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Light-induced electron and energy transfer in molecular arrays
is being extensively studied in view of artificial photosynthésis
and molecular electroniésThe ideal photosensitizer for this purpose
should have an excited state with high energy and sulfficiently long
lifetime to promote the desired electron and/or energy transfer
processes. In this context, [Ru(bgly) derivatives (bpy= 2,2-
bipyridine) have been widely used due to the favorable properties
of their lowest excited triplet metal-to-ligand charge transfer Figure 1. Left: Distribution of LUMO over one of the ligands (the rest of
(®MLCT) state, including room temperatuf®ILCT lifetimes up the complex was omitted for clarity). Right: The structurelof
to 1 us, high emission quantum yields, and strong oxidizing and
reducing capability.In tris(diimine)-based donerchromophore-
acceptor assemblies, however, different isomers are formed in most
cases, which precludes the desired vectorial electron transfer and
complicates kinetic analysésn contrast, the achiral [Ru(tpyf+
complex (tpy= 2,2:6',2"-terpyridine) gives rod-like donerpho-
tosensitizer-acceptor assemblies when substituted at theodition
of the tpy ligands, but the complex is practically nonluminescent
at room temperature and its short excited state lifetime 0.25
nsy limits its use as a photosensitizer. The short lifetime is due to
deactivation via short-lived metal-centereélIC) states that are
thermally populated from th&8VILCT state3® Recent strategies to
prolong the excited state lifetime of bistridentate Rwmplexes
include modified tpy ligands to increase the energy gap between
the3MLCT and3MC states However, this approach often results
in a substantial decrease®LCT energy that makes these chromo-
phores less useful in photosensitizer applications. An alternative
strategy is to increase the ligand field, and thus the energy of the
3MC states, by making the complex more octahedral. With the inser-
tion of a methylene group between two pyridines in a tpy ligand,
six-membered chelates may be formed. Following this strategy, we
recently reported a Ru-bistridentate complex with a much longer
excited state lifetimer(= 15 ns in CHCN) than that in [Ru(tpy]?*
without any substantial decrease in excited state erfergy.

Herein, we report a new, near octahedral bistridentaté Ru
complex involvingonly six-membered chelates, based on the 2,6-
bis(8-quinolinyl)pyridine ligandbgp. The structure is particularly
attractive as it leaves the 4-positions of the central pyridines
available for future preparation of linear dorahromophore-
acceptor assemblies for vectorial electron migration. Because of
the strong ligand field, it3MLCT state lifetime at room temperature
is dramatically increased and is even longer than the dbserved
for the pivotal [Ru(bpyj]?*.

Complex1 (Figure 1) was designed to fulfill the criteria of
octahedral coordination and to have a n€giaxis for substitution

Figure 2. Thermal ellipsoid view ofl (50% probability, 100 K).

of donor and acceptor units. First, DFT calculations with the
Gaussian03 program packagemploying the B3LYP exchange
correlation functional together with the LANL2D2ffective core
potential and accompanying basis set (B3LYP/LANL2DZ), were
used to optimize the singlet geometry of the complex. Selected bond
lengths and angles are given in Table S1. The optimized geometry
indeed suggests a more octahedral coordination than in [Rel&hy)
with N1-Ru—N3 bite angles of 179% as compared to the
experimental value of 15824n [Ru(tpy),]?*.1°

Following the calculations, the 2,6-bis{8uinolinyl)pyridine
ligandbgp was synthesized in 80% yield via the SuzuMiyaura
coupling reaction of quinoline-8-boronic acid and 2,6-dibromopy-
ridine following the procedures developed by Buchwald and co-
workers!! The coupling reaction works well also for various 4-sub-
stituted 2,6-dihalopyridines, which is essential in the preparation
of linear assemblies and will be reported in due course. Using
microwave heating, complekwas subsequently prepared in 87%
yield from Ru(DMSQ)CI, and 2 equiv otbqp in ethylene glycol
at 196°C.

The complex was characterized By NMR, ESI mass spec-
trometry, and elemental analysis, which were in accordance with
the assigned structure (see Supporting Information). The X-ray
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1. S o0 ~0.30 the SMC states as high aB;= 4800 cnT1.l” This is a dramatic
30x10° - ! 06 0.25 § increase compared &, = 1500 cnt? for [Ru(tpy);]?*,*8 and allows

- . . £, 020 B for the long lifetime of1.

§ 20+ 3 T L o5 o The complex has a strong absorption in the visible region, an
= 1 .., e : % excited3MLCT state energy of 1.84 eV, good redox properties; it
“ 104 R R r010 2 showed no sign of decomposition during our measurements, and it

. ’ -0.05 = allows for symmetric substitution on the central pyridines. Thus,
oLl . '! 1, | Teree..lo3.0p with a 3.0us excited state lifetime at room temperature, our new
300 400 500 600 700 bistridentate R complex 1 is a promising candidate for the
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Figure 3. Calculated (bars; EtOH) and experimental (dotted; acetonitrile)
UV—vis electronic spectrum of. Inset: Emission decay trace at room
temperature in oxygen-free MeOH:EtOH.

construction of rod-like, photoactive molecular assemblies.
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and 39 between the quinolines and central pyridine ring systems
of each tridentate ligand. The determined bite angles are 177.6(7)
for both ligands, which is close to the calculated value. Most
importantly, in contrast to the parent [Ru(tpl), the geometry
around the ruthenium ion ihis very close to octahedral as a result
of the larger bite angles of thegp ligand.

Electrochemical measurements show a reversiblé"Rredox
couple atEy, = 0.71 V vs F¢’, which is lower than that in
[Ru(tpy)]?" (E12 = 0.92 V)8 The first ligand-based reduction is
reversible and occurs at1.70 V, which is also lower than that in
[Ru(tpy)]? (Eyp = —1.62 V)&

The calculations confirm that HOMO is metal-centered, while
LUMO and LUMO+1 are both ligand-centered orbitals, leading
to a lowest excited state with MLCT character. The B3LYP/
LANL2DZ time-dependent DF® calculation of excitations in
ethanol, simulated using the PCM moédfeleveals a close similarity
to the experimentally observed absorption spectrum (Figure 3). The

broad absorption feature between 400 and 600 nm is attributed to (13)

the lowest!MLCT transitions fap"® = 490 nm;e = 1.4 x 10*
M~Icm™1). The higher energy bands are mostly due to ligand-
centered transitions.

The emission properties of complé&xare summarized in Table
1. The observed excited state lifetime at room temperature in
oxygen-free EtOH:MeOH solution is 3u®, as shown by both time-
resolved emission (Figure 3, inset) and transient absorption experi-
ments. This is, to the best of our knowledge, the longest MLCT
state lifetime reported for a Ru-polypyridyl complex at room
temperaturé4-16 The long excited state lifetime can be rationalized
by the more octahedral coordination around the ruthenium core as
shown by the X-ray crystal structure and calculations, which raises
the energy of the short-livetMC states. The small difference in
lifetime between 298 and 77 K is in sharp contrast to typical
bistridentate Rticomplexes and confirms that activated decay via
SMC states is not a very prominent decay pathway. Preliminary
temperature-dependent lifetime measurements up to 363 K allows
us to put a lower limit on the activation energy for population of
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