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The 1 ,2 ,4 - t r i azo ly lhydrazones  of the cor responding  ni t ro  a ldehydes were  obtained by the r e -  
act ion of the anions of n i t romethane,  ni t roethane,  and 1-n i t ropropane  with d i a z o - l , 2 , 4 - t r i a z -  
oles .  2 -Ni t ropropane ,  1 ,1-dini t roethane,  1 ,1-dini t ropropane,  and t r in i t romethane  f o r m  1,2,4- 
t r i azo ly lazon i t ro  compounds.  

It  is  wel l -known [1, 2] that  diazo compounds of the benzene s e r i e s  r eac t  with p r i m a r y  al iphat ic  ni t ro 
compounds to f o r m  hydrazones  of ni t ro  a ldehydes  (A) and with s e c o n d a r y  al iphat ic  n i t ro  compounds to give 
a ry l azon i t ro  compounds 03). 

§  
ArNHN=CRNO2 ArN~NCRR'NO2 ArN2CR(NO~)~ 

A B C 

E i the r  a ry lazod in i t ro  compounds and a r y l a z o t r i n i t r o m e t h a n e s  03, R = NO2, R T =Alk; R= W = NO2) or  the 
cor responding  diazonium sa l t s  (C, R=NO2) [3, 4] can be obtained with 1 ,1-dini t ro  a l iphat ic  compounds a n d  
t r in i t romethane ,  depending on the i r  ac idi t ies  and the p r o p e r t i e s  of the subst i tuents  in the benzene ring. In- 
fo rma t ion  on the reac t ion  of a l iphat ie  n i t ro  compounds with he te rocycl ie  diazo compounds is e x t r e m e l y  scanty.  
Quilico [5] obtained a product  f r o m  the reac t ion  of an a - i soxazo led iazon ium sal t  with t r in i t romethane  and 
ass igned  an azo compound s t r u c t u r e  03, R = R ' = NO 2) to it, but he did not p r e sen t  d i r ec t  p roof  of the s t r u c -  
ture .  The coupling of 3 - d i a z o - l , 2 , 4 - t r i a z o l e  with methazonic  acid was  recen t ly  descr ibed  [6]. We did not 
find other  data on this p rob l em  in the l i t e ra tu re .  

The a i m  of the p r e s en t  r e s e a r c h  was  to synthesize  and invest igate  the s t r u c t u r e s  of the products  of 
the reac t ion  of some d i a z o - l , 2 , 4 - t r i a z o l e s  with mono-  and polyni t roa lkanes  that have acidic p rope r t i e s .  Ni-  
t romethane ,  ni t roethane,  1 ,1-din i t ropropane ,  and t r in i t romethane  were  introduced into the reac t ion  with di-  
azo t r i azo les .  The s t r u c t u r e s  of the compounds obtained were  studied by IR and UV spec t roscopy .  

The IR spec t r a  of the products  of the reac t ion  of d iazo t r i azo les  with ni t romethane,  ni troethane,  and 
1-n i t ropropane  contain absorp t ion  bands at  1620-1660 cm -1, which co r r e spond  to the v ibra t ions  of the C = N 
bond, and absorpt ion  bands at 1520-1570 and 1320-1360 c m  -l ,  which cor respond,  respec t ive ly ,  to the ant i -  
s y m m e t r i c a l  and s y m m e t r i c a  1 s t re tch ing  v ibra t ions  of the ni t ro  group (Fig. 1, cu rves  1, 2, 3, 5, and 6). Ab- 
sorp t ion  bands at 1620-1660 c m  -1 a r e  absent  in the IR spec t ra  of the products  of coupling of d iazo t r iazo les  
with 2-n i t ropropane .  Bands cor responding  to the absorp t ion  of a n i t ro  group a re  obse rved  a t  1360 and 1560 
c m  -1 (Fig. 1, cu rves  4 and 7). Thus the n i t ro  aldehyde hydrazone s t ruc tu re  (A, I-V) can  be ass igned  to the 
p roduc t s  of the reac t ion  of d iazo t r i azo les  with p r i m a r y  mononi t roa lkanes ,  while the azo s t ruc tu re  03, VI 
and VII) can be ass igned  to the products  obtained f r o m  the reac t ion  with 2-n i t ropropane .  

The posi t ion of the m ax i m a  in the UV spec t r a  of aqueous solutions of the t r i azo ly lhydrazones  of the 
n i t ro  a ldehydes (I-V) and t r i azo ly tazon i t ropropanes  (VI and VII) depends on the pH of the med ium (Fig. 2, 
curve  3). In acid media  (pH ~ 1) I -V a r e  protonated at the r ing he t e roa tom to f o r m  the cor responding  cation 
(hma x 225 nm). Neut ra l  f o r m s  I -V  abso rb  a t  330-345 nm (Table 1). Trans i t ion  to alkaline media  (pH > 8) 
causes  d issoc ia t ion  of the hydrazones  to give the monoanion ~ m a x  250 and 445 n.m) and dianion (kma x 250 

Lensovet  Leningrad Technological  Insti tute.  Trans la ted  f r o m  K_himiya Geterots ikl icheskikhSoedineni i ,  
No. 5, pp. 713-717, May, 1972. Original  a r t i c l e  submit ted  Apr i l  1, 1971. 

�9 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 g/est 17th Street, New York, N. Y. lOOll. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. ,4 
copy of this article is available from the publisher for $15.00. 

649 



7 
4 

! 

I 

'!1 
I,' <JO 1600 

.7 71 
+t : 

1400 1200 1000 

Fig. 1 

IR spectra :  

I 
\ 1  

4 

5 

8()0 v, cm -I 

Fig. 1, 
Fig. 2. 
(I) in aqueous solutions with pH: 
9.32; 6) 11.05. 

Igc 
4,20 

i"~',..>,.... 
~.oo i / "  \ \ 

.~..~. / \ \. 

~:~.. /E; / i~:~. ".---.-.A\ '~ 
3.6o "k ~ E /  ,"/Yt, . '",.",:-6 

9i'..=~::/ I I \ V z  

.... ~ ,7. 

2.40 280 320 3.60 4CX:) 4-40 480 k,l'lrlq 

Fig. 2 
1) I; 2) II; 3) III; 4) VI; 5) IV; 6) V; 7) VII. 

UV spec t ra  of n i t roformaldehyde 1 ,2 ,4- t r iazo ly l -3-hydrazoae  
1) 0.64; 2) 0.98; 3) 1.25; 4) 6.32; 5) 

and 390 nm). Tr iazo ly lazoni t ropropanes  (VI and VII) a re  also protonated in acidic media to give the cation 
0tma x 252 rim), while in alkaline media (pH > 7) they give the anion (kmax 290-295 nm). 

I N 0 2  .NO 2 
H N'---rc=, N II .- N~  C (  ~ N---,~.-N H_N =C / 

_/ /@\~,  " R '  ._ : f f_~  /1 \\ \ R '  ~ 

II 
l -V  

/ /~(. , :~ e / N O  2 

_ _ I R / /  \\ " // %.  ~" I 

It 3 

VI ,VI I  

I--111, Vl R":H; IV, V, VII R=CH3; I R '=H;  I1,1u W=CH3; III, V R'=C2115 

The sequence of the splitting off and addition of protons may be different  in hydrazones  I-V, since 
cleavage of a proton f rom both the hydrazone group and f ro m  the ring ni trogen is possible.  In our opinion, 
a pro ton  is f i r s t  split  off f r om the hydrazone group, since the part icipat ion of the ni t ro  group in delocal iza-  
tion of the negative charge is possible in the result ing anion. 

The react ion of d iazotr iazoles  with 1,1-dini troethane and 1,1-dini t ropropane gave the corresponding 
1 ,2 ,4- t r iazo ly l -3-azodin i t ro  compounds CvqII-XIIl). Absorption bands at 1330 cm -1 and 1580-1590 cm -1, 
which cor respond to gem-n i t ro  groups,  a re  observed in the IR spect ra  of these compounds. 

The production of both the covalent azot r in i t romethane  (B) and diazonium sal ts  (C) might h a v e b e e n  
expected in the react ion of d iazotr iazoles  with t r in i t romethane.  A study of the LR spec t ra  of the compounds 
obtained demonst ra ted  the absence of the absorpt ion of the diazonium group at 2200-2300 cm -1 and of absorp-  
tion bands at 700-1500 em -1, which might have been ass igned to the absorpt ion of the t r tn i t romethane anion. 
At the same time, intense bands at  800, 1300, and 1600 cm -1, which are  charac te r i s t i c  for  the covalently bonded 
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Fig. 3. UV spectra of 2- (1,2,4-triazolyl- 
3-azo)-2-nitropropane (VI) in aqueous 
solutions with pH: 1) 0.70; 2) 1.04; 3) 
6.54; 4) 8.71. 

trinitromethyl group, are observed in the IR spectra. Thus the 1,2,4-triazolyl-3-azotrinitromethane struc- 
ture (XIV-XVII) should be assignedto the compounds obtained. 

N ~ - N = N C  R' (NO2) 2 

H 
VIII--XVII 

VII I ,XII ,  XIV R=H; IX, XIII, XV R=Ctl3; X, XVI R=COOII; XI, XVII R=COOCH3; 

VII I-A| R'=CH3; XIbXI I I  R'=C2H 5 ; XIV--XVII R'=NO 2 

In aqueous solutions, triazolylazotrinitromethanes are readily decomposed to the starting triazolyl 
cation and the trinitromethane anion. Thus XIV in a freshly prepared solution (at pH i) has an absorption 
maximum at 310 nm (e 6100), which decreases in 20-40 rain with the simultaneous appearance of absorption 
at 350 urn, which corresponds to the trinitromethyl anion. A maximum in the UV spectrum of XIV in a non- 
polar solvent (CC14) is observed at 295 n_m, during which ionization does not occur, but rather rapid decom- 
position of the compound to form unidentified products does occur. All of the trinitromethyl derivatives ob- 
tained are unstable and decompose at room temperature in a few days. 

E XPE RIME NTA L 

Nitroformaldehyde 1,2,4-Triazolyl-3-hydrazone (1). A 1.05 g (12.5 mmole) sample of 3-amino-l,2,4- 
triazole was diazotized in 15 rnl of 20% nitric or fluoboric acid at 0 ~ with an equirnolar amount of sodittra 
nitrite (0.86 g). The diazonium solution was filtered, recooled to 0 ~ and added all at once to an alkaline so- 
lution of nitromethane obtained from 1.5 g (37 mmole) of sodium hydroxide and 2.3 g (37 re_mole) of nitro- 
methane in a mixfure of 50 ml of water and 20 ml of ethanol. The mixture was stirred at 0 ~ for 45-60 rain, 
and the precipitate was removed by filtration, washed with cold water and cold acetone, and air dried. 

The reactions with nitroethane and 1- and 2-nitropropanes were accomplished similarly (I-VII, Table 1). 
In the synthesis of IV and V, the pH of the medium was brought up to 6.5-7 to isolate the reaction products. 

Reaction of Diazotriazoles with Dinitroalkanes. A solution of 10 mmole of the ammonium salt of the 
dinitroalkane [7] in 25-30 ml of water was added with stirring at 0 ~ to a diazonium solution obtained from 
12 mraole of the aminotriazole by the method described above, and the precipitated reaction products (VIII- 
XIII, Table i) were removed by filtration, washed with water, and crystallized. 

In the synthesis of X, the produc t was isolated as the sodium or ammonium salt, which are difficult 
to purify. To obtain the free acid, the salt of X was treated with 257o sulfuric acid, and the product was re- 
moved by filtration and washed with water. The acid underwent decarboxylation during crystallization from 
aqueous ethanol to give 1,2,4-triazolyl-3-azodinitroethane (VIII). 

Reaction of Diazotriazoles with Trinitromethane. A solution of 10 mmole of trinitromethane in 30 ml 
of water was added with stirring at 0 ~ to a diazonium solution obtained as described above from 10 mmole 
of the aminotriazole. The precipitated products were removed by filtration, washed with ice water contain- 
ing several drops of hydrochloric acid, and air dried. This method was used to obtain XIV and XV (Table I). 

5-Carboxy-l,2,4-triazolyl-3-azotrinitromethane (XVI). A 1.6 g (10 mmole) sample of diazotriazole- 
carboxylic acid [8] was suspended in 10 ml of water at 0 ~ and 5 g (33 mmole) of trinitromethane in i0 ml 

652 



of wa t e r  was added to the suspens ion with s t i r r ing.  Af te r  15-20 rain, a lmos t  all  of the acid had gone into so-  
lution. A smal l  amount  of res idue  was r emoved  by f i l t rat ion,  and the c l ea r  solution was held a t  0 ~ fo r  an-  
o ther  50-60 rain. The yellow, c rys ta l l ine  p rec ip i ta te  was r emoved  by f i l t rat ion,  washed with ice water ,  and 
a i r  dried.  

5 -Ca rbo rae t hoxy - l , 2 , 4 - t r i a zo l y l -3 - azo t r i n i t r o r ae thane  (XVII). A 20% solution of sodium hydroxide was 
added with s t i r r ing  at  0 ~ to a suspens ion of 1.53 g (10 re.mole) of methyl  d iazo t r i azo lecarboxyla te  [8] in 20ral  
of wa t e r  until the diazo e s t e r  had dissolved (pH 5-6). A solution of 4.53 g (30 re_mole) of t r in i t roraethane in 
20 ml  of wa te r  was then added to the cooled (to 0 ~ solution. Af te r  10-15 rain, the yellow, c rys ta l l ine  p rec ip i -  
ta te  was r emoved  by f i l t rat ion,  washed with water ,  and a i r  dried. 

The IR spec t r a  of f i lras of the subs tances  were  r eco rded  with a UR-10 s p e c t r o m e t e r .  The UV spec t r a  
we re  r eco rded  with an SF-16 spec t rophotorae te r  by the genera l ly  accepted method. 
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