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Abstract

Addition of cyclopentadiene to Rus{us-C,Xp-PPh,),(p-
SMe),(CO);3 (1) resulted in the selective formation of Rug(p 4
CC, H 5, Xp3-SMe),(-PPh,)(CO), (2), in 85% yield. Formation of
the tricyclic p,-CC; H,, ligand is consistent with a carbene-type
addition of one of the C, carbons in 1 to a C=C double bond of the
cyclopentadiene, followed by ring enlargement.

We have previously described the reactions of
Rug(us-C, X u-PPh,),(u-SMe),(CO),; (1; Scheme 1)
with dihydrogen or ethene, in which one of the C,
carbons formally inserts into H-H or C-H bonds,
respectively [1]. These reactions are consistent with the
polarisation of the C, ligand as suggested by Extended
Huckel MO calculations. In developing this chemistry
further with cyclic olefins, we have found a modifica-
tion of this behaviour, namely an unusual insertion of
one of the C, carbons into a C=C double bond.

The reaction between 1 and freshly distilled cy-
clopentadiene (toluene, 100°C, 20 h) afforded Ru(u,-
CC,;H ;X1 ;-SMe),(u-PPh,),(CO), (2) in high yield
(84%) as black crystals [2*]. Complex 2 has been
characterised by a single-crystal X-ray study. The
molecular structure of 2 is shown in Fig. 1 and impor-
tant bond distances and angles are given in the caption.

The Rug core adopts the open-envelope conforma-
tion, the flap being held open [dihedral 96.45(3)°] by
the two w;-SMe groups; Ru(5) is attached to both
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[Ru(5)-S(1,2) 2.379(2), 2.479(1) Al. Two of the Ru-Ru
edges are bridged by PPh, groups. Unusually long
Ru-Ru separations in this and related complexes ap-
pear to be the result of geometrical constraints im-
posed by the ligands, although we are Investigating
these features in more detail as other examples be-
come available. The organic ligand, which has been
formed by combination of the C, unit in 1 with two
molecules of cyclopentadiene, is a tricyclic hydrocar-
bon consisting of fused five- and six-membered rings.
One of the carbons of the latter is attached to a u,-C
atom [C(0)-C(1) 1.424(7) A], this separation indicating
some multiple-bond character in this bond; C(0) is
somewhat more strongly bonded to Ru(1,2) [2.120(5),
2.114(5) A] than to Ru(3,4) [2.292(5), 2.266(4) A]. How-
ever, the two carbons attached to this atom also inter-
act with two of the Ru atoms of the square face.

The best description of the hydrocarbon ligand is a
tricyclo[5.3.126.0lundeca-3,8-dien-4-yl-substituted -
methylidyne, with an n>-allylic interaction of C(2)-
C(1)-C(10) with Ru(3) and Ru(4). The latter resembles
the bonding of the allyl ligand in Ru,(u,-
PPhCH ,PPh,Xu-C;H XCO), [4]. Although the sepa-
ration of the central carbon, C(1), from Ru(3,4) is
relatively long [Ru(3,4)-C(1) 2.419(4), 2.427(3) A)), re-
cent calculations have shown that the primary bonding
of the allyl group to an Ru,(CO),, cluster is via the
allyl non-bonding orbital; the significant lengthening of
the C(1)-Ru(3,4) separation is consistent with this pic-
ture [5]. Some disorder in atoms C(5)-C(6)-C(7) is
presumed, resulting from the presence of isomers by
virtue of the C=C double bond being located between
C(5)-C(6) or C(6)-C(7). This is also consistent with the
observation of a series of doubled resonances in the 'H
and 3C NMR spectra [2*]; in the latter, signals at &
125.5 and 257.2 were assigned to C(1) and C(0), respec-
tively.

As a whole, the hydrocarbon ligand donates six
electrons to the cluster, which has a total of 80 cluster
valence electrons (c.v.e.); the two electrons more than
the 78 c.v.e. expected for an M; polyhedron with six
M-M bonds are probably accommodated in an orbital

* Reference number with asterisk denotes a note in the list of
references.
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Fig. 1. Molecular structure of Rug(u;-CCq H ;X 11-SMe)y(1-PPh,),(CO)y (2), projected oblique to the Ru(1-4) ‘plane’ ( x%2=1.4x10% Ru
deviations +0.07 10\). Atom labelling and 20% thermal ellipsoids are shown for the non-hydrogen atoms; hydrogen atoms have arbitrary radii of
0.1 A. Bond distances (A): Ru(1)-Ru(2) 2.821(1), Ru(1)-Ru(4) 3.014(1), Ru(1)-Ru(5) 2.983(1), Ru(2)-Ru(3) 2.881(1), Ru(3)-Ru(4) 2.935(1),
Ru(4)-Ru(5) 2.867(2), Ru(1)-P(1) 2.350(2), Ru(5)-P(1) 2.332(1), Ru(2)-P(2) 2.315(2), Ru(3)-P(2) 2.214(2), Ru(3)-S(1) 2.364(1), Ru(4)~S(1)
2.426(1), Ru(5)-S(1) 2.379(2), Ru(1)-S(2) 2.443(1), Ru(2)-S(2) 2.423(2), Ru(5)-S(2) 2.47%(1), Ru(1)-C(0) 2.120(5), Ru(2)-C(0) 2.114(5),
Ru(3)-C(0) 2.292(5), Ru(4)-C(0) 2.266(4), Ru(3)-0(1) 2.419(4), Ru(4)-C(1) 2.427(3), Ru(3)-C(10) 2.160(3), Ru(4)-C(2) 2.217(3), C(0)-C(1)
1.424(7). Bond angles (°): Ru(1)-Ru(2)-Ru(3) 91.34(3), Ru(2)-Ru(3)-Ru(4) 90.993), Ru(1)-Ru(4)-Ru(3) 86.58(3), Ru(2)-Ru(1)-Ru(4)

90.54(3), Ru(1)-Ru(4)-Ru(5) 60.91(3), Ru(1)-Ru(5)-Ru(4) 61.97(3), Ru(4)-Ru(1)-Ru(5) 57.11(4). Dihedral angle (°}: Ru(1)-Ru(2)-Ru(3)-
Ru(4)/Ru(D)-Ru(4)-Ru(5) 96.45(3).
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with significant M—M anti-bonding character, as sug-
gested by the long separations between Ru(l) and
Ru(4) and Ru(5) [3.014(1), 2.983(1), A, respectively].
Similar effects in the tetranuclear clusters Ru(u-
PPh,),(CO),; and Ru,(u-PPh,),(CO),, have been
noted previously [6].

Formation of this unusual complex can be envisaged
by addition of one of the C, carbons to a C=C double
bond of one molecule of cyclopentadiene to give a
bicyclof3.1.0]Jhexene, which then undergoes ring expan-
sion to the six-membered cyclohexadiene system
(Scheme 2). As the reaction proceeds, release of C(1)
from Ru(5) allows the latter to bend to the opposite
side of the Ru, rhombus where x, interaction with the
SMe groups is possible. Addition of the second
molecule of cyclopentadiene may occur before or after
this ring-opening reaction; separate experiments have
shown that dicyclopentadiene also reacts with 1 at
100°C to give 2 as the main product.

In conclusion, we have shown a further example of
the carbenic reactivity of 1 found in earlier studies [1]
in a reaction of the C, unit which is reminiscent of the
addition of reactive carbenes to C=C double bonds,
and further emphasizes the unusual chemistry of this
complex. The nature of the interaction of the CC,;H,,
ligand with the square face depends on the formation
of the p,-CRu, system, now a familiar structural fea-
ture of the reaction products from 1 [7].
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