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Since the discovery of the high conductivity of its chloride salt,!
tetrathiafulvalene (TTF) and all its derivatives have become the
most investigated donors for the generation of organic metals and
superconductors. In the TTF family, the organic metallic state
can be achieved with the unsubstituted and variously substituted
sulfur, s+ enium, and tellurium heterocycles but the supercon-
ducting - ate can, so far, be achieved only with derivatives akin
to tetramethyltetraselenafulvalene and bis(ethylenedithio)tetra-
thiafulvalene (BEDT-TTF, a.k.a. “ET”).2 The highest recorded
superconducting transition temperature for an organic super-
conductor is T, = 1.2 K3 for (BEDT-TTF-d,),Cu(NCS),, pre-
viously reported by Saito’s group* as 7, = 10.4 K for the protio
sample. While these temperatures are considerably lower than
those of the inorganic ceramic, copper oxide based, supercon-
ductors (125 K),’ the rate at which the organic superconductor
transition temperatures have been rising with time is still quite
impressive [(TMTSF),PFg, 0.9 K/25 kbar in 1980° (BEDT-
TTF-d;);Cu(SCN),, 11.2 K/ bar in 1988%4].

The eruption in solid state science publications caused by the
discovery of the copper oxide superconductors’ has inspired a
number of theorists to suggest that the chemical species responsible
for the mixed valence in these solids is not the copper couple
(Cull/Cu'™) but essentially oxygen radical cations (“holes on
oxygen”).2 Some have gone as far as suggesting that results of
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4(i) CH,CN/reflux, 48%; (ii) 110 °C/DMSO, 58%; (iii) Bry/
CH,Cl,, 0 °C, 84%; (iv) 110 °C/25 Torr, 92%; (v) H,Se/MeOH,
room temperature, 89%; (vi) (MeO),P/C¢Hg, reflux, 63%.

Table I¢
lErevl/z, ZErevl/z, AE, ilpas c,
compd mV mV mV uA mM
TTF 367 748 381 50.1 1.58
BEDT-TTF 567 829 262 0.205*  0.03%
BEDO-TTF 435 699 264 18.4 0.53

¢Conditions: acetonitrile/0.1 M TBAPF,, 7 = 22 £ 1 °C, glassy
carbon working electrode, scan rate 0.1 V/s, Ag/AgCl reference elec-
trode. ?Saturated solution, Pt electrode.

Table IL. Interatomic Distances (&)
bond dist bond dist bond dist

S(1)-C(3) 1.754 (4) S(3)-C(1) 1.738 (5) O(3)-C(9) 1.444 (6)
S(1)-C(2) 1757 (5) C()-C(2) 1.357(6) C(3)-C(4) 1.336 (6)
S(2)-C(d) 1752 (5) C(NH-C(8) 1329 (6) C(3)-O(1) 1.365 (6)
S(2)-C(2) 1771 (4) C(N-0(3) 1.366 (5) O(2)-C(4) 1.368 (5)
S(4)-C(8) 1.759 (5) O(4)-C(8) 1.372(6) O(2)-C(6) 1.441 (7)

S(4)-C(1) 1.761 (5)
S(3)-C(7) 1.752 (5)

O(4)-C(10) 1.448 (6) O(1)-C(5) 1.452(5)

their calculations can be extrapolated to the design of organic
polymeric superconductors.’ Inspired by these results, we have
been thinking about the possibility of observing metallic and
perhaps superconducting behavior with charge-transfer salts based
on oxygen-containing donors. Indeed, if the organic supercon-
ductors were BCS superconductors,? the lighter the component
atoms within a series of identical donors, the higher the T, is
expected to be (BCS isotope effect applied to organic supercon-
ductors). Also, assuming that the TTF core could be equated to
copper, the following analogy may obtain:

o é/‘o' e Ll L7
/'u /C':u (o] O/Cltu O/Cltu [¢]

o o. O_s. ., SO ?
(=) — (=)

However, TTF derivatives with resonance electron-donating
substituents, such as sp>-hybridized oxygen or nitrogen directly
attached® to TTF do not exist; the same can be said for tetra-
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Figure 1. ORTEP drawing of a molecular unit of 1 with selected bond
lengths and angles; for additional interatomic distances see Table I1.

Figure 2. Parts of three sheets in the a—c plane of the structure of 1
showing close intermolecular contacts with dashed lines. The b direction
is into the plane of the figure.

oxafulvalenes themselves.'® Besides the remote connection with
ceramic superconductors depicted above, ether-oxygen substitution
as a probe of the electronic character of TTF in relation to de-
localization of charge in the radical cation and dication was
another reason for the preparation of the title compound.

In this publication we describe the preparation and some
properties of the first oxygen-substituted TTF (BEDO-TTF, a.k.a.
“B0O”), an elementologue of ET.

The donor was prepared as shown in Scheme I by adaptation
of literature procedures.!'

The new donor is an air-stable, orange, crystalline solid!? that
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ET 197 (3.6 X 10%), 320 (1.7 X 104, 345 sh (1 x 10%, 480 (2.9 X 109)];
NMR (CDCl;, ppm relative to TMS) 4.25 s. [P (UV photoelectron spec-
troscopy) 6.45 eV (D. Lichtenberger et al. (unpublished); we thank Professor
Lichtenberger and Dr. Roy L. Johnston for private communication).
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is soluble in most organic solvents. Surprisingly, its first ionization
potential ('E, ;) in acetonitrile solution is slightly Aigher (by ca.
0.07 ¢V) and °E, /, is lower (by 0.05 eV) than that of TTF (Table
I). A full discussion of this observation is deferred to the full
paper. It reacts with the usual acceptors and produces organic
metals!? with, for example, I3, IBr;~, and Cu(SCN),~. For the
1™ salt, the resistance ratio between 300 and 30 K is ca. 200, its
magnetic susceptibility is temperature independent (Pauli) (300-20
K), and its EPR signal (g = 2.0073; cf. TTF, g = 2.0083) in
solution has a concentration-dependent line width of only 0.1-1.0

G.

The results of the X-ray structure determination'# are shown
in Figures 1 and 2. The conformation of BO is tub-shaped with
a rather long inter-ring bond of 1.357 (6) A, particularly when
compared to ET (1.319 A);'® all other bond lengths and angles
appear normal. As far as the sp? C-O bond is concerned, the
dithiole ring behaves as if it were aromatic, imparting a degree
of multiple-bond character to the C(3)~O(1) and C(4)-0O(2) bonds
[1.365 (6) and 1.368 (5) A, respectively]; these bond lengths are
similar to those found in aromatic methoxy compounds.'®¢ It will
be interesting to learn how much these interatomic distances will
decrease when the molecule is charged.!”!® The solid consists
of sheets of BO along the a—c plane (Figure 2) with short contacts
between chalcogen atoms within the sheets (S(1)-0O(4) = 3.32
A, sum of van der Waals radii = 3.32; S(1)-S(4) = 3.50 A, sum
of van der Waals radii = 3.60 A) and longer chalcogen contacts
between sheets (S(4)-0(2) = 3.41 A; S(2)-0(1) = 3.78 A).
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