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By oxidation of 3, 6-dimethyl- 1, 2,4-triazole the monopotassium salt 
of 1,2,4-triazole-3,5-dicarboxylic acid was obtained. The mononitryl 
of 1,2,4-triazoie-3,5-dicarboxylic acid was isolated during the reac- 
tion between 3-diazo- 1,2,4-triazole-5- carboxylic acid and potassium 
cyanide in the presence of copper cyanide. Acid hydrolysis of 3-cyano- 
1,2,4-tdazole-g-carboxylic acid leads to the formation of 3-car- 
bamido-6-carboxy-l,2,4-triazole, which on esterification with meth- 
anol gives rise to 3-carbamido-5-carbomethoxy-l,2,4-triazote. 

The d e r i v a t i v e s  of 1, 2, 4 - t r i a z o l e - 3 ,  5 - d i c a r b o x y l i c  

ac id  m a y  be  of i n t e r e s t  a s  p h y s i o l o g i c a l l y  a c t i v e  p r e p -  

a r a t i o n s .  Thus  a s tudy  w a s  m a d e  of the  f o r m a t i o n  
of c e r t a i n  c o m p o u n d s  of t h i s  s e r i e s  and t h e i r  t r a n s -  

f o r m a t i o n s  w e r e  i n v e s t i g a t e d .  

F r o m  p a t e n t e d  d a t a  [1] i t  i s  we l l  known tha t  i t  is  

p o s s i b l e  to ob ta in  1, 2, 4 - t r i a z o l e - 3 ,  5 - d i c a r b o x y l i c  
ac id  in the  f o r m  of s a l t s  f r o m  1, 2, 4 - t r i a z o l e  and c a r -  

bon d iox ide .  H o w e v e r ,  in t h i s  p a t e n t  t h e r e  a r e  no a n a -  
l y t i c a l  da t a  f o r  s a l t s  of 1, 2, 4 - t r i a z o l e - 3 ,  5 - d i c a r b o x -  
y l i e  ac id .  

We o b t a i n e d  1, 2, 4 - t r i a z o l e - 3 ,  5 - d i e a r b o x y l i e  ac id  

in the  f o r m  of the  m o n o p o t a s s i u m  sa l t  on o x i d a t i o n  

of 3, 5 - d i m e t h y l - 1 ,  2, 4 - t r i a z o l e  (II). E s t e r t f i e a t i o n  of 

t h i s  c o m p o u n d  by  m e t h y l  a l coho l  led  to the  f o r m a t i o n  

of 3, 5 - d i e a r b o m e t h o x y - 1 ,  2, 4 - t r t a z o l e  (III). H o w e v e r ,  

the e a s e  wi th  w h i c h  1, 2, 4 - t r i a z o l e - 3 ,  5 - d i e a r b o x y l i c  

ac id  u n d e r g o e s  d e c a r b o x y l a t i o n  h i n d e r s  t h i s  r e a c t i o n .  

In c e r t a i n  e x p e r i m e n t s  we i s o l a t e d  the  m e t h y l  e s t e r  

of t r i a z o l o m o n o c a r b o x y l i c  ac id ,  p r o b a b l y  f o r m e d  as  a 

r e s u l t  of p a r t i a l  d e e a r b o x y l a t i o n .  
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D e r i v a t i v e s  of 1, 2, 4 - t r i a z o l e - 3 ,  5 - d i c a r b o x y l i e  ac id  
a r e  o b t a i n e d  f r o m  d i a z o t r i a z o l e c a r b o x y l i e  ac id  (IV) 
by  a d i f f e r e n t  pa thway .  E x c h a n g e  of the d i azo  g r o u p  

f o r  the  n i t r i l e  g r o u p  t a k e s  p l a c e  by  Z a n d m e y e r ' s  r e -  

a c t i o n  in the  p r e s e n c e  of c u p r o u s  cyan ide .  The  m o n o -  
n i t r i l e  of t r i a z o l e d i e a r b o x y l i e  ac id  (V) r e a d i l y  u n d e r -  
went  d e c a r b o x y l a t i o n  wi th  the  f o r m a t i o n  of 3 - c y a n o - 1 ,  2, 

4 - t r i a z o i e  (VI), w h i c h  h a s  b e e n  d e s c r i b e d  p r e v i o u s l y  
[2]. A l k a l i n e  h y d r o l y s i s  of c o m p o u n d  V p r o e e e d e d e x -  
t r e m e l y  s l owly  and led  to the f o r m a t i o n  of a m i x t u r e  

of p r o d u c t s  the  iden t i ty  of w h i c h  w a s  i m p o s s i b l e  to 

d e t e r m i n e .  D u r i n g  ac id  h y d r o l y s i s  of c o m p o u n d  V, 3-  

c a r b a m i d o - 5 - e a r b o x y - 1 ,  2, 4 - t r i a z o l e  (VII) w a s  [ s o -  

l a t ed ,  w h i c h  did not u n d e r g o  s u b s e q u e n t  h y d r o l y s i s  

e v e n  w h e n  h e a t e d  f o r  m a n y  h o u r s  wi th  h y d r o c h l o r i c  

ac id .  By e s t e r f f i e a t i o n  of co mp o u n d  VII wi th  m e t h y l  

a l coho l  in the  p r e s e n c e  of h y d r o g e n  c h l o r i d e ,  3 - e a r -  
b a m i d o - 5 - e a r b o m e t h o x y - 1 ,  2, 4 - t r i a z o l e  (VIII) was  

ob ta ined .  C o m p o u n d  V w a s  c o n v e r t e d  into the  d i r ae thy l  

e s t e r  of 1, 2, 4 - t r i a z o l e - 3 ,  5 - d t e a r b o x y l i e  ac id  (III) 

t h r o u g h  the i m i n o e s t e r  [3]. 

EXPERIMENTAL 

3,5-Dimethyl-1, 2,4-triazole (II). A solution of 20.7 g (0.3 mole) 
sodium nitrite in 100 ml water was added at 20-80 ~ C with stirring 
over the course of 2.5 hr to a solution of 22.4 g (0.2 mole) 3,5-di- 
methyl-4-amino-1,2,4-triazole in 65 ml of 6 N HC1. The reaction 
mass was neutralized with sodium carbonate to pH 8 and evaporated to 
dryness in a water bath. 3,5-Dimethyl-1, 2,4-triazole was extracted 
with ether in a Soxhelt apparatus. The yield was quantitative nap 140- 
141 ~ C (from benzene) [4]. 

Monopotassium salt of 1, 2,4-triazole-3, 5-dicatboxylic acid (I). A 
63.2 g (0.4 mole) quantity of potassium permanganate and 250 g of a 
1% KOH solution were added to a solution of 9.8 g (0.1 mole) of com- 
pound li in 50 mt water. The mixture was stirred at 70 ~ C for 24 hr. 
The precipitate of manganese dioxide was filtered and washed with 
warm water. The filtrate and was.hings were concentrated to 100 ml. 
The cooled solution was neutralized to pH 6-7 with 25% H2SO 4 and 
the resulting precipitate of the salt of compound I was collected. 
Yield, 16.8 g (85.2~ The compound does not melt up to 350 ~ C. 
Found, %: C 24.59, 24.20; H 1.38, 1.23; N 21.81, 21.57. Calculated 
for CdHzN304K, %: C 24.61; H 1.04; N 21.53. 

3-Cyano-l, 2,4-triazole-5-carhoxylie acid (V). A 52 g (0.79 mole) 
quantity of potassium cyanide was added on cooling with water to a 
suspension of 20 g cuprous chloride in 120 ml water. Onto the resulting 
solution was sprinkled 3-diazo-l,2,4-triazole-5-catboxylic acid (IV), 
obtained from 15 g (0.12 mole) of aminotriazolecarboxylic acid [2]. 
After maintaining the mixture for one hour at 20-25 ~ C a solution of 
71 g (30% excess) of ferrous sulfate (heptahydrate) in 200 ml water was 
added. The precipitate was removed by filtration, washed with water, 
and added in portions to 300 ml of 30% sulfuric acid. After one hour 
the solution was filtered and the filtrate was extacted with ether. After 
evaporation of the ether cotourless crystals of the acid of compound V 
were obtained which were purified by dissolving in ethyl acetate and 
precipitation with petroleum ether. Yield: 4 g, mp .98-100" C (with 
decomposition), when the substance solidifies and remelts at i82-183 ~ 
C. Found, %: C 28.50; H 3.06; N 33.59, 33.80. M 164 (by potentio- 
metric titration). Calculated for CdHzNaO z �9 5HzO , %: C 29.10; H 3.04; 
N 33.90. M 165. 

3-Cyano-l,2,4-triazole (VI). On melting the acid of compound V 
and maintaining the fusion at 105-110 ~ C for 8 rain the compound 
undergoes decarboxylation. The cyanotriazole formed crystallized 
from benzene, mp 187" C [2]. Found, %: C 38.48; H 2.40; N 69.80. 
M 94 (by potentiometric titration). Calculated for C3H2Nd, %: C 38.30. 
H 2.18; N 59.56. M 94. 

3-Carbamido-5-carboxy-1, 2, 4-triazole (VII). A 7 g quantity of the 
acid of compound V was heated with 70 ml cone HC1 for 8 hr at 60-56 ~ 
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C. The precipitate was washed with water and dried. Yield, 6.5 g 
(96.5%). The compound does not dissolve in organic solvents, and is 
extremely sparingly soluble in water. Purification is conducted by dis- 
solving in 10% alkali and precipitating in 16% Ha804 , m p  302 ~ C. 
Found, %: C 31.00; H 2.70; N 35.91. Calculated for CgH4N40 z, %: 
c 30.80; H 2.56; N 35.90. 

3-Carbamido-5-carbomethoxy-1,  2, 4-triazole (VIII). A 2. 5 g quan- 
tity of compound VII was suspended in 130 ml  absolute methanol and 
dry hydrogen chloride was passed through the suspension for 3 hr at 
25-30 ~ C. The mixture was maintained for 4 hr at room temperature, 
and then filtered and the filtrate was evaporated under vacuum at 
room temperature, and then filtered and the filtrate was evaporated 
under vacuum at room temperature. After evaporation of the filtrate 
the precipitate was washed with water and crystallized from water. 
Yield, 0.5 g (18.5%), mp 224 ~ C. Found, %: C 35.20; H 3.60; N 33.05. 
Calculated for CsH~N403, %: C 35.30; H 3.53; N 32.95. 

Dimethyl ester of 1, 2 ,4- t r iazole-3,5-dicarboxyl ic  acid (III). A) 
A 2 g quantity of the acid of compound V was dissolved in 4.5 ml  
absolute methanol and at 0 ~ C hydrogen chloride gas was passed for 
2 hr. The mixture was then maintained for 48 hr at this temperature. 
The mixture was poured into water and extracted with ethyl acetate.  
After evaporation of the ethyl acetate the precipitate was equivalent 
to 1.5 g (60%), mp 149-150 ~ C (from water). Found, %: C 39.00; 
H 3.79; N 22.61. Calculated for C6HTNsO4~ %: C 38.92; H 3.81; N 
22.70. 

B) A 6 ml  volume of conc HzSO4 was added dropwise with cooling 
to a solution of 6 g of compound I in 150 ml  absolute methanol. The 
mixture was stirred for 2 hr and maintained for 12 hr. A small quantity 

of colorless precipitate was formed from which by multifold extraction 
with ethyl acetate and subsequent evaporation 2.5 g (45%0) of the ester 
of compound III was isolated, mp 150-152 ~ C (from water). Found, %0: 
C 89.00; H 3.79; N 22.61, M 186 (by potentiometric titration). Calcu- 
lated for C6HTN30 ~, %0: C 38.92; H 8.81; N 22.70. M 185. 

A sample of a mixture of the compounds obtained by methods (A) 
and (B) did not give rise to depression of the melting point. 
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