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The synthesis, theoretical calculations, and crystallographic and electrochemical properties of fused perpendicular tetrathiafulvalene (TTF)
dimers incorporating both a TTF unit and a quinonoid &-extended TTF are described as a new strategy for obtaining s-extended, rigidified,
and sulfur-rich analogues of TTF.

Since the discovery of tetrathiafulvalene (TTF) and its unique als held by intermolecular intra- and interchain--S
properties as a-donor, considerable work has been devoted contacts. Nevertheless, some difficulties were found in the
to the search for more sophisticated derivafivéigt are preparation of mixed valence salts from compoundhe
prone to generation of charge-transfer complexes or radicalcrystals obtained being of insufficient quality to perform
cation salts exhibiting two-dimensional networks upon physical measuremerfisThe explanation found was an
oxidation? This increase of dimensionality has been identi- unwanted intramolecular cyclization reaction occurring under
fied as a priority to prevent the metal-to-insulator transitions acidic or oxidative conditions.

at low temperature, as well as to achieve highly conducting  With the aim of suppressing such a side reaction, we
or superconducting materidd©n this basis, space-extended recently reported the “T-shaped” TTF dim2# This kind
and sulfur-rich analogues of TTF constitute promising of dimeric TTF derivative displaying multistage redox
candidate4.Thus, bis(1,4-dithiafulven-6-yl)TTFs were proven behavior should provide the possibility of controlling the
to afford original two-dimensional electroconductive materi- stoichiometry and molecular assembly in the desired conduc-
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tive complexe$.Thus, compoun@ exhibited three reversible
oxidation peaks following the sequences22?t = 28+ =
2*", in which the first two-electron process was related to
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To increase the intramolecular interactions between the 4 5 8 7
TTF entities, we have designed new space-extended donors “’\

3 in which the 1,3-dithiol-2-ylidene moieties of are
connected using the vinylene group (Scheme 1).

Scheme 1
R R R R
[\ = -
S._ S S.__S $_5
I R
H s s R s S
» OOt (T
H | § s7g § sg
s s s s s s
—/ _ _
R R 2 R R
3a: RR =-SCH;
3b: R-R = -SCH,CH,S-
S S8 S S $-_-8
L~ L~ [~ s
s s 8 s [s SIS ]
s

BDT-TTP DTEDT

>—< >—<
o}
V
S>=o
I ><P (OMe), 0
>—< >—<

R 10ab 1ab 9a R,R = -SMe

9b : RR = -SCH,CH,S-

aReagents and conditions: p-benzoquinone, C¥OH then
glacial AcOH, 80°C, 68% (lit2 63%); ii, N&S-9H,0, MeOH,
98% (lit.12 71%); then DDQ, 74% (lit? 54% usingp-benzo-
quinone); iii, cyclopentadiene, THF, 2%, 94%; iv, Hg(OAc),
CH.Cl,/glacial AcOH, 93%; v, phosphona$ n-BuLi, THF, —78
to 20°C.

corresponding 2-thioxo-1,3-dithiole using sodium sulfide, the
oxidation was improved using DDQ to furnighin 74%
yield.

Cyclic voltammetry of6 exhibited two reversible one-
electron reduction peaks, the first one appearing,&t =
— 0.15 V13 To avoid the electron transfer of the phosphonate
anion of9 to the quinonic functionality that occurred during
the following olefination steﬁ the accepting character 6f

quinonoidz-extended TTF and introduces a new strategy iy 949 yield €= — 0. 87 V)13 The Iatter was converted

in bis-fused TTF. To our knowledge, this approach was into the key intermediat® in 93% vield using the classical
restricted to the synthesis of BDT-TT®Rnd derivatives, for transchalcogenation reactidf ¢¢= — 0.95 V)13 The single-
which interest has significantly increased since the discovery crystal X-ray structure o8 revealed that the unique kinetic
of the superconducting properties found from vinylogous isomer with respect to the endo rule was compatible with

DTEDT.* the reported cycloaddition of cyclopentadieneptbenzo-
As described in Scheme 2, the synthesis first used guinone!4

p-benzoquinone which reacted with the dithiocarbamate salt \we then carried out a HorneWadsworthi-Emmons
(resulting from the addition of pyrrolidine to carbon disulfide)  olefination to create the TTF cof@After the reaction o8
in the presence of glacial acetic acid. The corresponding with phosphonate anio®s a silica gel column chromatog-

Michad addition was followed by aromatization, producing
compound4 in 75% yield. The latter was oxidized using
p-benzoquinone, and the following cyclization upon treat-
ment with glacial acetic acid afforded iminium s&lin 68%
yield for both steps. After quantitative conversion into the
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raphy (CS/CH.CI, (8/1) as the eluent) was used to separate
the bis-olefinated and tris-olefinated compoud@sand11,
respectively. The yields of the reaction appeared to be
dependent on the excess of phosphonate (for 6 equiaof
10a= 32% andlla= 44%; for 10 equiv 0Bb:10b = 47%
and11lb= 36%). Considering that the decompositiorilda
and 11b occurred at 156 and 12%C, respectively, cyclo-
pentadiene was removed quantitatively by thermal treatment
to reach the bis-fused TTB (Scheme 3§. All new
compounds gave satisfactory spectroscopic Hata.

The X-ray structure of a single crystal bfashowed that
the w-extended unit presents a butterfly-shaped nonplanar
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Scheme 3
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a Reagents and conditions: fbta, refluxingo-dichlorobenzene;
for 11b, refluxing chlorobenzene, quantitative yields.

geometry (Figure 1% This distortion from planarity could
be described in terms of the anglevhich defines the tilting

of the dithiole units and is obtained as the supplement of
the C16-C4—C22-C3 dihedral angle. This crystallographic
angle ¢ = 20°) was found to be remarkably lower than the
one observed for the equivalent precursoR¢j = 34.5),

in which the conformation is strongly controlled by the short
distance between theri-hydrogens of the benzene ring and
the sulfur atoms of the 1,3-dithiole unitsln the case of
compoundlla this gain in planarity is justified by strong
intramolecular S-S interactions, with the distances-S1
S7=13.029(3) A and S2-S9= 3.055(3) A, lower than the
sum of van der Waals radii (3.70 A) and in good agreement
with the distances observed for derivativesicf

Figure 1. ORTEP views oflla Ellipsoids are drawn at 50%
probability.

Density functional theory (DFT) calculations were per-
formed with the GAUSSIAN 98 package at the B3LYP/
6-31G* level of theory for a full geometry optimization of
compoundll (R = H). The calculated angley(= 24.7

(16) Crystal data fot1la Cy7H26S14, M = 799.4, monoclinica = 14.189-
(2), b= 9.568(1), anct = 26.106(1) A, = 96.09(1}, V = 3524(1) &,
space groupgP2/n, Z = 4, calculated density 1.5o ko = 0.71069). A
total of 6595 reflections werer collected in the 225°0 range; 235
parameters from 2989 reflections wittw(l) > 3 converged td&r = 0.052,

Rw = 0.074.

(17) This X-ray structure analysis will be published later. Gautier, N.
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and the intramolecular-SS distances (3.22 A) confirm the
trend observed for the experimental X-ray data. These
theoretical calculations were extended to compoBifid =
H) for which the recovery of the quinonoid structure induces
an important gain of planarityy(= 6.8°). The calculated
angle was compared with the one computed for compound
2 (y = 19.2), the difference being attributed to the-&
interactions (3.08 A) between both TTF moieties3in
Comparison of deconvoluted cyclic voltammograms (CV)
of the dimeric TTF2 and the fused TTF-extended TT3B
gave fundamental structural information (Figure 2). Although
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Figure 2. Deconvoluted cyclic voltammograms &f(left) and3b
(right): Pt electroden-BuyNPFR; 0.1 M in CH,Cly; v = 100 mV
—1

the CV for 2 was characterized by both CVs of extended
TTF and TTF moieties, the interesting feature of dinder
concerns its ability to undergo four sequential reversible
oxidation processes. With this phenomenon being indepen-
dent of the concentration, the existence of intramolecular
electronic interactions is clearly shown. These separated
oxidation processes could arise from Coulombic repulsions
between the two different TTF moieties in the oxidized states.

In these preliminary results, we have introduced a new
strategy for perpendicular bis-fused TTF. Further electro-
chemical studies and electrocrystallizations to reach promis-
ing radical cation salts fror8 are in progress.
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