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Bis(1,3-dithiol-2-ylidene)-[3.3]paracyclophanes:
orthogonal intramolecular charge transfer interaction
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Abstract—A novel donor-cyclophane, orthogonally incorporated 1,3-dithiol-2-ylidene units (DT) to the cyclophane benzene rings,
was synthesized in order to observe the intramolecular charge transfer (ICT) between the donor units and the cyclophane benzene
rings.
� 2006 Elsevier Ltd. All rights reserved.
Cyclophanes represent an important class of compounds
in many aspects of macrocyclic and supramolecular
chemistry.1 In [2.2]paracyclophane systems, an unpaired
electron of the radical anions2 and radical cation3 is
delocalized over both p-moieties. Similarly, a highly sta-
bilized radical cation is also observed in [3n]cyclophane
systems (n = 3, 5, 6).4 On the other hand, tetrathiafulva-
lene (TTF) containing macrocyclic compounds, named
TTF cyclophanes, have been intensively studied for
molecular devices such as sensors, switches for strong
noncovalent inter and intramolecular interactions.5

Cyclophanes that are linked with orthogonal donor
units such as TTF are of particular interest because they
enable new types of intramolecular electron transfer
interactions, charge separation, and electronic interac-
tion between donor units through a cyclophane frame-
work. We here present the synthesis, electrochemistry,
X-ray structure, and intramolecular charge transfer
(ICT) properties of novel rigid molecules (1) containing
1,3-dithiol-2-ylidene (DT) donor moieties, which are
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linked by the double bond orthogonally to [3.3]paracyc-
lophane ([3.3]PCP).

The synthesis of 1 was carried out using Wittig–Horner
type reaction of phosphonate esters 26 and [3.3]paracyc-
lophane-2,11-dione 37 (Scheme 1). After the generation
of phosphonate ester anions of 2 (2 equiv) with n-BuLi,
3 was added into the anion solution under Ar atmo-
sphere. After workup, column chromatography and
recrystallization, the target ‘orthogonal bis(DT)-[3.3]-
PCP (DT–PCP) 1’ was obtained as a pale pink powder
in 30–85% yields (Scheme 1).8
Scheme 1. Synthesis of the compounds 1a–c.
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The molecular structure of 1a was determined by single
crystal X-ray diffraction analysis. A general view of the
molecular structure of 1a, together with the crystallo-
graphic atom-numbering scheme, is shown in Figure
1.9 The bridges of the cyclophane take a chair form
and the 1,3-dithiole moiety bends outwards with planes
A(C12–C11–S1–S2) and B(C10–S1–S2) folding along
the S1� � �S2 lines by 29.65(12)�. The dihedral angle of
the DT (planes A and B) moiety with the benzene ring
of [3.3]PCP is 83.16(5) and 85.72(8)�, respectively. 1a
has the unique cross tape structure, in which the planes
of the DT donor moieties lie orthogonal to the benzene
rings of [3.3]PCP. This molecule affords the first example
of an orthogonal donor-[3.3]PCP system with built-in
through-space interaction between the orthogonal p-sys-
tems, including donor components. The intermolecular
CH–p interaction between the benzene ring and the
methyl group is observed by the distance (2.960(37) Å)
between benzene and H13 of the molecule (Fig. 2).10

The electronic spectrum of 1b in cyclohexane shows a
broad absorption in the 400–600 nm region, centered
at ca. 450 nm (e � 150), probably due to a weak charge
Figure 1. The molecular structure of 1a with atom labeling scheme.

Figure 2. The crystal packing in 1a viewed side [010].
transfer interaction. This absorption was not observed
in [3.3]PCP-dione 3 itself. The intensity of this broad
absorption varied according to the Beer–Lambert law,
as expected for the ICT band (Fig. 3). Although the
ICT band intensity decreased by increasing the mixed
ratio of CH2Cl2 to cyclohexane, the absorption intensi-
ties of 1b at 335 and 365 nm enhanced. The UV–vis
spectra of 1b in much polar solvents (THF, mixed sol-
vent of THF and cyclohexane (1:1)) observed no broad
band in the 400–600 nm region, although other absorp-
tions (300, 335, 365 nm in cyclohexane) due to p–p*

transition of DT and the cyclophane units appeared at
almost the same wavelengths and increases the intensi-
ties of these bands. The intensity of the ICT band de-
creased and shifted to a shorter region by increasing
the ratio of the polar solvent. The absorption due to
the ICT interaction was overlapped with other strong
ones.11

The oxidation potentials of 1a–c and TTF measured by
cyclic voltammetry are summarized in Table 1. The cyc-
lic voltammograms of 1a–c in CH2Cl2 consist of one-
pair of reversible waves (the first processes), one-pair



Figure 3. UV–vis spectrum of 1b in cyclohexane at 25 �C.

Table 1. Redox potentials of DT–PCPs (1) and TTF

Compound E1 E2 E3 DE(=E2 � E1)

1a +0.31 +0.64 +1.19 0.33
1b +0.32 +0.65 +1.20 0.33
1c +0.32 +0.66 +1.21 0.34
4 +0.29 +0.64 0.35
TTF �0.08 +0.37 0.45

Conditions: 0.1 mol dm�3 n-Bu4NClO4, dichloromethane, 25 �C, Pt
working, and counter electrodes. The potentials were measured against
an Ag/Ag+ electrode. E in V versus Fc/Fc+.
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of quasi-reversible waves (the second processes) (Fig. 4).
By CV measurement up to 1.8 V, the third process ap-
pears as one-pair of irreversible waves. The first redox
potentials (E1 0.31–0.32 V) of 1a–c were almost the
same. The first and second redox steps were characteris-
tic for 1,3-dithiol-2-ylidene moieties and the third irre-
Figure 4. Cyclic voltammogram of 1a in dichloromethane.
versible step was ascribed to the redox of the benzene
rings of [3.3]PCP unit. The E1 values of 1a–c were higher
by 0.40 V compared with that of TTF, and similar to
that of bis(benzyl)DT derivative 4. The cyclic voltam-
mogram patterns of 1a–c are quite similar and similar
redox potentials are observed. The DE (=E2 � E1) val-
ues (0.33–0.34 V for 1a–c) were ca. 0.12–0.11 V smaller
than that of TTF. These data suggest that the on-site
Coulombic repulsion in their dication states is decreased
by delocalization of the two positive charges in the two
1,3-dithiol-2-ylidene (DT) units and the ICT interaction
does not affect the redox potentials. If there is an inter-
action between DT units through cyclophane skeleton in
CV measurement, then the redox patterns would be-
come more complex ones. Furthermore, from CV data,
1, it is proposed that the exomethylene bond of DT be-
came the single bond and is the cause for the structural
change in the form, which was parallel to cyclophane
benzene ring in the diradical state. However, the pro-
posed structure change should be further confirmed.

Compounds 1a–c are the first examples of the introduc-
tion of 1,3-dithiol-2-ylidenyl moieties in orthogonal
arrangement into [3.3]PCP. Electrochemical and elec-
tronic spectral properties of orthogonal bis(DT)-
[3.3]PCPs indicated the presence of intramolecular
charge transfer interaction between the DT moieties as
donor units and the benzene rings of [3.3]PCP as accep-
tor units.
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c = 10.8778(1) Å, a = 68.955(1)�, b = 70.242(1)�, c =
85.515(2)�, V = 703.53(3) Å3, Z = 1, T = �160 �C, Dc =
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