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Abstract - 3-Substituted 4-amino-1-methyl- 5-methylthylthio-1,2,4- 

triazolium salts react with acetonitriles activated by another 

electron-delocalizing group to give enarnines which undergo 

cyclization by action of hydroqen chloride to qive pyrazolo [5,1-c] - 

l,2,4-triazole derivatives. 

The synthesis of fused heterocycles which contain the 1,2,4-triazole moiety has 

been of interest because of the biological activity they yossess. In this con- 

1 text we have reported the preparation of 1,2,4-triaz0lo[l,5-a~pyridines~'~'~: 

4 5 1.3.4-triazolo[3,2-alpyridines ; 1,2,4-triazolo[3,4-b]-1,3,~-thiadiazoles : 1,2,4- 

triazolo[5,1-c]-1,2,4-triazines6 and 1,2,4-triazolo[4,3-b]-l,2,4-triazoles7'8'9. 

We now describe a new qeneral method for the synthesis of otherwise not readily 

accesible pyrazolo [5,1-c]-1.2.4-triazole derivatives. 

The methods described for the preparation of the pyrazolo r5.1-c]-1.2.4-triazole 

ring system can be classified in two groups. One starts from pyracole derivatives 

such as 3-hydrazino 10'11'12'13 or 3-diazonium The other involves 

Cyclisative condensation reactions of 3,4-diamino-1,2,4-triazoles16 or 4-amino- 

17 5-thioxo-1.2.4-triazole derivatives . 
The method here reported is based in the reaction of the N-amino heterocycles 

4-amino-l-methyl-3,5-bis(methylthio)-1,2,4-triazolium iodide &, readily available 

from 4-amino-3,s-bis (methylthio)-1.2,4-triazo and methyl iodidela, and 4-amino- 

1,3-dimethyl-5-methylthio-l,2,4-triazolium trifluoromethanesulfonate - lb, with 

acetonitriles 2 activated by another electron-delocalizing group such as an ester, 

amide, hydrazide or a second nitrile qroup. 



When treated with 1 equivalent of pyrrolidine and 1 eouivalent of nitrile - 2 in 

ethanol at room temperature for 24 h , the 4-amino-1.2.4-triazolium cations 

and lb underwent elimination of methanethiol to give the corresponding functiona- - 

lized enamines 2 which were isolated as crystalline solids. The yields of the 
reaction were found to depend on the nature of the R '  substituent in the nitrile 

2. They were good for R a =  CN, COOEt and COOHe, and moderate for R 1 =  CONH2 and - 

CONHNH2 . In these latter cases the tetrazine 5 was isolated as the main product. 

Compounds 3 ( R r =  CN, COOEt, COOMe) undergo cyclization by action of dry hydroeen 

chloride at room temperature to give the correspondinq pyrazoloF.1-c]-1,2,4- 

triazoles 4 . The short reaction time for this reaqent is remarkable. Howewer, 
attempted cyclization of compounds 2 (R3= CONHE , CONHNH2) failed to sive 4. 
When enamine - 3 (R'= CN) was treated with sodium methoxide the correspondinq pyra- 

~olo[5,l-c]-l,2,4-triazole 4 was isolated in moderate yield. Howewer, for 2 ( R r =  

COOEt, COOMe) the corresponding compounds 4 were isolated in very low yield and 

for (R'= CONH2 , CONHNH2) the cyclization reaction failed to give 4 . 
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TABLE 3 . Cont. 

a - Obtained as solutions in CDC13, except for compounds a, g, g, 3f, and 
6 4d which were obtained in DMSO-d . - 

Recorded at 7 0  eV . 



EXPERIMENTAL 

Melting points were obtained on a Kofler hot-stage apparatus, and are uncorrected. 

IT spectra were run using NaCl plates on a Nicolet FT-SDX spectrophotometer in 

Nujol emulsions. 'H Nmr spectra were obtained on a Varian EM-360A 60 MHz spectro- 

meter. Mass spectra were recorded on a Hewlett-Packard 5993 C Spectrometer. Ele- 

mental analyses were performed with a Perkin-Elmer 240 C instrument. 

4-Rmino-l,3-dlmethyl-5-methylthio-l,2,4-triazolium Trifluoromethanesulfonate g . 
4-~ino-l,3-dimethyl-1,2,4-tria~o1e-5H-thione (1.44 g, 10 mmol), methyl trifluoro- 

methanesulfonate (1.64 g ,  10 mmol) and dry dichloromethane (30 ml) were stirred 

at room temperature for 24 h . Elimination of solvent under reduced pressure and 
addition of ether (20 ml) to the residual material gave a solid which was filtered, 

dried and recrystallised from ethanol-ether (1:l) to give & (2.360 , 76%) as co- 

lourless prisms. mp 56-57-C (Found : C, 23.23; H, 3.48; N, 18.09; S ,  20.65. 

C6H11F3N403S2 requires C. 23.37; H. 3.59; N, 18.17; S,  20.80%). v max. (~ujol) 

3320, 3275, 3225, 1625, 1260, 1165, 1030, 958, 850, 640 ; 6 (CDC13) 5.95 (2H,s,bro- 

ad), 4.05 (3H,s), 2.75 (3H,s), 2.55 I3H.s). 

General Procedure for the Formation of Enamines 3 . Procedure A . To a solution 
of triazolium iodide (1.59 g, 5 mmol) and pyrrolidine (0.36 g, 5 mmol) in 

ethanol (20 ml) the corresponding nitrile 2 (5 mmol) was added. The resultant 

mixture was stirred at room temperature for 24 h (evolution of methanethiol was 

clearly detected). The precipitated solid was collected by filtration and recrys- 

tallised from the appropriate solvent (see Table 1). Procedure B . Triazolium 
trifluoromethanesulfonate & (1.54 g, 5 mmol), pyrrolidine (0.36 g, 5 mrnoll and 

the corresponding nitrile - 2 (5 mmoll were stirred in ethanol (20 ml) at roam 

temperature for 24 h . Elimination of the solvent under reduced pressure gave 
a solid residue which was dissolved in chloroform (30 ml) and washed with water 

(2x10 ml). The dried (MqSO ) organic layer was evaporated under reduced pressure 4 

to yield the crude product which recrystallised from the appropriate solvent 

yielded 3 as crystalline solids (see Table 1). 

General Procedure for the Formation of Pyrazolo[5,1-c]-1.2.4-triazoles 4 . 
A stream of dry hydrogen chloride gas was passed throuqh a well-stirred solution 
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o f  e n a m i n e  3  ( 5  mmol) i n  d r y  d i o x a n e  ( 2 5  m l )  f o r  30  m i n  . The  s o l u t i o n  was  con- - 

c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e ,  t h e  " r e c i p i t a t e  o b t a i n e d  was f i l t e r e d  o f f  and 

r e c r y s t a l l i s e d  f r o m  t h e  a d e o u a t e  s o l v e n t  t o  g i v e  4 ( s e e  T a b l e  2 1 .  
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