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Report:

Our group has discovered that Pd(OAc)> can catalyze Suzuki-Miyaura (SM) biaryl coupling reactions at
room temperature without using any additives.1 We observed that the presence of water is crucial for
the success of this reaction. The goal is to identify the activation and deactivation/decomposition of the
Pd catalyst in solution, particularly in the presence of different solvents, reactants and additives by
means of the stopped-flow/UV-Vis/Energy Dispersive EXAFS facility of ID24.

Reactions examined:

1. Structure of Pd(OAc)z in solution. Although the solid state structure of Pd(OAc)2 has been long
established to be trimeric (bridging acetate ligands),2 there is some controversy surrounding the solution
structure of Pd(OAc)2. An earlier QEXAFS study suggests that a solution in NMP assume a monomeric
structure3, whereas a recent NMR study revealed that the trimeric structure may be retained in
solutions of methanol, chloroform and benzene (Scheme 1).4 To probe whether the polarity of solvent
can cause substantial dissociation into monomers, the EXAFS spectrum of Pd(OAc)2 is recorded in
toluene and DMF - the two most common solvents used in SM reactions. The spectra will be re-
examined for any Pd....Pd contacts.
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Scheme 1. Solution structures of Pd(OAc)2.

From Figure 1 (ii) the differences between the reference sample in powdered form, which represents
the trimeric structure, and the solutions of Pd acetate in toluene and DMF measured on ID24 can be
qualitatively observed. The toluene solution appears to be structurally closer to the reference sample
than the DMF one.

EXAFS analysis of this set of data has allowed us to find that both toluene and DMF solutions are in
equilibrium between a trimeric and a monomeric structure of the Pd acetate under the experimental
working conditions (conc. > 40 mM, T = 25°C). In the case of the toluene solution this equilibrium is
strongly shifted towards the trimeric model. Surprisingly, the more polar DMF solution has also a higher
contribution of the timeric model, although the monomeric structure is present in higher degree than in
the toluene case. A quantitative multiple component analysis (MCA) is currently underway to asses the
percentage of each of these models contributing to the experimental data.

As an example, in Figure 1 (ii) is shown the fitted trimeric model to the toluene Pd aceate solution. The
following structural parameters were found using the program Viper>, where N=coordination number,
R=interatomic distance, 62=Debye-Waller factor, R-factor=goodness of the fit in Viper:
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Figure 1. (i) Comparison between the FT as a function of interatomic distance of the Pd acetate reference spectrum (blue
line), Pd acetate in toluene (red line) and Pd acetate in DMF (green line). (ii) Fitted Pd acetate trimeric model (in R-space) to
the toluene solution of Pd acetate. The x axis of these figures represents the interatomic distance (R) in A, and the y axis the
Fourier Transform as a function of k.



2. Addition of arylboronic acid to Pd(OAc)2 and subsequent oxidative addition reaction. Addition of two
equivalents of ArB(OH)2 to a solution of Pd(OAc)2 in anhydrous DMF led to immediate decomposition to
Pd black. Interestingly, the process was retarded in the presence of water and inorganic base (KzPOa).
This suggest that these additives are able to stabilize the Pd(Il) precursor.

When two equivalents of arylboronic acid was added to a solution of Pd(OAc)2 in the presence of 5
equivalents of ArBr, the decomposition of Pd can be intercepted by the formation of a new Pd(ll)
species, observed as an orange solution. EXAFS suggests the formation of a Pd-Br bond (to be
confirmed by MS), indicating that oxidative addition has taken place. Thus, we have proven that the
oxidative addition of aryl bromides to unligated Pd(OAc)2 can indeed occur under ambient conditions.
Furthermore, that the generation of a catalytic active species and decomposition share a common
intermediate (Scheme 2).
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Scheme 2. Suggested pathways of generation of catalytic active species/decomposition product from Pd(OAc)-.

Further experiments were also conducted to examine the effect of certain additives such as oxidants
(peroxide) and organic base (triethylamine). The former was found not to inhibit the decomposition of
Pd. However, the formation of a dimeric Pd-Br compound 3 (Figure 2) may be observed.

Figure 2.
Work is currently underway to analyse the results in depth, and we project that a publication will be
produced in 2008, with a possible further publication in 2009.
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