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The phenylacetylene macrocycle 1, which incorporates two
2,2'-bipyridine (bpy) chelating units in opposite sites in its
shape-persistent structure, shows an intense absorption band
in the UV spectral region (Apax = 305nm, €,., = 118000
M lemt) and a very strong fluorescence band in dichlorome-
thane solution (Apax = 381 nm, 1= 0.8 ns, ® = 0.9). Upon titra-
tion with trifluoromethanesulfonic acid, the two bpy units are
independently protonated with formation of a [1.2H]** spe-
cies that shows a new absorption band with A, ., = 355 nm
(Emax = 42000 M~ 'cm™!) and a weak fluorescence (Agax =
520nm). The dinuclear [(bpy),Ru(1)Ru(bpy),]** and
[(bpy)2Os(1)Os(bpy),]** complexes do not show any ligand-
centred emission and exhibit absorption and emission bands
in the visible region {[(bpy),Ru(1)Ru(bpy),]**, absorption:
Amax = 453 nm, €p. = 19000 M~ 'cm™; emission: Ap.x =
625 nm, T = 792 ns, ® = 0.05; [(bpy),0s(1)Os(bpy),]*+ absorp-
tion: Apax = 488 nm, €pax = 15500 M—'cm™; emission: Apax =
740 nm, t = 59 ns, ® = 0.003}. The photophysical behaviour

of the macrocyclic ligand 1 and the dinuclear complexes at
77 K has also been investigated. The electrochemical proper-
ties of 1, the model compound ligand 3 and bpy ligand were
investigated in purified tetrahydrofuran under vacuum con-
ditions. The electrochemical behaviour of the dinuclear com-
plexes was studied in argon-purged dichloromethane and
compared with that of the model compounds [Ru(bpy),(3)]**,
[Ru(bpy)s]?*, and [Os(bpy)s]**. In the dinuclear complexes
the two metal centres and the two 2,2'-bipyridine units of
macrocycle 1 behave independently, as shown by the revers-
ible bielectronic processes observed on oxidation and reduc-
tion. Both 1 and its dinuclear complexes contain reactive sub-
stituents and can therefore be used as starting components
for the construction of photo- and redox-active supramolecu-
lar species.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

Introduction

Much attention is currently being devoted to the syn-
thesis and properties of shape-persistent macrocycles.!!]
Such compounds are interesting for a variety of reasons,
including the formation of columnar stacks® potentially
capable of performing as membrane nanopores. Particularly
interesting are shape-persistent macrocycles incorporating
coordination units such as 2,2’-bipyridines (bpy). endo-Cyc-
lic metal-ion coordination may be exploited to generate
nanowires,?] whereas exo-cyclic coordination can be used
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to construct large arrays of polynuclear metal complexes.!
Shape-persistent macrocycles with reactive substituents may
also be linked to other units to yield multicomponent, hier-
archical structures.

In the past few years it has been shown that suitably de-
signed molecular and supramolecular species can perform
as nanoscale devices and machines.[’! An important role in
this regard is played by molecular components that respond
to external stimuli such as photons, electrons, or protons.
Shape-persistent macrocycles exhibiting properties modifi-
able by photochemical, electrochemical, or acid/base inputs
could play important roles in the development of molecu-
lar-level devices and machines.

This paper describes an investigation of the photophys-
ical, electrochemical and acid/base properties of the shape-
persistent macrocycle 1 and its dinuclear [(bpy),Ru(1)-
Ru(bpy),]** and [(bpy),Os(1)Os(bpy),]** complexes. For a
conclusive interpretation of the results, model compounds
were also investigated (Scheme 1).
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Model Compounds Results and Discussion

Synthesis

=~

J o
CNONT S Compound 1 and its dinuclear Ru complex [(bpy),Ru(1)-
NG N Ru(bpy),]** were synthesized as described in the litera-
NS
e

AN ’\IA\ ture.[* The synthesis of the corresponding Os complex will
% be reported elsewhere.[”l Model compound 3 was prepared

# from the bpy derivative 2[°! by iodo/lithium exchange with
butyllithium and subsequent aqueous workup (Scheme 2).

2+
“Mﬂ(f;y)ﬁ o Standard complexation of 3 with [Ru(bpy),Cl,] afforded
3 TRdL s [Ru(bpy)(3)**.

O OCeH13 Photophysical Properties

| Compound 1 is soluble in methanol, dichloromethane,

and tetrahydrofuran. A dichloromethane solution contain-

Rul, ing 4 X 107° M 1 shows a structured absorption band in the

: UV region with A= 305 nm (g, = 118000 M~ 'cm ™!,

B Figure 1, Table 1) and an extremely intense fluorescence

O band with A, = 381 nm (Figure 2), t = 0.8 ns, and ® =

OCgH13 0.9 (Table 1). Because of the high molar absorption coef-

ficient and the very high fluorescence quantum yield, emis-

[Ru(bpy)2(3)]* sion can clearly be seen even for solutions of nanomolar

concentrations. In a rigid butyronitrile matrix at 77 K

Scheme 1. Structures of model compounds used (Table 1), the emission band is Slightly blue-shifted (kmax =

375nm) and the emission lifetime is slightly increased
(1.0 ns).

When a 4 X 107° m dichloromethane solution of 1 was
titrated with trifluoromethanesulfonic acid, strong spectral
changes were observed. A decrease in the intensity of the
305 nm absorption band was accompanied by the forma-
tion of a new band with A, = 355 nm and &,,,, = 42000
M~ !lem~! (Figure 1, Table 1). In the fluorescence spectrum,
the disappearance of the intense band (A,.x = 381 nm) was
accompanied by the appearance of a broad and weak band
with A.c = 520 nm (Figure 2, Table 1). The protonation
reaction is fully reversible upon addition of tributylamine.
Interestingly, the change in the fluorescence intensity at
381 nm (excitation in the isosbestic point at 340 nm) on ad-
dition of acid did not parallel the changes in absorbance
(Figure 2, inset). For example, a 50% change in the fluor-
escence intensity plot corresponds to a 34% change in the
absorbance plot. These results can be accounted for by as-
suming that, when one of the macrocycle’s bpy units is pro-
tonated, the fluorescence of the unprotonated unit of the
same macrocycle is quenched by the protonated one, since
the latter lies at lower energy. Similar behaviour has been
observed upon titration of equivalent fluorescent units in
dendrimers!® and other supramolecular species.]

The absorption and fluorescence titration profiles were
fitted with the aid of the global analysis package SPEC-
FIT!O according to the following protonation steps:

1+ H*"Z[1L.H*" (1)
[L.H]" Z [1.2HP"  (2)
Both the absorption and fluorescence data were satisfac-

[(bpy)2M (1) M(bpy)2]** torily fitted by the values of log K; = 8.2 £ 0.5 and log
M=Ru" os' K, = 7.3 = 0.4 for the constants of the two protonation

4228 © 2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim WWW.eurjoc.org Eur. J. Org. Chem. 2003, 4227—4233
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Scheme 2. Synthetic route to ligand 3 and [Ru(bpy)»(3)]>" complex
Table 1. Absorption and emission properties
Ligand/Complex Absorption?! Luminescence
298 K 298 K [@ 77 K
7"maxa nm € (M_l Cm_l) 7"maxa nm T, s @ 7"maxa nm T, US

1 305 118000 381 0.8 0.9 3751 0.001M
[1.2HP* 355 42000 520
[(bpy)-Ru(1)Ru(bpy),]** 453 19000 625 792 0.05 60011 5.14[
[(bpy),O0s(1)Os(bpy),]** 488 15500 740 59 0.003 735k 0.97l

[al Dichloromethane solution. P! Butyronitrile rigid matrix. ¥ Dichloromethane/methanol (1:1, v/v) rigid matrix.
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Figure 1. Absorption spectral changes observed during the titration
of 1 with trifluoromethanesulfonic acid in dichloromethane solu-
tion (optical path length: 1 cm)

700

1.0

600

500

400

550

Figure 2. Emission spectra of 1 and [1.2H]*" in dichloromethane
solution; inset: normalised absorption (¢, A = 380 nm) and emis-
sion (e, A = 381 nm) changes during the titration with trifluorome-
thanesulfonic acid
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steps. These data indicate that the two bpy units of ligand
1 undergo practically independent protonation, as would be
expected because of their relative large separation.ll It is
interesting to note that in the case of the bpy ligand in di-
chloromethane solution we have found a value of log K =
8.3 = 0.71'! for the constant of the first protonation step,
which is in full agreement with the data obtained for li-
gand 1.

In dichloromethane solution, the [(bpy),Ru(1)Ru-
(bpy)-]** complex exhibits absorption (Am.x = 453 nm,
E€max = 19000 M~ lcm™!) and emission bands Ay =
625nm, T = 792 ns, ® = 0.05) in the visible region (Fig-
ure 3, Table 1). These bands can be straightforwardly as-
signed to spin-allowed and spin-forbidden metal-to-ligand-
charge-transfer (MLCT) excited states, respectively, charac-
teristic of Ru' polypyridine complexes.'?! In a rigid meth-
anol/dichloromethane (1:1, v/v) matrix at 77 K (Table 1),
[(bpy)Ru(1)Ru(bpy),]**" shows a structured emission band
with L. = 600 nm (Figure 3) and © = 5.14 ps, again typi-
cal of Rul polypyridine complexes.['? The mononuclear
complex [Ru(bpy)»(3)]** (Scheme 1) shows similar spectro-
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Figure 3. Absorption (dichloromethane solution; full line) and em-
ission (dichloromethane solution at 298 K, dashed line; methanol/
dichloromethane rigid matrix at 77 K, dotted line) spectra of the
[(bpy)>Ru(1)Ru(bpy),]** complex
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scopic behaviour in dichloromethane solution: (i) the
MLCT absorption band shows a maximum at 456 nm with
Emax = 10000 M~ 'em !, which is practically one half of that
of [(bpy),Ru(1)Ru(bpy),]**, and (ii) the emission properties
at room temperature (A, = 607 nm, t = 630 ns, ® = 0.07)
and at 77 K (Apax = 591 nm and © = 5.7 ps) are almost the
same as those of the dinuclear complex. It can also be seen

that both compounds behave quite similarly to
[Ru(bpy)]**.12
In dichloromethane solution, the [(bpy),Os(1)Os-

(bpy),]*" complex exhibits absorption (Ay.c= 488 nm,
Emax = 15500 M~'cm™!) and emission bands (Apnux =
740 nm, T = 59 ns, ® = 0.003) in the visible region (Fig-
ure 4, Table 1). These bands can be straightforwardly as-
signed to spin-allowed and spin-forbidden MLCT excited
states, respectively, characteristic of the Os" polypyridine
complexes.'3! In a rigid methanol/dichloromethane (1:1,
v/v) matrix at 77 K (Table 1), [(bpy),Os(1)Os(bpy),]*"
shows a structured emission band with A, = 735nm
(Figure 4) and T = 0.97 ps, again typical of Os'™ polypyrid-
ine complexes.[!?]
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Figure 4. Absorption (dichloromethane solution; full line) and
emission (dichloromethane solution at 298 K, dashed line; meth-
anol/dichloromethane rigid matrix at 77 K, dotted line) spectra of
the [(bpy),Os(1)Os(bpy),]*" complex

Electrochemical Properties

The electrochemical properties of compound 1 were in-
vestigated in purified tetrahydrofuran under vacuum con-
ditions (see Exp. Sect.). In the accessible potential window
(+1/=3 V vs. SCE), compound 1 undergoes three reversible
bielectronic reduction processes, at —1.76, —1.94, and
—2.07 V vs. SCE, a fourth irreversible reduction process at
—2.36 V vs. SCE, and no oxidation processes (Table 2). A
comparison with the data obtained under the same con-
ditions for ligand 3, which can be regarded as a model com-
pound for the bpy units of 1, and bpy ligand (Table 2)
shows that: (i) the macrocyclic ligand 1 is easier to reduce
than the other two ligands, and (ii) the two bpy units of 1
are equivalent and behave independently, as indicated by
the fact that they are simultaneously reduced at the same
potential value.

In the electrochemical experiments performed in argon-
purged dichloromethane solution, [(bpy),Ru(1)Ru(bpy),]**
undergoes a reversible bielectronic oxidation at +1.44 V vs.
SCE (Figure 5, Table 2), which can be assigned to the con-
comitant oxidation of the two metal centres.['?® This result
shows that the two metal centres of [(bpy),Ru(1)Ru-
(bpy),]** are equivalent and do not interact with one an-
other. The potential value at which the two Ru ions are
simultaneously oxidized is very similar to that observed for
the metal oxidation in [Ru(bpy)»(3)]** and [Ru(bpy)s]**
(Figure 6, Table 2). On reduction, two reversible bielec-
tronic processes are observed in the accessible potential
window, which can be attributed to the reduction of the
ligands (Figure 5, Table 2).['”l By comparison with the data
obtained for [Ru(bpy),(3)]*" and [Ru(bpy);]*" (Figure 6,
Table 2), these processes can be easily assigned as follows:
(1) the first process at —1.13 V vs. SCE concerns the simul-
taneous reduction of the two bpy units of the ligand 1, con-
sidering that such a ligand is easier to reduce than the bpy
ligand, and (ii) the second process at —1.43 V vs. SCE in-
volves two bpy ligands, one for each Ru(bpy), moiety,
which are reduced simultaneously at the same potential.
This process occurs at a potential value: (a) more negative
than that of the first reduction of [Ru(bpy);]**, because in

Table 2. Redox potentials of macrocycle 1, [(bpy)>Ru(1)Ru(bpy),]**, [(bpy),Os(1)Os(bpy),]*", and some model compounds!?!

Ligand/Complex Ligand-centred reduction Metal-centred oxidation
Eyjp (AV)®! [ Eyjp (AV)®! [
1@ —2.360¢ —2.07 (60) [2] —1.94 (60) [2] —1.76 (66) [2]

[(bpy)>Ru(1)Ru(bpy),]**

[(bpy)>O0s(1)Os(bpy),]*

3l ~2.60t¢!
[Ru(bpy)(3)1**

[Ru(bpy)s]**

[Os(bpy)s]**

—1.43 (80) 2]
—1.35 (105) [2]
—2.13 (90) [1]
—2.69]

—1.43 (70) 1]
—1.50 (90) [1]
—1.35 (100) 1]

—1.13 (70) [2]
—1.06 (100) [2]
—1.85 (80) [1]
—2.18 (100) [1]
—1.12 (60) [1]
—1.24 (70) [1]
—1.06 (90) [1]

+1.44 (80) 2]
+1.03 (90) [2]

+1.45 (80) [1]
+1.43 (78) [1]
+1.03 (90) [1]

[al Room temperature argon-purged dichloromethane solution, unless otherwise noted; half-wave potential values in V vs. SCE; tetrabu-
tylammonium hexafluorophosphate as supporting electrolyte, glassy carbon as working electrode. ! Average value of |[E, — E. in mV.
[l Number of the exchanged electrons. [ Purified tetrahydrofuran under vacuum conditions. [ Irreversible process; potential value

estimated by the DPV peak.

4230 © 2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

WWW.eurjoc.org Eur. J. Org. Chem. 2003, 4227—4233



Photophysical and Electrochemical Investigation on a Phenylacetylene Macrocycle and Its Complexes

FULL PAPER

[(bpy),Ru.1.Ru(bpy),]*"
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Figure 5. Cyclic voltammograms obtained for the dinuclear com-
plexes (argon-purged dichloromethane; complex concentration 1 X
1073 M; glassy carbon as working electrode, scan rate of 200 mV/s);
Fc indicates the wave of the ferrocene added as internal reference
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Figure 6. Correlation diagram for the reduction and oxidation pro-
cesses (argon-purged dichloromethane) of [(bpy)>Ru(1)Ru(bpy),]**
and the model compounds [Ru(bpy)»(3)]>" and [Ru(bpy)s]*"

the dinuclear complex the bpy ligand reduction is preceded
by the reduction of the bpy units of ligand 1, and (b) less
negative than that of the second reduction of [Ru(bpy)s]**
because of the greater delocalization of the charges intro-
duced by replacement of one bpy with the ligand 1. The
same considerations can be used to compare the behaviour
of [Ru(bpy)(3)]** and [Ru(bpy);]*".

In the electrochemical experiments performed in argon-
purged dichloromethane solution, [(bpy),Os(1)Os(bpy),]**

Eur. J. Org. Chem. 2003, 4227—4233 WWw.eurjoc.org

undergoes a reversible bielectronic oxidation at +1.03 V vs.
SCE (Figure 5, Table 2), which can be assigned to the con-
comitant oxidation of the two metal centres.'??! As already
discussed for [(bpy),Ru(1)Ru(bpy),]**, this result shows
that the two Os centres are equivalent and do not interact
with one another. The potential value at which the two Os
ions are simultaneously oxidized is identical to that ob-
tained for the metal oxidation in [Os(bpy)s]>* (Table 2). On
reduction, two reversible bielectronic processes are observed
in the accessible potential window. Consistently with the
dinuclear Ru-based complex discussed above, the first pro-
cess at —1.06 V vs. SCE can be assigned to the reduction
of ligand 1, while the second process at —1.35 V vs. SCE
concerns the simultaneous reduction of two bpy ligands,
one for each Os(bpy), moiety. The fact that these processes
occur at the same potential values as observed for
[Os(bpy)s]*" (Table 2) can be explained by considering that
the Os ion to be capable of delocalising the introduced
charges better than the Ru ion.['4

Conclusions

The shape-persistent macrocycle 1 exhibits very interest-
ing photophysical properties. In particular, it shows a fluor-
escence band with a quantum yield of almost unity. Upon
protonation, strong changes are observed in its absorption
and emission properties. In the monoprotonated species, the
strong fluorescence of the unprotonated bpy unit is
quenched by the protonated one. Macrocycle 1 is also a
bis(chelating) ligand, which reacts with [Ru(bpy),Cl,] and
[Os(bpy),Cl,] to give the dinuclear [(bpy),Ru(1)Ru(bpy),]**
and [(bpy),Os(1)Os(bpy),]** complexes, respectively. These
dinuclear complexes do not show any ligand-centred emis-
sion and exhibit absorption and emission bands in the vis-
ible region. The electrochemical investigation has indicated
that in the dinuclear complexes the two metal centres and
the two bpy units of the macrocycle 1 behave independently
as shown by the reversible bielectronic processes observed
on oxidation and reduction, respectively. Both 1 and its di-
nuclear complexes can be functionalized with reactive sub-
stituents and can therefore be used as components of larger
supramolecular species.

Experimental Section

Syntheses: Compounds 1, 2 and [(bpy),Ru(1)Ru(bpy),]** were pre-
pared and characterized as previously reported.[*® All other
chemicals were purchased from Aldrich or Fluka and used without
further purification. Melting points: Biichi SMP 510 (open capillar-
ies, uncorrected values). NMR: Bruker AC 250, AM 270, '"H NMR
referenced to CDCl; at & = 7.24 ppm, '*C NMR referenced to
CDCl; at 6 = 77.00 ppm. MS: Perkin—Elmer Varian MAT 711,
electron-impact (EI) mode. Elemental analyses: Perkin—Elmer EA
240. Column chromatography: Merck silica gel 60, 0.040—
0.063 mm (230—400 mesh).

Compound 3: A solution of BuLi in hexane (1.6 M, 0.7 mL) was
added dropwise at —78 °C to a stirred suspension of the diiodo

© 2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 4231
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compound 2 (0.4 g, 0.51 mmol) in dry THF (15 mL). After the mix-
ture had been kept for 3h at —78 °C, water was added and the
reaction mixture was warmed to room temp. The solvent was re-
moved, the residue was dissolved in dichloromethane (10 mL), and
water (5 mL) was added. The phases were separated. The aqueous
one was extracted twice with dichloromethane (5 mL each) and the
combined organic phases were dried with MgSO,. After filtration
and evaporation of the solvent, the compound was purified by col-
umn chromatography through silica gel with hexane/ethyl acetate
(7:1) as eluent to provide compound 3 (0.14 g, 50%) as a white
solid. Ry (hexane/ethyl acetate, 7:1) = 0.16. '"H NMR (CDCls): 6 =
0.88 (t, 6 H, CH3), 1.24—1.40 (m, 12 H, v,3,e-CH,) 1.68 (m, 4 H,
B-CH,), 3.50 (t, 4 H, 0-CH,), 4.50 (s, 4 H, benzyl-CH,), 7.36 (d, 2
H, phenyl-H), 7.46 (dd, 2 H, phenyl-H), 7.56 (d, 2 H, phenyl-H),
7.64 (s, 2 H, phenyl-H), 8.04 (dd, 3J = 8, *J = 2 Hz, 2 H, py-H),
8.50 (d, 3J = 8 Hz, 2 H, py-H), 8.92 (s, 2 H, py-H) ppm. 3*C NMR
(CDCl;, 63 MHz): 6 = 13.98, 22.56, 25.85, 29.70, 31.64, 70.77,
72.61, 120.97, 126.12, 127.35, 129.10, 135.27, 136.39, 137.60,
139.78, 147.56, 154.42 ppm. MS: m/z (%) = 536 (100), 451 (49),
435.9 (61). HRMS: mi/z calcd. for C36H44N,O, 536.3403; found
536.3453.

[Ru(bpy),(3)]**: A stirred solution of ligand 3 (72 mg, 0.134 mmol)
and [Ru(bpy),Cl,]:2H,0 (70 mg, 0.134 mmol) in ethanol (2.5 mL)
and water (0.8 mL) was heated at reflux under nitrogen for 24 h.
The solvent was removed and the residual orange material was
purified by column chromatography through silica gel (methanol/2
M NH,Cl/nitromethane, 7:2:1). The combined organic fractions
were diluted with dichloromethane, the organic phases were sepa-
rated, and the solvent was removed. The orange residue was then
dissolved in methanol (1 mL) and added to a solution of NH4PF
(134 mg) in 1 mL water. The precipitate was filtered and washed
several times with water to give [Ru(bpy)»(3)]>* (0.14 g, 89%) as an
orange solid. '"H NMR (CDCls): 8 = 0.82 (t, 6 H, CH3), 1.21 (m,
12 H, v,0,6-CH,) 1.54 (m, 4 H, B-CH,), 3.42 (t, 4 H, 0-CH,), 4.42
(s, 4 H, benzyl-CH,), 7.12 (t, 2 H, phenyl-H), 7.30 (m, 6 H, phenyl-
H), 7.42 (t, 4 H, phenyl-H), 7.65 (s, 2 H, py-H), 7.72 (d, 3J = 8 Hz,
2 H, py-H), 7.80 (d, 3J = 8 Hz, 2 H, py-H), 7.90 (m, 4 H, py-H),
8.15 (d, 3J = 8 Hz, 2 H, py-H), 8.42 (d, 3J = 8 Hz, 4 H, py-H),
8.53 (d, 3J = 8 Hz, 2 H, py-H) ppm. '3*C NMR (CDCl;, 63 MHz):
& = 13.81, 22.38, 25.61, 29.49, 31.45, 70.77, 71.99, 116.35, 124.00,
124.28, 125.96, 127.93, 128.26, 128.77, 129.54, 134.30, 136.10,
137.85, 138.09, 140.30, 140.44, 148.113.81, 22.38, 25.61, 29.49,
31.45,70.77, 71.99, 116.35, 124.00, 124.28, 125.96, 127.93, 128.26,
128.77, 129.54, 134.30, 136.10, 137.85, 138.09, 140.30, 140.44,
148.15, 151.29, 151.50, 153.44, 154.85, 156.19, 156.61 ppm.
MALDI-TOF: m/z = 1095.4 [M — PF¢], 950.4 [M — 2PF¢], 794.3
[M — 2PF; — bipy]. CssHeoF12NsO-P,Ru (1240.1): caled. C 54.24,
H 4.88, N 6.78; found C 53.90, H 4.69, N 6.51.

Photophysics and Electrochemistry: The equipment used for investi-
gation of absorption spectra and luminescence properties (in fluid
solution and in rigid matrix) has been described previously.['>) An-
thracene in air-equilibrated ethanol (® = 0.21)!'% and [Ru(bpy);]*"
in air-equilibrated aqueous solution (® = 0.028)!'71 were used as
standards for evaluation of the luminescence quantum yield of 1
and the dinuclear complexes, respectively. Unless otherwise stated,
air-equilibrated solutions were used.

The electrochemical investigation of ligands 1, 3, and bpy was car-
ried out by use of a cell of airtight design with high-vacuum glass
stopcocks fitted with Teflon O-rings. A weighed amount of the
investigated compounds was introduced into the electrochemical
cell together with the desired amount of supporting electrolyte. The
cell was evacuated and kept under vacuum (typical pressure: 2 X

4232 © 2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

10~ mbar) for at least 3 hours. Tetrahydrofuran was then vapour-
transferred from a Schlenk vessel in which it was stored in the
presence of sodium anthracenide prepared according to the pro-
cedure reported in the literature.['® The working electrode was a
glassy carbon (0.14 cm?) electrode, the counter-electrode was a
platinum spiral, and the quasi-reference electrode was a silver spi-
ral. The equipment used for investigation of the electrochemical
behaviour of the complexes in argon-purged Hi-dry dichlorometh-
ane has been described previously.['S) In all the electrochemical
experiments, the compound concentration was in the 1 X 1073 —
5 X 10~* M range, and tetrabutylammonium hexafluorophosphate
with a concentration a hundred times higher was added as support-
ing electrolyte. Ferrocene was used as internal reference (E;, =
+0.46 V vs. SCE in dichloromethane; E;», = +0.57 V vs. SCE in
tetrahydrofuran).'l Cyclic voltammetric (CV) and differential
pulse voltammetric (DPV) experiments were used to determine the
electrochemical properties of all the investigated compounds. CV
experiments were obtained with sweep rates in the 0.02—1.0 V/s
range; the DPV experiments were performed with a scan rate of 20
or 4 mV/s (pulse height 75 and 10 mV, respectively) and a duration
of 40 ms. The reversibility of the observed processes was established
by use of the criteria: (i) separation of 60 mV between cathodic
and anodic peaks, (ii) the close to unity ratio of the intensities of
the cathodic and anodic currents, and (iii) the constancy of the
peak potential on changing sweep rate in the cyclic voltammo-
grams. The same half-wave potential values were obtained from the
DPV peaks and from an average of the cathodic and anodic CV
peaks, as expected for reversible processes. For irreversible pro-
cesses the potential values were estimated from the DPV peaks.
The number of the exchanged electrons for reversible processes in-
volving macrocycle 1 and ligand 3 was measured by comparison of
the current intensity of the CV waves and the area of the DPV
peaks with those found for the first reversible monoelectronic pro-
cess of the bpy ligand, after correction for differences in concen-
trations and diffusion coefficients.[*”) The number of the exchanged
electrons for the processes involving the complexes was obtained
by the same procedure by use of the reversible monoelectronic pro-
cesses exhibited by [Ru(bpy)s]** as reference.

Experimental errors: molar absorption coefficients, +/—5%; lumin-
escence quantum yield, +/—10%, luminescence lifetime, +/—5%;
redox potentials, 10 mV and 20 mV for reversible and irreversible
processes, respectively.
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