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Report:

Energy Dispersive EXAFS (ED-EXAFS) at the Pd K-edge was used to study the
deactivation behavior of bidentate diphosphine ligand palladium catalysts, (P-P ligand)Pd, in
the allylic alkylation reaction. To perform these homogeneous reactions, the stopped-flow
XAS equipment present at ID24 was used.

Palladium is the most widely used metal in transition metal catalyzed organic
synthesis, as it is capable of catalyzing a wide variety of reactions [1]. While for many
applications initially the desired selectivities and reaction rates can be achieved, the stability
of many palladium catalysts is too low for large-scale industrial processes. It is generally
assumed that the deactivation of the catalyst occurs via clustering of intermediates in the
catalytic cycle, eventually resulting in the precipitation of inactive palladium black. The
stability towards the formation of inactive clusters and the performance of the catalysts are
widely influenced by modification with bidentate diphosphine ligand. Although a thorough
understanding of the deactivation via clustering of homogeneous palladium catalysts is
crucial for applications in large-scale industrial processes, so far, very few studies to this
behavior have been reported. NMR techniques are not suitable to study the aggregation
behavior of the catalyst, because the palladium atom itself can not be observed. The indirect
study of clusters via the phosphorus atoms of the ligand (31P-NMR) is hampered by the
highly fluxional behavior of the clusters.



The palladium catalyzed allylic alkylation reaction [2] is given in the scheme above.
We have prepared and isolated the catalytic (allyl)Pd(ligand) intermediate 1, which we have
already characterized in detail with NMR, X-ray crystallography [3] and ‘normal’ EXAFS in
both solid state and solution.

The stochiometric (i.e. without substrate) allylic alkylation reaction is performed using
the stopped flow cell. The reaction was carried out in acetone at room temperature, with
concentrations in the range of 30-60 mM Pd, using piperidine as a nucleophile. Spectra of
reasonable quality were obtained with 100 accumulations and detector exposure times of 10
ms. The reactions were monitored for ~10-20 minutes.

A large part of the beamtime was necessary to align all equipment and resolve
problems with the stopped flow cell. The O-rings in the cell were not resistant to the organic
solvent used which caused blockage of tubings and the cuvette and finally breakage of the
cuvette. Therefore, part of the experiments had to be performed with a smaller cuvette with
shorter pathlength, which resulted in very noisy (less quality) spectra.

The ED-EXAFS spectra showed that the reaction rate of the allylic alkylation and
deactivation was dependent on the different ligands, see scheme, used. The data
analysis/interpretation is still in progress since it is very complicated to separate the different
palladium species present in the reaction mixture. However, differences in the shape of the
edge (XANES region) and EXAFS are observed. Pd-Pd contributions are coming up, while
during the first ~10 minutes no catalyst breakdown takes place. The observed color changes
during reactions are not yet related to the different deactivated clusters formed, but it is
hoped that further analysis of these Energy Dispersive data will give more insights.
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