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Benzoth iazo le -2-d iazonium te t ra f luorobora te  and i ts  6 -b romo,  6-methyl ,  and 6 -methoxy  
der iva t ives  a r e  re la t ive ly  stable and have high e lec t rophi l ic i t ies .  They a re  rap id ly  con-  
ver ted  in weakly alkaline media  to the cor responding  an t i -d iazota tes ,  f r o m  which p r i m a r y  
n i t rosoamines  can be obtained by acidification.  

Heterocycl ic  diazo compounds that contain a pyridine ni t rogen a tom have high act ivi ty  in diazo cou-  
pling, and a number  of thei r  p r o p e r t i e s  approach those of diazo der iva t ives  of the benzene r ing with e l ec -  
t r o n - a c c e p t o r  subst i tuents .  

It  s eemed  of i n t e r e s t  to make  a m o r e  detai led study of the p rope r t i e s  of diazo compounds (I) based  
on 2-aminobenzothiazole  with var ious  subst i tuents  in the benzene ring. 

I a - d  II a - d  

I ,II  a R=H; b R=Br; C R=CH3; d ~,-CH30 

The diazot izat ion of the s ta r t ing  amines  proceeded  in accordance  with the data in [1, 2]. The r e -  
suiting diazo compounds were  i so la ted  f r o m  the solutions in the c rys ta l l ine  s tate  as the t e t r a f luo robora t e s  
(Ia-d), which were  r e l a t ive ly  s table  subs tances .  

The bands of the diazo group in the IR spec t r a  of  the compounds a re  quite intense and lie at  2210- 
2260 cm -1, the region cha rac t e r i s t i c  for  diazo compounds of the benzene r ing with weak donor subst i tuents .  
The e lec t ronic  s p e c t r a  of solutions of the diazo compounds in 50% sulfuric  acid contain an intense band a t  
~ 400 rim, which is  shifted m a r k e d l y  to the long-wave port ion of the spec t rum in the case  of 6-methoxy de-  
r iva t ive  Id (Table 1). 

Judging f r o m  quali tat ive exper iments ,  the benzothiazolediazonium sa l t s  read i ly  fo rm azo dyes with 
var ious  azo components  in s t rongly acidic media .  Thus sa l t  Ib couples with an tt acid and anisole in 40% 
sulfuric acid. Under s imi l a r  conditions, the p-n i t robenzenediazonium sal t  does not fo rm azo dyes.  This 
const i iutes  evidence in favor  of the high e lec t rophi l ic i ty  of diazo compounds based on benzothiazole [3]. 

The r a t e  constant  for t h e r m a l  decomposi t ion of 6-methoxy der iva t ive  Id in 0.5~o sulfuric  acid at 20~ 
which was found by a spec t rophotomet r ic  method,  is  9.5 �9 10 -5 sec -1. The p- toluenediazonium sal t  unde r -  
goes decomposi t ion at  the s ame  ra te  under the s ame  conditions [4]. Thus the t he rma l  s tabi l i t ies  of the 
diazo der iva t ives  of 2 -aminobenzo- th iazo les  in solution approach the t he rma l  s tabi l i t ies  of the diazo c o m -  
pounds of the benzene s e r i e s .  

The absorpt ion m a x i m a  in the e lec t ronic  spec t r a  a re  shifted to the shor t -wave  region when dilute 
solutions of sa l t s  I a - d  a r e  made alkaline to  pH 10 (Fig. 1); this is due to the format ion  of the sodium sal ts  
of the diazotates  (IIa-d).  The r e s u l t i n g  solutions a r e  incapable of enter ing into diazo coupling, and judging 
f rom the spec t ra ,  they r egene ra t e  the s ta r t ing  diazonium sal t  on acidification.  
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T A B L E  1. B e n z o t h i a z o t e - 2 - d i a z o n i u m  T e t r a f l u o r o b o r a t e s  ( I a - d )  

Corn - 
R 

pound 

Ia ~r Ib 
Ic CHa 
Id CHaO 

Empirical 

formula found 

N, % I 
~, ..... ,rim I VN=*,b Yield, 

ta lc .  (~g ~)'~ [ era-1 % 

i CvH4BF4NaS 16,5 16,9 365 (4,12) 2260 78 
QHaBBrF4NaS 12,2 12,8 i 386 (4,15) 2259 12 
CsH6BF~NaS 16,1 16 385 (4 15) 2248 31 
CsH6BF4NaOS 14,9 15,1 425 (4,10) 2217 62 

N o t e :  a l n  50% H2SO 4. b i n  n i t r o m e t h a n e .  

TABLE 2. Absorption Maxima of Benzothiazole-2-diazotates IIa-d 
(in 0.i N NaOH) and 2-Benzothiazolylnitrosamines IIIa-d (in ethanol) 

I I a -d  IIIa-d 
R 

empirical formula xm~,, nm empirical formula }~=~, nm 

H CrH4N3NaOS 
Br QHaBrNaNaOS 
CHa C~HoNaNaOS 
C H a O  CsH6N3NaO.~S 

322 
332 
328 
338 

C7HsNaOS 310 a 
CTH4BrN3OS 322 
CsHrNaOS 320 
CaHTNsO~S 342 

Note: aln chloroform, kma x 315 nm. 

In preparative experiments the sodium salts of the diazotates (IIa-d) were formed readily even in the 
cold on treatment with alkali and were isolated in pure form. An intense band at 330 nm (Table 2) is ob- 
served in the electronic spectra of these compounds in 0.I N NaOH. The diazoiates are incapable of diazo 
coupling, and this property makes it possible to assign the anti-diazotate structure to them. One's atten- 
tion is drawn to the uriusual ease of formation of the anti-diazotates, which has previously been noted only 
in the case of p-nitrobenzenediazonium salts. Rapid conversion of diazo compounds to anti-diazotates in 
relatively weak media is apparently also characteristic for other diazo derivatives based on ~pyridine" 
heterocycles. In this connection, the low yields of azo dyes obtained by several investigators [5, 6] become 
understandable. 

Compounds that are only slightly soluble in water and have elementary compositions that correspond 
to primary nitrosamines were formed when an equivalent amount of acid was added to solutions of diazo- 
tares IIa-d. In the presence of excess mineral acid these compounds are capable of being converted to 
diazonium salts Ia-d; under the influence of alkali, they undergo reverse conversion to the diazotates. The 
electronic spectra of alcohol solutions of these compounds have one band that is extremely close in posi- 
tion to the band of the corresponding diazotates (Table 2). 

At least three tautomeric forms - nitrosoamine A, nitrosoimine B, and diazo hydrate C - can be 
presented for the nitrosoamines obtained: 

H 

A B C 

I l l  a-d 

To solve the problem as to which form is actually realized, we synthesized two models with fixed struc- 
tures; 2-(N-Methyl-N-nitrosoamino)benzothiazole (IV, form A) was obtained by nitrosation of the corre- 
sponding 2-(methylamino)benzothiazole. 3-Methyl-2-nitrosoimino-benzothiazoline (V, form B) was syn- 
thesized by nitrosation of 2-imino-3-methylbenzothiazoline. The electronic spectra of the compound ob- 
tained by acidification of diazetates IIa and of IV in chloroform solution practically coincide, while the 
long-wave band of V is shifted bathoehromically by 32 nm (Fig. 2). 

The results provide evidence that the product of acidification of sodium benzothiazole-2-diazotate 
(IIa) exists in nitrosoamine form A. Inasmuch as the changes in the electronic spectra for other benzo- 
thiazole-2-diazotates and their corresponding acidification products are similar, we have also assigned 
the primary nitrosoamine structure (IIIa-d) to the latter. 

Thus diazo compounds based on benzothiazole and its derivatives are extremely electrophilic and 
are very readily converted by alkalization to anti-diazotates, the conjugate acids of which are quite stable 
and exist in the nitrosoamine form. 
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Elect ronic  absorp t ion  spec t ra :  
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1) benzothiazole-2-diazonium te t ra-  
f luoroborate  (Ia) in 50% H2SO4; 2) 2-benzothiazolyldiazotate  IIa  in 0.1 N NaOH; 
3) 2 ,benzoth iazo ly ln i t rosoamine  (Ilia) in alcohol.  

Fig.  2 .  Elect ronic  absorpt ion  Spectra  of ch lo ro form solutionsi 1) 3 - m e t h y l -  
2-n i t rosoiminobenzothiazol ine  (V); 2) 2-benzoth iazoly ln i t rosoamine  (IIIa); 3) 
2 - (N-methy l -N-n i t rosamino)  benzothiazole (IV). 

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

Kinetic data on the t he rm a l  decomposi t ion of diazonium sal t  Id and the UV spec t r a  of the synthes ized 
compounds were  obtained with SF-4a  and SF-8 spec t ropho tome te r s  with quar tz  cuvet tes  and l aye r  th ick-  
ne s se s  of 1 cm.  The solution concentra t ion was (0 .6-1) .  10 -4 M. The IR spec t r a  of solutions of the di -  
azonium sa l t s  in n i t romethane  were  r e c o r d e d  with a UR-20 s p e c t r o m e t e r .  

2-Aminobenzothiazole  and i ts  methyl  der iva t ive  were  obtained by the Gugerschoff  method [7, 8], 2-  
amino-6-methoxybenzo th iazo le  was obtained by the Kauffmann method [9], and 2 - a m i n o - 6 - b r o m o b e n z o -  
thiazole was synthesized by brominat ion of 2-aminobenzothiazole  in glacial  acet ic  acid [7]. 

Benzoth iazo le -2-d iazonium Te t r a f luo robora t e  (Ia). A 1 g (6.6 mmole)  san~le  of 2-aminobenzoth i -  
azole was mixed  a t  0 ~ with 13 ml  of 42% te t ra f luorobor ic  acid and 1 ml  of concent ra ted  HzSO4, and 0.48 g 
(6.8 mmole)  of 30% sodium ni t r i te  solution was added gradual ly  to the mix ture .  The mix tu re  was then held 
a t  0 ~ for  1.5 h. Te t r a f luo robora t e  Ta was r emoved  by f i l t rat ion,  washed success ive ly  with a smal l  amount 
of t e t ra f luorobor ic  acid, ice water ,  alcohol,  and e ther ,  and vacuum dr ied  over  ca lc ium chlor ide.  

6-Methoxybenzoth iazole-2-d iazonium Te t ra f luo robora te  (Id). A 1 g (5.5 mmole)  sample  of 2 - amin o -  
6-methoxybenzothiazole  was mixed  with 11 ml  of 56% sulfur ic  acid,  a f te r  which the mix tu re  was cooled %o 
0 ~ and 0.39 g (5.6 mmole)  of sodium ni t r i te  (in the fo rm of a 30% solution) was added gradual ly  at  this t e m -  
pe r a tu r e  with s t i r r i ng  under the liquid l aye r .  S t i r r ing  was continued at 0 ~ for  1.5 h, a f te r  which the m i x -  
t a re  was cold f i l te red  to r e m o v e  a smal l  amount  of solid, and 0.75 g (6.8 mmole)  of sodium t e t r a f luo ro -  
bora te  was added to the f i l t ra te .  The prec ip i ta ted  Id was r emoved  by f i l t ra t ion and washed as indicated 
above.  

Compound Ic was s i m i l a r l y  obtained. The diazotization of 2 -amino-6 -b romobenzo th i azo le  was c a r -  
r i ed  out in 70% sulfur ic  acid for 2 h. 

Compounds I a - d  (Table 1) were  pur i f ied by reprec ip i ta t ion  f rom ni t romethane  solution by the addi-  
tion of e ther .  

Sodium Benzo th iazo le -2 -d iazo ta tes  (IIa-d).  Ice and a diazonium sa l t  solution, obtained by d iazot i -  
zation of 1 g (5.5 mmole)  of 2 -amino-6-methoxybenzo th iazo le  under  the conditions indicated above, were  
added gradual ly  with external  cooling to 40 ml  of 20% sodium hydroxide solution. The resu l t ing  prec ip i ta te  
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was r emoved  by f i l t ra t ion,  and the f i l t ra te  was vacuum evapora ted  at  30-40 ~ The diazotate  was r emo v ed  
by f i l t ra t ion and pur i f ied  by reprec ip i t a t ion  f r o m  alcohol by the addition of e ther .  Analyt ica l ly  pure  IId 
was obtained by repea ted  repree ip i ta t ion .  

A s i m i l a r  p rocedure  was used to obtain I I a -c .  The yields were  5-18%. The composi t ion of the di -  
azo ta tes  was conf i rmed  by e l e m e n t a r y  ana lys i s  for one to two e lements .  

2 -Benzo th iazo ly ln i t rosoamines  (IIIa-d) .  An equimolecu la r  amount of 50% acet ic  acid was added to a 
cooled aqueous solution of pur i f ied  sodium diazotate  (1 : 50), and the resu l t ing  prec ip i ta te  was r emoved  by 
f i l t rat ion,  washed on the f i l te r  with ice water ,  and vacuum dr ied over  ca lc ium chlor ide.  Pu re  p r i m a r y  
n i t ro soamines  were  obtained in quanti tat ive yields .  The composi t ion  of the n i t rosoamines  was conf i rmed 
by e l e m e n t a r y  ana lys i s  fo r  one to two e lements .  

3 -Methy l -2 - iminobenzo th iazo le  was obtained f rom N-methylani l ine  by the method in [10]; n i t rosat ion 
was c a r r i e d  out by the method in [10]. 

2 -{N-Methyl -N-n i t rosoamino)benzoth iazo le  (IV). Sodium ni t r i te  [0.324 g (4.7 , m o l e ) ]  in the form of 
a 20% solution was added with s t i r r i ng  at  r oom t e m p e r a t u r e  to a solution of 0.5 g (3.0 , m o l e )  of 2 -me thy l -  
aminobenzothiazole  in 3 ml  of  glacial  acet ic  acid, a f te r  which the mix tu re  was al lowed to stand. The r e -  
sulting l ight -yel low prec ip i t a te  was r e m o v e d  by fi l trat ion,  washed with water ,  and r e c r y s t a l l i z e d  f rom 
benzene (1: 10). The yie ld  was 85%. Xma x 315 nm (in alcohol),  320 nm (in ch loroform) .  FOund: C 50.2; 
H 4.0; N 21.7%. CsttTN3OS. Calculated:  C 50.0; H 3.7; N 21.8%. 
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