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Polywethanes were synthesized by condensation of diamino derivates
of bis-1, 3,4-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.

Recently increasing attention has been devoted to
polymers containing 1, 3, 4-oxadiazole rings [1-7].
The polyoxadiazoles are being studied because of
the fact that, in addition to the ease with they can be
synthesized, the polymers obtained posses the capa-
city to form highly thermoresistant films and fibers
which are light stable and chemically stable [1, 3, 6].

This study is devoted to the synthesis of polyure-
thanes and polyurea urethanes containing 1, 3, 4-oxa-
diazole rings. Polyurethanes are synthesized by con-
densing diamino derivaties of bis-1, 3, 4-oxadiazole
{I) with dichloroformates (II) in a medium of dry di-
methylformamide according to the scheme
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The reaction readily proceeds with a yield of poly-
mers close to the quantitative yield at a temperature
of 5-10° C. An increase in reaction temperature leads
to the formation of polymers with a lower molecular
weight,

During the synthesis of polyurea urethanes at first
a reaction occured between the diamino derivatives (I)
and the diisocyanates (IV) in a molar ratio of 1 : 2
with the formation of products (V), containing terminal
isocyanate groups. During the interaction between
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compounds V and ethylene glycol the corresponding
polyurea urethanes (VI) are formed:
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Analogous compounds VI were obtained from com-
pounds I and products of the interaction between diiso-
cyanates and ethylene glycol. As regards the synthesis
of the polyurea urethane from 1,4-phenylene diiso-
cyanate, this was found to be the only suitable method,
as the product of the interaction between 1,4-phenylene
diisocyanate and compound I is very slightly soluble in
dimethylformamide.

On examination of the data presented in the tables,
it is apparent that the change in length of the hydro-
carbon chain in the polyurethane molecule has almost
no effect either on the dissociation temperature or on
its molecular weight. Introduction of the urea groups
into the polyurethane increases the dissociation tem-
perature of the polymer by approximately 100° C. The
logarithmic viscosity in concentrated sulfuric acid is
somewhat lower in comparison with the viscosity in
m-cresol, apparently because of the partial destruc-
tion of polyurea urethanes in concentrated sulfuric
acid.

The polyurethanes and polyurea urethanes obtained
are colorless powders, almost insoluble in organic
solvents. In a solution of dimethylformamide they
luminesce in ultraviolet light.

Table 1
2 O
—HN- J~C, o (C“zln*CO,C‘ ! —~NHOCO—(CHy), —0CO—~ |
i

| N, %

n ‘ m Dissociation n Empirical formula [ Yield, %
temperature ! found calcuiated

| o | ,
2 02 210—220 | 0.22 ! (CaoHsNO¢) x i 1836 : 18.17 94
3 2 138—145 0.32 (CasHaoNgOs) ¢ 17.83 17.64 95
4 2 145150 0.36 | {C2sH2aN:O6) x 17.09 ; 17.12 96
4 3 154—160 0.12 | (CasH24N606) x 1671 1 1666 97
4+ | 4 120—130 G.44 | (CosHasNeOsg) ¢ 16.31 1621 a8



350

KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII

Table 2
COHN—R—NHCONH—L c C—(CH,), —c\ NHCONH—R—NHCOO—(CHy), —0— |
vx
“ N, %
R . ?\ssOClatlon concen- Empirical formula calen- Yield,
emperature | qosog m- found | 10y %
C H,504 cresol a
(CHa)g 2 | 256—260 | 0922 | 039 | (CieHisNwOs)s 1874 | 1878 | 95
(CHy)s 3 218—230 0.32 0.32 (CarHasN1oOs) » 18.76 | 18.41 93
(CHa)e 4 | 197—200 | 028 | 0.36 (CJSHSONIOOB)X 1821 1 18.10 | 91
9,4-CH,CsH, 2 | 200—205 | 0.0 | 0.8 (CasH:w l100g)x. | 18.28 11848 | 92
2,4-CHCall 41206220 | 0.4 | 021 | (CeollusNigOs)x | 17.68 1 17.84 | 04
14C5H4 2 ] 329336 — 0.24 |+ (Cy6Hs0N100s) = 19.01 1 19.17 1 89
14-C 41310320 | — | 017 | (CeHuNiQs)x | 18.20 11846 | 91
4.4’ C5H4CH2C5H4 4 235—240 — 0.43 (CsaHagN190s) x 15.20 1 14.91 92

EXPERIMENTAL

Polyurethanes (III), A 0.002 mole quantity of the diamino deriv-
ative of bis-1, 3, 4-oxadiazole (1) [8] in 20 ml of dry dimethylforma-
mide in the presence of 0.6 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 solution of 0.002 mole dichloroformate in 3 ml of dry
dimethylformamide was added. The reaction mixture was maintained
at 5=~10°C 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 Difsocyanates (IV). A
0.001 mole quantity of 1, 4-bis[2-(5-m-aminophenyl-1, 3, 4-oxadia-
zolyl)] butane was dissolved at room temperature in 12,6 ml dry
dimethylformamide in a triple-necked 25 mi-flask provided with a
mechanical shaker, a calcium chloride tube, and a dropping funnel.
After 30 min a solution of 9.002 mole 1, 6-hexamethylene diiso-
cyanate 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 Iand 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° G.
Found, %: N 23.23, Calculated for CggHs;N140s, %o: 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 polyurea urethanes.

Polyurea urethanes (VI), A. A 0,001 mole quantity of ethylene
glycol in 8 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 (V1) 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° G,
maintained for 4~5 hr, and after 30 min a solution of 0.001 mole
diamine (I) in 10 ml dimethylformamide was added. The mixture was
stirred for a further & 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-
zolyDlbutane, 1,6-hexamethylene diisocyanate, and ethylene glucol
was synthesized in an analogous manner, The yield, analyses and
physicochemical constants correspond to those of the polymer obtained
by method A,

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