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The reac t iv i ty  of sym- t r i azo lo [3 ,4 -b]benzo th iazo le  (I) has  been studied.  Compound I is s table  
under  the conditions of acid hydro lys i s ;  when it is heated  with acet ic  anhydride in the p r e s -  
ence of sodium aceta te  o r  with an aqueous solution of a lkal i ,  the t r iazo le  r ing opens with the 
fo rmat ion  of 2 - a c e t y l a m i n o -  and 2 -aminobenzo th iazo les ,  r e spec t ive ly .  Compound I has  been 
b romina ted  in posi t ion 3 and has  been subjected to the V i l s m e i e r  and Mannich reac t ions .  The 
t h io semica rbazone  and oxime of sym- t r i azo lo [3 ,4 -b ]benzo th i azo le -3 -ca rba ldehyde  have been 
obtained, and the oxime has  been conver ted  into the cor responding  n i t r i le .  The th ioamide,  
e s t e r ,  and hydraz ide  of sym- t r i azo lo [3 ,4 -b ]benzo th i azo le -3 -ca rboxy l i c  acid have also been 
obtained. 

Although the synthes is  of sym- t r i azo lo [3 ,4 -b]benzo th iazo le  (I) and some  of its de r iva t ives  has  been 
desc r ibed  in the l i t e r a t u r e  [1-4], the re  is no informat ion  on the r eac t iv i ty  of this t r i cyc t i c  sy s t em.  

In o r d e r  to obtain unsubst i tuted I, we used the method of the r ing c losure  of 2-hydraz inobenzoth iazole  
with o r thofo rmic  e s t e r  [2, 4]. The initial 2 -hydraz inobenzoth iazo le  was  obtained by the reac t ion  of po t a s -  
s ium benzoth iazo le -2-su l fona te  with hydraz ine  hydra te  [5, 6]. The s tabi l i ty  of I under  conditions of acid 
and alkal ine hydro lys i s  was studied. When compound I was  boiled in 207c hydrochlor ic  acid,  only the hydro -  
chlor ide of the initial compound was obtained, and this was read i ly  hydrolyzed by wate r .  When compound I 
was  boiled with 20% aqueous caus t ic  soda solution for  6 h, the opening of the t r i azo le  r ing took place pa r t i a l -  
ly and 2-aminobenzoth iazole  was  isolated,  as well  as the unchanged t r i cyc l ic  compound. 

We obse rved  a s i m i l a r  phenomenon in a t t empt s  to ace ty la te  I. When it was  heated  with acet ic  an-  
hydr ide  in the p r e s e n c e  of sodium ace ta te ,  a high yield of 2 -ace ty laminobenzoth iazo le  was  obtained. Under 
m i l d e r  conditions,  when it was  heated in acet ic  acid with two mo le s  of acet ic  anhydride ,  no c leavage took 
place  and compound I was  r e c o v e r e d  unchanged. 

Since in the t r i cyc l i c  s y s t e m  under  cons idera t ion  the carbon a tom in posi t ion 3 has  an excess  of 
e l ec t rons ,*  it could be expected that e lec t rophi l ic  subst i tut ion reac t ions  - i n  pa r t i cu l a r ,  the Mannich and 
V f l s m e i e r  reac t ions ,  b rominat ion ,  etc.  - w o u l d  take place at this  posi t ion.  

However ,  the b romina t ion  of I was  poss ib le  only by using b romosucc in imide ;  this gave about a 50% 
yield of a monobromo  der iva t ive  which was  shown by its PMR s p e c t r u m  to be 3 -b romot r i azo lo [3 ,4 -b ] -  
benzothiazole  (I1). In the PMR s p e c t r u m  of H, the signal of the proton in posi t ion 3 of the unsubst i tuted I 
(9.03 ppm) had d i sappeared ;  the s ignals  of the pro tons  of the benzene ring r ema ined  unchanged.  

In a t t empts  to p e r f o r m  the b romina t ion  of I with m o l e c u l a r  b romine  in ch lo ro fo rm,  the initial c o m -  
pound was r e c o v e r e d  unchanged. The b romine  a tom in compound II is fa i r ly  mobi le  and undergoes  nucleo-  
phil ic substi tut ion reac t ions  which will be desc r ibed  in another  pape r .  

*The calcula t ions  of the v e l ec t ron  dens i t ies  in the molecule  of t r iazolo[3 ,4-b]benzoth iazole  were  c a r r i e d  
out by the m o l e c u l a r  orbi ta l  method in the l a b o r a t o r y  of physical  c h e m i s t r y  of VNIKhFI [Ordzhonikidze 
All-Union Sc ien t i f i c -Resea rch  Inst i tute of P h a r m a c e u t i c a l  Chemis t ry ]  by G. G. Dvoryan tseva  and T. N. 
Ul 'yanova.  These  r e s u l t s  will be publ ished in a s epa ra t e  pape r .  

Ordzhonikidze All-Union Sc ien t i f i c -Resea rch  Inst i tute  of P h a r m a c e u t i c a l  Chemis t ry ,  Moscow. T r a n s -  
lated f r o m  Khimiya Gete ro t s ik l i chesk ikh  Soedinenii,  Vol. 6, No. 7, pp. 916-919, July ,  1970. Original  a r t ic le  
submit ted March 13, 1969. 
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II 6 =  Br ;  III R = C H 2 N ~ ;  IV R = CH2N(CH3)2;  V R = C H O ;  Vl R ~ C H = N N H C S N H 2 ;  

VII R = C H = N O H ;  VIII R =  C H = N O C O C H 3 ;  IX R = C N ;  X R = COOC2H5; X| R ~  CS, NH 2 

The Mannich and V i l s m e i e r  r eac t ions  have not p rev ious ly  been desc r ibed  for  t r i azo lo  he t e rocyc l e s  
condensed at a n i t rogen a tom.  

It  was  found that  I is capable  of taking pa r t  in the Mannieh reac t ion  with hydrochlor ides  of secondary  
amines  (dimethylamine and piperidine);  however ,  the p r o c e s s  does not go to complet ion,  and even on p r o -  
longed heating of the components  a ce r t a in  amount of the s ta r t ing  m a t e r i a l  does not r eac t .  The Mannich 
ba se s  (III and IV) fo rmed  read i ly  give qua te rna ry  sal ts .  

The V i l s m e i e r  reac t ion  led to the fo rmat ion  of sym- t r i azo lo [3 ,4 -b ]benzo th iazo le -3 -ca rba ldehyde  (V) 
only when the r e a c t a n t s  were  heated  b r i e f ly  at  70~ At a higher  t e m p e r a t u r e  and with longer  t imes  of hea t -  
ing, pronounced res in i f ica t ion  of the reac t ion  mix tu re  took place and it was  imposs ib le  to isolate  an individu- 
al compound. F r o m  V the th iosemica rbazone  (VI) and the oxime (VII) were  p r e p a r e d .  

The action on VII of acet ic  anhydride in the p r e sence  of sodium ace ta te  f o r m s  the ni t r i le  (IX) to -  
ge ther  with a smal l  amount of the acetyl  der iva t ive  of the oxime (VIII). The thioamide XI was fo rmed  f r o m  
IX in the usual  way. Boiling the n i t r i le  with an ethanolie solution of hydrogen chloride and subsequent  t r e a t -  
ment  with wa t e r  led to the fo rmat ion  of ethyl sym- t r i azo lo [3 ,4 -b ]benzo th i azo le -3 -ca rboxy la t e  (X); the r e a c -  
tion of X with hydrazine  hydra te  gave the hydraz ide  XII. 

All the 3-subs t i tu ted  sym- t r i azo lo [3 ,4 -b ]benzo th iazo les  we re  sent for  the study of the i r  bac te r ios ta t i c  
act ivi t ies* ; these  compounds did not p o s s e s s  apprec iab le  an t ibac te r ia l  act ivi ty.  

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

Action of 20% Hydrochlor ic  Acid on sym-Tr iazo lo [3 ,4 -b ]benzo th iazo le .  A suspension of 0.5 g (2.84 
mmoles )  of I in 10 ml  of 20% hydroch lor ic  acid was boiled for  1 h. On cooling, the solution deposi ted a p r e -  
cipi tate  of the hydrochlor ide  of I, which was  f i l te red  off and washed with hydrochlor ic  acid and then with ab-  
solute ethanol.  Yield 0.24 g. Co lo r l e s s  c r y s t a l s ,  decomp,  t e m p e r a t u r e  237~ (absolute ethanol). Found %: 
C1 16.82. CsHsN3S �9 HC1. Calculated %: C1 16.75. When the hydrochlor ide  was t r i t u ra t ed  with wa te r ,  a 
substance  with mp 176~ was obtained,  a mix tu re  of which with I gave no depress ion  of the mel t ing point. 
The acid mothe r  l iquors  we re  neut ra l ized  with d ry  sodium carbonate ,  giving a prec ip i ta te  (0.21 g) identical  
with I. 

Action of 20% Caust ic  Soda Solution on sym-Tr iazo lo [3 ,4 -b ]benzo th iazo le .  A suspension of 2 g (11.36 
mmoles )  of I in 15 ml  of 20% aqueous sodium carbonate  solution was boiled for  6 h. Af ter  cooling, the p r e -  
cipi tate  was  f i l te red  off, washed with wa t e r ,  dr ied (weight 1.55 g), and t r e a t ed  with e ther ;  the substance in- 
soluble in e ther  (0.71 g) gave no depress ion  of the melt ing point in admixture  with I. Af ter  evapora t ion  of 
the e therea l  solution, the res idue  (0.44 g; yield 25%) was r e c r y s t a l l i z e d  f r o m  wate r ,  giving 0.14 g of co lo r -  
l e s s  p la tes  with mp 128-130~ Found %: C 56.22; H 4.23. CTH6N2S. Calculated %: C 55.97; H 4.03. A 
mix tu re  of the substance  with the 2-aminobenzoth iazole  (mp 128~ [6]) obtained by the reac t ion  of benzo-  
th iazo le -2-su l fon ic  acid with am m on i a  gave no depress ion  of the mel t ing point.  

Acetylat ion of sym-Tr iazo lo [3 ,4 -b ]benzo th iazo le .  A mix ture  of 0.5 g (2.84 mmoles)  of I, 0.5 g of an-  
hydrous  sodium ace ta te ,  and 5 ml  of acet ic  anhydride was boiled for  2 h and was then cooled and poured 
into wa te r .  The prec ip i ta te  was f i l t e red  off, washed with wa te r ,  and c rys t a l l i zed  f r o m  50% ethanol.  This  

*The invest igat ions  were  c a r r i e d  out in the Depar tment  of Chemotherapeut ics  of VNIKhFI by T. N. Zykova 
and S. N. Milovanova.  
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gave 0.38 g (69%) of 2 -ace ty laminobenzo th iazo le ,  mp 187-189~ (compare  mp 186-187~ [7], 189~ [8]). 
Found %: C 56.08; H 4.37; N 14.50; S 16.50. CgHsN2OS. Calculated %: C 56.10; H 4.17; N 14.51; S 16.65. 

3 - B r o m o - s y m - t r i a z o l o [ 3 , 4 - b ] b e n z o t h i a z o l e  (II). A suspens ion of 5 g (28.4 mmoles)  of I,  5.1 g of 
b romosucc in imide ,  and 200 ml  of carbon t e t r ach lo r ide  was boiled for  5 h. Then it was  f i l t e red  in the hot 
s tate  f r o m  the red  p rec ip i t a t e  that had fo rm ed ,  and the p rec ip i t a te  was washed with 50 ml  of carbon t e t r a -  
chlor ide.  The f i l t r a t e s  we re  combined and cooled, and the faintly colored p rec ip i t a te  was  f i l t e red  off, 
washed with carbon t e t r ach lo r ide ,  and r e c r y s t a l l i z e d  f r o m  methanol .  This  gave 2.23 g of a lmos t  co lo r l e s s  
c r y s t a l s  with mp 170.5-172~ Found %: C 37.76; H 1.57; Br  31.26. CsH4N3SBr. Calculated %: C 37.81; 
H 1.58; Br  31.45. 

3 -Dime thy laminomethy l - sym- t r i azo lo [3 ,4 -b ]benzo th i azo le  (IID. A mix ture  of 1.07 g (6.07 mmoles)  of 
I, 0.36 g of pa r a fo rma ldehyde ,  0.64 g of d imethylamine  hydrochlor ide ,  and 16.5 ml of i soamyl  alcohol was 
boiled for  7 h, by which t ime  the solid m a t t e r  had d isso lved  comple te ly .  The c rys ta l l ine  p rec ip i t a te  that 
deposi ted when the solution was  cooled to 20~ was  f i l t e red  off, washed with e ther ,  and t r i t u ra t ed  with a 
smal l  amount of aqueous ammonia .  This  gave 0.44 g (31%) of HI; mp 114-115~ [rhombs f r o m  pe t ro l eum 
e ther  (bp 100-120~ Found%:  C 57.19; H 5.21; N 23.81. CIIH12N4S. Calculated %: C 56.87; H 5.20; N 
24.12. When the ethanolic f i l t ra te  was  cooled with a f reez ing  mix ture ,  0.24 g of needles  with mp 173-175~ 
(water) deposi ted;  a mix tu re  of these  with I gave no depress ion  of the mel t ing point.  

3 -Dime thy laminomethy l - sym- t r i azo lo [3 ,4 -b ]benzo th i azo le  Methiodide. This  was  obtained by the ac -  
tion of methyl  iodide on a solution of 1TI in benzene at r o o m  t e m p e r a t u r e .  Co lor less  c r y s t a l s  with mp 215- 
216.5~ (ethanol). Found %: C 38.71; H 4.06; I 34.30. C12H15N4SI. Calculated %: C 38.54; H 4.04; I 33.91. 

3 -P ipe r id inome thy l - sym- t r i azo lo [3 ,4 -b ]benzo th i azo l e  (IV). A suspens ion of 1 g (5.68 mmoles)  of I, 
0.32 g of pa r a fo rma ldehyde ,  and 1.14 g of p iper id ine  hydrochlor ide  in 15.4 ml  of i soamyl  alcohol was  boiled 
for  10 h. Af ter  cooling, the p rec ip i t a te  was  f i l t e red  off and was washed with i soamyl  alcohol and then with 
e the r  and was  t r ea t ed  with ammonia .  This  gave 0.59 g of IV (63%, calcula ted on the I that had reac ted) ,  rap 
194-197~ (methanol).  Found %: C 62.02; H 5.86; N 20.84; S 11.91. C14H1GN4S. Calculated %: C 61.73; H 
5.92; N 20.57; S 11.74. The m o t he r  solution was  evapora ted .  The res idue  was  t r ea t ed  with ammon ia ,  and 
the oily subs tance  so fo rmed  was  t r i t u r a t ed  with e ther ,  a f t e r  which 0.4 g of a c rys ta l l ine  p rec ip i t a t e  was  
f i l te red  off. mp 169-170~ (water) .  A mix tu re  with I gave no depress ion  of the mel t ing point.  

3 - F o r m y l - s y m - t r i a z o l o  [3,4-b]benzothiazole (V). In d rops ,  20.2 ml  of red is t i l l ed  phosphorus  oxy-  
chlor ide was added to 80 ml of r ed i s t i l l ed  d ime thy l fo rmamide  cooled to -5~  and, at the s ame  t e m p e r a t u r e ,  
a suspension of 15 g (85.2 mmoles)  of I in 80 ml  o f d i m e t h y l f o r m a m i d e  was added. The solution was s t i r r e d  
at r o o m  t e m p e r a t u r e  for  1 h. A voluminous  prec ip i ta te  gradual ly  fo rmed .  The reac t ion  mix tu re  was  heated 
at 78~ for  15 rain, whereupon the p rec ip i t a te  r ed i s so lved .  The substance  that deposi ted a f t e r  cooling was 
f i l t e red  off, washed with d ime thy l fo rmamide  and then with e ther ,  and ca re fu l ly  t r i t u ra t ed  with sa tu ra ted  
sodium ace ta te  solution. This  gave 9.46 g of V; the mothe r  l iquor a f t e r  standing gave an additional 2.74 g 
of V. The total  yield was 12.2 g (70%); mp 191-192.5~ (acetone).  Found %: C 52.97; H 2.20; S 15.52. 
C9HSN3OS. Calculated %: C 53.19; H 2.48; S 15.78. 

3 - F o r m y l - s y m - t r i a z o l o [ 3 , 4 - b ] b e n z o t h i a z o l e  Th iosemica rbazone  (VI). Two drops  of glacia l  ace t ic  
acid and a hot solution of 0.05 g of t h iosemica rbaz ide  in 3 ml  of wa te r  were  added to a suspens ion of 0.1 g 
(0.49 mmole)  of V in 3 ml  of ethanol.  The mix tu re  was  boiled fo r  1 h, and cooled, and the p rec ip i ta te  was 
f i l t e red  off and washed  with 50% ethanol.  Yield 0.12 g (88%), mp 247-248~ Found %: C 43.34; H 2.96; S 
23.37. C10HsN6S2. Calculated %: C 43.46; H 2.91; S 23.21. 

3 - F o r m y l - s y m - t r i a z o l o [ 3 , 4 - b ] b e n z o t h i a z o l e  Oxime (VII). A mix tu re  of 1 g (4.9 mmoles)  of V, 0.33 g 
of hydroxylamine  hydrochlor ide ,  11 ml  of absolute ethanol,  and 11 ml  of d ry  pyridine were  boiled for  2 h, 
and the p rec ip i t a te  was f i l te red  off, washed  with cooled ethanol and with w a t e r  and again with ethanol.  Yield 
1 g (93.5%), decomp,  t e m p e r a t u r e  261-263~ (butanol). Found %: C 49.40; H 2.80; S 14.63. CgH9N4S. Cal-  
culated %: C 49.53; H 2.77; S 14.69. 

s y m - T r i a z o l o [ 3 , 4 - b ] b e n z o t h i a z o l e - 3 - c a r b o n i t r i l e  fiX). A suspension of 6.74 g (30.9 mmoles)  of VII 
and 3.5 g of fused sodium ace ta te  in 105.5 ml  of acet ic  anhydride was boiled for  4 h and cooled to 20~ The 
p rec ip i t a te  that deposi ted was f i l te red  off and was washed with acet ic  anhydride and with wa te r .  Yield 
4.59 g of IX (74.2%), mp 195-198~ (ethanol). Found %: C 54.01; H 2.43; S 16.14. CgH4N4S. Calculated %: 
C 53.99; H 2.09; S 16.01. On deep cooling, the mo the r  l iquor  deposi ted 0.15 g of the acetyl  de r iva t ive  of the 
oxime,  VIII, mp 225-230~ (ethanol). Found %: N 21.46; S 12.30. CI1HsN4SO 2. Calculated %: N 21.53; S 
12.32. 
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sym-Tr i azo lo [3 ,4 -b ]benzo th i azo l e -3 -ca rbo th ioamide  (XI). A solution of 1 g (5 mmoles)  of VIII in 50 
ml  of absolute ethanol was  t r e a t ed  with 4 ml  of t r i e thy lamine ,  and a cu r ren t  of d ry  hydrogen sulfide was  
pa s sed  through the mix tu re  at 20~ for  1 h. The prec ip i ta te  immedia t e ly  deposited.  The reac t ion  mix tu re  
was cooled and the p rec ip i ta te  was  f i l t e red  off and washed with ethanol and then with wa te r .  This  gave 1 g 
of XI, decomp,  t e m p e r a t u r e  218-220~ (ethanol). Yield 85.5%. Found %: C 46.33; H 3.20; S 27.39. 
CgH~N4S2. Calculated %: C 46.13; H 2.58; S 27.37. 

Ethyl sym-Triazolo[3,4-b]benzothiazole-3-carboxylate (X). A current of hydrogen chloride was 
passed into a solution of 1 g (5 mmoles) of IX in 65 ml of absolute ethanol at the boil. The small amount of 
ammonium chloride that precipitated was filtered from the hot solution. The ethan.lie mother liquor was 
evaporated to half its volume, and then an equal volume of water was added and the mixture was neutralized 
with saturated aqueous sodium acetate solution. The precipitate was filtered off and washed with water. 
Yield 0.78 g (63%); colorless crystals, mp 176.5-178~ (ethanol). Found %: C 53.19; H 3.60; N 16.66; S 
12.89. CIIHgN3SO 2. Calculated %: C 53.43; H 3.67; N 16.99; S 12.96. 

sym-Triazolo[3,4-b]benzothiazole-3-carbohydrazide (XII). A solution of 0.54 g (2.19 mmoles) of XI 
and 0.15 ml of hydrazine hydrate in 15 ml of absolute ethanol was boiled for 4 h. After cooling, the pre- 
cipitate was filtered off. Yield 0.45 g (88.1%). Colorless crystals, mp 252-255~ (butanol). Found ~c: C 
46.40; H 3.12; S 13.49. CgHTNsSO. Calculated %: C 46.26; H 3.02; S 13.75. 
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