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Synopsis 

A convenient method for the synthesis of poly(l,3,4-oxadiazole)s of high molecular weights has 
been developed. These polymers were prepared readily by the direct polycondensation of di- 
carboxylic acids with hydrazine sulfate (1) using phosphorus pentoxide/methanesulfonic acid 
(PPMA) as both a condensing agent and solvent. Polycondensation of aliphatic dicarboxylic acids 
with 1 proceeded even at  rmm temperature and produced poly(l,3,4-oxadiazole)s with inherent 
viscoSities up to  1.4 dL/g. The synthesis of aromatic poly(l,3,4-oxadiazole)s from aromatic 
dicarboxylic acids containing phenyl ether structures was carried out by a one-pot procedure 
because the preactivation of dicarboxylic acids was required. The synthesis of 2,5-disubstituted- 
1,3,4-oxadiazoles by the reaction of carboxylic acids with 1 in PPMA was studied to demonstrate 
the feasibility of the reaction for polymer formation. The thermogravimetry of the aromatic 
poly(l,3,4-oxadiazole)s showed 10% weight l m  both in air and in nitrogen at 440-490°C. 

INTRODUCTION 
Poly(l,3,4-oxadiazole) is one candidate for high temperature/flame- 

resistant fibers and films. Recently, poly( p-phenylene-l,3,4-oxadiazole)s have 
shown promise as conducting polymers by the high temperature thermal 
treatment under argon.' They are prepared by three major methods: 
cyclodehydration of polyhydrazides, polycondensation of dicarboxylic acids or 
their derivatives with hydrazine sulfate in poly(phosph0ric acid) (PPA) or 
fuming sulfuric acid(oleum), and self-polymerization of dihydrazides in PPA 
or oleun2 The second method is widely used to obtain polymers in one step, 
where PPA is the preferred medium for the synthesis of aliphatic 
poly(oxadiazole)s, but oleum is much preferred for making fully aromatic 
polymers. 

Developing efficient and mild methods for the synthesis of condensation 
polymers continues to be a significant aspect of synthetic polymer chemistry. 
Our studies on the synthesis of condensation polymers by the direct procedure 
in phosphorus pentoxide/methanesulfonic acid (PPMA) in a weight ratio of 
1 : 10 have revealed that PPMA is a suitable condensing agent and solvent for 
the preparation of polyQcetone)~,~ p~ly(ether-sulfone),~ and heterocyclic poly- 
mer~ .~- '  
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In our continuing investigation of the versatility of this method, we now 
report a successful synthesis of poly(l,3,4-oxadiazole)s by the direct polycon- 
densation of various dicarboxylic acids with hydrazine sulfate (1) in PPMA. 

EXPERIMENTAL 

Materials 

The reagent PPMA was prepared according to the reported procedure.' 
Reagent grade substituted benzoic acid (2), hydrazine sulfate (l), and 
terephthalic acid (49 were used as received. Other dicarboxylic acids (4) were 
purified by recrystallization. 4,4'-Oxydibenzoic acid (4h) was prepared by the 
reaction of diphenyl ether with oxalyl chloride in carbon disulfide, Recrystalli- 
zation from acetic acid yielded white crystals: mp 337°C (by DTA) (lit.' 
331-333°C). 4,4'-( p-Pheny1enedioxy)dibenzoic acid (4i) was prepared through 
oxidation of 44'-( p-pheny1enedioxy)ditoluene with potassium permanganate 
in pyridine-water. Recrystallization from dioxane gave white crystak mp 
335°C (by DTA) (lit." 331-333°C). 

Model Reaction 

Typical examples are as follows: 
2,5-Diphenyl-1,3,4-oxadiazole (3a) was prepared as follows. A mixture 

of 1 (0.357 g, 2.75 mmol) and 2a (0.610 g, 5.0 mmol) in the reagent PPMA 
(5.0 mL) was stirred at 80°C for 30 min. The solution was poured into water 
(300 mL) and neutralized with sodium carbonate. The product was fil- 
tered, washed with water, and dried. The yield was 0.535 g (96%). Recrystal- 
lization from ethanol produced white plates, mp 142.5-143"C(lit.l1 138°C). 
The IR spectrum (KBr) showed absorptions at 1600 (rC=N), 1020 and 
960 cm-' (vC-0-C). 
2,5-Bis( p-nitrophenyl)-l,3,4-oxadiazole (3b) was prepared by reacting 1 and 

2b for 2 h as described above. The yield was 96%. Recrystallization from 
dioxane gave pale yellow needles: mp 313°C (by DTA) (lit." 309-311°C). 

Polymer Synthesis 

Typical examples are as follows: 
Polymer (6g) was prepared from 1 and 4g as follows. A mixture of 1 (0.156 g, 

1.2 mmol) and 4g (0.166 g, 1.0 mmol) in PPMA (2 mL) was stirred at 80°C for 
24 h. The solution was poured into water and neutralized with sodium 
carbonate. The polymer was filtered, washed with water, and dried in vacuo at  
100°C for 2 days. The yield was 0.141 g (98%). The inherent viscosity of the 
polymer in concentrated sulfuric acid was 0.73 dL/g, measured at a concentra- 
tion of 0.2 g/dL at  30°C. The IR spectrum (KBr) exhibited absorptions at 
1605 (vC=N), 1060, and 960 cm-l (vC-0-C). 
ANAL. Calcd for (C,H,N,O),: C, 66.67%; H, 2.80%; N, 19.44%. Found: C, 66.7%; H, 3.0%; N, 

Polymer (6h) was prepared from 1 and 4h as follows. Dicarboxylic acid (4h) 
(0.258 g, 1.0 mmol) was stirred in PPMA for 1 h at 140°C under nitrogen. 
Then, this solution was cooled to room temperature, and 1 (0.156 g, 1.2 mmol) 

19.2%. 
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was added to this solution. The mixture was stirred at 80°C for 2 h. The 
viscous solution that resulted was diluted with methanesulfonic acid and 
poured into water. The polymer was isolated as described above. The polymer, 
obtained in quantitative yield, has the inherent viscoSity of 0.76 dL/g in 
concentrated sulfuric acid (0.2 g/dL at  30°C). The IR spectrum (KBr) showed 
absorptions at  1595 (vC=N), 1005 and 950 cm-' (vC-0-C). 

ANAL. Calcd for (C,,H,N,O, . 1/2H,O),: C, 68.57%; H, 3.70%; N, 11.42%. Found. C. 68.9%; H, 
3.9%; N, 9.9%. 

RESULT AND DISCUSSION 

Made1 Reaction 

Hitherto, no details have been reported on the synthesis of 2,5-disubsti- 
tuted-l,3,4-oxadiazoles (3) by the reaction of hydrazine sulfate (1) with 
carboxylic acids (2) in PPMA. Therefore, we first studied the reaction of 1 
with benzoic acid (2a) over a temperature range 25-80°C. The reaction was 
performed by dissolving 1 and 2a in PPMA. After the reaction was complete, 
the solution was poured into water, neutralized with sodium carbonate, and 
the crude product was filtered. 

These preliminary experiments showed that the reaction proceeded even at 
room temperature and gave 2,5-diphenyl-1,3,4-oxadiazole (3a) quantitatively 
after 4 h. The condensation was also completed in 30 min at 80"C, and 5 mL 
of PPMA was found to be enough for the reaction on a 2.5 mmol scale based 
on 1. 

On the basis of these results, various oxadiazoles 3 were prepared [eq. (l)]. 

/O\ 
(1) 

HZN-NHZ * HZSO, + 2R-C-OH P ~ M A  R-C C-R 
II II I 1  
0 N-N 

1 2 3 

The data summarized in Table I indicate that the reagent PPMA acts as 
both a very strong condensing agent and solvent and gives good yields 

TABLE I 
Synthesis of 2,5-Diaryl-1,3,4-0xadiazoles in PPMA 

Reaction conditions product 
Acid Type Temp. Time Type Yield 

RCOOH ("C) (I) 

c6H6- 2a r.t. 240 3a 90 
c6H6- 2a 80 30 3a 96 
4-NOz-CeH4- 2b 80 120 3b 96 
4-Cl-GH4- 2c 80 30 3c 91 
4-CHa-CsH4- 2d 80 30 3d 98 
4-CHaO-GH4- 28 80 30 3e 44 

Note: Reaction was carried out with 2.75 mmol of hydrazine sulfate 1 with 5.0 mmol of 
carboxylic acid in 5 mL of PPMA. 
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of oxadiazoles 3 under mild conditions. The synthesis of 2,5-bis(p- 
nitrophenyl)-l,3,4-oxadiazole (3b) required 2 h at 80°C because of low solubil- 
ity of p-nitrobenzoic acid (2b) in PPMA. p-Methoxybemic acid (2e) appears 
to be resistant to oxadiazole formation. The condensation of 2e with 1 gave 
only a low yield of the 2,5-bis(p-methoxyphenyl)-lY3,4-oxadiazole (3e). These 
results are in contrast to those on the synthesis of benzazoles by the reaction 
of 2 with nucleophiles in PPMA, in which the reactivity of 2 tends to increase 
with electron-donating groups and decrease with electron-withdrawing ones, 
because the reaction intermediate may be the acylium ion, which is destabi- 
lized by electron-withdrawing substituents. These observations suggest that 
the active intermediates on the formation of oxadiazole in PPMA are the 
carboxylic-sulfonic anhydride rather than the acylium ions, becaw the reac- 
tivity of the carboxylic-sulfonic anhydride toward nucleophiles is increased by 
the inductive effects of electron-withdrawing groups. 

The structures of oxadiazoles 3 were confirmed by IR, 'H-NMR spectra, 
and melting points. 

Polymer Synthesis 

In order to determine the optimum conditions for polycondensation, the 
polycondensation of 1 with sebacic acid (4c) was studied. Table I1 lists the 
effect of the amount of 1 on the polycondensation that was performed with 
1 mmol of 4c at lW0C for 3 h. A 10 mol % solution of 1 based on 4b was 
appropriate. 

The effect of the amount of PPMA on the polycondensation was studied at  
100°C for 3 h. The results are shown in Table 111. Two mL of PPMA was 
found to be appropriate for the reaction on a 1.0 mmol scale. Table IV 
sulllllI18zize8 the dependence of the inherent viscoSity of the resulting polymer 
on the reaction temperature. The polycondensation at  80°C gave polymer 
with an inherent viscoSity as high as 1.3 dL/g in 3 h. The polycondensation 
proceeded in clear solution at the temperature lower than 1W0C, but over 
120°C the solution became faint brown to brown, probably because of some 
side reaction such as the decomposition of 1. 

TABLE I1 
Effect of Amount of 1 on Polycondensation 

Mole ratio 
1/4c 

1 
1.05 
1.1 
1.15 
1.2 

87 
93 
93 
93 
93 

0.28 
0.33 
0.50 
0.44 
0.43 

Note: Polycondensation was carried out with 1.0 mmol of 4c in 5 mL of PPMA at 100°C for 

"Measured at a concentration of 0.2 g/dL in concentrated sulfuric acid at 30°C. 
3 h. 
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TABLE 111 
Effect of Amount of PPMA on Polycondensation 

Polymer 

Amount of PPMA Yield %ha 

(mL) (W) (dL/g) 

1 
2 
3 
5 
7 
10 

87 
97 
92 
93 
91 
89 

0.17 
1.2 
0.89 
0.50 
0.35 
0.30 

Note: Polycondensation was carried out with 1 mmol of 4c at 100°C for 3 h. Mole ratio of 

aMeasured a t  a concentration of 0.2 g/dL in concentrated sulfuric acid at 30°C. 
1/4c = 1.1. 

TABLE IV 
Effect of Readion Temperature on Polycondensation 

Polymer 

Temperature 
("C) 

Yield 
(W) 

60 
80 
100 
120 
140 

92 
98 
97 
99 
97 

0.98 
1.3 
1.2 
0.38 
0.24 

Note: Polycondensation was carried out with 1 mmol of 4c in 2 mL of PPMA for 3 h. Mole 

"Measured at a concentration of 0.2 g/dL in concentrated sulfuric acid at 30°C. 
ratio of 1/4c = 1.1. 

On the basis of these studies, the direct polycondensation of various 
dicarboxylic acids 4 with 1 was carried out in PPMA [eq. (2)]. 

1 + HO-C-R-C-OH 
I I  
0 

II 
0 

4 
R: a, -(CH2)6-; b, -(CH2),-; c, -(CH&; d, -(CH2)1,,-; 

The results are summarized in Table V. The polycondensation from aliphatic 
or alicyclic dicarboxylic acids proceeded even at mom temperature and gave 
quantitative yields of polymer (6) with inherent viscosities up to 1.4 dL/g. 

In the synthesis of polybenzazoles in PPMA, isophthalic acid (4g) and 
terephthalic acid (40 could not be used as aromatic dicarboxylic acids because 
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TABLE V 
Preparation of Poly(l,3,4-oxadiazole)s in PPMA‘ 

Reaction conditions Polymer 
Dicarboxylic acid Time Temp. Yield qinha 

HOOC - R-COOH 5 P e  Q (“C) Type (‘k) (dL/g) 

4a 
4a 
4b 
4b 
4c 
4c 
4d 

96 
3 

96 
3 

96 
3 
3 

r.t. 
80 
r.t. 
80 
r.t. 
80 
80 

6a 
6a 
6b 
6b 
6c 
5c 
6d 

89 
91 
94 
90 
98 
98 
98 

0.74 
1.1 
1.0 
1.3 
1.4 
1.3 
0.68 

4e 96 r.t. 6e 98 1.4 

3 80 96 4e 6e 1.4 

4f 24 80 6f 99 1.1 

wb 4g 24 80 98 0.73 

4h 24 80 6h 99 0.37 

4h 48 100 6h 99 0.34 

Note: Polycondensation was carried out with 1 mmol of 4 in 2 mL of PPMA. Mole ratio of 

“Measured at a concentration of 0.2 g/dL in concentrated sulfuric acid at 30OC. 
bMole ratio of 1/4 = 12. 

1/4 = 1.1. 

of the instability of their intermediates. But in the synthesis of polyoxadia- 
zoles, it was not difficult to form polymers with high molecular weights, as 
would be expected from the reaction mechanism of model reaction. On the 
other hand, the polycondensation of 1 with 4,4‘-oxy-di@enzoic acid) (4h), 
which was used successfully as a dicarboxylic acid to prepare high molecular 
weights of polybenzazoles, produced polymer of low molecular weight. The 
synthesis of aromatic polybenzazoles from aromatic dicarboxylic acids con- 
taining phenyl ether structures usually has been carried out at around 140OC. 
However, temperatures higher than 120°C might be undesirable for the 
stability of 1 in PPMA. Therefore, a one-pot procedure was studied. This 
procedure involves two separate steps: (1) “activation” of the carboxyl compo- 
nent, i.e., generation of the active intermediate, and (2) condensation of this 
activated carbony1 intermediate with 1. The effect of the activation tempera- 
ture on the polycondensation is shown in Table VI. The inherent viscoSity of 
the polymer reached its highest value at the activation temperature 140OC for 
1 h. This method also was applied successfully to the polymer 6i from 
4,4’-( ppheny1enedioxy)dibenzoic acid (4i). 
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TABLE VI 
Preparation of Poly(l,3,4-oxadiazole)s 5h and Si in PPMA 

Reaction conditions Polymer 
Dicarboxylic Acid Activation Time Temp. Yield qinha 

HOOC-R-COOH Type Temp.("C) 01) ("C) Type (dL/g) 

4h 100 3 100 5h 99 0.42 

4h 140 2 80 5h 99 0.76 

4h 140 2 100 5h 99 1.1 

*a- 
+-@ 

140 2 80 5i 99 0.91 4i 

Note: Polycondensation was carried out 1.0 mmol of 4 in 2 mL of PPMA. Mole ratio of 

"Measured at a concentration of 0.2 g/dL in concentrated sulfuric acid at 30°C. 
1/4 = 1.2. Activation time: 1 h. 

Polymer Characterization 

The polymers were defined as poly(l,3,4-oxadiazole)s 5 by comparing their 
IR spectra with those of model compounds. IR spectra showed a C=N 
stretching at around 1600 cm-' and characteristic absorptions at around 1020 
and 950 cm-' owing to =C-0-C= stretching. Elemental analyses also 
supported the formation of the expected polymers. 

The aliphatic poly(oxadiazo1e)s were white solids. They were readily soluble 
in concentrated sulfuric acid, methane-sulfonic acid, tetrachloroethane, and 
chloroform at room temperature and soluble in polar aprotic solvents and 
rn-cresol on heating. On the other hand, aromatic poly(oxadiazo1e)s were 
brown solids and soluble only in strong acids. However, polymers 5h and 5i 
containing phenyl ether linkage were soluble both in strong acids and in polar 
aprotic solvents. 

TABLE VII 
Thermal Stability of Poly(l,3,4-oxadiazole)s 

Decomposition temperature" 
("C) 

Polymer In-air In nitrogen 

5c 
60 
5f 
5g 
5h 
5i 

335 
405 
490 
455 
445 
440 

400 
415 
490 
460 
450 
440 

*Temperature at which a weight loss of 10% was recorded by TG at a heating rate of 5"C/min. 
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Thermal stability of the polymers 5 were evaluated by thermogravimetry 
(TG). The thermal decomposition temperatures for these polymers are shown 
in Table VII. The good thermal stability of the aromatic polyoxadiazoles is 
comparable to that reported in the literat~re. '~ 

In summary, our studies indicate that poly(l,3,4-oxadiazole)s with high 
molecular weights are readily prepared by the direct or one-pot polycon- 
densation of hydrazine sulfate 1 with dicarboxylic acids 4 in PPMA as both 
condensing agent and solvent. This method is advantageous to the formation 
of poly(l,3,4-oxadiazole)s because of the rapidity and simplicity of the reac- 
tion and milder reaction conditions compared with conventional methods. 

The authors ace indebted to  Mr. Sadao Kato for performing the elemental analyses. 
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