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Disubstituted alkyl (aryl)heteryl t r iazenes  were synthesized by the react ion of the azides of 
benzothiazole,  benzimidazole,  and pyridine with Grignard reagents .  The kinetics of their 
cleavage by UV ir radia t ion were  investigated. 

We have previously  descr ibed the react ions  of 6-azido-2-methylbenzothiazole  with organomagnesium 
halides [1] which lead to the formation of disubstituted t r iazenes .  

The aim of this study was the synthesis  of t r iazenes  f rom organomagnesium compounds and 5-azido-  
2-methylbenzothiazole,  2-(p-azidophenyl)benzothiazole,  6-az ido- l ,2-d imethylbenzimidazole ,  5 -az ido-1-  
phenyl-2-methylbenzimidazole ,  and f i -azidopyridine.  It was shown that, as in the case of 6 -az ido-2 -methy l -  
benzothiazole,  these azides reac t  with organomagnesium halides only at the azido group to form the disub- 
stituted t r iazenes  presented  in Table 1. 

To shed some light on the problem of the photostabili ty of t r iazenes  of different s t ructure ,  the kinetics 
of thei~ photochemical  cleavage were  investigated. The photolysis of t r iazenes  has not been studied-from a 
kinetic point of view. The use of the photochemical  decomposit ion of methylphenyltr iazene as a source  of 
CH 3 free radicals  is descr ibed in [2]. 

We used a lkyl(aryl )heteryl t r iazenes  I, IX-XI, XV, XX, XXI, XXVIII, XXX, and XXXIV (see Table 1) as 
well as diazoaminobenzene and methylphenyl t r iazene for the kinetic investigations. 

The judgment regarding  the rate  of photochemical  decomposition of the t r iazenes  with t ime was accu-  
mulated on the basis  of the resul ts  of spect rophotometr ic  and gasometr ic  methods of analysis.  

The dependence of the change in the concentration of t r iazene solutions on the i r radiat ion time during 
measurement  of the absorption intensity of the UV spect ra  is shown in Fig. 1. It is apparent  that a lkyl t r i -  
azenes are  photolytically decomposed fas te r  than ary l t r iazenes .  

The gasomet r i c  determinat ion of the rate  of decomposition of the t r iaz ines  with time was based on 
measurements  of the volume of nitrogen, which is the product  of their  photolytic cleavage. 

Special exper iments  were  set  up to establish whether photolysis of the t r iazenes  is accompanied by 
thermal  decomposition. Solutions of t r iazenes  IX, XII, and XXXIV (c = 1 �9 10 -s M) in alcohol were placed 
in the cuvette of a the rmos ta t  and held in success ion at 30 to 70 deg. It turned out that these compounds 
do not decompose in a period of t ime sufficient for their  photolysis under the given conditions. In [3] it was 
shown that t r iazenes  do not decompose in anhydrous methanol and d ry  benzene at 20 and 40 deg. The addi- 
tion of water  to alcohol solutions resu l t s  in an increase  in the rate of thermal  decomposit ion of the t r iazenes ,  
but a prolonged period is required for their complete decomposition. 
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T A B L E  1. A l k y l ( a r y l ) h e t e r y l t r i a z e n e s  R - N = N - N H - R  [1] 
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F i g .  1. D e p e n d e n c e  of t h e  c h a n g e  in  c o n c e n t r a t i o n  of t r i a z e n e  s o l u t i o n s  on  i r r a d i a t i o n  
t i m e :  1) d i a z o a m i n o b e n z e n e ;  2) m e t h y l p h e n y l t r i a z e n e ;  3) p h e n y l  ( 8 - p y r i d y l ) t r i a z e n e ;  4) 

e t h y l ( f i - p y r i d y l ) t r i a z e n e ;  5 ) p h e n y l ( 2 - m e t h y l - 5 - b e n z o t h i a z o l y l ) t r i a z e n e ;  6) m e t h y l ( 2 - m e t h y l -  

5 - b e n z o t h i a z o l y l ) t r i a z e n e ;  7) p h e n y l ( l -  p h e n y l - 2 - m e t h y l - 5 - b e n z o t h i a z o l y l ) t r i a z e n e ;  8) 

b e n z y l  ( 2 - m e t h y l - 5 - b e n z  o t h i a z  o l y l ) t r i a z e n e .  

F i g .  2.  R a t e  of p h o t o l y s i s  of  t r i a z e n e s  (c 1 �9 10 -3 M a t  30  d e g ) :  1) R = CH3; 2) R = C4H9; 

3) R = C~HsCH2; 4) R = C6H 5. 
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Fig. 3. Dependence of the rate of de- 
composition of phenyl (fl -pyr idyl ) t r iazene  
on irradiat ion t ime for various concen- 
t ra t ions:  1) 5 �9 10-a; 2) 1 �9 10-3; and 
3) 0.5 �9 10 -a M. 

Under the conditions of our experiments,  the amount 
of nitrogen evolved during the photolysis of the t r iazenes 
is proport ional  to the exposure t ime and depends on the 
s t ruc ture  of the t r iazene.  

Data on the rate of photolytic cleavage of the following 
t r iazenes  is presented in Fig. 2. 

~ "5:-(~3- N.--N ~ N--R N;" 'XL_Y 
Xl R=CHa; XV R=C.IHg; XX R;-C6Hs--CHg; XXl R-~C6H 5 

As seen f rom the graphical  dependence presented,  
t r iazene with a methyl group (Curve 1) decomposes  a l -  
most  completely on exposure for  60 rain, while t r iazene 
with a phenyl group (Curve 4) undergoes only 10% decom- 
position. This is apparently due to the different degree 
of conjugation of the groups attached to the t r iazene 
grouping. According to our resul ts  on the rate  of photo- 
chemical  decomposition, t r iazenes  of this type can be 
a r ranged  in the following order :  

A1K - -  Nail--Her > C6H5--CH2--NaH--He~ > C6H5 - Nail--Her, 

where Alk = CH3, C2H5, C3H7, C4H9, etc., and Het -- a heteroeyel ic  residue.  

The kinetics of the photolysis of phenyl (~-pyridyl) t r iazene (XXXIV) at three concentrat ions (0.5 �9 10 -3, 
1 �9 10 -3, and 5 �9 10 -~ M) in alcohol were investigated in g rea te r  detail to determine the react ion order  for 
the photolytie cleavage of t r iazenes .  The p rocess  was thermostated at 30 deg. As seen f rom Fig. 3, the 
dependence of the rate of decomposit ion of the compound on the exposure t ime is l inear.  The rate constants 
were calculated f rom the slopes of these lines, and the reaction order  was determined.  The kinetic calcu- 
lations indicated that the photochemical  cleavage of phenyl(f l-pyridyl)tr iazene is a lmost  f i rs t  order.  It can 
be assumed that the initial step of the photolytic cleavage is 

~ - - N H - - N  ~N--C6H~ ~ " ~ - - N  H" 
, ~ + N 2 + C, ;H 5 

It is known from [4] that photochemical p rocesses  are usually complex and that the reaction order  may 
change. The effective quantum yield must  be determined for the p rec i se  charac te r i s t i cs  of a photolytic 
process .  We are now engaged in investigations in this direction. 

E X P E R I M E N T A L  

We have previously  [1] descr ibed the method for the synthesis of alkyl (aryl)heteryl t r iazenes f rom 
organomagnesium compounds. The azides required for this purpose were synthesized by the react ion of 
sod ium azide with the appropriate  diazo compounds [5, 6]. 2-(p-,4zidophenyl)benzothiazole (dec. 147 deg) 
was prepared  for the f i r s t  time by a s imi lar  method. 

The t r iazenes  thus synthesized (see Table 1) are  crystal l ine substances (more infrequently oils) of 
different shades of yellow, and somet imes  color less .  They are  quite soluble in many organic solvents. They 
are decomposed with nitrogen evolution by dilute mineral  acids. With concentrated sulfuric acids the alkyl- 
he te ry l t r iazenes  give a charac te r i s t i c  fulmination accompanied by the l iberation of dense smoke. They 
form si lver  der ivat ives  at the active hydrogen atom of the t r iazeno group. 

The UV spect ra  of the alkyl (aryl)heteryl t r iazenes are distinguished by high absorption and have anal- 
ogous curves  which are  charac te r ized  by the  presence  of two maxima:  the more  intense maximum lies at 
270-395 nm, while the less intense maximum lies at 224-260 nm. The molar  extinction coefficients for the 
long-wave absorption maxima of alcohol solutions of the t r iazenes  in the UV region are presented in Table 1. 

Spectrophotometric and Gasometr ie  Methods for the Determination of the Rate of Photochemical  
Decomposition of the Tr iazenes  ,. 1) ,4 5-ml sample of an alcohol solution of the t r iazene (0.5 �9 10 -3 M) was 
i rradiated in a quartz cuvette with the integral spect rum of a PRK-4 lamp at a distance of 200 mm f rom the 
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light source with light intensity j = 2 �9 10 -2 W / c m  2 in the plane of the sample. The p rocess  was thermosta ted  
at 30 deg; this was achieved by feeding water to the outer jacket of the cuvette. Each sample was i rradiated 
for 15, 30, 45, 60, 75, and 90 min. The UV absorption spectra  were measured  with an SF-4A spect rophotom- 
e ter  before  i r radiat ion and after  each irradiat ion interval. To take solvent evaporation into account, the 
i r radiated solution of the t r iazene was t r ans fe r red  quantitatively to a volumetr ic  flask, and a solution (0.5 �9 
10 -4 M) was prepared  f rom it and subjected to spectroscopic  investigation. 

2) A setup consist ing of a Kipp generator ,  a quartz cuvette, a TL-500 thermostat ,  a mic ro  nitrogen 
meter ,  and a PRK-4 lamp light source was assembled for the gasometr ic  measurements ;  this setup made 
it possible to determine the amount of nitrogen evolved with time during the photolysis of the t r iazenes.  
The irradiat ion was ca r r i ed  out in an atmosphere that was thoroughly freed of carbon dioxide. A 25-ml 
sample of an alcohol solution of the t r iazene (0.5 �9 10 -3, 1 �9 10 -3, and 5 �9 10 -3 M) was taken and success ively  
exposed for 15, 30, 60, 90, and 120 rain at constant temperature  and light intensity. Each time the amount 
of evolved nitrogen was measured  and converted to standard conditions. 
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