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DFT Study on Mechanism of Acetylene Hydroformylation Catalyzed
by Heterobinuclear Rh(l)-Cr Complex
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Abstract Theoretical study on the mechanism of acetylene hydroformylation catalyzed by a heterobinu-
clear (CO)4Cr(u-PH;),RhH(CO)(PH3) complex has been carried out in the framework of density functional
theory. Structural features of intermediates and transition states of the associative and dissociative mecha-
nisms and the cooperativity of chromium with rhodium were evaluated. It was found that the dissociative
mechanism was predominant. The rate-limiting step is the acetylene insertion step with a free energy barrier
of 73.72 kJ/mol at 298.15 K and 101.325 kPa. The acetylene insertion and aldehyde elimination steps are ir-
reversible thermodynamically. The introduction of Cr(CO), moiety does not alter the mechanism of acety-
lene hydroformylation. The orbital interaction between Rh and Cr atoms plays an important role in the whole
reaction process.
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Scheme 1 The hydroformylation of acetylene and the Rh(I)-M
(M=Cr, Mo, and W) heterobimetallic catalyst
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Scheme 2 The computational model
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Figure 1 The relative free energy profiles of the associative mechanism at 298.15 K and 101.325 kPa
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Figure 2 The key structures involved in the associative mechanism and selected parameters. The bond lengths are in nm
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Figure 4 The key structures involved in the dissociative mechanism and selected parameters. The bond lengths are in nm
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Figure 5 The molecular orbitals containing the key orbital interactions (Cutoff=0.05, only the atomic orbitals of the related atoms are

depicted)
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