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ONE way of creating heat-resistant polymers is to synthesize them with a rigid 
chain composed of aromatic and heterocyclic milts. 

A convenient method of producing such polymers is the two-stage synthesis 
in which the first stage produces a linear soluble polymer capable of intramolecular 
ring formation in the second stage. This is the method used to produce such 
highly heat-resistant polymers as polypyromellitimide [1], poly-l,3,4-oxadiazoles 
[2] and others. 

The possibility of applying this method to the synthesis of polybenzoxazoles 
via a poly-o-oxyl)henylamide stage has been demonstrated by several of us in [3], 
and independently by the Japanese authors of [4]. 

The present paper describes different polybenzoxazoles, some relationships 
connected with their formation and their behaviour on thermal degradation. 

By low-temperature condensation of 3,3'-dioxybenzidine with acid dichlorides 
of diearboxylic acids 1~ (COC1)2 in dimethylacetamide, we prepared polyoxamides 
(I, a-e) which, by thermal cyclodehydration were converted to the corresponding 
polybenzoxazoles (II, a-e): 
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t Work presented at the XV CotxfererLce on Macromolecular Compounds, Moscow. 

25-28 January 1965. 

295 



296 G . I .  BRAZet al. 

FHO~% /~/OH ] 
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Polyoxamide (III) was also synthesized by the condensation of 4,4'-dioxy- 
3,3'-diaminodiphenylsulphone with isophthalylchloride, and polybenzoxazole (IV) 
produced from it. Table 1 shows ~/iog of the synthesized I and also III ,  and the 
elementary analysis data. All the polyoxamides were prepared by polyconden- 
sation at approx.. 0 ° and a total concentration of approx. 1 mole/1, for the initial 
components. The yields were approximately quantitative. 
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FIG. 1. Variation in t/log of polyoxamide Ia  in the process of polycondensation. 

TABLE I. FOLYOXAMIDES 

Polyox- 
amide 

I a  

Ib  
Ic 
Id  
IeJ" 

I I I  

t/~og 

0"87 
1"07 
0"69 
0.72 
0.87 
0"50 

Found,  % 

C H 

69.10 4.50 
68.36 4.44 
62.09 3.88 
64.58 4.01 I 
64.43 4-18 
57.56 4.04 

N 

7"64 
7"79 

11"30 
8"27 
6"30 

Formula 

C~,oH1,N~O4 
C.~oHIdN~O4 
CIsHI~,N~,O5 
C19Hl~N304 
CleH,zN204 
C~oH1,N,06S 

Theoretical, 

C H 

69.36 4.05 
69.36 4.05 
64.30 3.57 
65.75 3.75 
64.86 4.06 
58"53 3.49 

% 

N 

8"08 
8"08 
8"33 

12"10 
9"46 
6"83 

* The logarithmic viscosity No. of polymer solutions in concentrated H~SO~ (0"5 g/100 ml solution, 25°). 
# Synthesis carried out in 2"5% solution o f  LiC1 in dimcthylacetamide.  
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On the example of polyoxamide Ia it was established that  ~log rises rapidly 
during the first hour of the pol:~condensation reaction, and then remains prac- 
tically unchanged (Fig. 1). Polyoxamide Ia forms strong transparent flexible 
films and is capable of fibre formation. 

The solubility of the different polyoxamides is given in Table 2. 
The structure of the polyoxamides is confirmed by  the elementary analysis 

data, and also by  comparing their I R  spectra with those of specially synthesized 
model compounds.* 

T A B L E  2 .  S O L U B I L I T Y  O F  P O L Y O X A M I D E S  A T  A P P R O X .  2 0  ° * 

Solvent 

9 6 %  H2SO 4 
Dimethylformamide ÷ 5 % LiC1 
N-methylpyrrolidone 
Dimethylsulphoxide 
Dimethylacetamido 
Dimethylformamide 

Ia 

÷ ÷  
÷ ÷  
÷ ÷  

Ib 

÷ ÷  
÷ ÷  
÷ 

Polyoxamide 

Ic Id I 

I++ ++ 
, ÷÷ ÷÷ 
! + + +  

÷ ÷ ÷  
- ÷ ÷  

÷ ÷  

Io 

÷ ÷  
÷ ÷  

III 

÷ ÷  
÷ ÷  
÷ ÷  
÷ ÷  
÷ ÷  
÷ ÷  

* ÷ + Soluble; + pa r t i a l l y  soluble or swells; -- insoluble.  

Except  for III ,  all the polyoxamides are coloured materials; in some cases 
the colouring is quite intense. For instance, polyoxamide Ib  is bright yellow and 
Ie red. The colouring of the polyoxamides may  be connected with conjugation in 
the macromolecule chain, which might occur via the tautomerie isoamide form 
with formation of a N-conjugated system: 

H0 OH 

/~//] /%/ II| o o --, 
--HN NH--C--~/--C-- --~ 

H0/~ //~/0H 

The ring formation of polyoxamides also seems to take place via the iso- 
amide form. 

Table 3 sets out the conditions of ring formation, ~/log and the elementary 
analysis data. 

Polybenzoxazoles I Ia  and I Ib  are solable in concentrated H~S04 and insoluble 
in amide solvents, even with the addition of LiC1. Polybenzoxazoles I Ic-e  are 
insoluble in concentrated H~SO~, which seems to point to crosslinking in the  
process of ring formation. 

* IR spectra were recorded and discussed by V.P. Bazov. 
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TABLE 3. POLYBENZOXAZOLES 

IIa 
IIb 
IIe 
IId 
IIe 
IV 

Cyclization 
conditions * 

temper- 
ature, time, 

hr °C 

Weight 
loss on 
eycliza- I 

' tion, ~o of i ~/~°g 
theoret - 

ical [ 

350 1"0 100 
360 4"0 98 
360 4"0 92 
350 3"0 98 
350 2"0 97 
280 2"5 93 

0"99 
1"55 

0"51 
J 

Found, ~o 

C H N 

76.30 3"11 8.50 
75"25 3.34 - 
70"36 3"07 - 
71"82 3.24 12.70 
69.78 3"81 9.02 
62"51 3"04 - 

Formula 

C2oHloNsOs 
CaoHloNs0s 
C18HsNsOa 
C19HgN302 
ClsHsN20s 
C~oH,oNs04S$ 

Theoretical, ~o 

C H 

77.40 3-24 
77.40 3-24 
72.00 2.67 
73.30 2.89 
73.80 3.07 
64.16 2.71 

N 

9.0: 
9.0: 
9.31 

13.5( 
10.77 
7.4! 

* Cyclization a t  approx.  10 -a  m m .  
~log of  initial polyoxamide indicated in  Table  1. 
Found ,  %:  S 8"00. Calculated, %:  S 8'56. 

The  s t ruc ture  of  the  lcolybenzoxazoles p repared  is confirmed b y  the  e l ementa ry  
analysis  da t a  and the  I R  spectra .  Comparison of  the  spectra  of  the  polybenzo-  
xazoles and the  corresponding po lyoxamides  shows t h a t  the  absorp t ion  bands  
in  the  3400-3100 cm -1 range have  d isappeared  (valency v ibra t ions  of  bound  
OH-  and  NH-groups)  and also the  1660 cm -1 band  (amide I) af ter  hea t  t r e a t m e n t  
o f  the  polyoxamides ,  and  also shows the  appearance  of  absorp t ion  bands  typica l  
o f  the  benzoxazoles  r ing [5], a t  1630, 1555 and 935 cm -1. Similar changes in the  
I R  spectra  are found  on conver t ing  model  oxyamides  to model  benzoxazoles.  

The polybenzoxazoles  synthesized have  bri l l iant  luminescence.  For  poly-2,2'-  
(m-phenylene)-6,6 ' -dibenzoxazole  (IIa)  the  absorp t ion  band  lies in the  range 
410-580 m/~.* 

Al though in some cases the  weight  loss on the  cycl izat ion of  po lyoxamides  
unde r  the  condit ions indica ted  in Table  3 is the  same as the  theoret ical ,  amide 
uni ts  m a y  never theless  be par t ia l ly  re ta ined  in the  polymer .  For  instance,  af ter  
hea t ing  up to 350 °, where the  weight  loss of  po lyoxamide  Ia  is pract ical ly  the  
same as for to ta l  cyclization, there  still remains  a weak absorp t ion  band around 
1660 cm -1 (amide I )  (Fig. 2 spec t rum 1) in the  II~ spec t rum of  po lymer  I Ia .  
This  band  does not  d isappear  comple te ly  unt i l  the  po lymer  is hea ted  at  420-430 ° 
(Fig. 2, spect rum 2), and it  is a c e o m p m i e d  b y  the  slight l iberat ion of  volat i le  
p roduc ts  consisting of  wate r  vapour  and C02. After  such t r e a t m e n t  I I a  even  
becomes par t ia l ly  soluble in concen t ra ted  H2S04. 

The  the rma l  degrada t ion  of the  polybenzoxazoles  was s tudied at  a residual  
pressure of  10 - a m m  on a hea t  balance wi th  a response of  0.5 rag. 

Polybenzoxazoles  I I a - d  were stable on vacuum hea t ing  to  520-530°; above 
Chis t e m p e r a t u r e  there  was marked  l iberat ion of volat i le  products .  B u t  even  
a f t e r  hea t ing  at  480 ° an absorp t ion  band  a round  1690 cm -1 appeared in the  I R  

* According to R. N. Nurmukhametov. 
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spectrum of the polymer (Fig. 2, spectrum 3), and appears to be associated with 
a partial change in the benzoxazole structure. Apart from this, no other changes 
in the spectrum were found. 

The initial rate of polybenzoxazole degradation at  600 ° is as follows (%/rain): 
I Ia  0.46, IIb 0.34, IIc 2.5, I Ie  (at 546 °) 3.0. 

5" I / 

"/-[me ~ h r  

FiG. 2 :FIG. 3 

:FIG. 2. IR spectra of polybenzoxazole IIa film (spectra recorded on UR-10 speetrophoto- 
meter): 1--1 hr at 350 ° , 2--1 hr at 420-430°; 3--2 hr at 480 ° . 

:FIG. 3. Degradation kinetics of polyberLzoxazole II~: 1-- 571 °, 2-- 599 °, 3-- 610 °. 

The kinetics of thermal degradation at  different temperatures were studied on 
the example of polybenzoxazole IIa. The results are shown in Fig. 3. The rate of 
degradation shows an appreciable reduction after a loss of 15-20~o in weight; 
after a loss of about 25% the degradation almost ceases. 

Calculated from the initial rates, the apparent activation energy of degrada- 
tion is approx. 70 kcal/mole, i.e. commensurate with the binding energy. 

The m~in volatile products of the thermal degradation of polybenzoxazole I Ia  
were identified from the IR  and mass spectra, and found to be CO, C02, H2, 
HCN, C6Hs and CH 4. The formation of methane in the process of thermal degra- 
dation seems to be due to dimethylaeetamide residues in the polymer, which 
were formed at the polycondensation stage by reaction of the end acid chloride 
groups of the polyoxamide with the solvents [6]. 

After degradation (degradation temperature 615 °, weight loss 24-4~o ) the 
residue is g black powder (found, ~/o: C 82.52; H 3.34; N 6.56). The IR spectrum 
has none of the absorption b~nds characteristic of the benzoxazole ring, but there 
are intense bands at 1690 and 1620-1610 cm -4. 
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EXPERIMENTAL 

.~/lod~l compounds. N,N'-di-(o-oxyphenyl)-2,5-furandicarboxamide. A solution of 1.92 g 
(0.176 mole) o-aminophenol in 7 ml dimethylacetamide was put  into a 3-necked flask 
with an  agitator and thermometer,  and at  approx. 20 ° a solution of 1.7 g (0.088 mole) 
2,5-furandiearboxyldiehloride [7] in absolute benzene added dxopwise. The reaction mass 
was stirred for another 5 hr, treated with water and the residue washed with a certain 
amount  of alcohol. The yield was 80~o, m.p. 261-262 ° (from alcohol; the sealed capillary 
tube was lowered at 200°). 

Found,  %: C 64.18; H 4.12. 
C1sI-I14N~Os. Calculated, ~/o: C 64.00; I-I 4.15. 

The following oxamides were synthesized in the same way. N,N'-di-(o-oxyphenyl)- 
isophthalamide, yield 70~/o, m.p. 230 ° (from aqueous alcohol). 

Found,  ~o: C 69.00; H 4.85; N 8.58. 
Cs0H1eNaO 4. Calculated, ~/o: C 69.00; H 4.60; N 8.10. 

N,N'-di-(o-oxyphenyl)terephthalamide, yield 89~o, m.p. 294-295 ° (from pyridine; 
sealed capillary tube lowered into apparatus at  250 ° *). 

Found,  ~o: C 68.99; H 4.71. 
C~0I-IleN~O 4. Calculated, ~o: C 69.00; H 4.60. 

N,N'-di-(o-oxyphenyl)fumaramide, yield 95~o, m.p. 251-252 ° (from alcohol; capillary 
lowered at 220°). 

Found,  ~o: C 64.62; H 4-78. 
CleH~dNaOd. Calculated, ~o: C 64.42; H 4.73. 

N,N'-dibenzoyl-3,3'-dioxybenzidine, yield 76~/o, m.p. 308-309 ° (from pyridine; capillary 
lowered at  300 °*). 

Found,  %: C 73.52; I-I 4.83; N 6.02. ' 
C2eH20N~O 4. Calculated, ~o: C 73.56; H 4.71; N 6.63. 

N,N'-di-(furoyl-2)-3,3'-dioxybenzidine, yield 86~o, m.p. 319-320 ° (from m-cresol; 
capillary lowered at  298 ° *). 

Found,  ~o: C 65.72; I-I 4,19; N 6.84. 
C~HIeN20 e. Calculated, %: C 65.40; H 3.96; 1~ 6.94. 

N,N'-dinicotinoyl-3,3'-dioxybenzidine, yield 86~o, m.p. 292-294 ° (from pyridine; 
capillary lowered at 275 ° *). 

Found,  ~/o: C 67.69; H 4.51. 
C~dHlsNdO 4. Calculated, %: C 67.70; H 4.22. 

Cyclization of N,N'-di-(o-oxyphenyl)-2,5-furandicarboxamide. 0.22 g oxamide was 
heated for 4 hr in an  ampoule at  300 °. Yield of unpurified 2,5-di-(benzoxazolyl-2)furan 72%, 
m.p. 240-242 ° (from dioxane). 

Found,  %: C 71.49; H 3-46. 
ClsH10N~O S. Calculated, ~o: C 71.50; t t  3-32. 

Synthesized in the same way: 1,3-4i-(benzoxazolyl-2)benzene, yield 89~o, m.p. 233-234 ° 
(from 4ioxane), from published data m.p. 229-230 ° [8]; 2,2'-diphenyl-6,6'-dibenzoxazole, 
yield of unrefined material 78~o, m.p. 248-249 ° (from benzene); published .data on m.p. 
249-250 ° [9]. 

* Rate  of temperature rise 4-5°/rain. 
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Polyoxamides. Poly-3,3'-di-oxydiphenylisophthalamide (Ia). To a solution of 0.500 g 
(0.00232 mole) 3,3'-dioxybeazidine [10] in 5 ml dimethylacetamide at  0 ° agitated in an argon 
atmosphere, 0.470 g (0.00232 mole) isophthalylchloride was poured in all at once. Stirring 
was continued at  the same temperature for 2 hr. To separate the polymer, the reaction 
mixture was heated unt i l  a t ransparent  viscous liquid was formed and a thin layer was 
deposited on glass plates which were then immersed in water. The polymer separated as th in  
transparent  films which were washed in water unt i l  free from C1- ions, then washed in 
methanol and vacuum dried at 100 ° to a constant  weight. 

Polyoxamides I b - d  and I I I  were synthesized in the same way (Table 1). 
Polybenzoxazoles. Poly-2,2"(m-phenylene)-6,6'-dibenzoxazole (IIa). 0.1006 g poly- 

oxamide Ia  was heated for 1 hr at 120°/10 -3 ram; 0.0045 g sorbed moisture was removed 
as a result. Then the specimen was kept for 1 hr at 350°/10 -s ram; weight loss 0.010 g. 

Polybenzoxazoles I I b - e  and IV (Table 3) were prepared in the same way. 

CONCLUSIONS 

(1) P o l y o x a m i d e s  h a v e  b e e n  p r e p a r e d  b y  t h e  l o w - t e m p e r a t u r e  p o l y c o n d e n s a -  

t i o n  of  3 , 3 ' - d i o x y b e n z i d i n e  a n d  4,4 ' -dioxy-3,3 ' -diaminodiphenylsulphone w i t h  

ac id  d ich lor ides  of  d i e a r b o x y l i c  ac ids  in  d i m e t h y l a c e t a m i d e ,  a n d  t h e n  c o n v e r t e d  

to  t he  c o r r e s p o n d i n g  p o l y b e n z o x a z o l e s  b y  t h e r m a l  e y c l o d e h y d r a t i o n .  

(2) T h e  p o l y b e n z o x a z o l e s  p r e p a r e d  a re  s t ab l e  w h e n  v a c u u m  h e a t e d  to  

52 O-530 ° . 

Translated by V. A~]~oRD 
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