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a b s t r a c t
The synthesis and characterization of a new extended tetrathiafulvalene (TTF) dithiolene ligand substituted
with alkyl pyridine groups, pyridylethylsulfanyltetrathiafulvalenedithiolene (pesdt 2−), as well as the corresponding gold (III) complex [Au(pesdt)2]− obtained as a tetrabutylammonium salt are described. The oxidation potential of this complex is rather low and the paramagnetic neutral complex is obtained as an
electrically insulating microcrystalline powder.
© 2011 Elsevier B.V. All rights reserved.

Square planar neutral complexes with extended dithiolene ligands
have attracted increasing interest due to their extended π-conjugation
system and possibility of displaying high electrical conductivity [1]. A
few nickel, copper and gold bisdithiolene complexes with extended
TTF ligands exhibiting properties of metals in their neutral state have
been reported, [2] as also found in not so extended dithiolene ligands
[3]. In these metal complexes with extended TTF-dithiolene ligands,
the side groups on the TTF moiety have been so far restricted to alkyl
groups or conjugated rings. Another recent trend in dithiolene chemistry has been the incorporation of functional groups containing N atoms
able to coordinate transition metals, in order to explore new coordination structures [4] relevant in the ﬁeld of magnetic conductors or magnetic coordination polymers, as has already been described for some
TTF type donors [5]. In this paper we describe the synthesis and characterization of the ﬁrst pyridine substituted extended dithiolene ligand
with TTF moieties and the corresponding gold complex.
The new TTF-based donor, 4,5-Bis(2-cyanoethylthio)-4′,5′-Bis(2pyridylethylsulfanyl)tetrathiafulvalene (1), is the precursor for the
preparation of the dithiolene based on the pyridylethylsulfanyltetrathiafulvalene (pesdt) ligand, where the cyanoethyl group is used
as a protecting group (Scheme 1). TTF derivative 1 was obtained by
the cross-coupling reaction of 4,5-Bis(2-pyridylethylsulfanyl)-1,3dithiol-2-one and 4,5-Bis(2′-cyanoethylthio)-1,3-dithiol-2-one in toluene in the presence of P(OEt)3 [6]. This coupling reaction also gives
rise to by-products resulting from the self-coupling of the reactants. It
is, however, possible to obtain 1 in good yield, 48%, after column puriﬁcation. X-ray quality single crystals were obtained from slowly
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cooling a toluene solution. Fig. 1 shows an ORTEP plot of 1 with the
atomic numbering scheme employed [7,8].
The central TTF core and thioether S atoms are essentially planar
(Rms deviation of ﬁtted atoms: 0.043 Å) while the ethyl-pyridine
and cyanoethyl groups deviate from the central plane. One of the
ethyl-pyridine and one of the cyanoethyl “arms” are disordered over
two conformations with occupancies (0.509:0.491). The dihedral angles between the pyridine rings and the TTF mean plane are 86.5(1)°
and 58.9(3)° or 66.28(3)°. Bond lengths and angles in the TTF moiety
are in the range expected for neutral TTF derivatives [9]. The crystal
structure is composed by head to head donor stacks along the b
plane at variance with the usual packing motif of extended TTFs
which is head to tail, so that one dithiole end of each molecule ﬁlls
the intramolecular cavity of the other [10]. In the structure of 1 the
cyanoethyl “arms” are segregated from the pyridine rings and no
intermolecular short S...S contacts are found.
The synthesis of (n-Bu4N) [Au(pesdt)2] (2) was performed following
general procedures for this type of complexes from 1 by means of
hydrolytic cleavage with n-Bu4NOH in MeOH/THF under strictly inert
atmosphere using Schlenk techniques [11]. The ligand generated was
immediately reacted with KAuCl4 and precipitated as an n-Bu4N salt.
Recrystallization was possible from the slow diffusion of diisopropilic
ether into a solution of the complex in dichloromethane. Elemental
analysis indicates a cation to anion 1:1 stoichiometry.
Although the quality of crystals obtained of compound 2 was poor
and the structure reﬁnement of low quality, mainly due to disorder in
the ethyl-pyridine groups, it was possible to unambiguously identify
its molecular structure and crystal packing [7,12]. The molecular
structure of the gold complex in 2 is shown in Fig. 2. The metal complex presents an almost perfect square planar coordination geometry
with Au-S bond lengths typical of Au III and the central sulfur rich core
essentially planar. The ethyl-pyridine groups present severe disorder
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Scheme 1. Synthesis of TTF derivative 1 and gold complex 2.

which precludes a good structural reﬁnement. One of these groups
deviates toward one side and three other toward the opposite side
of the central planar core of the complex.
The crystal structure of 2 presents a clear segregation between the
pyridine groups and the central sulfur rich core, with chains of complexes along c connected side by side through short S(4)...S(9) interactions at 3.49 Å (x, 1/2 − y, 1/2 + z) and the cations sitting between
the anion chains (Fig. 3).
The redox potentials of TTF 1 and complex 2 were measured by
cyclic voltammetry (CV) in dichloromethane containing n-Bu4NBF4
as a supporting electrolyte at a scan rate of 100 mV s − 1, using a platinum working electrode and Ag/Ag + as reference electrode (Fig. 4).
Two quasi reversible single-electron oxidation processes typical of
TTF-based donors are observed for 1 at 0.76 and 1.10 V. The redox potentials obtained are similar to those observed in the corresponding
symmetric TTF-based donors (0.56 V, 0.89 V for 4,4′,5,5′-tetrakis(2pyridylethylsulfanyl)-TTF and 0.74 V, 1.05 V for TCNEt-TTF) [5] in
agreement with the previous ﬁnding in other TTF donors and corresponding dithiolenes, that the alkyl pryridinium substitution does not
signiﬁcantly change the redox properties [4b,5]. Cyclic voltammetry of
(n-Bu4N) [Au(pesdt)2] shows a pair of redox waves centered at 0.31 V
vs Ag/Ag+, that are ascribed to the couple [Au(pesdt)2]−/[Au
(pesdt)2] 0. A second pair of redox waves is observed centered at
1.12 V. These processes are, however, irreversible probably due to the
formation of an insoluble species.

Fig. 1. ORTEP diagram of compound 1 drawn at 40% probability level with the atomic
numbering scheme. H atoms have been omitted for clarity.

In fact by electrocrystallization of 2 a dark powder was obtained
on the electrode with an elemental analysis consistent with the neutral complex [Au(pesdt)2] (3) [13]. This compound is however not
conducting (σRT b 10 − 8 S/cm).
As expected for a neutral gold-bisdithiolene complex, formally
Au IV, a d 7 ion, 3 is paramagnetic and presents an EPR signal [14].
However this signal consists of a superposition of two lines with 15
and 32 G wide centered at 2.0026 (inset of Fig. 5). These two lines denote the possible existence of two unequivalent coordination sites.
The paramagnetic susceptibility of 3 (Fig. 5) is approximately
1.5 × 10 − 3 emu/mol and almost temperature independent from
room temperature down to 50 K, corresponding to an effective magnetic moment of ~ 1.75 μB/fu at room temperature gradually decreasing upon cooling (see Supplementary material) [15]. These results
contrast with highly conducting Au neutral complexes where the susceptibility is also temperature independent but of much smaller magnitude (~2 × 10 − 4 emu/mol) and of Pauli type, [2,3] and are also
different from dimerized or alternated chains of Au neutral complexes where the susceptibility decreases exponentially toward a singlet ground state [16]. Therefore the magnetic susceptibly of 3 is
consistent with the existence of more isolated undimerized Au centers with antiferromagnetic interactions [17].
We have prepared a new monoanionic Au III complex, (n-Bu4N)
[Au(pesdt)2] (2), that is the ﬁrst example of an extended bisdithiolene complex having both a TTF moiety and pyridine groups. This
complex presents a low oxidation potential leading to the neutral
species 3 which is an electrical insulator. This synthesis opens the
way to the preparation of a new family of extended bisdithiolene
complexes based on this ligand with different transition metals.
Such complexes upon coordination to magnetic ions through the

Fig. 2. Molecular structure of the gold complex in (n-Bu4N) [Au(pesdt)2] (2).
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Fig. 5. Paramagnetic susceptibility vs temperature plot for complex 3. The inset shows
the room temperature EPR spectrum of a powder sample.

Fig. 3. Crystal packing of compound 2 viewed along (a) b and (b) c.

pyridine groups are expected to be relevant as key building blocks to
prepare magnetic conductors and magnetic coordination structures.
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Appendix A. Supplementary material
Crystallographic data for the structural analysis have been deposited with the Cambridge Crystallographic Data Centre (CCDC —
753529 for 1 and CCDC — 754683 for 2). Copies of this information

Fig. 4. Cyclic voltamograms of TTF derivative 1 and complex 2.

can be obtained free of charge from www: http:/www.ccdc.cam.ac.
uk.
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