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Ortho-, recta, and para-nitrobenzoyl derivatives of the dihydrazides 
of suecinic, glutaric, adipic, and azelaie acids are prepared, from 
which are obtained nitro'and amino derivatives of bis-1, 3, 4-oxadia- 
zoM+ Various conditionS for synthesizing these compounds are in-  
vestigated. A series of polyureas is obtained by reacting diamino 
derivatives of bis-1, 3,4-oxadiaole with diisocyanates, and some of 
their properties are investigated. 

Polymers  containing oxadiazole rings, with high 
heat resis tance and chemical stability [1-9] have of 
recent  years  at tracted ever increasing attention. 
Some high molecular  compounds of that type are fi lm- 
and f iber-forming [4-6, 8]. Preparat ion of these poly- 
mers  is usually based on eyelodehydration of the 
corresponding polyhydrazides at high temperature  [2, 
5-7] ,  or  by t reatment  with various cyclizing reagents 
[8,9]. However the polymers can also be synthesized 
from bifunctional derivatives of oxadiazole, which of- 
fers extensive possibilities of preparing such materi- 
als with diverse properties. 

The present paper is devoted to the preparation of 
polymers from various diamino derivatives of bis- 
I, 3,4-oxadiazole and diisocyanates. 

Diamaino derivatives of bis-l, 3,4-oxadiazole were 
synthesized according to the following equation: 

2 O2NC6H+--CONHNlt 2 + CICO--(CH2)B--COCI 

OtNC6H4--CONHNHCO--(CH2).--CONHNHCO--C6H+NO 2 

I -X l l  

N--N N--N 

- .  %Nc+.,-'d.o.~-(c.~).-~ o~d-c+., ~o~ 
XIII-XIX. 

N--N N - -N 

tl.~'C+H,--~O~--(CH2) --~O~--C+H4nH2 

XX- ~.XlV 

n=2.3,4 and 7 

Reaction of hydrazides of nitrobenzoic acids with 
chlroides of dicarboxylie acids proceeds readily at 
room temperature in dimethylforlnamide or pyridine 
as solvent, to give the corresponding products I-XII. 
When p-nitrobenzhydrazide is used, due to its lower 
solubility in the above solvents, the reaction is run 
at 40-50 ~ Usually the reaction between hydrazide 
and acid chloride is exothermic, so cooling must be 
used. Treatment of the reaction products with cold 
water gives high yields of compounds I-XII, given in 
Table I, with a sufficient degree of purity. The same 
substances can be obtained from the dihydrazides of 
the carboxylic acids and nitrobenzoyl chloride, but 
often this method does not give satisfactory results, 

due to the low solubility of some dihydrazides in the 
usual solvents. 

We found that cyelodehydration of compounds I -  
XII to the corresponding oxadiazoles XIII-XIX, takes 

p l a c e  readily in solution in 20-24% oleum at 35-40 ~ 
Pouring the reaction products onto ice precipitated 
high yields of colorless crystalline products XIII-  
XIX (Table 2). Compounds I -XI I I  can be cyclodehy- 
drated with phosphorus oxychloride, when the reac-  
tion is run at the boiling point of the latter,  until a 
homogeneous solution is obtained, which usually re -  
quires 1-2 hr, after which most  of the phosphorus 
oxychloride is distilled off, and the residue poured 
onto ice. The oily products precipitated slowly c rys -  
tallize to the compounds XILI-XIX. As compared 
with the oleum cyclodehydration method, however, 
this one gives low yields of compounds XIII-XIX with 
low degrees of purity. Cyclodehydration was not pos- 
sible in the case of o-nitrobenzoylhydrazides of dibasic 
carboxylic acids, as the dark oily product always 
formed was not susceptible to ordinary methods of 
purification. Evidently this is due to the ease with 
which they decompose in acid solution, since it is 
known that 2 -a ry l -5 -a lky l -1 ,3 ,4 -oxad iazo les  are  quite 
easily hydrolyzed with opening of the heterocyclic  r ing 
[10], a nitro group in the ortho position obviously con- 
siderably facilitating this process .  

Reduction of nitro compounds XIII-XIX was ca r -  
r ied out in a-methyl-naphthalene solution using 
phenylhydrazine at 190-210 ~ or in excess phenylhy- 
drazine at 150-190 ~ Reduction of the nitro der iva-  
tives of the oxadiazole obtained starting from azelaic 
acid is difficult because of their  low solubilities. 
Cooling or treating the reaction products with ben- 
zene precipitates amino compounds, which are sub- 
mitted to the usual purification. All the me ta - ami -  
nophenyl derivatives of oxadiazole (XX-XXIV) ob- 
tained in the present  work f luoresce in UV light, and 
are soluble in dimethylformamide,  formic acid, and 
hydrochloric acid. Their solubilities decrease  as 
the length of the hydrocarbon radical increases.  

The diamines XX-XXIV prepared were condensed 
with diisocyanates according to the equations 

N - - N  t ~ - - N  
+[ h II  tt 

mH,NC. ~, 4--C ~ O C-(CH*)n-C+ " " O  ] C-- C6H~ N H+ "f"  mOCN-- R--NCO 

X X - X X l V  

- *  I-"~c~",-~ L'-(c,~ ['-co,,~,,c~.-R-n,,c-I 
t ~o . . . .  o" j + 

XXV-XXXII 

R-(Cfl2)e, ],4-CnH~, '2,4-CH~C,H~; n=2,3 and 4. 
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Com- Position 
of nitro pound 
group 

I O 
II m 

III p 
IV o 
V m 

VI p 
VII o 

VIII m 
IX n 
X o 

XI m 
XII p 

Table  1 

N i t robenzoy lhydraz ides  of Dibasic  Carboxy l i c  Acids  

O O O O 
II II 11 i~ 

O2NCsH4CN HNHC(CH2).CNHNHCCsH4NO2 

N, % 

n Mp, ~ Formula 
Found 

255--256 
252--253 
282--283 
303--304 
293--294 
297--298 
275--276 
255--256 
285--286 
267--268 
227--228 
255--257 

CIsHI~NsOs 
CLsHtsNsO8 
CIsHI6NsO8 
CIoHIsNsOs 
CI~HIsNsO8 
C19HlsNsO8 
C2oH~oNHOs 
C2oH2oNsO8 
C2oH20NsOs 
C2sH26NsO8 
C2sH2sNsOs 
C23H26NsO8 

19.05 
18.90 
19.02 
18.00 
17.71 
18.01 
18.60 
18.34 

18.17 
16.26 
16.16 
16.34 

/ 
Calculated Yield, % 

18.91 
18,91 
18.91 
17.80 
17.80 
17.80 
18.33 
18.33 
18.33 
16.34 
16.34 
16.34 

73 
80 
81 
85 
94 
91 
90 
91 
89 
95 
96 
96 

Nitro 
Corn- group 
pound position 

XIII m 
XIV p 
XV m 

XVI n 
XVII m 

XVIII p 
XIX p 

Table  2 

-w-Bis [2  - (5 -n i t ropheny l -  1 ,3 ,4 -oxad iazo ly l ) ]  a lkanes  

N ~ N  N - - N  
tl II H H 

O2 N C6 ti4--C,.o.C-- ( C tl2)n ~C~o.C~ C6H4 NO 2 

Mp, ~ 

255--256 
284--285 
183--184 
175--176 
201--202 
224--226 
135--136 

Formula 

CIsH,2NsO6 
CIsHIzNsO6 
CIgHI4NsOs 
CI~HI4NsO6 
C2oHIGNsO6 
C2oHIsN006 
C23H22NsO6 

N, % 

Found C a l c u l a t e d  

20.64 20.58 
20.48 20.58 
19.95 19.90 
19.73 19.90 
19.02 19.26 
19.13 19.26 
17.52 17.56 

Y i e l d ,  % 

82 
80 
94 
74 
87 
85 
60 
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T a b l e  3 

ce - w - B  i s [ 2 -  (5 - a m i n o p h e n y l -  1 , 3 , 4  - o x a d i a z  o l y l )  ] a l k a n  e s 

~ Nitro 
Corn- i group 
pound i I position 

I 

XX m 
XX[ p 

XXII ] m 
XIII : m 

XX1V , p 

N ~ - N  N - - N  
~1 j t  It ;I 

H :NCt  n ,~ - -L \O.C - -  (CI I2)  n - - C \ O  (--C~51t~ N It : 

Mp,~ 

231--232 
310--315 
(decomp.) 
169--170 
179-- 180 

1293(decomp.) 

F o r m u l a  

C~sH~NdO2 
C~sHLgN60= 

C~gH~sN602 
C2oH2oN602 
C2oH2oN602 

F o u n d  

N u m b e r  

o f  N i l  2 

g r o u p s  

210 
2.00 
186 

B 

_ Calcu-  

t a red  Yietd,  % 
N', ,, N, % 

23.94 24.12 72 
24.14 24.12 74 

23.40 23 19 80 
22.16 22.33 73 
22.1 l 22.33 80 

* T h e o r e t i c a l  2 a m i n o  g roups .  

T h e  r e a c t i o n  i s  r u n  i n  d i m e t h y l f o r m a m i d e  o r  h e x a -  

m e t h y l p h o s p h a m i d e  s o l u t i o n  a t  r o o m  t e m p e r a t u r e ,  f o r  

1 h r  f o l l o w e d  b y  h e a t i n g  a t  60 ~ f o r  4 - 5  h r .  T h e  r e -  

s u l t a n t  p r o d u c t s  a r e  s e p a r a t e d  b y  p o u r i n g  t h e  r e a e -  

l i o n  p r o d u c t s  i n t o  w a t e r .  

T h e  s y n t h e s i z e d  p o l y m e r s  a r e  c o l o r l e s s  s u b s t a n c e s  

w i t h  a l o g a r i t h m i c  v i s c o s i t y  e q u a l  t o  0 . 2 - 0 . 5 ,  w h i c h  

f l u o r e s c e  i n  U V  l i g h t .  T h e y  a r e  i n s o l u b l e  i n  o r d i n a r y  

o r g a n i c  s o l v e n t s ,  s l i g h t l y  s o l u b l e  i n  d i m e t h y l f o r m a -  

m i d e ,  m - c r e s o l ,  a n d  s u l f u r i c  a c i d ,  a n d  h e a t i n g  t h e  

p o l y m e r s  i n  t h e  l a s t  t h r e e  s o l v e n t s  l e a d s  t o  t h e i r  p a r -  

t i a l  d e c o m p o s i t i o n .  T h e y  m e l t  w i t h o u t  d e c o m p o s i t i o n  

i n  t h e  t e m p e r a t u r e  r a n g e  2 4 5 - 3 1 0  ~ u s e  o f  d i i s o c y a n -  

a t e s  w i t h  a r o m a t i c  r a d i c a l s  g i v i n g  p o l y m e r s  w i t h  a 

h i g h e r  m e l t i n g  p o i n t  a n d  l o w e r  v i s c o s i t y .  I n c r e a s i n g  

t h e  l e n g t h  o f  t h e  h y d r o c a r b o n  c h a i n  i n  t h e  d i a m i n e  

m o l e c u l e  d o e s  n o t  s u b s t a n t i a l l y  e f f e c t  p o l y m e r  d e -  

c o m p o s i t i o n  t e m p e r a t u r e  o r  v i s c o s i t y  ( T a b l e  4) .  

E X P E R I M E N T A L  

P~eparation of the nitrobenzoylhydrazide of dica~boxylic acids 
(I-XII). 0.08 mole of the dichloride of the appropriate acid was 
added to a stirred and cooled solution of 0.1 mole of the hydrazide 
of the nitrobenzoic acid in a mixture of 80 ml dry d imethyl forma-  
mide and 10 ml  pyridine, at such a rate that the temperature of  the 
reaction mixture remained at 20-28 ~ For p-nitrobenzohydrazide 
the reaction mixture temperature was held inside the l imits 40-80% 
After adding all the acid dichloride the mtxtuxe was stirred for 30 
rain, and then treated with excess of cold water. The crystalline 
product was filtered off, washed first with dilute HC1 (g-8%), then 
with water, and dried. Crystallization from dimethylformamide 
raised the raps of the compounds obtained by 2 -5  ~ (Table I) .  

Preparation of cq w-b ls - [2- (8-n l tmphenyl - l ,  3, 4-oxadiazolyl)]- 
alkaaes (XIIl-XIX). 

a) Cycllzatlon of nltrobertzoylhyd~azides of dicatboxylic acids in 
oleum. 0.02 mole of the starting hydrazide was slowly added, with 
cooling and stirring, to 30 mt 20 -24%oleum (temperature not above 
20-25~ After a homogeneous solution had been obtained, the t e m -  
perature was raised to 35-40 ~, and kept there for 4 hr. Then the 
products were cooled and slowly dropped onto cracked ice; the crys- 
talline product obtained was filtered off, washed with water, until  
neutral, then dried. The compounds were purified by recrystallizing 
from dimethylformamide-dioxane ( h i ,  (Table 2). 

b) Cyclization of nitmbenzoylhydrazides of dicatboxyllc acids in 
phosphorus oxychloride. A round-bottomed flask, fitted with a re-  
flux condenser and bubbler, was filled with a weighed amount  of the 
nitrobenzoylhydrazide of the diearboxylie acid, and a 10-fold excess 
(by weight) of POCI a. The mixture was reflexed in an oil bath until  

evolution of HC1 ceased, when the mass of hydrazide dissolved up. 
When the reaction was complete,  the contents of the flask were 
poured in small  portions onte cracked ice .  An oily product c am e  
out, and crystallized on Stirring. The crystals were filtered off, 
washed with water until neutral, and dried, yield 3 0 - 4 5 %  

Preparation of a, w-bis[2-(6-aminophenyl-l, 3. 4-oxadiazolyl)]- 
aikan~s (XX-XXIV). 

a) Reduction of a, w-bis[2-(5-nitrophenyl-l, 3, 4-oxadiazolyl)]- 
alkanes (XIII-XV). A round-bottomed flask, fitted with air reflux 
condenser, bubbler, and dropping funnel, was filled with 3 g nitro 
compound and 20 ml  purified a -methylnaphtha lene .  The mixture 
was heated to 200 ~ in an oil bath, when the mass of nitro compound 
dissolved up. Then the calculated quantity of freshly distilled 
phenylhydrazine was added to the homogeneous solution, and hea t -  
ing continued until evolution of nitrogen ceased. When the reaction 
products were cooled, the product sought separated as pale yellow 
crystals, which were filtered off, washed with MeOH, then with ether, 
and dried. Compound XXI was purified by crystallization from di-  
methytformamide-dioxane (1:2); compounds XX and XXII were puri-  
fied by fractional precipitation from aqueous hydrochloric acid solu- 
L i o n s .  

b) Reduction of e., w-bis[2-(S-nitrophenyl-l, 3, 4-oxadiazolyl)]- 
alkanes (XVII-XIX). A mixture of 3 g dinitro compound and 8 ml  
freshly distilled phenylhydrazine was heated on an oil bath, when the 
solid gradually went into solution, which acquired a dark red color. 
At 140-150 ~ an energetic reaction set in, accompanied by evolution 
of heat  and vigorous evolution of benzene vapors, water, and nitrogen. 
When the reaction slowed down, as judged by the decreased nitrogen 
evolution, the oii bath temperature was raised to 185-190 ~ and heat-  
ing continued until  evolution of nitrogen ceased. Then the products 
were cooled and poured into excess benzene (20 ml).  The product 
sought separated as crystals, which were separated off, washed with 
benzene, and dried (Table 3). Compound XXIII was purified by crys- 
tal l izat ion from MeOH or by fractional precipitation from hydrochlo- 
ric acid solutions; compound XXIV was purified by recrystallizing 
from dimethylformamide.  

Preparation of polyureas (XXV-XXXII). A solution of 0. 005 mole 
diisoeyanate in 5 ml  dimethylformamide was added dropwise, with 
vigorous stirring, to a solution of 0.005 mole diamino compound in 
40 ml  purified dimethylformamide.  After l hr the mixture was heated 
to 60 ~ and stirred and kept there for 4 hr. When p-phenylenediiso- 
cyanate was used, the resultant polymer separated out from the hot 
reaction products. When the reaction was complete,  the polymer 
solution was cooled, and poured into excess water, MeOt-l, or other 
solvent. The polymer came out as white flocs, which were separated 
off and dried, yield quantitative (Table 4). 

The polyureas from diamtnes XXI and XXIV and hexamethylene-  
diisocyanate,  were prepared in hexamethylphosphamide solution at 
60 ~ The decomposition temperatures of the polymers, and the [ogarith- 

mic viscosity in m-cresol ,  were 248 ~ and T/log 0.18, 220 ~ and ~llog 0.14, 
respectively. 
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Com- 
pound 

XXV 
XXVI 

XXV I I 
XXVII'! 

XXIX 
XXX 

XXXI 
XXXI1 

Table 4 
Polyureas 

N - - N  N ~ N  

[ ~ . x _ ' ~ _ : /  "o - "o "~x_r n . c  n ~ _ r _ n H c _ j ~  

T. - ~log 
n dec~ I Inconc i Inm- 

~ H2SO 4 cresol 
Formula 

(CH2)6 
1,4-C~H4 
2,4-CHaCnHs 
(CH2)s 
2,4-CH3C6Ha 
(CH~)6 
1,4-C6H4 
2,4-CHaC6Ha 

245 
260 
255 
260 
270 
245 
310 
250 

0.36 
0.14 
0.22 
0.30 
0.10 
0.51 
0.14 
0.14 

0.48 (C26H2sNsO4) m 
0.16 (C26H20NsO4) m 
0.39 (C27H2;~NsO4) m 
0 41 (C271-I~'NsO4) ,,~ 
0.15 (C2sH24N804) m 
0.60 (C2sHs~NsO~) 
0.18 (C2sH24NsO4) m 
0.21 (C29He~N804) ,,, 

N, % 

Found Calcu- 
lated 

20,82 21.69 
21.83 ] 22,04 
20.81 [ 21,45 
20.79 ] 21,12 
20 84 ] 20.88 
20.43[ 20.58 
21.05 20.88 
20.76 20.34 

The  a m i n o  group  was e s t i m a t e d  by  p o t e n t i o m e t r i c  t i t r a t ion  wi th  

sod ium n i t r i t e  in hyd roch lo r i c ,  a c e t i c ,  or f o r m i c  a c i d ,  as desc r ibed  

in [11].  The  l o g a r i t h m i c  viscosi t ies  o f  the  po lyureas  were  d e t e r m i n e d  

in c o n c  H2SO4(d 1.84) or m - c r e s o l ,  wi th  an  Ostwald  v i s cos ime te r ,  a t  

25 :k 0.05 ~ The  h e a t  r e s i s t ance  o f  the  po lyureas  were  d e t e r m i n e d  

t h e r m o g r a v i m e t r i c a l l y ,  t he  s p e c i m e n  be ing  h e a t e d  a t  the  r a t e  o f  2 7 m i n .  

Weight  losses were  d e t e r m i n e d  at  in tervals  wi th  a tors ion  b a l a n c e .  
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