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Abstract

The titled tetracyanodiphenoquinodimethane (TCNDQ) derivative was newly designed and prepared as a novel
component for highly conductive organic materials. Introduction of 1,2,5-thiadiazole rings into the TCNDQ
skeleton leads to large stabilization in the neutral state. X-ray analysis has revealed their structural details which
suggest that interatomic interactions (C-He**N, Se**N) play an important role in determining the molecular and
crystal structure. The novel electron acceptor shows strong electron affinity comparable with that of TCNQ, and
gave highly conductive charge-transfer (CT) complexes and an anion radical salt. © 1999 Elsevier Science Ltd. All

rights reserved.
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Over the past two decades, much attention has been focused on the development of new
building blocks for organic conductors [1]. The fruition of these efforts, involving the
discovery of organic superconductors [2], has been mainly brought about by extensive studies
on electron donors, however the chemistry of electron acceptors apparently remains still
undeveloped. In view of the proposed requirements [3], 13,13,14,14-tetracyanodipheno-
quinodimethane (TCNDQ, 1) derivatives are among the promising acceptors for such
purpose. However, few examples [4] have so far appeared in the literature because of the
difficulty incurred in thorough investigation of their properties owing to the lack of stability
in the neutral state. The instability may come from the twisting about the central double
bond due to the repulsion between the biphenylic ortho hydrogens. In order to remove the
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steric interaction, Agranat et al. clamped the biphenyl skeleton by two ethylene bridges [5].
Although the resulting tetrahydropyrene derivative 2 thus could be isolated, their structural
details were not given. On the basis of these results, we adopted a quite novel approach by
fusing extra rings to induce the attractive interaction between the ortho hydrogen and the
fused ring. Bi{4H,8H-4-(dicyanomethylene)benzo[1,2-c:4,5-c”]bis[1,2,5]thiadiazolo-7-
ylidene} (3) seemed to be a suitable compound to test the validity of our molecular design:
first, according to the PM3 calculation (Figure 1), the negative atomic charge is largest at N2
(-0.198) in 3, leading to considerable stabilization by the electrostatic C-H***N hydrogen
bonding [6], [7] between N2 and the ortho hydrogen; secondly, annelation of the 1,2,5-
chalcogenadizole ring [8] dose not induce deformation of the TCNQ skeleton but stabilizes the
anionic species by delocalization; thirdly, the intermolecular See*N=C interaction in the
crystal of 3 would be induced by annelation of the 1,2,5-thiadiazole, which might stabilize the
metallic state of the CT complexes or ion radical salts as observed in the bis[1,2,5]thiadiazolo-
TCNQ [9]. We report here the preparation, structure, and redox properties of 3 as well as
its formation of highly conductive CT complexes.
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Reductive coupling of 4-bromobenzo[1,2,5]thiadiazole with Ni(0) catalyst [10] gave 4
[11] in 42% yield, which was converted into the 7,7'-diiodo derivative § [12] in 85% yield by
treatment with I and AgySO4 in conc. HpSO4 at 110 °C. Pd(0)-catalyzed reaction [13] of §
with NaCH(CN); followed by oxidation of the resulting dianion with Bry gave 3 [14] in 22%
yield as a sparingly soluble, deep violet solid. The UV/VIS spectrum in CHCly shows no
significant absorption except very strong ones at 522 (log € = 5.11, fwhm = 30 nm) and 488
(4.77, 32 nm) nm, suggesting its conformational rigidity in solution. The new electron
acceptor is quite stable in the solid state and also in solution, and its PhCN solution showed no
sign of decomposition for several months.

The single crystals of 3 were obtained after many attempts, and X-ray analysis [15]
clearly shows that 3 adopts a planar structure (within 0.19 A deviation) with trans-
configuration (Figure 2). It is evident that the two short Ne**H contacts (2.14 A; LN2eeeH2-
C4, 129.8°) [7] connect the biphenyl skeleton, and the twisting angle of the central ethylene
bond is O degree. Furthermore, there is no indication of repulsive force, and the bond
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lengths and angles around the molecular center fall into the normal values. All the structural
features are in agreement with the assumption that the attractive C-Hee*N hydrogen bond
stabilizes the quinoid system in the neutral form. In the crystal, molecules are connected with
four neighbors by another C-He**N hydrogen bond (2.76 A; LN4e+sH2-C4, 138.7°) together
with two kinds of S*=*N contacts (S1*-*N3, 3.35 A; ZS1e*N3=C8, 117.5°: Sl1***N1, 3.33 A;
£81+*N1=C1, 159.8°) resulting in the formation of a two-dimensional, coplanar sheet-like
structure on the (1 0 -1) plane (Figure 3). These interactions may be helpful in controlling
the crystal structure of the anion radical salts or the CT complexes with electron donors.

Figure 3. Two-dimensional coplanar sheet-like molecular arrangement in
3. Short interatom contacts of C-He+*N (2.76 A) and S*+*N (3.33, 3.35 A)
Figure 2. Molecular structure of 3 with the are indicated by dotted lines and broken lines, respectively. Perpendicular
bond distances and selected bond angles. to this molecular arrangement, the "sheet"s stack to form an infinite multi-
The two molecular halves are related by an layer structure, whereas no efficient molecular overlap is present.

inversion center.
The cyclic voltammogram of 3 shows two reversible one-electron reduction waves. The
first reduction potential of 3 (+0.33 V vs SCE in CH,Cly) is marginally higher than those of
6 [8] (+0.29 V) and TCNQ (+0.31 V) measured under the same conditions, indicating the
strong electron affinity of 3. The well-separated second reduction potential (+0.12 V)
indicates the absence of drastic structural change upon one-electron reduction, suggesting the
planar geometry for 3-°. Thus, the anion radical salt (BungN+),(3-*)3 [16] could be isolated
upon chemical reduction of 3 with BungNI, which shows good conductivity (1.9 S em-1) [17).
The smaller difference between E1 and E in 3 (0.21 V) than in 6 (0.56 V) indicates the large
decrease in on-site Coulombic repulsion due to the extension of the n-system. Such redox
properties are suitable characteristics for providing highly conductive organic materials. In
fact, the 1 : 1 CT complex [16] of 3 with tetrathiafulvalene (TTF) exhibits high electrical
conductivity (7.9 S cm-1). Similarly, 3 afforded highly conductive 1 : 1 complexes [16], [17]
with bis(ethylenedithio)-TTF (9.8 S cm-1), tetramethyltetraselenafulvalene (18 S cm-1), and
tetrathiatetracene (9.9 S cm-1). All the results indicate the validity of our molecular
designing, and 3 shows bright prospects for the development of new organic conductors.
Further studies are currently in progress.
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