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A new, one-step preparation of 1,4-di(2,2":6',2"-terpyridin-4'-yl)- metals and the probability of light absorption. Dendritic
benzene was employed in the synthesis of a linear trinuclear Ru- assemblies epitomize this idéaut their high charge would

(I1) complex, which was compared to mononuclear and dinuclear impede electron transfers to positively charged acceptors,
analogues using UV-vis spectrometry, cyclic voltammetry, and such as methyl viologen (M¥), and/or would favor the

reverse transfer with neutral or anionic acceptors. If the
metals are instead in a linear array, then an end-on approach
by the acceptor should be less sensitive to increases in charge
upon chain elongation.

To probe these ideas, we studied a short series of
complexes incorporating the “back-to-back” bis-terpyridine
bridging ligand 1,4-di(2,26',2"-terpyridin-4- yl)benzenel().

We report a new, one-pot synthesislgfthe elaboration of
mono-, di-, and trinuclear complexes, and an evaluation of
their photosensitization ability as a function of chain length.

There are relatively few literature methods for terpyridine
synthesis; ¢ andL has previously been prepared by two of
IIhemf"5 We employed the one-pot method developed by
Liegghio et al. for dipyrazinylpyridines.In this instance,
seven molecules are condensed at once to prdvide39%
yield, after recrystallization (CH@ICH;OH), a yield entirely
comparable to those previously reported for longer rotites.
We have successfully applied this method to prepare the
m-phenylene analogue af, as well as the dipyrazinylpy-
ridine analogues. NMR analysidH, °C, COSY), EI-MS,

ability to sensitize the photogeneration of methyl viologen radical
cation. The chain length-dependent increase in sensitization ability
was consistent with an increasing molar absorbance and with an
end-on approach of the photoreactants mitigating the increasing
charge.

Ruthenium(Ily-polypyridine complexes have been found
to exhibit excellent properties as light absorption sensitizers
and light emission sensitizetsThese could be used for a
variety of applications, including the splitting of water by
solar radiation. Linear multinuclear Ru(ll) complexes are
rarer, but photophysical properties have been measured fo
several whose metal binding sites are linked by ethynyl and
ethynylaryl spacers.As with simple aryl spacers, these
acetylenic linkages do not promote strong metaktal
communication, but they do lead to longer excited-state
(triplet) lifetimes, owing to extendea-system delocalization.
However, this benefit is generally purchased at the expense

of the triplet energy while, at the same time, the key metal- . ;

to-ligand charge transfer (MLCT) absorption shifts to lower and elemental analysis confirmed the structure of
energy, the first (ligand-centered) reduction potential be- The mononuclear precursor has been pIe'paIed froh_q Ag
comes less negative, and the metal oxidation potential,"".cnvatea (ttpy)RuCh (ttpy is 4-p-tolyl-2,2:6',2"-terpyri-
although less affected, becomes less positive. These trend iney but only _charac.tetrlzed by NMR.Column chroma-
are departures from the desirable features of the parent ography (alumina, 31:2:1 GREN/saturated KNGH;0) and
mononuclear complexes and can ultimately impair the (3) Bodige, S.; Torres, A. S.; Maloney, D. J.: Tate, D.: Kinsel, G. R.;
sensitizer utility. An alternative way to increase the concen- Walker, A. K.; MacDonnell, F. MJ. Am. Chem. Sot997, 119, 10364
tration of the photoexcited state is to increase the number of ,, 2nd references therein.
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aConditions: (a) 10:1 NeDH—15% aq KOH, MeOH, reflux, 48 h. (b)
(ttpy)RuCk, 3 equiv AgBR, acetone, reflux, 3 h; then L, DMF, reflux, Ar,
2 h. (c) Excess aq NWPFs. (d) 0.5 equiv RuGt3H,0, ethane-1,2-diol,
cat. N-methyl morpholine, Ar, reflux, 24 h.
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Figure 1. UV-—vis spectra of mono- (---), di-+{-), and trinuclear
complexes €).

reprecipitation (NHPF;) afforded a comparable yield (70%)
of [(ttpy)RUL](PFs),, further characterized by ESI-MS and
elemental analysis.

The trinuclear complex was prepared in a straightforwar
fashion by coupling 2 equiv of [(ttpy)Ruk] with RuCk,
followed by precipitation (NHPF;) and recrystallization
(CH;CN/E%0), to afford [(ttpy)RU RuL Ru(ttpy)](PF)s in

87% yield (Scheme 1). Its structure was confirmed by NMR (ttpy)

Table 1. Variations in Spectral, Electrochemical, and Photochemical
Properties with the Number of Metalbl)¢

N 1 2 3
MLCT Amax (nm) 496 502 504
emet/104 (M~1em ) 3.27 5.98 7.33
Eox (V Vs SCE) 1.27 1.27 1.27
Ered (V vs SCE) —-1.18 -1.18 —1.03
ki x 10° (s79) 1.93(18) 1.086(2) 1.339(5)
kg x 103 (s7Y) 7.4(9) 2.40(16) 3.67(1)
% (mM) 26(4) 45(3) 36.3(2)

aNumbers in parentheses are the uncertainties in the least significant
digits. P Reference 11.
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Figure 2. Typical plots of photogeneration of MY with mononuclear
(»), dinuclear Q©), and trinuclear complexe®j. For clarity, only every
third data point is plotted. The arrows indicate the time at which the light
was turned off. The solid lines are the least-squares fitted lines.

(/1) couple at the same potential throughout the series,
essentially the same as with the parent complex [Rudy)

g (1.25 V) The reduction waves were not well defined in

all cases, but the first reduction values were all less negative
than with [Ru(ttpy)]*" (—1.24 V)2 suggesting the involve-
ment of the bridging ligand. As was the case with [Ru-
2]?* (r = 0.95 ns in CHCN),'* the complexes explored
here apparently do not emit at room temperature.

(*H, COSY) and ESI-MS analysis, though elemental analysis
of pure material returned low carbon and nitrogen contents,
presumably owing to incomplete combustion. The dinuclear

Using the published procedure to test the relative sensitizer
ability, the rate of generation of MV from 0.01 M MV?*

analogue [(ttpy)RuRu(ttpy)](PF)4 was prepared according
to the published method.

The electronic spectra (Figure 1) of the complexes in-CH
CN showedsz—as* transitions near 300 nm and MLCT

envelopes peaking near 500 nm (Table 1). As the chain

length increased, there was a slight red shifinx but a
pronounced increase in the molar extinction coefficieats (
entirely in accord with the findings of Janini et'8lAs was
found for the dinuclear complex, cyclic voltammetry of the
trinuclear species (in 0.1 MBusPFs in CH3CN) showed little
evidence of metatmetal communication, with a single Ru-
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1404.

(10) Barigelletti, F.; Flamingni, L.; Balzani, V.; Collin, J.-P.; Sauvage J.-
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1994 116, 7692.
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(12) Janini, T. E.; Fattone, J. L.; Mohler, D. I.. Organomet. Cheni999
578 260.
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in stirred CHCN under continuous irradiation at 46600
nm was monitored in the presence of 40l sensitizer and
0.05 M triethanolamine as sacrificial reductant. Typical time
courses are presented in Figure 2, and Table 1 reports the
pseudo-first-order rate constants for the formatikip énd
quenching Kg;) of MV** fitting the kinetic modeP

dIMVT/dt = KMV * o — (K + Ky + kg[MV 7], —
kg MV ]2
whereky; and kg, were given by the aerobic decay in the

dark & = kq = 0). The yields of MV* varied from sample
to sample, according to their,@ontents, but Table 1 reports

(13) Kalyanasundaram, K.; Nazeeruddin, M. K.;'@ed, M.; Viscardi, G.;
Savarino, P.; Barni, Bnorg. Chim. Actal992 198 831.
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P.; Sour, A.; Constable, E. C.; Cargill Thompson, A. M. WChem.
Soc., Chem. Commu993 942.
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the yieldsy expected under anaerobic conditiokg & Ky energies for electron transfeAG*) predicted by classical

= 0). No MV** was detected in the absence of sensitizer. Marcus theor}f (Supporting Information) corroborate the
All three complexes tested here were better than [Ru- intuitive preference for end-on approaches.

(ttpy)2]2", which was a relatively poor sensitiz€rOverall, These results are promising for the deployment of such

the di- and trinuclear species are better sensitizers than therrays in multiphase assemblies, but further improvements

mononuclear precursor, as measureg gpparently because  in activity are being sought with-poorer dipyrazinylpyridine

ki does not decrease with an increasing number of metalanalogues td, which should favor longer values, and with

centers ) as fast a¥, does. Bothk andk, decreased a¥ carboxylated capping ligands, to ameliorate the electrostatic

increased from 1 to 2, despite a near doubling.¢lowever, situation and to anchor the sensitizers to orgaaigueous

they rebounded aNl increased to 3, and the 50% increase interfaces.

in charge was apparently mitigated to a degree beyond that - Acknowledgment. We thank the Natural Sciences and
provided by the smaller increase én Though we cannot  gpgineering Research Council for funding this work and Mr.
in the sensitizers’ activity levels should be largely electro- . . ) . o

L. s S . e Supporting Information Available: Characterization data for
static in origin because of the similarities in their constitution all compounds and table of computéds* values. This material
and properties. Indeed, the obsgrvatlons are consistent W'ths available free of charge via the Internet at http://pubs.acs.org.
an end-on approach of the excited state by*M\Whence
the effect of increasing charge Hsncreases fades with the
increasing distance from the end of the chain. The activation (16) Marcus, R. A.; Sutin, NBiochim. Biophys. Acta985 811, 265.
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