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Abstract

The cluster [H,0s5(CO),,] reacts with [(bipy)Pd(CO,Me),] to give [{(bipy)Pd},0s5(CO),,], 1, in moderate yield; an X-ray

structure analysis of 1 reveals an edge bridging square metal core.

Keywords: Palladium; Osmium; Bipyridine; Carbonyl; Crystal structure

We are interested in the chemistry of osmium—pal-
ladium metal-metal bonded systems. Previously, we
reported the reaction of [(bipy)Pd(CO,Me),] with
[Os,(CO),((MeCN),] to give the novel complex
[Os¢ Pd(CO),4(bipy)] [1]. The compound has a closo
metal framework consisting of an octahedron and a
trigonal pyramid fused to one face. We now report the
synthesis and characterization of another osmium-pal-
ladium cluster, [{(bipy)Pd},0s,(CO,,], 1, which con-
tains a rare open metal framework.

The complexes [H,0s;(CO),,] and [(bipy)Pd(CO,-
Me), ] in 1:2 molar ratio were dissolved in CH,Cl, (15
ml) and the solution was stirred under nitrogen. The
reaction was monitored by IR spectroscopy. After 1.5 h
of stirring at room temperature, the violet solution
gradually changed to orange, and a red precipitate
separated. The solution was taken to dryness in vacuo
and the residue extracted with CH,Cl, (2 X 10 mD to
remove most of the [Os;(CO),,.] and then with acetone
(2x5 ml) to give a bright red solution of the title
compound in 25% yield. The residue left behind, which
was not identified, was brown in colour and poorly
soluble in most organic solvents. The solid recovered
from the acetone extract was recrystallized from ace-
tone / chloroform at 0°C. Red rod-shaped crystals were
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obtained after a few days. The 'H NMR spectrum of a
solution of the product reveals the presence of bipy
group but the absence of any metal hydride [2]). The IR
spectrum shows a small hump at 1798 cm ™!, suggesting
the presence of bridging carbonyl. Compound 1 is
slightly air- and moisture-sensitive. In acetone solution
it decomposes in air overnight to give [Os,(CO),,] and
a dark brown unidentified product. It decomposes on
silica or alumina plates. Purification was performed by
fractional crystallization. A single crystal suitable for
X-ray analysis was chosen for determination of the
molecular structure. A perspective view of 1 and some
important bonding parameters are shown in Fig. 1.
Complex 1 crystallizes in the orthorhombic space
group F ddd and the molecule possesses C, symmetry,
with the two-fold axis passing through the apical Os(2)
atom [3]. Half of the molecule is generated by the
symmetry operation. The metal framework can be de-
scribed as an isosceles triangle fused to a twisted
rectangle, with one side shared. The maximum devia-
tion of atoms from the best plane defined by the five
metal atoms is 0.402 A. Such an open structure is rare
and resembles that of [Rus(CO),[(uS),] [4] and
[Ru5(CO) 5 4-PPhX ps-n®-CoH )l [5]. The molecule
can be viewed as involving addition of two {(bipy)Pd}
groups to the parent [Os,(CO),,], with the daughter
groups held by the bridging carbonyls. The supported
Os—-Pd bond length is 2.727(1) A, which is comparable
to the lengths of the unsupported Os-Pd bonds found
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Fig. 1. Molecular structure of 1, showing the atom numbering scheme,
with selected bond distances (A) and angles (°): Os(1)-Os(1%),
2.912(1); Os(1)-0s(2), 2.851(1); Os(1)-Pd(1), 2.727(1); Pd(1)-Pd(1*),
2.973(2); Os(1)-C(1), 2.02(2); Os(1)-C(2), 1.96(2); Pd(1)-C(1),
1.98(2); Pd(1)-C(2), 2.34(2); Pd(1)-N(1), 2.18(1); Pd(1)-N(2), 2.26(1);
N(D-C(7), 1.36(2); N(1)-C(11), 1.33(2); N(2)-C(12), 1.38(2); N(2)-
C(16), 1.32(2); C(N)-C(8), 1.45(2); C(7-C(12), 1.45(2); C8)-C(9),
1.40(2); C(9)-C(10), 1.35(2); C(10)-C(11), 1.40(2); C(12)-C(13),
1.39(2); C(13)-C(14), 1.31(2); C(14)-C(15), 1.42(2); C(15)-C(16),
1.37(2). Os(1*)-0s(1)-0s(2), 59.3(1); Os(1)-0s(2)-0s(1*), 61.4(1)
Os(17)-0s(1)-Pd(1), 86.1(1); Os(1)-Pd(1)-Pd(1*), 84.9(1); Os(2)-
Os(1)-Pd(1), 141.9(1); Os(1)-C(1)-0O(1), 144(1); Os(1)-C(2)-0(2),
167(1); Pd(1)-C(1)-0O(1), 129(1); Pd(1)-C(2)-0(2), 113(1); Os(1)-
C(1)-Pd(1), 86.1(7); Os(1)-C(2)-Pd(1), 78.2(6); N(1)-Pd(1)-N(2),
75.6(5).

t)C(B)

in [Os,Pd(CO),4(bipy)] (2.740(2)- 2808(2) A) [1]. The
PA(ID-Pd(ID) distance is 2.973(2) A, which lies within
the usual range for PA(ID-Pd(ID) bonds (2.950-3.311
A) [6,7]. The shared Os(1)- Os(l ) edge of the poly-
gons has a length of 2.912(1) A, which is 0.061 A longer
than the other two Os—Os bonds in the Os triangle (cf.
2.877(2) A in [Os,(CO),,] [8]D. This may suggest an
electron excess on the two osmium atoms. As in
[Ru(CO),(u4-S),] [4], dative metal-metal bonding is
proposed for the Os-Pd bonds, with osmium as the
electron donor. Under such condition, the osmium
atoms have 19 electrons while the palladium atoms
have 16 electrons, and this accounts for the weakening
of the Os—Os bond. Such electronic imbalance condi-
tion is further reflected by the presence of incipient
bridging carbonyls [9] C(2)-O(2) and C(2*)-02*),
which are tilted slightly towards the palladium atoms
[Os(1)-C(2)-0(2) = 167°, Pd(1)...C(2) = 2.34(2)A] as
;n ][RUS(CO)14(/.L4—S)2] [4], and [Os,(u-H),C(CO),6]
10].

Alternatively, the relatively short Pd...Pd distance
in 1 can be viewed as the result of the Pd linking to the
Os-0Os edge and the #-stacking of the bipy ligands. In
this interpretation, there is no need for a Pd-Pd bond,
and the compound has 76 valence electrons, with 5
formal metal-metal bonds, in accordance with Effec-
tive Atomic Number (EAN) rule.

The dihedral angle between the bipyridine group
and the best plane formed by the five metal atoms is
68.4°. The atoms in the bipyridine groups are coplanar,
with a maximum deviation of 0.06 A. The bipyridine
rings are seen to stack almost in paralle]l along the
c-axis, with a dihedral angle of about 7° between the
bipyridine groups within a molecule. The intramolecu-
lar separation of the bipyridine groups i§ 3.45 A, while
the intermolecular separation is 3.49 A. These 7—m
stacking distances for the rings are comparable to
those found in 4-pheny-1,2-dithia-3,5-diazolium bis-
(maleonitrile-dithiolato)platium(II) [11] and 2-(4-penta-
noyloxy-phenyl)-6-pentanolyloxybenzoxazole [12].
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