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Polypyrrole has high and stable electrical conductivity 
in the doped state, 1 - 3 and has found its industrial 
application (e.g., electrode for capacitors3 and materials 
to remove static electricity). However, the polymer is 
insoluble, and its poor solubility and processibility have 
prevented revealing its basic properties (e.g., optical 
properties) and chemical structure. 4 From this back
ground, synthesis of soluble polypyrroles by introducing 
substituents and investigation on their chemical and 
physical properties have been carried out. For example, 
soluble poly(3-alkylpyrrole)s and poly(3-acylpyrrole)s 
shown in Chart I have been synthesized by electro
chemical polymerization of the corresponding mono
mers. 5 Poly(N-alkylpyrrole) has also been prepared by 
electrochemical6 and chemical 7 methods and they also 
show good solubility in common organic solvents. Pre
paration of new types of polypyrroles, however, is still 
desired from view points of basic polymer chemistry as 
well as development of industrially valuable materials. 

Poly(3-substituted pyrrole)s Poly(N-substituted pyrrole)s 

R1 ; -(CH2lmCHa. -CO(CH2lmCHa. etc. 
R2 ; -(CH2)mCHa. -CH2CH20H, -CH2CH2COCH3, etc. 

Chart 1. Soluble polypyrroles. 

We have also been concerned with n-conjugated po
lymers constituted of 5-membered ring hetero-aromatic 
units including polypyrroles, and herein report synthesis 
of new soluble type polypyrroles. 

EXPERIMENTAL 

The polymers have been prepared by chemical and 
electrochemical oxidative polymerization of the follow
ing N-(benzylideneamino )pyrroles. 

One of the monomers, Pr(N-BA-H), was prepared by 
a reaction of N-aminopyrrole and benzaldehyde accord
ing to the literature method. 8 Other monomers were 
prepared analogously, by using the corresponding ben
zaldehydes, as analytically pure compounds. The oxi
dative polymerization was carried out by using FeCI3 

(4.0mol per I mol of Pr(N-BA-R)) in chloroform for 
5 h at room temperature. The reaction mixture was 
poured into methanol to obtain a black preticipate, which 
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was washed with methanol twice and dried under vacuum 
to yield the polymer. The polymer is considered to be 
formed as a p-doped material and p-undoped during the 
treatment in methanol. Polymers were obtained in 
76---100% yield. 

The electrochemical deposition of the polymer on a 
Pt-plate (I em x I em) was carried out in a CH 3CN 
solution containing the monomer (0.0 1 M) and [Et4 N]BF 4 

(0.1 M) at 1.0 V vs. Ag/ Ag +. The electrochemical poly
merization of pyrrole proceeds at 1.0 V vs. AgjAg+, 
whereas those of the present monomers required oxi
dation potential higher than l.OV vs. AgjAg+. 

RESULTS AND DISCUSSION 

The chemical oxidative polymerization expressed by 
eq I proceeds smoothly at room temperature to give the 
corresponding poly[N-(benzylideneamino )pyrrole]s, 
PPr(N-BA-R)s, in 76-100% yields. 
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Among the monomers, those with the highly electron 
withdrawing substituents such as N02 and CN groups 
gave polymers, PPr(N-BA-N02) and PPr(N-BA-CN), 
which were highly soluble in organic solvents such as 
dimethyl sulfoxide (DMSO), N,N-dimethylformamide 
(DMF), and N-methylpyrrolidone (NMP). On the other 
hand, other monomers with -C6 H4 CI-p, -C6H 5 , and 
-C6H 4 0Me-p yielded polymers that were insoluble in 
organic solvents. Since various electron-donating aro
matic compounds are susceptible to the oxidative po
lymerization. the polymerization may also occur at 
benzene ring in the latter monomers, and the insolubility 
of these polymers seems to be attributable to the cross
linking due to additional oxidative polymerization at the 
side chain. On the other hand, the monomers with N02 



Oxidative Polymerization of N-(Benzylideneamino)pyrroles 

4000 3000 2000 1500 1000 500 

Wavenumber/cm·1 

Figure 1. IR spectrum of PPr(N-BA CN). 

and CN groups do not seem to receive such side chain 
reaction. 

The IR spectrum of PPr(N-BA-CN) (Figure I) is 
reasonable for the structure of the polymer. The v (C = N) 
absorption peak at 2226 em -l has almost the same 
intensity as that of the corresponding monomer, in
dicating that cleavage of the -CH = N- bond during 
the polymerization, if any, is negligible. Polypyrrole is 
susceptible to various hydrogenation reaction, oxidation 
reaction, and substitution reactions and its solid 13C 
NMR spectrum shows absorption due to aliphatic 
carbons,4 •9 however, the 1H NMR spectrum of PPr(N
BA-CN) shows only signals due to aromatic and the 
-CH = N- protons in a range of c5 7.0-8.3. These results 
indicate that PPr(N-BA-CN) has high chemical stability 
and maintains the basic structure originated from the 
monomer unit. 

PPr(N-BA-N02) and PPr(N-BA-CN) have number 
average molecular weights (Mn) of 6000 (Mw/Mn=2.01) 
and 9500 (Mw/Mn=2.67), respectively, as estimated by 
GPC (eluent: DMF; polystyrene standards). 

UV-Vis spectra of PPr(N-BA-CN) and PPr(N
BA-N02) in DMF exhibited absorption peaks at 333 
and 357 nm, respectively, with their onset at about 
700 nm. The absorption peaks are shifted to longer 
wavelengths from those of monomers (Pr(N-BA-CN): 
324nm, Pr(N-BA-N02): 350nm), however, the degree 
of the bathochromic shift is much smaller than those 
observed with pyrrole (21 0 nm)-polypyrrole (370 nm) and 
thiophene (230 nm)-polythiophene ( 420--480 nm) cou
ples. The CPK molecular model as well as MOPAC (AM 
1) calculation indicates twisting out of the main chain due 
to the presence of a steric repulsion between the N = CH 
hydrogen and 3-H in the pyrrole ring and this twisting 
of the main chain explains the small degree of the 
bathochromic shift. A film of PPr(N-BA-CN) showed a 
UV-Vis peak at 333nm (the same position as that 
observed with the solution), and the film exhibited a shift 
of the absorption peak to 374nm when doped with 12. 

The polymers, PPr(N-BA-R)s, can also be prepared 
by the electrochemical oxidation (eq 1). The elec
trochemical polymerization of the monomer required 
somewhat higher potential (e.g., 1.0 V vs. Agj Ag+ for 
Pr(N-BA-CN)) compared with electrochemical polym
erization of pyrrole, reflecting less electron-donating 
properties of the present monomer due to the electron
withdrawing imine -CH = N- nitrogen in the side chain. 
The electrochemical polymerization gives smooth films 
of the polymer. As for the electrochemically prepared 
PPr(N-BA-CN), it was obtained as a p-doped material 
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Figure 2. Cyclic voltammogram of the PPr(N-BA-CN) film on aPt 
electrode in a CH3CN solution of [Et4 N]BF 4 (0.10 M). Sweep 
rate= IOOmV s- 1 • 

0.48 
Iii N02 
E 0.46 
0 a. 0.44 0 
ii 

0.42 

0.40 a. 
c 
0 

0.38 :; ., OCH3 ·;c 
0.36 0 

8.9 9.0 9.1 9.2 9.3 9.4 

Ionization potential/eV 

Figure 3. Oxidation potential of polymers vs. IP of monomer units. 
Oxidation potential is determined by CV. IP is estimated by MOPAC 
(AM I) calculation. 

with BF 4 - dopant, and work up including treatment 
with MeOH gave undoped sample, which showed 
essentially the same IR spectrum as PPr(N-BA-CN) 
prepared by the chemical oxidation. 

Figure 2 shows cyclic voltammogram of the electro
chemically prepared PPr(N-BA-CN) on the Pt-plate in 
an acetonitrile solution of [Et4 N]BF 4 . The polymer film 
gives an electrochemically active cycle with an anodic 
peak at 0.50 V vs. Ag/Ag+ and a cathodic peak at 0.38 
V, which is about 0.3 V higher than the corresponding 
peak potential of polypyrrole, due to its having the 
electron withdrawing substituent in the side chain. 10 The 
electrochemically active cycle for the present polymers 
was stable during repeated scanning. The color of the 
film changes from red to blue on the electrochemical 
oxidation (or p-doping) and returns to red by the 
reduction (or p-undoping) as depicted in Figure 2. The 
polymer film was inert in the reduction region up to 
-1.0 V vs. Ag/Ag+. 

By the electrochemical polymerization, all of the 
monomers shown in eq I give polymer films on the Pt 
electrode. As shown in Figure 3, oxidation potential (£0 ) 

of the polymers determined by the CV measurements 
increases linearly with increase in the ionization potential 
of the corresponding monomer Pr(N-BA-R) estimated 
by MOPAC (AM I) calculation. 

As described above, new poly[N-(benzylideneamino)
pyrrole]s have been obtained by the oxidation polymeri
zation, and some of the polymers are soluble. They are 

477 



Y. MURAKAMI and T. YAMAMOTO 

electrochemically active and show electrochromism. 

REFERENCES 

I. (a) T. A. Skotheim, Ed. "Handbook of Conductive Polymers," 
Marcel Dekker, New York, N.Y., 1986. (b) J.-M. Andre, J. 
Delhalle, and J.-L. Bredas, "Quantum Chemistry Aided Design 
of Organic Polymers," World Scientific, London, 1991. 

2. (a) G. Tourillon and F. Garnier. J. Electroanal. Chern., 135, 173 
(1982). (b) R. Qian, W. R. Salaneck, I. Lundstrii, and B. Ranby, 
Ed .. "Conjugated Polymers and Related Materials," Oxford 
University Press, London, 1993, p 161. 

3. Y. Kudoh, S. Tsuchiya, T. Kojima, M. Fukuyama, and S. 
Yoshimura, Synth. Met .• 41/43. 1135 (1991). 

4. T. Yamamoto, Z.-H. Zhou,l. Ando, and M. Kikuchi, Makrorno/. 
Chern .. Rapid Comrnun., 14, 833 (1993). 

478 

5. (a) D. Delabouglise. J. Roncali, M. Lemaire, and F. Garnier, J. 
Chern. Soc., Chern. Comrnun .. 475 (1989). (b) M. R. Bryce, A. 
Chisse1, P. Kathirgamanathan. D. Parker, and N. R. M. Smith, 
J. Chern. Soc., Chem. Commun., 446 (1987). 

6. A. F. Diaz, J. Castillo. K. K. Kanazawa. J. A. Logan, M. Salmon, 
and 0. Fajardo, J. Electroanal. Chem., 133, 233 (1982). 

7. D. Stanke, M. L. Hallensleben, and L. Toppare, Synth. Met., 73, 
267 ( 1995). 

8. W. Flitsch, U. Kramer, and H. Zimmermann, Chem. Ber., 102, 
3268 ( 1969). 

9. (a) B. R. Saunders, R. J. Fleming, and K. S. Murray, Chem. 
Mater., 7, 1082 (1995). (b) F. Devreux, G. Bidan, A. A. Syed. 
and C. Tsintavis. J. Phys. (Paris), 46, 1595 (1985). 

10. A. F. Diaz, J. I. Castillo, J. A. Logan, and W. Y. Lee, J. 
Electroanal. Chem., 129, 115 ( 1981 ). 

Polym. J .. Vol. 31, No.5, 1999 


	Synthesis of New Polypyrroles by Oxidative Polymerization of N-(Benzylideneamino )pyrroles and Properties of the Polymers
	EXPERIMENTAL
	RESULTS AND DISCUSSION
	REFERENCES


