation of indole through 

asymmetric Michael addition and the hydrophosphination of alkenes. 
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