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Polyurethanes were synthesized by condensation of diamino deriva~es 
of bis-l,a,4-oxadiazole with chloroformates, and polyurea urethanes 
were synthesized from diamino derivaties of bis-1, 3.4-oxadiazole, 
diisocyanates, and ethylene glycol in a solution of dimethylforma- 
mide. Certain properties of these compounds were studied. 

Recent ly  i n c r e a s i n g  a t tent ion has been  devoted to 
p o l y m e r s  containing 1, 3, 4-oxadiazole  r ings  [1-7].  
The polyoxadiazoles  a re  be ing s tudied because  of 
the fact  that, in  addi t ion to the ease  with they can be 
synthes ized ,  the po lymer s  obtained posses  the capa-  
ci ty to fo rm highly t h e r m o r e s i s t a n t  f i lms  and f ibe r s  
which a re  light s tab le  and chemica l ly  s table  [1, 3, 61. 

This study is  devoted to the syn thes i s  of p o l y u r e -  
thanes  and po lyurea  u re thanes  conta in ing  1, 3, 4 - o x a -  
diazole r ings .  Po lyure thanes  a re  syn thes ized  by con -  
dens ing  d iamino de r iva t i e s  of b i s - 1 ,  3, 4-oxadiazole  
(I) with d i ch lo ro fo rma tes  (II) in  a med ium of d ry  d i -  
me thy l fo rmamide  accord ing  to the scheme 
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The r eac t ion  r ead i ly  p roceeds  with a yie ld  of po ly-  
m e r s  close to the quant i ta t ive  yie ld  at a t e m p e r a t u r e  
of 5 - 1 0  ~ C. An i n c r e a s e  in r eac t i on  t e m p e r a t u r e  leads 
to the fo rma t ion  of p o l y m e r s  with a lower m o l e c u l a r  
weight. 

Dur ing  the syn thes i s  of po lyurea  u re thanes  at f i r s t  
a r eac t ion  occured  between the d iamino  de r iva t ives  (I) 
and the d i i socyana tes  (IV) in  a m o l a r  ra t io  of 1 : 2 
with the fo rma t ion  of p roducts  (V), conta in ing t e r m i n a l  
i soeyana te  groups.  Dur ing  the i n t e r ac t i on  be tween 

compounds V and e thylene  glycol  the co r r e spond ing  
po lyurea  u re thanes  (VI) a re  fo rmed:  
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n = 2, 3, 4 ; R = (CH2)  6, I, 4 -C6H 4 �9 2, 4-CH3C6H 3' 4, 4 ' -CSl l4CPI2CsH 4 

Analogous compounds VI were  obtained f rom c o m -  
pounds I and products  of the i n t e r ac t i on  between d i i so -  
cyana tes  and ethylene glycol.  As r e ga r ds  the syn thes i s  
of the po lyurea  ure thane  f rom 1 ,4-phenylene  d i i s o -  
cyanate ,  this  was found to be the only sui table  method, 
as the product  of the in t e rac t ion  be tween 1 ,4-phenylene 
d i i socyana te  and compound I is v e r y  s l ight ly  soluble in 
d ime thy l fo rmamide .  

On examina t ion  of the data p r e sen t ed  in the tables ,  
it is apparen t  that the change in length of the hydro-  
ca rbon  chain in  the polyure thane  molecule  has a lmos t  
no effect e i the r  on the d i s soc ia t ion  t e mpe r a t u r e  or  on 
i ts  mo l e c u l a r  weight. Introduct ion of the u rea  groups 
into the polyurethane i n c r e a s e s  the d i s soc ia t ion  t e m -  
p e r a t u r e  of the po l yme r  by approx imate ly  100 ~ C. The 
logar i thmic  v i scos i ty  in concen t ra ted  su l fur ic  acid is  
somewhat  lower in compar i son  with the v i scos i ty  in 
m - c r e s o l ,  apparen t ly  because  of the pa r t i a l  d e s t r u c -  
t ion of po lyurea  u re thanes  in concen t ra ted  su l fur ic  
acid. 

The po lyure thanes  and polyurea  u re thanes  obtained 
are  co lo r l e s s  powders ,  a lmos t  insoluble  in organic  
solvents .  In a solut ion of d ime thy l fo rmamide  they 
luminesce  in  u l t r av io le t  light. 

Table t 
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D i s s o c i a t i o n  r} 
t e m p e r a t u r e  i ! 

E m p i r i c a l  f o r m u l a  

210--220 0.22 (C=2H~sN6Os) x 
138-- 145 0.32 (C23Hs0N60~) x 
145--150 0.36 J (C24H2~N~O6) x 
154--160 0.12 I (C25H24N'sO~) x 
120--130 i 0.44 i (C2~H26NsO~)x 

N, % 
I 

f o u n d  I c a l c u l a t e d  

18.36 18.17 
17.83 17.64 
17.09 17.12 
16.71 16.66 
16.31 16.21 

Y i e l d ,  % 

94 
95 
96 
97 
98 
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(CH~)6 
2,4-CH3C6H~ 
2,4-CH3C6H3 
1,4-C6H4 
1,4-C6H4 
t,4'-C~H4CH2C~H4 

Dissociation tratedC~ q 
n temperature H2SO4 

2 256--260 0.22 
3 218 230 0.32 
4 197--200 0.28 
2 200--265 ~.'I 
4 216--220 
2 329--336 
4 310--320 - -  

I 4 I 235--240 

m -  
c r e s o l  

0.39 
0.32 
0,36 
0,18 
0.21 
0.24 
0.17 
0.43 

Empirical formula 

(Ca6H46N~0Os)~ 
(CaTH~sN~oOs)x 
(CssHsoNmO~)~ 
(CasHa4NL00~)x 
(C40HsaNl0Oa)x 
(Ca6HaoNloOs)x 
(C3~H3#N,oOs)~ 
(Cs~H46NioO8)x 

X, % 

found cu- 

18.74 I8.78 
18.76 18.41 
18.2l 18.10 
18,28 18,48 
17.68 17.84 
19,01 19.17 
18.20 18.46 
15.20 14.91 

Y i e l d ,  
% 

95 
93 
91 
92 
94 
89 
91 
92 

EXPERIMENTAL 

Polyurethanes (III). A 0.002 mole quantity of the diamino deriv- 
ative of bis- 1, 3,4- oxadiazole (I) [8] in 20 ml of dry dimethyIforma- 
mide in the presence of 0.5 ml pyridine in a triple-necked 50 ml-flask 
provided with a mechanical shaker, a calcium chloride tube, and 
dropping funnel was cooled to 5-10 ~ C, and during vigorous agitation 
and cooling a soIution of 0.002 mole dichloroformate in 3 ml of dry 
dimethylformamide was added. The reaction mixture was maintained 
at 5-10~ for 3 hr, and poured into a tenfold volume of water, after 
which the product was removed by filtration and dried in a vacuum 
desiccator over phosphorus pentoxide. The polymers were purified by 
reprecipitation from solution in dimethylformamide with methanol 
or ether. 

Dissociation temperatures, logarithmic viscosity in m-cresol at 
25 :~ 0.05 ~ C, and data of the analyses and yields of the synthesized 
polyurethanes are presented in Table 1. 

Condensation between Compounds I and Ditsocyanates (IV). A 
0.001 mole quantity of 1, 4-bis[2-(5-m-aminophenyl-1, 3, 4-oxadia- 
zolyl)l butane was dissolved at room temperature in 12.5 ml dry 
dimethylformamide in a triple-necked 25 ml-flask provided with a 
mechanical shaker, a calcium chloride tube, and a dropping funnel. 
After 30 rain a solution of 9.002 mole 1, 6-hexamethyiene diiso- 
eyanate in 3 ml dry dimethylformamide was added. The reaction 
mixture was heated to 60-65 ~ C, and agitated for 4-5 hr (during the 
reaction between compound I and 2, 4-toluylene diisocyanate the 
mixture was stirred without heating), half of the dimethylformamide 
was sublimed under vacuum in a current of dry nitrogen, and the 
residue was poured into 25 ml of dry benzene. The precipitated pro- 
duct was removed by filtration in a current of nitrogen and dried in a 
vacuum desiccator over phosphorus pentoxide. A colorless compound 
(V) was obtained with a dissociation temperature of 254-256 ~ C, con- 
taining isocyanate groups at the ends of the molecule. When this 
compound was treated with the hydrazide of formic acid, a substance 
was formed with a yield of 96.3% and a melting point of 148-150 ~ C. 
Found, %: N 23.23. Calculated for CssH~sNI4Os, %: N 23.56. 

By an analogous manner other compounds V were obtained. As 
compounds V are formed in a sufficiently pure form with a quantita- 
tive yield, during their isolation from the reaction medium it is not 
essential to obtained the corresponding poIyurea urethanes. 

Polyurea urethanes (VD. A. A 0.001 mole quantity of ethylene 
glycol in 3 ml dimethylformamide was added dropwise to a solution 
of 0.001 mole diisocyanate (V) in 15 ml dimethylformamide. The 
product of the reaction was removed by filtration and dried in a vac- 
uum desiccator over phosphorus pentoxide. Compounds (VI) were 
purified by boiling in dimethylformamide and reprecipitation from a 
solution in dimethylformamide by methanol. 

B. A 0.002 mole quantity of 1, 4-phenylene diisocyanate in 20 ml 
of dry dimethylformamide was placed in a triple-necked 50 ml- flask 

provided with a mechanical stirrer, a calcuim chloride tube, and a 
dropping funnel, and filled with nitrogen. During constant stirring a 
solution of 0.001 mole of ethylene glycol in 5 ml dimethylformamide 
was added dropwise. The reaction mixture was heated to 60-70 ~ C, 
maintained for 4-5  hr, and after 30 min a solution of 0.001 mole 
diamine (I) in i0 ml dimethylformamide was added. The mixture was 
stirred for a further 5 hr and poured into a fivefold excess of water. 
The precipitate polymer was removed by filtration and dried in a 
vacuum-desiccator over phosphorus pentoxide. 

The polymer from 1, 4-bis[2-(5-m-aminophenyl-1, 3, 4-oxadia- 
zolyl)]butane, 1, 6-hexamethylene diisocyanate, and ethylene glucoi 
was synthesized in an analogous manner. The yield, analyses and 
physicochemical constants correspond to those of the poiymer obtained 
by method A. 

In Table 2 are presented the dissociation temperatures, loga- 
rithmic viscosity in sulfuric acid and m-cresoI, data of the analyses, 
and yields of the synthesized compounds VI. 
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