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SCIENTIFIC REPORT

Purpose of the visit

In the area of fullerene-based materials, the development of donor-acceptor multi-component molecular assemblies in which photo- and/or electro- active units are covalently linked to the carbon sphere has generated a plethora of novel architectures with unique electronic and photo-physical properties.[1] The challenge is to promote efficient intra-molecular energy and/or electron transfer and/or to generate long-lived charge-separated (CS) states anticipating for applications in energy conversion systems, such as for example in solar cells. As azafullerene C59N is stronger electron acceptor than C60, it is expected, in principle, C59N-based donor-acceptor dyads to enhance intra-molecular electron transfer reactions. In this context, a few C59N-based dyads with feroccene,[2] porphyrins[3] and pyrene[4] units have been recently prepared.
Tetrathiafulvalene (TTF) is a known excellent electron donor. The aromatic character of the oxidized form of TTF, in contrast to its neutral form, enhances the stability of the CS state, thus making such dyads good candidates potentially suitable for solar cells applications.[5] In this context, a plethora of C60-TTF and C60-exTTF dyads and triads have been prepared, revealing CS lifetimes of nano- to micro-seconds.[6]
An active research topic of our group deals with the chemistry and physics of azafullerenes.[7] On the other hand, the hosting group has long experience on the synthesis of a variety of simple TTFs, extended-TTF compounds[8] as well as on the preparation and study of a variety of C60-based donor-acceptor dyads and triads.[6]
The aim of the proposed visit was the preparation of some new C59N-based dyads with exTTF, potentially useful in energy conversion schemes and particularly for applications in solar cells. Importantly, up to date there are not any reports on the preparation and study of C59N-exTTF donor-acceptor dyads.
We proposed to synthesize exTTF materials (Fig. 1) and couple them with (C59N)2 employing a Mannich reaction.[9] 
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Figure 1

Work carried out during the visit

The synthesis of the exTTF compounds 10 and 11 was carried out starting from hydroxymethyl-anthraquinone 1 and dithiol-thione 3 as shown on scheme 1. Coupling of the phosphonate 7 (prepared from 3 in a 4-step reaction sequence) with the protected anthraquinone 2 yielded the exTTF core in 8, which after deprotection resulted hydroxymethyl-exTTF 9. Reaction of 9 with ethyl malonyl chloride or malonyl dichloride afforded the desired exTTF compounds 10 and 11 respectively[10]. 
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Scheme 1
These compounds, having a malonate functional group, were expected to react with azafullerene to yield the final C59N-exTTF dyads. When a mixture of 10 and (C59N)2 in o-dichlorobenzene allowed to react at 150oC under a constant stream of air (bubbling) in the presence of an excess of p-toluenesulfonic acid, the total consumption of 10 occurred within 10 minutes while no fullerene product was observed. In a reference experiment, the same reaction was carried out in the absence of (C59N)2. Again 10 quickly disappeared, showing that degradation of extTTF occurred under these harsh reaction conditions (Scheme 2). Since 150oC, constant air bubbling and excess p-toluenesulfonic acid are necessary for the formation of the reacting C59N+ intermediate and its subsequent reaction with carbonyl compounds,[9] a different route should be followed.
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Scheme 2 
In this frame, a proposed route towards the C59N-exTTF dyads is the synthesis of diethyl malonate functionalized azafullerene 14 (scheme 3), which will be hydrolyzed to the diacid 15 and then via an esterification reaction with hydroxymethyl-exTTF 9 will afford the desired bis-exTTF-C59N triad 12. Also, thermal decarboxylation of 15 is expected to afford the mono-carboxylated C59N 16, to be coupled with hydroxymethyl-exTTF 9 yielding the exTTF-C59N dyad 17. In such a way, ex-TTF should be incorporated with C59N in milder reaction conditions, avoiding its degradation.
Thus, diethyl malonate funtionalized azafullerene 14 was synthesized in 48% yield, and then transformed into the diacid 15 using a method previously described for the hydrolysis of C60-cyclopropane-malonates which incorporates hydrogenolysis with NaH initiating with the addition of methanol.[11] Attempts to prepare triad 12 through coupling with hydroxymethyl-exTTF 9 using EDC, DMAP peptide synthesis failed, probably due to the insolubility of 15. In another attempt, transformation of 15 to the dichloride using thionyl chloride and subsequent reaction with the alcohol 9 afforded again no product. Further experiments are currently underway in our laboratories in Athens, Greece toward the synthesis of the targeted compounds.
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[9] a) F. Hauke, A. Hirsch, Tetrahedron 2001, 57, 3697; b) F. Hauke, A. Hirsch, Chem. Commun. 1999, 2199.

[10] S. Gonzalez, N. Martin, D. M. Guldi, J. Org. Chem. 2003, 68, 779.

[11] I. Lamparth, A. Hirsch, Chem. Commun. 1994, 1727.
Continuation of the project after the visit

Since the project could not be completed during the visit in Madrid due to time restrictions, it will be continued in our laboratories in Athens. With the materials synthesized in Madrid and the knowledge obtained during the visit, we will be able to synthesize the targeted compounds, being continuously in touch with Prof. Martin’s group.
Projected publication
After the completion of the proposed synthesis, the electrochemical and photophysical properties of the C59N─exTTF dyads will be evaluated and the results will be published in top-quality scientific journals while will be also presented in major international conferences and/or workshops.
Other comments

Due to health reasons (i.e. sickness delay), visit was delayed for 1 day, starting from October 19th, instead of 18th as originally planned.
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