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Benz-2,1, 3-thiadiazole and its derivatives are readily nitrated with 
sodium nitrate in concentrated sulfuric acid, to primarily give high 
yields of mono- and dinitro derivatives. Some of these are reduced 
by sodium dithionite to the corresponding amino derivatives, and the 
same reducing agent is also used to reduce some o-nitroanilines to the 
corresponding o-diamines. 

It was p rev ious ly  shown [2, 3] that n i t r a t i on  of ha lo -  
gen or n i t ro  de r iva t ives  of benz -2 ,  1 ,3 - th i ad i azo le  (I) 
by sodium n i t r a t e  and concen t ra ted  su l fu r ic  acid,  gives 
high yie lds  of the co r r e spond ing  d in i t ro  de r iva t ives .  
Thus it is poss ib le  to in t roduce a n i t ro  group at the 5 
(6) position** which is l e s s  prone to e lec t rophi l i c  sub -  
s t i tut ion.  

Fo r  p r e p a r a t i v e  purposes ,  p a r t i c u l a r l y  when work-  
ing with sma l l  amounts  (0.01-0.001 mole),  the method 

g i v e n  is supe r io r  to n i t r a t i o n  with fuming n i t r i c  acid. 
F u r t h e r  inves t iga t ion  is of i n t e r e s t  to a s c e r t a i n  the 
poss ib i l i ty  of p r e p a r i n g  some o-  and p -  d in i t ro  d e r i v -  
a t ives  of I of impor t ance  for  a n u m b e r  of d i r ec t  s y n -  
theses .  

Ni t ra t ion  of I with an equ imo lecu l a r  amount  of so -  
d ium n i t r a t e  (5 minu tes ,  95~ *) gives  a 96% yie ld  
of the 4 - n i t r o  de r iva t ive  of I, II. Under the s a m e  con-  
di t ions ,  4 - m e t h y l b e n z - 2 ,  1, 3 - th iad iazo le  (HI) gives a 
high yield of a mix tu re  of 4 - m e t h y l - 5 - n i t r o -  (IV) and 
4 - m e t h y l - 7 - n i t r o b e n z - 2 ,  1, 3 - th iad iazo le  (V), in the 
r a t io s  36% and 64% respec t ive ly .  

X X 

VI, VIII VII, IX NO 2 

VI. VII X = C I :  VIII. IX X = B r  

NO 2 

X, XII, XIV Xl. XIII, XV 

X. XI X ~ C H 3 ;  XII, Xlil X=CI ;  
XlV, XV X = Br 

S i m i l a r l y ,  n i t r a t i on  of 4 -ch lo ro - (VI ) ,  4 - b r o m o -  
(V I I I ) ,  5-me thy l - (X) ,  5 -ch loro- (XII ) ,  and 5 - b r o m o -  
benz-2 ,  1, 3 - th iad iazo le  (XIV) gives 98% yie lds  of, 
respectively 4 - c h l o r o - 7 - n i t r o - ( V l I ) ,  4 - b r o m o - 7 - n i -  
t ro- ( IX) ,  5 - m e t h y l - 4 - n i t r o - ( X I ) ,  5 - c h l o r o - 3 - n i t r o -  
(XIII), and 5 - b r o m o - 4 - n i t r o b e n z - 2 ,  1, 3 - th i ad iazo le  
(XV). Equ imolecu la r  amounts  of 5, 6 - d i m e t h y l b e n z - 2 ,  
1, 3 - th iad iazo le  (XVI) and sodium n i t r a t e  give a high 
yie ld  of mixed n i t ro  de r iva t ives ,  f r o m  which a re  i s o -  
la ted  60% 4-nitro-(XVII) and 8% 4.7-dinitro-5,6-di- 
methylbenz-2, 1, 3 - th iad iazo le  (XVIII); the l a t t e r  is 
obtained in 96% yield  when the r eac t ion  is run  with 2.4 
mole  sodium n i t r a t e .  

With an equimoiecular quantity of sodium nitrate, 
5, 6-dichloro(dibromo)benz-2, 1, 3-thiadiazole (XIX, 
XXII) gave 5, 6-dichloro(dibromo) -4-nitrobenz-2, 1, 3- 
thiadiazole (XX, XXIII); while with excess sodium ni- 
trate the corresponding dinitro derivatives XXI and 
XXIV are obtained. 

NO 2 NO 2 

x\ ~...n x \  I.L '/n x \ ~ s  
r'/ ,'/ x~ s ~ ~ ?l \\s - -  

x / ~ . . . / I  x l ~t.~'.../ X / ~ l t ~  / I  

XVI,XIX,XXII XVII, XX, XXIII NO2 ' 
XVIII. XXI.XXIV 

XVI. XVII, XVII] X = CH~, XIX. XX, XXI X = CI: XXII, XXIII, XXIV X = Br 

Reaction of equimolecular quantities of 4, 6-di- 
chloro(dibromo)benz-2, 1,3-thiadiazole (XXV, XXVIII) 
gives 4, 6-dichloro(dibromo-7-nitrobenz-2, 1, 3-thiadi- 
azole (XXVI, XXIX); with 4 molecules of sodium ni- 
trate the latter gives 4, 6-dichloro(dibromo)-5, 7-dini- 
trobenz-2, 1, 3-thiadiazole (XXVII, XXX). 

X X X 

t I N ~ / N O 2 A  '/n \ / ~  ,/n\r.. ~ 

XXV. XXVIII NO~ NO 2 

XXVI, XXIX XXVII. XXX 

XXV-XXVII X ~ C I :  XXVIII-XXX X = B r  

Nitration of 4, 5,7-trichloro(tribromo)benz-2, 1, 3- 
thiadiazole (XXXI, XXXIII) with 2 molecules of sodium 
nitrate gives 4, 5, 7-trichloro(tribromo)-6-nitrobenz-2, 
1, 3-thiadiazole (XXXII, XXXIV)*. 

X X 

~ _ s{/ll .I 
N I ' ~ \ N O . ~  

X X 
XXXI, XXXIII XXXII, XXXIV 

XXXI, XXXII X = CI, 
XXXIII. XXXIV X = Br 

Equimolecular amounts of 5-methyl-4-chloro(bro- 
mo)benz-2, 1, 3-thiadiazole (XXXV, XXXIX) and sodium 
nitrate give an 83% yield of 5-methyl-4-chloro(bromo)- 
7-nitrobenz-2, 1,3-thiadiazole (XXXVI, XL). Treat- 
ment of XXXV with 4 molecules of sodium nitrate gives 
a 61% yield of XXXVI, and this is obviously due to 
the oxidizing action of the excess of nitric acid. The 
structures of XXXVI and XL are proved by their re- 
duction to 5-methyl-4-chloro(bromo)-7-aminobenz-2, 
1,3-thiadiazole (XXXVII, XLI), and conversion of the 
latter by the Sandmeyer reaction to 5-methyl-4, 7-di- 

*For Part XLVI see [i]. 
**The same thing is found in the nitration of halogeno- 

and methylnitrobenz-2, I, 3-selenadiazoles [15-16]. 
*Nitration of XXXIII also gives a substance of unde- 

termined structure, mp 216~ ~ C. 



Ctt EMISTRY OF HETEROC YC LIC COMPOUNDS 6(;,q 

o-Nitroanil ine (g) 

Solvent 

(amount in ml) 

4-  Methyl-2-  nitroanil ine (3) 

4-Bromo-2-ni t roani l ine  (2, 17) 

4-Chloro-2-n i t roani l ine  (20) * 

4, 5 -Dibromo-2 - ni troanil ine (3) ** 

4, 6-Dichloro-2-ni t roani l ine  (35) 

Water (1501 1,2 (80 

Water (30) 

Water + EtOH 

+ 25~ aque- 

ous NaOH so- 

lution 

(200+ 100+ 100) 

Water (50) 

Water + EtOH 
(3000 +200~ 

Na dithi- 

onate, g 

18 

I0 

60 

8 

300 

Yield, 
(%) 

1.7 (91 

14.8 (80) 

2.36 (80J 

25.5 (85) 

TaMe I 

Reduction of o - N i t r o a n i l i n e s  with Sodium Dithionite 

, Mp, C (sol- 
vent for crys- 

tal l izing) 

90 (petrol ether 

63 (water) 

69--71 

(benzene + 

+petrol  

ether 1:1) 

83 (water) 

61 (EtOH) 

Refer- 

e n c e s  

8 

10, i1 

*Diluted with an equal volume of water before extracting with dichloroethane. 

**The solid which came down after cooling was filtered off and washed with water. 
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C H E M I S T R Y  O F  H E T E R O C Y C L I C  C O M P O U N D S  6 6 5  

c h l o r o ( d i b r o m o ) b e n z - 2 ,  1 , 3 - t h i a d i a z o l c  ~XXXVIII ,  X L I I )  

[4, 5] .  

X X X X 

XXXV XXX|X NO~ N| |  2 X 
XXXVI, XL XXXVII, XLI x x x v l n ,  XLIi 

XXXV-XXXVIII  X CI; XXXIX-XLII X --Br  

T r e a t m e n t  o f  4 - m e t h y l - 7 - c h l o r o - ( X L I I I )  o r  4 - m e -  

t h y l - 7 - b r o m o b e n z - 2 ,  1, 3 - t h i a d i a z o l e  (XLIV)  w i t h  4 

m o l e c u l e s  of  s o d i u m  n i t r a t e  g i v e s  a 30% y i e l d  o f  4 -  

m e t h y l - 7 - e h l o r o -  (XLV) o r  4 - m e t h y l - 7 - b r o m o - 5 , 6 -  

d i n i t r o b e n z - 2 ,  1 , 3 - t h i a d i a z o l e  t X L V I )  r e s p e c t i v e l y .  

X X 
XLIII, XLIV XLV, XLVI 

XLIII,XLV X ~ C I ;  XLIV,XLVI X = B r  

P r e v i o u s l y  [2] i t  w a s  p o s t u l a t e d  t h a t  n i t r a t i o n  o f  4 ,  

5-diehloro-(XLYII), 4 , 7 - d i c h l o r o - ( X L V I I I ) ,  4 , 5 - d i -  

bromo-(XLIX), a n d  4 ,  7 - d i b r o m o b e n z - 2 ,  1,  3 - t h i a d i a -  

z o l e  (L) g i v e s ,  r e s p e c t i v e l y  4,  5 - d i e h l o r o - 7 - n i t r o -  

(Eli), 4,5-dibromo-7-nitro-(LIII), a n d  4 , 7 - d i b r o m o -  

5 - n i t r o b e n z - 2 ,  1, 3 - t h i a d i a z o l e  (L IV) .  In  t h e  p r e s e n t  

p a p e r  t h e  s t r u c t u r e s  of  n i t r o  d e r i v a t i v e s  L I - L I V  a r e  

p r o v e d  b y  r e d u c i n g  t h e m  t o  a m i n e s  L V - L V I I I  r e s p e c -  

t i v e l y ,  a n d  c o n v e r s i o n  by  t h e  S a n d m e y e r  r e a c t i o n ,  L V  

a n d  L V I  t o  4 ,  5 ,  7 - t r i c h l o r o b e n z - 2 ,  1 , 3 - t h i a d i a z o l e  

(X'XXIII) .  

• • 

NO 2 NH 2 
L'. L~I' LV, LVI' - -  XXXI, X X X ' "  

N./J~.-. / NO , g.~-h/N" ' 

X X 
LII, L[V LV[, LVIll  

El, L I I ,  LV, LV! X = C h  LIH,  LIV, [ .VI I ,  L V | l l  X = a r  

N i t r o  d e r i v a t i v e s  of  I c a n  r e a d i l y  b e  r e d u c e d  t o  t h e  

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

2% a c e t i c  a c i d ,  o r  w i t h  s o d i u m  d i s u l f i d e  [6].  I n  t h e  

p r e s e n t  p a p e r  i t  i s  e s t a b l i s h e d  t h a t  s o d i u m  d i t h i o n i t e  

c a n  b e  s u c c e s s f u l l y  u s e d  f o r  t h a t  p u r p o s e .  T h e  s a m e  

c o m p o u n d  w a s  a l s o  u s e d  t o  r e d u c e  s o m e  o - n i t r o a n i -  

l i n e s  to  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 ,  i n t e r m e d i a t e s  

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

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

Synthesis of the starting o-diamine$. Portions of the sodium dithi-  
onite were added to a stirred aqueous solution (or solution in another 
solvent) of the o-nit toaniline,  the mixture heated to boiling, cooled, 
and extracted with dichloroethane. Removal of the solvent by distil- 
lation gave the diamines, which were purified by recrystallizing from 

the appropriate solvents (Table 1). 
4, 5-Dichloro- and 4, 5-dlbtomo-1,  2-dlaminobenzenes .  These 

were prepared from o-dichloro(dibromo)benzene by nitrating and then 
reducing with Sn in cone HCI, the 4 ,5-d ieh loro(d ibromo)- l ,2 -d in i t ro-  

benzenes formed [12]. 

5~ 6-Dibromobenz-2, I, 3- thiadiazole (XXII). 5 ml SOCI z was 
added gradually to a solution of 1.0 g (4 raM) 4, 5-dibromo-1, 2-di- 
aminobenzene in 5 1111 pyridine, at such a rare that the temix, raturc 
did not exceed 75~ ~ C. When addition was complete, the mixture 
was heated for 2-3  rain on a steam bath, cooled, diluted with an 
equal volume of water, the solid filtered off, dried, and purified by 
running a toluene solutiou through activated alumina. Evaporation of 
the etuate to dryness gave a colorless powder mp 130~ ~ C. Fore, d: 
N 9.68; 9.77; S 10.88; 10.49%, calculated for CsHzBr2N2S: N 0.52; 
S lO,88% 

Benz-2, 1 ,3- thiadiazoles  I, X, XII, XIV, XIX, XXV, XXVIII were 
obtained similarly, yields 85-95%, 

Nitration with ~odium nitrate-concentrated sulfuric acid.  The sodi- 
um nitrate* was added in portions to a stirred solution of the substituted 
benz-2, 1, 3- thiadiazole in 5-10 t imes the amount of sulfuric acid, at 
95 ~ ~ C. After heating for 5 rain at 100 ~ C, the products were 
cooled, poured onto ice, the solid filtered off, washed with water, 
dried, and recrystallized from the appropriate solvent. The nitro de- 
rivative formed crystals, which were slightly soluble in water and 
gave a color, mainly red or violet, with ethanolic alkali, 

Table 2 gives properties of compounds prepared for the first t ime.  
The raps of the known compounds correspond to those given in the 
literature [2-4,  6, 14]. 

4, 5, 7-Trichlorobenz-2,1, 3-thiadiazole (XXXI). 40 ml Hot water 
was gradually added to a stirred mixture of 2 g (0.008 mole) 4. 5-di-  
chloro-7-nitrobenz-2,  1, 3- thiadiazole (LI)and 5 g (0.029 mole) Na 
dithionite in 10 ml boiling EtOH, the whole cooled, the yellow pre- 
cipitate filtered off, washed wkh water, and dried. Yield 1.23 g (70%) 
4, 5-dichloro-7-aminobenz-2,  1, 3-thiadiazole (LV), mp 126 ~ C (ex 

water). 
0.5 g (2.3 raM) LV was dissolved in 1.5 ml cone H=SOa. the solu- 

tion stirred, and a solution of 0.15 g (2.2 mole) MaNn2 in 1.5 ml cone 
H2SO 4 added, After stirring for 10 min, the mixture was poured into 
a mixture of 6 g ice and 5 ml eono HC1, and a solution of 2.5 g CuCI 
in 12.5 ml eonc HC1 added. The whole was brought to a boil and 
s team distilled, to give 0.11 g (20%) colorless crystals, mp 122~ ~ 
C, undeptessed mixed mp with known XXXI [5, la]. The latter was 
prepared similarly to 4, 7 -dichlow-5-ni t robenz-2,  1, 3- thiadiazole  
(HI), via 4, 7-dichloro-g-aminobenz-2,  1, 3- thiadiazole  (LVI). 

4, 5, 7 -Trlbromobenz-2, I ,  3- thiadiazole  (XXXlll). Similarly to 
the above, 0.8g (3 raM) 4, 5-dibromo-7-ni t robenz-2,  I, 3- thiadiazole 
(LIII), 2.5 g (15 mM) Na dithionite, 2.5 ml EtOH, and 20 ml water 
gave 0.45 g (55%) 4, 5-d ibromo-7-aminobenz-2 ,  1, 3 -thiadiazole (LVII): 
dark crystals mp 138~ ~ C (ex water). Also similarly to the above, 
0.2 g (1.4 mM) NaNOz in 0.7 ml cone H2SO4, a mixture of 3 g ice and 
2.5 ml  hydrobromic acid, 1 g CuBr in 5 ml hydrobtomic acid gave 
0.05 g (21%) XXXIII, colorless crystals, mp 152~ ~ C, undepressed 
mixed mp with the authentic compound prepared as described in [13]. 
XXXIII, was prepared similarly from 4, 7-dibromo-5-ni t robenz-2,  1, 3-  
thiadiazole (LIV) via 4, 7 -d ib tomn-5-aminobenz-2 ,  1, 3 -thiadiazole 

(LVIn). 
4 -Chlo ro -5 -methy l -7 -aminobenz-2 ,  I,  3- thladlazole  (XXXVII). a 

solution of 0.1 g (1.4 raM) NaNOz in 1 ml conc H2SO 4 was added with 
stirring to a solution of 0.2 g (1 mM) XXXVII in 1 ml conc H2SO4. The 
whole was stirred for 10 rain, then poured into a cold solution of 1 g 
CuC1 in 5 ml eonc HC1, the mixture heated to boiling, and the reac- 
tion product steam distilled off, giving colorless crystals mp 139~ ~ 
C, undeptessed mixed mp with known compound prepared as described 

in [4, 5]. 
4, 7 -Dibromo-5-methylbenz-2 ,  1, 8- thiadiazole  (XLII). Similarly 

to the above, 0.8 g (3 raM) 4-bromo-5-methy l -7 -n i t robenz-2 ,  1, 3- 
thiadiazole (XL), 2.5 g (15 raM) Na ditbionite, 2.5 ml 5tOI-t, and 20 
ml water gave 0.4 g 4 -b romo-5 -me thy l -7 -aminobenz -2 ,  1, 3- thiadi-  
azole (XLI). Also similarly to the above, 0.15 g (0.d mM) XLI i~ 0.7 
ml conc H2SO 4, 0.1 g (1.4 raM) MaNn 2 in 0.7 ml cone 112SO4, a mix-  
ture of 3 g ice and 2.5 ml hydrobromic acid, 1 g CuBr in 5 ml hydro- 
bromic acid, gave 0.03 g XLII; colorless crystals, mp 145~ ~ C, 

*For the mole ratios of the reactants, see the general part. 
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undepressed mixed mp with the same compound prepared as described 
in [4, 5]. 
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