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Summary: Reaction of RuCl2(PPh3)3 with 1,3-(PPh2-
CH2)2C6H4 in refluxing 2-propanol produced
RuCl(PPh3)(PCP) (PCP ) 2,6-(PPh2CH2)2C6H3). Reac-
tion of RuCl(PPh3)(PCP) with PhCtCH gave the un-
usual coupling product RuCl(PPh3){η4-CHPhdC-2,6-
(PPh2CH2)2C6H3}, which has been characterized by
X-ray diffraction. Coupling also occurred between RuCl-
(PPh3)(PCP) and HCtCC(OH)(Ph)CH3 to give RuCl-
(PPh3){η4-CH2dCPhCHdC-2,6-(PPh2CH2)2C6H3}.

The chemistry of vinylidene and allenylidene com-
plexes has attracted considerable attention because of
its relevance to catalysis and organic and organometallic
synthesis.1 One of the most common routes to prepare
vinylidene and allenylidene complexes is to react ter-
minal acetylenes HCtCR and HCtCC(OH)RR′ with
coordinatively unsaturated or labile transition-metal
complexes. In our attempts to prepare neutral vi-
nylidene- or allenylidene-ruthenium complexes, we have
studied the reactions of the coordinatively unsaturated
complex RuCl(PPh3)(PCP) (PCP ) 2,6-(Ph2PCH2)2C6H3,
a cyclometalated tridentate ligand) with terminal acety-
lenes such as PhCtCH and HCtCC(OH)(Ph)CH3. To
our surprise, these reactions did not lead to the expected
vinylidene or allenylidene complexes but to unusual
coupling products. The formation of the coupling prod-
ucts can be best explained by the pathway of migratory
insertion of the aryl group of the PCP ligand to R-carbon
atoms of vinylidene ligands. These interesting reactions
provide rare examples of metal-assisted CsC bond
formation between vinylidene and aryl ligands.2 Carbon-
carbon coupling reactions involving vinylidenes are
interesting, especially in view of the fact that vinylidene
intermediates have been postulated in various CsC
bond formation processes.1 In this regard, several
examples of CsC bond formation between vinylidene
ligands and alkyls,2-4 vinyls,2,5 and alkynyls6 have been
reported recently.
The coordinatively unsaturated compound RuCl(PPh3)-

(PCP) (3) was obtained as a green solid by refluxing a
mixture of RuCl2(PPh3)3 (1)8 and the ligand 27 in
2-propanol (see Scheme 1). The analytical and spec-
troscopic data9 of 3 are consistent with a square-
pyramidal complex with a meridional PCP ligand and
a PPh3 ligand occupying the apical position. The 1H
NMR spectrum (in CDCl3) showed a virtual doublet of
triplets signal at 3.47 ppm assignable to two of the

methylene protons, indicating that the two PPh2 groups
are trans to each other.10 The 31P NMR spectrum in
CDCl3 showed a doublet at 32.5 ppm for the PPh2 group
and a triplet at 79.4 ppm (J(PP) ) 27.7 Hz) for the PPh3
ligand. Thus, the PPh3 ligand is significantly deshielded
compared to the PPh2 groups. Such a 31P NMR pattern
has been observed for several similar square-pyramidal
ruthenium dichloro complexes with apical phosphines,
such as RuCl2(PR3)3 (PR3 ) PPh3, PEtPh2) and RuCl2-
(PPh3)(L2) (L2 ) dppb, dppp).11 For example, the
resonance for the apical PPh3 appeared at 75.0 ppm and
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the basal PPh3 at 23.3 ppm in RuCl2(PPh3)3. The
related square-pyramidal complex RuCl(PPh3)(NCN)
(NCN ) (Me2NCH2)2C6H3) has been recently character-
ized by X-ray diffraction.12 Metal complexes with PCP
and related cyclometalated bisphosphine ligands have
been reported for Ni, Pd, Pt, Rh, and Ir.13-15

In the hopes of preparing the vinylidene complex
RuCl(PPh3)(PCP)(CdCHPh), the reaction of RuCl(PCP)-
(PPh3) with phenylacetylene was carried out. RuCl-
(PPh3)(PCP) reacted with phenylacetylene to give a pale
green compound. Analytical data of the product indi-
cate that one molecule of PhCtCH has been incorpo-
rated into RuCl(PCP)(PPh3). In the 1H NMR spectrum
(in CDCl3), a vinyl proton signal was observed as a
singlet at 4.98 ppm. In the 13C{1H} NMR spectrum, the
signal of the methylene carbons of the PCP ligand
appeared as a virtual triplet at 37.8 ppm, indicating that
the PCP ligand is meridionally bound to ruthenium.16
The signals for the carbon atoms (both are quaternary,
as confirmed by 13C DEPT and 1H-13C-HETCOR 2D
experiments) attached on ruthenium were observed at
164.1 (td, J(PC) ) 12.8, 5.1 Hz) and 113.2 ppm (t, J(PC)
) 6.7 Hz). The other carbon signals were observed in
the region of 124.0-139.1 ppm. The absence of 13C
signals above 200 ppm implies that the product is not
a simple vinylidene complex.1 On the basis of the
spectroscopic data,17 the structure for the isolated
product could not be assigned with confidence.
An X-ray diffraction study18 on the product reveals

that the isolated product is actually RuCl(PPh3){η4-
CHPhdC-2,6-(PPh2CH2)2C6H3} (4). Thus, one molecule

of PhCtCH is incorporated into the central aromatic
ring of the bisphosphine ligand in the form of the vinyl
substituent CdCHPh. The C-C bond formation reaction
is unexpected, especially in view of the fact that C-C
bond cleavage reactions13 were observed in the reactions
of related bisphosphine ligands with rhodium com-
plexes. For example, 1,3,5-Me3-2,6-(PPh2CH2)2C6H re-
acted with RhH(PPh3)3 under H2 pressure to give
Rh(PPh3)(3,5-Me2-2,6-(PPh2CH2)2C6H) and CH4.
Figure 1 shows the molecular structure of compound

4. The CdCHPh vinyl group is bonded to both ruthe-
nium and the central aromatic ring of the bisphosphine
ligand with Ru-C(8) ) 2.007(5) Å and C(8)-C(16) )
1.468(9) Å. The most unusual feature of the structure
is that the ruthenium center is also close to C(16).
Although the Ru-C(16) distance (2.437(6) Å) is quite
long compared to normal Ru-Ar bonds, it is close to the
Ru-C distances observed for some Ru-(ηn-hydrocarbon)
complexes. For example, the RusCH2 and RusC(OMe)
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Figure 1. Molecular structure of 4. Selected bond lengths
(Å) and angles (deg) are as follows: Ru-Cl, 2.497(2); Ru-
P(1), 2.440(2); Ru-P(2), 2.412(2); Ru-P(3), 2.243(2); Ru-
C(8), 2.007(5); Ru-C(16); 2.437(6); Ru-C(11), 3.079(7);
Ru-C(15), 3.080(7); C(7)-C(8), 1.341(8); C(8)-C(16),
1.468(9); C(11)-C(12), 1.367(11); C(12)-C(13), 1.372(11);
C(13)-C(14), 1.401(11); C(14)-C(15), 1.371(10); C(15)-
C(16), 1.421(9); C(16)-C(11), 1.413(9); P(1)-Ru-Cl,
96.43(5); P(1)-Ru-P(2), 159.17(6); P(1)-Ru-P(3),
96.72(6); P(1)-Ru-C(8), 79.7(2); P(1)-Ru-C(16), 79.5(2);
P(2)-Ru-Cl, 97.17(5); P(2)-Ru-P(3), 95.87(6); P(2)-Ru-
C(8), 81.0(2); P(2)-Ru-C(16), 80.4(2); P(3)-Ru-Cl,
101.70(6); P(3)-Ru-C(8), 105.1(2); P(3)-Ru-C(16),
142.1(2); C(8)-Ru-Cl, 153.2(2); C(8)-Ru-C(16), 37.0(2);
C(16)-Ru-Cl, 116.2(2); C(1)-C(7)-C(8), 131.1(6); C(7)-
C(8)-C(16), 129.5(6); C(7)-C(8)-Ru, 142.8(5); C(16)-C(8)-
Ru, 87.6(3); C(8)-C(16)-Ru, 55.4(3); C(8)-C(16)-C(11),
121.1(6); C(8)-C(16)-C(15), 120.2(6); Ru-C(16)-C(11),
102.9(4); Ru-C(16)-C(15), 102.8(4).
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the central aromatic ring are over 3 Å. Interaction of
both C(8) and C(16) with ruthenium is also reflected by
the angle of Ru-C(8)-C(16) (87.6(3)°), which is much
smaller than the value expected for an sp2 carbon
environment. Further evidence for the interaction is
from the 13C NMR spectrum, which showed signals at
164.1 ppm (td, J(PPh2-C) ) 12.8 Hz, J(PPh3-C ) 5.1
Hz) assignable to C(8) and 113.2 ppm (t, J(PPh2-C) )
6.7 Hz, coupling to PPh3 is not resolved) assignable to
C(16).
The short distance for Ru-C(16) could be attributed

to the geometry of the chelating ligand. Due to the
ligand geometry, the ruthenium has no choice but to be
close to C(16). Alternatively, there may be a real
bonding interaction between the ruthenium and the
central aromatic ring. Three electrons may formally be
donated from the arylvinyl ligand CArdCHPh to the
ruthenium center, which then satisfies the 18e rule. One
electron comes from the σ-bond to C(8) and the other
two by π-donation from the aromatic ring. In this
regard, it is noted that several η2- or ηn-benzyl com-
plexes of early transition metals (e.g. Cp2Zr(η2-CH2Ph)-
(CH3CN)]BPh4 and Cp*Mo(NO)(CH2SiMe3)(η2-CH2Ph))
and actinides (e.g. Cp*3Th(ηn-CH2Ph)3) have been re-
ported,20 in which the CH2Ph group also functions as a
3e donor.
Complex 4 is likely formed from the vinylidene

complex RuCl(PPh3)(PCP)(CdCHPh). Migratory inser-
tion of the aryl group of the PCP ligand at the R-carbon
atom of the vinylidene ligand would produce the prod-
uct. Unfortunately, we have not been able to observe
the vinylidene intermediates. Only starting material
3 and complex 4 were observed, when the reaction was
monitored by 31P{1H} NMR in the temperature range
220-298 K. Although we have not been able to isolate
the vinylidene complex yet, reactions of terminal acety-
lenes RCtCH with coordinatively unsaturated or labile
transition-metal complexes to give vinylidene complexes
are now well-established.1 A precedent for CsC bond
formation between vinylidene and aryl ligands comes
from the recent report by Werner and co-workers, in
which reaction of RhPh(P(i-Pr3))2dCdCHR with CO
gives Rh(CO)(P(i-Pr3))2CPhdCHR (R ) Ph, t-Bu).2

To test whether the coupling reaction would also occur
with other terminal acetylenes, reaction of HCtCC-
(OH)(Ph)CH3 with RuCl(PPh3)(PCP) was carried out.
This reaction leads to the formation of the analogous
coupling product RuCl(PPh3){η4-CH2dCPhCHdC-2,6-
(PPh2CH2)2C6H3} (5), which was characterized by el-
emental analysis and NMR spectroscopy.21 The pres-
ence of the CdCHCPhdCH2 unit is indicated by three
vinyl proton signals in the 1H NMR spectrum. Forma-
tion of the coupling product is supported by 13C NMR,
which displayed the signals for the carbons attached to
ruthenium at 112.5 (t, J(PC) ) 7.6 Hz, Ru-C(aryl)) and
166.9 ppm (dt, J(PC) ) 12.8, 5.7 Hz, RusC(vinyl)). As
reactions of HCtCC(OH)RR′ with ruthenium(II) com-
plexes can lead to hydroxyvinylidene22 or vinyl-
vinylidene23 complexes, the hydroxyvinylidene complex
RuCl(PPh3)(PCP)(CdCH-C(OH)(Ph)CH3 or the vinyl-
vinylidene complex RuCl(PPh3)(PCP)(CdCHCPhdCH2)
and possible intermediates for the formation of complex
5.
In summation, we have observed interesting coupling

reactions of PhCtCH and HCtCC(OH)(Ph)CH3 with
a cyclometalated aryl ligand to give unusual products.
We are now in the process of investigating the mecha-
nism and scope of the reactions.
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