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High-Frequency and -Field EPR of Organochromium(III) Complexes with Relevance as Alkene Polymerization Catalysts
Hansen, H.-B., Enders, M. (Heidelberg U., Germany, Inorganic Chemistry); Krzystek, J., Ozarowski, A. (NHMFL); Telser, J. (Roosevelt U., Chicago, IL, Biological, Chemical and Physical Sciences)
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Molecular complexes of early transition metals are of interest as catalysts for the production of fine chemicals or polymers. These earth abundant metals (e.g., chromium) are attractive as replacements for precious metals and are often less toxic and environmentally more benign. The complexes of specific interest here comprise high-spin (S = 3/2) chromium(III) (3d3) supported by a rigid, quinolone donor-functionalized cyclopentadienyl ligand (Fig.1).1 These complexes, where R = Me, Ph and X = halides, in combination with a co-catalyst, serve as excellent catalysts for alkene polymerization.2 They have been structurally characterized by XRD and exhibit approximate Cs symmetry. They give relatively well resolved NMR spectra that are dominated by the Fermi-contact shift contribution to the overall NMR shift,1 however, a reliable experimental analysis of the minor pseudocontact shift is possible only if the g-tensor and zero-field splitting (ZFS) parameters have been obtained by other methods, namely EPR. X-band EPR, however, shows only a g( ( 4, g|| ( 2 signal characteristic of D >> h. High-field and -frequency EPR (HFEPR) is therefore necessary for their full understanding.
Fig.1 General structure 
of chromium(III) complexes.
Experimental


The EMR Facility and its 15/17 T superconducting magnet was used in the experiments. Air-free procedures were used at all stages for handling these complexes both as solids and in neat toluene or 1:1 toluene/ dichloromethane (DCM) frozen solution. 
Results and Discussion


Q-CpPh-Cr (X = Cl, R = Ph (phenyl, C6H5), R( = H) as a solid produced very high-quality HFEPR spectra at any temperature from liquid helium to room. In contrast, Q-CpMe-Cr (X = Cl, R = Me (methyl, CH3), R( = H) as a solid produced broad and ill-defined HFEPR resonances at low temperature (10 K), but gave high quality spectra as a frozen solution. QEt-CpMe-Cr (X = Cl, R = Me, R( = Et (ethyl, CH3CH2)) in solution produced resonances both as a solid and frozen solution that were essentially identical in field position and very similar in linewidth. Analysis of multi-frequency spectra gave D = +3.2(1) cm-1, with |E/D| = 0.025(10) as consensus values for the series, although the precision for each was much higher: (0.01 cm-1 or better in D, E. 
Conclusions

HFEPR investigation of several organochromium(III) complexes, both in the solid state and in frozen solution, provide definitive values for their spin Hamiltonian (g–tensor and ZFS parameters) parameters. These results are correlated to earlier1 and more recent theoretical studies on their electronic structure and NMR properties.3 The effectiveness of applying combined nuclear and electron paramagnetic resonance techniques to high-spin organometallic complexes is a potentially broadly applicable result of our investigation. 
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