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Abstract—New p-phenylenediamine derivatives bearing a thiadiazole unit were synthesized by palladium-catalyzed amination.
Cyclic voltammetry revealed that the electrochemical properties depend on the position of the benzothiadiazole ring. © 2002
Elsevier Science Ltd. All rights reserved.

The �-conjugated polymers have attracted much atten-
tion in the application to electrical materials depending
on their electrical properties.1 The oxidation states of
the �-conjugated polymers and oligomers interconvert
each other.2 For example, polyanilines exist in three
different discrete redox forms, which include a fully
reduced leucoemeraldine base form, a semioxidized
emeraldine one, and a fully oxidized pernigraniline
one.3 These properties are considered to permit the
construction of a catalytic system for oxidation reac-
tion. Polyanilines and polypyrroles serve as synthetic
metal catalysts under an oxygen atmosphere in the
dehydrogenative oxidation of benzylamines, 2-phenyl-
glycine, and 2,6-di-t-butylphenol.4 Similar catalysis is
also achieved with the quinonediimine derivatives.5

Two nitrogens of the quinonediimine moiety have been
revealed to be capable of participating in the complexa-
tion with transition metals.6

Furthermore, control of the band gap of �-conjugated
polymers and oligomers is a research issue of ongoing
interest. Such control is essential for the desired electri-
cal and optical properties. Reduction of the band gap
to approximately zero is expected to afford a conduct-
ing polymer.7 One of the most successful approaches to
the low band gap polymers depends on an alternating
sequence of donor–acceptor units in the �-conjugated
polymer chain.8,9 2,1,3-Benzothiadiazole, which bears
two electron-withdrawing imine (C�N) nitrogens, is
known as a typical electron-accepting unit. When this
unit is combined with an electron-donating unit, the

donor–acceptor polymer or oligomer may exhibit a
narrow band gap. However, most of these donor–
acceptor polymers comprise pyrrole, thiophene, or
phenylene as a donor unit. Introduction of acceptor
units like benzothiadiazole into an aniline oligomer
chain is expected to give a novel �-conjugated com-
pound, which exhibits different redox properties as
compared with those of aniline oligomers themselves.5

In this paper, we report the synthesis and characteriza-
tion of p-phenylenediamine derivatives bearing a thiadi-
azole unit. Not only the aniline analogue 1, but also 2
and 3 bearing the thiadiazole unit in a different position
were used in order to study the effect of the position on
an aniline oligomer chain (Scheme 1).

Synthetic routes to 1, 2 and 3 are shown in Scheme 2.
Amination of 4,7-dibromo-2,1,3-benzothiadiazole (4)10

was carried out by modifying a method reported for the
preparation of aniline oligomers by Buchwald et al.,11

Scheme 1. p-Phenylenediamine derivatives bearing a thiadia-
zole unit investigated in this study.
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Scheme 2. Synthesis of aniline oligomers bearing a thiadiazole unit. Reagents and conditions : (a) 10 mol% Pd(OAc)2, 11 mol%
DPEphos, 2.8 equiv. t-BuONa, toluene, reflux, 27 h; (b) 10 mol% Pd(OAc)2, 11 mol% DPEphos, 2.8 equiv. t-BuONa, toluene,
reflux, 72 h; (c) 5 mol% Pd(OAc)2, 5.5 mol% DPEphos, 1.4 equiv. t-BuONa, toluene, 80°C, 20 h; (d) 5 mol% Pd(OAc)2, 5.5 mol%
DPEphos, 1.4 equiv. t-BuONa, toluene, reflux, 72 h.12

using bis(2-(diphenylphosphino)phenyl) ether
(DPEphos)13 as a ligand. The reaction of 4 with aniline
(5) or 4-anilinoaniline (6) in refluxing toluene afforded
1 or 2 in 91% or 55% yield, respectively. For the
preparation of unsymmetrical pentamer 3, the amina-
tion of 4 with an equimolar amount of aniline was
performed at 80°C to give the mono-coupling product 7
selectively, followed by the coupling with 8.

Table 1 lists the absorption maxima of 1–3 and the
related compounds 9 and 10. The absorption maximum
of 1 in CHCl3 was 522 nm, indicating that 1 has a small
HOMO–LUMO gap as compared with the thiophene
derivative 9, and has almost the same absorption maxi-
mum as observed with the pyrrole derivative 10, which
is known as the smallest HOMO–LUMO gap system in
these series.9e Furthermore, 2 showed a more red-
shifted absorption maximum at 550 nm. The absorp-
tion maximum of 3 was 546 nm between the values of
1 and 2. The red shift is considered to be related to the
donor–acceptor interaction and expanded conjugation.

The redox chemistry of 1, 2 and 3 was investigated by
cyclic voltammography. A scan from −2.2 to +1.2 V for

1 revealed two reversible one-electron oxidation pro-
cesses at +0.10 and +0.44 V (E1/2). The one-electron
reduction process was observed at −1.91 V (E1/2, Fig.
1). The electrochemical behavior of 1 in acetonitrile is
likely to be explained by A�B�C�D (E) shown in
Scheme 3.

The redox potentials from −2.2 to +1.4 V of 2 and 3 are
listed in Table 2. These electrochemical processes might
be accounted for as shown in Scheme 4. Reversible two
one-electron oxidation waves (B�C and C�D) and
one two-electron oxidation wave (D�E) were observed
with both compounds. The redox potentials were
almost the same for the oxidation processes, B�C and
C�D, of 2 and 3. On the other hand, the two-electron
oxidation wave of 3 appeared at +0.35 V (E1/2), which
is much lower than that of 2 (+0.62 V). This oxidation
corresponds to the formation of the fully oxidized form
E. Such lower potential E4 may be due to the structure
of the half-oxidized form D bearing the phenylenedi-
amine moiety, where the next-HOMO lies.

Chemical oxidation was also carried out. When 1 was
treated with 1.2 molar amounts of Ag2O in THF, the

Table 1. The absorption maxima of 1–3 and related com-
pounds

Compound 9a31 2 10a

�max (nm)b 447522 550 546 532

a Ref. 9e.
b In CHCl3.

Figure 1. Cyclic voltammogram of 1 (1.0×10−3 M) in MeCN
(0.10 M Bu4NClO4) at a platinum working electrode with
scan rate=100 mV s−1 under an argon atmosphere.
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Scheme 3. Plausible redox processes of 1.

Table 2. E1/2 values for the electrode processes of 1–3a

Compound E2 (V)E1 (V) E3 (V) E4 (V)

+0.101 +0.44−1.91 –
2 −1.95 −0.09 +0.18 +0.62

−0.083 +0.13−1.85 +0.35

a 1.0×10−3 M in MeCN (0.10 M Bu4NClO4) at a platinum working
electrode with scan rate=100 mV s−1 (V versus Fc/Fc+) under an
argon atmosphere.

a half-oxidized form 12, which corresponds to D in the
redox cycle shown in Scheme 4. Because of the high
oxidation potential of 12, no further oxidation pro-
ceeded even though an excess amount of Ag2O was
added. On the other hand, the fully oxidized form 14
could be prepared with ease due to the low oxidation
potential. Actually, 3 was oxidized with an equimolar
amount of Ag2O to give 13, which was further trans-
ferred to 14 quantitatively by treatment of another
equimolar amount of Ag2O (Scheme 6).

Scheme 5. Chemical oxidation of 1.12

(E,E)-quinonediimine derivative 11 was obtained quan-
titavely and no other isomers were detected (Scheme
5).14 Judging from Table 2, the behavior of 2 and 3 in
chemical oxidation are expected to be different. Oxida-
tion of 2 with an equimolar amount of Ag2O afforded

Scheme 4. Plausible redox processes of 2 (left) and 3 (right).
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Scheme 6. Chemical oxidation of 2 and 3.12

In summary, we have established the synthesis of p-
phenylenediamine derivatives bearing a thiadiazole
unit, in which a small HOMO–LUMO gap system was
achieved. Cyclic voltammography indicates that the
electrochemical properties were related to the length of
the chain and the position of the benzothiadiazole ring.
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