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Summary: Two triosmium complexes of 1,4-bis(ferroce-
nyl)-1,3-butadiyne, Os3(CO)10(µ3-FcC4Fc) (2) and Os3-
(CO)11(µ3-FcC4Fc) (3) (Fc ) (C5H5)Fe(C5H4)), have been
prepared and structurally characterized. In 2 one of the
triple bonds of the butadiyne grouping is coordinated
as a triple bridge to a triangle of three osmium atoms.
In 3 the triosmium cluster is opened and is coordinated
as a linear chain to both triple bonds. The electronic
communication measured via redox potentials of the
ferrocenyl groups indicates that the metal atoms increase
the electronic communication in 3 and decrease it in 2.

There is great interest in developing molecular com-
ponents for use in the construction of nanoscale elec-
tronic devices.1 Recent efforts to prepare and evaluate
the properties of “molecular wires” have provided some
very promising results.2 Conjugated polyynes have
attracted attention as a potentially important class of
molecular wire materials.3 One of the most popular
methods for testing electronic communication through
a potential molecular wire is to examine the interaction
between redox active groups located at its termini.3 We
have now obtained some important new results on the
effects that metal groupings placed along the “wire”

exert on the electronic communication between the two
ends of the model molecular wire 1,4-bis(ferrocenyl)-1,3-
butadiyne (1).

A solution of 1 and Os3(CO)11(NCMe) in hexane
solvent heated to reflux for 20 min yielded two prod-
ucts: orange Os3(CO)10(µ3-FcC4Fc) (2; 18% yield) and
red Os3(CO)11(µ3-FcC4Fc) (3; 31% yield) (Fc ) (C5H5)-
Fe(C5H4)).4 Both products were characterized by IR, 1H
NMR, and single-crystal X-ray diffraction analyses.5,6

An ORTEP diagram of the molecular structure of 2
is shown in Figure 1. The molecule contains an Os3-
(CO)10 cluster attached to one of the two C-C triple
bonds of 1. This alkyne grouping is coordinated by using
both of its π-bonds to donate four electrons to the three
metal atoms. This triple-bridging di-(σ + π) coordination
mode is similar to that found in other trimetallic alkyne
complexes.7 As expected, the coordinated triple bond
C(1)-C(2) is significantly longer than the uncoordinated
triple bond C(3)-C(4): C(1)-C(2) ) 1.40(2) Å and C(3)-
C(4) ) 1.19(2) Å. The C(2)-C(3) bond is long (1.47(2)
Å) and single. The C-C triple-bond and single-bond
distances in the free molecule of 1 are 1.203(3) and
1.373(4) Å, respectively.8

An ORTEP diagram of the molecular structure of 3
is shown in Figure 2. This molecule contains an open
linear Os3(CO)11 cluster attached both of the C-C triple
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bonds of the ligand 1 in a novel di-µ-| coordination mode.
The µ-| coordination mode has been observed previously
for alkynes bridging two metal atoms.9 An alkyne group
in the µ-| coordination mode donates only two electrons

to the metal atoms by using only one of its two π-bonds.
With two such ligand groupings in 3, the cluster thus
receives four electrons from the ligand 1. Both C-C
triple bonds are lengthened in the diyne unit in 3 (C(1)-
C(2) ) 1.29(2) Å and C(3)-C(4) ) 1.33(2) Å), but most
interestingly the C(2)-C(3) single bond is significantly
shortened to 1.33(2) Å.

Electrochemical measurements show that the metal
atoms have a profound effect on the electronic com-
munication between the two redox active ferrocenyl
groups. The redox potentials for 1-3 were measured by
differential pulse voltammetry (DPV).10 The DPV vol-
tammograms of all three compounds are shown in
Figure 3. Each compound shows two peaks correspond-
ing to two reversible one-electron oxidations: for 1, E1
) +476 mV and E2 ) +576 mV, for 2, E1 ) +483 mV
and E2 ) +540 mV, and for 3, E1 ) +300 mV and E2 )
+484 mV vs the Ag/AgCl electrode, although the peaks
for 2 are just barely resolved. The difference in the two
potentials ∆E (E2 - E1) is of special interest and is
clearly the greatest for 3 (184 mV) and the smallest for
2 (57 mV). ∆E for 1 is approximately midway between
that of the two complexes (100 mV).11,12 Because the
ferrocenyl groups are equivalent in 1 and 3, the differ-
ence in the two potentials is a direct measure of the
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S.; Saito, J.; Fitzgerald, B. J.; Pierpont, C. Inorg. Chem. 1990, 9, 2350.
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1.0 mM sample in a 1:1 CH2Cl2/NCMe solution containing 0.1 M
tetrabutylammonium hexafluorophosphate. A three-electrode system
was employed, consisting of a glassy-carbon working electrode, a
platinum counter, and a Ag/AgCl reference electrode.

(11) This value for 1 is essentially identical with the value measured
by Levanda et al. by cyclic voltammetry.12

(12) Levanda, C.; Bechgaard, K.; Cowan, D. O. J. Org. Chem. 1976,
41, 2700.

Figure 1. ORTEP diagram of the molecular structure of
Os3(CO)10(µ3-FcC4Fc) (2) showing 40% probability thermal
ellipsoids. Selected interatomic distances (Å): Os(1)-Os(2)
) 2.7465(9), Os(1)-Os(3) ) 2.7965(8), Os(2)-Os(3) )
2.8328(8), Os(1)-C(1) ) 2.33(1), Os(1)-C(2) ) 2.21(1),
Os(2)-C(1) ) 2.13(1), Os(3)-C(2) ) 2.12(2), C(1)-C(2) )
1.40(2), C(3)-C(4) ) 1.19(2).

Figure 2. ORTEP diagram of the molecular structure of
Os3(CO)11(µ3-FcC4Fc) (3) showing 40% probability thermal
ellipsoids. Selected interatomic distances (Å) and angles
(deg): Os(1)-Os(2) ) 2.909(1), Os(2)-Os(3) ) 2.909(1),
Os(1)-C(1) ) 2.15(1), Os(2)-C(2) ) 2.38(2), Os(2)-C(3) )
2.31(2), Os(3)-C(4) ) 2.17(1), C(1)-C(2) ) 1.29(2), C(2)-
C(3) ) 1.33(2), C(3)-C(4) ) 1.33(2); Os(1)-Os(2)-Os(3) )
162.65(4), C(1)-C(2)-C(3) ) 178(2), C(2)-C(3)-C(4) )
168(2).

Figure 3. Differential pulse voltammograms of compounds
1-3 at 1.0 mM concentration recorded in a 1:1 CH2Cl2/
NCMe solvent mixture containing 0.1 M [NBu4][PF6] using
a Ag/AgCl reference electrode.
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communication between the two redox centers. For 2
the difference in the two potentials is a combination of
their communication and their intrinsic inequivalence,
so the measure of electronic communication between the
two redox centers in 2 must be less than that measured
by the potential difference.13 On the basis of the differ-
ences in redox potentials, it can be concluded that the
metal grouping in 3 significantly enhances the com-
munication between the two redox centers, while the
arrangement of metal atoms in 2 significantly decreases
the communication.

This can be explained by the effect of the coordination
of the metal atoms on the π orbitals of the diyne
connecter. In 2 both π orbitals of one C-C triple bond
grouping are engaged in bonding to the metal atoms.
This causes a decrease in the interaction of these
orbitals with those of the second triple bond and results
in an increase in length of the C(2)-C(3) single bond
that connects them. On the other hand, in 3 the metal
atoms are simultaneously bonded to both triple bonds
by using only one π bond in each triple bond grouping.
There is still one free π bond in each triple bond for use
in electron exchange interactions. In addition, one of the
metal atoms Os(2) actually bridges the C(2)-C(3) single
bond and this results in a shortening of that distance.
This leads to an increase in the π-orbital interactions
between the two triple bonds, and in turn an increase
in the electronic communication between the two fer-
rocenyl redox centers. The structure A shows one
representation of the bonding in Os3C4 grouping in 3.
On the other hand, in 2 the C-C π-interactions between

the triple bonds are decreased by the coordination of
both π bonds of the one C-C triple bond to the triangle
of metal atoms, B.

Our results show clearly that metal atoms can have
a significant effect on the communication between redox
centers linked by a model molecular wire. This suggests
that if one could selectively add and properly arrange
metal atoms along a molecular wire, it might be possible
to modify and control the electronic communication
through the wire in a systematic way.
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(13) The contribution to ∆E due to the intrinsic inequivalence of

the two ferrocenyl groups in 2 cannot be measured independently.
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