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Reactions of HCtCCH2CH(OR)CH(OR)CH2CtCH (R ) H, MeSO2) with RuHCl(CO)(PPh3)3

produced [RuCl(CO)(PPh3)2]2(µ-CHdCHCH2CH(OR)CH(OR)CH2CHdCH), which on treat-
ment with PMe3 gave [RuCl(CO)(PMe3)3]2(µ-CHdCHCH2CH(OR)CH(OR)CH2CHdCH). Treat-
ment of RuHCl(CO)(PPh3)3 with (3E,5E)-HCtCCHdCHCHdCHCtCH produced [RuCl-
(CO)(PPh3)2]2(µ-CHdCHCHdCHCHdCHCHdCH). The later complex reacted with PMe3,
4-phenylpyridine (PhPy), and 2,6-(Ph2PCH2)2C5H3N (PMP) to give [RuCl(CO)(PMe3)3]2(µ-
CHdCHCHdCHCHdCHCHdCH), [RuCl(CO)(PhPy)(PPh3)2]2(µ-CHdCHCHdCHCHdCHCHd
CH), and [RuCl(CO)(PMP)]2(µ-CHdCHCHdCHCHdCHCHdCH), respectively. The struc-
turesofRuCl(CO)(PMe3)3]2(µ-CHdCHCH2CH(OH)CH(OH)CH2CHdCH)and[RuCl(CO)(PMe3)3]2-
(µ-CHdCHCHdCHCHdCHCHdCH) have been confirmed by X-ray diffraction.

Introduction

Bimetallic and polymetallic complexes with conju-
gated hydrocarbon ligands bridging metal centers are
attracting considerable current interest.1,2 Linear Cx and
(CH)x are probably the simplest hydrocarbon bridging
ligands. In the past decade, the synthesis and properties
of bimetallic complexes with Cx bridges have been
intensively investigated. A variety of complexes of the
type LnM(µ-Cx)M′L′n with x up to 20 and with M or M′
) Re, Fe, Ru, Pt, Pd, Mn, W, and Rh have now been
synthesized.3-11 These complexes can behave like mo-

lecular wires and have luminescent properties. In
contrast to bimetallic complexes with Cx bridges, very
few studies have been carried out with bimetallic
complexes with linear (CH)x bridges, despite the fact
that many conjugated organic materials (e.g., polyacetyl-
enes, push/pull stilbenes) have only sp2 hybridized
carbons in their backbones.12 Previously reported ex-
amples of (CH)x-bridged bimetallic complexes are lim-
ited to a few of those with linear (CH)2,13 (CH)4,14-16

(CH)5,17 and (CH)6
18 bridges. Related to (CH)x-bridged

bimetallic complexes, several bimetallic complexes of
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type LnMdC(OR)-CHdCH-C(OR)dMLn and LnMd
CR-R-CRdMLn have been synthesized.19 In this re-
port, the synthesis, characterization, and electrochemi-
cal properties of (CH)8-bridged bimetallic complexes will
be described.

Results and Discussion

Reactions of HCtCCH2CH(OR)CH(OR)CH2Ct
CH (2a, R ) H, 2b, R ) Ms) with RuHCl(CO)(PPh3)3
(1). Reactions of RuHCl(CO)(PPh3)3 (1) with HCtCR are
known to give RuCl(CHdCHR)(CO)(PPh3)2.20,21 The
reaction has been used to prepare bimetallic complexes
such as [RuCl(CO)(PPh3)2]2(µ-CHdCH-Ar-CHdCH)22

and [RuCl(CO)(PPh3)2]2(µ-CHdCH-CHdCH).16 Thus it
is expected that reactions of 1 with 2 will produce [RuCl-
(CO)(PPh3)2]2(µ-CHdCHCH2CH(OR)CH(OR)CH2CHd
CH) (3). Compounds 3 were synthesized because they
are potentially useful precursors to linear (CH)8-bridged
bimetallic complexes and they could be used to compare
the properties with those of bimetallic complexes con-
taining a linear (CH)8 bridge.

The compound HCtCCH2CH(OH)CH(OH)CH2CtCH
(2a) was obtained from the reaction of LiCtCH with
racemic 1,3-butadiene diepoxide.23 Treatment of 1 with
2a in dichloromethane produced the expected insertion
product 3a (Scheme 1), which can be readily character-
ized by the NMR and analytical data. The 31P{1H} NMR
spectrum in CD2Cl2 showed AB pattern 31P signals at
30.5 and 29.8 ppm with a 2J(PP) coupling of 322.4 Hz.
The magnitude of the coupling constant indicates that
the two PPh3 ligands are trans to each other. Monomeric
complexes RuCl(RCdCHR′)(CO)(PPh3)2 are known to
adopt a distorted trigonal bipyramidal geometry with
the two PPh3 ligands in the apical positions.20 Thus it
is reasonable to assume that complex 3a has a similar
geometry around ruthenium. Observation of two 31P
signals for 3a with such a structure is expected, because
the two ruthenium centers are equivalent by symmetry,
but the two PPh3 ligands on each ruthenium is chemi-
cally nonequivalent due to the presence of the asym-
metric carbon center (CH(OH)). In the 1H NMR spec-
trum (in CD2Cl2), the vinylic proton signals were
observed at 7.18 and 4.68 ppm with a 3J(HH) coupling

constant of 13.4 Hz. The magnitude of the coupling
constant indicates that the two vinylic protons are in
trans geometry and that the acetylene is cis inserted
into the Ru-H bond.

The 16e complex 3a can be converted to the six-
coordinated 18e complex [RuCl(CO)(PMe3)3]2(µ-CHd
CHCH2CH(OH)CH(OH)CH2CHdCH) (4a) by treatment
with PMe3. Complex 4a has been characterized by
elemental analysis and multinuclear (1H, 31P, and 13C)
NMR spectroscopy. The 31P{1H} NMR spectrum in CD2-
Cl2 showed a doublet at -8.2 ppm for the mutually trans
PMe3 and a triplet at -20.0 ppm for the unique PMe3,
indicating that the PMe3 ligands are meridionally
coordinated to ruthenium. Apparently, the mutually
trans PMe3 ligands, which are nonequivalent, coinci-
dently have the same chemical shift. The 13C{1H} NMR
spectrum (in CDCl3) showed the signals of the bridging
ligand at 160.8 (Ru-CH), 129.9 (Ru-CHdCH), 53.2 (CH-
(OH)), and 43.7 (CH2) ppm. The vinyl group is trans to
the unique PMe3, as indicated by the large 2J(PC)
coupling constant (76.4 Hz). The structure of 4a has
been confirmed by X-ray diffraction (see below).

The compound HCtCCH2CH(OMs)CH(OMs)CH2Ct
CH (2b) was prepared by treating 2a with MsCl/NEt3.
Reaction of 1 with 2b produced [RuCl(CO)(PPh3)2]2(µ-
CHdCHCH2CH(OMs)CH(OMs)CH2CHdCH) (3b), which
can be isolated as a red solid in high yield (Scheme 1).
Complex 3b could also be converted to the six-coordi-
nated complex [RuCl(CO)(PMe3)3]2(µ-CHdCHCH2CH-
(OMs)CH(OMs)CH2CHdCH) (4b) by treatment with
excess PMe3. Compounds 3b and 4b have been charac-
terized by elemental analysis and multinuclear (1H, 31P,
and 13C) NMR spectroscopy. Except for the additional
NMR signals of OMs, the NMR data of complexes 3b
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2001, 20, 4304. (c) Ulrich, K.; Guerchais, V.; Dötz, K. H.; Toupet, L.;
Le Bozec, H. Eur. J. Inorg. Chem. 2001, 725. (d) Rabier, A.; Lugan,
N.; Mathieu, R. J. Organomet. Chem. 2001, 617, 681. (e) Briel, O.;
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K.; Ozawa, F. J. Am. Chem. Soc. 1998, 120, 1421. (c) Harlow, K. J.;
Hill, A. F.; Welton, T. J. Chem. Soc., Dalton Trans. 1999, 1911. (d)
Hill, A. F.; Ho, C. T.; Wilton-Ely, J. D. E. T. Chem. Commun. 1997,
2207. (e) Harlow, K. J.; Hill, A. F.; Welton, T.; White, A. J. P.; Williams,
D. J. Organometallics 1998, 17, 1916. (f) Jia, G.; Wu, W. F.; Yeung, R.
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Xia, H. P. J. Organomet. Chem. 1997, 539, 53. (c) Santos, A.; López,
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and 4b are very similar to those of 3a and 4a, respec-
tively, suggesting that they have similar coordination
spheres.

Alcohols RCH2CH(OH)R′ could be converted to olefins
RCHdCHR′ on treatment with acids.24 Dehydration of
hydroxyhydrocarbon ligands promoted by Lewis acids
is also known. For example, Werner et al. have observed
that the rhodium complexes RhCl(P(i-Pr)3)2(dCdCHC-
(OH)RR′) reacted with alumina to give either vinylvi-
nylidene complexes or allenylidene complexes;25 we have
shown that RuCl(CHdCHCH(OH)CHRR′)(CO)(PPh3)2
reacted with alumina to give dienyl complexes RuCl-
(CHdCHCHdCRR′)(CO)(PPh3)2.21f Dehydration reac-
tions of RuCl(CHdCH-cyclo-C6H10(OH))(CO)(P(i-Pr)3)2

26

and RuCl(CHdCHCH(OH)′CHRR′)(CO)(BSD)(PPh3)2
(BSD ) benzo-2,1,3-selenadiazole) have also been de-
scribed.27 In this work, we have reacted complexes 3a
and 4a with various acids, to see if complexes with a
linear (CH)8 bridge could be prepared. No reaction was
observed when 3a was treated with alumina at room
temperature. Complex 3a decomposed to a complicated
mixture when it was treated with HBF4‚Et2O or P2O5.
Attempts to obtain (CH)8-bridged bimetallic complexes
by treating 4a with various acids also failed. No reaction
was observed when 4a was treated with acidic alumina
at room temperature. A mixture of species were ob-
tained when complex 4a was treated with P2O5. One
the decomposed products was identified to be trans-mer-
RuCl2(CO)(PMe3)3 (5).28 Complex 4a reacted rapidly
with aqueous HCl to give 5 and CH2dCHCH2CH(OH)-
CH(OH)CH2CHdCH2 (6).29

It is known that mesylates RCH2CH(OMs)R′ could be
converted to olefins RCHdCHR′ by base-induced elimi-
nation of HOMs.30 Thus the reactions of 4b with various
bases were attempted with a hope to prepare (CH)8-
bridged bimetallic complexes by elimination of HOMs.
However, no reactions were observed when 4b was
treated with K2CO3 or proton sponge. When 4b was
treated with the strong base NaN(SiMe3)2, a mixture
of complexes was obtained. The 1H NMR spectrum of
the crude product did not show the characteristic CH-
(OMs) signals of 4b, but showed many new peaks in the
region 5-8 ppm, suggesting that elimination of HOMs
from 4b occurred. However, the 31P{1H} NMR spectrum
showed multipletes around -20 and -8 ppm, the
chemical shifts of which are very close to those of the
starting material 4b, implying that a mixture of species
was generated. It was impossible to get pure compounds
from the reactions.

Preparation of (3E,5E)-HCtCCHdCHCHdCHCt
CH (12). The results discussed above indicate that well-
defined conjugated bimetallic complexes with a linear

(CH)8 bridge could not be prepared from complexes 3
and 4. Thus it is necessary to find alternative routes to
prepare bimetallic complexes with a linear (CH)8 bridge.
To this end, we have prepared the dialkyne (3E,5E)-
HCtCCHdCHCHdCHCtCH (12) and investigated its
reaction with RuHCl(CO)(PPh3)3. Compound 12 has
previously been briefly mentioned in a communication.31

In that work, 12 was generated by desilylation of
(3E,5E)-Me3SiCtCCHdCHCHdCHCtCSiMe3(11),which
was obtained in very low yield together with cis-cis,
and cis-trans isomers by multistep synthesis from
trans-HCtCCH2CHdCHCH2CtCH. However the de-
tailed procedure to the compounds as well as the NMR
spectroscocopic data of 12 were not given. It appears
that the reported synthetic route is very laborious, and
it is difficult to obtain pure 12 in substantial quantity.
Thus we have developed a simpler synthetic route to
12.

Our synthetic route to 12 is outline in Scheme 2.
Reactions of (E)-ICHdCHCO2Et (8)32 with HCtCSiMe3
(7) in the presence of PdCl2(PPh3)2/CuI produced (E)-
Me3SiCtCCHdCHCO2Et (9). Compound 9 could also
be made by reacting Me3SiCtCCHO with (EtO)2P(O)-
CH2CO2Et in the presence of NaH.33 Reduction of 9 with
DIBALH in THF produced the aldehyde 10. The alde-
hyde 10 underwent a Wittig reaction with Me3SiCt
CCH2PPh3Br (using NaN(SiMe3)2 as the base) to pro-
duce compound 11. Treatment of 11 with NaOH
produced 12, which was isolated as a pale yellow solid.
Compound 12 is unstable and polymerized readily when
stored at room temperature. Thus it should be used
immediately after it was produced. Compound 12 can
be readily characterized by NMR spectroscopy. In

(24) (a) Larock, R. C. Comprehensive Organic Transformation, 2nd
ed.; Wiley-VCH: Weinheim, 1999. (b) Posner, G. H.; Shulman-Roskes,
E. M.; Oh, C. H.; Carry, J. C.; Green, J. V.; Clark, A. B.; Dai, H. Anjeh,
T. E. N. Tetrahedron Lett. 1991, 32, 6489. (c) Allen, C. F. H.; Bell, A.
Organic Synthesis; Wiley: New York, 1955; Collect. Vol. 3, p 312.

(25) Werner, H.; Rappert, T.; Weidemann, W.; Wolf, J.; Mahr, N.
Organometallics 1994, 13, 2721.

(26) Estereulas, M. A.; Lahoz, F. J.; Oñate, E.; Oro, L. A.; Zeier, B.
Organometallics 1994, 13, 4258.

(27) Harris, C. J.; Hill, A. F. Organometallics 1991, 10, 3903.
(28) Krassowski, D. W.; Nelson, J. H.; Brower, K. R.; Hauenstein,

D.; Jacobson, R. A. Inorg. Chem. 1988, 27, 4294.
(29) Einhorn, C.; Luche, J. L. J. Organomet. Chem. 1987, 322, 177.
(30) See for example: (a) Zanoni, G.; Vidari, G. J. Org. Chem. 1995,

60, 5319. (b) Takano, S.; Shimazaki, Y.; Ogasawara, K. Tetrahedron
Lett. 1990, 31, 3325.

(31) Mitchell, G. H.; Sondheimer, F. J. Am. Chem. Soc. 1969, 91,
7520.

(32) Takeuchi, R.; Tanabe, K.; Tanaka, S. J. Org. Chem. 2000, 65,
1558.
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particular, the 1H NMR spectrum (in C6D6) showed one
tCH signal at 2.79 ppm and two dCH signals at 5.26
and 6.30 ppm; the 13C{1H} NMR spectrum (in C6D6)
showed the acetylenic carbon signals at 82.0 and 82.7
ppm and the vinyl signals at 113.3 and 141.9 ppm.

Preparation of Bimetallic Complexes from 12.
Reaction of 12 with 1 in dichloromethane produced the
insertion product [RuCl(CO)(PPh3)2]2(µ-CHdCHCHd
CHCHdCHCHdCH) (13), which can be isolated as a
purple solid in 92% yield (Scheme 2). In the 1H NMR
spectrum in CD2Cl2, the Ru-CH signal was observed
at 7.96 ppm; the γ-CH and δ-CH were observed at 6.00
and 5.54 ppm, respectively; the â-CH is buried in the
signals of PPh3. The 31P{1H} NMR spectrum in CD2Cl2
showed a singlet at 29.4 ppm, which is typical for RuCl-
(CHdCHR)(CO)(PPh3)2.

Several related (CH)8-bridged bimetallic complexes
were prepared from complex 13. Treatment of 13 with
PMe3 produced the six-coordinated complex [RuCl(CO)-
(PMe3)3]2(µ-CHdCHCHdCHCHdCHCHdCH) (14). The
PMe3 ligands in 14 are meridionally coordinated to
ruthenium, as indicated by the AM2 pattern 31P{1H}
NMR spectrum. The presence of the (CH)8 chain is
indicated by the 1H NMR spectrum (in CD2Cl2), which
showed the vinyl proton signals at 7.51 (Ru-CH), 6.45
(â-CH), 6.22 (γ-CH), and 5.93 (δ-CH) ppm. In the 13C-
{1H} NMR spectrum (in CD2Cl2), the CH signals were
observed at 172.7 (Ru-CH), 139.3 (â-CH), 137.2 (γ-CH),
and 125.0 (δ-CH) ppm. The vinyl group is trans to the
unique PMe3, as indicated by the large 2J(PC) coupling
constant (78.0 Hz). The structure of 14 has been
confirmed by X-ray diffraction study (see below).

Reactions of 13 with 4-phenylpyridine and 2,6-(Ph2-
PCH2)2C5H3N (PMP) give the corresponding six-coor-
dinated complexes [RuCl(PhPy)(CO)(PPh3)2]2(µ-CHd
CHCHdCHCHdCHCHdCH)(15)and[RuCl(CO)(PMP)]2-
(µ-CHdCHCHdCHCHdCHCHdCH) (16), respectively.
These complexes have been characterized by NMR
spectroscopy and elemental analysis. Closely related
mononuclear complexes RuCl(CHdCHR)(L)(CO)(PPh3)2
(L ) 2e nitrogen donor ligands) have been prepared from
the reaction of HCtCR with RuHCl(L)(CO)(PPh3)2.34 A
few ruthenium PMP complexes have been reported

recently, for example, RuCl2(PPh3)(PMP) and RuHX-
(PPh3)(PMP) (X ) Cl, OAc).35

Many C8-bridged bimetallic complexes have been
reported, for example, Cp*(NO)(PR3)Re-(CtC)4-Re(NO)-
(PR3)Cp*,7Cp*(dppe)Fe-(CtC)4-Fe(dppe)Cp*,8((tolyl)3P)2-
(tolyl)Pt-(CtC)4-Pt(tolyl)(P(tolyl)3)2,9a (tolyl)3P)2(C6F5)-
Pt-(CtC)4-Pt(C6F5)(P(tolyl)3)2,9b Cp*(CO)2Fe-(CtC)4-
Fe(CO)2Cp*,10 Cp(CO)3M-(CtC)4-M(CO)3Cp (M ) Mo,
W),11a and Cp(PPh3)2Ru-(CtC)4-Ru(PPh3)2Cp.11b To
our knowledge, complexes 13-16 are the first examples
of (CH)8-bridged bimetallic complexes. In fact, only a
few bimetallic complexes with linear (CH)x bridges are
known. Reported (CH)x-bridged bimetallic complexes
include (TMP)RudCH-CHdRu(TMP) (TMP ) tetrames-
itylporphyrin),13a Cp(Me3P)2Ru-CHdCH-ZrClCp2,13b,c

CpL2Fe-(CHdCH)2-FeCp(L2) (L2 ) dppm, (CO)2, (P-
Ph3)(CO)),14 Cl2(PCy3)2RudCH-CHdCHdCHdRuCl2-
(PCy3)2,15 (PMe3)3(CO)ClRu-(CHdCH)2-RuCl(CO)(P-
Me3)3,16 [(dppe)(PPh3)(CO)ClRudCH-CHdCH-CHd
CH-RuCl(CO)(PPh3)(dppe)]BF4,17b and (dme)(RO)2(ArN)-
ModCH-(CHdCH)2-CHdMoNAr)(OR)2(dme) (dme )
MeOCH2CH2OMe).18

Description of the Structures of 4a and 14. The
molecular structure of [RuCl(CO)(PMe3)3]2(µ-CHdCH-
CH2CH(OH)CH(OH)CH2CHdCH) (4a) is depicted in
Figure 1. The crystallographic details and selected bond
distances and angles are given in Tables 1 and 2,
respectively. As shown in Figure 1, the compound
contains two ruthenium centers linked by a CHd
CHCH2CH(OH)CH(OH)CH2CHdCH bridge. The two
ruthenium centers are related by a C2 rotation axis. The
geometry around ruthenium can be described as a
distorted octahedron with three meridionally bound
PMe3 ligands. The vinyl group is trans to the unique
PMe3 ligand, and the chloride is trans to the CO, as
suggested by the solution NMR data. The mutually
trans PMe3 ligands are bent away from the unique PMe3
but toward the vinyl ligand, as reflected by the P(1)-
Ru-P(2) (96.32(3)°), P(1)-Ru-P(3) (94.80(3)°), C(11)-
Ru-P(2) (84.49(6)°), and C(11)-Ru-(P3) (84.46(6)°)
angles. Such a structural feature could be related to the
steric interaction between the PMe3 ligands. As one
might expect, the unique Ru-P(1) bond (2.4010(7) Å)

(34) (a) Santos, A.; López, J.; Galán, A.; González, J. J.; Tinoco, P.;
Echavarren, A. M. Organometallics 1997, 16, 3482. (b) Romereo, A.;
Santos, A.; López, J.; Echavarren, A. M. J. Organomet. Chem. 1990,
391, 219.

(35) (a) Jia, G.; Lee, H. M.; Williams, I. D.; Lau, C. P.; Chen, Y.
Organometallics 1997, 16, 3941. (b) Rahmouni, N.; Osborn, J. A.; De
Cian, A.; Fischer, J.; Ezzamarty, A. Organometallics 1998, 17, 2470,
and references therein.

Scheme 3
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is slightly longer than those of the mutually trans Ru-P
bonds (2.3559(7) and 2.3592(7) Å), due to the strong
trans influence of the vinyl ligand. It is noted that
mutually trans Ru-P bonds are also shorter than the
Ru-P bond trans to a vinyl ligand in RuH(CHd
CMeCO2Bu)(CO)(PPh3)3

36 and [RuCl(CO)(PEt3)3]2(µ-
CHdCHCHdCH).16 Complexes such as RuH(OAc)-
(PPh3)3

37 and RuCl2(PPh3)3,38 where the unique phos-
phorus is not trans to a strong trans influence ligand,
have mutually trans Ru-P bonds longer than the
unique Ru-P bond. The Ru-C and C(R)-C(â) bond
distances of complex 4a are within the range of those
reported for ruthenium vinyl complexes.39 It is very

interesting to note that the vinyl groups are essentially
coplanar with Cl-Ru-CO. Thus the atoms Cl(1), Ru-
(1), C(10), O(1), C(11), and C(12) form a plane with
maximum deviation from the least-squares plane of
0.049 Å for C(11). The coplanarity of the vinyl group
and CO is expected because stabilization due to π
interaction of CO and vinyl with metal centers is
maximized in such a conformation.40

Molecules of 4a are assembled in an interesting chain
structure in the solid state through weak intermolecular
hydrogen bonding between the two OH groups and the
two CO ligands (see Figure 2). The O‚‚‚OC distance is
3.189(3) Å, which is at the upper end of those of reported
examples.41 Hydrogen bonding involving carbonyl ligands
is currently receiving considerable attention in the field
of solid state intermolecular interactions.41

The molecular structure of complex [RuCl(CO)-
(PMe3)3]2(µ-CHdCHCHdCHCHdCHCHdCH) (14) is
depicted in Figure 3. The crystallographic details and
selected bond distances and angles are given in Tables
1 and 3, respectively. As shown in Figure 3, the
compound contains two ruthenium centers linked sym-
metrically by a linear (CH)8 bridge. There is an inver-
sion center at the midpoint of the C4-C4A bond.
Overall, the geometry around ruthenium is very similar
to that of 4a.

The (CH)8 ligand shows a single/double carbon-
carbon bond alternation. All the olefinic double bonds
are in trans geometry. Like complex 4a, the vinyl groups
are also essentially coplanar with Cl-Ru-CO. The
atoms Cl(1), Ru(1), C(01), O(1), C(1), and C(2) are in a
plane with maximum deviation from the least-squares
plane of 0.025 Å for C(1). The carbon atoms of the (CH)8
chain and the ruthenium atoms are also essentially
coplanar, with maximum deviation from the least-
squares plane of 0.033 Å for C(1). The formal double
bonds have an average bond distance of 1.344 Å, and
the formal single bonds have an average bond distance
of 1.443 Å. The difference in the average single and
double bond distances is 0.099 Å. The structural pa-
rameters of the (CH)8 chain are similar to those of
PhCHdCH(CHdCH)2CHdCHPh42 and [MoTp*Cl(NO)]2-
(µ-4,4′-NC5H4(CHdCH)4C5H4N).43 In these complexes,
the difference in the average single and double bond
distances is 0.092 and 0.11 Å, respectively.

Electrochemical Study. Electrochemistry has often
be used to probe metal-metal interactions in bimetallic
complexes with σ,σ-bridging hydrocarbon chains.1g Elec-
trochemical properties of bimetallic complexes with Cx-
bridges have been extensively studied by cyclic volta-

(36) Komia, S.; Ito, T.; Cowie, M.; Yamamoto, A.; Ibers, J. A. J. Am.
Chem. Soc. 1976, 98, 3874.

(37) Skapski, A. C.; Stephens, F. A. J. Chem. Soc., Dalton Trans.
1974, 390.

(38) La Placa, S. J.; Ibers, J. A. Inorg. Chem. 1965, 4, 778.

(39) See for example: (a) Torres, M. R.; Santos, A.; Perales, A. Ros,
J. J. Organomet. Chem. 1988, 353, 221. (b) Romero, A.; Santos, A.;
Vegas, A. Organometallics 1988, 7, 1988. (c) López, J.; Romero, A.;
Santos, A.; Vegas, A.; Echavarren, A. M.; Noheda, P. J. Organomet.
Chem. 1989, 373, 249. (e) Alcock, N. W.; Hill, A. F.; Melling, R. P.
Organometallics 1991, 10, 3898. (f) Wakatsuki, Y.; Yamazaki, H.;
Kumegawa, N.; Satoh, T.; Satoh, J. Y. J. Am. Chem. Soc. 1991, 113,
9604.

(40) Choi, S. H.; Bytheway, I.; Lin, Z.; Jia, G. Organometallics 1998,
17, 3974.

(41) See for example: (a) Cabeza, J. A.; Llamazares, A.; Riera, V.;
Trivedi, R.; Grepioni, F. Organometallics 1998, 17, 5580. (b) Braga,
D.; Grepioni, F. Acc. Chem. Res. 1997, 30, 81. (c) Braga, D.; Grepioni,
F.; Sabatino, P.; Desiraju, G. R. Organometallics 1994, 13, 3532.

(42) Drenth, W.; Wiebenga, E. H. Acta Crystallogr. 1955, 8, 755.
(43) McWhinnie, S. L. W.; Thomas, J. A.; Hamor, T. A.; Jones, C.

J.; McCleverty, J. A.; Collison, D.; Mabbs, F. E.; Harding, C. J.;
Yellowlees, L. J.; Hutchings, M. G. Inorg. Chem. 1996, 35, 760.

Figure 1. Molecular structure of [RuCl(CO)(PMe3)3]2(µ-
CHdCHCH2CH(OH)CH(OH)CH2CHdCH) (4a). The hy-
drogen atoms of PMe3 are omitted for clarity. Thermal
ellipsoids are drawn at the 30% probability level.

Table 1. Crystal Data and Structure Refinements
for [RuCl(CO)(PMe3)3]2-

(µ-ChdCHCH2CH(OH)CH(OH)CH2CHdCHCHdCH)
(4a) and [RuCl(CO)(PMe3)3]2-

(µ-CHdCHCHdCHCHdCHCHdCH) (14)
4a 14

formula C28H62Cl2O2P6Ru2 C28H66Cl2O4P6Ru2
fw 889.64 925.67
cryst syst triclinic monoclinic
space group P1h C2/c
a, Å 8.5217(12) 27.0706(17)
b, Å 9.0370(12) 8.5615(6)
c, Å 15.631(12) 18.7152(12)
R, deg 84.307(3)
â, deg 80.258(3) 93.4720(10)
γ, deg 64.880(2)
V, Å3 1073.7(3) 4329(5)
Z 1 4
dcalc, g cm-3 1.376 1.420
θ range, deg 2.00 to 27.53 1.51 to 26.37
no. of reflns collected 7409 11 734
no. of ind reflns 4881 (Rint ) 2.07%) 4413 (Rint ) 2.44%)
no. of obsd reflns 3912 (I > 2σ(I))
no. of params refined 197 190
final R indices
(I > 2σ(I))

R ) 3.48%,
wR2 ) 7.83%

R ) 3.06%,
wR2 ) 6.55%

goodness of fit 0.952 1.049
largest diff peak,

e Å-3
0.731 0.493

largest diff hole,
e Å-3

-0.583 -0.307
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mmetry. In contrast, electrochemical properties of
bimetallic complexes with (CH)x bridges have rarely
been exploited. In this work, we have collected cyclic
voltammograms of complexes 14-16 in dichloromethane
containing 0.10 M n-Bu4NClO4 as the supporting elec-
trolyte. For comparison, the cyclic voltammogram of
complex 4b has also been collected.

The cyclic voltammograms of complexes 14-16 have
very similar features. The cyclic voltammogram of
complex 14 is shown in Figure 4. As shown in Figure
4, complex 14 exhibited two partially reversible oxida-
tion waves at -0.06 and 0.18 V vs Ag/AgCl. These
two waves can be attributed to the formation of
[(PMe3)3(CO)ClRu-(CHdCH)4-RuCl(CO)(PMe3)3]+ and
[(PMe3)3(CO)ClRudCH-(CHdCH)3-CHdRuCl(CO)-
(PMe3)3]2+, respectively. The pyridine-containing com-
plexes 15 and 16 can be oxidized more easily compared
to the PMe3-containing complex 14. Complex 15 showed
two partially reversible oxidation waves at -0.19 and
-0.02 V vs Ag/AgCl. The two oxidation waves of complex

16 were observed at -0.22 and -0.08 V vs Ag/AgCl.
These two waves can be attributed to the formation of
[L5Ru-(CHdCH)4-RuL5]+ and [L5Ru dCH-(CHd
CH)3-CHdRuL5]2+, respectively.

The peak separations of the two oxidation waves for
complexes 14, 15, and 16 are dependent on ligands and
are at 0.24, 0.17, and 0.14 V, respectively. The peak
separations are smaller than that reported for the
(CH)4-bridged complex Cp(dppm)Fe-(CHdCH)2-Fe-
(dppm)Cp (0.44 V).14b Observation of two oxidation
waves for complexes 14-17 may imply that the two
metal centers can interact with each other. For com-
parison, it is noted that the cyclic voltammogram of
complex 4a, in which the metal centers are connected
by the nonconjugated bridge CHdCH-CH2CH(OMs)-

Table 2. Selected Bond Distances (Å) and Angles (deg) for
[RuCl(CO)(PMe3)3]2(µ-CHdCHCH2CH(OH)CH(OH)CH2CHdCHCHdCH) (4a)

Bond Distances (Å)
Ru(1)-P(1) 2.4010(7) Ru(1)-P(2) 2.3559(7) Ru(1)-P(3) 2.3592(7)
Ru(1)-Cl(1) 2.4688(7) Ru(1)-C(10) 2.096(3) Ru(1)-C(11) 1.832(3)
C(11)-C(12) 1.316(3) C(12)-C(13) 1.498(4) C(13)-C(14) 1.521(3)
C(14)-C(14A)a 1.525(5) O(1)-C(10) 1.122(3)

Bond Angles (deg)
P(1)-Ru(1)-P(2) 96.32(3) P(1)-Ru(1)-P(3) 94.80(3)
P(1)-Ru(1)-Cl(1) 93.25(3) P(1)-Ru(1)-C(10) 89.75(9)
P(1)-Ru(1)-C(11) 179.05(7) P(2)-Ru(1)-P(3) 166.90(3)
P(2)-Ru(1)-Cl(1) 85.48(3) P(2)-Ru(1)-C(10) 93.85(8)
P(2)-Ru(1)-C(11) 84.49(6) P(3)-Ru(1)-C1(1) 87.01(3)
P(3)-Ru(1)-C(10) 93.09(8) P(3)-Ru(1)-C(11) 84.46(6)
Cl(1)-Ru(1)-C(10) 176.98(9) Cl(1)-Ru(1)-C(11) 87.29(7)
C(10)-Ru(1)-C(11) 89.71(11) Ru(1)-C(10)-O(1) 177.9(3)
Ru(1)-C(11)-C(12) 132.8(2)

a Symmetry transformations used to generate equivalent atoms: -x+1, y, -z+1/2.

Figure 2. Hydrogen-bonding interactions in [RuCl(CO)-
(PMe3)3]2(µ-CHdCHCH2CH(OH)CH(OH)CH2CHdCH) (4a).
The methyl groups of PMe3 and the hydrogen atoms (except
the OH) are omitted for clarity.

Figure 3. Molecular structure of [RuCl(CO)(PMe3)3]2(µ-
CHdCH-CHdCH-CHdCH-CHdCH) (14). The hydrogen
atoms of PMe3 are omitted for clarity. Thermal ellipsoids
are drawn at the 40% probability level.

Table 3. Selected Bond Distances (Å) and Angles
(deg) for [RuCl(CO)(PMe3)3]2-

(µ-CHdCHCHdCHCHdCHCHdCH) (14)
Bond Distances (Å)

Ru(1)-P(1) 2.3604(8) Ru(1)-P(2) 2.3662(9) Ru(1)-P(3) 2.4056(8)
Ru(1)-Cl(1) 2.4771(8) Ru(1)-C(1) 2.095(3) Ru(1)-C(01) 1.817(3)
C(1)-C(2) 1.333(4) C(2)-C(3) 1.450(4) C(3)-C(4) 1.345(4))
C(4)-C(4A)a 1.435(5) O(1)-C(01) 1.145(4)

Bond Angles (deg)
P(1)-Ru(1)-P(2) 167.48(3) P(1)-Ru(1)-P(3) 95.60(3)
P(1)-Ru(1)-Cl(1) 86.06(3) P(1)-Ru(1)-C(1) 85.59(8)
P(1)-Ru(1)-C(01) 93.42(11) P(2)-Ru(1)-P(3) 94.10(3)
P(2)-Ru(1)-Cl(1) 85.38(3) P(2)-Ru(1)-C(1) 85.01(9)
P(2)-Ru(1)-C(01) 94.80(11) P(3)-Ru(1)-C1(1) 94.04(3)
P(3)-Ru(1)-C(1) 177.59(9) P(3)-Ru(1)-C(01) 88.07(10)
Cl(1)-Ru(1)-C(1) 88.12(9) Cl(1)-Ru(1)-C(01) 177.86(10)
C(1)-Ru(1)-C(01) 88.77(13) Ru(1)-C(01)-O(1) 178.8(4)
Ru(1)-C(1)-C(2) 132.7(2) C(1)-C(2)-C(3) 125.4(3)
C(2)-C(3)-C(4) 126.1(3) C(3)-C(4)-C(4A)a 125.8(4)

a Symmetry transformations used to generate equivalent at-
oms: -x+2, -y, -z+1.

Figure 4. Cyclic voltammogram of [RuCl(CO)(PMe3)3]2-
(µ-CHdCH-CHdCH-CHdCH-CHdCH) (14).
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CH(OMs)CH2CHdCH, showed only one irreversible
oxidation peak at 1.09 V vs Ag/AgCl.

The electrochemical properties of C8-bridged bimetal-
lic complexes Cp*(dppe)Fe-(CtC)4-Fe(dppe)Cp*8 and
Cp*(NO)(PR3)Re-(CtC)4-Re(NO)(PR3)Cp*7 have been
reported. The complex Cp*(dppe)Fe-(CtC)4-Fe(dppe)-
Cp* exhibits two oxidation waves at -0.23 and 0.20 V
vs SCE with a peak separation of 0.43 V; the complex
Cp*(NO)(PPh3)Re-(CtC)4-Re(NO)(PPh3)Cp* exhibits
two oxidation waves at 0.24 and 0.52 V vs SCE with a
peak separation of 0.28 V; the complex Cp*(NO)(PCy3)-
Re-(CtC)4-Re(NO)(PCy3)Cp* exhibited two oxidation
waves at 0.11 and 0.43 V vs SCE with a peak separation
of 0.22 V.

Summary. We have successfully prepared bimetallic
complexes with metal centers bridged by CHdCHCH2-
CH(OH)CH(OH)CH2CHdCH or CHdCHCHdCHCHd
CHCHdCH. The structures of [RuCl(CO)(PMe3)3]2(µ-
CHdCHCH2CH(OH)CH(OH)CH2CHdCH) (4a) and [Ru-
Cl(CO)(PMe3)3]2(µ-CHdCHCHdCHCHdCHCHdCH)
(14) have been confirmed by X-ray diffraction. Electro-
chemical study shows that the metal centers in bimetal-
lic complexes containing the CHdCHCHdCHCHd
CHCHdCH bridge interact with each other.

Experimental Section

All manipulations were carried out at room temperature
under a nitrogen atmosphere using standard Schlenk tech-
niques, unless otherwise stated. Solvents were distilled under
nitrogen from sodium-benzophenone (hexane, diethyl ether,
THF, benzene) or calcium hydride (dichloromethane, CHCl3).
The starting materials RuHCl(CO)(PPh3)3,44 HCtCCH2CH-
(OH)CH(OH)CH2CtCH,23 ethyl (E)-3-iodo-2-propenate,32 and
2,6-(Ph2PCH2)2C5H3N (PMP)45 were prepared according to
literature methods. Microanalyses were performed by M-H-W
Laboratories (Phoenix, AZ). 1H, 13C{1H}, and 31P{1H} NMR
spectra were collected on a Bruker ARX-300 spectrometer (300
MHz). 1H and 13C NMR chemical shifts are relative to TMS,
and 31P NMR chemical shifts are relative to 85% H3PO4.

The electrochemical measurements were performed with a
PAR model 273 potentiostat. A three-component electrochemi-
cal cell was used with a glassy-carbon electrode as the working
electrode, a platinum wire as the counter electrode, and a Ag/
AgCl electrode as the reference electrode. The cyclic voltam-
mograms were collected with a scan rate of 100 mV/s in CH2Cl2

containing 0.10 M n-Bu4NClO4 as the supporting electrolyte.
The peak potentials reported were referenced to Ag/AgCl. The
ferrocene/ferrocenium redox couple was located at 0.26 V under
our experimental conditions.

[RuCl(CO)(PPh3)2]2(µ-CHdCHCH2CH(OH)CH(OH)-
CH2CHdCH) (3a). A solution of 1,7-octadiyne-4,5-diol (2a)
(155 mg, 1.12 mmol) in CH2Cl2 (5 mL) was slowly added to a
suspension of RuHCl(CO)(PPh3)3 (2.15 g, 2.26 mmol) in CH2-
Cl2 (30 mL). The reaction mixture was stirred at room
temperature for 5 min, and then the volume of the blood red
reaction mixture was reduced to ca. 5 mL under vacuum.
Diethyl ether (60 mL) was added to the reaction mixture to
give an orange solid. The solid was collection by filtration,
washed with diethyl ether (3 × 30 mL), and dried under
vacuum. Yield: 1.32 g, 77.7%. Anal. Calcd for C82H72Cl2O4P4-
Ru2: C, 64.80; H, 4.78. Found: C, 64.71; H, 4.82. 31P{1H} NMR
(121.50 MHz, CD2Cl2): δ 30.5 (d, J(PP) ) 322.4 Hz), 29.8 (d,
J(PP) ) 322.4 Hz). 1H NMR (300.13 MHz, CD2Cl2): δ 1.9 (br,
4 H, CH2), 2.8 (br, 2 H, CH (OH)), 4.68 (m, 2 H, Ru-CHd

CH), 7.18 (d, J(HH) ) 13.4 Hz, 2 H, Ru-CH), 7.4-7.7 (m, 60
H, PPh3). 13C{1H} NMR (75.47 MHz, CDCl3): δ 42.0 (s, CH2),
53.5 (s, CH(OH)), 128.2-135.1 (m, PPh3), 132.5 (s, Ru-CHd
CH), 142.3 (t, J(PC) ) 9.8 Hz, Ru-CH), 203.1 (t, J(PC) ) 15.6
Hz, Ru-CO).

[RuCl(CO)(PMe3)3]2(µ-CHdCHCH2CH(OH)CH(OH)-
CH2CHdCH) (4a). A 1 M THF solution of PMe3 (10 mL, 10
mmol) was added to a solution of complex 3a (0.40 g, 0.26
mmol) in THF (30 mL). The reaction mixture was stirred at
room temperature for 3 days to give a light pink solution. The
volume of the reaction mixture was reduced to ca. 5 mL under
vacuum. Addition of diethyl ether (40 mL) to the residue
generated a white solid, which was collected by filtration,
washed with diethyl ether (2 × 30 mL), and dried under
vacuum. Yield: 0.18 g, 71%. Anal. Calcd for C28H66Cl2O4P6-
Ru2: C, 36.28; 7.18. Found: C, 36.75; H, 6.95. 31P{1H} NMR
(121.50 MHz, CD2Cl2): δ -20.0 (t, J(PP) ) 22.5 Hz), -8.2 (d,
J(PP) ) 22.5 Hz). 1H NMR (300.13 MHz, CD2Cl2): δ 1.47 (t,
J(PH) ) 3.2 Hz, 18 H, PMe3), 1.48 (t, J(PH) ) 3.2 Hz, 18 H,
PMe3), 1.56 (d, J(PH) ) 6.5 Hz, 18 H, PMe3), 2.38 (br, 4 H,
CH2), 3.61 (m, 2 H, CH(OH)), 5.53 (m, 2 H, Ru-CHdCH), 6.94
(m, 2 H, Ru-CH). 13C{1H} NMR (75.47 MHz, CDCl3): δ 16.4
(t, J(PC) ) 7.8 Hz, PMe3), 19.9 (d, J(PC) ) 20.7 Hz, PMe3),
43.7 (d, J(PC) ) 8.2 Hz, CH2), 53.2 (t, J(PC) ) 27.2 Hz, CH-
(OH)), 129.9 (s, Ru-CHdCH), 160.8 (dt, J(PC) ) 76.4, 16.2
Hz, Ru-CH), 202.4 (q, J(PC) ) 13.9 Hz, Ru-CO).

4,5-Bis(methanesulfonyl)-1,7-octadiyne (2b). To a vigor-
ously stirred solution of 2a (0.25 g, 1.80 mmol) in CH2Cl2 (20
mL) pre-cooled at 0 °C was slowly added methanesulfonyl
chloride (0.40 mL, 5.2 mmol) and then triethylamine (0.80 mL,
5.7 mmol), while the temperature was maintained at 0 °C.
After the addition was completed, the mixture was allowed to
warm to room temperature and stirred for an additional 30
min, and the reaction was quenched with 1 N HCl aqueous
solution. The organic layer was separated, and the aqueous
layer was extracted with CH2Cl2 (10 mL). The combined
organic extracts were washed with saturated (NH4)2SO4 and
NaCl solutions, dried over MgSO4, filtered, and concentrated
to give an oil. The crude product was purified by column
chromatography (silica gel, hexane/EtOAc ) 1:1) to give 2b
as a yellow oil. Yield: 0.36 g, 68%. 1H NMR (300.13 MHz,
CDCl3): δ 2.28 (s, 2 H, HCtC), 2.93 (m, 4 H, CH2), 3.27 (s, 6
H, CH3), 5.12 (m, 2 H, HCOSO2Me). 13C{1H} NMR (75.47 MHz,
CDCl3): δ 21.7 (s, CH2), 38.8 (s, CH3), 72.8 (s, HCtC), 76.9 (s,
CtCH), 77.1 (s, HCOSO2Me).

[RuCl(CO)(PPh3)2]2(µ-CHdCHCH2CH(OMs)CH(OMs)-
CH2CHdCH) (3b). To a suspension of RuHCl(CO)(PPh3)3

(3.20 g, 3.36 mmol) in CH2Cl2 (50 mL) was slowly added a
solution of 2b (0.57 g, 1.9 mmol) in CH2Cl2 (20 mL). The
reaction mixture was stirred for 30 min to give a red solution,
which was filtered through a column of Celite. The solvent of
the filtrate was removed under vacuum. The residue was
washed with diethyl ether and dried under vacuum to give a
deep red solid. Yield: 2.4 g, 86%. Anal. Calcd for C84H76-
Cl2O8P4S2Ru2: C, 60.25; H, 4.58. Found: C, 60.31; H, 4.60.
31P{1H} NMR (121.5 MHz, CD2Cl2): δ 30.0 (d, J(PP) ) 320.2
Hz), 29.0 (d, J(PP) ) 320.2 Hz). 1H NMR (CD2Cl2, 300.13
MHz): δ 1.93 (m, 2 H, CHH), 2.25 (m, 2 H, CHH), 2.74 (s, 6
H, Me), 4.42 (s, 2 H, HCOSO2Me), 4.61 (m, 2 H, RuCHdCH),
7.24-7.67 (m, 62 H, PPh3, Ru-CH).

[RuCl(CO)(PMe3)3]2(µ-CHdCHCH2CH(OMs)CH(OMs)-
CH2CHdCH) (4b). To a solution of complex 3b (1.60 g, 1.28
mmol) in THF (50 mL) was added a 1 M THF solution of PMe3

(13.0 mL, 13.0 mmol). The reaction mixture was stirred for
15 h. The solvents were removed completely. Diethyl ether (40
mL) was added, and the mixture was stirred for 30 min to
give a white solid, which was collected by filtration, washed
with diethyl ether, and dried under vacuum to give a white
solid. Yield: 1.2 g, 87%. Anal. Calcd for C30H70Cl2O8P6S2-
Ru2‚0.5C2H5OC2H5: C, 34.35; H, 6.77. Found: C, 34.33; H,
6.48. 31P{1H} NMR (121.5 MHz, C6D6): δ -20.0 (t, J(PP) )

(44) Ahmad, N.; Levison, J. J.; Robinson, S. D.; Uttley, M. F.;
Wonchoba, E. R.; Parshall, G. W. Inorg. Synth. 1974, 15, 45.

(45) Dahlhoff, W. V.; Nelson, S. M. J. Chem. Soc. (A) 1971, 2184.
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23.6 Hz), -8.0 (d, J(PP) ) 23.1 Hz). 1H NMR (300.13 MHz,
C6D6): δ 1.22 (d, J(PH) ) 6.6 Hz, 18 H, PMe3), 1.44 (t, J(PH)
) 3.6 Hz, 18 H, PMe3), 1.48 (t, J(PH) ) 3.3 Hz, 18 H, PMe3),
2.79 (s, 6 H, MeSO3), 3.10 (br, 4 H, CH2), 5.44 (s, 2 H, HCOSO2-
Me), 6.00 (m, 2 H, RuCHdCH), 7.63 (m, 2 H, Ru-CH).

Reaction of Hydrochloric Acid with [RuCl(CO)(P-
Me3)3]2(µ-CHdCHCH2CH(OH)CH(OH)CH2CHdCH). A mix-
ture of 4a (60 mg, 0.065 mmol), CDCl3 (0.5 mL), and hydro-
chloric acid (37% aqueous solution, 0.05 mL) was allowed to
stand for 30 min. The solution was subjected to column
chromatography (silica gel, eluent: MeOH) to give RuCl2(CO)-
(PMe3)3 (5)28 and CH2dCHCH2CH(OH)CH(OH)CH2CHdCH2

(6),29 which have been reported previously. Characterization
data for 5: 31P{1H} NMR (121.5 MHz, CD3OD): δ -8.8 (d,
J(PP) ) 29.6 Hz), 10.4 (t, J(PP) ) 29.6 Hz). 1H NMR (300.13
MHz, CD3OD): δ 1.55 (d, J(PH) ) 9.5 Hz, 9 H, PMe3), 1.59 (t,
J(PH) ) 3.8 Hz, 18 H, PMe3). Characterization data for 6: 1H
NMR (300.13 MHz, CD3OD): δ 2.34 (m, 4 H, CH2), 3.39 (br, 2
H, OH), 3.58 (m, 2 H, OCH), 5.14 (m, 4 H, dCH2), 5.90 (m, 2
H, dCH).

(E)-Me3SiCtCCHdCHCOOEt (9). To a mixture of ethyl
(E)-3-iodo-2-propenate (6.47 g, 28.6 mmol), PdCl2(PPh3)2 (0.30
g, 0.43 mmol), and CuI (0.050 g, 0.26 mmol) in Et3N (100 mL)
was added trimethylsilylacetylene (3.34 g, 34.0 mmol). The
reaction mixture was stirred at 50 °C for 15 h. After the
mixture was cooled to room temperature, diethyl ether (100
mL) and water (100 mL) were added, and the aqueous layer
was extracted with 2 × 70 mL of diethyl ether. The combined
organic layers were dried over MgSO4. The solvents were
removed by rotary evaporation, and the residue was purified
by column chromatography (silica gel, eluent: ethyl acetate/
hexane, 2:98) to give a yellow oil. Yield: 4.3 g, 77%. The
compound has been synthesized previously by an alternative
route.33 1H NMR (300.13 MHz, CDCl3): δ 0.23 (s, 9 H, SiMe3),
1.29 (t, J(HH) ) 7.0 Hz, 3 H, CH3), 4.22 (q, J(HH) ) 7.0 Hz,
2 H, OCH2), 6.25 (d, J(HH) ) 16.0 Hz, 1 H, HCd), 6.72 (d,
J(HH) ) 16.0 Hz, 1 H, dCHCOOEt). 13C{1H} NMR (75.47
MHz, CDCl3): δ -0.7 (s, SiMe3), 13.9 (s, CH3), 60.5 (s, OCH2),
101.0 (s, CtCSiMe3), 104.5 (s, CtCSiMe3), 124.5 (s, HCd),
130.9 (s, dCHCOOEt), 165.5 (s, CO).

(E)-Me3SiCtCCHdCHCHO (10). A solution of 9 (2.62 g,
13.4 mmol) in CH2Cl2 (30 mL) was cooled to -78 °C. A 1 M
CH2Cl2 solution of diisobutylalumium hydride (13.0 mL, 13.0
mmol) was slowly added to the solution at such a rate that
the temperature did not exceed -75 °C. The reaction mixture
was stirred at -75 to -70 °C for an additional 1 h. Then MeOH
(10 mL) was slowly added while the temperature of the
mixture was maintained at -75 °C. Immediately after the
addition, a 20% aqueous potassium tartrate solution (30 mL)
was added to the cold reaction mixture. The cooling bath was
removed, the mixture was stirred for 15 min, and then diethyl
ether (20 mL) was added. The organic layer was separated,
and the aqueous layer was extracted with diethyl ether (2 ×
15 mL). The combined organic layers were dried over MgSO4.
The solvents were then removed by rotary evaporation. The
residue was purified by column chromatograph (silica gel,
eluent: ethyl acetate in hexane ) 5%, 10% in turn) to give a
yellow oil. Yield: 1.4 g, 69%. Anal. Calcd for C8H12OSi: C,
63.11; H, 7.94. Found: C, 62.57; H, 7.71. MS(CI): m/z 153 [M
+ 1]. 1H NMR (300.13 MHz, CDCl3): δ 0.26 (s, 9 H, SiMe3),
6.47 (dd, J(HH) ) 15.9, 7.4 Hz, 1 H, dCHCHO), 6.59 (d, J(HH)
) 15.9 Hz, 1 H, dCH), 9.56 (d, J(HH) ) 7.4 Hz, 1 H, CHO).
13C{1H} NMR (75.47 MHz, CDCl3): δ -0.9 (s, SiMe3), 100.2
(s, CtCSiMe3), 110.9 (s, CtCSiMe3), 131.7 (s, HCd), 139.7
(s, dCHCHO), 192.7 (s, CHO).

(3E,5E)-Me3SiCtCCHdCHCHdCHCtCSiMe3 (11). To a
slurry of (3-trimethylsilyl-2-propynyl)triphenylphosphonium
bromide (3.58 g, 7.89 mmol) in THF (40 mL) was added a 1 M
THF solution of NaN(SiMe3)2 (7.5 mL, 7.5 mmol). The mixture
was stirred at room temperature for 30 min, and then a
solution of 10 (1.20 g, 7.89 mmol) in THF (20 mL) was added

slowly. The resulting solution was stirred for 30 min, and then
water (80 mL) was added. The layers were separated, and the
aqueous layer was further extracted with diethyl ether (3 ×
50 mL). The combined organic layers were washed with a
saturated aqueous solution of sodium chloride (2 × 50 mL)
and dried over MgSO4, filtered, and then concentrated under
rotary evaporation. The crude product was purified by column
chromatography (silica gel, eluent: hexane) to give a yellow
solid. Yield: 1.1 g, 59%. 1H NMR (300.13 MHz, CDCl3): δ 0.21
(s, 18 H, SiMe3), 5.70 (m, 2 H, HCd), 6.63 (m, 2 H, dCH).
13C{1H} NMR (75.47 MHz, CDCl3): δ -0.3 (s, SiMe3), 99.5 (s,
CtC), 103.9 (s, CtC), 113.5 (s, CHdCH), 141.2 (s, CHdCH).

(3E,5E)-HCtCCHdCHCHdCHCtCH (12). To a mixture
of sodium hydroxide aqueous solution (50%, 10 mL) and EtOH
(80 mL) was slowly added 11 (1.4 g, 5.9 mmol) in EtOH (20
mL). The resulting solution was stirred for 4 h, and then a
saturated aqueous solution of sodium chloride (70 mL) was
added to the mixture. The solution was extracted with hexane
(4 × 60 mL). The solvents of the extraction were removed to
give a brown-yellow solid. Yield: 0.41 g, 68%. 1H NMR (300.13
MHz, C6D6): δ 2.79 (d, J(HH) ) 2.2 Hz, 2 H, HCtC), 5.26 (m,
2 H, HCdC), 6.30 (m, 2 H, dCH-CtC). 13C{1H} NMR (75.47
MHz, C6D6): δ 82.0 (s, HCtC), 82.7 (s, CtCH), 113.3 (s,
HCd), 141.9 (s, dCH).

[RuCl(CO)(PPh3)2]2(µ-CHdCHCHdCHCHdCHCHd
CH) (13). To a suspension of RuHCl(CO)(PPh3)3 (3.5 g, 3.67
mmol) in CH2Cl2 (50 mL) was slowly added a solution of 12
(0.300 g, 2.94 mmol) in CH2Cl2 (30 mL). The reaction mixture
was stirred for 30 min to give a red solution. The reaction
mixture was filtered through a column of Celite. The volume
of the filtrate was reduced to ca. 10 mL under vacuum.
Addition of hexane (80 mL) to the residue produced a purple
solid, which was collected by filtration, washed with hexane,
and dried under vacuum. Yield: 2.5 g, 92%. Anal. Calcd for
C82H68Cl2O2P4Ru2: C, 66.44; H, 4.62. Found: C, 66.38; H, 4.88.
31P{1H} NMR (121.5 MHz, CD2Cl2): δ 29.4 (s). 1H NMR (300.13
MHz, CD2Cl2): δ 5.54 (m, 2 H, δ-CH), 6.00 (m, 2 H, γ-CH),
7.41-7.73 (m, 62 H, â-CH, PPh3), 7.96 (br d, J(HH) ) 12.7
Hz, 2 H, Ru-CH).

[RuCl(CO)(PMe3)3]2(µ-CHdCHCHdCHCHdCHCHd
CH) (14). To a solution of complex 13 (0.5 g, 0.34 mmol) in
CH2Cl2 (50 mL) was added a 1 M THF solution of PMe3 (5.0
mL, 5.0 mmol). The reaction mixture was stirred for 10 h. The
volume of the reaction mixture was reduced to ca. 2 mL, and
then hexane (20 mL) was added. The pale yellow solid was
collected by filtration, washed with hexane, and dried over
vacuum. Yield: 0.26 g, 86%. Anal. Calcd for C28H62Cl2O2P6-
Ru2‚CH2Cl2: C, 35.74; H, 6.62. Found: C, 36.00; H, 6.16. 31P-
{1H} NMR (121.5 MHz, CD2Cl2): δ -20.5 (t, J(PP) ) 22.6 Hz),
-8.45 (d, J(PP) ) 22.6 Hz). 1H NMR (300.13 MHz, CD2Cl2):
δ 1.45 (t, J(PH) ) 3.4 Hz, 36 H, PMe3), 1.52 (d, J(PH) ) 6.8
Hz, 18 H, PMe3), 5.93 (m, 2 H, δ-CH), 6.22 (m, 2 H, γ-CH),
6.45 (m, 2 H, â-CH), 7.51 (ddt, J(HH) ) 17.0 Hz, J(PH) ) 8.8,
4.0 Hz, 2 H, Ru-CH). 13C{1H} NMR (75.5 MHz, CD2Cl2): δ
17.8 (t, J(PC) ) 15.3 Hz, PMe3), 21.1 (d, J(PC) ) 20.8 Hz,
PMe3), 125.0 (s, δ-CH), 137.2 (s, γ-CH), 139.3 (s, â-CH), 172.7
(dt, J(PC) ) 78.0, 18.5 Hz, Ru-CH), 203.8 (q, J(PC) ) 11.5
Hz, CO).

[RuCl(PhPy)(CO)(PPh3)2]2(µ-CHdCHCHdCHCHd
CHCHdCH) (15). A mixture of complex 13 (0.50 g, 0.34 mmol)
and 4-phenylpyridine (0.21 g, 1.36 mmol) in CH2Cl2 (30 mL)
was stirred for 30 min. The solution was filtered through a
column of Celite. The volume of the filtrate was reduced to
ca. 5 mL under vacuum. Addition of hexane (30 mL) to the
residue produced a yellow solid, which was collected by
filtration, washed with hexane, and dried under vacuum.
Yield: 0.51 g, 84%. Anal. Calcd for C104H86Cl2N2O2P4Ru2‚CH2-
Cl2: C, 67.17; H, 4.72; N, 1.49. Found: C, 67.46; H, 5.14; N,
1.55. 31P{1H} NMR (121.5 MHz, CD2Cl2): δ 25.2 (s). 1H NMR
(300.13 MHz, CD2Cl2): δ 5.74 (m, 2 H, δ-CH), 6.00 (m, 2 H,
γ-CH), 6.88 (br, 4 H, C5H2H2N), 7.27-7.65 (m, 72 H, Ph, â-CH),
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8.20 (br d, J(HH) ) 16.1 Hz, 2 H, Ru-CH), 8.57 (br, 4 H,
C5H2H2N).

[RuCl(CO)(PMP)]2(µ-CHdCHCHdCHCHdCHCHd
CH) (16). A mixture of complex 13 (0.50 g, 0.34 mmol) and
PMP (0.32 g, 0.70 mmol) in CH2Cl2 (30 mL) was stirred for 15
h. The solution was filtered through a column of Celite. The
volume of the filtrate was reduced to ca. 5 mL under vacuum.
Addition of hexane (30 mL) to the residue produced a pale
yellow solid, which was collected by filtration, washed with
hexane, and dried under vacuum. Yield: 0.38 g, 89%. Anal.
Calcd for C72H62Cl2N2O2P4Ru2: C, 62.47; H, 4.52; N, 2.02.
Found: C, 62.19; H, 4.76; N, 2.02. 31P{1H} NMR (121.5 MHz,
CD2Cl2): δ 48.8 (s). 1H NMR (300.13 MHz, CD2Cl2): δ 4.26
(m, 4 H, CHH(C5H3N)CHH), 4.66 (m, 4 H, CHH(C5H3N)CHH),
5.34 (m, 2 H, δ-CH), 5.71 (m, 2H, γ-CH), 7.15-7.78 (m, 42 H,
PPh2, â-CH), 7.95 (m, 2 H, Ru-CH).

Crystallographic Analysis for [RuCl(CO)(PMe3)3]2(µ-
CHdCHCH2CH(OH)CH(OH)CH2CHdCH) (4a). Crystals
suitable for X-ray diffraction were grown from a CH2Cl2

solution layered with hexane. A crystal was mounted on a glass
fiber, and the diffraction intensity data were collected on a
Bruker CCD diffractometer with graphite-monochromatized
Mo KR radiation (λ ) 0.71073 Å). Lattice determination and
data collection were carried out using SMART version 5.625
software. Data reduction and absorption corrections were
performed using SAINT version 6.26 and SADABS version
2.03. Structure solution and refinement were performed using
the SHELXTL version 6.10 software package. The molecule
has a crystallographic 2-fold axis; thus the asymmetric unit
contains half of one molecule. All non-hydrogen atoms were
refined anisotropically. The hydroxy proton was seen in the
Fourier difference map, and all hydrogens were included in
their idealized positions and refined using a riding model.
Further crystallographic details are summarized in Table 1,
and selected bond distances and angles are given in Table 2.

Crystallographic Analysis for [RuCl(CO)(PMe3)3]2(µ-
CHdCHCHdCHCHdCHCHdCH) (14). Crystals suitable for
X-ray diffraction were grown from a CH2Cl2 solution layered

with hexane. A colorless single crystal with approximate
dimensions of 0.20 × 0.20 × 0.15 mm was mounted on a glass
fiber for diffraction experiments. Intensity data were collected
on a Bruker SMART CCD area detector and corrected for
SADABS (Siemens Area Detector Absorption)46 (from 0.7975
to 1.0000 on I). The structure was solved by Patterson
methods, expanded by difference Fourier syntheses, and
refined by full matrix least-squares on F2 using the Bruker
SHELXTL (version 5.10)47 program package. The molecule is
centrosymmetric, with the inversion center at the midpoint
of C4 and C4A; thus the crystallographic asymmetric unit
contains half of one molecule. All non-hydrogen atoms were
refined anisotropically. The hydrogen atoms (H1, H2, H3, H4)
of the C8H8 backbone were located from the difference Fourier
maps and refined with isotropic thermal parameters. The
remaining hydrogen atoms were introduced at their geometric
positions and refined as riding atoms. Further crystallographic
details are summarized in Table 1, and selected bond distances
and angles are given in Table 3.
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