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Syntheses and Properties of 7-Conjugated Polymers Containing Chromophore. 1.
Water-Soluble Small-Bandgap Polymer Backbone
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Water-soluble polymers were prepared from pyrrole and
sodium o-benzaldehydesulfonate by addition-condensation
polymerization. The bandgap of the polymer obtained was
estimated to be less than 0.5 eV.

It is well known that m-conjugated polymers such as
polyacetylene, polypyrrole, and polythiophene have high
conductivities only in their doped state. Recently, theoreticall-2
and cxperimental®® approaches have been attempted to preparc
small-bandgap polymers having high conductivities in their
undoped state.

On the other hand, long-range photoinduced clectron transfer
(ET) and energy transfer (EN) have been studied to achieve
efficiently charge separation in several molecular systems where
redox centers are conmmected by “molecular wires” such as
polyenes and polyynes.”? Here Osuka et al. 9 reported that both
the ET and EN rate constants obeyed exponentially donor-
acceptor distance up to 27 A. Considering the structures of these
molecular wires used,”? the energy bandgaps of the wires must
be larger than 1.5 eV for undoped polyacetylene. If a molecular
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wire could have high conductivity like copper, longer-range
photoinduced ET and EN would be expected to occur.

Recently, we reported the synthesis of s-conjugated polymer
containing porphyrins as a chromophore. 10 However, the cnergy
bandgap of the polymer obtained was not small as 2.4 eV,
contrary to our expectation because of local 7-conjugation. In this
letter, we report the syntheses of water-soluble small-bandgap
polymers, probably acting as a new type of molecular wire.
Preparation routes are shown in Scheme 1.

Addition-condensation polymerizations were conducted as
follows: For example, 1.335 g (19.90 mmol) of pyrrole and
0.381 g (2.00 mmol) of p-toluenesulfonic acid monohydrate as a
catalyst were dissolved in 10 cm’ of N, N-dimethylformamide
(DMF) under nitrogen and then, sodium o-benzaldehyde-
sulfonate (4.165 g, 20.01 mmol) dissolved in 10 cm® of DMF
was added. The reaction mixture was stood in the dark with
stirring under nitrogen at room temperature for 24 h and then,
poured into around 100 cm® of ethanol. The resulting precipitate
was purified by reprecipitation from water/ethanol three times and
dried. Yield; 3.93 g (76.5%). Found: C, 44.19%; H, 3.75%; N,
4.65%. Calcd. for C,;HNNaO,S*2.2H,0: C, 44.50%; H,
4.21%; N, 4.72%. The polymer obtained is denoted as Polymer
1.

Oxidation was carried out to convert Polymer I to -
conjugated polymer as follows: 2.00 g of Polymer I was
dissolved in 100 cm® of water and then, oxidized by bubbling
oxygen at 60 °C for 1, 2, 5, 12, 24, and 50 h. The oxidized
polymers were recovered by freeze-drying. The m-conjugated
polymer obtained after 50 h oxidation is denoted as #-Polymer I1.

For comparison, the addition-condensation polymerization
was run under oxygen instead of nitrogen for 20 days although
the other conditions were same to the preparation of Polymer I.
Found: C, 41.72%; H, 3.55%; N, 4.42%. Calcd. for
C,,H,NNaO,S - 3.2H,0: C, 42.09%; H, 4.30%; N, 4.46%. The
polymer obtained is denoted as 7-Polymer 1.

All the polymers obtained are soluble in water, slightly
soluble in methanol and DMF, and insoluble in ethanol, acetone,
and tetrahydrofuran. '

Judging from both reduced viscosity of the polymers obtained
and our previous work!0 using 1-dodecanal instead of o-
benzaldehydesulfonate, the number average molecular weights of
the polymers obtained may be between 3000 and 5000: mg/c
(dl/g) at the concentration of 0.40 g/dl in phosphate buffer
(pH=6.9) at 30 °C; 0.24 for Polymer I; 0.30 for n-Polymer II,
0.29 for m-Polymer III; and 0.51 for standard sodium
polystyrene sulfonate (Mn=8000: Scientific Polymer Products,
INC.).

IH-NMR spectra of the polymers in D,O were examined in
detail; the absorption band of the methine bridge proton of
Polymer I was clearly observed at 6.2 ppm and its intensity
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Figure 1. Absorption spectra of phosphate buffer solution
of polymers obtained at different oxidation times;
[polymer] =0.10 g / L.

decreased with an increase in the oxidation time, indicating the
formation of #-conjugated system.

In order to avoid self-acid-doping, the absorption spectra of
the polymers were measured in phosphate buffer (pH 6.9). All
spectra are shown in Figure 1. Absorption bands around 500 and
800 nm in Polymer I must be due to the locally generated -
conjugated system consisting of two and three pyrrole units,
respectively. In fact, about 7% loss of the methine bridge proton
of Polymer I is estimated from its NMR data. Here it should be
noted that dipyrromethene!l absorbs the visible light around 500
nm. The absorption intensity around 500 nm firstly increased at 1
h, and subscquently decreased at 2 h and then, maintained up to 5
h, while the intensity around 800 nm increased gradually with
reaction time. This indicates the formation of the locally generated
m-conjugated system; about 70% of the methine proton is present
at5Sh.

Over 5 h oxidation, the light absorption occurs in all the
region up to 1350 nm, indicating further oxidation leading to the
formation of a extended m-conjugated system. However, the
absorbance over 800 nm decreases slightly by continuing the
oxidation from 24 h to 50 h; this suggests the destruction of the
extended 7-conjugated system by further oxidation.

On the other hand, the spectrum profile of 7-Polymer III is
broader than that of #-Polymer II. In particular over 800 nm, the
absorbance is much higher. This means that 7-Polymer Il has
morc extended 7-conjugated system than sz-Polymer I1.

Figure 2 shows the absorption spectra of films of Polymer I,
w-Polymer Il , and m-Polymer III. Here the values on ordinate
indicate reduced absorbances defined as

Reduced absorbance = Agiim X Asol, 500 / Afilm, 500
where, Afiim, Asol, 500 and Agim, 500 are the absorbances of a
polymer film, the phosphate buffer solution of the polymer at 500
nm, and the film at 500 nm, respectively. Under 1.0 ¢V region,
the absorbance of s-Polymer Il is clearly higher than that of 7
Polymer II; thus the absorption edge reached 0.5 eV. This
indicates that s-Polymer III has a fairly extended s-conjugated
system and the energy bandgap estimated from the absorption
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Figure 2. Absoption spectra of film of polymers.

edge is less than 0.5 eV, being lower than theoretical one 1.10
eV.1 The value below 0.5 eV is the same as the lowest one
reported® for the different type of 7z-conjugated polymer.

Now we are planning to introduce chromophores such as
porphyrin and pyrene into this small-bandgap polymer backbonc
in order to check the usefulness of our polymers as molecular
wires.
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