
T A B L E  1. 35C1 NQR Frequenc i e s  
at  77~K (v 77) of 3 ( 5 ) - A r y l - 5 ( 3 ) -  
c h l o r o - l , 2 , 4 - t r i a z o l e s  
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E X P E R I M E N T A L  

The 35C1 NQR s p e c t r a  at  77~ w e r e  obtained with an NQR pulse  s p e c t r o m e t e r  of the ISSh- l -12  type.  
The syn thes i s  of the c h l o r o - l , 2 , 4 - t r i a z o l e s  was  p r e v i o u s l y  d e s c r i b e d  in [3] .  
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S Y N T H E S I S  A N D  R E A C T I O N S  O F  A Z I D E S  

O F  H E T E R O C Y C L I C  C O M P O U N D S  

5.* S$ NTHESIS A N D  INVESTIGATION OF 1 ,2 ,3 -TRIA Z O L - 2 - I N E S  

THAT CONTAIN B E N Z O T H I A Z O L E  RESIDUES 

I .  A .  O l ' s h e v s k a y a  UDC 547.789.6 ' 791.6 ' 26 ' 467.2.07 : 
542.943.543.422 

The r e a c t i o n  of 2 - m e t h y l - 5 -  and 2 - m e t h y l - 6 - a z i d o b e n z o t h i a z o l e s  with alkyl  a c r y l a t e s  was  used 
to  syn thes i ze  1 , 2 , 3 - t r i a z o l - 2 - i n e s ,  which a r e  c leaved  in the p r e s e n c e  of bases  to  g ive  the c o r r e -  
sponding d i a z op ropa no i c  ac id  e s t e r s .  Oxidat ion of the  t r i a z o l i n e s  leads  to  the c o r r e s p o n d i n g t r i -  
a z o l e s .  

It is known that  a r o m a t i c  az ides  and benzyl  az ide  add to a , f l - u n s a t u r a t e d  e s t e r s  of ca rboxy l i c  ac ids  to  
g ive  the c o r r e s p o n d i n g  1 , 2 , 3 - t r i a z o l - 2 - i n e s  [ 2]. It s e e m e d  of in t e re s t  to  s tudy the same  r eac t ions  of b e n z o -  
th iazo le  a z i d e s .  

Fo r  the  inves t iga t ion  we se l ec t ed  5 - a z i d o - 2 - m e t h y l -  (I) and 6 - a z i d o - 2 - m e t h y l b e n z o t h i a z o l e s  (II), which 
w e r e  p r e v i o u s l y  d e s c r i b e d  in [ 3] and r e a c t  with methy l  and ethyl a c r y l a t e s  to g ive  c o l o r l e s s  c ry s t a l l i n e  1- 
b e n z o t h i a z o l y l - 1 , 2 , 3 - t r i a z o l -  2 - i n e s  ( I I I -VI) .  

Vibra t ions  at  2080-2200 cm -1 (N3) a r e  absen t  in the IR s p e c t r a  of I II-VI,  while bands a r e  p re sen t  at 
1230-] 250 cm -I  ( - N - - N =  N - )  and 1740-1750 cm -I  (COOR). The PMR s p e c t r a  of t r i a z o l i n e s  I I I -VI  contain 
a qua r t e t  at ~ 5.25 plpm (4-H),  a mul t ip le t  c en t e r ed  at ~4 .0  ppm (5-H),  and a s inglet  at 2.8 ppm (2 ' -CH3).  

*See [ 1] fo r  C o m m u n i c a t i o n  4. 
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T A B L E  1. C h a r a c t e r i s t i c s  of t he  S y n t h e s i z e d  C o m p o u n d s  

' ~ lc 
o ~ nm (log ~'  104) cm-* formula 1% "' 
Dc~ 

IIl 05--106 
(dec.) 

IV 110--112 
(dec.) 

V L06--107 
idec.) 

VI t01--102 
(dec.) 

VII 85--86 
(~lec.) 

VIII 78--80 
(dec.) 

IX 81--83 
(dec.) 

X Oil 

XI 179 

XII 18498186 
XII1 

170--172 
XIVxv 188161189 
XVI 

240 (2,10), 305 (1,53) 

240 (1,60), 305 (1,241 

225 (I,48), 245 (1,201, 
310 (I,58), 320* (1,44) 
225 (1,28), 245 (I,05), 
307 (I,41), 320* (I,26) 
237 (3,20), 255 (2,32), 
325 (0,36) 
[237 (3,04), 255 (2,22), 
330 (0,34) 
225 (2,82), 252 (I,80), 
295 (1,20) 
225 (2,96), 252 (I,96), 
295 (1,181 
240 (3,18) 

237 (3,06) 
270 (1,69) 
275 (1,88) 
237 (2,60) 
275 (1,841 

1750, 1200, 1250 

1740, 1230, 1250 

1750, 1220, 1250 

1750, 1230, 1250 

1710, 2090, 3430 

1700, 2090, 3430 

1710, 2090, 3400 

1700, 2090, 3400 

1720, 1270, 1280, 
880 
1720, 1290, 895 
172~ 1295, 880 
1720, 1300, 870 
1710, 1280, 880 
1695, 1295, 890 

20,3 

19,5 

2O,3 

19,2 

20,3 

19,5 

20,3 

19,2 

20,5 

19,2 
20,4 
19,8 
21,6 
21,6 

i 
CmHI2N402S 

CI3HI4N402S 

GI2HI2N402S 

CmH14N402S 

CIatlmN402S 

CmHI4N402S 

CE2H~2N402S 

C~HI4N,O2S 

C,~HmN402S 

CmHmN,O2S 
CmHmN40~S 
CmHI~N402S 
C.HsN~O2S 
CHHaN40~S 

* In f l ec t ion .  

~2 

20,5 152 

19,3 53 

20,5 155 

19,3 46 

20,5 75 

19,3 80 

20,5 80 

19,4 t 68 20,4 88 
19,4 67 
21,5 45 
21,5 23 

The P M R  s p e c t r a  of t r t a z o l i n e s  III and V con ta in  y e t  a n o t h e r  s i n g l e t  a t  ~-3.90 p p m  (COOCH3) , w h i l e t h e  P M R  
s p e c t r a  of IV and VI con t a in  a q u a r t e t  at  4.31 p p m  and a t r i p l e t  a t  ~ 1 . 4 0  p p m  (COOC2H5). 

The  t r i a z o l i n e s  ob t a ined  m e l t  wi th  d e c o m p o s i t i o n .  C o l o r l e s s  s o l u t i o n s  of t h e s e  compounds  t u r n  y e l l o w  
r a p i d l y  when  t h e y  a r e  h e a t e d  in l igh t  and in t he  p r e s e n c e  of b a s e s .  The b e h a v i o r  of the  t r t a z o l i n e s  ob ta ined  
in t he  p r e s e n c e  of o r g a n i c  b a s e s  (a 5% b e n z e n e  s o l u t i o n  of t r i e t h y l a m i n e  in the  d a r k  at  r o o m  t e m p e r a t u r e  fo r  
24 h) was  i n v e s t i g a t e d  in d e t a i l ;  the  t r t a z o l i n e s  u n d e r w e n t  c o m p l e t e  c o n v e r s i o n  to  3 - b e n z o t h i a z o l y l a m i n o - 2 -  
d i a z o p r o p a n o i e  a c i d  e s t e r s  (VII -X) .  

BiN B t \  

N~N~'~COOR N2 N~'N/~L~ GO0 ~. 

III-VI VII-X XI-XIV 

III, IV, VII, VlIl, XI, XII BI--5-; V, Vl, IX, X, XIII, XIV Bt--6-; III, V, VII, IX, Xl, 
XllI R=CH~; IV, VI, VIII, X, XII, XIV R=C2Hs; Bt- 2-methylbenzothiazolyt 

The IR s p e c t r a  of t he  e s t e r s  con ta in  bands  at  2090-2100 ( - C  = N =  N) and 3400-3430 e m  -1 (NH). When 
the  t r i a z o l i n e  r i n g  is  opened ,  the  bands  of t he  c a r b o n y l  g roup  a r e  sh i f t e d  40 e m  - i  to  t he  l o w - f r e q u e n c y  s ide  
( s e e  T a b l e  11; t h i s  is  e x p l a i n e d  by  c o n j u g a t i o n  of t he  e a r b o n y l  g r o u p  wi th  the  d i a z o  g r o u p  and c o n f i r m s  the  
s t r u c t u r e s  of the  d i a z o  e s t e r s  and s t a r t i n g  t r i a z o l i n e s  I I I -VI .  

The  k i n e t i c s  of  c o n v e r s i o n  of m e t h y l  e s t e r s  HI and V to  d i a z o p r o p a n o i e  ac id  e s t e r s  VII and IX in the  
c a s e  of c a t a l y s i s  by  t r i e t h y l a m i n e  in  b e n z e n e  at  r o o m  t e m p e r a t u r e  show tha t  it  i s  a f i r s t - o r d e r  r e a c t i o n .  The 
t r i a z o l t n e  and d i a z o  e s t e r  c o n c e n t r a t i o n s  in s o l u t i o n  w e r e  d e t e r m i n e d  f r o m  the  change  in the  p e a k  i n t e n s i t i e s  
of t he  c a r b o n y l  g r o u p s  at  1700 and 1740 c m  -1 ~with t i m e .  

The c o r r e s p o n d i n g  1 , 2 , 3 - t r i a z o l e s  X I - X I V  w e r e  ob t a ined  by  ox ida t i on  of t r i a z o l i n e s  I I I -V[  w i t h p o t a s s i u m  
p e r m a n g a n a t e  at  r o o m  t e m p e r a t u r e  (see T a b l e  1). As c o m p a r e d  wi th  s t a r t i n g  t r i a z o l e s  I I I -VI ,  a 20-30 cm - t  
sh i f t  of  t h e  band  of  t h e  c a r b o n y l  g roup  to  the  l o w - f r e q u e n c y  s ide  due to  i t s  con juga t ion  with  the  a r o m a t i c  r i n g  
of t he  t r i a z o l e  [4] is  o b s e r v e d  in t he  IR s p e c t r a  of t r i a z o l e s  X I -X IV .  

T r i a z o l e c a r b o x y l i c  a c id  e s t e r s  X I - X I V  w e r e  s u b j e c t e d  to  a l k a l i n e  hydru~-ty.s, i s  to  the  c o r r e s p o n d i n g  a c i d s  
XV and XVI, the  IR s p e c t r a  of which  a r e  in a g r e e m e n t  wi th  the  l i t e r a t u r e  d a t a  [5]. 

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

The IR s p e c t r a  of K B r  p e l l e t s  of t he  c o m p o u n d s  w e r e  r e c o r d e d  wi th  a UR-10  s p e c t r o m e t e r .  The UV 
s p e c t r a  of  s o l u t i o n s  of the  compounds  in e thano l  w e r e  r e c o r d e d  wi th  an S F - 4  s p e c t r o p h o t o m e t e r .  The P M R  
s p e c t r a  of s o l u t i o n s  in d e u t e r o c h l o r o f o r m  w e r e  ob t a ined  wi th  a ZKR-60  s p e c t r o m e t e r  with t e t r a m e t h y l s i l a n e  
as  the  i n t e r n a l  s t a n d a r d .  The  c o n s t a n t s  and y i e l d s  of the  c o m p o u n d s  ob ta ined  a r e  p r e s e n t e d  in Tab le  1. 

639 



Methyl  1- (2 ' -Methy t -5 ' -benzo th iazo ly l ) - I  ~ 2, 3 - t r i azo l ine -4 -c  arboxyI ate (III). A 1.9-g (0.01 mole) sample 
of 2-methyl -5-az idobenzothiazole  (I) was dissolved in 3.44 g (0.04 mole) of methyl acryla te ,  and the mixture 
was allowed to stand in a sealed flask at room tempera tu re  in the dark. After 5 days, the precipi tated t r iazol ine 
was removed by fil tration, washed with alcohol, and crysta l l ized f rom alcohol to give color less  acicular  c rys ta l s .  

Triazol ines IV-VI were s imi la r ly  obtained after  4 days in the case of V and after  6 days in the case of 
IV and VI. 

Methyl 3 - (2 ' -Methy l -5 ' -benzo th iazo ly l ) amino-2 -d iazopropanoa te  (VII). A 1.38 g (0.005 mole) sample of 
t r iazol ine III was dissolved in 10 ml of a 5% solution of t r ie thylamtne in benzene, and the solution was allowed 
to stand at room tempera tu re .  After 24 h, the benzene was removed by vacuum distillation. The result ing 
diazo es te r  was a yellow powder. 

Compounds VIII-X were s imi la r ly  obtained. 

Methyl 1 - (2 ' -Methy l -5 ' -benzo th iazo ly l ) - l~2 ,3 - t r t azo le -4 -ca rboxy la te  (XI). A solution of 2.37 g (0.015 
mole) of potassium permanganate  in acetone was added slowly to a solution of 1.38 g (0.005 mole) of es ter  VII 
in 80 ml of acetone.  The f irs t  port ions of the oxidizing agent were  consumed rapidly.  The mixture was allowed 
to stand for  0.5 h, after which a small  amount of methanol was added, and the mixture was refluxed. The man-  
ganese dioxide was removed by fil tration, and the solvent was evaporated in vacuo. The result ing t r iazole  was 
crystal l ized f rom aqueous alcohol with activated charcoal .  

Tr iazoles  XII-XIV were s imi la r ly  obtained. 

1- (2' -Me thy l -5 ' -benzo th i azo ly l ) - l , 2 ,3 - t r i azo le -4 -ca rboxy l t c  Acid (XV). A 1.37-g (0.005 mole) sample 
of es ter  XI or  XII was added with heating to a solution of 0.6 g (0.015 mole) of sodium hydroxide in 50 ml of 
water ,  and the mixture was refluxed for another 30 min af ter  the e s t e r  had dissolved completely.  The t r i azo le -  
carboxyiic acid was l iberated by acidifying the solution with dilute (1 :4)  hydrochlor ic  acid. The t r i azo le -  
carboxylic acid was removed by fil tration, washed with water ,  and crys ta l l ized f rom alcohol. 

1 - ( 2 ' - M e t h y l - 6 ' - b e n z o t h i a z o l y l ) - l , 2 , 3 - t r i a z o l e - 4 - c a r b o x y l i c  Acid (XV[). This compound was obtained 
in the same way as acid XV f rom XIII or  XIV by saponification in an .alkaline solutivn and was crys ta l l ized 
f rom methanol.  
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