The Remarkable Structure and Dynamics of Tris(allyl)rhodium and –Iridium as Determined by Theory and Experiment
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Abstract: 
The molecular geometries and electronic structures of M(η3-allyl)3 [M = Rh, Ir] have been calculated by both hybrid and gradient-corrected density functional theory (DFT). Hybrid DFT (B3LYP) calculations predict a global minimum of C1 symmetry for both species. For Ir(allyl)3, a local minimum of C3h symmetry was also located ca. 3.5 kcal/mol above the C1 ground state. These two minima are related by a σ-allyl transition state with a barrier of ca. 21 kcal/mole. The C1 symmetry global minimum contains two basal allyls and an apical allyl ligand that can rotate about its axis through a concerted motion involving two distinct transition states of Cs symmetry (activation energy ΔG‡ ≅ 10 kcal/mol).  Variable temperature 13C NMR analysis of the Ir analog confirms the C1 ground state and validates the predicted activation energy experimentally (7.9 ± 0.5 kcal/mol).  Additional evidence for the C1 ground state comes from the good agreement of the calculated B3LYP Raman spectrum with experiment.  Dynamic 1H and 13C NMR spectra of Rh(allyl)3 provide evidence for three different fluxional processes, corresponding to the three transition states discussed above.  Finally, the electronic structure of both complexes has been studied both experimentally and theoretically using photoelectron spectroscopy and gradient corrected DFT calculations using the C1 symmetry geometry obtained from hybrid DFT methods.

