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New Cyclohexeno-fused Tetrachalcogenofulvalenes and an Electron Correlated TCNQ Sait
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New cyclohexeno-fused donors, CHET-TTF 1, CHESe-
TTF 2, CHST 3 and CHEO-TTF 4, have been synthesized and
the prepared 1 - TCNQ is electron correlated system with two-
dimensional electronic structure by a tight-binding band
calculation, where magnetic susceptibility is retained in Curie-like
behavior down to 2 K.

Within the field of organic conductors, the control of
electronic state is common interest, and the pivotal roles of (1)
dimensionality and (2) electronic correlation parameter (U/W, U;
on-site Coulomb repulsion energy, W; bandwidth) are well
established. It is widely recognized that the chemical
modifications by the introduction of functional group and the
substitution to the larger chalcogen atoms are effective to control
the solid state. Most of EDT-TTF (ethylenedithio-TTF) salts so
far investigated form low dimensional conductors, where their
ground states are a non-magnetic insulating phase’ except the
strongly dimerized (EDT-TTF),Cu,Br,.> Therefore, in order to
increase the dimensionality of EDT-TTF salts by means of the
introduction of an annulated tetramethylene group and control
correlation parameter by the introduction of Se atom in TTF
skeleton, new cyclohéxeno-fused donors, tetramethylene-
(ethylenedithio)TTF (CHET-TTF) 1, tetramethylene(ethylene-
diseleno)TTF (CHESe-TTF) 2, tetramethylene(ethylenedithio)
diselenadithiafulvalene (CHST) 3 and tetramethylene(ethylene-
dioxy)TTF (CHEO-TTF) 4, have been synthesized not only by
the cross-coupling reactions with P(OEt),, but also by the Wittig
reactions. It is characteristic that present cyclohexeno-fused
donors have the same framework as BEDT-TTF which provides
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Scheme 1. Reagents and conditions: i, PriOCSSK_, acetone,
reflux, 3 h; ii, HpSO4, 0 °C, 2 h (52%}); iii, P»S5, toluene,
reflux, 2.5 h (86%); iv; P(OEt)3, 110 0C, 5 h; v, NEt3, MeCN,
rt, 1 h.

many stable metallic conductors and superconductors.® 1In this
paper, the syntheses of new donors, the crystal and electronic
structure analyses, and the resistivity and magnetic susceptibility
measurements of 1 + TCNQ are reported in order to investigate the
effect of the introduction of annulated tetramethylene group.

Donors, 1-4, were synthesized by the cross coupling
reactions with P(OEt), [yield; 1 8%, 2 2%, 3 8%, 4 8%]
(Scheme (a)). The reactants ketone and thione were prepared by
modified methods of literatures.  The yields were low, however,
so that we investigated the other method shown in Scheme (b).’
These Wittig reactions were favorable for syntheses of 1 and 2
with higher yields, 69% and 59%, respectively.[cf., 3(8%) and
4(0%)]

The oxidation potentials of the corresponding symmetrical
donors, EDT-TTF and 1-4 measured by cyclic voltammetry are
shown in Table. The values of E1, E2 and AE of 1-4 are close
to the average values of those of corresponding symmetrical
donors. It suggests that present donors have good donor
abilities and that these complexes tend to form highly correlated
systems owing to the relatively large AE.

The black plate crystal of 1 «+ TCNQ was prepared by slow-
cooling of concentrated chlorobenzene solution. The four-probe
conductivity measurement along the c*-axis at room temperature
of1 - TCNQis 0.8 S cm” and the activation energy is 50 meV.
The C=N stretching frequency of TCNQ (2201 cmi') © and redox
potentials of 1 and TCNQ® indicate TCNQ™*"*¢", similar to that of
BEDT-TTF - TCNQ.” The crystal structure of 1 «+ TCNQ is
depicted in Figure 1.® The segregated donor layer and acceptor
sheet stack along the b-axis. As for the donor sheet, the
tetramethylene part is not sandwiched by two stacking donors and
allocated out of the column due to the hindrance of eight H atoms
bonded to C9-C12 atoms, so that the donors are strongly
dimerized. Moreover, the positional disorder of S1/C10 and
S2/C9 is observed by 17% due to the similarity of S and CH, part,

partially related to the semiconducting behavior. The donor
Table. Half-wave oxidation potentials®

Donors E',,/V BV AE/NV®
OMTTF 0.31 0.76 0.45
CHEO-TTF 4 0.36 0.75 0.39
CHESe-TTF 2 0.42 0.80 0.38
CHET-TTF 1 0.43 0.81 0.38
BO? 0.45 0.77 0.32
EDT-TTF 0.46 0.82 0.36
CHST 3 0.50 0.84 0.34
BEDT-TTF 0.52 0.82 0.30
BEDSe-TTF* 0.53 0.83 0.30
BETS' 0.68 0.88 0.20

20.1 M Bu,NCIQ, in PhCN, Pt electrode, 25 °C, scan rate 100 mV s, Vvs.
SCE. °AE = E?,-E'),. °OMTTF = octamethylene-TTF. ‘BO = bis-
(ethylenedioxy)TTF. °BEDSe-TTF = bis(ethylenediseleno)TTF. ‘BETS =
bis(ethylenedithio)tetraselenafulvalene.
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Figure 1. (a) Crystal structure, (b) donor arrangement and (c)
Fermi surface of the donor part for CHET-TTF - TCNQ. The
calculated overlap integrals (x10-3) of the HOMO of CHET-
TTFO-5+ without taking account of disorder are al = 14.3, a2
=20.3,p1 =84,p2=38andq=-2.4.

arrangement as shown in Figure 1(b) is the face-to-face dimerized
stacking mode, which is similar to that of B-(BEDT-TTF),L.’
The electronic structure was estimated by the band calculation
based on the tight binding approximation.'® As shown in Figure
1(c), the calculated Fermi surface of the donor part is two-
dimensional with the band width of 0.92 eV, whereas TCNQ part
shows completely one dimensionality. Owing to the relatively
large on-site Coulomb interaction of 1 and dimerization of donors,
1 - TCNQ is electron correlated system even though the band
width is not particularly narrow. The magnetic susceptibility
measurement indicates that the value at room temperature is
8.2x10* emu mol" and the Curie-like behavior is retained down
to 2 K with a small increase of ¢ T at low temperatures (Figure 2).
In conclusion, we have synthesized new cyclohexeno-fused
donors, 1-4, not only by the cross coupling reactions with
P(OE),, but also by the Wittig reactions with high yields. The
prepared complex, 1 » TCNQ, has segregated sheets, where the
calculated electronic structure of the donor part is two-
dimensional. By the introduction of annulated tetramethylene
group to the EDT-TTF molecule, the higher dimensional salt, 1 -
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Figure 2. Temperature dependence of magnetic susceptibility
for CHET-TTF + TCNQ.

TCNQ, could be obtained, where the magnetic susceptibility is
retained down to 2 K. The incorporation of the Se atoms in this
system is under progress.

This work was supported by New Energy and Industrial
Technology Development Organization (NEDO).
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