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Criteria for Metal-Ligand Cooperation
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1) Metal and ligand participate in the bond
activation

2) Metal and ligand are chemically modified
during bond activation.

3) The coordination mode of the ligand
undergoes significant changes as a result of
bond activation.
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J. R. Khusnutdinova, D. Milstein, Angewandte Chemie International Edition 2015, 54, 12236-12273.



Criteria for Boron-Ligand-Cooperation

H, H
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borane complex

1) A covalently bound substituent and the
borane are involved in the bond activation

2) As a result of the bond activation, the
covalently bound substituent becomes a
datively bound ligand
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The coordination bond formed upon interaction between molecular species, one of which serves as a
donor and the other as an acceptor of the electron pair to be shared in the complex formed, e.g, the N-B
bond in H;N-BH;. In spite of the analogy of dative bonds with covalent bonds, in that both types imply

sharing a common electron pair between two vicinal atoms, the former are distinguished by their
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Boron-Ligand Cooperation: Early examples
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Boron-Ligand Cooperation: Early examples
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Boron-Ligand Cooperation: Early examples
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Boron-Ligand Cooperation using Aromatization
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U. Gellrich, Angewandte Chemie International Edition 2018, 57, 4779-4782.
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Boron-Ligand Cooperation using Aromatization
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Boron-Ligand Cooperation using Aromatization
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Boron-Ligand Cooperation using Aromatization
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Boron-Ligand Cooperation using Aromatization
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Boron-Ligand Cooperation using Aromatization
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“The distinctive feature of dative bonds is that their minimum-energy rupture
in the gas phase or in inert solvent follows the heterolytic bond cleavage path.”

U. Gellrich, Angewandte Chemie International Edition 2018, 57, 4779-4782.
A. Haaland, Angewandte Chemie International Edition in English 1989, 28, 992-1007. 17



Boron-Ligand Cooperation using Aromatization
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Boron-Ligand Cooperation using Aromatization
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Boron-Ligand Cooperation: Hydrogenations
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Boron-Ligand Cooperation: Hydrogenations
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12 examples, 47-95% yield
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Boron-Ligand Cooperation: Carboboration
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Boron-Ligand Cooperation: Carboboration
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Boron-Ligand Cooperation: Carboboration ¢
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Boron-Ligand Cooperation: Carboboration e
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Boron-Ligand Cooperation: Carboboration
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Boron-Ligand Cooperation: Carboboration
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Boron-Ligand Cooperation: Carboboration
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Boron-Ligand Cooperation: Carboboration
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Boron-Ligand Cooperation: Carboboration
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Boron-Ligand Cooperation: Carboboration
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Boron-Ligand Cooperation: Allylation
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Boron-Ligand Cooperation: Allylation
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Boron-Ligand Cooperation: Allylation
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Boron-Ligand Cooperation: Allylation
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Boron-Ligand Cooperation: Allylation
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Boron-Ligand Cooperation: Transferhydrogenation
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Boron-Ligand Cooperation: Transferhydrogenation A
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