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Summary: Treatment of [Cp*Ru(dppe)]BF4 with 0.5
equiv of HCtCCH(OH)CtCH in THF led to the for-
mation of the C5H2-bridged compound [Cp*(dppe)-
RudCdCdCHCHdCdRu(dppe)Cp*](BF4)2. The C5H2-
bridged compound reacted with alumina to give the C5H-
bridged compound [Cp*(dppe)RudCdCdCHCtCRu-
(dppe)Cp.*]BF4. These reactions were extended to pre-
pare the analogous complex [Cp(PPh3)2RudCdCd
CHCtCRu(PPh3)2Cp]BF4.

Dimeric organometallic compounds with π-conjugated
bridges have recently attracted considerable attention,
because of their unusual intrinsic chemical, physical,
and material properties.1,2 Some of the most interesting
conjugated organometallic dimeric complexes reported
recently include those with Cx-bridged complexes LnM-
CxM′Ln′ (e.g. [Cp*Re(NO)(PPh3)(µ-C5)Mn(CO)2(C5Cl5)]+),3
(CH)x-bridged complexes (e.g. [Cp(dppm)FeCHdCHCHd
CHFe(dppm)Cp]),4 and C4R2-bridged complexes with
MtC linkages such as [(Me3SiNCH2CH2)3N]Mot
CCHdCHCtMo[N(CH2CH2NSiMe3)3]5 or complexes with
MdC linkages such as [(C5H4SiMe3)2(CO)NbdCd
CMeCMedCdNb(CO)(C5H4SiMe3)2](BPh4)2).6 We are
interested in the synthesis and properties of new types

of conjugated organometallic dimeric and polymeric
compounds. We now report the synthesis and charac-
terization of the first isolable dimeric complexes with
C5H2 and C5H bridges.
Treatment of [Cp*Ru(dppe)]BF4 (generated in situ

from the reaction of Cp*RuCl(dppe)7 with AgBF4) with
0.5 equiv of HCtCCH(OH)CtCH8 in THF led to a
purple solution. A purple solid could be isolated in 82%
yield from the reaction mixture. The elemental analysis
and spectroscopic data confirm that the isolated product
is the C5H2-bridged compound [Cp*(dppe)RudCdCd
CHCHdCdRu(dppe)Cp*](BF4)2 (1;9 see Scheme 1). The
Ru2(µ-C5H2) assembly of complex 1 is indicated by 13C
NMR, which shows resonances at δ 353.7 (t, J(PC) )
15.6 Hz), 281.1 (t, J(PC) ) 19.6 Hz), 188.9 (s), 132.8 (s),
and 128.1(s) ppm for the five carbons in RudCdCd
CHCHdCdRu. The signals at 281.1, 188.9, and 132.8
ppm can be assigned to the RudCdCdCH group,10 and
those at 353.7 and 128.1 ppm can be assigned to the
RudCdCH group.10 The structure of 1 is further
supported by 1H NMR (in CDCl3), which displays two
signals at 3.90 (d, J(HH) ) 11.7 Hz) and 6.01 (d, J(HH)
) 11.7 Hz) ppm for the two CdCH protons and two Cp*
signals at 1.63 and 1.49 ppm. Consistent with the
structure, the 31P NMR spectrum in CDCl3 gives two
singlets for the dppe ligand at 76.9 and 67.5 ppm. IR
bands assignable to ν(CdCdCHCHdC) at ca. 1953 (s)
and 1881 (m) cm-1 were also observed. The C5H2-
bridged complex 1 has an intense purple color with
strong absorption bands at 230 nm (ε ) 7.8 × 104 M-1

cm-1) and 528 nm (ε ) 4.2 × 104 M-1 cm-1). The band
around 528 nm could be assigned to the intervalence
charge-transfer absorption involving the Ru(µ-C5H2)Ru
unit.
Compound 1 is likely formed via the dehydration of

the intermediate [Cp*(dppe)RudCdCHCH(OH)CHdCd
Ru(dppe)Cp*](BF4)2. Although we have not been able
to isolate the intermediates yet, it has been established
that reactions of metal complexes with simple 1-alkyn-
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3-ols could lead to allenylidenes.10,11 For example,
reactions of 1-alkyn-3-ols with ruthenium complexes
such as (η5-C5R5)RuCl(PR′3)2 in polar media lead to
hydroxyvinylidene intermediates which spontaneously
dehydrate to form either allenylidene or vinylvinylidene
complexes.11

Compound 1 is very reactive, and it was converted
readily to a new compound upon contact with alumina
or silica gel. Thus, addition of neutral alumina to a
purple CH2Cl2 solution containing 1 caused an immedi-
ate color change from purple to deep blue, from which
a stable blue microcrystalline solid was isolated in 88%
yield based on 1. The isolated product is soluble in
acetone, chloroform, dichloromethane, and tetrahydro-
furan but insoluble in benzene and hexane. The el-
emental analysis and spectroscopic data confirm that
the isolated product is the C5H-bridged compound [Cp*-
(dppe)RudCdCdCHCtCRu(dppe)Cp*]BF4 (2).12 Thus,
deprotonation of complex 1 by alumina occurred during
the reaction. Deprotonation of vinylidene complexes
with alumina to give the corresponding σ-acetylide
complexes have been noted previously.13 As evidenced
by its NMR spectra, complex 2 has a delocalized

structure with two identical ruthenium centers. The
structures 2A and 2B are two of the possible resonance
structures for complex 2. In the 13C{1H} NMR spec-
trum, the CR, Câ, and Cγ resonances were observed at δ
225.6 (t, 2J(PC) ) 20.9 Hz), 163.1 (s), and 128.4 (s) ppm,
respectively. Consistent with the structure, the 31P
NMR spectrum in CDCl3 displays a singlet at δ 78.4
ppm for the dppe ligand and the 1H NMR spectrum in
CDCl3 exhibits a singlet at δ 1.51 ppm for the two Cp*
rings. A strong IR band assignable to ν(CdCdC) at ca.
1881 cm-1 was also observed.
To test if the above reactions are general, the reac-

tions of [CpRu(PPh3)2]BF4 (generated in situ from the
reaction of CpRuCl(PPh3)214 with AgBF4) with HCtCCH-
(OH)CtCH were carried out. Treatment of [CpRu-
(PPh3)2]BF4 with 0.5 equiv of HCtCCH(OH)CtCH in
THF also led to a purple solution. When the purple
solution was passed through a short column with
neutral alumina as the solid phase, the analogous C5H-
bridged compound [Cp(PPh3)2RudCdCdCHCtCRu-
(PPh3)2Cp]BF4 (3)15 was obtained in 66% yield based on
CpRuCl(PPh3)2.
Both the C5H-bridged complexes 2 and 3 have an

intense blue color with strong absorption bands at 230
(ε ) 8.0 × 104 M-1 cm-1) and 630 nm (ε ) 5.8 × 104
M-1 cm-1) for 2 and at 230 (ε ) 6.8 × 104 M-1 cm-1)
and 600 nm (ε ) 7.2 × 104 M-1 cm-1) for 3. The bands
around 600 nm can be assigned to intervalence charge
transfer absorptions involving RudCdCdCHCtCRu.
The molar extinction coefficients for the intervalence
charge transfer absorptions are much higher than those
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Scheme 1
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observed for Creutz-Taube ions16 and are of magnitude
similar to those observed for [Cp*Re(NO)(PPh3)(µ-
C3)Mn(CO)2Cp)]+ (εmax(392 nm) ) 56 000 M-1 cm-1) and
[Cp*Re(NO)(PPh3)(µ-C5)Mn(CO)2(C5Cl5)]+ (εmax(480 nm)
) 60 000 M-1 cm-1).3a,e
In summary, we have developed surprisingly easy

methods to prepare dimeric complexes with C5H2 and
C5H bridges. We are in the process of investigating the

properties of complexes 1-3 and extending the chem-
istry to synthesize other conjugated CxHy-bridged com-
plexes.
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