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New Bis(ethylenedithio)tetrathiafulvalene Derivatives with Low Oxidation Potentials
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The efficient synthesis of three new vinylogous derivatives 6-8 of bis(ethylenedithio)tetrathiafulvalene (BEDT-TTF)
is described; cyclic voltammetry establishes that the new donors have significantly lower solution oxidation
potentials than that of BEDT-TTF, and the single crystal X-ray structure of compound 8 is described.

Cation radical salts formed by bis(ethylenedithio)tetrathiaful-
valene (BEDT-TTF) 1 are the focus of intense interest within
the arena of organic superconductors; several salts with T
values ranging from 1 to 12 K at ambient pressure are known.!
The synthesis of new m-donors related to BEDT-TTF 1 is
central to understanding the solid-state properties of this
fascinating class of materials.2 In particular, derivatives with
oxidation potentials which are lower than that of the parent
compound 1 are prime targets.2-/3 Herein we report the
high-yielding synthesis of the symmetrical vinylogue 6 and the
unsymmetrical analogues 7 and 8 which have lower solution
oxidation potentials than BEDT-TTF 1. Japanese workers
have recently identified compound 6 as a desirable target.*
The synthesis of the new donors is outlined in Scheme 1.
Aldehyde 25 reacted cleanly in a Wittig—-Horner reaction with
the carbanion generated from reagents 3,5 46 and 567 to afford
the vinylogous donors 6-8, respectively, which were isolated
as air-stable solids (80-85% yield after purification).t These
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Scheme 1 Conditions: i, n-butyllithium (1.1 equiv.), dry tetrahydro-
furan, —78 °C

+ Compound 6, 85% yield, m.p. 239-240 °C (from carbon disulphide-
hexane, 2:1v/v); m/z (CI) 411 (M+ + 1); Ayax/nm (CH,Cl) 429, 403,
261, 230 and 197; oy (CD3SOCDs;) 5.9 (2H, s) and 3.36 (8H, s):
Compound 7, 80% yield, m.p. 161-162 °C (from dichloromethane—
cyclohexane, 1:3 v/v); m/z (EI) 320 (M*); Apax/nm (CH,Cl,) 415,
401, 237 and 197; 0y (CDCls) 6.20 (2H, d), 5.83 (2H, s) and 3.29 (4H,
s). Compound 8, 82% yield, m.p. 201-202 °C (from dichloromethane-
cyclohexane, 1:3 v/v); m/z (EI) 348 (M™); Aya/nm (CH,Cly) 423,
401,233 and 197; 04 (CDCl;) 5.76 (2H, AB,J 11.22 Hz), 3.29 (4H, 5),
1.90 (3H, s) and 1.89 (3H, s). Satisfactory elemental analyses were
obtained.

reactions, which are typically performed on a ca. 0.5 mmol
scale, affording 100-150 mg batches of product, are readily
amenable to scale-up.

The X-ray crystal structure of compound 8 has been
determined,# and bond lengths are given in the caption to
Fig. 1. Molecule 8 is essentially planar, with a small amount of
puckering at the ethylene bridge, C(11)-C(12), similar to that
observed in BEDT-TTF 1.1¢ The molecule is in the transoid
conformation, which was expected for steric reasons; this
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Fig. 1 Structure of compound 8; bond lengths (A):
C(1)-S(1), 1.753(11); C(5)-S(1), 1.750(12); C(2)-C(1), 1.335(13);
C(3)-C(1), 1.496(13); S(2)-C(2), 1.739(10); C(4)-C(2), 1.494(13);
C(5)-S(2), 1.735(11); C(6)-C(5), 1.340(13); C(7)-C(6), 1.431(13);
C(8)-C(7), 1.351(13); S(3)-C(8), 1.751(12); S(4)-C(8), 1.759(12);
C(9)-S(3), 1.753(11); C(10)—C(9), 1.303(13); S(5)-C(9), 1.754(11);
S(4)-C(10), 1.756(11); S(6)-C(10), 1.750(11); C(11)-S(5), 1.742(14);
C(12)-C(11), 1.311(17); S(6)-C(12), 1.710(16)

Table 1 Cyclic voltammetric data®

Donor E@#vV E>vV AEYV
TTF 0.340 0.780 0.440
BEDT-TTF1 0.585 0.992 0.407
6 0.480 0.710 0.230
7 0.432 0.690 0.258
8 0.356 0.619 0.263

a Experimental conditions: donor (ca. 1 X 105 mol dm~3), elec-
trolyte EtyN+PFg~ (ca. 1 X 10~! mol dm~3) in dry dichloromethane
under argon, 20 °C, vs. Ag/AgCl, Pt electrode, scan rate 100 mV s~!
using a BAS 100 Electrochemical Analyser.

I Crystal data for 8: CpH 3S6. monoclinic space group P2,/n, a =
6.680(1), b = 30.961(2), ¢ = 7.643(1) A, p = 113.20(1)°, U =
1452.85 A3, Z = 4, F(000) = 720, Mo-K« radiation, A = 0.71069 A.
The structure was solved by direct methods (SHELXS 86)% and
refined by least-squares analysis® (anisotropic for non-hydrogens) to
R = 0.057 for 1216 observed (F, >40F,) reflections from 2446 unique
data. The data were collected on an Enraf-Nonius FAST area detector
diffractometer positioned at the window of a rotating anode genera-
tor, equipped with a molybdenum target and graphite monochroma-
tor. The detector swing angle was 18> and the crystal-to-detector
distance was 40 mm. Using steps of 0.15° in w, reciprocal space was
scanned to the extent of 190° with the crystal set at x = 0, and 140° with
the crystal set at x = 90°, giving measurement of all reflections in
slightly more than one-half of the hemisphere with 20,4 of at least
51°. Atomic coordinates, bond lengths and angles, and thermal
parameters have been deposited at the Cambridge Crystallographic
Data Centre. See Notice to Authors, Issue No. 1.
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Fig. 2 Single crystal X-ray structure of compound 8: view down the a
axis
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Fig. 3 Cyclic voltammograms of (¢) BEDT-TTF 1 and (b) donor 8

observation is consistent with the interpretation of spectro-
scopic data for other vinylogous TTF derivatives.!! Fig. 2
shows a view of the unit cell along the a axis. Along the b axis
there is overlap of the 4,5-dimethyl-1,3-dithiole rings of
adjacent molecules, but there are no short (<4.0 A) non-
bonded S:*'S contacts in the structure.
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Cyclic voltammetric data establish that both the first and
second solution ionisation potentials of donors 6-8 are
significantly lower than those of BEDT-TTF 1 (by ca. 0.1-0.2
V for E;* and by ca. 0.3 V for E!) (Table 1, Fig. 3). Indeed,
E# for donor 8 is very similar to that of TTF measured under
identical conditions. Another striking feature of the data in
Table 1 is that the difference between the first and second
ionisation potentials of the vinylogues is considerably less than
that of BEDT-TTF 1. This is clear evidence that ‘stretching’
the BEDT-TTF molecule stabilises the dication state, owing
to reduction of on-site Coulombic repulsion; these new data
are in agreement with those reported previously for other
multistage redox systems.!1.12The formation of charge-transfer
complexes and ion radical salts of these new donors is in
progress.

Addendum: Since completion of this work we have learned
that compound 6 has been prepared by two other groups using
similar methodology.13 We thank Profs Cava, Metzger and
Becher for a preprint of their work and correspondence.

We thank the SERC for funding this work.
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