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We have synthesized a new type of tris-2,2’-bipyridine ligand of 7 and 8 do not interact appreciably, as is evident from their 
with 4,4’- and 6,6’-disubstituted 2,2’-bipyridine (bpy) units. electrochemical and photophysical data. The lifetime of the 
The terminal 4,4’-disubstituted 2,2’-bipyridine moieties are excited state of compound 7 at 77 K is similar to that of 
selectively coordinated by Ru( bpy) (bpy = 2,2 ’ - bipyridine) , Ru (bpy) ,(4,4 ’ -dimethyl-2,2 ‘ -bip yridine) , whereas that of 
whereas the central 2,2‘-bipyridine ligand does not partici- compound 8 under the same conditions is comparatively 
pate in any metdl ion coordination. The two Ru(bpy), units long. 

Multimetallic assemblies of defined structure are key de- 
sign targets for the study of energy- and electron transfer[’]. 
Ruthenium complexes of polypyridinc ligands play a central 

properties, and favorable photophysical characteristicsr21. 
Most di- and oligonuclear ruthenium complexes have been 
synthesized by metal complexation of a multitopic ligandIsl. 
This procedure does not always provide full control over 
the final composition of the oligonuclear ~ornplex[~J. The 
selective synthesis of assemblies with free binding sites is 
especially ditficult. We report here on the preparation of 
new tris-2,2‘-bipyridine ligands with different binding sites 
and their selective twofold coordination by R ~ ( b p y ) ~ [ ~ ]  moi- 
eties. The redox, absorption, and luminescence properties of 
the 2,2’-bipyridine-bridged bis(ruthenium) complexes thus 
obtained have been investigated. 

Results and Discussion 

lL7] gave compound 3 in 41 9’n isolated yield. The resonance 
of all eight ethano bridge protons in the ‘H-NMR spectrum 
of 3 collapse into a singlet, whereas the 6,6’- and 4,4’-aro- 

Wittig-Horner-Emmons-Wadsworth procedure was used 
for the synthesis of 6 from 2,2‘-bipyridine phosphane oxidc 
4[’1 and 6,6’-dif0rmyl-2;2’-bipyridine[~I. The exclusively 
trans geometry of the newly formed double bonds of 6 was 
confirmed by the coupling constants of the proton NMR 
spectrum. 

The coordination of the new ligands 3 and 6 with 
Ru(bpy), groups shows a remarkable selectivity: only the 
terminal 2,2‘-bipyridine units were coordinated under rationale for this observation is the different steric hin- 
standard conditions[l01 for Ru(bpy), complex formation. A drance of the terminal and central 2,2’-bipyridine moieties. 
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Scheme 1. Reagents and rcaction conditions: i j  THF, 0 ° C  2 h 

Li’ 

role in thew systcms due to their chemical stability, redox i &5 + 

- 
MeS0,O OS0,Me 

Scheme 2. Reagents and conditions: ij THF, 60°C: 1 h, then 15 
min at reflux temperature 

0 
A twofold substitution of 2[‘1 by lilhiated 2,2‘-bipyridine Na+ II 

2 

matic substitution patterns are clearly distinguishable. A 4 
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The 6,6'-substitution of the central 2,2'-bipyridine ligand 
prevents the formation of an octahedral Ru(bpy), coin- 
plex[lll. All attempts to further functionaliie the central 
2,2'-bipyridine unit of 7 and 8 were unsuccessful. Neither 
quaternization with MeI"'] nor complexation with metal 
ions, such as PdC12[131. ZnBr2[l4], or Hg(CF3C02)2['51 gave 
any products. 
Scheme 3. Reagents and conditions: i) THF, 20 "C, 2 h 

i - iii 3 + Ru@ipyhCl, 

Scheme 4. Reagents and conditions: i) EtOH/H20, reflux, 
Ru(bipy)?C12; ii) 6: iii) Nal'F, 

6 + RU@ipy),C4 i - iii 

Compound 11 was prepared to compare the physical 
properties of a viiiylpyridinc-substituted ruthenium com- 
plex with those of the extended system 8. The compound, 
which corresponds to one half of 8, was obtained via coup- 
ling of 4 with 2-formylpyridine (9) and ruthenium com- 
plexation of the 2,2'-bipyridine moiety. 
Scheme 5. Reagents and conditions: i) AgC104, acetone, 

Ru(bipy),C12; ii) 6; iii) NaPF, 

10 
. -  
'R&bipy), I' 

In Table 1, the redox potentials of compounds 7, 8, and 
I 1  are summarized. The [R~(bpy)~]~ '  moieties in 7 and 8 
act as independent redox centers. The measured potentials 

530 

for the RU"/RU'~' processes of 7, 8, and 11 are identical to 
the reported values for complexes with a similar substruc- 
ture, such as [(4,4'-dmb)2Ru(bbpe)]2+['61 and [Ru(4,4'- 
dmb)2(vbpy)]2+[' 71. 

bbpe 

N- 

Table 1. Redox potentialda1 of compounds 7, 8. and 11 

I 0.84 70 
8 0.85 70 
11 0.85 70 

La] Values quoted were at 50 mV/s in 3 X lo-' hi solutions of the 
compounds in 0.1 M Bu4N . PF CH3CN at 25°C vs ferrocenel 
ferrocenium; formal potential 2: 1 / 2 ( ~ , , ~  + E ~ . J  . E ,c = ca- 
thodic peak potential; Ep,+ = anodic peak potential: A 4  = Ep,a 

~ E P , C .  

Figure I shows the absorption and emission spectra of 
compounds 7, 8, and 11 in acetonitrile solution (1 . 
M) at 298 K. A summary of the photophysical data is given 
in Table 2. In the same table, data relating to Ru(bp~)~(4,4'-  
dmb)'+ are also shown for comparison purposes. Each 
compound exhibits ligand-centered bands in the near W 
region and metal-to-ligand charge-transfer (MLCT) bands 
in the visible region. 

It is well-known that in Ru'l(po1ypyridine) complexes 
emission originates from the lowest, formally spin-forbid- 
den, ,MLCT level. The luminescence behavior of com- 
pound 7 is, as expected, very similar to that of 
R~(bpy)~(4,4'-dmb)~'[ 1,181, which is in fact its chromoph- 
oric unit. Thc two Ru-based moieties do not interact appre- 
ciably (see also electrochemical results), other than in the 
case of analogous dinuclear complexes in which two 
Ru(bpy):+-type moieties are linked by aliphatic['9] or ali- 
phatic-aromatid20J chains"]. Emission of the mononuclear 
compound 11 occurs at lower energy, as would be expected 
since the substituted 2,2'-bipyridine ligand is a better elec- 
tron-acceptor than bipyridine. The emission band of the 
structurally similar compound R~(4,4'-dmb)~(bbpe)~+, 
studied by Meyer et al.[l7I is found at much lower energy 
(Lmax = 732 nm). The different behavior of Meyer's com- 
pound can be ascribed to the presence of the electron-do- 
nating methyl substituents in the ancillary 2,2'-bipyridine 
ligands, the different substitution position (4 vs. 2) on the 
pyridine ring in compound 11, and perhaps also to the 
more extended conjugation of the ligand involved in the 
lowest energy CT transition. In compound 8, the emission 
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Table 2. Photophysical data of compounds 7, 8, and 1 I 

Compound Absorption Emission at 298 K Emission at 77 K 
h a x  & hmax 7 d hmax T 

[nm] [M-lCtKl] [nm] [ns] [nml lmsl 
7 453 29400 618 157 0015 589 5 5  

8 461 41020 661 190 00016 647 156 

11 459 18500 657 160 00011 640 163 

R~(bpy)2(4,4‘-drnb)~+ 445ral 16000[a1 615ca1 586cb1 5 2Cb1 

287 177500 

287 144200 

288 69300 

La] Acetonitrile solution, ref.[’*] - Lb] MeOH/EtOH, ref.[’*] 

Figure 1. Absorption (left) and emission (upper right) spectra of 
compounds 7 (-), 8 (---) and 11 (...) in acetonitrile solution 

(1 X M) at 298 K 

1 ___~__-___ 

300 400 500 600 700 

1 (nm) 

band is slightly bathochromically shifted compared to the 
mononuclear compound, 11, although this shift is smaller 
than in the case of R~(4,4‘-dmb)~(bbpe)Ru(4,4’-dmb)$+ or 
R~(4,4’-dmb)2(bbpe)*+[~’I. 

A remarkable characteristic of 8 and 11 is the very long 
excited state lifetime at 77 K. As discussed by Meyer et 
al.[’73”] the extended lifetime is a delocalization effect. De- 
localization decreases changes in local bond displacements 
due to electronic excitation. This reduces vibrational over- 
lap between excited state and ground state, with a conse- 
quent decrease in the rate of radiationless deactivation. At 
room temperature, this effect is not observable because un- 
der such conditions the dominant pathway for radiationless 
deactivation of the luminescent 3MLCT level is conversion 
to an upper-lying, distorted ligand-field level rather than 
direct deactivation to the ground state“]. 

This work was supported in Italy by MURST and CNR 
(Progetto Strategic0 Tecnologie Chimiche Innovative) . Financial 
support from the Volkswagrn Foundation and a generous gift of 
RuC13 from the Drgussu A G are gratefully acknowledged. 

Experimental Section 
Melting points were taken on a hot-plate microscope apparatus 

and are not corrected. - NMR spectra were recorded at 400 iMHz 
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(‘H) and 100 MHz (13C) In [Djchloroform solution unless other- 
wise stated. The multiplicities of the I3C signals were determined 
with the DEPT technique and are quoted as: (+) for CH3 or CH, 
(-) for CH2 and (Cquat) for quaternary carbons. - Column chro- 
matography (CC) was performed on silica gel. - Redox potentials 
were measured under nitrogen in 0.1 M Bu4NPFb acetonitrile solu- 
tion at 20°C using a glassy carbon working electrode and a plati- 
num wire counter electrode. Reference electrode: Ag+/AgCl+ in 
LiCl satd. ethanol; potentiostat: Autolab PGSTAT2O: Eco Chemie; 
program GPES V3.0. - Absorption spectra were measured in ace- 
tonitrile solution at room temperature with a Perkin-Elmer 
Lambda 6 spcctrophotomcter. - Luminescence experiments were 
performed in air-equilibrated acetonitrile solution at room tcm- 
perature and in freshly distilled butyronitrile at 77 K. Uncorrected 
luminescence spectra were obtained with a Perkin-Elmer LS 50 
spectrofluorimeter. Luminescence decay measurements in the 
nanosecond range were performed with an Edinburgh single-pho- 
ton counting apparatus. Luminescence quantum yields were meas- 
ured by the method described by Demas and Crosby[”], using 
[Ru(bpy)?I2’ (F = 2.8 I lo-* in aerated water[23]) as a standard. 

Ligand 3: A solution of 4,4‘-dirnethyl-Z,2’-bipyridine (1) (920 
mg, 5 mniol) and 6 mmol of LDA in 50 ml of dry THF was stirred 
for 3.5 h at 0°C. After addition of 6,6’-bis(hydroxymethyl)-Z.Z’- 
bipyridine methylsulfonate (2) (750 mg. 2.2 mmol), the mixture was 
allowed to react for 2 h at 0°C. The reaction was quenched by the 
addition of satd. aqueous NH4CI solution and the mixture was 
diluted with CH2Cl2. The organic phase was washed four times 
with satd. NH,CI solution and water, dried over MgS04 and the 
solvent was completely removed in vacuo. Recrystallization from 
n-heptane yielded 3 (490 mg, 41 KO) as a white solid ( R ,  = 0.3. SiO,; 
CH2C1$MeOH/NH3, 100:5:0.5), m.p. 162°C. - IR (KBr): i. = 

1594 cm-’, 1573. 1536, 1459, 1439, 1374, 992. 824, 807. - U V  
(CH3CN): h,,,, ( E )  = 202 nm (110660), 242 (31630), 284 (41530). 
- ‘H NMR: 8 = 2.43 (s. 6H), 3.25 (s, 8H), 7.13 (m, 6H), 7.69 (dd, 
J =  7.8 Hz, J =  7.8 Hz, ZH), 8.22 (s, 2H), 8.28 (d, J =  7.8 Hz, 
2H), 8.35 (s, 2H), 8.53 (m, 4H). - 13C NMR: F = 21.1 (+), 34.9 
(-), 38.5 (-), 118.7 (+), 121.3 (+). 121.9 (+), 122.7 (+), 123.9 
(+), 124.6 (+), 137.0 (+), 148.0 (Cquar), 148.8 (+I. 148.9 (+), 151.8 
(Cquat), 155.8 (Cquar), 155.9 (Cquar), 156.1 (CqwJ, 159.5 (C,,rJ. - 

MS (70 eV); mlz (YO): 548 (100) [M+]. - C36H32N6: calcd. 548.268; 
found 548.268 (MS). 

4-[(DiphenyEphospkino~~l~nietl?)il]-l‘-met~y~-2,2‘-hi]?yridine (4; 
Hf instead of Na+): To a solution of 4,4’-dimethyL2,2’-bipyridine 
(920 mg, 5 mmol) in 30 ml of THF, 6 mmol of LDA was added at 
0°C. The solution was stirred for 2 h, cooled to -78”C, chlorodi- 
phenylphosphane (0.9 ml, 6 mmol) was added and the yellow reac- 
tion mixture was stirred for 3 h at this temperature. The reaction 
was then quenched with satd. aqueous NH4CI solution and 80 ml 
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of CH2C12 was added. The organic phase was washed with satd. 
NI14Cl solution and water, dried over MgS04, and the solvent was 
evaporated in vacuo. CC of the crude product [CH,C12/MeOH/ 
NH3 (25% in water), 100:5:0.5] gave 4 (1100 mg, 57%, Rf = 0.26) 
as a white solid, m.p. 184°C. - IR (KBr): 5 = 3057 cm-', 2951. 

196 nm (80910), 222 (29790), 248 (10840), 284 (14720). - 'H 
NMR: F = 2.38 (s, 3H), 3.70 (d, 3JEI,p = 13.9 Hz, 2H), 7.07 (d. 
' J =  4.9 Hz, l H ) ,  7.19 (m, IH),  7.45 (ni, 6H), 7.69 (m, 4H), 8.07 
(s, IH), 8.10 (s, IH),  8.45 (m, 2H). - I3C NMR: 6 = 21.1 (+), 
37.9 (-, d, IJc,p = 64.2 Hz), 121.9 (+), 122.8 (+, d, 3J,-p = 5.7 
Hz), 124.6 (+), 124.9 (+, d, 3Jc.,p = 4.4 Hz), 128.6 (+), 128.7 (+), 
130.9 (+), 131.0 (+), 131.2 (C,,,J, 132.0 (+), 132.1 (+), 132.2 
(C,,,), 141.7 (Cquat), 141.7 (C,,,), 148.0 (C,,,,), 148.8 (+), 148.9 
(Cquat), 149.0 (C,,,,,), 155.5 (C,,,), 156.2 (CquaI). - 31P NMR (81 
MlIz): 6 = 29.5. ~ MS (70 eV); mlz ('YO): 384 (100) [M+]. - 
C21H21NZOP (384.4): calcd. C 74.99, H 5.51, N 7.29); found C 
75.03, H 5.60, N 7.27. - Mol. mass 384 (MS). 

1594, 1437, 1184, 1119, 832, 693,463. - U V  (CH3CN): h,,, (E) = 

Ligand 6:  4-~(Diphenylphosphinoyl)methyl]-4'-mcthyl-2.2'-bi- 
pyridine (4; H+ instead of Na+) (830 mg, 2.3 mmol) and sodium 
hydride (1 10 mg, 4.6 mmol) were heated in 50 in1 of dry THF to 
60°C for 30 min. After addition of 180 mg (0.85 mmol) of 6,6'- 
diformyl-2,2'-bipyridine (9, the mixture was heated to 60 "C for 60 
min and then refluxed for a further 15 min. The suspension was 
diluted with 5 rnl of satd. aqueous NH,CI solution and 100 ml 
CHZC12. The precipitated solid was filtered off, washed with dil. 
aqueous NaOH solution and with dichloromethane, and then 
recrystallized from toluene to yield 6 (200 mg, 43%) as a white solid 
(Rf = 0.47, Si02; CH2CI2/MeOH/NH3, 100:5:0.5), 1ii.p. 303 "C. - 
IR (KBr): C = 152 mi-', 1563, 1433, 970, 553. - UV (CHC13): 
h,,, (E) = 248 nm (40740), 288 (51290), 326 (426570), 332 (441601, 

2 H ) , 7 . 4 7 ( d , J =  7 .4Hz,2H) ,7 .50(dd ,J=  5.1 and 1.7Hz,2H),  
7.57 (d, J =  15.9 Hz, 2H), 7.90 (m, 4H): 8.29 (s, 2H), 8.55 (d, J =  
7.9 Hz), 8.60 (d, J =  4.9 Hz, ZH), 8.63 (s, 2H), 8.70 (d, J =  5.1 
Hz, 2H). - I3C NMR: 6 = 21.2 (+), 118.9 (+), 120.5 (+), 121.3 
(+), 122.1 (+), 123.2 (+), 124.8 (+). 130.3 (+), 132.4 (+), 137.6 

348 (28840). - 'H NMR: 6 = 2.47 (s, hHj, 7.18 (d; J = 4.9 Hz, 

(+), 145.2 (C,,,J. 148.2 (Cq,,), 149.0 (+), 149.6 (+), 153.7 (C,,,,), 
155.8 (C,,,,), 155.9 (C,,,), 156.8 (CqUaE). - MS (70 cV); W Z / Z  (%): 
544 (100) [M+]. - C36H2RN6: calcd. 544.237; found 544.237 (MS). 

Conzplex 7: A solution of bis(2,2'-bipyridine)ruthenium(II) di- 
chloride dihydrate (600 ing, 1.15 mmol) in 60 nil ethanohater 
(75:25) was refluxed for 20 min. After addition of ligand 3 (280 
mg. 0.51 nimol), the reaction mixture was refluxed for a further 15 
h, the solvent was evaporated and the residue was purified by CC 
[MeOHhqueous NH,CI solution (2 M)/MeN02, 7:2:1; Rf = 0.15, 
as chloride salt]. The solvent from the appropriate fraction was 
evaporated invacuo: and the residue was dissolved in water. This 
solution was filtered and then the complex was precipitated by the 
addition of 100 ml of aqueous KPF6 solution (0.1 M), yielding 7 
(385 mg, 38%) as an orange solid, m.p. 232°C. - IR (KBr): P = 

1619 cm-'. 1444, 841, 762, 557. - UV (CH,CNj: ( E )  = 192 
nm (181970), 246 (61660), 287 (1775001, 453 (29400). - 'H NMR 
(400 MHz, CD3CN): F = 2.48 (s, 6H), 3.27 (m, 4H), 3.36 (m, 4H), 
7.21 (m, 4H): 7.34 (m, IOH), 7.51 (m, 4H), 7.68 (m, ]OH), 8.02 
(m, SH), 8.22 (m, 2H), 8.32 (s, 2H), 8.46 (m, 10H). - MS (ESI); 
mlz (%): 1811.4 (6) [(M4' + 3 PF,)+], 833.2 (45) [(M4+ + 2 
PF6)Z'], 507.1 (63) [(M4* + PF;)3+], 451.3 (loo), 343.9 (54) 
[M"]. - C76H64N14R~~2P4ti24 (1955.4): calcd. C 46.68, H 3.30, N 
10.03; found C 45.83, H 3.24, N 9.73. ~ Mol. mass 1955 (MS). 

Complex 8: A mixture of bis(2,2'-bipyridinejruthenium(II) di- 
chloride dihydrate (1 46 mg, 0.28 mmol) and silver perchlorate (127 
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mg, 0.57 mmol) in 50 ml of dry degassed acetone was stirred for 3 
h at room temperature in the dark. The precipitated silver chloride 
was removed by filtration, ligand 6 (77 mg, 0.14 mmol) was added 
and the reaction mixture was stirred for 4 d in the dark at room 
temperature. The solvent was then evaporated and the residue was 
purified by CC [MeOHlaqueous NH4C1 solution (2 M)/MeNO2, 
7:2:1, Rf = 0.18, as chloride salt]. The solvent from the appropriate 
fraction was evaporated and the residue was dissolved in water. 
This solution was filtered and the complex was precipitated by the 
addition of 100 m1 aqueous KPF, solution (0.1 M). yielding 8 (65 
mg, 24%) as  a red solid, m.p. >300"C. - IR (KBr): 5 = 1613 
cm-', 1465, 1105, 844, 765, 558. - UV (CH3CN): h,,, (,E) = 192 
nm (154880), 246 (63100), 287 (144200), 340 (60260), 461 (41020). 
- 'H NMR (400 MHz, CD3CN): 6 = 2.57 (s, 6H), 7.26 (m, 2H), 
7.41 (m, 8H). 7.56 (m, 4H), 7.63 (m, 2H), 7.68 (m, 2H), 7.74 (m, 
RH), 7.82 (m, 2H), 8.02 (m. 12H), 8.50 (m, 8H), 8.54 (s, 2H), 8.63 
(m, 2H), 8.74 (s, 2H). - MS (ESI); mlz (%): 1805.4 (2) [(M4+ + 
3 PFg)+], 830.7 (10) [(M4+ + 2 PF;)"], 413.0 (100). 

tmns-4-Mt.th~,l-4'-/2-(2-p,~vid~ll i:jn~1]-2,2'-b~~vidint. ( I  0): A 
mixture of 4-[(diphen~~lphosphinoyl)metliyl]-4'-methyl-2,2'-bipyri- 
dine (4; H+ instead of N a ' )  (1.2 g, 3.1 mmol) and NaH (82 mg, 
3.4 nimol) in 75 in1 THF was heated to 50°C for 5 min. After 
addition of 0.33 ml(3.4 mmol) of pyridine-2-aldehyde (9). the reac- 
tion mixture was stirred Jor 2 h at room temperature. The organic 
phase was diluted with 150 ml of dichloromethane, extracted with 
satd. aqueous NH4Cl solution (2 X 50 ml), dried over Na2S04, and 
evaporated lo dryness. CC of the crude product [CH2Cl,lMeOH/ 
NH3 (25% in water), 100:2:0.5; Rf = 0.221 yielded 10 (475 mg, 
56%) as a yellow solid, m.p. 133°C. - IR (KRr): P = 1589 cm-', 
1468. 990. 828, 554. ~ UV (CH,CN): h,,,, ( E )  = 192 nm (30270), 

6 = 2.46 (s, 3H). 7.16 (d, J = 4.9 Hz, 1 Hj, 7.21 (m, I H), 7.42 (m, 
2H), 7.50 (d, J =  16.0 Hz, lH),  7.70 (m, 2H), 8.26 (s, 1H): 8.57 
(d, J = 4.9 Hz. 1 H), 8.60 (s. 1 H), 8.65 (m, 2H). - 13C NMK: 6 = 

21.1 (+). 118.3 (+), 121.7 (+), 122.0 (+), 122.8 (+), 122.9 (+), 
124.8 (+), 130.2 (+), 132.3 (+), 136.7 (+), 145.0 (Cquat), 148.1 
(Cqnal), 148.9 (+I, 149.6 ( 1 j, 149.8 (+), 154.5 (C,,,,,), 155.7 (Cq,lst), 
156.6 (CquaI). - MS (70 eV): m/z (%): 273 (100) [M+]. - C l x H I S N l  
(273.3): calcd. C 79.10, H 5.53, N 15.30; found C 79.23, H 5.53; N 
15.15. - Mol. mass: 273 (MS). 

202 (28770), 256 (20560), 280 (22910). 312 (26120). - 'H NMR: 

Complex 11: A mixture of bis(2,2'-bipyridine)ruthenium(II) di- 
chloride dihydrate (262 mg, 0.5 mmol) and silver perchlorate (225 
mg, 1 mmol) in 50 ml of dry, degassed acetone was stirred for 3 h 
at room temperature in the dark. After filtration of the precipitated 
AgCI, 4-(2-vinylpyridine)-4-methy1-4'-[2-(2-pyridyl)vinyl]-2,2'-bi- 
pyridine (10) (135 mg, 0.5 mmol) was added. The reaction mixture 
was stirred overnight at room temperature and then the solvent was 
removed in vacuo. Recrystallization from methanol gave 11 (120 
mg, 26%) as a red solid (Rf = 0.57; SO,; MeOH12 M aq. NH4C1/ 
MeN02, 7:2:1), m.p. 264°C. ~ IK (KBrj: 0 = 1636 cm-', 1482, 
1089, 766, 622. - UV (CH3CN): h,,, ( E )  = 192 nm (83950), 248 

NMR (400 MHz, CDJN): F = 2.55 (s, 3H), 7.24 (m, 1 H), 7.31 
(m, 1 H), 7.39 (m, 4H); 7.54 (m, 3H). 7.65 (in, 1 H), 7.72 (m. 5H), 
7.80 (m, 2H), 8.04 (m, 4H), 8.50 (ni, 5H), 8.62 (m, lH),  8.68 (m, 

[M'+]. 272.3 (100). 

(28770), 256 (29510), 288 (69300), 322 (32810), 458 (19910). - 'H 

1 H). - MS (ESI); V I / Z  (Yo): 786.1 (10) [(M'+ + ClO,)+], 343.3 (7) 

[l] [la] V. Balzani, F. Scandola, Szipmnolec~ukir Phcvochemktry, 
Ellis Hoi-wood, Chichester, 1991. - [ I h ]  V. Balzani, A.  Juris, M. 
Venturi, S. Campagna, S. Serroni, Chrm. Re,: 1996, 96, 
759-833. 

l21 L2'1 A. Juris, V. Balzami, F. Barigelletti, S. Campagna, I? Belser, 
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