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2,29:69,299-Terpyridines bearing a substituent X in the 49- afforded [(3a)2Ru][PF6]2 (5a) and [(3b)2Ru][PF6]2 (5b),
respectively, after precipitation with aqueous [NH4][PF6].position [3a: X = Fc–C;C–p-C6H4; 3b: X = Fc#–C;C–p-C6H4;

Fc = (C5H5)Fe(C5H4), Fc# = (C5Me4H)Fe(C5Me4)] were Similarly, [(3a)Ru(tpy)][PF6]2 (6) was isolated from the
reaction of 4a with 2,29:69,299-terpyridine (tpy). Compounds 3prepared by Pd0-catalysed cross-coupling reactions. 3b was

characterised by X-ray structure analysis. [(3a)RuCl2- and 5 were investigated by cyclic voltammetry, which
revealed that the introduction of eight methyl groups leads(DMSO)] (4a) and [(3b)RuCl2(DMSO)] (4b) were obtained by

reaction of [RuCl2(DMSO)4] with 1 equivalent of 3a and 3b, to the expected cathodic shift of the E09 values of ca. 0.44 V
for the ferrocenyl-centered redox processes.respectively, while the analogous reaction with 2 equivalents

(Oligopyridine)RuII complexes exhibit unique photo- ies, since for photoinduced charge-separation processes en-
ergy transfer is undesirable. [2g]physical as well as photo- and redox-chemical properties. [2]

They have frequently been found to be excellent photosensi- Undoubtedly, ferrocenyl groups could very well be util-
tisers. Among the oligopyridine ligands 2,29:69,299-terpyri- ised advantageously in this context, if it proved possible to
dines bearing redox-active groups in the 49-position are cur- shift the competition between energy transfer and reductive
rently attracting much attention, since they can be used for quenching in favour of the latter by judicious choice of mo-
the construction of geometrically well-defined metal com- lecular parameters. Comparative studies using ferrocene
plexes, which show fascinating properties based on intra- and various oligomethylferrocenes as quenchers indicate
molecular electron- and energy-transfer processes. For ex- that reductive quenching can be favoured by increasing its
ample, RuII complexes of such terpyridines have been util- thermodynamic driving force (i.e. by increasing the reduc-
ised for the construction of donor/sensitiser dyads and do- ing power of the donor). [6] [8] There is a linear relationship
nor/sensitiser/acceptor triads.[2a2g] These and related between the number of methyl groups and the redox poten-
assemblies allow the investigation of photoinduced vec- tial of a ferrocene, each methyl group causing a cathodic
torial charge separation over large distances, which is, inter shift of ca. 55 mV,[4] [9] while leaving the triplet energy essen-
alia, of fundamental importance for solar light energy con- tially unaffected. [6] However, systematic investigations of
version. [3] the general factors influencing the competition between en-

Owing to their well-behaved redox chemistry[4] as well as ergy transfer and reductive quenching in oligonuclear com-
their chemical robustness and synthetic versatility, ferro- plexes, although of fundamental interest, have not been per-
cenyl units are very attractive donor groups in such as- formed so far. [10] For such an investigation two points are
semblies, and several ferrocenyl-functionalised terpyridines of vital importance. Firstly, it is necessary to study geo-
have been synthesised for this reason. [5] However, it has metrically well-defined compounds, since otherwise mean-
turned out that ferrocenes, their (redox-)chemical advan- ingful results, which can be compared with the predictions
tages notwithstanding, show a serious disadvantage. of current theories of electron and energy transfer, [11] can-
[(C5H5)2Fe] quenches photoexcited (oligopyridine)RuII not be obtained. Secondly, in order to obtain unequivocal
complexes not only reductively, but also by triplet energy results it is essential to be able to single out the effect of the
transfer. [6] The triplet energy of ferrocene has been esti- variation of a single molecular parameter.
mated to be ca. 1.8 eV,[7] which is below the typical excited- For this reason we have prepared derivatives of
state energy of (oligopyridine)ruthenium complexes.[2h2j]

2,29:69,299-terpyridine (tpy) with ferrocenyl (Fc) and octa-
Consequently, both energy transfer and reductive quench- methylferrocenyl (Fc#) groups attached to the 49-position
ing are thermodynamically favourable in this system. This by means of a para-phenylene and an acetylene spacer
finding has caused strong reservations as to whether ferro- unit. [12] In this communication we report on the synthesis
cenyl units can be used as donor groups in relevant assembl- of these compounds and present first results from their co-

ordination chemistry as well as preliminary electrochemi-
[a] Fakultät für Chemie der Universität Bielefeld, cal investigations.
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Scheme 1 Scheme 2

Fc#C;CH (2b) [16] in n-propylamine in the presence of [(3b)RuCl2(DMSO)] (4b) were prepared by treating one
[Pd(PPh3)4] [17] as catalyst [18] afforded the redox-func- equivalent of 3a and 3b, respectively, with [RuCl2-
tionalised terpyridines 3a and 3b, respectively (Scheme 1). (DMSO)4] [22] in refluxing ethanol (Scheme 2).

A single-crystal X-ray structure analysis was performed Reaction of two equivalents of 3a and 3b with
for 3b. A view of the molecule is shown in Figure 1. [RuCl2(DMSO)4] in refluxing ethanol afforded the homo-

The cyclopentadienyl rings are arranged in an eclipsed leptic RuII complexes [(3a)2Ru][PF6]2 (5a) and [(3b)2Ru]-
orientation and exhibit an average Fe2C bond length of [PF6]2 (5b), respectively, after precipitation with aqueous
206 pm, which is nearly identical to the value observed for ammonium hexafluorophosphate (Scheme 3).
decamethylferrocene (205 pm). [19] The acetylene group is
almost linear [C(14)2C(19)2C(20) 177.5(3)°,
C(19)2C(20)2C(21) 176.6(3)°] and has a C2C distance of
119.3(4) pm; the distance between each acetylene carbon
atom and the sp2-hybridised carbon atom attached to it is
143.1(4) [C(14)2C(19)] and 144.0(4) pm [C(20)2C(21)].
These values are unexceptional and compare well with
those of other structurally characterised (phenylethynyl)fer-
rocenes. [20] The dihedral angle between the best planes of
the C6 ring and the central C5N ring of the terpyridyl unit
is 26.9° and that between the cyclopentadienyl ring contain-
ing the atoms C(10)2C(14) and the C6 ring has a value of Scheme 3
29.1°. The three C5N rings are almost coplanar (dihedral

It has also proved possible to synthesise a heterolepticangles 3.3 and 7.0°) and exhibit transoid configurations
bis(terpyridine)ruthenium(II) complex, namely [(3a)Ru-about the interannular C2C bonds as is commonly ob-
(tpy)][PF6]2 (6), which was obtained by treating 4a with oneserved for such compounds. [21]

We have started to develop the coordination chemistry of
the new redox-functionalised terpyridines by using estab-
lished methods. [18b] For example, the mono(terpyridine)ru-
thenium(II) complexes [(3a)RuCl2(DMSO)] (4a) and

Figure 1. Molecular structure of 3b in the crystal; selected bond
lengths [pm] not discussed in the text: C(24)2C(27) 148.7(4),
C(29)2C(32) 149.5(4), C(30)2C(37) 149.4(4). Scheme 4
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atom bombardment (FAB) mass spectra were obtained by theequivalent of tpy in refluxing ethanol and subsequent pre-
LSIMS ionisation technique (3-nitrobenzyl alcohol matrix) with acipitation with aqueous ammonium hexafluorophosphate
VG Autospec instrument. 2 Materials and apparatus used for the(Scheme 4). [23]

electrochemical investigations have been described elsewhere. [25] 2Preliminary electrochemical investigations of the terpyri-
Elemental analyses were performed by the Microanalytical Labora-dine ligands 3a and 3b and their RuII complexes 5a and 5b
tory of the Universität Bielefeld.

by cyclic voltammetry demonstrate that the redox potential
Terpyridine 3a: A solution of 49-(4-bromophenyl)-2,29:69,299-terpyr-of the ferrocenyl moieties present in the terpyridines is not
idine (1) (1.25 g, 3.22 mmol), ethynylferrocene (2a) (680 mg, 3.24affected by complexation (Table 1). Furthermore, it is evi-
mmol), and [Pd(PPh3)4] (230 mg, 0.199 mmol) in n-propylaminedent that the introduction of eight methyl groups in the
(50 mL) placed in a thick-walled Rotaflo ampoule was stirred for

novel redox-functionalised terpyridines and their RuII com- 14 h at 55°C. The solution was allowed to cool to room temp. The
plexes leads to a cathodic shift of the E09 values of ca. 0.44 product was filtered off, washed with diethyl ether, and dried in
V for the ferrocenyl-centered redox processes. This is exactly vacuo. A second crop was obtained by reducing the volume of the
the value expected for the influence of eight methyl groups filtrate. Brownish-orange microcrystalline solid, m.p. 231°C; yield
(i.e. 8 3 55 mV, vide supra) and shows that in the present 1.40 g (84%). 2 1H NMR (CDCl3): δ 5 4.25 (s, 2 H, C5H4), 4.26

(s, 5 H, C5H5), 4.52 (s, 2 H, C5H4), 7.33 (m, 2 H, 5,599-H), 7.60system oligomethylferrocenyl groups behave as reliable do-
(“d”, apparent J 5 8.1 Hz, 2 H, C6H4), 7.8427.87 (m, 4 H, C6H4nors with predictable and precisely adjustable redox poten-
and 4,499-H), 8.65 (d, J 5 7.9 Hz, 3,399-H), 8.7128.73 (m, 4 H,tials.
6,39,59,699-H). 2 13C{1H} NMR (CDCl3): δ 5 65.0, 68.9, 70.0, 71.5

Table 1. Formal electrode potentials (in V, vs. SCE) for the ferroce- (Fc); 85.5, 90.1 (C;C); 118.6, 121.4, 123.9, 124.8, 127.2, 131.9,
nyl-centered oxidation process of compounds 3 and 5 in dichloro- 136.9, 137.4, 149.1, 149.5, 156.0, 156.2 (aryl rings). 2 FAB MS;
methane solution[a]

m/z: 518 [M 1 H]1, 517 [M1]. 2 C33H23FeN3 (517.41): C 76.61,
H 4.48, N 8.12; found C 76.43, H 4.81, N 8.57.

Compound 3a 3b 5a[b] 5b[b]

Terpyridine 3b: By a procedure analogous to that described for 3a
1.26 g (76%) of 3b was obtained from 1 (1.03 g, 2.64 mmol), ethy-E090/1 0.50 0.06 0.49 0.06
nyloctamethylferrocene (2b) (850 mg, 2.64 mmol), and [Pd(PPh3)4]
(183 mg, 0.158 mmol) in n-propylamine (40 mL) as orange plate-[a] Conditions: 298 K; [NBu4][PF6] supporting electrolyte (0.2 );

scan rate 0.10 V; confidence limit 0.01 V. 2 [b] E09 values [V] for lets, m.p. 221°C. 2 1H NMR (CDCl3): δ 5 1.69, 1.74, 1.78, 1.91
the oxidation/reductions of the central Ru complex moiety: 1.23/ (4 s, 4 3 6 H, Me); 3.37 (s, 1 H, C5Me4H); 7.34 (m, 2 H, 5,599-H);
21.22, 21.52.

7.60 (“d”, apparent J 5 8.1 Hz, 2 H, C6H4); 7.8627.88 (m, 4 H,
C6H4 and 4,499-H); 8.66 (d, J 5 7.9 Hz, 3,399-H), 8.73 (d, J 5 5.2In summary, we have prepared novel terpyridines func-
Hz, 2 H, 6,699-H); 8.74 (s, 2 H, 39,59-H). 2 13C{1H} NMRtionalised with ferrocenyl and octamethylferrocenyl groups.
(CDCl3): δ 5 8.9, 10.0, 10.6, 10.8 (Me); 71.8, 81.2, 81.3, 81.4, 82.4First results indicate that both symmetrical and unsym-
(C5-Fc#); 89.0, 90.5 (C;C); 118.6, 121.4, 123.8, 125.8, 127.2, 131.5,metrical bis(terpyridine)ruthenium complexes are accessible
136.9, 149.1, 149.7, 156.0, 156.2 (aryl rings). 2 FAB MS; m/z: 630by established routes, which augurs well for the develop-
[M 1 H]1, 629 [M1]. 2 C41H39FeN3 (629.63): C 78.21, H 6.24, N

ment of a rich coordination chemistry of these redox-func- 6.67; found C 77.88, H 6.49, N 6.76.
tionalised ligands. Cyclic voltammetry has revealed that the

Complex 4a: A stirred mixture of 3a (125 mg, 0.242 mmol) andferrocenyl moieties in the new ligands and their complexes
[RuCl2(DMSO)4] (117 mg, 0.240 mmol) in ethanol (10 mL) wasare redox-chemically well behaved. We are currently ex-
refluxed for 15 h and subsequently allowed to cool to room temp.

tending our studies to analogous terpyridines containing The product was filtered off, washed with ethanol, and dried in
only (C;C)n (n 5 1, 2) spacer groups. [24] These and related vacuo. Light-violet platelets; yield 132 mg (71%). 2 1H NMR
oligomethylferrocenyl-functionalised ligands should be ex- ([D6]DMSO): δ 5 3.61 (s, 6 H, Me2SO); 4.31 (s, 5 H, C5H5); 4.39,
cellently suited for the preparation of libraries of donor/ 4.67 (2 s, 2 3 2 H, C5H4); 7.53 (m, 2 H, 5,599-H); 7.73 (“d”, appar-
sensitiser assemblies, which for the first time will allow the ent J 5 7.9 Hz, 2 H, C6H4); 7.99 (m, 2 H, 4,499-H); 8.28 (“d”,

apparent J 5 7.9 Hz, 2 H, C6H4); 8.80 (d, J 5 7.5 Hz, 2 H, 3,399-detailed investigation of the competition between energy
H); 8.99 (s, 2 H, 39,59-H); 9.36 (d, J 5 4.8 Hz, 2 H 6,699-H). 2transfer and reductive quenching in a geometrically well-
13C{1H} NMR ([D6]DMSO): δ 5 40.4 (Me2SO); 64.0, 67.6, 69.2,defined system by systematic variation of a single molecular
69.8, 71.2, 85.0 (Fc and C;C); 118.5, 123.5, 126.4, 127.8, 131.7,parameter, namely the redox potential of the donor. We will
132.1, 133.3, 136.7, 155.6, 157.3, 158.8 (aryl rings). 2 FAB MS;report on such studies in due course.
m/z: 767 [M]1, 732 [M 2 Cl]1, 689 [M 2 Me2SO]1. 2

C35H29Cl2FeN3ORuS (767.52): C 54.77, H 3.81, N 5.47; found C
53.98, H 4.30, N 5.38.Experimental Section
Complex 4b: By a procedure analogous to that described for 4a 135
mg (78%) of 4b was obtained from 3b (124 mg, 0.197 mmol) andGeneral: All manipulations were performed in an inert atmosphere

(purified argon or dinitrogen) by using standard Schlenk and can- [RuCl2(DMSO)4] (95 mg, 0.196 mmol) in ethanol (10 mL) as a
light-violet microcrystalline solid. 2 1H NMR (CDCl3): δ 5 1.70,nula techniques or a conventional glovebox. 2 Solvents and re-

agents were appropriately dried and purified by using standard pro- 1.75, 1.82, 1.97 (4 s, 4 3 6 H, Me); 2.71 (s, 6 H, Me2SO); 3.39 (s,
1 H, C5Me4H); 7.35 (“d”, apparent J 5 8.2 Hz, 2 H, C6H4); 7.49cedures. 2 NMR spectra were recorded at 300 K with a Bruker

DRX 500 spectrometer operating at 500.13 MHz for 1H; TMS was (m, 2 H, 5,599-H); 7.67 (“d”, apparent J 5 8.2 Hz, 2 H, C6H4);
7.72 (m, 2 H, 4,4 99-H); 8.05 (d, J 5 8.9 Hz, 2 H, 3,399-H); 8.06 (s,used as external reference. 2 UV/Vis spectra were recorded with a

Uvikon 860 spectrophotometer (Kontron Instruments). 2 Fast 2 H, 39,59-H); 9.33 (d, J 5 5.2 Hz, 2 H, 6,699-H). 2 13C{1H} NMR
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Table 2. X-ray structure analysis data of 3b

Empirical formula C41H39FeN3 µ [mm21] 0.498
Formula weight 626.60 F(000) 2656
Space group monoclinic, C2/c Index ranges 0 # h # 60, 0 # k # 10, 221 # l # 21
a [Å] 46.87(2) θ range [°] 1.74227.51
b [Å] 8.372(5) Reflections collected 7522
c [Å] 16.600(8) Independent reflections 7432 [R(int.) 5 0.0588]
β [°] 93.35(4) Data/restraints/parameters 7432/0/414
V [Å3] 6503(6) Goodness-of-fit on F2 1.023
Z 8 Final R1[a] [I > 2σ(I)]/wR2[b] 0.0560 (5164 reflections)/0.1500
ρ(calcd.) [g/cm3] 1.286 Larg. diff. peak/hole [e/Å3] 0.4/20.5

[a] R1 5 Σ||Fo| 2 |Fc||/Σ|Fo|. 2 [b] wR2 5 {Σ[w(Fo
2 2 Fc

2)2]/ Σ[w(Fo
2)2]}0.5.

(CDCl3): δ 5 8.7, 9.7, 10.4, 10.6 (Me-Fc#); 42.9 (Me2SO); 3 2 H, C5H4); 7.2427.28 (m, 4 H, 3a-5,599-H and tpy-5,599-H);
7.43 (d, J 5 5.5 Hz, 2 H, 3a-6,699-H); 7.54 (d, J 5 5.5 Hz, 2 H,82.0285.0 (br.), 88.1, 92.8 (C5-Fc# and C;C); 119.1, 123.6, 126.8,

127.1, 131.4, 133.5, 136.6, 153.7, 159.1, 159.3 (aryl rings). 2 FAB tpy-6,699-H); 7.86 (“d”, apparent J 5 8.1 Hz, 2 H, C6H4),
8.0228.06 (m, 4 H, 3a-4,499-H and tpy-4,499-H); 8.50 (“d”, appar-MS; m/z: 879 [M]1, 844 [M 2 Cl]1, 801 [M 2 Me2SO]1. 2

C43H45Cl2FeN3ORuS (879.74): C 58.71, H 5.16, N 4.78; found C ent J 5 8.1 Hz, 2 H, C6H4); 8.54 (m, 1 H, tpy-49-H); 8.83 (d, J 5

8.0 Hz, tpy-3,399-H); 9.0929.13 (m, 4 H, 3a-3,399-H and tpy-39,59-58.52, H 5.13, N 4.64.
H); 9.51 (s, 2 H, 3a-39,59-H). 2 13C{1H} NMR ([D6]DMSO): δ 5Complex 5a: A stirred mixture of 3a (250 mg, 0.483 mmol) and
64.0, 69.3, 69.9, 71.3 (Fc); 120.9, 121.0, 123.9, 124.0, 123.7, 124.8,[RuCl2(DMSO)4] (117 mg, 0.241 mmol) in ethanol (30 mL) was
124.9, 127.7, 131.9, 133.5, 135.0, 135.8, 138.0, 145.8, 152.1, 154.7,refluxed for 15 h and subsequently allowed to cool to room temp.
155.1, 157.7, 157.8 (aryl rings). 2 UV/Vis (acetonitrile): λ (lg ε) 5and filtered. 1.0 mL of a saturated aqueous solution of ammonium
218 nm (4.78), 272 (4.74), 284 (4.70, sh), 308 (4.93), 326 (4.81, sh),hexafluorophosphate was added dropwise to the red filtrate. The
486 (4.48). 2 FAB MS; m/z: 852 [6 2 2 PF6]1. 2 C48H34F12FeN6-precipitate was filtered off, washed with ethanol and water, and
P2Ru 3 H2O (1159.72): C 49.71, H 3.13, N 7.25; found C 49.47,dried in vacuo. Dark red microcrystalline solid; yield 130 mg
H 3.18, N 7.44.(38%).2 1H NMR ([D6]DMSO): δ 5 4.35 (s, 10 H, C5H5); 4.43,

4.67 (2 s, 2 3 4 H, C5H4); 7.29 (m, 4 H, 5,599-H); 7.56 (d, J 5 5.1 Crystal Structure Determination of 3b [26]: An orange crystal with
Hz, 4 H, 6,699-H); 7.87 (“d”, apparent J 5 7.2 Hz, 4 H, C6H4); dimensions 1.00 3 0.60 3 0.10 mm was used for data collection at
8.07 (m, 4 H, 4,499-H); 8.51 (“d”, apparent J 5 7.1 Hz, 4 H, C6H4); 183(2) K with a Siemens P21 four-circle diffractometer with graph-
9.14 (d, J 5 7.2 Hz, 4 H, 3,399-H); 9.53 (s, 4 H, 39,59-H). 2 13C{1H} ite-monochromated Mo-Kα radiation (λ 5 0.71073 Å). The struc-
NMR ([D6]DMSO): δ 5 64.0, 69.3, 69.9, 71.3 (Fc); 85.3, 91.6 ture was solved by direct methods. Programs used were Siemens
(C;C); 120.8, 124.9, 125.1, 127.8, 128.0, 131.9, 135.2, 138.0, 152.2, SHELXTL PLUS[27] and SHELXL 97[28]. Full-matrix least-
155.1, 158.0 (aryl rings). 2 UV/Vis (acetonitrile): λ (lg ε) 5 230 squares refinement on F2 was carried out anisotropically for the
nm (4.78), 272 (4.84, sh), 284 (4.86), 312 (4.97), 326 (4.94, sh), 495 non-hydrogen atoms. Hydrogen atoms were included at calculated
(4.62). 2 FAB MS; m/z: 1281 [5a 2 PF6]1, 1136 [5a 2 2 PF6]1. 2 positions using a riding model. Further X-ray structure analysis
C66H46F12Fe2N6P2Ru (1425.84): C 55.60, H 3.25, N 5.89; found C data are given in Table 2.
56.00, H 3.56, N 6.21.

Complex 5b: By a procedure analogous to that described for 5a 41
Acknowledgmentsmg (59%) of 5b was obtained from 3b (53 mg, 0.084 mmol) and

[RuCl2(DMSO)4] (20 mg, 0.041 mmol) in ethanol (8 mL) as a
This work was financially supported by the Deutsche Forschungs-brown microcrystalline solid. 2 1H NMR ([D6]DMSO): δ 5
gemeinschaft, the Volkswagen-Stiftung and the Fonds der Chemi-1.6821.92 (br. m, 48 H, Me), 3.44 (s, 2 H, C5Me4H), 7.28 (m, 4 H,
schen Industrie. A generous gift of ruthenium trichloride from the5,599-H), 7.55 (d, J 5 5.3 Hz, 4 H, 6,699-H), 7.82 (“d”, apparent
Degussa AG is greatfully acknowledged. U. S. thanks Prof. Dr.J 5 7.4 Hz, 4 H, C6H4), 8.07 (m, 4 H, 4,499-H), 8.45 (“d”, apparent
Johann W. Buchler and Prof. Dr. Max Herberhold for helpful dis-J 5 7.7 Hz, 4 H, C6H4), 9.01 (d, J 5 8.0 Hz, 4 H, 3,399-H), 9.50
cussions. U. S. and U. V. thank Prof. Dr. Peter Jutzi and Dipl.-(s, 4 H, 39,59-H). 2 13C{1H} NMR ([D6]DMSO): δ 5 8.6, 9.7,
Chem. Birgit Kleinebekel for a generous gift of ethynyloctamethyl-10.4, 10.5 (Me-Fc#); 71.6, 80.4, 80.5, 81.6, 81.8 (C5-Fc#); 88.6, 92.1
ferrocene.(C;C); 120.9, 124.8, 126.0, 127.7, 128.1, 131.4, 134.8, 138.0, 152.2,

155.1, 158.0 (aryl rings). 2 UV/Vis (acetonitrile): λ (lg ε) 5 226
nm (5.01), 272 (4.93, sh), 284 (4.94), 309 (5.01), 328 (4.93, sh), 356 [1] Presented in part at the Chemiedozententagung, Essen, Ger-

many, March 1998, abstract B29.(4.77), 494 (4.71). 2 FAB MS; m/z: 1505 [5b 2 PF6]1, 1360 [5b 2
[2] Reviews: [2a] V. Balzani, S. Campagna, G. Denti, A. Juris, S.2 PF6]1. 2 C82H78F12Fe2N6P2Ru 3 2 H2O (1686.31): C 58.41, H

Serroni, M. Venturi, Acc. Chem. Res. 1998, 31, 26234. 2 [2b]
4.90, N 4.98; found C 58.57, H 5.06, N 5.12. J.-P. Collin, P. Gaviña, V. Heitz, J.-P. Sauvage, Eur. J. Inorg.

Chem. 1998, 1214. 2 [2c] F. R. Keene, Coord. Chem. Rev. 1997,Complex 6: A stirred mixture of 4a (96 mg, 0.125 mmol) and
166, 1212159. 2 [2d] F. Barigelletti, L. Flamigni, J.-P. Collin, J.-2,29:69,299-terpyridine (29 mg, 0.124 mmol) in ethanol (25 mL) was P. Sauvage, J. Chem. Soc., Chem. Commun. 1997, 3332338. 2

refluxed for 15 h and subsequently allowed to cool to room temp. [2e] A. Harriman, R. Ziessel, J. Chem. Soc., Chem. Commun.
1996, 170721716. 2 [2f] V. Balzani, A. Juris, M. Venturi, S.and filtered. 1.0 mL of a saturated aqueous solution of ammonium
Campagna, S. Serroni, Chem. Rev. 1996, 96, 7592833. 2 [2g] J.-hexafluorophosphate was added dropwise to the red filtrate. The
P. Sauvage, J.-P. Collin, J.-C. Chambron, S. Guillerez, C. Coud-precipitate was filtered off, washed with ethanol and water, and ret, V. Balzani, F. Barigelletti, L. De Cola, L. Flamigni, Chem.

dried in vacuo. Brown microcrystalline solid; yield 70 mg (49%). 2 Rev. 1994, 94, 99321019. 2 [2h] K. Kalyanasundaram, Photo-
chemistry of Polypyridine and Porphyrin Complexes, Academic1H NMR ([D6]DMSO): δ 5 4.34 (s, 5 H, C5H5); 4.42, 4.65 (2 s, 2
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Press, London, 1992. 2 [2i] V. Balzani, F. Barigelletti, L. De A. Harriman, R. Ziessel, Angew. Chem. 1994, 106, 195621958;
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