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Novel isomeric 1,4-diselenins constituted of five rings
showed well-defined intermolecular interactions, �–� and Ch–
Ch contacts, in crystals. Investigation of electrochemical proper-
ties for 1,4-diselenins revealed unusual redox properties by CV
measurements.

�-Conjugate organic hydrocarbons are the focus of much at-
tention from the viewpoint of material science and technology.1

In recent years, heteroatom-containing �-conjugate organic
molecules also have been reported in the fields of organic syn-
thesis, structure, property, and application. Recently, we report-
ed the oxidation properties of isomeric 1,4-dithiins fused to two
benzo[b]thiophenes which have five rings in a similar manner as
pentacene analogues.2 Although these 1,4-dithiins possessed
well-defined reversibility and low oxidation potentials by CV
measurements, they have less intermolecular interactions in
the crystal lattice. Thus, we designed novel 1,4-diselenins
expecting their low oxidation property and the enlargement of
overlap integral compared with sulfur analogues. In this paper,
we report the synthesis, structure, and oxidation property of
novel 1,4-diselenins fused to two benzo[b]thiophenes which
have five rings including four aromatics.

1,4-Diselenin 1-syn was obtained according to a selective
synthetic method from bis(3-benzo[b]thienyl) selenide (3). Sele-
nide 3 was prepared from 3-bromobenzo[b]thiophene (2)2,3 by
halogen–metal exchange reaction and chalcogenation with
SeCl4.

4 Formation of the 1,4-diselenin ring was carried out by
the reaction of selenide 3 with t-butyllithium and SeOCl2 in
Et2O at �30 �C, to give the desired 1,4-diselenin 1-syn in 9%
yield as colorless needles (Scheme 1).5 1,4-Diselenin 1-anti
was prepared by recrystallization of a mixture of isomeric 1,4-
diselenins, 1-syn and 1-anti obtained as follows. Bis(2-benzo-
[b]thienyl) diselenide (5) was synthesized in 50% yield from
2-lithiated benzo[b]thiophene with elemental selenium, fol-
lowed by reduction using LiAlH4, oxidation using O2.

6 Surpris-
ingly, treatment of 2 and 5 in the presence of CuI and KOH in
DMF at 130 �C gave the mixture of 1,4-diselenins, 1-syn and
1-anti. The reaction mechanisms may include deprotonation of
benzo[b]thiophene at 3-position and Smiles rearrangement,
however, those are not clear. 1,4-Diselenin 1-anti was isolated
from the mixture by recrystallization with CH2Cl2 in 3% yield
as colorless needles (Scheme 2).7

X-ray crystallographic analyses of 1,4-diselenins revealed
the differences of intermolecular interactions on comparing

with 1,4-dithiins, bis(benzo[b]thieno)[2,3-b:30,20-e][1,4]dithiin
(6-syn) and bis(benzo[b]thieno)[2,3-b:20,30-e][1,4]dithiin (6-
anti) in the crystal lattice. The structures of diselenins having
benzo[b]thiophene moieties, 1-syn and 1-anti, were determined
by X-ray crystallographic analyses (Figure 1).8 The 1,4-disele-
nin rings of 1-syn and 1-anti were nearly similar in terms of
bond lengths and angles. The packing structures of diselenins
showed the same arrangement for those of 6, respectively. The
C–Ch bond lengthened in the dichalcogenin ring and butterfly
angles were narrowed with increase of intramolecular Se–Se
distance (123.70(5)� for 1-syn and 125.809(15)� for 1-anti,
128.808(52)� for 6-syn and 129.574(9)� for 6-anti).

Crystal packing (Figure 2) showed Ch–Ch contacts in
1-anti, Se–S and Se–Se, in comparison with the case of 6-anti.
Distances of Ch–Ch contacts were observed as 3.6270(5) Å for
S–Se, 3.7016(4) Å for Se–Se; sum of van der Waals radii is
3.70 Å for S–Se and 3.80 Å for Se–Se. Intermolecular distances
for �–� stacks were 3.443–3.574 Å for 1-syn and 3.500–3.548 Å
for 1-anti (Figure 3). Minima of C–C intermolecular distances
were 3.512(9) Å for 1-syn and 3.570(3) Å for 1-anti, which were
slightly longer than the sum of van der Waals radii of C–C
(3.40 Å), but slightly shorter than those of pentacene C–C
contacts (3.64 Å).9 Distances between Se atoms of the stacked
molecules were 4.0117(7) Å for 1-syn and 3.9685(3) Å for
1-anti. These distances were elongated by the bent structure
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Scheme 1. Reagents: a) BuLi, Et2O, �40 �C, 1 h; b) SeCl4,
THF, rt, 1 h; c) tBuLi, Et2O, �30 �C, 1 h; d) SeOCl2, rt, 17 h.
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Scheme 2. Reagents: e) BuLi, Et2O,�30 �C, 3 h; f) Se, THF, rt,
18 h; g) LiAlH4, THF, rt, 2 h; h) O2, rt, 4 h; i) CuI, KOH, 2, DMF,
130 �C, 38 h.

Figure 1. ORTEP drawings of 1-syn and 1-anti.
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Figure 2. Packing structure of 1-syn and 1-anti.
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due probably in part to the greater repulsion between Se atoms
than that of the usual �–� stack.

Redox properties of diselenins were measured using the
cyclic voltammetry method; as a result, diselenins 1 showed
irreversible waves with slow scan rates (Figure 4, inset). These
findings indicate that diselenins 1 are less stable in their
oxidation state as against the high reversibility of 6. However,
on measurement with 5V s�1 scan rates, redox waves of 1
showed well-defined reversible peaks (Figure 4).

All peak potentials and redox half-wave potentials are sum-
marized in Table 1.10 The values of half-wave potentials of 1-syn
and 1-anti were close similarly to those of dithiins 6-syn and
6-anti. Interestingly, in comparison of half-wave potentials of
1 and 6, in spite of the introduction of selenium atoms with
low ionization potential, E1=2 of diselenins 1 was slightly higher
than those of dithiins 6. These results suggest that the oxidation
processes of 1,4-dichalcogenins fused to two benzo[b]thio-
phenes are involved in conjugation with chalcogen atoms in
the 1,4-dichalcogenin ring and benzo[b]thiophene units.11 Ac-
tually, HOMOs were spread on the whole of the molecule.12

In summary, we were able to show that 1,4-diselenins fused
to two benzo[b]thiophenes possess two-dimensional intermolec-
ular interaction in the single-crystal and unusual redox property.
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Figure 3. �–� distances of 1-syn (left) and 1-anti (right).
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Figure 4. Cyclic voltammograms of 1-syn, 1-anti, and thian-
threne. Scan rates were 5 and 0.1 (inset) V s�1.

Table 1. Redox potentials [V] of diselenins and dithiins

1-syn 1-anti Thianthrene 6-syn 6-anti

Epa
a 0.73 0.77 0.97 0.69 0.69

Epc
a 0.55 0.53 0.76 0.49 0.48

E1=2
a 0.64 0.65 0.86 0.59 0.59

Epa
b 0.69 0.69 0.90 0.66 0.65

Epc
b — — 0.82 0.55 0.55

E1=2
b — — 0.86 0.61 0.60

a5V s�1 as scan rate. b0.1V s�1 as scan rate.
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