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The alkylation of 5-nitro-i, 2, 4-triazol-3-one with dialkyl sulfates 
and alkyl iodides has given N-alkyl-5-nitro-1, 2, 4-triazolones. The 
structure of the compounds obtained has been shown by independent 
synthesis via the corresponding N-alkyl derivatives of 1,2, 4-triazot- 
3-one. 

A l k y l  d e r i v a t i v e s  of 5 - n i t r o - i ,  2, 4 - t r i a z o l - 3 - o n e  
h a v e  n o t  b e e n  d e s c r i b e d  in  t h e  l i t e r a t u r e .  T h e  N - a l k y l  

d e r i v a t i v e s  of u n s u b s t i t u t e d  1 , 2 , 4 - t r i a z o l - 3 - o n e  h a v e  
b e e n  o b t a i n e d  by  c y c l i z i n g  N - m e t h y l s e m i c a r b a z i d e s  

w i t h  e t h y l  o r t h o f o r m a t e  [1] and  by  t h e  d e a m i n a t i o n  of 
4 - a m i n o - 2 - e t h y l - 1 ,  2, 4 - t r i a z o l - 3 - o n e  [2]. 

A l k y l a t i o n  of 5 - n i t r o - I ,  2, 4 - t r i a z o l - 3 - o n e  (I) w i t h  

d i m e t h y l  s u l f a t e  o r  m e t h y l  i o d i d e  in  a n  a l k a l i n e  m e -  

d i u m  (wi th  one  e q u i v a l e n t  of a l k a l i )  f o r m s  4 - m e t h y l -  
5 - n i t r o - I ,  2 , 4 - t r i a z o l - 3 - o n e  ( I ia ) .  H o w e v e r ,  i n c r e a s i n g  

t h e  c o n c e n t r a t i o n  of a l k a l i  ( 3 - 5  m o l e  of a l k a l i  p e r  m o l e  

of n i t r o  c o m p o u n d )  in  a l k y l a t i o n  w i t h  d i m e t h y l  s u l f a t e  

l e a d s  to  t h e  f o r m a t i o n  of 2 - m e t h y l - 5 - n i t r o - 1 ,  2, 4 -  

t r i a z o l - 3 - o n e  (IIb) .  T h e  h i g h e r  a l k y l  i o d i d e s  ( e t h y l ,  
p r o p y l ,  i s o p r o p y l ,  e t c .  i o d i d e s )  do  n o t  r e a c t  w i t h  

n i t r o t r i a z o l o n e  u n d e r  t h e  c o n d i t i o n s  of t h i s  e x p e r i m e n t .  

A l k y l a t i o n  of t h e  s i l v e r  s a l t  of t h e  n i t r o t r i a z o l o n e  w i t h  

m e t h y l  i o d i d e  in  m e t h a n o l  l e a d s  to  t h e  f o r m a t i o n  of a n  

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

w i t h  t he  f o r m a t i o n  of t h e  n i t r o t r i a z o l o n e .  I n t r o d u c t i o n  

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

s u b s t i t u t e d  n i t r o t r i a z o l o n e  i s  d i f f i c u l t :  in  a n  a l k a l i n e  

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

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

c o m p o u n d s .  

i 
O = C - - N - -  R' HNO a O : C - - N - -  R ' .  H ~" 0 : C - - N - - R '  

R -- ,N~C - - .  r --~N.(. ~ -- N O 2 r -- I~.N/.(~ - - ,  H2 

IVa,b Ila-c I l l a , b  

R2SO~ 1 

R1 1 
o=c--n,--. 
H--N\~/C-- NO2 

I 
a R=H, R'=CH3; b R=CH a, R '=H;  C R = H ,  R'=CeH 5 

The N - a l k y l n i t r o t r i a z o l o n e s  II a r e  c o l o r l e s s  c r y s -  

t a l l i n e  s u b s t a n c e s  r e a d i l y  s o l u b l e  in  w a t e r  a n d  e t h a n o l .  

T h e  p o t a s s i u m  a n d  s o d i u m  s a l t s  of t h e s e  c o m p o u n d s  

a r e  r e a d i l y  s o l u b l e  in  w a t e r .  C o m p o u n d s  I I a ,  b h y d r o -  

l y z e  on  b e i n g  b o i l e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d  b u t  a r e  s t a b l e  to  t h e  a c t i o n  of a l k a l i e s .  A f t e r  a l -  

k a l i n e  s o l u t i o n s  of  I I a  a n d  b h a v e  b e e n  b o i l e d ,  a c i d i f i -  

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

e m p i r i c a l  c o m p o s i t i o n  a n d  m e l t i n g  p o i n t .  T h e  r e d u c -  

t i o n  of  b o t h  t h e  y e l l o w  a n d  t h e  c o l o r l e s s  f o r m s  of e a c h  
of  t h e  a l k y l n i t r o t r i a z o l o n e s  I I a ,  b f o r m s  o n e  a n d  t h e  

s a m e  a m i n o  c o m p o u n d  I I Ia ,  b ,  r e s p e c t i v e l y ,  in  e a c h  

e a s e  b u t ,  f o r  e x a m p l e ,  t h e  c o l o r l e s s  f o r m  of  I I a  f o r m s  

i, pp. 159-161, 1969 

a yellow silver salt and the yellow form of the same 
compound forms a brown salt. The structure of the 
yellow forms of the alkylnitrotriazolones has not been 
established. 

The position of the alkyl group in the molecule of 
an alkylnitrotriazolone was determined by nitrating 
the corresponding N-alkyl derivatives of i, 2, 4-tri- 
azol-3-one, which we obtained by the alkylation and 
cydization of 2-methylsemicarbazide hydrochloride 
in formic acid by a published method [3], and from 
the corresponding monothiourazoles [4, 5] in the fol- 
lowing way: 

CH S O C O - - N f l N H  2 + R'NCS 

~ N H R , ~ - ~  CH3OCO--NH-- ~ - C -  N'ftR' 
CHaOCOCI + NH 2 --N-- -- V R I 

R OH- l 

O=C----N-- R' li202 O - - C - - N - - R '  
I I " H_~\N.  ~ H --N\N~C--H =S 

f 
tV R VI 

a R = R ' ~ H ;  b R=H.  R '=CHa ;  c R = C H  3, R'~H 

B y  t h e  c a t a l y t i c  r e d u e t i o n  of t h e  N - a l k y l n i t r o t r i -  

a z o l o n e s  I V a ,  b o v e r  A d a m s  c a t a l y s t  we h a v e  o b t a i n e d  
f o r  t h e  f i r s t  t i m e  N - a t k y l  d e r i v a t i v e s  of 5 - a m i n o -  

1, 2, 4 - t r i a z o l - 3 - o n e  (II Ia ,  b ) .  

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

4-Methyl-5-nitro-1, 2, 4-triazol-S-one (IIa, colorless form), a) 
A mixture of 10.4 g (0.08 mole) of the nitrotriazolone, 5 ml (0.08 
mole) of methyl iodide, and 4.5 g (0.08 mole) of caustic potash in 
20 ml of water was kept at 100~ C in a sealed tube for 6 hr. After 
cooling IIa crystallized out. Yield 5.7 g (50%), mp 179 ~ C (decomp., 
from water). Found, %: C 25.10; H 2.73; N 38.73. Calculated for 
CsH4N4Os, ~o: C 25.01; H 2.79; N 38.87. 

b) With stirring, 2 ml (0.02 mole) of dimethyl sulfate was added 
to a solution of 3.36 g (0.02 mole) of the potassium salt of the nitro- 
triazolone [3] in 30 ml of water, and the mixture was left a room 
temperature for 14 hr. Compound IIa crystallized out. Yield 0.77 g 
(26.6%), mp 179 ~ C (deeomp.). 

The silver salt (yellow) precipitated when equimolar solutions of 
the methylnitrotriazolone and sider nitrate were mixed. Found, %: 
C 14.15; H 1.27. Calculated for CaHaN4OsAg, %: C 14.36; H 1.21 . 

2-Methyl-f-nitro-I,  ~, 4-triazol-8-one (IIb), With stirring, 1.88 ml 
(0.02 mole) of dimethyl sulfate was added to a solution of 2.6 g 
(0.02 mole) of the nitrotriazolone and 3.36 g (0.06 mole) of caustic 
potash in l0 ml of water. After cooling, the mixture was acidified 
with hydrochloric acid to pH ~2. Compound IIb crystallized out. Yield 
2.6 g (92.8%). After reerystallization from ethanol, mp 227-228 ~ C 
(deeomp.). Found, %: C 24.15; H 3.01; N 39.00. Calculated for 
CsH4N40 s, %: C 25.01; H 2.79; N 38.86. 

4-Ethyl-5-nitro-1, 2, 4-triazol-3-one (IIe). This was obtained by 
alkylating the nitrotriazolone with diethyl sulfate in a similar manner 
to the synthesis of IIa. Mp 165 ~ C (decomp.). Found, %: N 35.97. 
Calculated for C4H6N403, %: N 35.43. 

Yellow forms of the N-alkylnitrotriazolones. These were obtained 
by boiling the corresponding N-alkylnitrotriazolones in 20% caustic 
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potash solution for 1 hr. After cooling, the solution was acidified with 
concentrated hydrochloric acid to pH ~2. The yellow forms of the 
N- alkylnitrotriazolones precipitated. 

The silver salts of these compounds were obtained as described 
above for IIa. 

Yellow form of compound IIa. Mp 179 ~ C (decomp., from water). 
Found, %: C 25.29; H 3.06. Calculated for CsH4N4Oa, %: C 25.01; 
H 2.79. Silver salt-brown. Found, %: C 14.00; H 1.74. Calculated 

for CsHsN403Ag, %: C 14.36; H 1.21. 
Yellow form of compound IIb. Mp 228-229 ~ C (decomp.). Found, 

%: C 25.12; H 2.68; N 39.08. Calculated for CsH4N4Oa, %: C 25.01; 
H 2.79; N 38.86. 

Yellow form of compound IIc. Mp 186 ~ C (decomp.). Found, %: 

N 35.34. Calculated for C4HsN40 s, %: N 35.43. 
Reduction of the N-alkylnitrotriazolones. A solution of 0.005 mole 

of IIa (colorless or yellow form) or rib (colorless or yellow form) in 
80 ml of water was treated with 0.1 g of Adams catalyst and reduced 
with hydrogen. The theoretical amount of hydrogen was absorbed in 
4 hr. After the catalyst had been filtered off, the solution was eva- 
porated to dryness and the residue was reerystallized from a suitable 
solvent. 

5-Amino-4-methyl-1, 2, 4-triazol-3-one. Yield 49%, mp 228- 
229 ~ C (from water). Found. %: C 31.73; H 5.58; N 48.91. Calculated 
for CzH4N40, %: C 31.58; H 5.30; N 49.08. 

6-Amtno-2-methyl-1,  2,4-triazol-g-one. Yield 63%, mp 211 ~ C 
(from ethanol). Found, %: C 31.88; H 5.60; N 48.72. Calculated for 
C2H4N40 , %: C 31.58; H 5.30; N 49.08. 

1-Methoxyearbonylthiosemicarbazide (Va), a) At 50-60 ~ C over 
30 rain, 23 ml (0.3 mole) of methyl chloroformate was added to a 
solution of 27.3 g (0.3 mole) of thiosemicarbazide in 330 ml of 50% 
ethanol. On cooling, Va crystallized out. Yield 35.5 g (79.4%). 
Mp 190 ~ C (decomp. 7. After crystallization from ethanol or acetic 
acid, mp 198 ~ C (decomp.). Found, %: N 28.15. Calculated for 
CsHrNaO20 %: N 28.17. 

b) A solution of 2.53 g (0.02 mole) of methyl hydrazinecarboxy- 
late hydrochloride and 1.94 g (0.02 mole) of potassium thiocyanate 
in 40 ml of water was evaporated to dryness on the water bath. Another 
40 ml of water was added and evaporation was repeated twice. The 
residue was extracted with 30 ml of hot anhydrous ethanol. On cooling, 
0.25 g of Va crystallized out. Mp 198 ~ C (decomp., from ethanoi). 
A mixture with the substance obtained by method (a) gave no de- 
pression of the melting point. 

1-Methoxyearbonyl-4-methylthlosemiearbaztde (Vb). a) A sus- 
pension of 6.3 g (0.06 mole) of 4-methylthiosemicarbazide in 30 ml 
of ethanol was treated with 4.8 ml (0.06 mole) of methyl chloro- 
formate, and the solution was heated to the boil. On cooling, Vb 
crystallized out. Yield 7.3 g (74.6%), mp 185 ~ C (decomp., from 
water). Found, %0: C 29.81; H 5.54, N 25.61. Calculated for C4HgNsOR, 
%: C 29.44; H 5.55; N 25.73. 

b) A mixture of 2.52 g (0.02 mole) of methylhydrazineearboxylate 

hydrochloride, 1.12 g (0.02 mole) of caustic potash, and 1.46 g(0.02 
mole) of methyl isothiocyanate in 15 ml of water was boiled for 4 hr. 
On cooling, Vb crystallized out. Yield 1.1 g (38.6%), mp 185 ~ C 
(decomp. 7. It gave no depression of the melting point with the sub- 
stance obtained by method (a). 

4-Methylmonothtourazole (VIb), A mixture of 1.63 g (0.012 mole) 
of Vb, 1.05 g (0.01 mole) of sodium carbonate, and 5 ml of water 

was boiled for 1 hr. After neutralization with hydrochloric acid, VIb 
separated out. Yield 0.6 g (45.8%), mp 212" C (decomp., from 
water) [6]. Found, %: C 27.51; H 3,35; N 31.78. Calculated for 

CsHsN3OS, %: C 27.49; H 3.84; N 32.04. 
1-Methylmonothtourazole (Vie). A mixture of 2.1 g (0.02 mole) 

of 2 methylthiosemicarbazide and 1.5 ml (0.02 mole) of methyl 
chloroformate in 25 ml of 50% ethanol was boiled for 15 rain. The 
solvent was distilled off in vacuum and the residue was treated with 
3 ml of 95% ethanol. The precipitate of Ve that deposited was boiled 
with I g (0.01 mole) of sodium carbonate in 5 ml of water for 1 hr. 
On neutralization with hydrochloric acid, VIe separated out. Yield 
1.0 g (40% 7, mp 258 ~ C (decomp., from water). Found, %: C 27.38; 
H 3.93; N 32.04. Calculated for CsHsN3OS, %: C 27.49; H 3.84; 
N 31.34. 

4-Methyl-f0 2, 4-triazol-8-one (IVa 7. A solution of 13.1 g (0.I 
mole) of VIb in 40 mI of water was slowly treated with 50 ml of 30% 
hydrogen peroxide. The solution was heated to the boil and then 
evaporated to dryness, the residue was dissolved in 30 ml of water, 
and the solution was neutralized with sodium bicarbonate and again 
evaporated. The residue was extracted with hot ethyl acetate (6 x 
x 50 ml). Evaporation of the solvent yielded 3.1 g (45%) of IVa, 
mp 158 ~ C (decomp., from ethyl acetate) [1]. Found, %: C 36.10; 
H 5.06; N 43.04. Calculated for CsHsNsO, %: C 36.37; H 5.08; 
N 42.39. 

2-Methyl- l ,2 ,4- t r iazol-3-one (IVb). A mixture of 2.3 g of 
2-methylsemicarbazide hydrochloride and 3 ml of 95% formic acid 
was boiled for 3 hr and cooled. IVb crystallized out, yield 0.6 g 
(33.3%), mp 178 ~ C (decomp., from ethyl acetate) [1,2]. Found, 
%: C 36.55; H 5.29; N 42.68. Calculated for CaHsNsO, %: C 36.37; 
H 5.08; N 42.39. 

Nitration of the N-alkyltriazolones. A N-alkyltriazolone (0.66 g; 
0.0066 mole) was treated with 0.4 ml of water and 0.8 ml of fuming 
nitric acid (d 1.495). The mixture was heated until the reaction be- 
gan. On cooling, the corresponding N-alkyltriazolone IIa or b crys- 
taliized out. 
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