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Quite recently, several works on bimetallic [l-7] 
and polymetallic [8-131 complexes have been 
published in the literature. These compounds are 
interesting in many respects. Some have been 
prepared in view of their possible optical activity 
[12]; others have been considered as new photo- 
sensitizers [8], as models for photochemistry and 
photophysics of large aggregated chromophores [lo], 
for the study of intramolecular electron or energy 
transfer [6, 131 or electron transfer directionality 
[ill. 

A few years ago, an hexachelating, highly sym- 
metric ligand, the dipyrazino[2,3-f] [2’,3’-hlquinox- 
aline, also known as 1,4,5,8,9,12_hexaazatriphenyl- 
ene (HAT), was prepared [ 141. This compound 
offers, in the context of polymetallic complexes, the 
advantage to build different organometallic edifices, 
using the HAT as bridging ligand. To investigate this 
attractive possibility, we thus synthesized the 
mononuclear Ru(bpy)*(HAT)‘+ (yellow) (bpy = 
2,2’-bipyridine), dinuclear [Ru(bpy)z]2(HAT)4+ 
(aubergine-colored) and trinuclear 
(HAT)@ (deep blue): 

[Ru(bpy)zl3- 
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We present in this note their redox and spectroscopic 
characteristics. 

Experimental 

Ww)Klz U 51 and HAT [14] were prepared 
according to known methods and the complexes 
synthesized following the procedure described by 
Belser and von Zelewsky [ 161 for mixed ligand com- 
plexes. A methanol-water (1 :l) solution of n 
equivalents (n = 1,2 or 3) of Ru(bpy),C& was added 
dropwise to a boiling solution of HAT in the same 
solvent; the disappearance of the starting material was 
followed by silica gel TLC (CHC13-MeOH 95:5) 
while the complex appearance and transformation 
could be detected by reverse phase Whatman Si-Cls 
TLC (CH$N-MeOH 1 :l, CH3S03H 0.015 M). The 
desired complex [Ru(bpy),] n(HAT)2”+ was mainly 
formed with however small amounts of [Ru(bpy)2] 2- 
(HAT)4+ in the Ru(bpy)2(HAT)2+, and of Ru(bpy),- 
(HAT)2+ plus [Ru(bpy)2]3(HAT)6+ in the [Ru- 
(bpy)2]2(HAT)4+; the trimetallic compound was 
obtained alone. 

The complexes were separated and purified by ion 
exchange chromatography (IEC) [16] on Sephadex 
SP-C25 Na+ form (H20-(CH3)2C0 5:3, NaCl 0.1 M 
for Ru(bpy)2(HAT)2+, 
(HAT)4+ 

0.3 M for [Ru(bpy)2]2- 
and 0.5 M for [Ru(bpy)2]3(HAT)6+); 

acetone was evaporated and the addition of KPF6 
precipitated respectively the mono-, di-, and tri- 
metallic complexes in 47, 68 and 72% yield. 
Analytical data are given in Table I. 

The NMR spectra were recorded on a Bruker 250 
MHz and absorption on a Varian Cary 219 UKVis 
spectrophotometer. The emission spectra were deter- 
mined with a RCA 7102 photomultiplier and 
emission lifetimes with a Hamamatsu R928 P.M.T. 
at room temperature in water. 

Results and Discussion 

NMR Spectra 
Only the Ru(bpy),(HAT)2+ gave a simple, inter- 

pretable ‘H NMR spectrum in full agreement with the 
expected structure. The di- and trimetallic com- 
pounds show, however, a very complicated spectrum 
probably for symmetry reasons; since a Ru(bpy)2Clz 
racemic mixture (with absolute configurations A + A) 
has been used, two diastereoisomers belonging to dif- 
ferent point groups can be formed in each poly- 
nuclear complex: the A2 (+ its enantiomer A*, C2 
group) and the M (C, group) for the [Ru(bpy)2]2- 
(HAT)4+, the A3 (+ its enantiomer A3, D3 group) and 
the M* (+ its enantiomer AA*, C2 group) for the 
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second reduction wave is also affected by the Ru 
number, it would correspond to a second reduction 
of the HAT; in the trimetallic complex even the third 
electron could go on the bridging ligand since the 
third reduction occurs at a potential which is not 
negative enough for a bpy. Interestingly thus, the first 
three electrons would be all localized on the HAT 
bridging ligand in the [Ru(bpy)s] 3(HAT)6+. 

Absorption and Luminescence Spectra 
Unexpectedly, as shown in Table III and Fig. 2, 

the trimetallic complex is still luminescent with a life- 
time of 40 ns. It is also clear that the intensity of the 
band around 280 nm, attributed to the bipyridine 
T--IT* transition [15] is proportional to the number 
of Ru(bpy),‘* moieties in the complex. The MLCT 
absorption band undergoes a strong bathochromic 
shift and hyperchromic effect from the mono- to the 
di- and trimetallic complexes; this red-shift is also 
observable on the MLCT triplet luminescence. This is 
in agreement with the fact that the highest occupied 
dn molecular orbital remains unchanged whereas the 
lowest unoccupied 7~* molecular orbital is stabilized 
by the addition of Ru2+(bpy)2 moieties as concluded 
from the electrochemistry. 

In conclusion, the new ligand HAT allows the 
preparation of new polymetallic non-linear complexes 
which luminesce and present absorptions in a suitable 
region for photosensitization. Moreover, the mono- 
and dimetallic complexes, still having free chelation 
sites, should be useful as synthetic precursors for 
‘leterometallic compounds. 

Inorganica Chimica Acta Letters 

References 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

C. Creutz and H. Taube, J. Am, Chem. Sot., 91, 3988 
(1969); 95, 1086 (1973). 
R. de la Rosa, P. J. Chang, F. Salaymeh and J. C. Curtis, 
Inorg. Chem., 24, 4231 (1985). 
C. H. Braunstem, A. D. Baker, T. C. Strekas and H. D. 
Gafney, Inorg. Chem., 23, 857 (1984). 
D. Sedney and A. Ludi, Inorg. Chim. Aeta, 47, 153 
(1981). 
J. P. Gisselbrecht, M. Gross, J. k. Lehn, J. P. Sauvage, 
R. Ziessel, C. Piccini-Leopardi, J. M. Arrieta, G. Germain 
and M. Van Meerssche, Now. J. Chim., 8, 661 (1984). 
K. S. Schanze, G. A. Neyhart and T. J. Meyer, J. Phys. 
Chem., 90, 2182 (1986). 
R. Sahai. D. A. Baucom and D. P. Rillema, Inore. Chem.. 
25, 3843 (1986). 
M. Hunziker and A. Ludi. J. Am. Chem. Sot.. 99. 7370 
(1977). 
H. E. Toma and A. B. P. Lever, Znorg. Chem., 25, 176 
(1986). 
R. H. Schmehl, R. A. Auerbach, W. F. Wacholtz, C. M. 
Elliott, R. A. Freitag and J. W. Merkert, Inorg. Chem., 
25, 2440 (1986). 
C. Marzin, G. Tarrago, 1. Zidane, E. Bienvenue, P. Seta, 
C. Andrieux, H. Gampp and J. M. Saveant, Inorg. Chem., 
25, 1778 (1986). 
A. Sudhakar, T. J. Katz and Bing-Wei Yang, J. Am. 
Chem. Sot., 108, 2790 (1986). 
C. A. Bignozzi, S. Roffia and F. Scandola,J. Am. Chem. 
Sot., 107, 1644 (1985). 
R. Nasielski-Hinkens, M. Benedek-Vamos, D. Maetens and 
J. Nasielski, J. Organomet. Chem., 217, 179 (1981). 
B. P. Sullivan, D. J. Salmon and T. J. Meyer, Znorg. 
Chem., 17, 3334 (1978). 
P. Belser and A. von Zelewsky, Helv. Chim. Acta, 63, 
1675 (1980). 
G. A. Heath and L. J. Yellowlees, J. Chem. Sot., Chem. 
Commun., 287 (1981); V. T. Coombe, G. A. Heath, A. 1. 
MacKenzie and L. J. Yellowlees, Inorg. Chem., 23, 3423 
(1984). 


