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COMMUNICATION 

4’4 9-Anthryl)-2,2’:6’,2’’-terpyridine-a 
novel luminescent component for 
metallosupramolecular systems 
EDWIN C .  CONSTABLE* and DIANE R. SMITH 

Institut fir Anorganische Chemie, Uniuersitat Basel, Spitalstrasse 51, 4056 Basel, Switzerland 

(Received January 7 ,  1994) 

An anthryl-substituted 2,26,2”-terpyridine has been prepared, and 
the photochemical properties of the new ligand and its ruthenium and 
iron complexes studied. 

INTRODUCTION 

There is intense current interest in the design of 
photoaddressable supramolecular systems which might 
allow controlled and directional energy or electron 
transfer processes.’ Recently, we have developed 
systematic synthetic routes to photoactive supra- 
molecular polymers of defined nuclearity based 
upon the use of kinetically inert d6 metal centres 
(ruthenium(II), cobalt(II1) and osmium(II)).’ In these 
studies we have concentrated upon the introduction of 
metal-centred photoactive domains and have adopted 
linear and dendritic methodologies. In this paper we 
describe an extention of this methodology in which a 
pendant photoactive anthracene group is attached to 
a metal-binding domain. Anthracenes are luminescent 
and photoexcitation yields a singlet state which 
undergoes an inter-system-crossing to generate a 
triplet state which decays in a radiative manner to the 
ground (singlet) state. Anthracene substituents may act 
as photoaddressable probes or as primary photocentres 
in supramolecular ~ys t ems .~  

For the first generation of these complexes we have 
prepared the new ligand Antpy, 1. This ligand was 
designed because it might allow efficient and specific 
energy transfer between anthracene-based excited 
states and the metal-manifold in its transition metal 
complexes. Although the reaction of arylaldehydes 
with an excess of 2-acetylpyridine in the presence 

*To whom correspondence should be addressed. 

of base often yields 1,5-bis(2-pyridyl)-4-aryl-1,5- 
pentanediones? the reaction of 9-anthraldehyde with 
2-acetylpyridine under a variety of conditions only 
yielded the enone This is in marked contrast to 
the behaviour of the chalcone obtained from the 
reaction of 2-acetylpyridine with benzaldehyde, which 
is extremely reactive with nucleophiles. Attempts to 
convert 2 to 1 by reaction with an excess of 
2-acetylpyridine or with the Krohnke reagent 2-0x0- 
2-(2-pyridyl)ethylpyridinium iodide6 in the presence of 
[NH,][OAc] were unsuccessful and only unreacted 2 
was recovered. Accordingly, we have developed a 
method for the conversion of the enone to the 
1,5-dicarbonyl3 using more rigorous conditions than 
those usually adopted. The reaction of 2 with the 
enolate of 2-acetylpyridine, generated in situ from the 
reaction of 2-acetylpyridine with ‘BuOK in thf, yielded 
3 which was not isolated, but was cyclised directly by 
reaction with [NH,][OAc] in aerobic conditions to 
yield 1 in 63% yield.7 

Both compounds 1 and 2 are luminescent. Compound 
1 is intensely luminescent (emission maximum 425 nm, 
Fig la), and the bonding of the anthryl group to the 
2,2’:6’,2”-terpyridinyl moiety does not appear to affect 
the photophysical properties of the anthracene group. 
In addition, the absorption spectra of solutions of the 
compound are typical of fluorescent substances and 
do not obey Beer’s Law. 

The iron(I1) complex of 1, [Fe(l),][PF,], (4),’ is 
readily formed by the reaction of 1 with iron(I1) salts 
followed by precipitation of the hexafluorophosphate 
salt. The electronic spectrum exhibits a ligand-centred 
absorption band at 253nm and an iron centred 
absorption band at 565 nm. However, the complex 4 
was non-luminescent, with the iron quenching the 
luminescence of the anthracene. No luminescence was 
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observed when solutions of 4 were excited at 253 nm 
or 565 nm. 

In contrast to this behaviour, however, the 
ruthenium(I1) complex, [Ru(l),][PF,], 5,’ is lumi- 
nescent. We have completed a preliminary comparative 
study of the photochemical properties of the complex 
and the free ligand at room temperature using 
acetonitrile solutions which contained equal con- 
centrations (1.0 x lo-’ mol) of anthracene groups. 

The electronic absorption spectrum of the ruthenium 
complex showed a ligand-based absorption band with 
a ;I,,, at 253 nm, i.e. the same as for the free ligand, 
and a comparatively weak MLCT absorption band at 
485 nm. 

Excitation of the complex at 253 nm produced an 
emission spectrum almost identical to that of the free 

ligand (Fig la), with the emission essentially entirely 
from the ligand and with little evidence for any 
metal-centred emission. 

Excitation of the complex at the MLCT band 
(485 nm, Fig lb), resulted in a very weak emission from 
the anthracene group; this suggests that there is little, 
if any, long range energy transfer from the metal to 
the anthracene group. In addition, the observation of 
a very weak emission band at 650 nm is indicative of 
a ruthenium-centred emission. The absence of energy 
transfer processes in the complex suggests that there 
is little, or no, interaction between the two photoactive 
centres in their excited states. Furthermore the 
observation of only ligand emission on excitation at 
253 nm and only a metal-centred emission on excitation 
at 485 nm indicates that the two photoactive centres 
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0.05 - 

1990, I78,47. 
5 2 Aqueous NaOH (10 mL of a 1.5 M solution) was added to a 

stirred solution of 2-acetylpyridine (1.20 g, 10 mmol) and 
9-anthraldehyde (2.06 g, 10 mmol) in ethanol (20 mL). After 
stirring for 4 hours at r.t., the orange precipitate was isolated 
by filtration, recrystallisation from MeOH afforded 2 as orange 

Figure 1 Emission spectra of acetonitrile solutions of (a) the ligand 
1 (1.0 x 10T5M) and ruthenium complex 5 (0.5 x 10-'M) on 
excitation at 253 nm and (b) the ruthenium complex 5 (0.5 x lo-' M) 
on excitation at 485 nm. 

are functioning independentIy from each other. This 
is currently undergoing further investigation. 
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NOTES AND REFERENCES 

1 See for example, Denti, G.; Serroni, S.; Sampagna, S.; Juris, A.; 
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8.70 (d, lH), 8.94 (AB, J = 16 Hz, lH)]. 
6 Krohnke, F.; Synthesis 1976, 1. 
7 1: 2-Acetylpyridine ; 0.1 mL, 0.84 mmol) was added to a stirred 

solution of 'BuOK (0.14 g, 1.3 mmol) in anhydrous thf (20mL). 
After stirring at r.t. in an inert atmosphere for 2 h, 2 (0.20 g, 
0.64 mmol) was added to the now yellow reaction mixture. The 
solution was stirred at r.t. for 14 hours during which time a 
dark red colour developed. NH,OAc (1 g) and EtOH (20 ml) 
were added sequentially and the mixture heated at reflux for 
4 hours. Removal of the solvent in uacuo afforded a brown gum 
from which the ligand was precipitated out by the addition of 
water. Recrystallisation from CHCI,/MeOH afforded 1 as pale 
yellow needles (68 mg, 63%). [EIMS m/z 409 (M)'; 'H NMR 
(CDC1,): 6=7.35 (m, 4H), 7.46 (t, 2H), 7.71 (d, 2H), 7.92 (t, 2H), 
8.07 (d, 2H), 8.54 (s, 2H), 8.63 (m, 4H), 8.80 (d, 2H)]. 

7 4: [Fe(H,O),][SO,] (12mg, 0.046mmol) and 1 (40mg, 
0.098mmol) were stirred in MeOH (5ml) at r.t. and after 
dissolution was complete, methanolic NH,PF, was added. The 
dark red needles of4 that precipitated were isolated by filtration 
(48 mg, 90%). 
5 RuC1, (13 mg, 0.061 mmol) and 1 (25 mg, 0.061 mmol) were 
heated at reflux in MeOH for 1 h. The brown solid [Ru(l)Cl,] 
was isolated by filtration and this then added to a further aliquot 
of 1 (25 mg, 0.061 mmol) in EtOH. This mixture was heated at 
reflux for 2 h and after cooling 5 was precipitated from solution 
by the addition of methanolic NH,PF, as an orange-brown 
solid (65mg, 88'Xo). Laser desorption TOFMS m/z 1065 
(CRu(I),lCPFJ)+: 920 (CRu(I),I)+. 
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