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A bis-fused donor composed of TTF vinylogues, 2,5-
bis(2-ethanediylidene- 1,3-dithiole)-1,3,4,6-tetrathiapentalene
(BisEDT, 1a) and its derivatives have been synthesized. Cyclic
voltammograms of 1 consist of four-pairs of one-electron redox
waves. X-ray structure analysis of tetrakis(methylthio)-1 (1b)
reveals the donor adopts almost planar structure. The TCNQF,
complexes of 1 showed moderate conductivity of o, = 1072
Scm™! on a compressed pellet.

A Dbis-fused TTF, 2,5-bis(1,3-dithiol-2-ylidene)-1,3,4,6-
tetrathiapentalene (BDT-TTP or simply TTP), is a promising
mr-electron framework for the development of organic metals
stable down to low temperature, because it has yielded a large
number of metallic radical cation salts retaining metallic
conductivity down to liquid helium temperature.' Various TTP
analogues with extended 7r-conjugation have been also synthe-
sized,>® and a vinylogous TTP analogue 2-(1,3-dithiol-2-
ylidene)-5- (2-ethanediylidene- 1,3-dithiole)- 1,3,4,6-tetrathia-
pentalene (DTEDT) has afforded a superconducting Au(CN),~
salt as well as stable metals with various counter anions.? In
this context, a symmetrical TTP donor composed of two TTF vi-
nylogues, 2,5-bis(2-ethanediylidene-1,3-dithiole)-1,3,4,6-tetra-
thiapentalene (BisEDT, 1a) is of significant interest as a novel
donor component for molecular metals, because it is expected
to take two-dimensional (2D) molecular arrangement more ef-
fectively than DTEDT in the conducting materials. In this paper,
we report synthesis and properties of BisEDT derivatives 1a—1c,
and their CT complexes (Chart 1).
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Synthesis of BisEDT derivatives was carried out according
to Scheme 1. The aldehydes 2a and 2b* were allowed to react
with a 1,3-dithiole-2-thione with phosphonate ester 3° in the
presence of BuLi in THF at —70°C. The triethylphosphite-
mediated cross-coupling reaction between 4 and 2 in refluxing
toluene gave the target molecules 1 in 48-59% yields.%’

Electrochemical properties of 1a—1c have been investigated
by cyclic voltammetry. Cyclic voltammograms of all the deriv-
atives consist of four pairs of one-electron redox waves, respec-
tively in correspondence with the presence of four redox-active
1,3-dithiole rings. The first redox potential (E7) of 1a (—0.08 V
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vs. Fc/Fct in PhCN) is negatively shifted by 0.06 V compared
with that of BDT-TTP (—0.02 V) measured in the identical
condition (Table 1). However, it is more positive by 0.09 V com-
pared with that of 5a in spite of extension of 7T-conjugation, and
is comparable to those of DTEDT and Sc. These results reveal
that fusion of two vinylogous TTF units lowers the donating
ability.>® Furthermore, the E; values of 1a and bis(methylthio)
derivative 1c¢ are comparable to each other, while the tetrakis-
(methylthio) derivative 1b has a more positive E; value
(—0.03 V). On the basis of the results mentioned in this section,
we think that a positive charge formed by the first one-electron
oxidation mainly distributes on the one of the vinylogous TTF
moiety, and the other unit of § acts as a sulfur-based substituent,
as is observed in many TTP-type donors.

A single crystal of the tetrakis(methylthio) derivative 1b
was obtained by recrystallization from CS,-THF, and the mo-
lecular structure was determined by X-ray diffraction analysis.’
Figure 1 shows the molecular structure of 1b. The molecule
is located on a center of inversion, thus, configration of the
two vinylogous TTF moieties adopts only a trans structure.'®
The -electron framework of bisSEDT is almost planar, while
the four methyl groups orthogonally bent from the molecular
plane. The molecules are uniformly stacked along the ¢ axis
(Figure 2a), and also form a sheet-like network along the ac

Table 1. Redox potentials of 1 and their related compounds (V vs.
Fc/Fc*, in PhCN containing 0.1 M BuyNPFg)

Donor E1 E2 E3 E4
1a —0.08 0.08 0.23 0.46
1b —0.03 0.09 0.30 0.49
1c —0.07 0.07 0.28 0.51
BDT-TTP —0.02 0.16 0.59* 0.67*
DTEDT —0.09 0.04 0.35 0.59%
Sa —0.17 0.05
Sc —0.09 0.07

Irreversible step. Anodic peak potentials.
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Figure 1. Molecular structure of 1b, (a) projected onto the molec-
ular plane and (b) viewed along the molecular short axis.

(b)

Figure 2. Crystal structure of 1b, (a) viewed onto the bc plane
and (b) viewed along the molecular long axis.

plane. The 2D packing pattern of 1b molecules resembles to that
of B-type molecular metals (Figure 2b). The half units of the
molecules in the stack are effectively overlapped with each
other, although the slip distance along the molecular long axis
is quite large (10.4 A). There are several short S--S contacts
within the sum of van der Waals radii (3.70 10%) between the
stacks, the shortest one being 3.504(2) A. Thus, formation of
2D electronic structure in the conducting matrerials may be
expected.

The molecular orbital calculation of the trans isomer of 1a
was carried out at the restricted Hartree—Fock theory with the
6-31G* basis set (RHF/6-31G*).!! Figure 3 shows the highest
occupied molecular orbital (HOMO) and the second HOMO
(*HOMO). The HOMO is composed of in-phase interaction
between each HOMO of the TTF vinylogues. In contrast,
MdHOMO s constructed with out of phase interaction between
HOMOs of each TTF vinylogue. Both the orbitals spread over
the whole molecule. The larger molecular orbital coefficients
at the sulfurs in the central tetrathiapentalene moiety are ob-
served in the HOMO, while 22HOMO has the larger molecular
orbital coefficients at the sulfurs in the outer 1,3-dithiole
rings. Considering the results that the HOMO has a, symmetry,
effective side-by-side interaction is expected in the conducting
materials.

The TCNQF; complexes based on 1 were prepared by
mixing of the donors with TCNQF; in hot chlorobenzene. Their
electrical properties are summarized in Table 2. They showed
moderate conductivity of o; = 1072Scm™! on a compressed
pellet. All the complexes exhibited semiconductive temperature
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Figure 3. (a) HOMO and (b) 2" HOMO of 1a. The energy

levels are —6.71eV for HOMO and —7.18¢eV for 2" HOMO,
respectively.
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Table 2. Electrical properties of TCNQF, complexes of 1

Donor D:A? 0/Scm™!P E,/V
1a 1:1 3.1 x 1072 0.14
1b 2:5 1.0 x 1072 0.15
1c 3:4 2.0 x 1072 0.18

“Determined by elemental analysis. ®Measured on a compressed
pellet by using four-probe technique.

dependence, and the activation energies were relatively high
values of 0.14-0.18 eV. The further investigation, in particular,
preparation of single crystals of molecular conductors based
on BisEDT derivatives is actively in progress.
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