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INVESTIGATIONS IN THE F I E L D  OF 2 , 1 , 3 - T H I A D I A Z O L E  AND 2 , 1 , 3 - S E L E N A -  
DIAZOLE 
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Benzo-2, 1, 3-selenadiazole and its derivatives readily undergo nitra- 
tion with sodium nitrate in concentrated sulfuric acid with the forma- 
tion, usually in high yield, of the corresponding mononitro and dinitro 
derivatives. The initial benz0-2, 1, 3-selenadiazoles were synthesized 
from selenium dioxide and o-diamines. The latter were obtained by 
reducing o-nitroaniline with sodium dithionite or by the reduetive 
cleavage of the corresponding derivatives of benzo-2, 1, 8-thiadiazole. 

The n i t r a t i o n  of  b e n z o - 2 , 1 , 3 - s e l e n a d i a z o l e  (I) and 
i t s  d e r i v a t i v e s  wi th  a m i x t u r e  of sod ium n i t r a t e  and 
c o n c e n t r a t e d  s u l f u r i c  ac id  has  not  been  r e p o r t e d  in 
the l i t e r a t u r e .  N e v e r t h e l e s s ,  th is  me thod  enab l e s  two 
n i t r o  g roups  to be i n t roduced  s i m u l t a n e o u s l y  into the 
o -  and p - p o s i t i o n s  of the benzene  r i n g  in s o m e  c a s e s .  
Th i s  method  i s  of c o n s i d e r a b l e  p r e p a r a t i v e  advan tage  
in work ing  with s m a l l  amounts  of the  s t a r t i n g  m a t e -  
r i a l s ,  

In the p r e s e n t  p a p e r  we give da ta  on the n i t r a t i o n  
of compound I and s o m e  of i t s  d e r i v a t i v e s .  

The n i t r a t i o n  of compound I wi th  an e q u i m o l e c u l a r  
amount  of sod ium n i t r a t e  in c o n c e n t r a t e d  su l fu r i c  ac id  
gave 4 - n i t r o b e n z o - 2 , 1 , 3 - s e l e n a d i a z o l e  (II) in high 
y i e l d  [1 ,2] .  Unde r  s i m i l a r  cond i t ions ,  4 - c h l o r o -  ( In ) ,  
5 - c h l o r o -  (IV), 5 - b r o m o -  (VII), and 5 - m e t h y l b e n z o -  
2 , 1 , 3 - s e l e n a d i a z o l e s  (IX) gave high y i e l d s  of, r e s p e c -  
t i ve ly ,  4 - c h l o r o - 7 - n i t r o -  (IV), 5 - c h l o r o - 4 - n i t r o -  (VI) 
[4], 5 - b r o m o - 4 - n i t r o -  (VIII) [6], and 5 - m e t h y l - 4 - n i -  
t r o b e n z o - 2 , 1 , 3 - s e l e n a d i a z o l e s  (X) [3 ,5] .  

NO 2 

R \  ~ .~ R ~ r ~  R = H ; C I :  8 r ;CH 3 
- 

B = I1: v - v I I I ;  x 

a B 

When the n i t r a t i o n  of d i subs t i t u t ed  b e n z o s e l e n a d i -  
a z o l e s  was  c a r r i e d  out,  the inf luence  of the n a t u r e  of 
the  subs t i t uen t  was  shown. Thus ,  in the n i t r a t i o n  of 
5 , 6 - d i m e t h y l b e n z o - 2 , 1 , 3 - s e l e n a d i a z o l e  (XI) under  
the  condi t ions  c u s t o m a r y  for  a r o m a t i c  compounds ,  a 
98% y ie ld  of 5 , 6 - d i m e t h y l - 4 - n i t r o b e n z o - 2 , 1 , 3 - s e l e -  
n a d i a z o l e  (XI1) was  fo rmed .  The act ion on the l a t t e r  
of a m i x t u r e  of sod ium n i t r a t e  and c o n c e n t r a t e d  s u l -  
fu r i c  a c id  gave  an 81% y ie ld  of 5 , 6 - d i m e t h y l - 4 ,  7 - d i -  
n i t r o b e n z o - 2 , 1 , 3 - s e l e n a d i a z o l e  (XIII). Compound 

XIII  can be ob ta ined  d i r e c t l y  f r o m  XI by n i t r a t i o n  with 
a m i x t u r e  of sod ium n i t r a t e  and c o n c e n t r a t e d  su l fu r i c  
ac id .  

* F o r  p a r t  XLIX,  s ee  [14]. 

NO 2 NO2 
H3C \ ~ -N 

g l  g l l  X{lll NO 2 
r 

Under similar conditions, 4,6-dichloro- (XIV), 4, 
7-diehloro- (X-VI), and 4,6-dibromobenzo-2,1,3-se- 
l e n a d i a z o l e s  (XVIII) f o r m e d ,  r e s p e c t i v e l y ,  4 , 6 - d i -  
c h l o r o - 7 - n i t r o -  (XV), 4 , 7 - d i c h l o r o - 5 - n i t r o -  (XVIII), 
and 4 , 6 - d i b r o m o - 7 - n i t r o b e n z o - 2 , 1 , 3 - s e l e n a d i a z o l e s  
(XIX). It was i m p o s s i b l e  to i n t roduce  a second  n i t r o  
group on f u r t h e r  n i t r a t i on .  

CI (Br) CI (Br# 
XIV ( X V I I I )  ;(V ~'XIX) 

CI CI 

 Z;F - 

t I 
CI CI 

J~vl x v f l  

The n i t r a t i o n  of 4 - m e t h y l - 5 - n i t r o b e n z o - 2 , 1 , 3 - s e -  
l e n a d i a z o l e  (XX) and 4 - m e t h y l - 7 - n i t r o b e n z o - 2 ,  1 , 3 -  
s e l e n a d i a z o l e  (XXI) y i e l d e d  4 - m e t h y l - 5 , 7 - d i n i t r o -  
b e n z o - 2 , 1 , 3 - s e l e n a d i a z o l e  (XXII). Under  s i m i l a r  
cond i t ions ,  4 - m e t h y l - 6 - n i t r o b e n z o - 2 , 1 , 3 - s e l e n a d i -  
azo le  ( X X ~ I ) f o r m e d ,  m a i n l y ,  7 - m e t h y l - 4 , 5 - d i n i t r o -  
b e n z o - 2 , 1 , 3 - s e l e n a d i a z o l e  (XXIV). It was  i m p o s s i b l e  
to in t roduce  a second  n i t r o  group.  It was  a l so  i m p o s -  
s ib le  to n i t r a t e  5 - b r o m o - 4 - n i t r o -  and 5 - m e t h y l - 4 -  
n i t r o b e n z o - 2 , 1 , 3 - s e l e n a d i a z o l e s  under  these  cond i -  
t ions .  
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(Br}CI\~NH~ (llr}Cl\ ~ /N.\ 

Cl(Br)  Cl(Br ) 

T h e  s t a r t i n g  m a t e r i a l s  f o r  t h i s  s t u d y ,  d e r i v a t i v e s  

o f  b e n z o - 2 , 1 , 3 - s e l e n a d i a z o l e ,  w e r e  o b t a i n e d  b y  t h e  

r e a c t i o n  o f  s e l e n i u m  d i o x i d e  w i t h  t h e  c o r r e s p o n d i n g  

o - d i a m i n e s  [7] .  

5 - C h l o r o - ,  5 - b r o m o - ,  5 - m e t h y l - ,  4 - m e t h y l - 5 - n i -  

t r o - ,  4 - m e t h y l - 6 - n i t r o - ,  a n d  4 - m e t h y l - 7 - n i t r o b e n z o -  

2 , 1 , 3 - s e l e n a d i a z o l e s  w e r e  o b t a i n e d  b y  p u b l i s h e d  m e t h -  

o d s  [ 4 - 6 ] .  

EXPERIMENTAL 

Nitration with sodium nitrate in concentrated sulfuric acid. Sodium 
nitrate was added in portions to a hot solution of benzo-2, 1, 3 -se lena-  
diazole (A) in concentrated sulfuric acid at such a rate that the t em-  
perature of the reaction mixture did nOt exceed 100 ~ C. The reaction 
product was kept at 100 ~ C for 5 min, cooled, and poured onto ice. 
The precipitate of nitrobenzoselenadiazole (B) that deposited was fil-  
tered off, washed with water, dried, and crystallized from a suitable 
solvent (see table). 

4-Chlorobenzo-2, 1, 3-selenadiazole (III). A mixture of 1 g of 
4-chlorobenzo-2, 1, 3- thiadiazole [8, 9], 4 g of stannous chloride di- 
hydrate, and 30 ml of hydrochloric acid (d 1.19) was boiled with stir- 
ring until a solution had been formed (2 hr), and then the mass was 
evaporated to dryness, made alkaline with 10% sodium hydroxide so- 
lution, and extracted with dichloroethane. After the solvent had been 
distille& off, 0,65 g (81%) of 1, 2-diamino-3-chlorobenzene was ob- 
tained in the form of a dark brown oily liquid which crystallized on 
standing at 0 ~ C; mp ~32 ~ C. The crystalline mass was dissolved in 
13 ml of 50% ethanol, 0.65 g of selenium dioxide in 5 ml of 50% 
ethanol was added, the mixture was diluted with water, and the white 
precipitate that deposited was filtered off and washed with water. 
Yield 0.98 g (98%); mp 160~ ~ C. Literature data [4, 10]: mp 
158~ ~ C. 

4, 6-Dichlorobenzo-2, 1, 3-selenadiazole (XIV). A solution of 4 g 
of selenium dioxide in 30 ml of 70% acetic acid was added to a solu- 
tion of 5.9 g of 1, 2-diamino-3,  5-dichlorobanzene [13] in 30 ml  of 
70% acetic acid. The precipitate that deposited was filtered off and 
washed successively with a small amount of acetic acid and with water. 
The yield was quantitative. After crystallization from acetic acid it 
formed crystals with mp 205.5-206 ~ C. Literature data ]4[: mp 210-  
210"-211 ~ C. Found, %: C1 28.30; 28.19; N 10.80; 10.87%. Calculated 
for C6HzC12NzSe, %: C1 28.17; N 11.11%. 

4, 7-Dichlorobenzo-2, 1, 3-selenadiazole (XVI). This was obtained 
similarly to the preceding compound XIV from 0.59 g of 1, 2 -d iamino-  
3, 6-dichlorobenzene [11] in 30 ml of 33% acetic acid and 0.4 g of 
selenium dioxide in 5 ml of water. The yield was quantitative. White 
crystals with mp 271~ ~ C, sparingly soluble in water, more sol- 
uble in hot acetic acid. According to the literature [4]: mp 279 ~ 281 ~ 
C. Found, %: C1 27.78; 27.97; N 10.91; 10.89%. Calculated for 
C6HzC12N2Se, %: C1 28.17; N 11.11%. 

4, 6-Dtbromobenzo-2, 1, 3-selenadiazole (XVIII). This was obtained 
similarly to XIV from 2.3 g of 1, 2-diamino-3,  5-dibromobenzene [12] 
in 10 ml of acetic acid and I g of selenium dioxide in 6 ml  of 50% 
acetic acid. Yield 2.4 g (81.3%). White crystals with mp 217~ ~ 
C (from ethanol), sparingly soluble in water, readily soluble in hot 
acetic acid. Found, %: Br 46.83; 46,75; N 8.58; 8.33%, Calculated 
for C~H2Br2NzSe, %: Br 46.92; N 8.21%. 

5, 6-Dimethylben~.o-2, 1, 3-selenadiazole (XI). This was obtained 
similarly to XIV from 6.8 g of 1, 2-diamino-4,  5-dimethylbenzene in 

20 ml  of acetic acid and 6 g of selenium dioxide in 20 ml of water. 
Yield 8.8 g (83.4%). White crystals with mp 143"-144" C (from eth-  
anol) readily soluble in acetic acid, sparingly soluble in water. Found, 
%: N 13.31, 13.53. Calculated for CsHsNzSe, %: N 13.27. 

5, 6-Dimethyl-4-ni t rolmnzo-% I, 8-selenadiazole (XII). With stir- 
ring, a mixture of 1 ml  of nitric acid (d 1.52) and 2 ml  of concen- 
trated sulfuric acid was added dropwise to a solution of 1.7 g of XI 
in 10 ml  of concentrated sulfuric acid at 0~ ~ C, after which the 
mass was stirred at the given temperature for 30 min and at 20 ~ C 
for another 30 rain. Then it was poured onto ice and the precipitate 
that deposited was filtered off and washed with water. Yield 2.02 g 
(98%). After crystallization from acetic acid, bright yellow crystals 
with mp 223~ ~ C. 

4, 6-Dibromo-7-nitrobenzo-2,  1, 8-8elenadiazole  (XIX). Similarly 
(compare the preparation of compound XII), 1.8 g of XVIII, 1 ml of 
nitric acid (d 1.52) and 12 ml  of sulfuric acid (d 1.84) gave 1.38 g 
(67.5%) of substance. After crystallization from acetic acid, it formed 
light brown crystals with mp 228~ ~ C. 

4, 6-Dichloro-7-nitro-2,  1, 3-selenadiazole  (XV). Similarly (see 
above) 2.52 g of XIV yielded 2.82 g (95%) of substance. After crys- 
tal l izat ion from acetic acid, colorless crystals with mp 2020-203 ~ C. 
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