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Phenazasiline, monosilane unit-fused diphenylamine 
derivatives, are potentially useful as hole transporting 
layer for electroluminescent (EL) devices, la antioxi­
dants, lb additives for jet-engine lubricants, lc and ther­
mal stable polymers.2a Casalbore-Miceri and coworkers 
synthesized phenazasiline homopolymers by electro­
chemical oxidation of trimethylphenazasiline and exam­
ined electrochromic behaviors,2b but the structures of 
the polymers, and junctures of repeat units in particular 
were not clear. We reported the preparation of 
phenazasiline-containing n:-conjugated polymers by re­
ductive coupling of 2,8-dibromophenazasiline to obtain 
well-defined structures.3 The resulting polymers dis­
played interesting electochromism and high efficiency as 
hole transporting polymeric material. The substituent 
on the Si atom of reported poly(phenazasiline) did not 
change UV Amax of the polymer,3 in spite of different di­
hedral angles between two benzene atoms from X-Ray 
analysis of related monomers.4 However, the reported 
phenazasiline-containing polymers had only methyl sub­
stituent on the N atom.2•3 This paper reports prepara­
tion of poly(phenazasiline) with arylmethyl and H sub­
stituent on the N atom, and the effects of the substitu­
ent. 

EXPERIMENTAL 

Reagent 
2,2',4,4'-Tetrabromodiphenylamine was prepared by 

the reported method.5 Other chemicals were used as 
purchased. 

Measurement 
IR spectra were recorded on a JASCO FT-IR 610 spec­

trometer. NMR spectra in solution were taken using a 
Brucker ARX-300 spectrometer. UV-visible spectra were 
measured with a Shimadzu UV-3100 and Hitachi U-
3500 spectrometers, respectively. 

Cyclicvoltammograms (CV) of the polymers were 
measured as follows. Electrochemical control of the ex­
periments was achieved using a BAS electrochemical 

tTo whom correspondence should be addressed. 

analyzer model 660. A three-electrode system was used, 
consisting of a Glassy Carbon (GC) electrode (BAS, 3 nm 
in diameter) or ITO electrode as the working electrode, a 
platinum wire counter electrode, and a Ag/Ag+ (10 mM 
AgN03) reference electrode. Tetrabutylammonium per­
chlolate (TBAP) was used for electrolyte. 

Preparation of Bis (2,4-dibromomethyl)- (2-naphtyl­
methyl)amine lb 

Under nitrogen, 2,2',4,4'-tetrabromodiphenylamine 
(10.74 g, 22 mmol) was added to a dispersion of NaH 
(60% in oil, 0.99 g, 24 mmol) in dry THF (35 cm3) and 
stirred for 1 h at 50'C. (2-Bromomethyl)naphthalene 
(4.91 g, 23 mmol) was added to the mixture and stirred 
for overnight at 60'C. The reaction mixture was ex­
tracted by ether and purified by silica gel column chro­
matography (eluent= hexane) to give (11.28 g 18.0 
mmol) of lb. Yield was 83%. 1H NMR (CDC13 ); 6.8-8.1 
(m, 13) and 4.97 ppm (s, 2). Anal. Calcd for C23H15Br4N: 
C, 44.2%; H, 2.4%; N, 2.2%. Found: C, 44.0%; H, 2.6%; N, 
1.9%. 

Compound la was obtained similarly. 

Preparation of 2, 8-Dibromo-10, 10-di-n-butyl-5- (2-
naphthylmethyl)phenazasiline (2b) 

Under nitrogen, to a dispersion of lb (1.29 g, 2.1 
mmol) in dry ether (20 cm3) were added 1.6 M hexane so­
lution of n-butyllithium (3 cm3 , 4.8 mmol) at O'C. After 
the reaction mixture became homogeneous, di-n­
butyldichlorosilane (0.44 g, 0.21 mmol) was added at O'C 
and stirred overnight at room temperature. The reaction 
mixture was purified by silica gel column chromatogra­
phy (eluent=hexane) to give 0.51 g (0.84 mmol, 40%) of 
lb. Yield was 40%. 1H NMR (CDC13); 6.8-8.0 (m, 13), 
5.41 (s, 2), and 1.0-2.0 ppm (m, 18); 13C NMR (CDC13); 

148.81, 135.77, 134.40, 133.45, 132.99, 132.63, 128.90, 
127.70, 126.40, 125.93, 124.76, 123.92, 122.64, 118.21, 
113.69, 56.65, 26.38, 25.78, 13.76, and 13.65 ppm. 29Si 
NMR (CDC13); -21.18 ppm. Anal. Calcd for C31H33 

NSiBr2 : C, 61.3%; H, 5.5%; N, 2.3%. Found: C, 61.1 %; H, 
5.4%; N, 2.1%. 

t tPresent address: National Agricultural Research Center, 3-1-1 Kannondai, Tsukuba, Ibaraki 305-8666, Japan. 
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Other monomers 2a, 2c, and 2d were obtained simi­
larly. 

Preparation of Poly ( 10,10-di-n-butyl-5- (2-naphthyl­
methyl)phenazasiline-2,8-diyl) 3b 

Under nitrogen, to a mixture of Ni(cod)2 (0.28 g, 1.0 
mmol, cod= 1,5-cyclooctadiene), cod (1 cm3) and 2,2'­
bipyridyl (0.16 g, 1.0 mmol) in toluene (5 cm3) was added 
phenazasiline lb (0.42 g, 0.7 mmol) and the mixture was 
heated at 60'C for 48 h. A white powder precipitated 
upon pouring the mixture into methanol was succes­
sively washed with 2 M aqueous hydrochloric acid, 
methanol and hexane, and was dissolved in THF. Repre­
cipitation into methanol afforded 0.27 g (0.6 mmol mono­
mer unit, 87%) of 3b as a white powder. 1H NMR 
(CDC13); 6.8-8.0 (m, 13H), 5.4 (s, 2H), and 1.0-2.0 ppm 
(m, 18H); 13C NMR (CDCU; 149.15, 135.60, 133.61, 
132.65, 132.32, 131.82, 128.76, 126.29, 125.77, 124.91, 
120.47, 116.47, 56.79, 26.55, 26.09, 14.20, and 13.76 
ppm. Anal. Calcd for (C31H33NSi · H20)n: C, 80.0%; H, 
7.6%; N, 3.0%. Found: C, 79.6%; H, 7.3%; N, 2.8%. 

The polymers 3a, 3c, and 3d were obtained similarly. 

Chemical Preparation of Poly ( 10,10-di-n-butyl-
phenazasiline-2,8-diyl) (4b-c) 

Under nitrogen, 34 mg of 3b were added to 10 cm3 

THF containing 0.8 g of sodium shot and the reaction 
mixture was stirred for overnight at room temperature. 
2-Propanol was added to the reaction mixture to stop the 
reaction. Solvent was removed under vacuum. The resi­
due was washed with methanol and dried under vacuum 
to obtain 23 mg of 4b-c. Polymers 4a-c and 4c-c were ob­
tained similarly. 

RESULTS AND DISCUSSION 

Scheme 1 illustrates the preparation of 3. Dilithiation 
of compound 1 using n-BuLi in ether followed by addi­
tion of dichlorosilane produced monomer 2. Polymers 3 
were prepared through dehalogenative polycondensa­
tion3a·6 of monomer 2. Data of polymer 3 are shown in 
Table I. Obtained polymers 3 were soluble in usual or­
ganic solvents like chloroform, 1,2-dichloroethane, and 
THF. UV A max of the polymers 3 (see Table I) was almost 
the same region of that of reported poly(N­
methylphenazasiline) PPhenaz-Me (Amax=361 and 366 
nm with R=Me and n-C8H 17 substituent on the Si atom, 
respectively).3 This suggests that the aryl unit of the 
side chain of 3 has no effect on the rc-conjugation system 
ofpoly(phenazasiline) main chain. 

As shown in Figure 1a, CV of dichloromethane solu­
tion of 3 showed two reversible oxidation peaks seen in 
typical poly(arylamine) type polymer. As shown in Fig-

ure 1b, CV of the 3b film showed two oxidation peaks, 
but the polymer film was dissolved in solution by electro­
chemical oxidation. The polymer film cast on an ITO 
glass plate was colorless when neutral, but the color 
changed to yellow, brown, and finally black with in­
crease in the electrode potential to + 1.0 V. When 3 was 
reduced to -3.2 V, CV showed reduction current which 
was not found in PPhenaz-Me. Interestingly, as shown 
in Figure 1c, CV curve of the product by electrochemical 
reduction of 3 (4-e) was different from that of 3 and oxi­
dation potential became lower. Electrochromic behavior 
of 4-e was different from 3. The color of the cast film was 
colorless when neutral, but the color changed to red, red­
dish purple, and finally purple with increase in electrode 
potential. This color change was almost the same as for 
poly(diphenylamine).6b To investigate change of the mo­
lecular structure, IR spectra of the polymers were meas­
ured. As shown in Figure 2, the IR spectrum of 4-e 
showed a 5 (NH) peak at about 3400 em -l which could 
not be seen for 3. From CV and IR data, the structure of 
4-e contained an NH unit, that is, poly(phenazasiline-
2,8-diyl) with an NH unit was formed by electrochemical 
reduction of 3 (eq 2). X (see eq 2) was estimated as 0.5 

Br.y qBr 1) NaH (YBr 

""'- 1 N 1'""' _2)_A_r_c_H_2c .... l +NY 

I Br ) Br 
Br l'i Br Ar 

(YBr 1) n-Buli 

+NY 2) R2SiCI2 

Br ) Br 
Ar 

1a(Ar= Ph)83% 
1 b (Ar = 2-nap) 82% 

2a-d 

2a: (R = Me, Ar =2-nap) 58% 
2b: (R = n-Bu, Ar = 2-nap) 40% 
2c: (R = n-oel, Ar = 2-nap) 91% 
2d: (R = n-oel, Ar = Ph) 69% 

Ar = Ph or 2-nap: 3a-d 

Ar = H: PPhenaz-Me3 

Ni(eod)2= bis(1 ,5-eyelooeladiene)niekei(O), bpy = 2,2'-bipyridyl 

2-nap= W 
Scheme 1. 

Table I. Results of preparation and spectral data of3 

Polymer R Ar Yield/% Mw/103a 
13C NMRof 

N-CH2-Ar/ 8t 

3a Me 2-nap 86 0.8 (3.0) 56.47 
3b n-Bu 2-nap 87 2.4 (2.3) 56.79 
3c n-Oct 2-nap 95 2.1 (2.6) 56.83 
3d n-Oct Ph 69 2.0 (2.4) 52.42 

a GPC (THF, polystyrene standard). Figure in parenthesis is Mw!Mn. bIn CDC13 . 'CHC13 solution. 

-23.24 
-21.19 
-21.34 
-21.23 

362 
369 
365 
369 
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Figure 1. CV curves of the polymers. a) CH2Cl2 solution of 3b 
containing TBAP (0.1 M) at 50 mV s- 1. b) 3b and c) 4b-e film. The 
polymer 3b was cast from 1,2-dichloroethane. In a CH3CN solution 
ofTBAP (0.1 M). At 50 mV s 1. 

4000 3000 2000 1500 1000 500 

Wavenumber I cm·1 

Figure 2. IR spectra of a) 3b, b) 4b-e, and c) 4b-c. 

from IR spectra and CV data. Figure 1c indicats that the 
CV curve shows only the redox of poly(phenazasiline) 
with the NH unit although x was 0.5, possibly because 
the unreacted arylmethylphenazasiline unit was dis­
solved in solution. 

Since 4 was prepared by electrochemical reduction of 
3, we tried to reduce 3 chemically. Chemical reduction of 
3 by sodium afforded 4-c in high yield (Table II). X of 4-c 
was almost 1 from IR and NMR data. IR spectrum of 4-c 
showed an NH peak (Figure 2c). 1H and 13C NMR spec­
tra of 4-c showed no arylmethyl unit, and a new 1H 
NMR peak appeared at about 5.7-6.0 ppm which was 
identified as an NH unit. When polymer 3 film was re­
duced to less than -3 V, formation of an NH unit was 
observed. When the reduction potential was -2.8 V, for­
mation of an NH unit was not observed. The standard 
redox potential for Na/Na +(about -3.1 V us. Ag/Ag+ in 
acetonitrile7) is almost the same as that of electrochemi­
cal formation of an NH unit, indicating that chemical re­
duction of 3 is energetically productive. Polymer with 
long alkyl chain (4c-c) was soluble in usual organic sol­
vent. Solubility of 4-c was lower than that of related 3 
because large substituent was removed. GPC data sug­
gest that no significant decomposition of polymer back­
bone occurs by this reaction. This indicates that further 
reduction by sodium does not occur after the formation 
of 4 from 3. This agrees with CV of PPhenaz-Me not 
showing reduction current by electrochemical reduction. 
Reported poly(diphenylamine)6b had high conductivity 
and solution of the polymer had high quantum yield. But 
the polymer was soluble only in trifluoroacetic acid and 
NMP. However, polymer 4-c was a soluble poly(diphen­
ylamine) derivative. 

Reaction of3 and H2 with Pd/C catalyst, a method for 
preparating N-H type phenazasiline derivatives,8 did 
not give 4. 

From Table I and Table II, UV Amax of 4-c was longer 

electrochemical: 4-c 
chemical: 4-e 

Scheme2. 

Table II. Results of preparation and spectral data of 4-c 

Obtained Starting 
Polymer Polymer 

4a-c 3a 
4b-c 3b 
4c-c 3c 

R 

Me 
n-Bu 
n-Oct 

Yield/% 

84 
99 
99 

0.8 (1.8) 
3.2 (1.8) 
1.9 (2.8) 

a GPC (THF, polystyrene standard). Figure in parenthesis is Mw!Mn. bIn CDCl3. 'CHCl3 solution. 

500 

-22.55 
-20.38 
-20.51 

371 
382 
382 
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than that of 3 with the same substituent on the Si atom. 
CV of 4-c showed the same behavior as that of 4-e, 
which had lower oxidation potential that of 3. From 
these results, substituent on the N atom is essential for 
electrochemical and optical properties of poly­
(phenazasiline). 
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