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New mixed-metal compounds, PtRu3(�4-�
1 : �1 : �2 : �4-

PhCCCCPh)(CO)10(dppe) with isomers 1 and 2, have been
prepared by reacting cis-dialkynyl platinum(II) complex,
Pt(C�CPh)2(dppe), with Ru3(CO)12, via a C–C bond coupling
of the alkynyl ligands.

Dimerization of alkyne molecules mediated by transition
metals have recently attracted much attention as one of the
significant alkyne oligomerization.1 Cyclic dimerization of
alkyne molecules readily proceeds on 18 electron complex.2 On
clusters, extraordinal acyclic dimerization of alkyne molecules
and codimerization of alkyne and 1,3-diyne molecules have
recently been established for Ru4(�3-PPh)(CO)13.
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On the other hand, transition metal acetylides can function as
a ligand forming clusters,4 and many mixed-metal clusters
composed of versatile alkynyl(s) are known.5 However, there
have been only a few reports of transition metal complexes
derived from C–C bond coupling reactions of the alkynyls. An
example for mononuclear complex is butenyne compound (A)6

formed by protonation of trans-Fe(CCPh)2(dmpe)2. Anothermay
be 1,3-diyne compound (B) with a Ru4-framework,7 which is
given by an intermolecular C–C bond coupling of the alkynyl
ligands.

In the present paper, a new reaction of cis-dialkynyl Pt(II)
complex, Pt(CCPh)2(dppe), with Ru3(CO)12 was carried in
refluxing toluene for 40min, which has lead to isolations of a
new mixed metal compound, PtRu3(�4-�

1 : �1 : �2 : �4-Ph-
C=C–C=C-Ph)(CO)10(dppe) with isomers 1 and 2, in 61 and
3% isolated yields, respectively.8 Each structure of 1 and 2

reveals that the alkynyl ligands now undergo C–C bond coupling
forming a 1,4-diphenyl-1,3-butadiyne which cross-links mixed
metal nuclei by a novel (�4-�

1 : �1 : �2 : �4Þ-bond. 31P NMR
spectra of 1 showed two resonances at 49.7 ppm
ðJPt{P ¼ 3171Hz) and 49.0 ppm (JPt{P ¼ 1966Hz), which sug-
gests that dppe is unsymmetrically arranged. A coupling 2JP,P by
through-metal interaction was not observed in this case, which
may be related with a distortion of the bond angle P–Pt–P from an
ideal angle 90�. The 13C NMR spectra shows an unsymmetrical
arrangement of the two alkynyl groups, and four resonances were
observed at 151.6, 152.1, 170.7, and 170.9 ppm, which are rather
in the region close to vinyl group. A pale yellow single crystal was
obtained from toluene at 253K and analysed by X-ray structure
determination.9 The crystal structure of one of two independent
molecules is in Figure 1 (phenyl rings of dppe ligands are omitted
for clarity). The structure shows that the two alkynyl ligands from
Pt(-C�CPh)2(dppe) now undergoes a head to head coupling
forming a 1,4-diphenylbuta-1,3-diyne, which newly cross-links
two fragments from Ru3(CO)12; one, a dimetal system Ru2(CO)6
fragment by (�1 : �1 : �2 : �2)-bond (bond distance Ru{Ru :

2:721ð2Þ, 2.709(2) �A) and the other dimetal system,
PtRu(CO)4(dppe) group by (�1 : �1)-bond {bond distance Pt–
Ru2.7324(15), 2.7393(14) �Ag. The geometry around the platinum
atom is in good planarity. All bond lengths of Pt–C2 2.101(16),
2.070(14), Ru1–C1 2.130(16), 2.142(18), Ru3–C3 2.09(2),
2.128(18) and Ru3–C4 2.171(16), 2.141(16) �A are consistent
with pureM–C �-bond. The present structure may be viewed as a
pentagonal pyramid with the apex occupied by Ru2 atom which

Figure 1. ORTEP plot(50% probability of thermal ellipsoid) for
complex PtRu3(PhCCCCPh)(CO)10(dppe) 1.
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bonds to C(1), C(2), C(3), and C(4) atoms by �2-bonds. The Ru2
atom is bent back from the PtRu(CO)4(dppe) group in the
direction to Ru3 atom, and the bond lengths Ru2–C4 2.222(14),
2.288(16) �A and Ru2–C3 2.262(19), 2.241(17) �A are shorter than
the distances Ru2–C1 2.355(15), 2.332(17) �A and Ru2–C2
2.364(17), 2.388(14) �A. The bond angles C2–C4–C181
130.2(15), 128.3(14)� are much more expanded than the angle
C1–C3–C171 118.6(17), 124.4(16)�, and the phenyl ring attached
to C4 atom is bent in the direction away from the PtRu(CO)4-
(dppe) group, which is possibly due to the steric repulsions
influenced from the dppe ligand. A bond angle P1–Pt1–P2
85.11(15) 85.15(15) is largely deviated from an ideal angle 90�.
13CNMR spectra of 2 showed a resemblance in resonances due to
the alkynyl groups to those of 1, which suggests that 2 may have
an analogous structure to 1. 31P NMR spectra of 2, however,
shows that one phosphorous atom of the dppe does not bond to the
platinum atom anymore, but it may bridge over to a ruthenium
atom, since a resonance at 27.06 ppmwas observed by an explicit
singlet with no 195Pt satellites, while the other at 12.17 ppm with
JPt-P ¼ 1958Hz. A bridging dppe is not unusual in cluster as
observed for H4Ru4(CO)(�-dppe)10,

10 for which a coupling 3JP,P
by through-metal interaction was not also observed. A single
crystal of 2with toluene of solvationwas obtained from toluene at
253K, which readily degrades in air. Therefore, the crystal was
carefully sealed in a glass capillary and analyzed by X-ray
structure determination (R(int) = 0.0677). Unfortunately, owing
to disorders of phenyl carbons of the dppe and the solvation by
toluene, a desirable final refinement has not been attained. A
preliminal structure of 2 is, however, depicted in Scheme 1.
Although many clusters bridged by the 1,3-diynes are known,11

the mixedmetal compound cross-linked by the 1,3-diyne through
a (�4-�

1 : �1 : �2 : �4)-bond is elusive.

The crystallographic data for the compound
PtRu3(PhCCCCPh)(CO)10(dppe) 1 have been deposited in the
Cambridge Crystallographic Data Centre, CCDC No. 184934.
Copies of this information may be obtained free of charge from
the Director, CCDC, 12 Union Road, Cambridge, CB2 1EZ UK

[Fax. (int code) +44(1223)336-033, or Email: deposit@ccdc.ca-
m.ac.uk. or www:http://www.ccdc.cam.ac.uk.
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