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Selective synthesis, structure and oxidation properties of
isomeric 1,4-dithiins fused to two benzo[b]thiophenes
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Abstract—Two novel isomers of 1,4-dithiins fused to two benzo[b]thiophenes on both sides were obtained by selective synthetic
methods via the corresponding sulfides. The crystal structures of two dithiins were determined by X-ray crystallographic analyses.
Examination of oxidation properties of the dithiins showed interesting results by CV measurement. The ESR spectra of chemically
oxidized dithiins indicated formation of stable radical cations.
� 2004 Elsevier Ltd. All rights reserved.
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Scheme 1. Reagents: (a) Br2, CH2Cl2; (b)
nBuLi, Et2O; (c) SCl2, Et2O.
Organic field-effect transistors (OFETs) are the focus of
much attention from the viewpoints of material science
and technology.1 It is well known that polyacene ana-
logs, especially pentacene, have great mobility as carri-
ers.2 Although some polyaromatic compounds such as
pentacene, tetracene, and anthracene have been cur-
rently studied, the importance of the criterion factor is
not clear, therefore, ultimate success for manufacture
of OFETs will require establishment of a new building
block.3 In this paper, we report the syntheses, character-
ization, and oxidation properties of two novel 1,4-dithi-
ins, 1-syn and 1-anti as pentacene analogs4, which
consisted of the parent 1,4-dithiin with two
benzo[b]thiophenes on both sides (Schemes 1 and 2).
These structures were determined by X-ray crystallogra-
phy. The oxidized compounds, radical cation, and
dication, as well as neutral sulfur-rich pseudo-hetero-
pentacene 1-syn and 1-anti are interesting from the
standpoint of organic semiconductors. The dithiins were
characterized by cyclic voltammetry and measurement
of electron spin resonance.

The syntheses of two isomers of 1,4-dithiins, 1-syn and
1-anti, were established according to selective synthetic
methods. Typical synthetic procedure of the symmetri-
cal sulfide 2 is as follows (Scheme 1). After bromination
of benzo[b]thiophene with bromine, the resulting
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3-bromobenzo[b]thiophene (3) was converted to the corre-
sponding sulfide 2 by halogen–metal exchange reaction
and treatment of SCl2. Formation of the 1,4-dithiin ring
was carried out by the reaction of sulfide 2 with butyl-
lithium following SCl2 in Et2O at �30 �C, to give the
desired 1,4-dithiin 1-syn in 29% yield as colorless needles.5

Asymmetrical sulfide, 2,3 0-bis(benzo[b]thienyl)sulfide
(4)6,7 was obtained by treating 2-mercaptobenzo[b]thio-
phene (5) with 3-bromobenzo[b]thiophene (3) in the
presence of potassium hydroxide and cuprous iodide
in dimethylformamide in 84% yield (Scheme 2). The
desired 1,4-dithiin 1-anti was obtained by lithiation of sulfide
4 with tert-butyllithium following thiolation using
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Scheme 2. Reagents: (a) nBuLi, Et2O; (b) S8; (c) NaBH4, THF; (d)

H3O
+; (e) 3, CuI, KOH, DMF; (f) tBuLi, Et2O; (g) (PhSO2)2S, THF.

Figure 2. (a) ORTEPRTEP drawing of 1-anti. All hydrogens are omitted.

Selected bond lengths (Å) and bond angles (�): S1–C2 1.753 (1), C2–C3
1.360 (2), C3–S1 0 1.763 (1), S1–C2–C3 125.5 (1), C2–C3–S10 123.1 (1),

C3–S1 0–C2 0 97.82 (5). (b) Side view of 1-anti. All hydrogens are

omitted.

Figure 3. Packing structure of 1-syn. All hydrogens are omitted.
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bis(phenylsulfonyl)sulfide in 13% yield as colorless
crystal.8

The structures of the new type of two dithiins having
benzothiophene moieties, 1-syn9 (Fig. 1) and 1-anti10

(Fig. 2), were determined by X-ray crystallographic
analyses. The space groups of the two isomers, 1-syn
and 1-anti, were Cc and C2/c, respectively. Accordingly,
two benzothiophene rings in 1-syn have a distorted
structure bending to the dithiin S–S axis. On the other
hand, two benzothiophenes of 1-anti did not show a dis-
torted structure. The bond lengths and angles in the 1,4-
dithiin rings were nearly similar to those of the known
compounds.11 We observed a little difference in the
packing structures of 1-syn (Fig. 3) and 1-anti (Fig. 4).
There were no intermolecular contacts, sulfur–sulfur
and p–p interaction since interatomic sulfur–sulfur
Figure 1. (a) ORTEPRTEP drawing of 1-syn. All hydrogens are omitted.

Selected bond lengths (Å) and bond angles (�): S1–C2 1.782 (6), C2–C3
1.354 (9), C3–S4 1.759 (6), S4–C5 1.754 (6), C5–C6 1.350 (8), C6–S1

1.768 (6), S1–C2–C3 122.7 (4), C2–C3–S4 125.3 (5), C3–S4–C5 97.4

(3), S4–C5–C6 126.1 (4), C5–C6–S1 122.4 (5), C6–S1–C2 97.9 (3). (b)

Side view of 1-syn. All hydrogens are omitted.

Figure 4. Packing structure of 1-anti. All hydrogens are omitted.
distances in the stacking of 1-syn and 1-anti were 3.90
and 3.88Å, respectively.

Cyclic voltammograms of 1-syn and 1-anti as shown in
Figure 5 indicated four similar oxidation peaks in
the range of 0–1.6V, Epa = ca. 0.65, 1.12, 1.28, 1.55V
(potentials were summarized in Table 1), in benzonitrile
versus Ag/0.01moldm�3 AgNO3.

12 The first peaks of
both in 1-syn and 1-anti were found to show a couplet
with reduction peaks. Interestingly, the first peaks
showed well-defined reversible redox couples in the



Table 2. Redox potentials [V] of 1-syn, 1-anti, and thianthrene

1-syn 1-anti Thianthrene

Epa 0.66 0.65 0.92

Epc 0.55 0.55 0.81

E1/2 0.61 0.60 0.86

Figure 5. Cyclic voltammograms of 1-syn and 1-anti.

Table 1. Epa, Epc values [V] of 1-syn and 1-anti

1-syn 1-anti

E1pa 0.66 0.65

E1pc 0.56 0.56

E2pa 1.12 1.12

E2pc — —

E3pa 1.29 1.27

E3pc — —

E4pa 1.58 1.53

E4pc — —
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range of 0–0.9V as shown in Figure 6 and low half-wave
potentials (Table 2; 0.61V for 1-syn and 0.60V for 1-
anti) compared with that of thianthrene (0.86V).

The ESR spectra of chemically oxidized 1,4-dithiins
were measured for clarification of the generated oxida-
tion species in the first peaks. When 1-syn or 1-anti was
treated with 1equivalent of NOPF6 in THF at �78 �C,
the color of the reaction solution changed into deep
blue. After evaporation of the solvents the residues were
dissolved in CH3CN. The ESR spectra of the dithiins in
CH3CN showed broad singlet peaks (g = 2.0073 for 1-
syn, g = 2.0072 for 1-anti).13 These results suggest that
the first oxidation couplets of 1,4-dithiins in electro-
Figure 6. Cyclic voltammograms of 1-syn, 1-anti and thianthrene.
chemical oxidation correspond to the generation of sta-
ble radical cations.

In summary, we have succeeded in the synthesis, struc-
tural characterization, and examination of redox prop-
erties of 1,4-dithiins fused to two benzo[b]thiophenes,
1-syn and 1-anti. The molecules showed interesting
redox properties, reversible peaks, and low first oxida-
tion potential by CV measurement. Further studies on
the properties of 1-syn and 1-anti are in progress in
our laboratory.
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