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4,5-Bis(dodecylthio)- and 4,5-bis(octadecylthio)-40,50-
bis(methoxycarbonyl)tetrathiafulvalenes (1a and 1b) exhibit
gelling ability for hexane, cyclohexane, decalin, and diethyl
ether to form electroactive fibrous material with 5–10mm
diameters. The doping of bunches of fibers with iodine shows
moderate electrical conductivities (�rt ¼ 2:9� 10�3–2:0�
10�5 S cm�1).

A simple and effective construction method for electro-
conductive molecular wires is of considerable current interest,
because these nanowires is one of the fundamental requirements
for the fabrication of molecular electronic devices.1 By consid-
ering the high electric conductivities of radical salts derived
from tetrathiafulvalene (TTF),2 amphiphilic TTF derivatives
are a promising candidate for constructing conductive molecular
wires. Using this concept, molecular wires containing TTF seg-
ments have been recently constructed and their redox properties
have been explored by several groups.3,4 However, there have
been few reports on molecular wires simply based on substituted
TTF derivatives, and hence the difficulty in the preparation
of molecules limits its applications. Since TTF derivatives
with long alkyl chains self-aggregate to show semiconductive
properties via the so-called ‘‘fastener effect,’’5 the amphiphilic
TTF derivatives 1a and 1b with both long alkyl chains and
electron-withdrawing ester groups can be expected to form
molecular nanowires with high electric conductivities.

Recently, we have reported the self-assembly of large
�-systems with TTF–diester segments that play an important
role in self-aggregation.3c,6 From results of our previous studies,
neutral amphiphilic molecules with TTF core, such as 1a and 1b,
can form nanowires without hydrogen-bonding sites. Although
the diester 1a has already been prepared by Martı́n et al. and
employed by several groups for the synthesis of functional �-
systems as an intermediate,7 no remarkable property of 1a has
been reported except for its enhanced solubility. On the basis
of our findings, we reexamined what to construct nanostructures
based on 1a and 1b (Scheme 1). The diesters 1a and 1b were

prepared by the P(OEt)3-mediated cross coupling of 4,5-bis-
(methoxycarbonyl)-1,3-dithiole-2-one (4) with 4,5-bis(dodecyl-
thio)- and 4,5-bis(octadecylthio)-1,3-dithiole-2-thiones (3a and
3b) in 62 and 51% yields, respectively.8

The 1HNMR and UV–vis. spectra of 1a and 1b in CDCl3
showed no concentration dependence presumably due to the lack
of self-aggregation of these compounds in solution. Interesting-
ly, 1a gelated hexane at room temperature and cyclohexane,
decalin, and diethyl ether at 4 �C, whereas 1b gelated hexane,
cyclohexane, decalin, and diethyl ether at room temperature.
As shown in Figure 1, a warm solution of 1b in hexane gradually
changes to form a gel. Thus, 1a showed gelling ability at
relatively high concentrations (>40mgcm�3), whereas 1b
showed gelling ability at lower concentrations (>10mg cm�3).

When solvents were removed from the gel of 1a and 1b,
fibrous xerogels were obtained (Figure 2). Microscopic images
clearly show the fibrous structures of 1a and 1b (Figures 2b
and 2c). AFM images of the fibrous materials of 1a show entan-
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Scheme 1. Synthesis of 4,5-bis(alkylthio)-40,50-bis(methoxy-
carbonyl)tetrathiafulvalenes (1a–1c).
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Figure 1. (a) 1b solution (70mg cm�3) in hexane after warming
at 60 �C. (b) Hexane gel of 1b with fibrous material.
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Figure 2. (a) AFM image of fibrous structure of 1a from
hexane. (b) Optical micrograph of nanowires of 1a from hexane
(1000�). (c) Optical micrograph of fibrous structure of 1b from
diethyl ether (50�). (d) Optical micrograph of nano-structure of
1b from cyclohexane (50�).
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gled fibrous structures with 2–5 mm diameters and 1–10mm
lengths (Figure 2a).9 Interestingly, the nanostructures of 1b
formed in ether and cyclohexane are different (Figures 2c
and 2d), and short nanowires are formed. In contrast, fibrous
materials obtained from hexane have a thin and long structure,
presumably due to their high ordering as compared with the
nanostructures formed in ether and cyclohexane.

To obtain further information on the supramolecular self-
aggregation of 1a, an XRD analysis of its nanowires was carried
out. As shown in Figure 3a, 1a nanowires show a regular reflec-
tion pattern, and their strong (100) refection at 2� ¼ 2:21�

(d ¼ 39:9 Å) can be assigned to a dimeric structure with a
stacked head-to-tail or head-to-head arrangement (Figure 3b).
Since weak reflections at 2� ¼ 4:42� (200), 6.63� (300), and
8.84� (400) are higher-order reflections, the nanowires possess
a considerably high crystallinity. The XRD pattern 1b nanowires
shows similar (100), (200), and (400) reflections, similarly
reflecting a high regularity. The strong (100) reflection appears
at 2� ¼ 1:86� (d ¼ 47:5 Å) in accordance with the molecular
size of 1b.10

The X-ray crystal packing of 1c11 shows laterally head-to-
tail dimer structures along the a- and c-axes (Figure 4a).12 In
contrast, 1c stacks head-to-head to form a columnar structure
along the b-axis (Figure 4b). This packing structure of 1c may
reflect the fibrous structures of 1a and 1b (Figure 3b).

The cyclic voltammetric (CV) analysis of the TTF–diester
1a shows two reversible redox waves at 0.23 and 0.51V vs
Fc/Fcþ.13 Thus, the oxidation potentials are 0.33V higher than

those of TTF, indicating the instability of the corresponding
cation radical 1a�þ and the dication 2a2þ. Interestingly, the insta-
bility of the cation radical 1�þ can be utilized as a molecular
switch. Thus, a compressed 1b pellet shows an electric conduc-
tivity of �rt ¼ 2� 10�5 S cm�1, doped with iodine vapor for
5min, and the doped pellet becomes an insulator upon air. This
on–off procedure can be repeated by several times without 1b
decomposition.
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Figure 3. (a) XRD diffractogram of nanowire prepared from
1a. A magnified diffractogram is shown in the inset. (b) Possible
arrangements of molecules in 1a wire.
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Figure 4. Crystal structure of 1c. (a) Top view. (b) Packing
diagram along b-axis.
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