Anchored complexes of rnodium and iridium in the hydrogenation of alkynes
and olefins with parahydrogen
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Additionally to the use as an NMR sensitivity boosting technique, parahydrogen-induced polarization (PHIP) is a powerful tool for studying hydrogenation reaction mechanisms, since it provides means for detecting
short-lived reaction intermediates and thus can shed light on possible routs of dihydrogen addition. For a long time this technique was applied only for investigations of homogeneous hydrogenation reactions, because
heterogeneous catalysts were not expected to account for the necessary condition of PHIP observation — the pairwise addition of both atoms of a dihydrogen molecule. Recently, however, it was shown that PHIP can
be observed in hydrogenation reaction over heterogeneous catalysts .

Several catalysts synthesized by covalently binding Rh and Ir complexes to NH,- and PPh,- functional groups of the linker chains on functionalized silica gel surface were compared in gas-phase hydrogenation of

propyne and propene. Their stability, activity and product selectivity were evaluated. Furthermore, the use of parahydrogen in the reaction provided useful mechanistic information by delivering nuclear spin
hyperpolarization of the reaction products with the associated enhancement of their NMR signals.
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L ) . ) to propyne (b), and conversion of propyne (c) at different reaction temperatures, observed during the hydrogenation of propyne with p-H, over IrN, Ir?, RhN, and
immobilization  [ML] RhP catalysts.
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spectra were recorded using the Hahn echo 11/2-1-r sequence, where the 11/2 pulse length was 2.4 ps, and the delay T between the pulses was synchronized with temperature, (¢ temperature, 'C temperature, (€
the rotation of the rotor and amounted to 50 us Enhancement of the H NMR signal of the methyl group (H?) of propane (a), fraction of pairwise addition of p-H, to propene (b), and conversion of propene (b) at
p? different reaction temperatures, observed during the hydrogenation of propene with p-H, over IrN, Ir?, RhN, and RhP catalysts.
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_ o _ L Conclusions. In contrast to Rh-based catalysts which showed a pronounced tendency to reduction, for Ir-based catalysts
31P MAS NMR spectra recorded for immobilized catalysts IrP and RhP (blue traces) and their decomposition into individual

an XPS analysis did not reveal any indication of the formation of metal phase under the reducing conditions upon
g?r—na(r)er;e;g?modified silica gel, P(Ph,)-(CH,),-[SiO;] hydrogenation of propyne or propene at 120 °C. Catalysts with a tr-acceptor ligand PPh,- demonstrated greater activity in
P2 — P coordinated with Ir, CI(CdD)IrPZ(PhZ)-(ZCi—IZ)Z-[éinO’Z]n, IrP the gas-phase hydrogenation of propyne/propene in comparisor_1 with o-donor ligand NH,-. Furthermore, NMR si_gnal
P3 _ P coordinated with Rh, CI(COD)RhP(Ph,)-(CH,),-[SiO,]., Rh? enhanc_ement; of up to ca. 700- (R_’h) and &_3_00-_fo|d (Ir) were achieved. Remarkably, the Ir metql complex bou_nd via t_he
P4 _ oxidized form of P(Ph,)-(CH,),-[SiO,]. phosphine moiety demonstrated high stability in gas-phase hydrogenation of propyne along with high catalytic activity and

pairwise H, addition selectivity, yielding substantial quantities of strongly hyperpolarized propene.
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