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Previously unknown alt-copoly(telluro-1,4-phenylene/azo- 
1,4-phenylene) and related polymers were synthesized by 
several different approaches, which include a) reductive po- 
lymerization of bis(4-nitrophenyl) tellurides with zinc; b) oxi- 
dative polymerization of bis(4-aminophenyl) telluride using 
a Cu'/Cu" redox system as catalyst under oxygen; c) electro- 
chemical polymerization of bis(4-amino-3,5-dimethylphenyl) 
telluride; d) condensation polymerization of 1 ,I-dinitroso- 
benzene with bis(4-aminophenyl) telluride Te,Te-dichloride, 
and e) condensation polymerization of bis(4-nitrophenyl) tel- 

Since the last two decades, organotellurium compounds 
have been receiving increasing attention as special reagents, 
organic conductors, and new imaging systems[']. However, 
the literature contains comparatively few reports on tel- 
lurium-containing organic among which po- 
ly(ditelluromethy1ene) is of special interest, since it shows a 
noticeably high conductivity (0 i= S cm-lj upon bro- 
mine doping in spite of its non-conjugative aliphatic na- 
turel51. Chemical doping presumably produces the positive 
holes on tellurium atoms, which are effectively transferred 
from chain to chain via telluride linkage. 

On the other hand, poly(azo- 1,4-phenylene) and its ana- 
logs have been extensively studied and amply reported in 
the l i t e r a t ~ r e [ ~ ~ - ~ ~ ] .  This may be attributed to the fact that 
these conjugated polymers are expected to display electrical 
conductivity due to their moderately low band energy gap 
and their stability towards p-type chemical Poly- 
merization of aromatic diamines to the conductive azo 
polymer systems has usually been carried out by oxidative 
ways and the electrical conductivity of the azo polymers 
obtained reaches up to 0 = lop5 - S cm-I after 
chemical doping[15,18]. 

With these findings in mind, the idea came to us that the 
combination of the n,n-conjugative azo, nconjugative 1,4- 
phenylene, and n-conjugative telluro functions in some 
alternate way may produce a novel polymer of higher elec- 
trical conductivity upon chemical doping because of the 
joint operation of the intrachain and interchain mechan- 
isms of electrical conduction. However, a synthesis of such 
polymers has not been realized so far probably because of 

luride with bis(4-aminophenyl) telluride in the presence of 
sodium hydroxide. The polymers obtained were characteri- 
zed by elemental analysis, 13C-CPMAS NMR, IR and UV- 
vis spectroscopy, GPC, and inherent viscosity measurements, 
and their properties were examined, particularly their electri- 
cal conductivity. The electrical conductivities of the new pol- 
ymers 9b, c and 10 were shown to increase from below lo-? 
up to S cm-' upon bromine doping in spite of 
their formally interrupted conjugation structure. 

- 

the difficult access to appropriate starting materials. We 
have recently developed a convenient method for the prep- 
aration of bis(nitroary1) tellurides by using an in situ gener- 
ated telluriudcopper couple as the tellurating agent[27]. By 
use of this new reagent system, a variety of bis(nitroary1) 
tellurides and hence bis(aminoary1j tellurides are readily 
available, thus providing a route to mixed aromatic azo-tel- 
luro polymers. In this paper we describe the synthesis and 
electrical properties of the previously unknown azopoly- 
mers 9b, c and 10 with regularly interposed tellurium atoms 
in the backbone. 

Results and Discussion 
Synthesis of alt-Copoly(te~nro-l,4-phenylene/azo-1,4-phenylene) 9 
and Related Polymer 10 

We have tried to prepare new polymers composed of tel- 
luride, 1,cphenylene and azo functions by two different ap- 
proaches, i.e. via the telluride linkage formation and via the 
azo linkage formation. For this purpose, many model reac- 
tions have been carried out to find out the optimum con- 
ditions for polymer synthesis. 

a) Approach via the Telluride Linkage Formation 

Model reactions of 4-iodo- and 4-bromoazobenzenes 
with disodium telluride[37] or Te-Cu reagentl2'1 mainly re- 
sulted in the reductive dehalogenation of starting materials 
to give parent azobenzene 3b together with a complex mix- 
ture of unidentified products. Likewise, attempts to generate 
the 4-phenylazophenyltellurolate equivalent by lithiudhal- 
ogen exchange of 4-bromoazobenzene with butyllithium 
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failed. Thus, the approach via the telluride linkage forma- 
tion can hardly be regarded as promising for the synthesis 
of the expected polymers. 

b) Approach via the Azo Linkage Formation 

i )  Reductive Polymerization of Bis(4-nitrophenyl) Tellurides 6 
Model reaction of 4-nitrodiphenyl telluride 2 with lith- 

ium aluminum hydride (LAH) in dry ether simply resulted 
in the reductive detelluration to afford azobenzene 3b, no 
4,4'-bis(phenylte1luro)azobenzene 3a being obtained. How- 
ever, the reduction of telluride 2 with the Zn/NaOH system 
as a reducing agent successfully led to the expected telluride 
3a in 3 1 % yield (Scheme 1). 

Based on this success, the reductive polymerization of tel- 
lurides 6a and 6b was carried out by using the Zn/alkali 
reagent in ethanol/water to obtain oligomers 9a and 9d as 
an orange-colored material, the average molecular weight 
(Mw) of which was about lo3 as estimated by gel per- 
meation chromatography (GPC) (Scheme 2, Route a). The 
oligomer 9a obtained from telluride 6a did not provide sat- 
isfactory analytical values and was insoluble in chloroform 
(CHC13) and toluene, but soluble in hot N-methyl-2-pyrro- 
lidone (NMP), trifluoroacetic acid, and concentrated sul- 
furic acid. In contrast, acceptable elemental analytical and 
spectral data were obtained for oligomer 9d, which was pre- 
pared from bis(2-methyl-4-nitrophenyl) telluride 6b by a 
similar reduction. The oligomer 9d was soluble in common 
organic solvents such as CHC13, ethyl acetate, and toluene. 
Interestingly, this oligomer was found to exhibit a moderate 
solvatochromism; the material shows a blue shift by 20 nm 
(hmax = 372 nm) in hexane/chloroform (30:l) relative to 
A,,, = 392 nm in CHC13. Since compound 5 corresponding 

to the structural unit of condensation polymers 9a-c did 
not show such a solvatochromism, this interesting phenom- 
enon could be attributed to the conformational change of 
the oligomer chains, depending on the solvent employed. 

ii) Oxidative Polymerization of Bis(4-aminophenyl) Telluride 8a 

We tried the oxidative polymerization of bis(4-amino- 
phenyl) telluride 8a under homogeneous conditions by us- 
ing a copper(I)/copper(II) redox system as catalyst with 
slow bubbling of oxygen into the solution. This procedure 
had earlier been employed by H. C. Bach et al.[''] for the 
polymerization of bis(4-aminophenyl) ether and bis(4- 
aminophenyl) sulfide, where they obtained alt-copoly(oxy- 
1 ,Cphenylene/azo- 1 ,Cphenylene) and all-copoly(thi0- 1,4- 
phenylene/azo- 1 ,Cphenylene) of moderately high inherent 
viscosity in good yields by using N; N-dimethylacetamide 
(DMA) and/or pyridine as the solvent for polymerization. 
We applied this procedure to the polymerization of telluride 
8a and obtained polymer 9b of moderate molecular weight 
(Scheme 2, Route b). However, the oxidative polymerization 
of telluride 8a was accompanied by the formation of an- 
other type of polymers, for which we suggest the structures 
of polyaniline and/or aniline black type on the basis of the 
findings from the model reaction (Table 1). Among several 
aprotic solvents examined, DMA afforded the best results 
for the polymerization of bis(4-aminophenyl) telluride 8a. 
This may be attributed to the formation of a catalytically 
active copper complex and the good matching of basicity 
between aminotelluride 8a and DMA to ease the ligand 
exchange on the copper atom[''a]. Reactions performed un- 
der more vigorous conditions, i.e. high concentration and 
prolonged reaction time, increased considerably the molecu- 

Scheme 1. Model reactions for the polymer synthesis 

R' 

ZrVNaOH R 2 a N H 2  cucvo2 
- 

3 1 

1 I R' R2 
a H PhTe 
b H H  
C M e  H 
d H M e  

M e  H 
H M e  

I 

4 

5 

R R  

7 6 y- M e  

Chem. Ber. 1995, 128, 703-709 



Aromatic Azopolymers with Regularly Interposed Tellurium Atoms 

Scheme 2. Synthesis of polymers containing the azo 1,4-phenylene and telluro functions as backbone units 
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Table 1 .  Model reaction of aniljne derivatives for oxidative polyme- 
rlzation 

ArNH2 * Ar-N=N-Ar + Polymeric Substances 

Amine Yield/% Yield/%['] 

l a  
l b  
Ic 
I d  

3a 32 30 
3b cl 99 
3c 20 45 
3d 52 29 

Ial Yields of polymeric substances were calculated on polyaniline 
structure. 

lar weight of the polymers and hence inherent viscosity up 
to 0.11 dl/g. 
iii) Condensation Polymerizations of Bis(4-nitrophenyl) Telluride 6a 
with Bis(4-aminophenyl) Telluride 8a and of Bis(4-aminophenyl) 
Telluride Te, Te-Dichloride 4c with 1,4-Dinitrosobenzene 

The reaction of amines with nitro compounds at elevated 
temperature in the presence of alkali has long been known 
to produce azo compounds[38]. Since the model reaction of 
telluride 2 or 6a with aniline l b  had confirmed the azo link- 
age formation, the polymerization reaction of bis(4-nitro- 
phenyl) telluride 6a with bis(4-aminophenyl) telluride 8a 
was carried out in a sealed tube in the presence of sodium 
hydroxide, leading to a successful production of alt-copoly- 
(telluro-1 ,Cphenylene/azo-1 ,Cphenylene) 9c (Scheme 2,  
Route c). 

The dehydration reaction of an amine and a nitroso com- 
pound has long been known to be one of the efficient tools 
for the synthesis of azo However, attempted 
model reaction of 4-aminodiphenyl telluride l a  with ni- 
trosobenzene gave azoxybenzene as the only major product. 
The telluride l a  appears to have suffered oxidative de- 
composition during the reaction, but its oxidized product 
could not be identified. An alternative model reaction of 4- 
aminodiphenyl telluride Te, Te-dichloride 4a with ni- 
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trosobenzene resulted in a successful azo linkage formation, 
which was confirmed by the reduction of a crude product 
mixture with sodium sulfide to furnish the expected 4-phen- 
yltelluroazobenzene 5. Thus, the latter procedure was ex- 
ploited for the condensation polymerization of bis(4- 
aminophenyl) telluride Te, Te-dichloride 4c with 1 ,4-dini- 
trosobenzene in acetic acid, which led to the formation of 
a new polymer 10 containing the diacetatotelluro and azo 
groups (Scheme 2 ,  Route 4. The ligand exchange on the 
tellurium atom was easily confirmed by 'H- and I3C- 
CPMAS NMR, which revealed a characteristic peak due to 
aromatic telluride diacetate. 
iv) Other Attempts to Prepare Aromatic Azo-Telluro Polymers 

The model coupling reaction of I ,4-phenylenedidiazo- 
nium bis(tetrafluorob0rate) with methyl 2,3,5,6-tetra- 
methylphenyl telluride was attempted in methanol in the 
presence of sodium acetate at 0°C. However, no azo coup- 
ling took place and only decomposition of the bisdiazon- 
ium salt occurred. 

Electrochemical oxidative polymerization of bis(4-amino- 
3,5-dimethylphenyl) telluride 8b was carried out in acetoni- 
trile at 1.5 V by using sodium perchlorate as a supporting 
electrolyte, and a black polymeric powder was obtained. Al- 
though this product showed a UV-vis absorption at A,,, 
520 nm in support of the formation of an azo structure, it 
was found to contain considerable amounts of polyanilines. 

Electrical Conductivity of Polymers 9 and 10 

Polymers 9 and 10 are deeply colored and show high 
glass transition points (Tg > 300°C). These polymers are 
insulators under neutral conditions. Upon exposure to bro- 
mine vapor, however, the compressed pellets made thereof 
showed relatively high electrical conductivities reaching up 
to semiconductive values (10-5-10-2 S cm-') in spite of 
their interrupted conjugation structure. In view of the easy 
formation of a cationic polytelluride from an organotellu- 
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rium system on treatment with alt-copoly(te1- 
luro- 1,4-~henylene/azo- 1,4-phenylene) 9b, c are expected to 
form positive holes also easily on the tellurium atoms, and 
the holes may be transferred to the azo- 1 ,Cphenylene moi- 
eties via intramolecular process and/or may be exchanged 
among the tellurium atoms via intermolecular process, thus 
leading to high electrical conductivity in spite of its rela- 
tively low molecular weight as compared with the other 
chalcogen azo polymer analogs (Table 2). The occurrence 
of high conductivity in polymer 10 upon bromine doping 
would in part be due to the hypervalent state of the tel- 
lurium atoms involved. This conductivity appreciably de- 
creased or even disappeared after prolonged standing in air 
or under reduced pressure probably due to debromination, 
thus indicating that the induced conductivity mainly arises 
from the doping of the azo linkage with molecular bromine. 
The UV-vis peaks of these synthetic polymers 9 and 10 
showed a red shift relative to the reference compounds 3a, 
5, and 7. This may be accounted for by the decrease of 
energy gap due to the extended n,z- and n,n-conjugation 
structures generated by the polymerization of tellurides 6 
and 8 via the azo linkage formation. Further elaboration of 
the polymer structures and polymerization conditions 
would improve the electrical conductivity of this class of co- 
polymers. 

Table 2. Electrical conductivity and inherent viscosity of alt-copo- 
ly(te1luro- 1,4-phenyIene/azo- 1,4-phenylene) and analogs 

Polymer 
cr/Scm-’ 

[7J1’d1g.’ Neutral p-Type doping 

9b 0.05-0.11 <<lo7 10-6- 10” 

9c 0.08 

10 0.09 10.~ - IO-* 
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Experimental 
A11 melting points are uncorrected. - ’H- and I3C-NMR spectra 

of soluble organic compounds were recorded with a 200-MHz 
NMR spectrometer in CDC13, [D,]DMSO or a 20:l mixture of 
trifluoroacetic acid and [2,2,2-D3]acetic acid by using tetramethyl- 
silane as an internal reference. - I3C-CPMAS (cross-polarization 
magic angle spinning) NMR spectra of insoluble polymers were 
obtained in a solid state by using adamantane as a standard. - IR 
spectra were measured as KBr pellets. - UV-vis spectra were re- 

corded in chloroform, chloroform/hexane or concentrated sulfuric 
acid solution. - EI mass spectra were recorded at 70 eV. - Centri- 
fugation for polymer precipitation was carried out at 8000-9000 
rpm. - Thin-layer chromatography (TLC) was performed by usng 
Merk precoated silica gel sheets 60F-254. - Silica gel (200 mesh, 
Wakogel) was used for column chromatography. - Elemental 
analyses were performed at Microanalytical Laboratory, Institute 
for Chemical Research, Kyoto University. 

Polymer Characterization: Polymeric substances obtained were 
characterized by elemental analysis, IR, UVNis, and NMR spec- 
tra. Inherent viscosity [?] was measured at 57 “C with solutions of 
the polymers in concentrated sulfuric acid or N-methyl-2-pyrroli- 
done (NMP). Gel permeation chromatography (GPC) was per- 
formed with a Shodex A803, 804, or 805 polystyrene gel column 
using chloroform as the eluent for polystyrene calibration. Electri- 
cal conductivity (T was measured as compressed pellets by the four- 
probe method at room temp. p-Type doping was performed by ex- 
posing the powdered polymers to bromine vapor under nitrogen or 
argon for a few days at room temp. 

Materials: Iodonitroarenes were obtained either commercially or 
by the reaction of nitroarenediazonium salts with potassium iod- 
ideL2*I and further purified by recrystallization before use. 4-Iodo- 
and 4-bronioazobenzenes were prepared by the condensation of 
the corresponding aromatic amines with nitrosobenzene in acetic 

1,4-Dinitrosobenzene was prepared according to the pro- 
cedure described in Tellurium (99.999%), tellurium(1V) 
chloride (99.9%), copper(1) chloride (99.9%), copper(1) iodide 
(95%), palladium on carbon (lo%), sodium hydride (60% disper- 
sion in mineral oil), hydrazine monohydrate (98 YO), and aromatic 
amines lb-d were purchased from Wako Pure Chemical Industries. 
Nitrosobenzene was purchased from Tokyo Kasei Organic Chemi- 
cals and used as obtained. Azobenzenes 3b-d were identified by 
direct comparison with the authentic samples[3’~321. Acetic acid was 
purified by heating with acetic anhydride in the presence of naph- 
thalene-2-sulfonic acid followed .by distillation under argon and 
stored over molecular sieves (4 A). NMP, hexamethylphosphoric 
triamide (HMPA), NN-dimethylacetamide (DMA), and pyridine 
were distijled from calcium chloride and stored over molecular 
sieves (4 A). 

Synthesis of Organic Tellurium Compounds Used as Substrate or 
Reference for Comparison 

4-Nitrodiphenyl Telluride (2): To a stirred solution of diphenyl 
ditelluride (3.06 g, 7.47 mmol) in HMPA (20 ml) was added sodium 
borohydride (570 mg, 15 mmol) at 80-90°C under argon. After 
disappearance of the color of the ditelluride, ethanol (2 ml) was 
added to the solution until the liberation of hydrogen gas ceased. 
Subsequently, copper(1) iodide (3.10 g, 16.3 mmol) was added. As 
soon as the resulting mixture turned black, powdered 4-iodonitro- 
benzene (3.72 g, 14.9 mmol) was introduced in one portion and the 
mixture was maintained at 90- 100°C with vigorous stirring. The 
progress of the reaction was monitored by TLC. After 2.5 h the 
mixture was diluted with 10% HCl (200 ml) to separate a black 
tarry matter, which was taken up into ethyl acetate (100 ml), and 
the resulting solution was filtered through a short silica gel column. 
The filtrate was dried with Na2S04, then the solvent was evapo- 
rated under reduced pressure. The residue was chromatographed 
over silica gel to afford unchanged iodoarene (300 mg, 1.2 mmol) 
from hexane eluates and compound 2 (3.35 g, 10.3 mmol) from 
hexane/ethyl acetate (4: 1) eluates: Yield 75% (based on unrecov- 
ered starting material), m.p. 110-112°C m.p. 110-112°C). 
- ‘H NMR (CDCI3): 6 = 7.8-8.0 (m, 4H, aromatic H), 7.2-7.6 
(m, 5H, aromatic H). - MS (EI), m/z (%, Te = 130): 329 (46) 
[M+], 207 (34) [M+ - 02NC6H4Te], 153 (52), 77 (100). 
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4-Aminodiphenyl Telluride (la): A mixture of telluride 2 (830 mg, 
2.5 mmol), hydrazine monohydrate (640 mg, 13 mmol), 10% Pd-C 
(300 mg), and EtOH (20 ml) was heated at reflux for 5 h, during 
which time the initial yellow color of the mixture gradually faded 
to colorless. After compound 2 was consumed (TLC), the reaction 
mixture was cooled and Pd-C was removed by filtration. The fil- 

([D6]DMSO): 6 = 8.0-8.1 (m, 2H, aromatic H), 7.79 (d, J = 8.6 
Hz, 2H, aromatic H), 7.5-7.6 (m, 3H, aromatic H), 6.91 (d, J = 

8.6 Hz, 2H, aromatic H). In the 'H-NMR spectrum the amino 
groups exhibited very broad signals which could not be assigned. 
- Cl2HIICl2NTe (367.8): calcd. C 39.19, H 3.02, N 3.81; found C 
39.05, H 3.22, N 3.35. 

trate was concentrated under reduced pressure to afford a brown 
residue, which was chromatographed over silica gel with CH2CI2/ 
hexane (1:l) as the eluent to give telluride l a :  Yield 380 mg (510/), 
pale brown crystals, m.p. 67-70°C. - 'H NMR (CDCI,): 8 = 7.64 
(d, J = 8.5 Hz, 2 H, aromatic H), 7.45 - 7.55 (m, 2 H, aromatic H), 
7.1-7.2 (m, 3H, aromatic H), 6.58 (d, J =  8.5 Hz, 2H, aromatic 
H), 3.8 (br., 2H, NH2). - Cl2Hl1NTe (296.8): calcd. C 48.56, H 
3.74, N 4.72; found C 48.45, H 3.67, N 4.76. 

Bis(4-nitrophenyl) Telluride (6a): To a black slurry of Te-Cu cou- 
pler2'l prepared in situ from dissodium telluride (20.0 mmol) and 
copper(1) iodide (7.60 g, 39.9 mmol) in dry NMP (40 ml) under 
argon was added all at once 4-iodonitrobenzene (4.98 g, 20.0 
mmol) in NMP (20 ml) and the resulting mixture was kept at 
140-150°C for several hours. During this period, the color of the 
heterogeneous mixture gradually changed from black to yellow. 
After the starting material was consumed (TLC), the mixture was 
poured into 5% HCI (100 ml) to afford a black precipitate, which 
was filtered through a thin layer of Celite and washed with water 
(3 X 50 ml). The organic phase of the residue was extracted with 
CHCl3 (2 X 100 ml). The combined extracts were dried with 
MgS04 and the solvent was evaporated under reduced pressure to 
furnish a yellow solid, which was recrystallized from CHCI3/hexane 
(1 : 1) or chromatographed over silica gel with CH2C12/hexane (1 :2) 
as the eluent to give telluride 6a as yellow crystals (44-63%): m.p. 
173-175°C (ref.[34] 170-172°C). Small amounts of the ac- 
companying biaryl could be easily removed by recrystallization 

Bis(2-methyl-4-nitrophenyl) Telluride (6b) was similarly prepared 
from 2-iodo-5-nitrotoluene: Yellow crystals (50- 57%), m.p. 
126-129°C 127- 130°C). 

Bis(aminoary1) Tellurides (8a and 8b): Tellurides 8 were prepared 
by two different procedures involving the reaction of tellurium(1V) 
chloride with the corresponding aniline (Method A) and the cata- 
lytic reduction of bis(nitroary1) tellurides 6 with hydrazine 
monohydrate (Method B). The latter method proved to give bet- 
ter results. 

Method A: See experimental section in 
Method B. - Typical Procedure: To a mixture of telluride 6a 

(1 3 6  g, 5.00 mmol) and hydrazine monohydrate (750 mg, 15 mmol) 
in EtOH (10 ml) was added 10% Pd-C (200 mg) at around 50°C 
and the resulting black mixture was heated at reflux for 5 h, during 
which time the color of the mixture gradually changed from yellow 
to colorless. After the telluride 6a was consumed (TLC), Pd-C was 
filtered off and the filtrate was concentrated under reduced pres- 
sure. The brown residue was chromatographed over silica gel with 
CH2C12/hexane (1 : 1) as the eluent to give bis(4-aminophenyl) tellu- 
ride 8a as colorless crystals (1.06 g, 68%): m.p. 128-131°C 
(ref.[35b] 127-128°C). 

Phenyl4-Aminophenyl Telluride Te, Te-Dichloride (4a): To an ice- 
cooled solution of 4-aminodiphenyl telluride l a  (860 mg, 2.9 
mmol) in dry dichloromethane ( 5  ml) was added with vigorous stir- 
ring sulfuryl chloride (390 mg, 2.9 mmol) dissolved in the same 
solvent (1 ml). The reaction was complete within a few minutes. 
Addition of hexane (10 ml) to the resulting solution gave dichloride 
4a as a white precipitate. After the mixture had been kept in the 
refrigerator for 1 h, the precipitate was isolated by filtration (970 
mg, 91%). - Colorless crystals, m.p. >120°C (dec.). - 'H NMR 

Bis(4-aminophenyl) Telluride Te, Te-Dichloride (4c): To an ice 
-cooled solution of telluride 8a (1.55 g, 4.97 mmol) in dry dichloro- 
methane (10 ml) was added with vigorous stirring sulfuryl chloride 
(670 mg, 5.0 mmol) dissolved in the same solvent (3 ml). Sub- 
sequent addition of hexane (20 ml) to the resulting solution gave 
dichloride 4c as a white precipitate. After standing in a refrigerator 
for 3 h, it was filtered off (1.86 g, 98%). - Pale yellow crystals, 
m.p. >140"C (dec.). - 'H NMR ([D6]DMSO): 6 = 7.74 (d, J = 
8.6 Hz, 4H, aromatic H), 6.92 (d, J = 8.6 Hz, 4H,  aromatic H), 
5.8 (br., 4 H  NH2). - Cl2HI2Cl2N2Te (382.8): calcd. C 37.66, H 
3.16, N 7.32; found C 37.37, H 3.12, N 7.25. 

Bis(4-aminophenyl) Telluride Te, Te-Diacetate (4d): To a well 
stirred suspension of silver acetate (560 mg, 3.4 mmol) in ethanol 
(5 ml) was added dichloride 4c (580 mg, 1.5 mmol) in one portion 
and the resulting heterogeneous mixture was stirred overnight in 
the dark at room temp. Insoluble deposit was filtered off and 
washed with hot ethanol (3 X 5 ml). The filtrate was concentrate 
in vacuo to afford a colorless solid, which was recrystallized from 
ethanol/hexane (3:l) to give compound 4d (530 mg, 82%). - M.p. 
>130°C (dec.). - 'H NMR ([D6]DMSO): 6 = 7.38 (d, J = 8.4 Hz, 
4H,  aromatic H), 6.64 (d, J =  8.4 Hz, 4H,  aromatic H), 5.4-5.7 
(4H, two broad peaks, NH2), 1.85 (s, 6H,  COCH,). - IR (KBr): 
C = 3300 cm-', 1640, 1590, 1500, 1380, 1300, 1180, 1050, 1010, 
820. - CI6Hl8N2O4Te (429.9): calcd. C 44.70, H 4.22, N 6.52; 
found C 44.64, H 4.30, N 6.46. 

4-Phenyltelluroazobenzene (5): Telluride 2 (250 mg, 0.76 mmol) 
was heated with an excess of aniline l b  (3.00 g, 32.2 mmol) in the 
presence of sodium hydroxide (200 mg, 5.0 mmol) at 180°C for 0.5 
h to afford a dark red mixture, which was extracted several times 
with ether. The combined extracts were concentrated in vacuo. The 
resulting red oil was chromatographed on silica gel with hexane as 
the eluent to give compound 5 as orange crystals (100 mg, 34%). 
- M.p. 72-75°C (hexane/CHCI, = 1:l). - 'H NMR (CDC13): 
8 = 7.7-8.0 (m, 8H, aromatic H), 7.45-7.55 (m, 3H, aromatic 
H), 7.2-7.4 (m, 3H, aromatic H). - I3C NMR (CDCI,): 8 = 
114.0, 120.5, 122.9, 123.6, 128.4, 129.0, 129.8, 131.1, 137.4, 138.9, 
152.0, 152.7. - MS(E1) mlz: (YO, Te = 130): 388 (17) [M+], 283 
(16) [M+ - PhN,], 207 (14), 77 (100). - IR (KBr): 0 = 1470 cm-I, 
1440, 1390, 1300, 1100, 1010, 830, 770, 690. - UV-vis (CHCI, or 
hexane/CHCI, = 30:l): I,,, = 384 nm, 323. - CI8Hl4N2Te 
(385.9): calcd. C 56.02, H 3.66, N 7.26; found C 56.00, H 3.56, 
N 7.29. 

Alternatively, compound 5 was prepared by the reaction of 4- 
aminodiphenyl telluride Te, Te-dichloride 4a with nitrosobenzene in 
acetic acid (50 "C, 5 h) leading to 4-phenyltelluroazobenzene Te, Te- 
diacetate 4b, which, without being isolated, was reduced with so- 
dium sulfide to telluro-azo compound 5 in 20Y0 yield. 

Model Reactions for the Synthesis of' the Azo-I,l-Phen- 
ylenelTelluro Polymers 

I .  Reduction of 4-Nitrodiphenyl Telluride (2) with a ZindAlkaIi 
System: A mixture of telluride 2 (360 mg, 1.1 mmol), zinc dust 
(670 mg, 10 mmol), powdered sodium hydroxide (600 mg, 15 
mmol), ethanol (5  ml), and benzene (3 ml) was heated at reflux for 
10 h. Insoluble inorganic solid was removed by filtration and the 
filtrate was concentrated in vacuo. The residue was chroma- 
tographed on silica gel with hexane as the eluent to give 4,4'-bis- 
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(pheny1telluro)azobenzene 3a (100 mg, 31%): - Orange yellow 
crystals, m.p. 130- 134°C (ethyl acetate). - 'H NMR (CDCl,): F = 
7.5-7.9 (m, 12H, aromatic H), 7.2-7.4 (m, 6H, aromatic H). - 
13C NMR (CDCl,): 6 = 113.9, 120.2, 123.6, 128.5, 129.3, 137.3, 

aniline l b  (1.0 g, 11 mmol) and sodium hydroxide (100 mg, 2.5 
mmol) wa: heated at 180°C for 15 min in the presence of molecular 
sieves (4 A). During this period, the reaction mixture turned dark 
red. Usual workup furnished telluride 7 in 38% yield. 

138.9, 151.9. - IR (KBr): 0 = 1470 cm-', 1440, 1390, 1300, 1150, 
1000, 840, 760, 690. - MS (EI), mlz (YO, Te = 130): 594 (11) [M+], 
283 (48), 207 (51), 77 (100). - UV-vis (CHCI,): A,,, = 407 nm, 
330 (sh). - Cz4HI8N2Te2 (589.6): calcd. C 48.89, H 3.08, N 4.75; 
found C 48.02, H 3.16, N 4.84. 

2. Oxidation of Aromatic Amines with a CuCIlO, System. - Typi- 
cal Procedure: A mixture of 4-methylaniline Id (430 mg, 4.0 mmol), 
CuCl (100 mg, 1.0 mmol), and DMA (3 ml) was heated at 
60-80°C for 2 h, while a stream of oxygen was slowly bubbled 
through it. During this period the solution gradually turned red 
and a black solid separated. This polymeric by-product was filtered 
off, washed successively with 10% HCI, water, ethanol, and ethyl 
acetate, and dried. The filtrate was concentrated in vacuo and the 
residue was extracted with ethyl acetate (3 X 20 ml). The combined 
extracts were dried with Na2S04 and the solvent was evaporated 
under reduced pressure to afford a red oil, which was chromatog- 
raphed over silica gel with hexane as the eluent to give 4,4'-di- 
methylazobenzene 3d (220 mg, 52%). - M.p. 140- 144°C (ref.[32] 
145-146°C). - MS(EI), mlz (YO): 210 (26) [M+], 91 (100). 

Polymeric by-product: Yield 120 mg (29% based on polyaniline); 
black powder. - Tg >3OO0C. - IR (KBr): 0 = 3400 cm-', 1650, 
1500, 850, 800, 700. - UV-vis (H2S04): broad absorption at 
300-590 nm. Results of the model oxidative reaction are compiled 
in Table 1. 

3. Reaction of 4-Aminodiphenyl Telluride (la) with Nitrosoben- 
zene: To a solution of telluride l a  (350 mg, 1.2 mmol) in acetic 
acid (5  nil) was added nitrosobenzene (1 30 mg, 1.2 mmol) in one 
portion and the resulting mixture was stirred under argon at room 
temp. The reaction was intermittently monitored by TLC. After 1 
h acetic acid was distilled off under reduced pressure and the resi- 
due was chromatographed on silica gel with hexanelethyl acetate 
(5:l) as the eluent to give azoxybenzene (m.p. 33-34OC, 
33-33.5 "C) in 87% yield. The expected 4-phenyltelluroazobenzene 
5 could not be obtained. A highly polar by-product might be some 
oxidized species of the telluride, but it could not be identified. 

4. Reaction of Bis(4-uminophcnyl) Telluride Te, Te-Dichloride (4c) 
with Nitrosobenzene: To a solution of dichloro telluride 4c (400 mg, 
1.0 mmol) in a mixture of dry acetic acid (20 ml) and ethanol (10 
ml) was added powdered nitrosobenzene (480 mg, 4.5 mmol) in 
one portion at room temp. and the mixture was heated at 50°C for 
5 h under argon. MS spectral inspection of the resulting dark red 
mixture showed a peak at mlz 492 (Te = 130) attributable to bis- 
(phenylazophenyl) telluride. An NMR spectrum of the crude prod- 
uct exhibited signals due to Te-acetate (6 = 1.9) and aromatic pro- 
tons (6 = 7.5-8.2), indicating the ligand exchange between the 
chlorine atom and acetoxy group during the reaction. Addition of 
hexane to the mixture produced a dark red tarry material which, 
on treatment with sodium sulfide in methanol, gave bis(4-phenyl- 
azophenyl) telluride 7 (70 mg, 14%). - Orange crystals, m.p. 
197-202 "C (hexanelethyl acetate/EtOH, 1 :1: 1). - 'H NMR 
(CDCI3): 6 = 7.7-8.1 (m, 12H, aromatic H), 7.4-7.6 (m, 6H,  aro- 
matic H). - 13C NMR (CDCI,): 6 = 119.0, 123.0, 123.8, 129.1, 
131.2, 138.5, 152.3, 152.6. - IR (KBr): 0 = 1480 cm-', 1450, 1380, 

Preparation of Polymers Composed of the Azo I,4-Phenylene and 
Telluro Groups as Backbone Units 

1. Reductive Polymerization (Route a).  - Typical Procedure: A 
mixture of bis(2-methyl-4-nitrophenyl) telluride 6b (410 mg, 1 .O 
mmol), zinc dust (1.3 g, 20 mmol), sodium hydroxide (410 mg, 10 
mmol), ethanol (4 ml), and water (0.5 ml) was heated at 70-80°C 
for 24 h. Insoluble inorganic precipitate was filtered off and washed 
thoroughly with hot chloroform (3 X 100 ml). The filtrate was di- 
luted with hexane (200 ml) and kept at room temp. overnight to 
afford alt-copoly(tel1uro-2-methyl- 1,4-phenylenelaz0-3-methyl- 1,4- 
phenylene) 9d as an orange powdery precipitate (110 mg, 33%). - 
Tg = 135-150°C. - 'H NMR (CDCl3): 6 = 7.1-8.4 (br., 6H, 
aromatic H), 2.4-2.7 (br, 6H,  CH,). - IR (KBr): 0 = 1510 cm-', 
1460, 1340, 1020, 840. - M, = 2 X lo3 (by GPC). Oligomer 9d 
exhibited solvatochromism: A,,, = 392 nm (CHCl,), 372 nm (hex- 
anelCHC1, = 30:l). - (C14HlzN2Te), (335.9),,: calcd. C 50.07, H 
3.60, N 8.34; found C 50.18, H 3.68, N 8.23. 

2. Oxidative Polymerization (Route b). - Typical Procedure: 
Bis(4-aminophenyl) telluride 8a (310 mg, 0.99 mmol) was dissolved 
in a mixture of DMA (2 ml) and CuCl (100 mg, 1.0 mmol) and 
the resulting mixture was heated at 70-80°C in a slow stream of 
oxygen. As the reaction proceeded, the mixture gradually became 
viscous and a black powdery solid began to separate. In order to 
keep the mixture in a state of slurry, additional portions (3 X 0.3 
ml) of DMA were added to the reaction mixture at 4-h intervals. 
After 16 h the mixture was diluted with 10% HCI (25 ml) and 
a black polymeric product was collected by filtration and washed 
successively with 5% aqueous ammonia, water, ethanol, chloro- 
form, and finally ethyl acetate. After each washing, the polymeric 
substance was collected by centrifugation. aZt-Copoly(telluro-1,4- 
phenylenelazo- 1 ,Cphenylene) 9b thus obtained was dried under re- 
duced pressure and stored under argon in the dark. - Yield 
30-69%. - Black powder, Tg >3OO0C. - 'H NMR (soluble part 
in CF3COOH/[2,2,2-D3]acetic acid1TMS): 6 = 7.7-8.5 (aromatic 
H). - 13C CPMAS NMR: 6 = 120- 160 (br., Carom). - IR (KBr): 
0 =  3300 cm-I, 1640, 1590, 1490, 1390, 1000, 820. - UV-vis 
(H2S04): A,,, = 274 nm, 470 (sh), 200-570 (br.). - [q] = 
0.05-0.11. - a - lop5 S cm-' (BrZ 
doping). - (CI2H8N2Te), (307.8): calcd. C 46.83, H 2.62, N 9.10; 
found C 47.44. H 3.42, N 8.66. 

S ern-.' (neutral), 

3. Condensation Polymerization (Route c )  - Typical Procedure: 
A mixture of telluride 6a (180 mg, 0.48 mmol), telluride 8a (210 
mg, 0.67 mmo!), sodium hydroxide (90 mg, 2.3 mmol), and molecu- 
lar sieves (4 A) (pellets, 10 mg) was heated in a sealed tube at 
200-210°C for 3 h. Usual workup provided alt-copoly(telluro-1,4- 
phenylenelazo- 1,4-phenylene) 9c as a dark brownish powder (70 
mg, 20%). - Tg >300"C. - IR (KBr): 5 = 1570 cm-I, 1490, 1470, 
1340, 1290, 1000, 830. - 13C CPMAS NMR: 6 = 120-150 (br., 
C,,,,). - UV-vis (H2S04): h,,, = 500 nm, 426, 213. - [q] = 0.08. 
- o S cm-' (neutral), lop5 S cm-l (Brz doping). - 
(Cl2HXN2Te), (307.8),: calcd. C 46.83, H 2.62, N 9.10; found C 
45.25, H 2.79, N 8.65. 

1290, 1150, 1000, 830, 770, 680. - MS (EI), mlz (%, Te = 130): 4. Condensation Polymerization (Route d). - Typical Procedure: 
492 (17) [M+], 387 (lo), 105 (18), 77 (100). - UV-vis (CHCI,): Bis(4-aminophenyl) telluride Te,Te-dichloride 4c (250 mg, 0.65 
h,,, = 380 nm, 317. - C24H18N4Te (490.0): calcd. C 58.83, H 3.70, mmol) and 1,4-dinitrosobenzene (90 mg, 0.66 mmol) were stirred 
N 11.43; found C 58.93, H 3.89, N 11.27. in a mixture of acetic acid (4 ml) and ethanol (3 ml) in the presence 

This telluride was also accessible by the reaction of telluride 6a of molecular sieves (4 A) (pellets, 20 mg) under reflux for 19 h. 
with aniline: A mixture of nitrotelluride 6a (100 mg, 0.27 mmol), After usual workup, alt-copoly[ Te, Te-diacetoxytelluro-1,4-phen- 
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ylene/bis(azo- 1,Cphenylene)l 10 was obtained as a black solid (100 
mg, 29%). - Tg >300”C. - IR (KBr): 0 = 1600 (C=O) cm-I, 

(CH3COO), 120-150 (C,,,,), 175-185 (CH,COO). - UV-vis 
(H2S04) h,,, = 721, 305 nm. - [q] = 0.09. - o = lo-’ S cm-‘ 
(neutral), - S cm-l (Br2 doping). - (C22H18N404Te)n 
(530.0),: calcd. C 49.86, H 3.42, N 10.57; found C 50.00, H 3.18, 
N 10.55. 

1510, 1290, 1180, 830,770,670. - I3C CPMAS NMR: 6 = 20-30 
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