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Depending on the conditions and na ture  of the hydrazine  der iva t ive ,  the reac t ion  of 1 -me thy l -  
3 , 5 - d i n i t r o - l , 2 , 4 - t r i a z o l e  (I) with hydraz ine  leads  e i ther  to the r ep l acemen t  of one of the 
n i t ro  g roups  by a hydraz ine  res idue  or  to its reduct ion to an amino (hydroxylamino) group.  
In both c a s e s ,  the reac t ion  takes  place in posit ion 5 of the t r iazo le  r ing.  The reac t ion  of I 
with ace ty lhydraz ine  g ives  5 - a z i d o - l - m e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l e .  

The synthes is  of hydraz ino  de r iva t ives  of 1 ,2 ,4- t r iazole  can be effected by the reduct ion of n i t r o so -  
amino t r i azo le  [2] and diazonium sa l t s  [3,4] and by the cycl izat ion of de r iva t ives  of d iamino-  and t r i amino -  
guanidines [5-9]. One of the rou tes  to compounds of this  type could be the r ep l acemen t  of a ni t ro  group in 
n i t ro  de r iva t ives  of 1 ,2 ,4 - t r i azo le  by a hydrazine  group.  

Continuing a study of the r eac t ions  of n i t ro  de r iva t ives  of 1 ,2 ,4- t r iazo le  with nucleophilic r eagen t s  
[10, 11], in the p r e s en t  work  we have studied the reac t ion  of 1 - m e t h y l - 3 , 5 - d i n i t r o - l , 2 , 4 - t r i a z o l e  (I) with 
hydraz ine  and i ts  de r iva t ives .  

Depending on the conditions of p e r f o r m i n g  the reac t ion  and the nature  of the hydrazino der iva t ives ,  
they  have a dual ro le  with r e s p e c t  to n i t ro  compounds:  e i ther  as nucleophil ic  reagen ts  or  as  reducing 
agents .  Thus,  the reac t ion  of I with 95-100% hydraz ine  hydra te  in dioxane at 10-15~ gives  a mix tu re  of 5- 
h y d r a z i n o - l - m e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l e  (I10 and 5 - a m i n o - l - m e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l e  0II) ,  and with 
a r i s e  in the t e m p e r a t u r e  the yield of the amine  III r i s e s .  When the reac t ion  is c a r r i ed  out with 25% aque-  
ous hydraz ine  hydra te  at a t e m p e r a t u r e  of 40-50~ the amine III is  the sole reac t ion  product .  This  method 
of obtaining 5 - a m i n o - l - m e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l e  has  proved  to be m o r e  convenient than i ts  synthes is  
f r o m  I by the action of ammonia  [10]. 

The p r e s e n c e  of a hydraz ine  group in II was shown by the p repa ra t ion  of the benzaldehyde hydrazone 
IV and the azido der iva t ive  V. El iminat ion of the hydrazino group f r o m  II by the act ion of s i lve r  aceta te  led 
to 1 - m e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l e  (VI) [12], which showed that it was  located on the C 5 a tom.  

In con t ras t  to unsubst i tuted hydraz ine ,  the m o r e  nucleophil ic  methylhydraz ine  r e a c t s  with I to f o r m  
only the substftution product  5 - ( a - m e t h y l h y d r a z i n o ) - l - m e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l e  (VII). The s t ruc tu re  
of VII as  an a - m e t h y l h y d r a z i n o  der iva t ive  was  shown by the p r epa ra t i on  f r o m  it of the benzaldehyde h y d r a z -  
one VIII,  and the posit ion of the hydrazino group was  shown by the reac t ion  with ni t rous  acid,  leading to 1- 
m e t h y l - 5 - ( m e t h y l n i t r o s o a m i n o ) - 3 - n i t r o - l , 2 , 4 - t r i a z o l e  (IX), obtained by independent synthes is  f r o m  1- 
m e t h y l - 5 - m e t h y l a m i n o - 3 - n i t r o - l , 2 , 4 - t r i a z o l e  (X) [9 ]. 

N ~"~'w--N O2 ( "~1 N ~ N  NO2 N ~ T -  NO2 
O2N--~N~/N + N2H,.H20 - -  H2NHN-~N~N + H2N--~(~/N 

I i I 
CH3 CH 3 CH 3 
I I I  I I I  

* F o r  Communicat ion V, see [11]. 
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1,1-Dimethylhydraz ine  and phenylhydrazine  r eac t  with I only as reducing agents  with the fo rmat ion  of, 
r e spec t ive ly ,  the amine  III and 5 - h y d r o x y a m i n o - l - m e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l e  (XI). When XI was d i s -  
solved in ni t r ic  acid,  a bright  g reen  colora t ion  appeared  through its  oxidation to the n i t roso  der iva t ive ,  
which could not be isolated.  Only the p roduc t s  of i ts  fu r the r  r eac t ions  were  obtained: the azoxy compound 
XTI when the reac t ion  was  p e r f o r m e d  in the cold and the methy ld in i t ro t r i azo le  I on heating: 

N ~-.~---r--NO Y~---T -N~ co.~N.N., & ~  
I 
CH 3 
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I 
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The reaction of I with acetylhydrazine takes place in a peculiar fashion. The reaction product proved 
to be 5-azido-l-methyl-3-nitro-l,2,4-triazole (V). Apparently in this case a multieenter reaction takes 
place with a transition state including the dinitro derivative I and acetylhydrazine; the nitrous acid splits off 
from the dinitrotriazole molecule,nitrosating the hydrazine group with the simultaneous departure of an 
acetyl residue: 

N ~-------[--NO 2 [ + N~--N% N~NO~ O~N_.~N~/N CH3CONHNH2, [CH3CONHNH2<-i~!, 

CHg CH 3 CH a 
| V 

EXPERIMENTAL 

Reaction of l-Methyl-3,5-dinitro-l,2,4-triazole (I) with Hydrazine Hydrate. a. At 15~ (with cooling), 
I.I ml of 95-99% hydrazine hydrate was added dropwise to a solution of 2 g (0.0115 mole) of I [12] in 25 ml 
of dioxane. After 30 min, the mixture was filtered and the dioxane was evaporated off. The residue was 
dissolved in 10-15 ml of hot ethanol, the insoluble part being filtered off, and the solution was cooled after 
which the crystals of the hydrazino derivative II that had deposited were filtered off. The yield of the 
hydrazinotriazole II was from 30 to 70%, mp 162-163~ Found %: C 22.30; H 3.97; N 52.92; tool. wf. (re- 
verse ebullioscopy in dioxane) 160. C3H6NGO 2. Calculated: C 22.80; II 3.80; N 53.20; tool. wf. 158. IR 
spectrum, cm-l: 3470, 3380 (broad bands: N-H stretching vibrations); 1650 (N-H deformation vibrations), 
1530, 1315 (nitro group). 

The ethanol-insoluble residue was crystallized from a large volume of ethanol (50 ml to 1 g) and had 
mp 253-255~ (decomp.). Its properties (rap, IR spectrum, elementary analysis) are identical with those of 
the 5-amino-l-methyl-3-nitro-l,2,4-triazole described previously [i0]. 

b__~. With stirring, 7 g (0.04 mole) of finely ground compound I was scattered in small portions into 70 
ml of a 25% aqueous solution of hydrazine hydrate. A vigorous reaction took place with the evolution of gas, 
and the temperature rose to 45-50~ After 15 rain, the mixture was cooled, and the reaction product was 
filtered off and washed with water. The yield of the amine III was 5.0 g (86%), mp 254-256~ (deeomp.). 

5-Benzylidenehydrazino-l-methyl-3-nitro-l,2,4-triazole (IV). A mixture of 0.5 g (0.0031 mole) of II 
and 0.3 g of benzaldehyde in 30 ml of dioxane was heated in the boiling water bath for 30 rain. The pre- 
cipitate of the hydrazone  IV that  had deposi ted was  f i l t e red  ~pff. Yield 0.5 g (66%), mp 264-265~ (decomp.).  
Found %: C 48.90; H 5.08; N 34.26. CIoHi0N602. Calculated %: C 48.80; H 4.97; N 34.10. 

5 - A z i d o - l - m e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l e  (V). a. A solution of 0.5 g (0.0031 mole) of compound II in 
2 5  ml of 10% sulfur ic  acid was t r ea t ed  at 0~ with 0.23 g of sodium ni t r i te  in 5 ml  of wa te r .  Af ter  15 min,  
the p rec ip i t a te  was  f i l t e red  off, the f i l t ra te  was  ex t rac ted  with ethyl ace ta te ,  and the solvent was  evapora ted .  
The total  yield of V was  0.25 g (47%), mp 126-127~ ( f rom ethanol).  Found %: N 58.43; tool. we. 173. 
CaH3NTO 2. Calculated %: N 58.00; tool. we. 169. IR spec t rum,  c m - l :  2167 (azide group),  1560-1530, 1315 
(nitro group).  
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b. A solution of 4.5 g of ace ty lhydraz ine  in 15 ml  of wa t e r  was t r ea t ed  with 2 g (0.0115 mole) of the 
me thy ld in i t ro t r i azo le  I in 25 ml of dioxane and the mix tu re  was  heated in the boiling wa te r  bath for  8 h. 
Then the solvent was  evapora ted  off, and the res idue  was  washed with wa te r  and c rys ta l l i zed  f r o m  ethanol.  
Yield 0.65 g (33%), mp 126-127~ giving no depress ion  of the mel t ing point with the substance  obtained by 
method a. The IR s p e c t r u m  and e l e m e n t a r y  ana lys i s  conf i rmed the s t ruc tu re  of the compound as 5 -az ido-  
1 - m e t h y l - 3 - n i t r o - 1 , 2 , 4 - t r i a z o l e .  

El iminat ion  of the Hydrazine Group f r o m  Compound II. A solution of I g (0.006 mole) of 1I in 20 ml 
of methanol  was  t r e a t ed  with 6.5 g of s i l ve r  aceta te  and 30 ml  of wa t e r  and heated in the wa te r  bath for  45 
min.  The reac t ion  mix tu re  was  f i l te red ,  diluted with wa te r ,  and ex t rac ted  with ethyl ace ta te .  The solvent 
was  evapora ted  off and the res idue  was  c rys t a l l i zed  f r o m  ethanol. This  gave 0.15 g (19%) of a substance 
with mp 63-64~ identical  with 1 - m e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l  (VI) [12] (absence of a depress ion  of the 
mel t ing  point of a mix tu re  with authentic VI, Rf ,  * IR spec t rum) .  Found %: C 27.60; H 4.79; N 49.16; mol .  
wt. 172. C4HsNsO 2. Calculated %: C 27.91; H 4.65; N 48.84; tool. wt. 172. IR spec t rum,  cm -1 (broad band, 
N - H  s t re tching v ibra t ions) ,  1620 ( N - H  deformat ion  v ibra t ions) ,  1520, 1315 (nitro group).  

5 - ( B e n z y l i d e n e - ~ - m e t h y l h y d r a z i n o ) - l - m e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l e  (VIII). This  was obtained in a 
s i m i l a r  manne r  to the hydrazone IV f r o m  compound VII. Yield 77%, mp  181~ (from ethanol).  Found %: 
C 51.00; H 4.64; N 32.65. CtlHl2N602. Calculated %: C 50.76; H 4.61; N 32.32. 

1 - M e t h y l - 5 - ( m e t h y l n i t r o s o a m i n o ) - 3 - n i t r o - l , 2 , 4 - t r i a z o l e  (IX). a. A solution of 0.26 g (0.003 mole) of 
sodium ni t r i te  in 7 ml  of w a t e r  was added to 0.5 g (0.0032 mole) of the methylamino  der iva t ive  X [10] in 7 
ml  of 30% sulfur ic  acid at 0~ After  2 h, the reac t ion  product  was f i l t e red  off and washed with wa te r .  
Yield 0.35 g (59%), mp 128-129~ (f rom isopropanol) .  Found %: C 25.54; H 3.91; N 45.60; mol .  wt. 181. 
C4HsNsO 3. Calculated %: C 25.80; H 3.23; N 45.20; mol.  wt. 186. IR spec t rum,  c m - l :  1560-1520, 1315 
(nitro group),  1480, 1090 (nitroso group).  

b. The reac t ion  was  c a r r i e d  out with subs tance  VII s imi l a r ly ,  using a twofold excess  of sodium 
ni t r i te .  Yield 63Tc, mp 128-129~ The substance  was  identical with the compound obtained by method a 
(absence of a depress ion  of the mel t ing  point of a mix ture ,  IR spec t rum,  e l e m e n t a r y  analys is) .  

React ion  of I with Dimethylhydraz ine .  To 30 ml  of a 25% aqueous solution of 1 ,1-d imethylhydraz ine  
was  added 2 g (0.1 mole) of I and the mix tu re  was  kept for  an hour  and a half  at r oom t e m p e r a t u r e .  The 
p rec ip i t a t e  that deposi ted was  f i l te red  off. Yield 0.45 g (27%), mp 255-257~ (decomp.,  f r o m  ethanol). The 
reac t ion  product  was  identical  with the amine III (absence of a depress ion  of the mel t ing point with authentic  
HI, IR spec t rum,  e l e m e n t a r y  analys is ) .  

Analogous r e s u l t s  we re  obtained when the reac t ion  was c a r r i e d  out in dioxane. 

5 - H y d r o x y l a m i n o - l - m e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l e  XI. A solution of phenylhydrazine in e ther  obtained 
f r o m  3 g of phenylhydrazine  hydrochlor ide  (by t rea t ing  it in 20 ml  of wa te r  with 10 ml of 50% caust ic  soda 
solution and ext rac t ing  th ree  t i m e s  with 20-ml  por t ions  of ether) was  added to a solution of 2 g (0.0115 
mole) of I in 25 ml  of dioxane. The mix ture  was  heated at 45~ for  3 h, the solvent was evapora ted  off, and 
the oil that sepa ra ted  was t r ea t ed  with 50 ml of ethyl ace ta te .  The product  that deposi ted was f i l te red  off 
and r e c r y s t a l l i z e d  th ree  t imes  f r o m  ethanol.  Yield 0.42 g (23%), mp 175~ Found %: C 22.58; H 3.17; N 
43.93. C3HsN50 ~. Calculated %: C 22.60; H 3.15; N 44.00. 

Oxidation of 5 - H y d r o x y a m i n o - l - m e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l e  (XI). a.  0.7 g (0.0044 mole) of XI was 
slowly sca t t e r ed  onto 15 ml  of 92% n i t r i c  acid. The solution acquired  an intense green  colora t ion.  After  an 
hour ,  it was  poured onto ice and ex t rac ted  with ethyl aceta te  (3 • 10 ml) .  The ethyl aceta te  solution was  
evapora ted  and the res idue  was c rys t a l l i zed  f r o m  ethanol.  This  gave 0.1 g (10%) of XII, mp 217-219~ 
Found %: C 24.39; H 1.70; N 46.72. C6HGNI005. Calculated %: C 24.20; H 2.01; N 47.00. 

b. 0.7 g (0.0044 mole) of XI was  slowly added to 15 ml of 92% ni t r ic  acid,  and the mix tu re  was then 
heated  at 70-80~ for  2 h. The solution was poured onto ice and ex t rac ted  with ethyl ace ta te ,  the solvent 
was  evapora ted ,  and the res idue  was  c rys t a l l i zed  f r o m  ethanol.  Yield 0.4 g (52%), mp 95-96~ The sub-  
s tance was identical  with I (absence of a depress ion  of the melt ing point with authentic I, IR spec t rum) .  

~Chromatography  in a thin l aye r  of a lumina in the a c e t o n e - h e p t a n e  (1:1) s y s t e m  [12]. 
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