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A series of triruthenium complexes with arylacetylide axial ligands Ru3(dpa)4(C2X)2(BF4)y (dpa = dipyridylamido;
X = Fc, y = 0 (1); X = Ph, y = 0 (2); X = PhOCH3, y = 1 (3); X = PhC5H11, y = 1 (4); X = PhCN, y = 0 (5); X =
PhNO2, y = 0 (6)) have been synthesized. The crystal structures show that the Ru–Ru bond lengths (2.3304(9)–
2.3572(5) Å) of these compounds are longer than those of Ru3(dpa)4Cl2 (Ru–Ru=2.2537(1) Å). This is ascribed to the
formation of the stronger p-backbonding from metal to axial ligand which weakens the Ru–Ru interactions and the
bond order is reduced in the triruthenium unit. Cyclic voltammetry and differential pulse voltammetry show that
compound 1 exhibits electronic coupling between the two ferrocenyl units with DE1/2 close to 100 mV. Compounds
2–6 display three triruthenium-based reversible one-electron redox couples, two oxidations and one reduction, and
the electrode potentials shift upon varying the substituents. A linear relationship is observed when the Hammett
constants are plotted against the redox potentials.

Introduction
Mononuclear and dinuclear complexes with acetylide ligands
have been extensively investigated since the acetylide complexes
exhibit interesting redox and spectroscopic properties.1,2 Exam-
ples of multinuclear complexes with acetylide ligands are rare al-
though numerous multinuclear metal string complexes have been
synthesized in the past decade.3,4 Interest in the multinuclear
metal complexes arises from an understanding of the metal–
metal interactions in these complexes and their potential use
as “molecular wires”. To be considered as molecular wires, the
molecules have to be able to show strong electronic coupling and
to provide a pathway for electrons. Our previous studies show
that some of our linear multinuclear metal complexes exhibit
strong metal–metal interactions.3 To test the communicating
ability of these complexes, we recently reported their electron
transfer efficiency at single molecular level by using the STM
(scanning tunnelling microscopy) methodology.5 The results
showed that the electron transfer efficiency is dependent on the
metal–metal bond order. Another convenient way to evaluate
the electron conduction capability is to look at the electronic
communication between the redox-active termini bonded to
the ends of a molecular wire.6 Our previous studies on the
triruthenium complex showed that there is an overall bond
order of three over the Ru3 unit. Thus, the triruthenium is a
suitable candidate for use as a molecular wire.7 We report here
the synthesis and structures of a series of triruthenium-based
molecular wires with two redox-active ferrocenylacetylides or
arylacetylides at the ends, and the electrochemical properties
of these complexes (Scheme 1). The use of carbon–carbon

Scheme 1

triple bonds facilitates the electronic communication between
the triruthenium core and the aryl groups and increases the
substituent effects to the trirutheniumn core.

Experimental
General

All reagents and solvents were obtained from commercial
sources and were used without further purification unless
otherwise noted. THF was distilled over Na/benzophenone
under a N2 atmosphere prior to use. CH2Cl2 and CH3CN were
dried over CaH2 and freshly distilled prior to use. Tetra-n-
butylammonium perchlorate (TBAP) was recrystallized twice
from ethyl acetate and further dried under vacuum. Ru3(dpa)4Cl2

(dpa = dipyridyylamido) and 4-CN–C6H4–C≡CSi(Me)3 were
prepared according to previously reported methods.8

Physical measurements

Absorption spectra were recorded on Hewlett Packard model
8453 or JASCO V-570 spectrophotometers. IR spectra were
performed with a Nicolet Fourier-Transform IR spectrometer
in the range 500–4000 cm−1. FAB-MS mass spectra were ob-
tained with a JEOL HX-110 HF double focusing spectrometer
operating in the positive ion detection mode. Molar magnetic
susceptibility was recorded in the range 5–300 K on a SQUID
system with 10 000 Gauss external magnetic field. Electro-
chemistry was performed with a three-electrode potentiostat
(CH Instruments, Model 750A) in CH2Cl2 deoxygenated by
purging with prepurified nitrogen gas. Cyclic voltammetry was
conducted with the use of a home-made three-electrode cell
equipped with a BAS glassy carbon (0.07 cm2) or platinum
(0.02 cm2) disk as the working electrode, a platinum wire as
the auxiliary electrode, and a home-made Ag/AgCl (saturated)
reference electrode. The reference electrode is separated from
the bulk solution by a double junction filled with electrolyte
solution. Potentials are reported vs. Ag/AgCl (saturated) and
referenced to the ferrocene/ferrocenium (Fc/Fc+) couple which
occurs at E1/2 = + 0.54 V vs. Ag/AgCl (saturated). The working
electrode was polished with 0.03 lm aluminium on BuehlerD
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felt pads and was put under ultrasonic radiation for 1 min
prior to each experiment. The reproducibility of individual
potential values was within ±5 mV. The spectroelectrochemical
experiments were accomplished with the use of a 1 mm cuvette,
a 100 mesh platinum gauze as working electrode, a platinum
wire as auxiliary electrode, and a Ag/AgCl (saturated) reference
electrode.

Syntheses

Preparation of Ru3(dpa)4(C≡CFc)2 1. To a solution of
Ru3(dpa)4Cl2 (138 mg, 0.13 mmol) in CH3CN (20 ml) was added
AgBF4 (38 mg, 0.29 mmol). The mixture was stirred at room
temperature for 2 h, and then filtered. LiC≡CFc (1.31 mmol) in
THF (20 mL) prepared in situ from HC≡CFc and CH3Li was
added to the solution. After the mixture was stirred overnight
under argon, the solvent was removed under reduced pressure.
Crystallization from CH2Cl2 and hexane produced 77 mg of dark
green crystals (42%). IR (KBr, cm−1): 2024.3, 1606.6, 1467.4,
1421 (py); UV/Vis (CH2Cl2) kmax/nm (e/dm3 mol−1 cm−1) =
278 (1.23 × 105), 346 (5.91 × 104), 483 (1.49 × 104), 765
(1.97 × 104); MS (FAB) m/z 1403 ([Ru3(dpa)4(CCFc)2]+), 1194
([Ru3(dpa)4(CCFc)]+). EA(%) Ru3Fe2C64H50N12: calcd. C 54.83,
H 3.59, N 11.99; found C 53.21, H 3.76, N 11.83.

Preparation of Ru3(dpa)4(C≡CPh)2 2. To a solution of
Ru3(dpa)4Cl2 (46 mg, 0.044 mmol) in CH3CN (10 ml) was added
AgBF4 (19 mg, 0.096 mmol). The mixture was stirred at room
temperature for 2 h, and then filtered. LiC≡CPh (0.438 mmol)
in THF (20 mL) prepared in situ from HC≡CPh and CH3Li was
added to the solution. After the mixture was stirred overnight
under argon, the solvent was removed under reduced pressure.
Crystallization from CH2Cl2 and hexane produced 15 mg of
dark green crystals (29%). IR (KBr, cm−1): 2057, 1607, 1454,
1421 (py); UV/Vis (CH2Cl2) kmax/nm (e/dm3 mol−1 cm−1) =
290 (1.5 × 105), 352 (7.0 × 104), 490 (1.44 × 104), 754
(2.79 × 104); MS (FAB) m/z 1187 ([Ru3(dpa)4(CCPh)2]+), 1086
([Ru3(dpa)4(CCPh)]+). EA(%) Ru3C56H42N12: calcd. C 56.7, H
3.57, N 14.17; found C 55.44, H 3.7, N 13.95.

Preparation of [Ru3(dpa)4(C≡CPhOCH3)2](BF4) 3. Com-
pound 3 was synthesized using a procedure similar to that for
2 except that LiC≡CPhOCH3 instead of LiC≡CPh was used.
Crystallization from CH2Cl2 and hexane produced 22 mg of
dark green crystals (40%). IR (KBr, cm−1): 2057, 1600, 1461,
1428 (py); UV/Vis (CH2Cl2) kmax/nm (e/dm3 mol−1 cm−1) =
340 (3.21 × 104), 465 (5.56 × 103), 780 (2.43 × 104), 1525
(2.12 × 103); MS (FAB) m/z 1247 ([Ru3(dpa)4(CCPhOCH3)2]+),
1116 ([Ru3(dpa)4(CCPhOCH3)]+). EA(%) Ru3C58H46N12O2BF4:
calcd. C 52.26, H 3.48, N 12.61; found C 50.58, H 3.54, N 12.62.

Preparation of [Ru3(dpa)4(C≡CPhC5H11)2](BF4) 4. Com-
pound 4 was synthesized using a procedure similar to that for
2 except that LiC≡CPhC5H11 instead of LiC≡CPh was used.
Crystallization from CH2Cl2 and hexane produced 19 mg of
dark green crystals (33%). IR (KBr, cm−1): 2057, 1607, 1461,
1421 (py); UV/Vis (CH2Cl2) kmax/nm (e/dm3 mol−1 cm−1) = 345
(3.54 × 104), 470 (6.31 × 103), 755 (2.34 × 104), 1530 (1.73 ×
103); MS (FAB) m/z 1327 ([Ru3(dpa)4(CCPhC5H11)2]+), 1156
([Ru3(dpa)4(CCPhC5H11)]+). EA(%) Ru3C66H62N12BF4: calcd. C
56.09, H 4.42, N 11.89; found C 55.39, H 4.57, N 11.61.

Preparation of Ru3(dpa)4(C≡CPhCN)2 5. Compound 5 was
synthesized using a procedure similar to that for 2 except that
LiC≡CPhCN instead of LiC≡CPh was used. Crystallization
from CH2Cl2 and hexane produced 16 mg of dark green
crystals (30%). IR (KBr, cm−1): 2223, 2057, 1600, 1454, 1421
(py); UV/Vis (CH2Cl2) kmax/nm (e/dm3 mol−1 cm−1) = 274
(1.17 × 105), 342 (1.14 × 105), 476 (1.68 × 104), 755 (2.83 ×
104); MS (FAB) m/z 1237 ([Ru3(dpa)4(CCPhCN)2]+), 1110

([Ru3(dpa)4(CCPhCN)]+). EA(%) Ru3C58H40N14: calcd. C 56.35,
H 3.26, N 15.86; found C 55.77, H 3.34, N 15.31.

Preparation of Ru3(dpa)4(C≡CPhNO2)2 6. Compound 6 was
synthesized using a procedure similar to that for 2 except that
LiC≡CPhNO2 instead of LiC≡CPh was used. Crystallization
from CH2Cl2/1,2-CH2CH2Cl2 and hexane produced 12.2 mg of
dark green crystals (21%). IR (KBr, cm−1): 2050, 1606.6, 1460.8,
1421 (py); UV/Vis (CH2Cl2) kmax/nm (e/dm3 mol−1 cm−1) =
278 (9.7 × 104), 356 (6.56 × 104), 480 (2.12 × 104), 754
(2.55 × 104); MS (FAB) m/z 1277 ([Ru3(dpa)4(CCPhNO2)2]+),
1132 ([Ru3(dpa)4(CCPhNO2)]+). EA(%) Ru3C56H40N14O4: calcd.
C 52.70, H 3.16, N 15.37; found C 51.94, H 3.22, N 15.16.

X-Ray crystallographic determinations

Crystallographic information for 1–6 is summarized in Tables 1
and 2. The chosen crystals were mounted on a glass fiber. X-
Ray diffraction data for 1–6 were collected at 150 K on a
NONIUS Kappa CCD diffractometer installed with monochro-
mated Mo-Ka radiation, k = 0.71073 Å. Cell parameters were
retrieved and refined using DENZO-SMN software on all
observed reflections.9 Data reduction was performed with the
DENZOSMN software.9 An empirical absorption was based
on symmetry-equivalent reflections and absorption corrections
were applied with the SORTAV program.10 All the structures
were solved by using SHELXS-9711 and refined with SHELXL-
9712 by full-matrix least squares on F 2 values. Hydrogen atoms
were fixed at calculated positions and refined using a riding
mode.

CCDC reference numbers 270949–270954.
See http://dx.doi.org/10.1039/b506267e for crystallographic

data in CIF or other electronic format.

Results and discussion
Synthesis of r-alkynyl complexes

Early attempts to construct trinuclear metal acetylide complexes
were focused on the first row transition metals. The multinuclear
complexes of the first row transition metals with acetylide
ligands are relatively unstable, this is why examples of trinuclear
metal acetylide complexes are rare.13 In 1996 we reported the syn-
thesis and structure of the triruthenium complex Ru3(dpa)4Cl2.7

The soft nature of the ruthenium atoms facilitates the synthesis
of the acetylide complexes. We first examined the reaction
between Ru3(dpa)4Cl2 and various arylacetylides. However, the
reaction resulted in an inseparable mixture of monosubstituted
and disubstituted acetylide complexes. Using a procedure similar
to those for the diruthenium complexes with alkynyl ligands,14

Ru3(dpa)4Cl2 was first treated with AgBF4 and then reacted with
the corresponding arylacetylides to give the desired disubstituted
products 1–6 in fair yields. Under the reaction conditions,
compounds 1, 2, 5, and 6 were obtained in the neutral forms,
and compounds 3 and 4 in the one-electron oxidized form.
Compounds 1–6 were characterized by various spectroscopic
techniques. The IR spectrum of compound 1 displays a
characteristic band at 2024 cm−1 corresponding to the C≡C
stretching frequency. The mass spectrum shows peaks at m/z
1403, 1194, and 985 corresponding to [Ru3(dpa)4(C≡CFc)2]+,
[Ru3(dpa)4(C≡CFc)]+, and [Ru3(dpa)4]+, respectively. For com-
pounds 2–6, the IR spectra display characteristic bands m(C≡C)
around 2050–2057 cm−1. The absorption spectra of compounds
2–6 show a broad peak in the range between 750 and 770 nm.
The broadened bands in the visible region may be ascribed to
the charge-transfer transitions of axial ligand to metal.14,15

Structural results

Crystals of 1 were obtained from CH2Cl2 solution layered
with hexane. The molecular structure was further confirmed
by X-ray diffraction analysis. As shown in Fig. 1, the linear
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Fig. 1 ORTEP view of the crystal structure of 1. Thermal ellipsoids
are drawn at the 30% probability level. Hydrogen atoms are omitted for
clarity.

Ru3 unit is symmetrical and is helically supported by four
dpa ligands with two ferrocenylacetylide anions as the axial
ligands. Some selected bond lengths are listed in Table 2. All
the Ru–N bond distances in compound 1 are comparable to
those in [Ru3(dpa)4Cl2].7 The Ru–Ru bond lengths (2.357 Å)
in compound 1 are significantly longer than in the analogue
[Ru3(dpa)4Cl2] (2.254 Å). The lengthening of the Ru–Ru bond
can be ascribed to the formation of a stronger Ru–axial ligand
bond since acetylide is a strong r-donor and a p-acceptor. The
Ru(1)–C(21) bond length of 2.000(9) Å and the C(21)–C(22)
bond length of 1.207(15) Å are strong evidence for a C≡C
moiety r-bonded to ruthenium. The Ru–C≡C chain slightly
deviates from linearity, with the bond angle at C(21) and C(22)
of 175.1(10)◦. Owing to steric reasons, the cyclopentadienyl rings
are positioned between the pyridyl groups of the dipyridylamide
ligands and the two ferrocenyl units do not adopt a conven-
tionally eclipsed orientation.16 The distance between the two
iron(II) centers is 16.286 Å. The average Fe–C bond lengths of
2.040 Å are similar to those observed for ferrocene-containing
complexes.

Crystals of compounds 2–6 were obtained from CH2Cl2

(CH2Cl2/1,2-CH2CH2Cl2) solution layered with hexane. Figs. 2–
6 show the crystal structures of compounds 2–6, respectively.
The crystal data for these complexes are summarized in Table 1
and some selected bond lengths and angles are given in Table 2.
Compounds 1–5 that have their center metal atom on a 2-fold
axis crystallize in the space group Fdd2, whereas compound 6
crystallizes in the space group P2/c and has two independent
molecules in an asymmetric unit, each with the central metal
atom on a 2-fold axis. The crystal structures of compounds 2–6
have much in common except that the axial ligands are different.
The central Ru ion of compounds 2–6 is wrapped with four
short Ru–Namido distances in the range 2.005–2.030 Å, which
are comparable with those in compound 1 and Ru3(dpa)4Cl2.
Unlike Ru3(dpa)4Cl2, compounds 1–6 show a nearly linear Ru–
Ru–Ru arrangement. The averaged Ru–Ru distances in 2–6

Fig. 2 ORTEP view of the crystal structure of 2. Thermal ellipsoids
are drawn at the 20% probability level. Hydrogen atoms are omitted for
clarity.
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Table 2 Selected bond distances (Å) and angles (◦) for complexes Ru3(dpa)4Cl2
7 and 1–6

Ru3(dpa)4Cl2
7 1 2 3 4 5 6a

Ru(1)–Cl 2.596(2)
Ru(1)–Ru(2) 2.25375(5) 2.3568(6) 2.3497(5) 2.3572(5) 2.3520(4) 2.3304(9) 2.3445(7)
Ru(3)–Ru(4) 2.3534(8)
Ru(1)–N 2.108(6) 2.104(8) 2.104(8) 2.111(6) 2.105(4) 2.122(13) 2.106(9)
Ru(3)–N 2.111(10)
Ru(2)–N 2.066(6) 2.034(12) 2.024(12) 2.022(8) 2.030(6) 2.005(19) 2.027(12)
Ru(4)–N 2.019(12)
Ru(1)–C 2.000(9) 2.031(7) 2.038(6) 2.019(5) 1.965(13) 1.996(11)
Ru(3)–C 2.017(11)
C(21)–C(22) 1.207(15) 1.141(9) 1.180(9) 1.202(7) 1.229(15) 1.234(15)
C(49)–C(50) 1.195(13)

Ru(1)–Ru(2)–Ru(1A) 171.15(4) 179.61(7) 179.87(7) 179.75(4) 179.75(3) 179.83(10) 178.35(7)
Ru(3)–Ru(4)–Ru(3B) 179.49(8)

a The pairs of independent Ru atoms are labelled as Ru(1) and Ru(2) in one molecule and as Ru(3) and Ru(4) in the other.

Fig. 3 ORTEP view of the crystal structure of 3. Thermal ellipsoids
are drawn at the 30% probability level. Hydrogen atoms are omitted for
clarity.

Fig. 4 ORTEP view of the crystal structure of 4. Thermal ellipsoids
are drawn at the 30% probability level. Hydrogen atoms are omitted for
clarity.

Fig. 5 ORTEP view of the crystal structure of 5. Thermal ellipsoids
are drawn at the 20% probability level. Hydrogen atoms are omitted for
clarity.

are 2.3497(5), 2.3572(5), 2.3520(4), 2.3304(9), and 2.3445(7) Å,
respectively. The slight lengthening of the Ru–Ru distances in
3 and 4 is attributed to the electron-donating nature of the
para substituents. However, it is possible that the repulsion

Fig. 6 ORTEP view of the crystal structure of one of the two
independent molecules of 6. Thermal ellipsoids are drawn at the 30%
probability level. Hydrogen atoms are omitted for clarity.

between the ruthenium ions increases as the oxidation state
of the triruthenium core increases. This results in lengthening
of the metal–metal bond. The Ru(1)–C(21) bond lengths are
longer in 3 and 4 than those in 5 and 6, while the C(21)–C(22)
bond distances are shorter in 3 and 4 than those in 5 and 6. This
can be explained by the stronger p-back donation resulting from
the electron-withdrawing nature of the CN and NO2 groups.

Electrochemistry

It is well known that ruthenium complexes have various
oxidation states. Thus, rich redox chemistry for our triruthe-
nium complexes is expected and it is desirable to study the
electrochemical properties of these complexes. Fig. 7 shows one
of their cyclic voltammograms in CH2Cl2 containing 0.1 M
TBAP. All these complexes exhibit three one-electron redox
couples: two oxidations (Eox1 and Eox2) and one reduction (Ered).
The electrochemical data are summarized in Table 3.

To evaluate the electron conduction capability, the electronic
communication between the two ferrocenyl units was studied
using electrochemical techniques. As shown in Fig. 8, the cyclic
voltammagram of compound 1 displays three reversible redox
couples. Fig. 9 shows the spectral changes for the oxidations
of compound 1. Upon one and two electron oxidations, the

Fig. 7 Cyclic voltammogram of 1.0 mM compound 3 in CH2Cl2 at
0.1 V s−1 with 0.1 M TBAP.
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Table 3 Redox potentials and r values for compounds 2–6

Compound rY
a E1/2(Ox2)/V E1/2(Ox1)/V E1/2(Red)/V

2 0 1.249 0.643 −0.492
3 −0.27 1.145 0.600 −0.517
4 −0.15 1.219 0.633 −0.497
5 0.66 1.351 0.722 −0.369
6 0.78 1.352 0.723 −0.355

a Taken from ref. 22.

Fig. 8 Cyclic voltammogram (top) and differential pulse voltammo-
gram (bottom) of 0.5 mM compound 1 in CH2Cl2 at 0.1 V s−1 with
0.1 M TBAP.

Fig. 9 UV/Vis/Near IR spectral changes for the oxidation of com-
pound 1 in CH2Cl2 with 0.1 M TBAP at applied potentials of +0.20
(solid), +0.48 (dash), +0.65 (dot), and +0.90 V (dash dot).

broad band in the near IR region corresponds to the charge
transfer between ferrocene units and from the Ru3 unit to the
oxidized ferrocene. In the case of compounds 2–6, no peaks are
observed in the near IR region upon oxidation. The Ru3-centered
([Ru3]7+/[Ru3]6+) redox reaction occurs at E1/2 = + 0.76 V,
which is higher than those of analogues [Ru3(dpa)4(CCAr)2]
(E1/2 = +0.60–+0.72 V). This is attributed to the increased
electron withdrawing ability of the ferrocence axial ligands
upon oxidation. The stepwise one-electron oxidations instead
of a two-electron oxidation are indicative of electronic coupling
between the two iron centers, suggesting that the bridge may
provide a passive path for electrons. These reversible waves
for the ferrocenyl units are resolved by using differential-pulse
techniques. The comproportionation constant K c is calculated to
be about 33.17 This is larger than for the corresponding tricobalt
complex (K c = 16) in which the Co3 unit is unsymmetrical18 and
an overall bond order of 1.5 over the Co3 unit is estimated. As
compared to the diruthenium complex with ferrocenylacetylide
axial ligands,14b the electronic coupling of our system is weaker
due to the longer Fe–Fe distance. Complex 1 can be classified
as a weakly coupled (class II) mixed-valence system, and is
comparable to the a,x-dipyridylpolyene molybdenum complex
[Mo(4,4′-NC5H4(CH=CH)4H4C5N)Mo] and the polyyne rhe-
nium complex [ReC16Re].19

Compounds 2–6 exhibit similar electrochemical properties.
As summarized in Table 3, all these complexes exhibit three
reversible redox couples and these electrochemical reactions
involve one electron transfer as ascertained by spectroelectro-
chemistry.20 The redox potentials of all three electron transfer
processes shift cathodically as the electron-donating ability of

the para substituents increases. Hammett constants provide an
approximate measure of substituent effects in para positions
relative to the triruthenium core.21 According to the following
equation:22 E1/2(Y) = E1/2(H) + q(2rY), where q is the reactivity
constant, a plot of E1/2 for the Eox1, Eox2, and Ered couples vs. the
sum of the Hammett constants for the different substituents is
shown in Fig. 10. The reactivity constants are 93 (R = 95.1%),
62 (R = 97.0%), and 84 mV (R = 99.6%) for the two oxidations
and one reduction, respectively. The linear relationship reflects
the electron density on the triruthenium center related to
the electron-withdrawing and electron-donating ability of the
substituents. For example, when the OCH3 group is replaced by
the more electron-withdrawing NO2 group, the electron density
on the triruthenium unit is reduced considerably and this results
in a higher redox potential.

Fig. 10 Hammett plot of E1/2 vs. 2r. The squares(�) are the measured
values of E1/2(Ox2), circles (�) are the measured values of E1/2 (Ox1),
triangles (�) are the measured values of E1/2(Red), and the solid lines
are the least-squares fit.

Tong et al. reported the structures and eletrochemi-
cal properties of a series of diruthenium acetylide com-
plexes Ru2(DMBA)4(C≡CAr)2, where DMBA is N,N ′-
dimethylbenzamidinate and C≡CAr is arylacetylide. The re-
activity constants of these complexes are 110 and 86 mV
for the oxidation and reduction processes, respectively.14a Our
triruthenium acetylide complexes exhibit comparable reactivity
constants to the diruthenium system.

Bonding and magnetic properties

According to theoretical calculations, the electronic config-
uration of the Ru3 unit in [Ru3(dpa)4Cl2] is described as
r2p4d2pnb

4dnb
2d*2rnb

2, thus resulting in the diamagnetism of the
complex and a bond order of three over the Ru3 unit, i.e.,
a bond order of 1.5 between adjacent ruthenium ions. While
replacing axial ligands from chloride to the stronger p-acid
groups (acetylide, cyanide. . .etc), the electronic configuration of
the Ru3 unit in [Ru3(dpa)4 × 2] transforms to r2p4d2pnb

4dnb
2d*2p*2,

resulting in two unpaired electrons of the complex and a bond
order of two over the Ru3 unit, i.e. a bond order of 1 between
adjacent ruthenium ions.23 As shown in Scheme 2, the strong
p-back donation results in a decrease in the energy level of the
p* orbitals. Fig. 11 shows that the effective magnetic moment of
2.82 lB at 300 K in compound 2 indicates that the triruthenium

Fig. 11 Temperature-dependent magnetic effective moment (�) and
the molar magnetic susceptibility (�) for compound 2.
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Scheme 2

acetylide complex is paramagnetic with two unpaired elec-
trons and this is consistent with theoretical calculations. For
compounds 3 and 4, the values of leff are 3.78 and 3.74 lB,
respectively. This indicates that the electron is removed from
the d* orbital upon one electron oxidation and there are three
unpaired electrons for the oxidized complexes. Due to the metal–
axial ligand interactions of the stronger p-acid groups, a bond
order of three over the Ru3 unit in Ru3(dpa)4Cl2 is reduced to
two over the Ru3 unit in Ru3(dpa)4(C≡CPhX)2 (see Scheme 2).
The Ru–Ru bond lengths in compounds 1–6 (2.330–2.357 Å) are
longer than that in Ru3(dpa)4Cl2 (2.254 Å). It is ascribed to the
stronger p-backbonding from metal to ligand.

Conclusion
A series of novel triruthenium adducts comprised of a linear
triruthenium core and acetylide have been synthesized in a
facile way. Compound 1 is the first example of a triruthenium
system incorporating ferrocene entities with p-conjugation.
The electrochemical data show that the molecule exhibits
electronic communication between the redox sites via the
triruthenium unit.

The results shed light on the use of these molecules as
“molecular wires”. Longer multinuclear metal complexes with
various redox ligands will allow us detailed investigations of
their efficiency for electron or hole conducting. In compounds
2–6, the redox properties of the triruthenium core can be fine-
tuned by the para substituent of the arylacetylide and these
complexes exhibit a linear E1/2–r relationship. By employing
similar conditions, a new type of one dimensional polymer
composed of a trinuclear unit and diacetylide bridge may be
synthesized. Work along this line is in progress in our laboratory.
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