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ABSTRACT: A multicenter redox-active system with a linear
N−Ru−Ru−N array, where two distal triarylamine sites are
bridged by a cyclometalated bisruthenium segment, has been
synthesized and characterized with single-crystal X-ray analysis.
This system displays four consecutive and separate anodic
redox waves at low potentials, indicating the presence of
amine−amine electronic coupling with a distance of 19.16 Å
through the cyclometalated bisruthenium segment. In contrast,
when a noncyclometalated bisruthenium bridge is used, no
amine−amine coupling is present. Upon stepwise oxidation by
chemical or electrochemical methods, four-step absorption spectral changes occur in the visible to near-infrared region. In
addition, the EPR studies and DFT and TDDFT calculations of the singly oxidized state are presented.

■ INTRODUCTION

The construction of one-dimensional materials with multiple
(≥3) redox-active centers and multielectron redox processes at
low operational potentials remains a challenging task.1 These
materials are very useful in fields such as molecular electronics,2

charge-storage memory,3 and photoconversion of solar energy.4

Two-center molecular arrays with the general formula [M1−
BL−M2]n± (M = redox-active sites, BL = bridging ligand) are
the subject of a large body of work,5 since the disclosure of the
Creutz−Taube ion.6 These systems include symmetric (M1 =
M2) and nonsymmetric (M1 ≠ M2) structures and both centers
can either be an inorganic or a purely organic redox
component.5 However, linear systems with multiple centers
and strong electronic coupling among individual components
are limited.1

Bis-tridentate cyclometalated ruthenium complexes with the
general formula [(NNN)Ru(NCN)]+ contain a noncyclome-
talating NNN ligand and a cyclometalating NCN ligand.7

Because of the presence of the σ-donating anionic carbon
ligand, the RuII/III process of such complexes takes place at a
considerably lower potential with respect to noncyclometalated
complexes [Ru(NNN)2]

2+.8 Besides, the pincer structure of the
NCN ligand greatly stabilizes the complex. These features make
cyclometalated ruthenium complexes very useful in dye-
sensitized solar cells9 and mixed-valence (MV) chemistry.10

In conjugation with our ongoing projects on the synthesis and
electronic coupling studies of symmetric cyclometalated
bisruthenium complexes11 and bis-triarylamine systems,12 we
have recently reported on the nonsymmetric MV system 1n+

(Figure 1) composed of mixed inorganic (Ru) and organic
(amine) redox-active species.13 This complex displays two well-

defined redox couples at +0.27 and +0.68 V vs Ag/AgCl.
According to the electrochemical, spectroscopic, electron
paramagnetic resonance (EPR), and theoretical studies, the
first wave is ascribed to the N/N•+ process and the second to
the RuII/III process.13 The low N/N•+ potential is a result of the
strong electron delocalization and the inductive effect of the
ruthenium component. The presence of the strong ruthenium-
amine coupling is supported by the appearance of the narrow
and intense Ru → N+ metal-to-nitrogen charge transfer
(MNCT) transitions at 1050 nm (in CH3CN) in the MV
state 12+. Herein, we present a new multicenter redox-active
system 2n+ and 3n+ (Figure 1), which consist of two amine and
two cyclometalated ruthenium centers with the two distal amine
sites bridged by the linear bisruthenium component. This
system displays four consecutive one-electron redox processes
at low positive potentials, indicating the presence of electronic
coupling between two distal amine sites.

■ RESULTS AND DISCUSSION
Synthesis and Single-Crystal Structure. Complexes 22+

and 32+ were prepared from the complexation of [RuCl3(tppz)-
RuCl3]

14 (tppz = tetra(2-pyridyl)pyrazine) with 1-(di-p-
anisylamino)-3,5-di(2-pyridyl)benzene13 or 1-(di-p-tolylami-
no)-3,5-di(2-pyridyl)benzene in the presence of AgOTf,
followed by anion exchange using KPF6. In addition, a model
complex 44+ with two distal triarylamine units bridged by a
noncyclometalated bisruthenium segment (Figure 1) was
prepared from [RuCl3(tppz)RuCl3] and 4′-di-p-anisylamino-
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2,2′:6′,2″-terpyridine.12c The details and characterization data
are given in the Experimental Section. The MALDI mass
spectrometry (MS) spectra show signals corresponding to
losses of two PF6 anions of [2](PF6)2 and [3](PF6)2 and three
anions of [4](PF6)3 (1506.8, 1443.2, and 1653.0 D,
respectively). No clear 1H NMR spectra have been obtained
for 22+ and 32+, possibly due to the presence of small amounts
of paramagnetic species. However, the purity of the samples is
supported by microanalysis data and following electrochemical
analysis.
In the beginning, we failed to obtain single crystals from the

above prepared complexes. Being ware of the fact that the
counteranions PF6

− are much smaller in size relative to their
cationic bisruthenium component, we turned our attention to
the bulky anion BPh4

−. Fortunately, a single crystal of
[3](BPh4)2, which was generated after anion exchange with
[3](PF6)2, was obtained by diffusion of ethyl ether into a
solution in CH3CN. The thermal ellipsoid plot of the X-ray
structure is shown in Figure 2. Each ruthenium atom has an
octahedral configuration and two tridentate ligands around
each ruthenium atom are orthogonal to each other. The two
nitrogen atoms have a distance of 19.16 Å. The two ruthenium
atoms have a distance of 6.74 Å. The two Ru−C bonds have
the same length of 1.96 Å. The Ru−Npyrazine bond opposite to

the Ru−C bond has a length of 2.02 Å. Other Ru−N bonds are
in the range of 2.05−2.11 Å. Similar geometrical distances have
been reported for some monometallic cyclometalated ruthe-
nium complexes.8,15 The central tppz ligand has a distorted
structure and the torsion angle between two side pyridine
planes are 22.9° (Figure S1 in the Supporting Information, SI).

Electrochemical Study. Electrochemistry is frequently
employed to study the electronic coupling between redox-
active centers of symmetric [M−BL−M]n± systems. The
appearance of a two-electron single redox wave is indicative
of zero electronic coupling. On the other hand, two separated
sequential redox waves point to the presence of an electronic
coupling between redox sites. However, this principle should be
taken with great care, because the electrochemical data are
largely dependent on the measurement conditions, such as the
solvent and supporting electrolyte used. The anodic cyclic
voltammogram (CV) and differential pulse voltammogram
(DPV) of complex 22+ shows four well-separated one-electron
redox couples at +0.38, +0.48, +0.83, and +0.91 V vs Ag/AgCl
in CH3CN in the presence of the weakly coordinating
electrolyte16 nBu4NB(C6F5)4 (Figure 3a and Table 1). By
comparing with the electrochemical data of complex 1n+,13 it is
reasonable to assign the first two waves of 22+ to the stepwise
oxidations of two amine sites and the last two waves to the
oxidations of ruthenium components. When the electro-
chemical measurement was carried out with a more conven-
tional electrolyte, nBu4NClO4, the last two waves are less
resolved (Figure S2, Supporting Information). However, the
stepwise oxidations of the amine sites are equally clear (+0.36
and +0.46 V). This indicates that the 100 mV separation of the
two N/N•+ waves is not caused by the ion-pairing effects
associated with the counterions of electrolytes,16 but instead is
a result of the electronic coupling between two distal amine
sites. The comproportionation constant Kc for the singly
oxidized state 23+ is 50 at room temperature, as determined by
the equation Kc = 10ΔE (mV)/59.5

The cathodic scan of 22+ shows two tppz-associated
reduction waves at −0.70 and −1.14 V vs Ag/AgCl (Supporting
Information Figure S3). Complex 32+ displays similar four
anodic waves at +0.42, +0.54, +0.83, and +0.91 V vs Ag/AgCl
in the presence of nBu4NClO4 (Supporting Information Figure
S4) as has been observed for complex 22+. The slightly positive
shift of these waves relative to 22+ is reasonable because the
substituents on the amine sites of 32+ are less electron-donating
than those of 22+ (tolyl vs anisyl).
In contrast, complex 44+ with the noncyclometalated

bisruthenium bridge shows redox events at much positive

Figure 1. Compounds studied in this paper. Counter anions are PF6
−

if otherwise noted.

Figure 2. Thermal ellipsoid plot of the single-crystal structure of
[3](BPh4)2 with 30% probability. Hydrogen atoms and anions are
omitted for clarity. Atom color code: carbon, gray; nitrogen, blue;
ruthenium, magenta. Selected bond length: N1−N2, 19.16 Å; Ru1−
Ru2, 6.74 Å.
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potentials (Figure 3b). In addition, only one N/N•+ process is
observed at +1.05 V vs Ag/AgCl. The two ruthenium sites are
oxidized at +1.52 and +1.80 V. The intensity ratio between the
N/N•+ wave and each RuII/III wave is 2:1, which indicates that
the peak at +1.05 V is a two-electron process, and no electronic
coupling is present between two distal amine sites in complex
44+. The irreversible peak at +1.33 V is caused by the further
oxidation of the in situ generated aminium intermediate (N•+/
N2+).12,14

Stepwise Oxidation and Spectroscopic Study. To
further study the electronic coupling of these compounds,
their visible to near-infrared (vis/NIR) absorption spectral
changes were monitored and measured upon stepwise chemical
oxidation or electrolysis. Figure 4 shows the spectral changes of
22+ upon stepwise oxidations with cerium ammonium nitrate
(CAN) in CH3CN. When up to 1.0 equiv of CAN was added,
the ligand-to-ligand charge transfer (LLCT) band at 627 nm
decreased. At the same time, a new intense peak at 1125 nm
appeared. In accordance with the NIR titration studies of
complex 1n+,13 this peak is ascribed to Ru → N•+ MNCT
transition. No other bands are evident for 23+ up to 2500 nm
(Supporting Informaton Figure S5). When up to 2.0 equiv
CAN was added (23+ → 24+), the MNCT band continued to
increase. When up to 3.0 and 4.0 equiv of CAN was added (24+

→ 25+ → 26+), the MNCT band gradually decreased. At the
same time, a new intense peak at 606 nm appeared. This peak is
assigned to the N•+ absorption, as has been found in many
triaryl aminum cation species.13,17 Again, no other NIR peak is
evident during the oxidation of 24+ to 25+ (Supporting
Information Figure S6). In the above four-step process,
isosbestic absorption points are clearly visible in each step,
for example, 605 and 760 nm in Figure 4a, 580 and 780 nm in
Figure 4b, 395 and 780 nm in Figure 4c, and 400 and 664 nm
in Figure 4d. This indicates the clean proceeding of these
processes.
It should be noted that, in Figure 4a and b, an absorption

band around 960 nm (as a shoulder) is present. The nature of
this band is not clear at this stage. It would be inappropriate to
assign this band to the intervalence charge transfer (IVCT)
transition between two distal amine sites of 23+, because the
energy of this shoulder band is too high and the absorptivity is
too strong for a weakly coupled system.
When complex 22+ was oxidatively titrated with SbCl5 in

CH2Cl2, which is commonly used in the studies of many bis-
triarylamine MV systems,18 similar four-step spectral changes
associated with the stepwise oxidation from 22+ to 26+ are
observed (Figure 5a and b). The MNCT band of the singly
oxidized state 23+ (1186 nm) are slightly red-shifted relative to
that in CH3CN. In addition, the decrease of the metal-to-ligand
charge transfer (MLCT, at 570 nm, Figure 5b) transition is
clearly observed during the 24+ → 26+ process, because the N•+-
associated absorption band is well separated from the MLCT
band. In addition, these four-step spectral changes are
reproducible by stepwise electrolysis using a transparent
indium−tin−oxide (ITO) glass electrode (Figure 5c and d).
The applied potentials for these processes are +0.20 → +0.45
→ +0.65 → 0.90 → +1.30 V vs Ag/AgCl, which are well
correlated with the four redox steps shown in Figure 3.
When the noncyclometalated complex 44+ was oxidized with

SbCl5, the emergence of the MNCT band at 1150 nm and the
N•+-associated absorption at 850 nm were observed (Figure
6).18 Figure S7 in the Supporting Information shows the vis/
NIR absorption spectral changes of 32+ by stepwise oxidation of
CAN in CH3CN. Similarly, a shoulder peak at 950 nm and a
MNCT band at 1045 nm are evident for the singly oxidized
state 33+. In the doubly oxidized state 34+, only one major

Figure 3. (a) CV (black curve, second potential scan from 0 to +1.2
V) and DPV (red curve) of 22+ with nBu4NB(C6F5)4 as the supporting
electrolyte. (b) CV (black curve, first scan from 0 to +1.2 V and
second potential scan from +0.4 to +2.0 V) and DPV (red curve) of
44+ with nBu4NClO4 as the supporting electrolyte. The blue lines are
the Gaussian-fitted DPV curves.

Table 1. Electrochemical Dataa

complex E1/2 (V vs Ag/AgCl)

12+ +0.27, +0.68
22+b +0.38, +0.48, +0.83, +0.91
22+ +0.36, +0.46, +0.78 (2e)
32+ +0.42, +0.54, +0.83, +0.91
44+ +1.05, +1.33,c +1.52, +1.80

aIf otherwise noted, the electrolyte is nBu4NClO4.
bThe electrolyte is

nBu4NB(C6F5)4.
cIrreversible, Epeak.

Figure 4. Vis/NIR absorption spectral changes of [2](PF6)2 in
CH3CN upon stepwise oxidations with gradual addition of CAN up to
1, 2, 3, and 4 equiv for a−d, respectively.
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MNCT band at 1100 nm was observed and this band decreased
upon oxidation to 35+ and 36+.
Theoretical Calculation and EPR Study. The left plot in

Figure 7 displays the EPR spectrum of 23+ generated by the
addition of 0.5 equiv of CAN in CH3CN at room temperature.
The singlet signal with a g factor of 2.071 is in accordance with
the nature of an organic radical species (N•+). A low-spin RuIII

species is usually EPR inactive at room temperature and
sometimes has a rhombic or axial signal at room temperature.11

Density functional theory (DFT) calculations were per-
formed on the singly oxidized state 33+ on the level of theory of
B3LYP/LANL2DA/6-31G*/vacuum (see details in the Ex-
perimental Section) starting from its single-crystal X-ray
structure. A spin density evenly distributed over two triaryl-
amines is evident (Figure S8, Supporting Information).
However, when the long-range corrected version of B3LYP,
CAM-B3LYP,19 was used, the spin density of 33+ is indeed
localized on one triarylamine unit (Figure 7).
Time-dependent DFT (TDDFT) calculations of 33+ were

performed at the level of CAM-B3LYP/LanL2DZ/6-31G*/
vacuo. The details for the first 10 doublet excitation states are
delineated in Table S1 in the Supporting Information. The first
state D1 is predicted at 4682.8 nm with a β-highest occupied
spin orbital (HOSO) → β-lowest unoccupied spin orbital
(LUSO) character and with low oscillator strength (f) of
0.0002. This excitation can be interpreted as the IVCT
transition between two distal amine sites (the spin orbitals
are shown in Supporting Information Figures S9 and S10). The
D3 state at 1714.0 nm ( f = 0.0001) and D5 state at 1229.5 nm
( f = 0.0015) are both associated with the LLCT transitions
from the triarylamine unit to the tppz ligand. The D6 state at
1042.5 nm with f = 0.0007 has major contribution from the
MLtppzCT transitions. These LLCT and MLCT transitions are
possibly buried inside the experimentally observed MNCT
transitions. The D7 state at 854.3 nm with a high f value
(0.6539) is associated with the MNCT transitions with the
character of β-HOSO-8 → β-LUSO excitation. Other
excitations have f = 0.
The above TDDFT results do not suggest the presence of

the shoulder band at 960 nm of 23+ in Figure 4. The failure to
experimentally observe the IVCT band is possibly because the
IVCT band is at a very low-energy region, as suggested by the
TDDFT calculations (4682.8 nm). Another possibility is that
the weak IVCT band, if present, might be buried inside the
intense MNCT band in the NIR region. Nevertheless, the
distinct potential splitting between two N/N•+ processes is
solid evidence of the amine−amine coupling through the
cyclometalated bisruthenium segment.

■ CONCLUSIONS

In conclusion, a four-center redox-active system with a linear
N−Ru−Ru−N array has been successfully synthesized and
characterized with single-crystal X-ray analysis. This system
displays four consecutive and well-separated redox waves at low
potentials. Electrochemical studies support the presence of
amine−amine electronic coupling with a distance of 19.16 Å
through the cyclometalated bisruthenium segment. This

Figure 5. Vis/NIR absorption spectral changes during the (a) 22+ →
24+ and (b) 24+ → 26+ process in CH2Cl2 upon stepwise oxidation with
SbCl5 and during the (c) 22+ → 24+ and (d) 24+ → 26+ process in
CH3CN by electrolysis with an ITO glass electrode. The applied
potential is +0.20→ +0.65 V and +0.65→ +1.30 V vs Ag/AgCl for (c)
and (d), respectively. The different spectral changes of (a, b) with
respect to (c, d) are very likely caused by the different solvents used. *:
Artifacts.

Figure 6. Absorption spectral changes of noncyclometalated complex
44+ in dichloromethane upon oxidation with SbCl5.

Figure 7. Left: EPR signal at room temperature of 23+ generated by the addition of 0.5 equiv of CAN. Right: Spin density plot of 33+ calculated with
CAM-B3LYP/LANL2DA/6-31G*/vacuum. Hydrogen atoms are omitted for clarity.
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provides a new concept for the design of highly conductive one-
dimensional molecular wires.1,2 In addition, the significantly
different NIR spectral changes with intensities as high as 54000
M−1 cm−1 in response to external electrochemical stimulus will
make these materials potentially useful for charge-based
information storage3 and electrochromic devices.20

■ EXPERIMENTAL SECTION
Spectroscopic Measurements. Spectroelectrochemical measure-

ments were performed in a thin-layer cell (optical length 0.2 cm) in
which an ITO glass electrode was set in the indicated solvent
containing the compound to be studied (the concentration is around 1
× 10−4 M) and 0.1 M Bu4NClO4 as the supporting electrolyte. A
platinum wire and Ag/AgCl in saturated aqueous NaCl solution was
used as the counter electrode and reference electrode, respectively.
The cell was put into a PE Lambda 750 UV/vis/NIR spectropho-
tometer to monitor spectral changes during electrolysis. During the
measurement with chemical oxidation, different equivalent of oxidant
(CAN in CH3CN or SbCl5 in CH2Cl2) were added to a solution of the
compound in study with constant concentration. The obtained
solution was measured by the UV/vis/NIR spectrophotometer.
Electrochemical Measurements. All CV and DPV measure-

ments were taken using a CHI620D potentiostat with one-compart-
ment electrochemical cell under an atmosphere of nitrogen. All
measurements were carried out in 0.1 M of nBu4NClO4 or

nBu4NB-
(C6F5)4 in CH3CN at a scan rate of 100 mV/s. nBu4NB(C6F5)4 was
synthesized according to know procedure.16 The working electrode
was a glassy carbon with a diameter of 0.3 mm. The electrode was
polished prior to use with 0.05 μm alumina and rinsed thoroughly with
water and acetone. A large area platinum wire coil was used as the
counter electrode. All potentials are referenced to a Ag/AgCl electrode
in saturated aqueous NaCl without regard for the liquid junction
potential. Figure S11 in the Supporting Information shows the DPV of
22+ in the presence of ferrocene (Fc) as the internal standard. The
Fc0/+ signal overlaps with one N0/+ peak. The potential vs Fc0/+ can be
estimated from that versus Ag/AgCl by subtracting 0.45 V.
X-ray Crystallography. The X-ray diffraction data were collected

using a Rigaku Saturn 724 diffractometer on a rotating anode (Mo K
radiation, 0.71073 Å) at 173 K. The structure was solved by the direct
method using SHELXS-9721 and refined with Olex2.22 The structure
graphic shown in shown in Figure 2 was generated using Olex2.
Crystallographic data for [3](BPh4)2: C132H104B2N12Ru2, M =
2082.03, monoclinic, space group C2/c, a = 38.070(8) Å, b =
11.795(2) Å, c = 26.950(5) Å, α = 90°, β = 105.76(3)°, γ = 90°, U =
11647(4) Å3, T = 173 K, Z = 4, 12 457 reflections measured, radiation
type Mo Kα, radiation wavelength 0.71073 Ǻ, final R indices R1 =
0.1364, wR2 = 0.2892, R indices (all data) R1 = 0.1878, wR2 = 0.3204.
CCDC 917533 contains the supplementary crystallographic data for
this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.
Computational Methods. DFT calculations are carried out using

the B3LYP23 or CAM-B3LYP19 exchange correlation functional and
implemented in the Gaussian 09 package.24 The electronic structures
of complexes were determined using a general basis set with the Los
Alamos effective core potential LanL2DZ basis set for ruthenium, and
6-31G* for other atoms25 In case of the solvation effects (acetonitrile)
are included, the conductor-like polarizable continuum model
(CPCM) was employed.26 All orbitals have been computed at an
isovalue of 0.02 e/bohr.3

Synthesis. NMR spectra were recorded in the designated solvent
on Bruker Avance 400 MHz spectrometer. Spectra are reported in
ppm values from residual protons of deuterated solvent. Mass data
were obtained with a Bruker Daltonics Inc. Apex II FT-ICR or
Autoflex III MALDI-TOF mass spectrometer. The matrix for MALDI-
TOF measurement is α-cyano-4-hydroxycinnamic acid. Microanalysis
was carried out using Flash EA 1112 or Carlo Erba 1106 analyzer at
the Institute of Chemistry, Chinese Academy of Sciences.

Synthesis of [2](PF6)2. To 20 mL of dry acetone were added
[RuCl3(tppz)RuCl3]

14 (0.030 mmol, 24.0 mg) and AgOTf (0.20
mmol, 52.0 mg). The mixture was refluxed for 3 h before it was cooled
to room temperature. After the mixture stood at room temperature for
around one hour, the resulting AgCl precipitate was removed by
filtration. The filtrate was concentrated to dryness. To the residue were
added 1-(di-p-anisylamino)-3,5-di(2-pyridyl)benzene13 (0.060 mmol,
27.6 mg), 10 mL DMF, and10 mL tBuOH. The mixture was bubbled
with nitrogen for 20 min before the vial was capped and heated at 130
°C for 48 h. After the mixture was cooled to room temperature, the
solvent was removed under reduced pressure. The residue was
dissolved in 2 mL methanol, followed by the addition of an excess of
aq. KPF6. The resulting precipitate was collected by filtering and
washing with water and Et2O. The obtained solid was purified by
chromatography on silica gel (eluent CH3CN/H2O/aq. KNO3 120/
30/0.1), followed by anion exchange using KPF6, to give 24.0 mg of
the bisruthenium complex 22+ as a black solid in 45% yield. MALDI-
MS : 1 5 0 6 . 8 f o r [M − 2PF 6 ]

+ . A n a l . C a l c d f o r
C84H64F12N12O4P2Ru2·6H2O: C, 52.94; H, 4.02; N, 8.82. Found: C,
52.58; H, 3.85; N, 8.32.

Synthesis of [3](PF6)2. To a solution of 3,5-di(2-pyridyl)-
bromobenzene13 (1.0 mmol, 323 mg) and 4,4′-dimethyldiphenylamine
(1.5 mmol, 296 mg) in 20 mL dry toluene were added Pd2(dba)3 (0.02
mmol, 18.3 mg), 1,1′-bis(diphenylphosphino)ferrocene (dppf) (0.020
mmol, 11.1 mg) and NaOtBu (1.2 mmol, 115.3 mg) under a N2

atmosphere. The mixture was bubbled with nitrogen for 10 min before
the vial was capped and heated at 130 °C for 48 h. After cooling to
room temperature, the solvent was removed under reduced pressure.
The residue was then subjected to column chromatography on silica
gel (eluent: CH2Cl2/ethyl acetate, 10/1) to afford 215 mg of 1-(di-p-
tolylamino)-3,5-di(2-pyridyl)benzene as a yellow solid in 50% yield.
1H NMR (400 MHz, CDCl3): δ 2.30 (s, 6H), 7.05 (s, 8H), 7.20 (m,
2H), 7.70 (m, 4H), 7.72 (s, 2H), 8.20 (s, 1H), 8.63 (d, J = 6.3 Hz,
2H). 13C NMR (100 MHz, CDCl3): δ 20.8, 119.6, 120.9, 122.2, 122.3,
124.4, 129.9, 132.3, 136.7, 140.9, 145.4, 149.3, 149.4, 157.2. EI-MS
(m/z): 427 [M]+. EI-HRMS: calcd for C30H25N3 427.2048, found
427.2055.

According to the same procedure for the synthesis of [2](PF6)2,
complex [3](PF6)2 was prepared from [RuCl3(tppz)RuCl3] (0.030
mmol, 24.0 mg) and the above prepared 1-(di-p-tolylamino)-3,5-di(2-
pyridyl)benzene (0.060 mmol, 26.0 mg) in a yield of 38% (20.0 mg of
[3](PF6)2 was isolated). MALDI-MS: 1443.2 for [M − 2PF6]

+. Anal.
Calcd for C84H64F12N12P2Ru2·H2O: C, 57.60; H, 3.80; N, 9.60. Found:
C, 57.23; H, 3.87; N, 9.35.

Synthesis of [4](PF6)4. A mixture of [RuCl3(tppz)RuCl3] (0.10
mmol, 80.3 mg) and 4′-di-p-anisylamino-2,2′:6′,2″-terpyridine12c (0.21
mmol, 96.7 mg) in 5 mL of ethylene glycol were heated under under
microwave conditions (power = 375 W) for 30 min. After the mixture
was cooled to room temperature, an excess of aqueous KPF6 solution
were added. The resulting precipitate was collected by filtering and
washing successively with water and ether. The crude product was
purified by flash column chromatography on silica gel using 30/1/0.05
acetonitrile/water/saturated KNO3 as the eluent. After anion exchange
using KPF6, 69 mg of complex [4](PF6)4 was obtained as a black solid
in a yield of 33%. 1H NMR (400 MHz, CD3CN): δ 3.90 (s, 12 H),
7.14−7.20 (m, 12 H), 7.46 (t, J = 6.54 Hz, 4 H), 7.57 (d, J = 8.7 Hz, 8
H), 7.82 (t, J = 7.8 Hz, 4 H), 7.88−7.95 (m, 16 H), 8.16 (d, J = 8.0 Hz,
4 H), 8.91 (d, J = 8.3 Hz, 4 H). MALDI-TOF (m/z): 1653.0 for [M −
3PF6]

+ , 1509 .0 fo r [M − 4PF6]
+ . Ana l . Ca l cd for

C82H64F24N14O4P4Ru2·2CH3CN: C, 47.52; H, 3.25; N, 10.32.
Found: C, 47.96; H, 3.37; N, 10.18.
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