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Hydroxo complexes of transition metals are of interest in
materials science as precursors for intricate metal oxides,[1]

and as intermediates in metal-mediated or -catalyzed proc-
esses. Hydroxopalladium intermediates have been postulated
in some palladium-catalyzed reactions,[2] and they may
explain the unexpected stability of some palladium catalysts
in the presence of water.[3] In most of its hydroxo complexes,
palladium is coordinated to further heteroatom ligands
containing P and/or N atoms. Notable exceptions are
(m2-hydroxo)bis(h

2,h2-cyclooctadiene)dimethyldipalladium(ii)
hexafluoroantimonate[4a] and bis(tetrabutylammonium)-
bis[(m2-hydroxo)bis(pentafluorophenyl)palladium],[4b] which
contain palladium coordinated to h2-alkene or s-C ligands,
respectively.

Isolated hydroxopalladium complexes usually display
polynuclearity.[5] The formation of a trinuclear palladium
complex was attributed to the presence of traces of water
during purification.[6] Trinuclear, mixed-metal complexes
were obtained by reaction between hydroxopalladium and
metal hydride complexes.[7] Larger clusters of Pd atoms with
predominantly carbon monoxide ligands are known, and non-
hydroxopalladium clusters of catalytic interest have been
studied.[8] A mixed-metal cluster (Pd/Cu) with an adamanta-
noid Pd–oxygen substructure (hexanuclear in Pd) but without
organic ligands on the Pd atoms has been described.[9]

Herein, we report an organometallic, homonuclear
hydroxo(p-allyl)Pd cluster 1, [{(1,3-h3-propenyl)Pd}6(m3-
OH)4](CF3SO3)2, without further heteroatom (P or N)
ligands. The cluster has a distorted adamantanoid geometry,
and the crystal lattice consists of clusters linked into double
strands by hydrogen bonds via bridging counterions.

Cluster 1 was obtained during the attempted complex-
ation of the sterically hindered bispidine ligand N,N’-bis(di-
phenylmethyl)-3,7-diazabicyclo[3.3.1]nonane (2) with a (p-
allyl)palladium species, from which we expected to obtain
complex 3 (Scheme 1). The formation of 3 was proven by
1H NMR spectroscopy.[10] However, when trying to isolate
solid 3 from the acetone solution, we observed the initial
formation of colorless, needle-shaped crystals of the proton-
ated ligand salt, 2·CF3SO3H. Upon further undisturbed
standing, the precipitation of yellow, rhomboid crystals was
observed in experiments using technical-grade solvent. Under
dry conditions, Pd black precipitated. The yellow crystals

were stable for several days at refrigerator temperature
(below 4 8C) while covered by the crystallization solvent.
Isolated crystals were reasonably stable in air at ambient
temperature for several hours. To our surprise, the yellow
crystals were not of the expected complex 3, but of the
adamantanoid (p-allyl)PdII cluster 1 with bridging hydroxo
ligands. To the best of our knowledge, this is the first example
of an organometallic cluster of palladium of this type.[11,14]

The Pd···C distances in cluster 1 (Figure 1) vary between
2.048 and 2.082 = (propenyl C-2) and between 2.093 and
2.115 = (propenyl C-1 and C-3). These distances are shorter

than those in the chloro dimer bis[(1,3-h3-propenyl)palladium
chloride] (2.121 = for C-2, 2.108–2.123 = for C-1 and C-3),[12]

and in (N,N’-diphenyl-1,5-dimethyl-3,7-diazabicyclo[3.3.1]-
nonane-9-one)(1,3-h3-propenyl)palladium trifluoromethane-
sulfonate (2.128 = for C-2 and 2.125–2.126 = for C-1 and C-
3),[15] most likely because of the small trans influence of m3-
hydroxo ligands on the Pd�C bond compared to that of Cl or
N ligands.

The Pd···O distances in cluster 1, which range from 2.133
to 2.179 =, are shorter than those in the only other reported
Pd–(m3-OH) cluster, [{Pd(8-methylquinoline)}3(m3-Ph2PCH-
COOC2H5)(m3-OH)]PF6, which are between 2.144 and
2.281 =.[4] In comparison with a series of m2-OH complexes,
the Pd···(m3-OH) distances in 1 are similar to[16a] or signifi-

Scheme 1. Ligand-induced formation of cluster 1 via complex 3. The
Pd6(OH)4 subunit is emphasized. The trifluorosulfonate ions are omit-
ted for clarity.

Figure 1. Molecular structure of cluster 1 (counterions omitted for
clarity).
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cantly longer than[4,16b–e] those in the m2-OH complexes, where
a common feature is that the Pd�(m2-O) bond experiences
significantly less trans influence from other ligands than that
exerted by the h3-propenyl ligands in 1.

The dicationic clusters of complex 1 are grouped into
pairs, linked by two CF3SO3

� ions hydrogen-bonded to the
hydroxy ligands (connecting O3···O4’ and O4···O3’). These
pairs are then linked into double strands of clusters by two
more CF3SO3

� ions connecting O1···O2’ and O2···O1’, respec-
tively (Figure 2). Hydrogen-bond lengths are shorter between
pairs than in the chains of clusters, with CF3SO3···(m3-HO)
distances at 2.839 and 2.872–2.921 =, respectively. Thus, each
cluster is surrounded by four shared anions, which leads to a
regular crystal lattice composed of double strands.

Hydroxo complexes of transition metals are usually
formed by ligand exchange with water.[5b,17] We propose that
this is also the case in the formation of cluster 1. The sequence
of steps leading to 1 is coupled to the dynamic process of
apparent p-allyl rotation observed in (p-allyl)Pd complexes
with chelating dinitrogen ligands.[18] Most likely, steric inter-
actions between the organic ligands in complex 3 favor
dissociation of one of its nitrogen atoms. Next, protonation of
the basic nitrogen prevents reattachment to the palladium.
Instead, the resulting coordinatively unsaturated complex is
stabilized by coordination of hydroxy ions, generated by
deprotonation of water by the strongly basic ligand 2.[19]

Involvement of h3–h1 isomerism of the p-allyl ligand is
unlikely, since no exchange between syn and anti protons of
complex 3 was detected by 1H NMR spectroscopy.[10] Fur-
thermore, the cluster 1 is not formed when bispidine ligands
other than 2 are used.[15,18b,c]

In conclusion, ligand 2, although itself not part of the
cluster 1, appears to be responsible for the formation of this
new type of palladium complex.
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