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The thiadiazole ring activate~ a chlorine atom in the ortho or para po- 
sitions with respect to the nitro group in the nucleophHic amination of 
chloronitrobenzo-2, 1, 3-thiadiazoles. The action of ammonia on a 
chlorobenzo-2, 1, 3-thiadiazole activated by a nitro group in ethylene 
glycol readily leads to the replacement of the chlorine by an amino 
group. The resuking aminonitrobenzo-2, 1, 3-thiadiazoles have been 
reduced to the corresponding diamines and these have been converted 
into pyrazine, quinoxaline, thiadiazole, and acetic acid derivatives. 

It has been shown previously [2, 3] that the thia- 
diazole ring, by drawing off electrons from a benzene 
ring, favors nucleophilic exchange reactions.  In the 
present work we studied the reaction of chloronitro-  
benzo-2,1 ,3- th iadiazoles  with ammonia. 

When ammonia was passed into a solution of 5- 
ch loro-4-n i t ro-2 ,  1,3-thiadiazole (I) in boiling ethylene 
glycol for 10-15 rain, a high yield of 5-amino-4-n i t ro-  
2, 1,3-thiadiazole (II) was obtained. 

NO t NO~ 

I I| 

Under analogous conditions, 7 -ch lo ro-4-n i t ro - ,  4- 
chloro-5,  7-dini t ro- ,  4 ,7 -d ich loro-5-n i t ro - ,  5,7-  
dichloro-4-ni t ro ,  5 ,6 -d ich loro-4-n i t ro - ,  and 4 ,6-  
ch loro-5 ,7-d in i t robenzo-2 ,1 ,3- th iadiazoles  (III-VIII) 
are  converted in high yields into 7 -amino-4-n i t ro - ,  
4 -amino-5 ,7 -d in i t ro - ,  4 -amino-7 -ch lo ro -5 -n i t ro - ,  
5 -amino-7-ch loro-  4-n i t ro- ,  5 -amino-6-ch loro-4-  

* F o r  c o m m u n i c a t i o n  L ,  s e e  [1]. 

ni t ro- ,  and 4,6-  diamino- 5,7 - din itrob enz o- 2 ,1 ,3 -  
thiadiazoles (IX-XIV), respectively. 
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o-Nitrobenzene,  p-chloronitrobenzene,  and 2 ,5-  
dichloronitrobenzene do not react  with ammonia under 
analogous conditions. This comparison c lear ly  shows 
the activating influence of the thiadiazole ring on nu- 
cleophiltc exchange reactions.  The aminonitro der iva-  
tive II  was converted into the acetylamtno derivative 
XV and 4, 5-diaminobenzo-2, 1,3-thiadiazole (XVI); the 
latter w as converted with thionyl chloride in pyridine into 
4, 5-(2 ~, 1', 3 '- thiadiazolo)benzo-2, 1,3-thiadiazole (XVII). 

NO~ 

/ xv 

NO 2 NH2 

,, xv, XV,l N' --J~ 

P r o d u c t s  of  

u, Initial Eth] 
chloro- lem 

nitroben- slY- 
zo-2,1,3- col, 

thiadiaaole, $ ml 

I; 3.20 20 

Ill; 3.20 I0 

IV; 2,00 20 

V; 2.50 40 

VI; 2.82 20 

VII; 2,16 20 

VIii; 0.75 20 

the Amination of Chloroni t robenzo-2,1 ,3- thiadiazoles  

Compound 
obtained, 8 

It; 2.55 

IX; 2.50 

X; 1.66 

Xh 1.95 

XlI; 2.33 

XIII; 1.75 

XIV; 0,60 

ColOroOf the crystals, 
rap, C, solvent for 

crystallization 

Yellow-~Itan, 280-2 $11 *, 
ethylana |lycol 

Dark yellow 300 (decomp), 
nitrobenzana 

Dark yellow, 228-2293* , 
ethylcellomlvl 

Yellow, 228-230, ethylene 
slycol 

Yellow-~raen, 282 (decomp.) 
$0% ethanol 

Yallow-jraan, 204-20 $, 
30% acat~ acid 

Brown, ~> 300, diethyl- 
tnaslycol 

Empirical 
formula 

C6H4N402S ~* 

C6HaCIN402S'* 

CsHaCIN40~S 

C6HaCIN40=S 

C~H~N60~S s* 

S, 

o u n d  

15.84 
19.97 

13.71 
13.75 

13,44 
13,27 

13,95 
14,00 

12.43 
12.50 

% 

cal- Yield, 
cu- 

fated 

87.6 

16,3~ 86.2 

90,0 

13.881 85.0 

13.88[ 91.0 

13.88 88,0 

12.5C 92.0 

l A mtxture with authentic 5-amino-4-nltrobaazo-2,1,3-thiadlazole [2, 3] gave no depression of the 
malfln| point. 2*Found, %: N 2S.62, 28.7S. Calculated, %: N 2a.$6. 3"A mixture with authentic 
4-amino.5,7.dinitrobanzo-2,1,3-thiadiazola [31 java no deprauion of tha malting point. 4*Found, %: 
Cl 14.90, 15.46. Calculated, %: C] 15o40. ;*Found, %: N 33,30, 33.35. Calculated, %: N 38.21. 
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T h e  a m i n o n i t r o  d e r i v a t i v e  IX  w a s  c o n v e r t e d  i n t o  t h e  

a c e t y l a m i n o  d e r i v a t i v e  X V I I I  a n d  i n t o  4 , 7 - d i a m i n o -  

b e n z o - 2 , 1 , 3 - t h i a d i a z o l e ,  t h e  b a s e  X I X ,  a n d  t h e  h y -  

d r o c h l o r i d e  X X :  

NO7 

/ XVUl NHCOCH a 

NO~ NH 2 NH 2 

s 

IX NH2 XIX NH2 KX NH 2 

T h e  a m i n o n i t r o b e n z o t h i a d i a z o l e s  X I  a n d  X I l  w e r e  c o n -  

v e r t e d ,  r e s p e c t i v e l y ,  i n t o  t h e  a c e t y l a m i n o  d e r i v a t i v e s  

X X I  a n d  X X I I  a n d  i n t o  4 ,  5 - d i a m i n o - 7 - c h l o r o b e n z o -  

2 , 1 , 3 - t h i a d i a z o l e  (XXII I )  ; t h e  l a t t e r  b y  r e a c t i o n  w i t h  

p h e n a n t h r e n e q u i n o n e ,  b e n z i l ,  a c e t i c  a n h y d r i d e ,  a n d  

t h i o n y l  c h l o r i d e  y i e l d e d ,  r e s p e c t i v e l y ,  t h e  p y r a z i n e ,  

a c e t i c  a c i d ,  a n d  t h i a d i a z o l e  d e r i v a t i v e s  X X I V - X X V I I .  
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Compound XXVII was also obtained from the iso- 

meric 4, 5-diamino-6-chlorobenzo-2, I, 3-thiadiazole 

(XXVIII) which, in its turn, was obtained by reduction 

of the aminonitrobenzothiadtazole (XIII}; the action of 

acetic anhydride on the latter gave the acetyl deriva- 

tive XXIX. 

NO 2 

t i l l  

/ 

NO2 

XXIX 

Nit 2 

N. ~I ".NH2 

XXVII! 

XXVI~ 

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

Starting materials.  5-Chloro-4-ni t ro-  and 5, 7-dichloro-4-ni t ro-  
benzo-2,  1, 3- thiadiazoles  (I and VI) were obtained as described pre-  
viously [4]. 7-Chloro-4-ni t ro- ,  4-chloro-5,  7-dinitro-,  and 4, 7- 
dichloro-5-ni trobenzo-2,  1, 3- thiadiazoles (III-V) were also obtained 

by methods described previously. The preparation of 5, 6-dichloro-4- 
nitro and 4, 6-dichloro-5, 7-dinitrobenzo-2, 1, 3-thiadiazoles (VII and 
VIII) has also been described previously [I]. 

Anaination of ~ e  chlotonitrobenzo-2, 1, 3-thiadiazoles.  Ammonia 
was passed into a solution of a chloronitrobenzo-2, 1, 3-thiadiazole in 
boiling ethylene glycol at 180-200 = C for 10-15 min (the solution 
rapidly darkened). After cooling, the reaction mixture was diluted with 
an equal volume of water, and the precipitate was filtered off, washed 
with water, dried, and recrystallized from a suitable solvent (see table). 

4, 5-Dianalnqbenzo-2, 1, 3-thladiazole (XVl). a) Ten gams of 10%o 
solution of sodium hydrogen sulfide was added to a suspension of 0.5 g 
of 5-anaino-4-nitrobenzo-2, 1, 3.thiadiazole (If) in I0 ml of water and 
the mixture was boiled until a clear red solution had been formed. 
This was cooled and the red crystals that deposited were filtered off and 
washed with a small  amount of water. Yield 0.25 g (60%), mp 168-  
170 ~ C; a mixture with an authentic sample [6] gave no depression of 
the melt ing point. 

b) With stirring, a solution of 30 g of potassium hydroxide in 
100 ml  of ethanol was gradually added to a mixture of 6 g of 5-nitro- 
benzo-2, 1, 8-thiadiazole,  15 g of hydroxylamine hydrochloride, and 
100 ml  of ethanol; the mixture was stirred for 1 hr, 400 ml  of water 
was added, it was heated to 70 ~ C, and 60 g of sodium dithionite was 
added in portions. After heating to the boil, the mixture was cooled 
and extracted with dichloroethane, and subsequent distillation of the 
solvent yielded 3.85 g of a substance (70%, calculated on the 5-nitro-  
benzo-2, 1, 8-thiadiazole) showing no depression of the mel t ing point 
in admixture with that obtained by method (a). 

4-Aeetylamlno-7-ehloro-5-nitrobenzo-2, 1, 3-thiadlazole (XXI). 
Two drops of concentrated sulfuric acid was added to a suspension of 

0.9 g of 4-amino-7-chloro-5-ni t robenzo-2 ,  1, 3- thiadiazole (XI) in 
10 ml  of acetic anhydride at 100 ~ C, with stirring, and the solid mat ter  
rapidly dissolved. After cooling, the reaction mixture was diluted with 
an equal volume of water. The crystals that deposited were filtered 
off, washed with water, and dried. Yield 0.74 g (72%). After zecrystal- 
l izat ion from 50% acetic acid, mp 210-212 ~ C. Found, %: C1 12.70, 
19.96; S 11.63, 11.64. Calculated for CsHsCIN4OaS, %: C1 18.08; S 11.74. 

5-Aeetylanalno-6-chloro-4-nltrobenzo-2, i, 8-thiadlazole (XXIX) 
was obtained from 0.2 g of 5-amino-6-chloro-4-ni t robenzo-2,  1, 3-  
thiadiazole (XIII) in a similar naanner to compound XXI. The yield was 
0,18 g (78.5%). After recrystallization from 50% methanol,  yellow 
crystals with mp 104-105 ~ C. Found, %: 8 11.41, 11.46. Calculated 

for CsHsC1N40~S, %: S 11.74. 
8-Aeetylanaino-7-ehloro-4-ni trobenzo-2,  I, 3-thiadlazole (XXII) 

was obtained from 0.4 g of 5-anaino-7-chloro-4-ni t robenzo-2,  1, S- 
thiadiazole (XII) in a similar manner to compound XXI. Yield 0.35 g 
(74.5%). After rccrystallization from 50% ethanol, lustrous light brown 
crystals with nap 183-185 ~ C. Found, %: S 11.13, 11.30. Calculated 

for CsH~CIN403S, %: S 11.74, 
5-Aeetylamino-4-ni t robenzo-2,  I, 3-thiadiazole (XV) was obtained 

from 1 g of 5-amino-4-ni t robenzo-2,  1, 3- thiadiazole (II) in a similar 
manner to compound XXL Yield 0.97 g (80%). After recrystatlization 
from water~ colorless crystals with mp 145-147 ~ C. A mixture with an 
authentic sample of XV [6] gave no depression of the mel t ing  point. 
Found, %: S 13.63, 18.71, Calculated for CsH6NaO38, %: S 13.44, 

4-Acety lamino-7-n i t robenzo-2 ,  i, 3-thladlazole  (XVIII) was ob- 
tained from 1 g of 4 -amino-7-n i t robenzo-2 ,  1 ,3- th iad iazole  (IX) in 
a similar manner to compound XXI. Yield 0.97 g (80~ After re-  
crystall ization from ethanol, yellow crystals with nap ~I80" C. A m i x -  
ture with an authentic sample [6] gave no depression of the mel t ing  point. 

4, 5-(2', I', 3'-Thladlazolo)be~o-2, !, 3-thladlazole (XVII). With 

stirring, a solution of 5 m1 of thionyl chloride in 3 ml of chloroform 

was added to a solution of i g of 4, 5-dianainobenzo-2.1, 3-thiadiazole 
(XVI) in 5 m!  of pyridine and 17 ml  of chloroform. After 15 minutes '  
heat ing in the boiling water bath, the reaction mixture was evaporated 
to dryness and the residue was treated with 15 ml  of cold water. The 
gray precipitate was filtered off, washed with water, and dried. Yield 
1.16 g (100%). After recrystallization from water, colorless needles, 
nap 173-175 ~ C, giving no depression of the mel t ing point in admix-  

ture 'with an authentic sample [6]. 
4, 5-Dlacetylanalno-7-chlorobenzo-2,1, 3-thtadtazole  (XXVI). A 

mixture of 1.37 g of 4, 5-diamlno-7-chlorobenzo-2, !, 3-thiadiazole 
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(XXIII) in 4 ml of acetic anhydride was heated in the boiling water 
bath for 5 min, and then 10 ml of water was added and it was heated 
to the boil and cooled, The yellow precipitate that deposited was fil- 
tered off and dried. Yield 1,29 g (66.4%). After recrystallization from 
methylcellosolve it formed a yellow powder with nap 232-238* C spar- 
ingly soluble in water. Found, %: C1 11.82; S 11.54. Calculated for 
C~0H,C1N402S, %: C1 12.48, S 11.25. 

4, 5-(2', 8'-Diphenylpyrazino-5', 6')-7-ehlorobenzo-2, 1, S-thiadia- 
zole (XXV), With stirring, a solution of 0.5 g of benzil in 4 nal of 
ethanol was added to a solution of 0.5 g of 4, 5-diamino-7-chlorobenzo- 
2, I, 3-thiadiazole (XXIII) in 6 nal of ethanol| then 50 ml of water was 
added and the mixture was heated to the boil and cooled, and the gray- 
green precipitate that had deposited was filtered off, washed with water, 
and dried. Yield 0.7 g (77.8%) in the form of a brown powder with 
nap 221" C; after a benzene solution had been passed through activated 
alunaina and the eluate had been evaporated, it formed lenaon-yellow 
crystals with mp 2 2 5 - 2 2 7  ~ C sparingly soluble in water and giving a red 
color in concentrated sulfuric acid. Found, %: N 15.18, 15.18; S 8.59, 
8.62. Calculated for C20HnCIN4S, %: N 14.95; S 8.54. 

4, 5-(5', 6', 7', 8'-Dlbenzoqulnoxallno-2', 3')-7-chlorobenzo-2, I, 8- 
thladiazole (XXlV), A solution of 0.96 g of phenanthrenequinone in 
96 ml of acetic acid was added to a solution of 1.0S g of 4, 5-diamino- 
7-chlorobenzo-2, I, 3-thiadiazole (xxln) in 10 ml of acetic acid. The 

yellow-green precipitate that deposited was filtered off, washed with 
acetic acid, and dried, Yield 1.39 g (72.2%). After recrystallization 
from nittobenzene and washing with ethanol it formed a light brown 
powder with mp 338 ~ C which was subjected to additional purification 
by the passage of a benzene solution through activated alumina and 
evaporation of the eluate to dryness. The residue consisted of lemon- 
yellow crystals with mp 840 ~ C sparingly soluble in water, ethanol, and 
pyridine: in concentrated sulfuric acid they became crimson. Found, 
%: CI 9.67; 9.84; S 8.50; 8.58. Calculated for C20HgCIN4S, %. C1 9.58; 
S 8,59. 

4, 5-(2', 1', 8'-Thiadlazolo)-6('/)-ehlotobenzo-2, I,  8-thladlazol$ 
(XXVI D. A solution of 1 g of 4, 5-diamino-6-chloro- (XXVIII) or 4, 5- 
diamino-7-chlorobenzo-2, I ,  8-thiadiazole (XXIID in 4 ml of pyridine 
was carefully treated with 2 ml of thionyl chloride. 

The reaction mixture was heated in the boiling water bath for 5 
min,  cooled, diluted with an equal volume of water, and acidified 
with concentrated hydrochloric acid; the yellow-brown precipitate that 
deposited was fihered off, washed with water, and dried, Yield 0.7 g 
(51%). A toluene solution of the substance obtained was passed through 
activated alumina and the eluate evaporated to dryness to give color- 
less lustrous crystals with nap 162.5-163 ~ C. Found, %: CI 15.33. 15.35 ; 
S 27.83, 27.92. Calculated for C6HCIN4S2, %: C1 15.54; S 28.01. 

4, 7-Dlamlnobenzo-2, 1, 8-thiadlazole (XIX)~ A suspension of 3 g 
of 4'amino-7-nitrobenzo-2, 1, 8-thiadiazole (IX) in 70 ml of hot water 
(70-80* C) was treated with 8 g of sodium dithionate, and the mixture 
was heated to the boil and filtered hot. After cooling, the dark red 
crystals that deposited from the filtrate were filtered off, washed with 
water, and dried. Yield 1.5 g (60%). After recrystallization from 
water, nap 128-180" C. Found, q0: N 33.64, 33.67; S 19.03, 19.40. Cal- 
culated for C~HsN4S, %: N 38.73; S 19,28. 

4, 7-Dlaminobenzo-2, I, 8-~ladlazole dihydrochlorld~ (XX). When 
hydrogen chloride was passed into an ethereal or ethanolic solution of 

4, 7-diarninobenzo-2, 1, 3-thiadiazole (X/X), the dihydrochloride was 
obtained in the form of sand-colored crystals with mp 230 ~ C (decomp) 
readily soluble in water, Yield 80-90%. Found, %: N 22,97, 23.12'. 
S 13.27, 13.49. Calculated for C6H~N4S -2HCI, %: N 23,43; S 13.38. 

4, 5-Diamino-6-chlorobenzo-2, 1, 3-thiadiazole (XXVIII). With 
stirring, 6.25 g of sodium dithionite was added in portions to 1.15 g of 
5-amino-6-chloro-4-nkrobenzo-2, I, 3-thiadlazole (X/It) and then the 
mixture was heated to the boil and cooled, and the cherry-red precipi- 
tate was filtered off, washed with water, and dried. Dichloroethane 
extraction of the filtrate yielded a further small amount of dark red 
substance. The total yield was 0.72 g (55.4%). After recrystallization 
from water the substance formed a brick-red powder with mp 136- 
138" C, readily soluble in ethanol. Found, %: N 27.92, 28.14. Cal- 
culated for CsHsCIN4S, %: N 27.93. 

4, 5-Diamlno-7-chlotobenzo-2, I, 8-tahiadlazole (XXIII), a) With 
stirring, 7 g of sodium dithionite was gradually added to 2.3 g of 4- 
anatno-7-chloro-5-nitro- (XI) or 5-anaino-7-chloro-4-nitrobenzo- 
2, 1, 8-thiadiazole (XH) in 35 ml of boiling ethylene glycol, and then 
35 nal of water was added. The mixture was heated to the boil, cooled, 
and diluted with 80 ml of water. The dark red precipitate was filtered 
off and washed with water. Yield 1.4 g. Chloroform extraction of the 
filtrate gave another 0.8 g of red powder. The total yield was 1.7 g 
(85%); mp 177" C (deconap, from water). Found, %: CI 17.64, 17.77; 
S 15.94, 15.97, Calculated for C6H~CIN~S, %: C1 17.71; S 15.96. 

b) With stirring, 8 g of iron filings and 4.6 g of finely ground 4- 
amino-7-chloro-5-nitro- (XI) or 5-amtno-7-chloro-4-nitrobenzo- 
2,1, 3-thiadiazole (XII) were added successively to a boiling solution 
of 100 ml of 2% acetic acid. After boiling for 5 minutes the mixture 
was cooled, the solid matter filtered off, and the filtrate extracted 
with chloroform. Evaporation of the chloroform yielded dark red crys- 
tals with nap ~170 ~ C readily soluble in ethanol and sparingly soluble 
in water. Yield 1.4 g (40%). 
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