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A new and unexpected tetrathiafulvalene (TTF) core
building process is observed via reaction of a 1,3-dithiole
phosphonate anion with a 2-oxo-1,3-dithiole functionality.

Since their discovery, the transport properties of the charge-
transfer salts related to the TTF series have been improved.1 In
particular, chemical modifications2 of the donor have allowed
enhancement of the dimensionality of the related materials, thus
preventing metal-to-insulator transitions (Peierls distorsions).
With this aim, space extended and sulfur-rich analogs of TTF as
the donors constitute very good candidates.3 Thus, bis(1,4-
dithiafulven-6-yl)TTFs were found able to afford interesting 2D
electroconductive materials thanks to intermolecular intra- and
inter-chain S···S contacts. Unfortunately, under acidic or
oxidative conditions, these donors may undergo unwanted
internal cyclization reactions when R1 = H (Scheme 1).4

Following our efforts to suppress such side reactions, which
have a spoiling effect during the slow electrooxidation pro-
cess,3c,d we have designed new donors 1 related to benzoTTF,
bearing no hydrogen atom in the R1 position, in which the
1,3-dithiol-2-ylidene moieties are connected via the R1–R1

vinylene substituent. We report here on their straightforward
synthesis and on their electrochemical properties.

As outlined in Scheme 2, our synthetic strategy was based on
three main steps: (i) a Diels–Alder cycloaddition between
2-oxo-4,5-bis(methylene)-1,3-dithiole 2 and paraquinonic die-
nophiles with further aromatization of the cycloadduct, (ii) a
bis-Horner–Wadsworth–Emmons olefination of the quinonic
carbonyl functionalities of 3 with Akiba’s reagents,5 and (iii) a
final coupling reaction of the resulting compound 4 with
2-(thi)oxo-1,3-dithioles.

Thus, in the first step, diene 2 was generated via two
independent routes,6 either by an annulating reaction involving
the thermal decomposition of S-propargyl xanthate7 (Route A),
or by an iodide induced reductive elimination on 2-oxo-
4,5-bis(bromomethyl)-1,3-dithiole8 (Route B). This diene was
trapped with a quinone (p-benzoquinone or 1,4-naphthoqui-
none) and further addition of DDQ9 to perform the aromatiza-
tion, furnished the corresponding target compounds 3a and 3b
(Scheme 3).

For the second step, we checked the behaviour of 3a and 3b
with the anion of 5 generated upon treatment of the correspond-
ing phosphonate with BuLi in THF at 278 °C. From 3a, the

olefination was unsuccessful, this failure being interpreted as
resulting from an electron transfer between the quinonic
compound acting as the p-acceptor (Ep1

red = 20.56 V vs.
SCE)10 and the phosphonate anion acting as the donor.3d From

Scheme 1

Scheme 2 Reagents and conditions: i, Diels–Alder cycloaddition with
further aromatization; ii, bis-Horner–Wadsworth–Emmons olefination; iii,
coupling reaction

Scheme 3 Reagents and conditions: (Route A): i, reflux, chlorobenzene,
p-benzoquinone or 1,4-naphthoquinone; ii, DDQ (3a: 30%, 3b: 46%);
(Route B): i, Et4N+I2, MeCN, p-benzoquinone or 1,4-naphthoquinone; ii,
DDQ (3a: 83%, 3b: 54%); iii, 5, BuLi, THF, 278 °C
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the less oxidizing compound 3b (Ep1
red = 20.84 V vs. SCE),

upon treatment with a large excess of the anion of 5, the bis-
olefinated product 4b could be isolated in 28% yield after silica
gel column chromatography (hexane–CH2Cl2 1 : 1).

In order to perform the required olefination of 3a, we decided
to suppress the accepting quinonic character thanks to a prior
Diels–Alder cycloaddition of cyclopentadiene, this latter being
possibly subsequently removed (Yamashita’s methodology11).
Thus, cyclic voltammetry confirmed that the corresponding
cycloadduct 3c is a poor p-acceptor (Ep1

red = 21.42 V vs.
SCE). Unexpectedly, after reaction of 3c (0.33 mmol) with a
large excess of the anion of 5 (1.98 mmol) in THF (35 ml) and
silica gel column chromatography (CS2–CH2Cl2 8 : 1), we
observed that the bis-olefinated compound 4c appearing as the
main product (50% yield) was accompanied by the tris-
olefinated compound 1c (25% yield), this latter corresponding
to a TTF core building through an unprecedented Horner–
Wadsworth–Emmons olefination of the 2-oxo-1,3-dithiole
functionality with Akiba’s reagent (Scheme 4). We also noted
the partial decomposition of the phosphonate anion of 5 to
tetrakis(methylsulfanyl)TTF and elimination of dimethyl phos-
phite.12 The yield of 1c was increased to 43% by using 10 equiv.
of Akiba’s reagent and BuLi. Cyclic voltammetry of 1c
exhibited an irreversible process, suggesting the possible loss of
cyclopentadiene which obviously could be induced electro-
chemically. Nevertheless, this reaction was more readily
performed by classical thermal treatment of 1c in
o-dichlorobenzene or, directly, in the dry state, in a Kugelrohr
apparatus13 in quantitative yield.

Cyclic voltammetry of 1a exhibited three reversible oxida-
tion peaks (Table 1), the first one corresponding to a 2e2
process arising from the p-extended p-quinodimethane analog
of TTF (by analogy with the voltammogram of 4a and similar
observations on such conjugated quinonic systems3g,11a) fol-

lowed by two 1e2 oxidation peaks related to the TTF moiety.
These features are in agreement with the sequence: 1a" 1a2+

" 1a3+· " 1a4+.
Given the good p-donor ability of 1a, efforts are now in

progress to generalize this methodology to the synthesis of
varied compounds 1 and formation of their corresponding
cation radical salts.
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Scheme 4 Reagents and conditions: i, 5, BuLi, THF, 278 °C; ii, thermal
treatment

Table 1 Cyclic voltammetry of compounds 1a and 4aa

E/V vs. SCE

In CH2Cl2 In o-dichlorobenze

Eox
1 Eox

2 Eox
3 Eox

1 Eox
2 Eox

3

1a 0.27 0.71 1.12 0.39 0.76 1.15
4a 0.28 0.49

a 1.5 mm in solvent–Bu4NPF6 (0.1 m), v = 100 mV s21.
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