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Preparation and Reactivities of Acyl(carboxylato)palladium Complexes
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Acyclic acid anhydrides oxidatively add to
Pd(styrene)(PMes), with C-O bond cleavage to give
corresponding acyl(carboxylato)palladium(Il) complexes 3a-3e
that are isolated and identified. The acetato ligand in 3a is
exchanged with added acetic acid. Treatment of 3a with formic
acid at room temperature yields acetaldehyde, acetic acid and
COs. Reaction of 3a with dihydrogen liberates acetaldehyde,
acetic acid and ethanol. Catalytic hydrogenolysis of octanoic and
benzoic anhydrides into aldehydes and carboxylic acids was
found to be catalyzed by Pd(PPh3)s

In contrast to the abundance of synthetic methods utilizing
oxidative addition process of organic halides involving the
carbon-halogen bond cleavage, successful application of the
metal-catalyzed C-O bond cleavage process to organic synthesis
is still limited except for the synthesis utilizing the palladium-
promoted allyl-O bond cleavage.! The synthetic application of the
C-O bond cleavage may have been hampered by the scarcity of
the known examples of oxidative addition of esters, anhydrides
and ethers to low valent transition metal complexes to form metal-
carbon and metal oxygen bonds (Eq. 1).
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We have previously reported examples of oxidative addition
of aryl carboxylates2 and acid anhydrides3.4 to Ni(0) complexes
to form complexes of type B as well as its reverse process to
cause C-O bond formation.5 However, because of the high
affinity of the Ni(0) complexes for CO formed by
decarbonylation of the acylnickel species, the Ni(0) complexes
tend to form CO-bound nickel complexes that are inert to furthur
reactions.6 We now report the first example of the oxidative
addition of acyclic acid anhydrides to a Pd(0) complex and
utilization of the C-O bond cleavage process to organic synthesis
with a palladium catalyst.

A coordinatively unsaturated complex 27 that can be readily
derived by thermolysis of the diethylpalladium complex 1 reacts
with various acyclic acid anhydrides to give
acyl(carboxylato)palladium(II) complexes, 3a-3e. As a typical
example, a solution of 2 which was generated in siru at 50 °C
from 1 in the presence of styrene (1.5 eq) in dry acetone under an
argon atmosphere was treated at 25 °C with an equivalent of acetic
anhydride. The mixture was stirred for 0.5 h and dried in vacuo.
The white residue was washed with a small amount of Et;0 and
recrystallized from Et0 as white crystals. Complexes 3a (yield
68%), 3b (53 %), 3¢ (17%), 3d (53%) and 3e (67%) were also
prepared similarly. These complexes have been identified with
spectroscopic means and elemental analysis.8

The acetato ligand in 3a interacts with free acetic acid and its
fast exchange with the added carboxylic acid is observed at 25 °C
by 1H NMR.9
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(3a:R=Me,3b:R=Et,3c:R="Pr,3d: R=Bu,3e: R=Ph)

Treatment of 3a with formic acid at -30 °C gives an unstable,
intermediate acetylpalladium formate complex by the exchange of
the acetato ligand with formic acid as evidenced by the 1H NMR
observation.10 When the reaction of 3a with an equivalent of
formic acid was carried out at room temperature for 15 h,
decomposition of the acetylpalladium formate intermediate
occurred to give a black precipitate of Pd(0) with formation of ca.
1 equivalent each of acetaldehyde and acetic acid as comfirmed by
gas chromatography and mass spectroscopy together with CO».
Formation of these products may be accounted for by
decarboxylation of the intermediate acetylpalladium formate to
give an acetylpalladium hydride that liberates acetaldehyde.

The acetyl(acetato)palladium(II) complex 3a reacts with H; to
undergo the hydrogenolysis of the acetato and acyl ligands
liberating acetaldehyde, acetic acid and ethanol in yields shown in
Eq. 3.1t Ethanol may have been produced by reduction of
acetaldehyde.12

CH3CHO + CO, + CH3CO,H + black ppt.

1eq. HCOoH (©0%) (99%)
3a rt,15h 3)
e);geastfn;*z CH3CHO + CH3CO,H + EtOH + black ppt.

(46%) (70%) (60%)

Extension of the finding of the stoichiometric hydrogenation
of 3aled to development of a novel palladium-catalyzed process
as shown in Eq. 4.13 Acid anhydrides (octanoic and benzoic)
were hydrogenated quantitatively into corresponding aldehydes
and acids in the presence of Pd(PPh3)4 (1 mol%).

Pd(PPhgz)4
Ha
— > RCHO + RCOOH  (4)
THF, 80 °C, 15 h (B = Gotheg, Ph)
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Melting points, NMR, IR and elemental analysis data for 3a-
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C, 37.1 ; H, 7.3%. 3c: mp 76-79 °C dec.; TH NMR (400
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