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ABSTRACT

	The development of new chemical systems capable of catalytically promoting transformations of organic substrates is an important but challenging task. In our work towards that goal, we utilize fundamental principles of chemical bonding to design and create a unique electronic environment for main-group element reactive centers. Significant recent attention of the inorganic chemistry community has been focused on the metal-free redox bond activation. 
We designed a metal-free boron cluster-containing molecular framework that possesses two important features normally reserved for transition metals: the presence of Lewis basic binding sites and the ability to reversibly cycle through two-electron redox states.1 The synergy between these two properties resulted in transition-metal type reactivity (coordination of a substrate, two-electron oxidative addition, and reductive elimination) in the metal-free main-group element system. The use of electron-rich phosphine groups attached to the electron-accepting carborane cluster allowed for the spatial separation of frontier orbitals of the molecule and enhanced ambiphilicity of the resulting carboranyl diphosphines. We found that their reactions with main group hydrides, alcohols, and alkynes occur via the formal oxidation of the phosphine groups and concomitant reduction of the boron cluster.2,3 We also demonstrated that the redox activity of the cluster can be coupled with the proton transfer from phosphine groups resulting in PCET reactivity.4 
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