
Aust. J. Chem., 1975, 28, 2089-91 

Mass Spectra of 1,2,4-Triazoles: 
A Novel Skeletal Rearrangement 

R. Krishna Mohan Rao Kallury, Tumbalam G. Surendra Nath and 
Vankipuram R. Srinivasan 

Department of Chemistry, Osmania University, 
Hyderabad-7, India. 

Abstract 

The mass spectra of 3-chloro-4,5-dipheny1-4H-1,2,4-triazole (I), 3-amino-4,5-diphenyl-4H-1,2,4- 
triazole (2) and 3-chloro-5-(5'-chloro-2'-thienyl)-4-phenyl-4H-l,2,4-triazole (3) revealed a novel 
skeletal rearrangement involving the migration of the 3-substituent to the C 5 carbon of the triazole 
ring followed by a concerted loss of nitrogen and benzonitrile. 

Mass spectral studies on heterocycles brought to light several skeletal rearrange- 
ments. Of these, the most extensively investigated ones were the formation of the 
fluorenyl cation from a number of diary1 five-membered heterocycles1 and the ring 
expansion of alkyl-substituted heter~cycles.~ Investigations on the mass spectra of 
1,2,4-triazoles were only of recent ~ r i ~ i n . ~ - ~  The methyl and phenyl derivatives of 
1,2,4-triazoline-3-thiones were found to be the most complex in their mass spectral 
behaviour, the other derivatives of this parent triazole system being relatively simpler. 

During the course of our investigations on 1,2,4-triazoles, we had occasion to 
examine the mass spectra of three triazoles (1)-(3). All three revealed a novel skeletal 
rearrangement, as evidenced from the following discussion. 

The molecular ion peaks were found to be the base peaks in the case of (2) and (3), 
whereas with (I), the parent ion was the second most abundant in the spectrum (the 
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mass spectra of the three triazoles are given in Table 1). This is in keeping with 
the high stability of the parent 1,2,4-triazole to electron impact (see3). All the three 
triazoles exhibited considerable M- 1 peaks, the abundances of which were high 

Table 1. Mass spectral data for triazoles (1)-(3) 

with (1) and (2). It was not possible, in the absence of deuterium labelling, to pinpoint 
the hydrogen lost in this process. Since the labelling of the 4-phenyl group in these 
triazoles by synthetic procedures is a tedious process, it was not attempted. 

Scheme 1 

The most interesting feature in the mass spectra of these triazoles, however, is 
the skeletal rearrangement involving the migration of the 3-substituent (chlorine or 
amino group) to the carbon atom at the 5-position of the triazole system. This 
migration is followed by the concerted loss of nitrogen and benzonitrile to afford 
the radical ion (4) (see Scheme 1). The process is substantiated, in each case, by an 

Table 2. Composition and relative abundances of ions (4) 

Triazole (1) Triazole (2) Triazole (3) 

Composition of ions (4) C7H5CI C7H7N C5H2SCI2 
I (%) at 70 eV 58 16 45 
I (%)  at 15 eV 15 8 11 

appropriate metastable peak. The compositions of the ions were confirmed by exact 
mass measurements as well as by the isotopic abundance values and are given in 
Table 2. The process was also found to be a low-energy one, as evidenced by the 
relative abundances of (4) at 15 eV indicated in Table 2. 
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A possible general mechanism for this rearrangement is shown in Scheme 1. 
Apart from this rearrangement, all the triazoles exhibited the basic cleavage of 

the triazole ring, viz., loss of RCN, where R is the 5-substituent on the triazole. This 
fragmentation was found to be preceded by the loss of chlorine in the case of (1) and 
(3). The aminotriazole (2) behaved in a different manner in that the amino group 
was lost only subsequent to the loss of benzonitrile. It  was therefore concluded that, 
like other heterocycles, halotriazoles lose the halogen prior to ring cleavage. 

Two fragmentations of (3), not observed for (1) and (2), are shown in Scheme 2. 

l+* *;; 
138 

N-N 
(+He) Scheme 2 

Experimental 
The triazoles (1) and (2) were prepared by procedures earlier reported from these laboratorie~.~ 
Triazole (3) was obtained in 80% yield by the reaction of 4-phenyl-5-(2'-thieny1)-4H-1,2,4- 

triazol-3-olL0 with phosphorus oxychloride-phosphorus pentachloride mixture (1 : 1.3  molar ratio) 
for 6 h in a sealed tube at 150-160°C. Recrystallization from ethanol afforded the desired product, 
m.p. 146-147°C (Found: C, 48.3; H, 2.4; N, 14.2. C12H7C12N3S requires C, 48.6; H, 2.4; 
N, 14.2%). 

The mass spectra of all the compounds were recorded on a Hitachi Perkin-Elmer RMU 6D 
mass spectrometer operating at 70 eV. Samples were introduced through the all-glass heated inlet 
system at 150°C. Exact mass measurements were performed on a CEC 21-llOB mass spectrometer 
at a resolution of 10000 (10% valley definition) with heptacosafluorotributylamine to provide 
reference masses. 
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