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Abstract: The first CT-complexes of covalently bound [60]Fullerene-tetrathiafulvalene (TTF) systems
with tetrafluorotetracyano-p-quinodimethane (TCNQF ) show a semiconducting behaviour.
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Electron donor fragments such as porphyrine,' phthalocyanine,” ferrocene,’ and tetrathiafulvalene’ have
been covalently attached to the Cg core by different synthetic procedures and very weak or negligible
intramolecular CT-interactions from the donor moiety to the acceptor [60]fullerene was observed.

The first direct observation of a definite intramolecular CT interaction from a phenyl ring to Cs was
recently shown as a very weak band around 470 nm (log € 3.2) in the electronic spectra, which was shifted
toward longer wavelength with increasing solvent polarizability.” A photoinduced intramolecular electron
transfer process that causes quenching of the fluorescence has also been detected in the organofullerene
comprising the donating aniline group attached to the fullerene fragment by a saturated heterocyclic bridge.*

Considering the moderate electron donor character of the above donor units, the introduction of stronger
electron-donors in close proximity to the Cso surface may be expected to lead to self-doping bichromophoric
materials useful in the design of novel molecular electronic devices.”

In this context, we report herein the preparation of a series of covalently linked [60]fullerene-
tetrathiafulvallene (TTF) derivatives (2) and their UV-Vis and electrochemical characterization. Furthermore,
we have synthesized the first CT-complexes from compounds 2 and strong electron-acceptor molecules.
Although it is expected that the Cg core should not be engaged in the CT process, to the best of our
knowledge the study of these novel complexes has not previously been carried out and will allow to evaluate
the effect of the presence of the Cgo moiety on the conducting properties of the radical-ions.

Among the suitable procedures for the functionalization of [60]fullerene, the 1,3-dipolar cycloadditions
of azomethine ylides to Cso play a prominent role.® We have selected this synthetic approach for the preparation
of the target molecules 2 which were obtained in a 32-39 % yield by treating sarcosine, [60]fuilerene and the
respective formyl-substituted TTFs (1) in refluxing toluene for 24-48 h. Products were isolated’ by flash

chromatography (neutral silica gel, cyclohexane and toluene:cyclohexane).
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Functionalization of TTF is currently an active research field and the starting formyl-TTF derivatives
were prepared by following the previously reported procedures® by lithiation of TTF and subsequent

formylation (1a) and a multistep synthetic procedure for compounds 1b-d involving a Wittig reaction.
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1a: R=H; n=0; 1b: R=(SCH,),; n=0

1e: R=H; n=1; 1d: R=(SCH,),; n=1

Scheme

The structure of compounds 2a-d was supported on their analytical and spectroscopic data (UV-Vis,
FTIR, 'H-NMR, “C-NMR and FAB mass spectra). In "H-NMR spectra the signals of the pyrrolidine protons
appeared at § 4.9 and 4.1 as doublets (J=9.5 Hz; geminal hydrogens) and § 4.8 (CH) in agreement with related
derivatives.

It has already been established that the 1,3-dipolar cycloadditions of azomethine ylides occurs at the 6,6-
ring juction of the Cs framework.> The *C-NMR spectrum for compound 2a'! shows, in addition to the N-Me
group at § 40.2, the signals at 5 66.4, 69.5, 77.2 and 79.4 for the sp’ carbons at the 6,6-ring junction and the
remaining pyrrolidine carbons. The UV-Vis spectra shows the typical weak absorption band at 430 nm of
dihydrofullerene, and no photoinduced intramoleular CT-band is observed.

The electrochemical properties of compounds 2a-d have been studied by cyclic voltammetry at room

temperature and the data are collected in the Table along with data for TTF and Cq, as reference compounds.

Table: Redox properties of novel compounds 2a-d

Compound R n E") o E") o E™ E,™ E;™ |

2a H 0 0.41 0.76 -0.67 -1.04 -1.53 -2.05

2b (SCHy), 0 0.50 0.78 -0.71 -1.05 -1.56 -2.10

2c H 1 0.43 0.76 -0.67 -1.08 -1.58 -2.19

2d (SCHy), 1 0.54 0.78 071 -119 161 220
TTF — — 0.37 0.70 — — — —

Ceo — — — — -0.60 -1.00 -1.52 -2.04

Al potentials in V vs SCE; Tol:MeCN (4:1); scan rate 200 mV/s; 0.1 mol-dm” NBu,'ClO,; GCE as working electrode
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The cyclic voltammograms of compounds 2a-d show four one-electron quasireversible reduction waves
corresponding to the reduction steps of the fullerene moiety (Figure). The first reduction potential in these
compounds (2a-d) is shifted to negative values by 70-110 mV compared with [60]fullerene. This observation is
in agreement with the saturation of a double bond in the Cg core which raises the LUMO energy of the
resulting organofullerene. '

A comparison of the reduction potential values shows that the first reduction potentials are the same for
2a and 2¢ and for 2b and 2d, thus indicating the negligible effect of the double bond on the accepting ability of
the Cgo moiety (Table).

» y T T .
On the oxidation side, compounds 2a-d

show the presence of two reversible one- or ]
electron oxidation waves to the radical cation 0} 1
and dication respectively of the TTF moiety. <
Compared to the oxidation steps of the parent ° ]
TTF (Table), the first oxidation potentials are A0 1
shifted to more positive values by about 40-55 » . . . )
mV for compounds 2a and 2c. ! ° £ (V)4 ? ?

Figure . Cyclic Voltammogram of compound 2¢ at 200 mV/s

Substitution on the TTF system by the ethylendithio fragments results in an additional shift to positive
values for compounds 2b and 2d by about 120-160 mV relative to the first oxidation potential of the
unsubstituted TTF (Table).

Compounds 2 containing the Ce core covalently linked to the strong donor TTF are very appealing
systems for the preparation of charge transfer complexes by combination with strong acceptor molecules. To
the best of our knowledge, these complexes have not been previously studied and, in this work, we report our
preliminary results on the preparation of the first examples. Thus, compounds 2a and 2¢ did not form CT-
complexes with strong acceptors such as tetracyano-p-quinodimethane (TCNQ, E”.¢=0.21 in CH.Cl) and
dicyano-p-quinodiimine (DCNQI, E*;=0.21 in CH,Cl,). However, when they were mixed with the stronger
acceptor tetrafluorotetracyano-p-quinodimethane (TCNQF,, E*=0.62 in CH,CL,), a rapid formation of the
CT-complex occurs." The black solid thus obtained shows the presence of characteristic charge transfer bands
in the visible region of the electronic spectrum, showing a donor-acceptor stoichiometry of 1:1 as resulting
from the elemental analyses. Conductivity measurements on a powdered sample for 2a:TCNQF, and
2¢:TCNQF, as a two-probe compressed pellet at different temperatures showed the material to be
semiconductors (G,=10"7 Scm™).

In summary, we have established that TTF and its substituted derivatives can be conveniently attached to
the Ceo framework to form Cgy based D-G-A systems which show well-defined electrochemical properties. This

synthetic approach allows to modify the chain length linking both donor and acceptor moieties. These systems
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are suitable precursors for the preparation of intermolecular CT-complexes, by reaction with strong acceptors,

exhibiting semiconducting properties. The study of novel intra and intermolecular interactions will be useful for

the development of Ceo based molecular materials with potential applications in molecular electronics and is

currently under investigation.
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