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Report:

The use of bidentate diphosphine ligands shows excellent results in important
palladium catalyzed reactions as the amination of aryl halides [1a] and the allylic alkylation
[1b]. Both the steric and electronic properties of the catalyst can be altered by these bidentate
ligands, as a result of their rigid coordination to the metal center. This implies that for
bidentate ligands, also the P-Pd-P angle (bite angle) is an important ligand parameter.
Recently, we have developed an interesting series of ligands based on a xanthene backbone,
that enforce a wide bite angle [2].
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The catalytic allyl reaction intermediates could be isolated and they were also
investigated with molecular modeling, X-ray crystallography and NMR techniques [3]. It is,
however, using these techniques not possible to investigate the catalyst in solution. The value
of the bite angle of the ligand in reaction medium cannot be determined by NMR and
simulating the solution behavior of the complexes by modeling techniques requires much
time and no reference data are known. Bidentate diphosphine palladium catalysts with a
coordinated allyl moiety, (P-P ligand)Pd(allyl), are measured with EXAFS in both solid state
and solution.

XAFS measurements of the catalyst in solution provide vital information about the
catalytic active (precursor) species. XANES and EXAFS analysis yield the electronic
structure and the geometry of the catalytic active species in the solution. This information is
essential for the understanding of the catalytic behavior of the different Pd-ligand complexes.
Furthermore, the obtained structures enable us to perform an Energy Dispersive EXAFS
investigation on the catalyst during the allylic alkylation reaction and help us interpreting the
obtained Energy Dispersive EXAFS data.

The different (allyl)Pd(P-P ligand) complexes are measured with different allyl
moieties, C3H5 and C5H9, and with the different counterions Cl- and BF4

-. The complexes are
solubilized in acetone and THF in which the allylic alkylation reaction can be carried out.

The EXAFS spectra of the known (allyl)Pd(ligand) complexes are compared with their
solid state crystal structures and a good reproduction of the crystal structures is obtained.
Subsequently the geometrical parameters in solution are determined. It is observed that the
Pd(P-P ligand) catalyst structures itself do not change upon dissolution, only the disorder is
increasing (increasing felixibility). However, the coordination of the allyl moiety is clearly
dependent of the P-P ligand and the solvent, which already hints to the differences observed
in reaction selectivity in the allylic alkylation reaction.

NMR studies of the isolated complexes indicate that the counterion of the cationic
complexes may coordinate to the palladium center, thereby possibly influencing the
geometry of the catalyst. NMR techniques however, cannot be used to estimate the average
distance of the counterion to palladium and its effect on the geometry of the complex. The
EXAFS results do not show a Pd-Cl or Pd-BF4 coordination at distances below 4 Å, so any
influence for catalysis will be small.

Determination of the P-Pd-P bite angle of the complexes in solution is still in progress.
Therefore, also modeling studies have to be done to understand and interpret the XANES
spectra of the complexes in detail.
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