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Poly(4,4'-dialkyl-2,2’-bithiazole-5,5'-diyl). New Electron-withdrawing n-Conjugated
Polymers Consisting of Recurring Five-membered Rings
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New m-conjugated polymers consisting of recurring electron-withdrawing five-membered (thiazole) rings,
poly(4,4’-dialkyl-2,2"-bithiazole-5,5’-diyl), are prepared and are found to be electrochemically reduced (or n-doped) at

ca. —2.0 V vs. Ag/Ag-~.

Electronic, optical and electric properties of s-conjugated
poly(arylene)s have been the subject of many papers.! Among
the poly(arylene)s, those made up of recurring five-membered
rings [e.g. poly(thiophene-2,5-diyl), PTh,2 poly(pyrrole-
2,5-diyl), PPyr® and their derivatives] have received much
attention because of their interesting chemical and physical
properties as well as their practical usefulness;* they are
considered to take coplanar structures and form highly extended
ni-conjugated systems owing to their less sterically hindered
structures compared with those of poly(arylene)s constituted of
six-membered rings [e.g., poly(p-phenylene), PPP].

PTh and PPyr are made up of ‘electron-excessive’> hete-
rocyclic units and susceptible to chemical and electrochemical
oxidation (p-doping), although in the case of PTh, n-doping is
also possible.® On the other hand, it has been recently revealed
that the introduction of electron-withdrawing imine nitrogen(s)
to poly(p-phenylene)- and poly(naphthalenediyl)-type st-conju-
gated polymers generally enhances the electron-accepting
properties of the polymers, which makes them susceptible to n-
doping (or reduction), and various poly(arylene)s consisting of
recurring six-membered arylene units containing imine ni-
trogen(s) have been prepared.”

However, in spite of many examples of six-membered-ring
poly(arylene)s with imine nitrogen(s), s-conjugated polymers
composed of recurring five-membered heterocyclic units con-
taining imine nitrogen(s) have received much less attention. We
here report the preparation of some new m-conjugated five-
membered-ring poly(arylene)s via an organometallic poly-
condensation and their redox behaviours. Dehalogenation
polycondensation of RBTzBr, (BTz = 2,2’-bithiazole-5,5’-
diyl), which was prepared according to the literature method,8 in
a manner similar to that previously reported’” gave the
corresponding polymers PRBTz} (Scheme 1) in 79-91%
yield.

Thin films of PMeBTz, PBuBTz, and PHepBTz# formed on
glass substrates exhibit —m* absorptions at 502, 450 and 433
nm, respectively. The degree of red shift (21600 cm—1!) from
Amax Oof methylthiazole (M.« 241 nm,%2 41500 cm—1)? to that of
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Scheme 1 NiL,, = zerovalent nickel complex [a mixture of bis(cycloocta-

1,5-diene)nickel(0), Ni(cod), and 2,2’-bipyridine]; BTZ = bithiazole-5,5’-
divl

PMeBTz (Amax 502 nm, 19900 cm—!) is comparable to those
observed with thiophene (Amax 231 nm,%” 43300 cm—!)-
poly(thiophene-2,5-diyl) PTh (Apax 420480 nm,!2¢10 cq.
22000 cm~1; red shift of ca. 21000 cm—1)10 and 3-methylthio-
phene (Ayax 230 nm,!! 43500 cm—1)—poly(3-methylthiophene-
2,5-diyl) P3MeTh (Aax 420 nm,!!2 23800 cm—!; red shift of
19700 cm—1)!! couples. These results indicate that PMeBTz
also forms an effective st-conjugation system similar to those of
PTh and P3MeTh by taking an s-trans structure; a CPK
molecular model analysis reveals the presence of only minor
steric repulsions to formation of the coplanar structure.

PMeBTz and PBuBTz are soluble only in acidic media such
as CF;COH and CCI,HCO,H, and they exhibit UV-VIS
absorption bands at 425 and 418 nm, respectively, in CF3CO,H.
PHepBTz is soluble not only in the acidic media but also in
CHCl;, and gives absorption peaks at 420 and 405 nm in
CF;CO,H and CHCls;, respectively.

PMeBTz, PBuBTz and PHepBTz all give strong fluores-
cence in CF3CO,H with their A, values (562, 570 and 572 nm
for PMeBTz, PBuBTz and PHepBTz, respectively) at the onset
positions of the absorption bands of the polymers; PHepBTz
exhibits fluorescence at Ay, = 561 nm in CHCl,.

Fig. 1 shows the cyclic voltammogram (CV) of PMeBTz.
Reduction (n-doping) of PMeBTz starts at ca. —1.5 V vs. Ag/
Ag+ with a peak cathode potential E,. of —2.2 V vs. Ag/Ag™*.
Changing the scanning direction causes n-undoping with an
anodic peak potential E,, of —1.9 V vs. Ag/Ag*. The n-doping
and -undoping are accompanied by colour changes as shown in
Scheme 2, and the CV cycle shown in Fig. 1 can be repeated five
times with no observable change in the CV curve.

The redox potential, EO, obtained as an average of E;,. and Ej,,
[E° = 3 (Epe + Epa) = —2.05 V vs. Ag/Ag*] appears at more
positive value than those observed with PTh [E° (PTh) = —2.14
Vo vs. Ag/Ag*] and P3MeTh [E° (P3MeTh) = —2.30 vs. Ag/
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Fig. 1 CV of PMeBTz in an 0.1 mol dm—3 MeCN solution of [NEt](BF,]
(at 100 mV s—1)
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Ag*].§ Comparison of the E° data of PMeBTz and P3MeTh
indicates that the introduction of the imine nitrogen to the
thiophene ring also enhances the electron-withdrawing ability
of the five-membered ring polymer, similarly to the case of the
six-membered ring polymers, and leads to a shift of the E° value
by ca. 0.25 V. The degree of the shift of the EC value is
comparable to that (0.3—-0.38 V) observed upon the introduction
of the imine nitrogen to PPP and poly(naphthalenediyl) type
polymers.”-12 Owing to the enhancement of their electron-
withdrawing ability, PRBTz’s are not susceptible to p-doping
(oxidation) up to 0.6 V vs. Ag/Ag*, in contrast to facile p-doping
of PTh at about 0.5 V vs. Ag/Ag*. Scanning beyond 0.6 V vs.
Ag/Ag* seems to cause degradation of PMeBTz, owing to high
reactivity of the thiazole ring.® PBuBTz and PHepBTz are also
n-doped with the E° value of —2.0 V vs. Ag/Ag* and they are
also inert against the p-doping.

The present observations will contribute to design of n-type
m-conjugated poly(arylene)s, which seem to be essential for the
design of electronic devices such as light emitting diodes.1¢”f
The stronger electron-withdrawing properties of thiazole as
compared to thiophene have been discussed on the basis of
quantum chemical calculation.®?

PMeBTz itself is an insulator with an electrical conductivity
(o) of 1.23 X 10-10 S cm—!, whereas chemically n-doped
PMeBTz with Na (sodium naphthalide) shows semiconductiv-
ity with a o value of 2.5 X 10—+ S cm~! as measured using
compressed powder sample.
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Footnotes

+ The polymers were characterized by microanalysis, spectroscopic (IR and
NMR) data and molecular mass (M,,) determined by a light scattering (LS)
or GPC method. Data from microanalysis of PMeBTz, PBuBTz and
PHepBTz agree with the formulae (CgHgN252-0.3H,0),,,
(C14H,8N2S,:0.3H,0),, and (Cz0H30N2S2),, respectively. M,,: 3.2 x 103
(PMeBTz, LS), 2.1 X 10% (PBuBTz, LS), and 1.1 X 104 (PHepBTz, GPC),
respectively. 'H NMR: PMeBTz (in CF;CO,D): & 2.75 (br, 3H, CHj);
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PBuBTz (in CF;CO,D): & 0.98 (t, 3H, CH3), 1.61 (m, 4H, CH,), 3.01 (br,
2H, CH,); PHepBTz (in CDCl,):  0.84 (br, 3H, CH3), 1.47 (m, 10H, CH,),
2.73 (br, 2H, CH,).

1 The films were prepared by forming CF3CO,H solutions of the polymers,
evaporation of CF3CO,H under vacuum, treatment of the film with dil.
NHj(aq), and drying under vacuum. The IR spectra of the polymers thus
obtained were identical to those of the starting PRBTz’s.

§ Measured with a film of chemically prepared P3MeTh!! (CHCl; soluble
part) prepared by casting on a Pt plate from CHCl; solution.
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