Synthesis of a Cgo-0ligophenylenevinylene hybrid and its incorporation in a

photovoltaic device
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A fulleropyrrolidine derivative bearing an oligophenylenevi-
nylene substituent has been prepared by 1,3-dipolar cycload-
dition of an azomethine ylide to C¢y and incorporated in a
photovoltaic device.

Inlight of itsunusual electrochemical and electronic properties,
the fullerene Cgp is an attractive functional group for supramo-
lecular assemblies and new advanced materials.t For example,
photovoltaic devices using thin films of interpenetrating
bicontinuous networks of Cgg derivative and a number of
conjugated polymers such as polyphenylenevinylene or poly-
thiophene have been demonstrated to show promise for large-
area photodetectors and solar cells.2 In this class of devicesthe
network provides the spatially distributed interfaces necessary
for efficient exciton dissociation into electrons and holes, and
pathways for their subsequent collection at opposite electrodes.
Therefore the film morphology is of crucial importance for the
device performance. Usually the donor and acceptor molecules
are incompatible and tend to strong and uncontrolled phase
separation. An alternative approach to create the bicontinuous
network is based on chemically connected donor—acceptor
molecules. Recent developments in the functionalisation of
fullerenes allows the preparation of covalent Cgo derivatives
bearing electro- and/or photo-active substituents.3 Some of
those systems provide entry into intramolecular processes such
as photoinduced charge separation, therefore they appear as
potential candidates for the preparation of photovoltaic cells. In
this context, we now report the preparation of the fullerene-
oligophenylenevinylene hybrid 1 and its utilisation for the
construction of a solar energy conversion system.

RO
Roch% O \

1R =CqHxs

The synthesis of compound 1 isdepicted in Scheme 1. The E-
stilbene 2 was prepared from 4-methylstyrene and 4-bromo-
benzaldehyde 3 under Heck conditions with Pd(OAc), as
catalyst in toluene-Et3N in the presence of tri-o-tolylphos-
phine.

Treatment of 2 with 2,2-dimethylpropane-1,3-diol in reflux-
ing benzene in the presence of a catalytic amount of p-
toluenesulfonic acid (p-TsOH) gave 4 in 95% yield. Compound
4 could dso be prepared from 3 as follows. protection®
(2,2-dimethyl-1,3-propanediol, CgHg, p-TSOH cat.), subsequent
treatment with ButLi in THF followed by quenching with DMF
and reaction of the resulting 5 with (4-methylbenzyl)triphenyl-

phosphonium chloride under Wittig conditions. The parent
stilbene was thus obtained in 70% yield as an E:Z isomer
mixturein a55: 45 ratio. However, the Z isomer could be easily
isomerized to the E form by treatment with iodine in refluxing
toluene. Oxidation of a cohol 6°with MnO,in CH,CI, followed
by condensation of the resulting benzaldehyde 7 with anilinein
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Scheme 1 Reagents and conditions: i, 4-methylstyrene, Pd(OAC),, tri-o-
tolylphosphine, EtsN, toluene, reflux, 48 h, 55%; ii, 2,2-dimethylpropane-
1,3-diol, Ce¢He, p-TSOH cat., reflux, Dean-Stark trap, 24 h, 95%; iii,
2,2-dimethylpropane-1,3-diol, CgHg, p-TSOH cat., reflux, Dean-Stark trap,
48 h, then ButLi, THF, —78 °C, 1 h, then DMF, —78 °C to room temp., 1
h, 85%; iv, (4-methylbenzyl)triphenylphosphonium chloride, ButOK,
EtOH, roomtemp., 2 hthen |, toluene, reflux, 12 h, 70%; v, MnO,, CH,Cl,,
1 h, 89%; vi, aniline, CgHg, reflux, Dean-Stark trap, 24 h, 90%; vii, 4,
ButOK, DMF, 80 °C, 2 h, 74%; viii, TFA, CH,Cl,, H,0, room temp., 4 h,
96%; ix, Ceo, Sarcosing, toluene, reflux, 16 h, 43%.
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Fig. 1 Top: structure of the photovoltaic cell. Bottom: current—voltage
characteristics of the 1TO/Cg—o0ligophenylenevinylene/Al device in the
dark (O) and under 5 mW cm—2 illumination (400 nm) (@).

refluxing benzene afforded 8 in an overal 80% yield.
Benzaldimine 8 was subjected to the Siegrist reactiont with
stilbene 4 to give protected trimer 9 in 74% yield. Treatment of
9with CF3CO,H in CH,Cl—H,0 (1: 1) afforded aldehyde 10in
96% yield. The functionaisation of Cg was based on the
1,3-dipolar cycloaddition? of the azomethine ylide generated in
situ from 10. The reaction of Cgo With 10 in the presence of an
excess of N-methylglycine (sarcosing) in refluxing toluene
afforded fulleropyrrolidine 1in 43% yield (or 62% based on the
non-recovered Cgg). All of the spectroscopic studies and
elemental analysis results were consistent with the proposed
molecular structures.t The UV-VIS spectrum of 1 corresponds
to the sum of the spectra of its two components and shows the
characteristic absorptions of a fulleropyrrolidine derivative at
254, 430 and 702 nm as well as the diagnostic oligophenylene-
vinylene band at 363 nm indicating that there are no significant
interactions between the two chromophores in the ground state.
Preliminary luminescence measurements show a strong
quenching of the oligophenylenevinylene fluorescence in 1.
Chargetransfer is expected to occur and compound 1 appears as
apotential candidate for the preparation of a photovoltaic cell.
The device structure is schematically depicted in Fig. 1. The
Cso-0ligophenylenevinylene films were spin cast, on a glass
substrate coated with indium-tin oxide (ITO), from a 4 wt%
chloroform solution. The Al electrode was vacuum evaporated
on the films to a thickness of 100 nm. Typical current—voltage
curves (using ITO as positively and Al as negatively biased
electrodes) measured under dark and under light (400 nm, 5
mW cm—2) are presented in Fig. 1. Under the light the device
shows clear photovoltaic behaviour with an open-circuit voltage
of ca. 0.2 V and a short-circuit current density of 10 uA cm—2
corresponding to a collecting efficiency of 1%. Although we do
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not know the exact reason of the high dark current under reverse
bias, we believe it leads to the relatively low collection
efficiency and open-circuit voltage.

We have shown that photovoltaic cells can be prepared with
a fullerene-oligophenylenevinylene conjugate. The device
efficiency is not yet optimised and further improvements could
be expected by utilisation of new fullerene derivatives with a
stronger absorption in the visible range.

Thiswork was supported by the CNRS and by a post-doctoral
fellowship from The Netherlands Organization for Scientific
Research to L. O. We further thank L. Oswald for technical
help.

Notes and references

T Selected spectroscopic data for 1. UV-VIS Anax(CH2Clo)/nm 254
(89 800), 363 (63 200), 386 (sh, 38 800), 430 (4700), 702 (340); *H NMR
(CDCl3, 400 MHz) §0.87 (t, J 5.5, 6H), 1.26-1.31 (m, 36H), 1.78 (m, 4H),
2.83(s, 3H),3.96 (t, J 5, 4H), 4.25 (d, J 9.5, 1H), 4.94 (s, 1H), 5.00 (d, J 9.5,
1H), 6.38 (t, J 1.5, 1H), 6.65 (d, J 1.5, 2H), 7.04 (AB, J 17, 2H), 7.12 (AB,
J 17, 2H), 7.48 (s, 4H), 7.61 (d, J 8, 2H), 7.82 (br, 2H); 13C NMR (CDCl,
100 MHz) 6 14.15, 22.71, 26.11, 29.34, 29.44, 29.63, 29.66, 29.69, 31.93,
40.05, 68.10, 69.06, 70.00, 83.35, 101.03, 105.17, 126.85, 126.90, 128.12,
128.54, 128.71, 128.86, 129.68, 135.77, 135.89, 136.43, 136.55, 136.60,
136.71, 136.82, 137.44, 139.15, 139.56, 139.89, 140.14, 141.52, 141.67,
141.84, 141.91, 141.95, 142.02, 142.05, 142.10, 142.15, 142.23, 142.27.
142.54, 142.66, 142.98, 143.13, 144.37, 144.58, 144.69, 145.14, 145.28,
145.52, 145.74, 145.92, 146.05, 146.10, 146.17, 146.27, 146.30, 146.46,
146.71, 147.28, 153.37, 153.98, 156.20, 160.50; FAB-MS. nmV/z 1426.8
(MH*). Ana calc. for Cy09H710,N: C 91.76, H 5.02, N 0.98; found: C
91.27, H 5.09, N 1.07%.
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