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ABSTRACT

The synthesis, complete spectroscopic characterization, cyclic voltammetry, and photophysical measurements of a new o-phenylenediamine—
Ceo dyad are described. By using a tether strategy, only a single regioisomer was obtained. Cyclic voltammetry measurements indicate that
the two electroactive groups do not interact in their singlet ground states. Photophysical investigations reveal a rapid photoinduced electron
transfer between the singlet excited state of the fullerene acceptor and the o-phenylenediamine donor, yielding a charge-separated radical
pair.

Buckminsterfullerene g and its derivative’s exhibit a electron-transfer processes and yield long-lived charge-
number of unique electronic and photophysical properties. separated states. Furthermore, the recent advances in the
In particular, the low reduction potential 0§§XE,, = —0.44 chemistry of fullerenes provide a powerful tool to change

V versus SCE) and its singlet ground-state absorption rendersparameters, which are essential to the efficiency of electron-
them interesting candidates for inter- and intramolecular transfer processes. For example, the relative deacceptor
electron-transfer reactiodsThe low reorganization energy  orientation as well as the distance between the chromophores
of Cgo in electron-transfer reactions stimulated the use of can be modulated systematically with relative ease. In this
fullerenes as a new building block for the design of context, a variety of donor and acceptor molecules have been
multicomponent arrays, which give rise to light-induced covalently attached todg and several remarkable electron-
transfer phenomena have been disclosed.

Other groups as well as our group have focused on
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To develop a new g—donor dyad with the-phenylene-
diamine moiety as a strong donor, we us¢dl’-dimethyl-
o-phenylenediaminel, which is readily available from
o-phenylenediamine in three stégScheme 1). The alkyl-
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a(a) CI(CH,)3;0H, CaCQ, H;0, 100°C; (b) CICOCHCOOCH;,
CH.Cly; (c) Cso, CBr, DBU, toluene; (d) dimethylanthracene,
diethyl bromomalonate, DBU, toluene.

ation of the amino groups leads to di@l® which was
converted into the corresponding bismalonai@nd serves

as a bifunctional addend for a subsequent tether-function-

alization. The nucleophilic cyclopropanation governed the
reaction between bismalona&and Go. Only the equatorial
isomer4 was formed upon bisaddition. Bisadduttwas
isolated by flash chromatography (Si@luene:triethylamine
19:1 v/v) followed by preparative HPLC (grom-sil amino,
toluene). The NMR and UV spectra of reveal the
characteristics of an equatorial adduétdditional proof for
the equatorial structure of bisadddcitems from the follow-

up synthesis of hexaaddust using our template mediation

2742

techniqué®. Formation of this hexaadduct pattern can only
be obtained starting from equatorial bisadducts, which, in
turn, leads to the conclusion that bisadddiit an equatorial
isomer.

Compounds3, 4, and5 were studied electrochemically
using a glassy carbon electrode in a dichloromethane solution
(supporting electrolyte: TBARJ-under argon. Well-resolved
and reversible cyclic voltammetric waves were observed in
all cases. The results were compared with those of the parent
Cso and the equatorial bisadduct g{CO0GH,COOCGH,)4
6, carrying alkyl groups, as reference compounds (Table 1).

Table 1. E,;, Values Measured as the Average of the Anodic
and Cathodic Peak Potentials vs the Potential for the Redox
Couple of Internally Added Fc/Fc

compound E. E; Es E4
Ceo —1.08 —1.48
6 -1.21 —1.58
3 +0.56 +0.20
4 +0.65 +0.23 -1.19 —-1.57
5 +0.67 +0.21 —-1.772

2 |rreversible.

The reduction potentials of the equatorial bisaddéct
compared with those of dyatland the oxidation potentials
of bismalonate3 compared with those of dyad and
hexaadduct5 are quite similar. This suggests that no
electronic coupling prevails between the two electroactive
groups of dyadi in their singlet ground state.

The fluorescence quantum yields of thgphenylenedi-
amine—Go dyad 4 were measured in solvents of different
polarity and compared with that of the corresponding
equatorial reference isomeb (= 4.2 x 10°4). Two dominant
features are derived from the data in Table 2: First a strong
guenching of the fluorescence is noted in all the solvents
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Table 2. Photophysical Properties ofPhenylenediamine—gDyad 4 in Various Solvents at #t

fluorescence lifetime (7) lifetime (7) guantum yield
solvent € quantum yield (®) singlet excited state radical pair charge separation (®)
toluene 2.39 3.6 x 1075 383 ps b c
1-chlorobutane 7.39 1.8 x 107° 144 ps 620 ns 0.21
THF 7.6 8.5 x 1076 142 ps 447 ns 0.48
benzonitrile 24.8 7.4 x 1076 110 ps 683 ns 0.21
dimethylformamide 36.7 5.9 x 1076 78 ps 822 ns 0.13

a Excitation wavelength: 337 nni.z < 50 ns.© No measurable electron-transfer products on the nanosecond time scale.

investigated. Far more important is the second observation, In the case of th@-phenylenediamine—g dyad 4, the
namely, the solvent dependence, giving rise to a markedtransient absorption changes, recorded immediately after the
increase of the quenching with increasing solvent polarity completion of the picosecond laser pulse, are virtually
from toluene (e= 2.39) to DMF ¢ = 36.7). Since polar  identical to those of the reference. In particular, the sirglet
solvents decrease the energy of the charge-separated statsinglet absorption at 870 nm is evident in all solvents. The
a more exothermic driving force{AG) characterizes an lifetime of the singlet excited state absorption is, however,
intramolecular electron transfer in, for example, benzonitrile markedly shortened in toluene and decreases further in
and DMF relative to toluene or THF. Thus, the observed solvents of higher polarity (see Table 2). These changes are
trend is a first indication for an electron-transfer mechanism in good resemblance with the steady-state fluorescence
being responsible for the rapid deactivation of the fullerene measurements and corroborate the electron-transfer mecha-
singlet excited state. On the other hand, an intramolecularnNism.

energy transfer mechanism from the fullerene singlet excited ~ Spectral evidence for the hypothesis that an intramolecular
state EsineLer = 1.77 eV) to theo-phenylenediamine moiety electron transfer from the electron-donatmghenylenedi-

(EsineLer = 3.97 eV;ErripLer = 3.08 eV can be ruled out, @mine moiety to the fullerene governs the fate of the
based on the unfavorable thermodynamics. photoexcited fullerene systems is derived from complemen-

f tary nanosecond photolytic experiments. In particular, a sharp

To shed further light onto the deactivation processes o . T
maximum found at 1065 nm, shown in Figure 1, resembles

the fullerene singlet excited state, time-resolved transient
absorption measurements following an 18 ps or a 50 ns lase
pulse were carried out. Following the 18 ps laser pulses, the
equatorial reference reveals the grow-in of a transient 003
absorption, maximizing around 870 nm. These spectral
characteristics are ascribed to the singlet excited-state
absorption of the equatorial isomer. On a longer time scale
(i.e., 10 ns) the singletsinglet absorption at 870 nm decays
with a lifetime of 3.1 ns. In parallel with this decay, the grow-
in of a 650 nm absorption was observed, which corresponds
to the fullerene triplet excited-state absorptién. 001 \./AV \

J
\Z

(7) Spectroscopic data df 'H NMR (400 MHz, CDC4, 25°C): 6 [ppm]
=1.88 (m, 4 H, CH), 2.70 (s, 3 H, NCH), 2.80 (s, 3 H, NCH), 3.15 (t, N
2 H, NCHy), 3.31 (m, 2 H, NCH), 3.99 (s, 3 H, OCH), 4.04 (s, 3 H, 0 b ARaEma— et EEE— —
OCHg), 4.18 (m, 1 H, O®l,), 4.27 (m, 1 H, OEly), 4.44 (m, 1 H, OEl,), 800 500 1000 1100
4.63(m, 1 H, OGl,), 6.92 (m, 4 H, &l). 13C NMR (100.50 MHz, CDGJ, Wavelength [nm]
25°C): ¢ [ppm] = 25.35 (1 C,CH>), 25.55 (1 CCH) 39.36 (1 C, NCH3),

40.08 (1 C, NCH), 50.22 (1 C, NCH), 50.44 (1 C, NCH), 51.37 (1 C, Figure 1. Transient absorption spectrum (near-IR part) recorded

bridgehead-C), 53.85 (1 C, bridgehead-C), 53.92 (1 C, (3.98 (1 C, . .
OCHy), 65.87 (1 C, @Hy), 66.00 (1 C, @H,), 70.35 (1 C, HCer-C). 50 ns after flash photolysis of 20 107> M dyad 4 at 337 nm in

71.50 (1 C, spCe-C), 71.61 (2 C, shCe-C), 119.44 (1 CCH), 120.43 deoxygenated benzonitrile.
(1 C,CH), 121.85 (1 CCH), 122.60 (1 CCH), 138.64, 138.90, 139.63,
140.71, 141.27, 141.51, 141.66, 141.86, 141.93, 142.08, 142.33, 142.53,

143.06, 143.26, 143.45, 143.56, 143.70, 143.81, 143.85, 143.94, 144.03,an earlier pu|se-radio|ytic in\/estigatiﬁn and, in turn,
144.09, 144.31, 144.47, 144.60, 144.69, 144.76, 144.87, 144.93, 145.07, ) .

14518, 145.24. 145.33. 145.55. 145.73, 146.08. 146.13. 146.32. 146_44’conf|r_ms the_formatlon of the one-electron-reduced fullerene
146.50, 146.74, 147.28, 148.44 19p), 163.16, 163.78, 164.040). s-radical anion.

UV/Vis (CH2CLL): Amax (€) [nm] = 252 (108000), 306 (41300), 396 (4200), ‘ . ; o :
421 (2400) 478 (3000). MS (FABYMIZ (%) = 1170 (MF). IR (KBY): v On the other har_1d, a transient maximum in th_e V|_S|ble (i.e.
[cm—1] = 3053, 2950, 2844, 2796, 1749, 1494, 1433, 1384, 1266, 1237, at 440 nm, see Figure 2) corroborates the oxidation of the
1212, 1102, 1061, 1024, 746, 708.
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were also derived from the decay of the one-electron-
oxidized aniline absorption in the visible.

The observation that the back electron transfer is appar-
ently located in the normal region, but, nevertheless, slower
than forward electron transfer suggests additional stabilization

0.02 JA of the charge-separated radical pair. A possible rational
/ ' \ explanation implies the formation of a three-electron bond
[ between the two nitrogens of tbgphenylenediamine moiety,
/~.{ similar to the case of the radical cation of diazabicyclo-
octane'? This, in turn, helps to slow the back electron transfer
dynamics.
\ The quantum efficiency of the charge separation using
T 1-chlorobutane as a solvent leads to the highest yields,
although the lifetime of the radical pair is apparently not
optimized. This observation is consistent with earlier litera-

Figure 2. Transient absorption spectrum (U¥is part) recorded ture reports?3
50 ns after flash photolysis of 20 10> M dyad 4 at 337 nm in
deoxygenated benzonitrile.
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