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1. Introduction 

Hgdrazine hydrate 1s known' to react with atmospheric carbon d~oxide to form hydrazinium 
hydrazinecarboxylate, N,H; COON,H; (HHC). The reaction of this compound with 
transition2.' and rare-earth salts has been studled and the mechanism of its 
action has been established. During the course of the present study, it has been found 
accidentally that HI-IC reacls with acetonitrile to lorm 4-amino-3,S-dimethyl-I, 2, 4-triazole 
as one of the products. This compound and its derivatives are useful in agriculture and 
medicineb-13. The details ol  the reaction and prohable reaction mechanism are discussed 
in this paper. 

Reagent-gl-ade hydrazine hydrate (N2H,-H,O, 99-100%) and acetonitrile were obtained 
from BD1-I and were used as received. 
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The C, H and N analyses were obtained by microanalytica! methods. IR spectrum was 
recorded on a Carl-Zeiss UR-I0 automatic double-beam spectrometer in KBr pellet. 
The mass spectral fragmentation pattern was obtained using an AEI MS-702 model 
mass spectrometer with electron bombardment source. The proton NMR spectra were 
recorded on a Varian T-60 spectrometer and the carbon-I3 NMR spectrum was obtained 
on a Bruker WH-270 model machine a1 a probe temperature of 25°C. For both the 
NMR spectra TMS was used as an internal standard and D,-DMSO or D 2 0  was used 
as a solvent. The X-ray powder diffraction pattern was obtained using a Philips X-ray 
diffractometer with a vertical goniorneter. model PW 1050170 using CuK, radiation with 
a nickel filter. 

2.1. Preparation of hjdrazinium hydrazinecarboxylate, N,H: COON,H; (HHC) 

This compound was obtained as a viscous liquid by passing CO, through a 10mL of liquid 
hydrazine hydrate for about IOmin. 

When a mixture of liquid HHC and acetonitrile was kept aside at room temperature, 
two layers appeared, the top being acetonitrile and the lower HHC. A pink colour was 
developed in the acetonitrile layer after about 12h. After 2-3 weeks, the pinkish 
acetonitrile layer disappeared with the formation of a white crystalline compound in 
the HHC layer. The solid compound was characterized by elemental microanalysis, IR 
and ('H and I3C) NMR spectroscopy, mass spectrometry and X-ray powder diffraction. 

3. Analytical data 

Calcd for C,H,N, (mol. wt 1 12.1 5): C, 42.85; H, 7.19; N, 49.96. Found: C, 42.67; H, 7.15; 
N, 49.96. 

3.2. 1R .spectrum (cm - ') 
* 

3240,, 3145,, 300$ 2925,, 1645,, 1565,, 1510,, 1440,, 1390,, 1380,, 1090,, 990,. 970,, 
760,, 725,. 660,,, 510,  and 475, (s-strong, m-medlum and w -weak) 

'H NMR (D,-DMSO, 25°C): 6, 2.2(s, -CH,), 5.7 (s, -NH2) 

5,(D20):2.2 (s, - CH,). 

13CNMR(D,-DMS0.2YC): 8, 9.58 (-CH,), 151.19 (ring C) 

3.3. X-ray powder difraction d(d) spacings 



3.4. Mars spectrometry 

M/c (intensity): 113(4.9), 112(81.3), lll(0.31, 97(1.0), 82(0.5), 67(0.7), 66(0.8), 57(4.6), 56(3.7), 
Sj(0.6). 54(0.7), 53(0.9), 52(0.9), 51(0.5), 44(0.3), 43(4.7), 42(100), 41(14.6), 40(9.7), 39(4.7), 
38(2.1), 37(0.6), 32(5.3), 31(0.5), 30(19.9) and 29(6.8). 

A 5-mL portion of I-IHC was mixed with 20 mL of acelonitrlle and refluxed under nitrogen 
using a water condenser for 4h. The resultant solution was evaporated over a water 
bath to gel colourless crystals of the triazolc. The crystals were separated by filtration, 
washed with a srnaii amount of acetone and then with acelonitrile and dried in air. 
Yield: 1.38. M.P.. 198-19Y'C. The compound is freely solubie in DMSO and water, 
slightly soluble in acetone, and insoluble in bcnzene, carbontetrachloride and acetonitrile. 

4. Results and discussion 

The molecular formula of the compound obtained from the elemental analysis and the 
molecular weight by mass spectrometry was found to be C,H,N,. The 'H NMR 
spectrum of the white solid compound in D,-DMSO solvcot has two singlets. one at 
2.2ppm and another at 5.7ppm with the integrated intensty ratio of 3:1, respectively. 
The peak occurring at 5.7ppm disappcars on shaking the solution with D 2 0  forming 
DHO resulting from exchange, wggesting that it may be assigned to NH protons. The 
singlet at 2.2ppm may result from CH, protons. From the integrated intensity ratio 
and the molecular formula, it is inferred that there are two CH, groups and two NH 
protons. Further, the simple spectrum with singlet peaks suggests that the structure of 
the compound is symmetrical. The I3C NMR spectrum of the compound in D,-DMSO 
solvent shows two peaks, with the chemical shifts 9.58 and lil.20ppm indicating two 
typcs of carbon atoms and the molecular structure to be highly symmetrical. The peak 
at higher field may be due to CH, carbons and the other at lower field may be due to 
carbons in the ring system. 

The IR spcctrum of the compound has a doublet at 3240 and 3145cm-', which are 
assigned to N--H stretchings, and suggests the presence of an -NH2 group in the 
c o m p o ~ n d ' ~ .  The presence of the CH, group is evidenced from the -CH3 asymmetric 
(at 3000cm-') and symmetric (1390 and 1380cm-') deformations and C-CH, rockings 
at 1090cm~' .  Further, a strong hand obscrvcd at 1645cm-I is assigned to u(,=,, and 
two typcs of v,,.,, are found at 970 and 990cm-' in the solid state. 

All these analytical and spectral data appear to confirm the compound to he 4,amino-3, 
5-dimcthyl-1, 2, Ctriazole. On the basis of the structure the mass spectral fragmentation 
pattcrn has bcen successfully interpreted15. 

Hydrazine hydrate reacts with acetonitrile in the presence of sulfur- 
containing compoundsl%r to form 4-amino-3,5-dimethyl-1,2,4-triazole. 
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( I l l )  
Scheme I 

The compound triazole is obtained by the reactlon of HHC and acetonitrile or hydrazine 
hydrate and acetonitrile in CO, atmosphere. The probable mechanism for this reection 
is given in Scheme I. 

Amidrazone salts are to be formed by the nucleophilic attack o l  
hydrazine or its salts on acetonitrile as a first step. The intermediate (I) is proposed to 
be formed by the reaction between two amidrazone salts. This intermediate is similar 
to the 'enol' form of diacylhydrazide which was an mtermediate proposed by Herhst 
and Harrison2' in the decomposition of hydrazinium salts of aliphatic carboxilic acids. 
The self-condensatiqn of the intermediate (I) will produce oxadiazole derivative under 
acidic c o n d t i ~ n s ~ ~  and, therefore, is not considered here. 

The compound, 4-amino-3, 5-dimethyl-1, 2. Ctriazole (II), is formed directly by 
the decomposition of intermediate I or through the six-membered compound (111) 
ie., 3, 6-dimethyl-1, Zdihydro-1, 2, 4, 5-tetrame, which rearranges further in basic 
solution to the t r i a z ~ l e ~ ~ ~ ~ ' ~ ~ ~ , ~ ~ .  It has been explained2= that the substituent with 
more electron-withdrawing power tends LO stabilize the six-membered ring, uiz., 3, 
6-disuhstituted-I, 2-dihydro-I, 2, 4, 5-tetrazine and the more electron-releasing character 
of the substituted group facilitates the conversion to five-membered ring. The isolation 
of compound I11 is, therefore, improbable in the present case. However, Abdel Rehman 
et a12' have reported the isolation of intermediate 111 for aryl derivatives. 
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