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The thermal properties of 5-(subst)-amino-l,2,3,4-thiatriazoles were studied using 
TG and DTA. 5-amino-l,2,3,4-thiatriazole was actively decomposed at the melting 
temperature. The active thermal decomposition proceeds at a very fast rate, being 
accompanied by exothermic reactions of recombination. In comparison with this, 
the different-5-(subst)-amino-l,2,3,4-thiatriazoles are decomposed at slower rates in 
several degradative steps. The effects of some substituents on the total course of thermal 
degradation are discussed. 

5-(substituted)-amino-l,2,3,4-thiatriazoles are not stable to heating. Their 
thermal instability is mostly dependent on the character of the substituent [1 ]. 
Moreover, 5-alkoxy-[2] and 5-alkyl-l,2,3,4-thiatriazoles [3] are unstable even 
at room temperature. 5-aryl derivatives appear to be more stable [4], their higher 
thermal stability being observed in the presence of electron-acceptor groups [5]. 

5-amino-l,2,3,4-thiatriazole decomposes on heating and the formation of 
dicyanamide can be detected [6, 7]. The thermal decompositions of other 5-(subst)- 
amino-l,2,3,4-thiatriazoles have not been studied until now. 

According to several references [6, 7], the thermal decompositions of 5-(subst)- 
-1,2,3,4-thiatriazoles proceed in the following way: 

N~S~G__R 
II II - - - -  RcN + s + sz 
N N 

In this paper, the results of thermal analysis (DTA, TG, DTG) of 5-(subst)- 
-amino-l,2,3,4-thiatriazoles will be presented. Special attention will be given to 
5-(1-carboxyalkyl)-amino-l,2,3,4-thiatriazoles, because the course of thermal 
decomposition of this type of compound is interesting from a practical point 
of view. 

Experimental 
Synthesis 

The list of compounds (I -VI I I )  investigated is given in Table 1.5-amino-1,2,3,4- 
thiatriazole (I) was prepared by the action of nitric acid on the thiosemicarbazide 
[8 ] and then purified by multiple crystallization from an ethanol - water mixture. 
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Compounds H - V I I I  were prepared by the reaction of the relevant isocyanate 
with the azoimide or trimethylsilylazide [9]. They were crystallized from an 
ethanol - petrolether - tetrahydrofuran mixture and then dried under reduced 
pressure before measurements were made. The purities of the compounds obtained 
were controlled by t.l.c., elemental analysis and IR spectra [9]. 

Thermal analysis 

All measurements were made in a dynamic atmosphere of nitrogen - (7 1 h -1) 
using a Mettler Thermoanalyser 2 at the constant heating rate of 6 ~ min -~. Pt/Pt Rh 
thermocouples were used, with AlzO z as a standard for DTA. 

Spectral analysis 

IR spectra were recorded with the Zeiss-Jena UR-20 equipment and spectral 
chloroform as solvent. The accuracy of frequency measurements was + 1 cm-~o 

Discussion 

The thermal decomposition of 5-(subst)-amino-l,2,3,4-thiatriazoles was studied 
by methods of thermal analysis. The thermal behaviour of compounds I - V I I I  
is shown in Table 1. The DTA, TG and DTG curves for 5-amino-l,2,3,4-thiatri- 
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Fig. 1. DTA, TG and DTG curves of 5-amino-l,2,3,4-thiatriazole 
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azole are illustrated in Fig. 1, which indicates that the thermal decomposition of 
this type of compound occurs approximately at the melting point and is very fast 
(DTG). The decomposition is accompanied by 80 % weight loss and exothermic 
reactions of fragment recombination (DTA). The active degradation of  the 
residue, which has a very slow and endothermic character, proceeds at tempera- 
tures above 200 ~ and is completed at 500 ~ . 
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Fig. 2. TG curves of compounds I, II, III and VIII denoted as Table 1 

From a comparison of the active thermal degradation of compounds I, II and~ 
III (Fig. 2) it can be concluded that substitution of protons in 5-amino-l,2,3,4- 
thiatriazole (I) with phenyl ([I) or benzyl (III) increases the thermal stability._ 
The first active degradation step for compounds II and III proceeds at a lower 
rate and with a smaller weight loss than in the case of compound I. A further 
increase in thermal stability was attained by introducing carbethoxy substituents. 
in position 5. The residue produced after the first degradation stage is decomposed 
in two different stages and the total weight loss at 500 ~ is smaller for compounds 
IV - VIII than for I -  IIL The effects of various substituents on the overall course 
of thermal degradation of 5-(subst)-amino-l,2,3,4-thiatriazoles is given in Table 1. 

The residue produced after the first degradation stage was also studied using 
IR spectra. From the main results presented in Table 2 it can be concluded that 
during the first stage of decomposition the relevant substituted cyanimides are 
formed. The isolation of pure products was not successful because the compounds 
primarily formed were very reactive, and the formation of high molecular weight 
condensates was observed. 
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R~SUMt~ -- On a 6tudi6 par TG et ATD les propri6t6s thermiques des 5-(subst)-amino-l,2,3,4- 
thiatriazoles. Le 5-amino-l,2,3,4-thiatriazole se d6compose activement ~t la temp6rature de 
fusion. La d6composition thermique active s'effectue avec une tr6s grande vitesse et s 'accom- 
pagne de r6actions exothermiques de recombinaison. Par contre, les divers 5-(subst)-amino- 
1,2,3,4-thiatriazoles se d6composent avec une vitesse plus faible et en plusieurs 6tapes. On 
discute l'effet de quelques substituants sur le processus complet de la d6gradation thermique. 

Z~3SAMME~rASSUNG -- Die thermischen Eigenschaften von 5-(subst)-Amino-l,2,3,4,-Thiatriazo- 
len wurden mittels der Methoden TG und DTA untersucht. Das 5-Amino-l,2,3,4-Thiatriazol 
wurde bei der Schmelztemperatur aktiv zersetzt. Die aktive thermische Zersetzung verlauft 
mit einer sehr groBen Geschwindigkeit und wird yon den exothermen Reaktionen der Rekom- 
bination begleitet. Im Vergleich hierzu werden die verschiedenen 5-(subst)-Amino-l,2,3,4- 
Thiatriazole mit einer geringeren Geschwindigkeit, in mehreren Zersetzungsstufen abgebaut. 
Die Wirkung einiger Substituenten auf den Gesamtablauf der thermischen Zersetzung wird 
er6rtert. 

Pe3mMe - -  BbinI~ rt3yqenb~, rtcnoab3ya MeTO,~bI TF I~ ]ITA, wepMHqecKne CBO~CTBa 5-(3aMe- 
~:~ear~Ix)-a~L~t~o-l,2,3,4-TaaTprm3o~oB. 5-aMarIo-l,2,3,4-xHaTpI~aaoa a~T~BHO pa3~araacrt y~re 
npn TeMnepaType nYtaB~eni4n. ~TO aKTHBHOe TepMH~ecKoe pa3no~eHr~e npoTeKaeT c oqenb Bbl- 
COKOffI CKOpOCTbIO, CoIIpOBOTK~a~ICb 3K3oTepMHHeCKHMIt peKOM6tIHaLI/LIOHHI, IMI, I peaKl2n~IMi,l. IIo 
cpaBrteamo c aXnM coe~arieHrIeM, ~pyrHe 5-(3aMemennJ, Ie)-aMnno-l,2,3,4-TrmTpna3onI, I pa3na- 
1-a~oTca 6oaee Me~Yienno B HeCt(OY~t,I(O cTyIIeHe~. O6cy~r~eno B~L~HHe HeKOTOpBrx 3aMecTn- 
Tenefi Ha o6mn~ xo~ TepMrt~tecI~oro pa3pymer~n~. 
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