Werner Complexes: A New Class of Chiral Hydrogen Bond Donor Catalysts for Enantioselective Organic Reactions
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Salts of the chiral tris(ethylenediamine)-substituted octahedral trication [Co(en)3]3+, and relat​ed species, have played important historical roles in the development of inorganic chemistry and stereochemistry.1,2 As Werner described in 1912, the two enantiomers, commonly desig​nated  and (, can be separated by crystallization of the diastereomeric tartrate salts.1 How​ever, despite the low cost and ready availability of the building blocks, there have been no ap​plications in enantioselective organic synthesis until our recent work.
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We have found that [Co(en)3]3+ and related cations can be rendered soluble in organic solv​ents using lipophilic anions such as "BArf–".3 Suitably functionalized derivatives are highly enantioselective catalysts for a variety of carbon-carbon bond forming reactions.4-8 The mech​anisms involve outer sphere activation of the electrophile by hydrogen bonding to the NH moieties. Other types of metal-containing chiral hydrogen bond donors are also effective, in​cluding a chelate of the CpRuL fragment.9,10 
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