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In the reduct ion of 4- hydroxy-  7- phenylazobenzo-2,1 ,3- th iadiazo le and of 4- hydroxy-  7- n i t ro -  
benzo-2 , t , 3 - th i ad iazo le  with sodium hydrosulf i te ,  7 -amino-4-hydroxybenzo-2  ~l ,3- thiadiazole 
is obtained. The reduct ion of 4 -hydroxybenzo-2 ,1 ,3- th iad iazo le  leads to 2,3-diaminophenol  
which f o r m s  5-hydroxyquinoxaline with the bisulf i te  der iva t ive  of glyoxal.  The oxidation of 
4 -hydroxy-  and 4-aminobenzo-2 ,1 ,3 - th iad iazo les  with po tass ium d ichromate  in an acid me-  
dium has yielded 4,7- dioxo- 4, 7- d ihydrobenzo-2,1 ,3- th iadiazole ,  which has be en conver ted 
into 4 ,7-d ihydroxybenzo-2 ,1 ,3- th iad iazole  and 4 ,7-d i (hydroxyimino)-4 ,7-d ihydrobenzo-2 ,1 ,3-  
thiadiazole.  

Azophenol der iva t ives  based  on benzo-2 ,1 ,3- th iad iazole  a r e  dyes for  po lyes te r  and polyamide f ibers  
[1]. Never the les s ,  the s t ruc tu re  of the products  obtained f r o m  diazotized a roma t i c  amines  and 4-hydroxy-  
benzo-2 ,1 ,3- th iad iazo le  (I) has not been es tabl i shed [1, 2]. The p resen t  work was devoted to an inves t iga-  
tion of the products  of the azo coupling and the oxidation and reduct ion of (I). The azo coupling of (I) with 
diazotized aniline fo rms  4-hydroxy-7-phenylazobenzo-2 ,1 ,3 - th iad iazo le  (ll). On reac t ion  with sodium hy- 
drosulf i te  the la t ter  gives 7 -amino-4 -hydroxybenzo-2 , i , 3 - th i ad i azo le  (HI), which was cha rac t e r i zed  in the 
f o r m  of the diacetyl  der iva t ive  (IV). Compound (IV) proved to be identical  with a substance obtained f r o m  
(Ill) the s t ruc tu re  of which has been es tabl i shed in the following way. 

The reac t ion  of (I) with dimethyl  sulfate  fo rmed  4-methoxybenzo-2 ,1 ,3- th iad iazo le  (V). The la t te r  
was read i ly  n i t ra ted  by sodium ni t ra te  in concent ra ted  sulfur ic  acid, giving a mix ture  of 5-ni t ro  and 7-ni t ro  
de r iva t ives  of (V), which were  sepa ra ted  by a published method [3]. 4 -Methoxy-7-n i t robenzo-2 ,1 ,3 - th iad ia -  
zole (VI) was hydrolyzed with a 17c solution of caust ic  soda to 4 -hydroxy-7-n i t robenzo-2 ,1 ,3 - th iad iazo le  
(VII) [4]. On reac t ion  with sodium hydrosulf i te ,  compound {VII) fo rmed  (llI). 

Thus,  in the azo coupling of 4 -hydroxybenzo-2 ,1 ,3- th iad iazo le  with diazotized a roma t i c  amines  the 
azo group en te rs  position 7. 

The oxidation of (I) with po tass ium d ichromate  in an acid medium at  r o o m  t e m p e r a t u r e  gave a mix-  
tu re  of subs tances  f rom which it was poss ib le  to isolate  about 5% of 4 ,7-d ioxo-4 ,7-d ihydrobenzo-2 ,1 ,3- th i -  
adiazole  (VIII). The la t ter  proved to be identical  with the compound obtained by the oxidation of (III) and of 
4 ,7 -d iaminobenzo-2 ,1 ,3- th iad iazo le  (IX) [5]. 

The oxidation of 4 -aminobenzo-2 ,1 ,3 - th iad iazo le  (X) a lso  gave a mix tu re  of subs tances ,  f r o m  which 
it was possible  to isolate  about 5% of (VIII). The la t ter  was r ead i ly  reduced  by sodium hydrosulf i te  to 
4 ,7 -d ihydroxybenzo-2 , l ,3 - th iad iazo le  (XI), and on reac t ion  with hydroxylamine hydrochlor ide  in ethanol it 
gave 4 ,7-d i (hydroxyimino) -4 ,7-d ihydrobenzo-2 ,1 ,3- th iad iazo le  (XII). 

The reduct ion of (I) with stannous chloride in hydrochlor ic  acid led to 2 ,3-diaminophenol ,  which with 
the bisulf i te  der iva t ive  of glyoxal f o rm ed  5-hydroxyquinoxaline (XIII) [6]. 

The compound (I) r equ i red  for  the p re sen t  invest igat ion was synthes ized  by means  of the Buchere r  
reac t ion .  The method descr ibed  prev ious ly  [7] was improved in the p resen t  work,  which led to an inc rease  
in the yield of (I) and to a reduct ion in the t ime  of synthes is .  
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EXPERIMENTAL 

4- Hydroxybenzo-2,1,3-thiadiazole (I). A mixture of 25 g (165 mmoles) of 4-aminobenzo-2,1 ,3- th iadi-  
azole [8], 600 ml of water ,  and 100 g (525 mmoles) of sodium metabisulfi te was boiled for 10 h and was 
cooled. The product was worked up as descr ibed in the l i terature  [7]. In this process  it was neces sa ry  to 
use: 150 ml of water  for washing out t races  of the start ing mater ia l ,  500 ml of 10% caustic soda for making 
the mixture alkaline, and 300 ml of concentrated sulfuric acid + 900 ml of water  for acidifying the react ion 
mixture.  The yield of (I) was 21.4 g (85.6%), mp 128~ (from gasoline) [9] or  114-115~ (from water) [9]. 

4-Hydroxy-7-phenylazobenzo-2,1 ,3- thiadiazole  (II). At 0-5~ 8.2 g (119 mmoles) of sodium nitr i te in 
60 ml of water  was added dropwise to a solution of 10.2 g (110 mmoles) of aniline in 20 ml of concentrated 
hydrochlor ic  acid and 40 ml of water.  The diazonium solution obtained was kept at room tempera ture  for 
10 min and was then added to a solution of 15.2 g (0.1 mole) of (I), 32 g (0.3 mole) of sodium carbonate,  and 
900 ml of water  at 0-2~ After  the end of the addition, the mixture was kept at the same tempera ture  for  
10-15 min and was then acidified to pH 2-3 and fil tered. The residue on the fi l ter  was washed with water  
to neutral i ty and dried. This gave 25 g (98.7%) of a b r igh t - red  substance readi ly  soluble in organic solvents 
and spar ingly soluble in water  with mp 178-179~ (from ethanol). Found, %: N 21.6; S 12.4. C12HsN4OS. 
Calculated, %: N 21.9; S 12.5. 

7-Amino-4-hydroxybenzo-2 ,1 ,3- th iadiazole  {IID. a) A mixture of 10 g (39 mmoles) of (ID and 100 g 
(475 mmoles) of sodium hydrosulfi te was added to 700 ml of water  heated to 85-90~ and the mixture was 
boiled for  1-2 rain. Then it was f i l tered and the precipitate that separated out when the hot f i l t rate  was 
cooled was f i l tered off and dried. Weight 2.7 g. The mother  solution was extracted three t imes with ether.  
Elimination of the ether gave another 0.3 g of product.  Total weight 3 g (45%). Br igh t - red  substance 
readi ly  soluble in organic solvents and in 10% caustic soda solution, and giving a brown colorat ion with an 
aqueous solution of f e r r i c  chloride; mp 224-226~ (decomp., f rom toluene). Found, %: N 25.2; S 19.2. 
C6HsN3OS. Calculated, %: N 25.1; S 19.1. 

b) A mixture of 3 g (15.2 mmoles) of (VII) and 30 g (143 mmoles) of sodium hydrosulfite was added 
to 210 ml of water  heated to 85-90~ and the mixture was boiled for 1-2 min. The product was worked up 
as in method (a). The total yield was 1.2 g (47.25%), mp 224-226~ (decomp., f rom toluene). 

4-Acetoxy-7-acety laminobenzo-2 ,1 ,3- th iadiazole  (IV). A mixture of 1 g (6 mmoles) of (HI) obtained 
by method (a) and 5 ml of acetic anhydride was boiled for  1 h, and then the react ion mixture was poured 
into 50 ml of water  and the result ing mixture was boiled for  1-2 min and was filtered. The compound (IV) 
that deposited when the f i l t rate  was cooled was f i l tered off, washed with water ,  and dried. Weight 0.6 g. 
F r o m  the f i l t rate chloroform extracted a fur ther  0.45 g of the substance. The total weight of (IV) was 
1.05 g (70%), mp 164-165~ (from ethanol), giving no depression of the melting point with the diacetyl de- 
r ivat ive obtained f rom (IH) (b). Found, %: N 16.4; S 12.9. C10HgN303S. Calculated, %: N 16.7; S 12.8. 

4-Methoxybenzo-2,1,3-thiadiazole (V). A mixture of 9 g (59.2 mmoles) of (I}, 2.4 g (60 mmoles) of 
caustic soda, 8.4 g (60.8 mmoles) of potass ium acetate,  and 120 ml of water  was heated to 60-65~ and 
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then 15 ml (158.5 mmoles) of dimethyl acetate  was added. Then the react ion mixture was heated in the 
boi l ing-water  bath for 1 h and was cooled and poured into 400 ml of 25% ammonia  solution. The precipitate 
that deposited was f i l tered off, washed with water  to neutrali ty,  and dried. The weight of precipitate was 
7.5 g, and chloroform extracted another 0.5 g f rom the fi l trate.  The total yield was 8 g (81.5%), mp 66-68~ 
(from ethanol), giving no depress ion of the melting point with a sample of (II) obtained by a published meth-  
od [10]. 

4-Methoxy- 7-ni t ro-  and 4-Methoxy- 5-ni t robenzo-2,1 ,3- thiadiazoles .  At room tempera ture ,  3.32 g 
(39.1 mmoles) of sodium nitrate was added to a solution of 6.5 g (39.1 mmoles) of (V) in 65 ml of concen- 
t ra ted  sulfuric acid (the t empera tu re  of the react ion mixture gradual ly  rose  to 40~ Then the reac t ion  
mixture was kept for 30 rain and was poured onto ice; the precipitate that deposited was f i l tered off, 
washed with water  to neutrali ty,  and dried. The weight of the mixture of nitro derivat ives was 7.2 g (87%). 
This mixture was t reated with ether,  and the product insoluble in ether,  weighing 3.6 g, consisted of (VI), 
mp 204-206~ (from ethanol). According to the l i terature  [3], (VI) has mp 206~ The ethereal  f i l trate 
was evaporated, giving a res idue of 3.5 g of 4-methoxy-5-ni t robenzo-2 ,1 ,3- th iadiazole  which, af ter  dist i l la-  
tion with steam, melted at 91-93~ 

4-Hydroxy-7-ni t robenzo-2 ,1 ,3- th iadiazole  (VII). This was obtained as described by Dal Monte et al. 
by boiling 3.16 g (15 mmoles) of (VI) with 180 ml of a l~c solution of caustic soda for 5 rain. Yield 2.6 g 
(88.2%), mp 218-219~ [benzene-e thanol  (9:1)] [according to the l i terature  [4]: yield 86%, mp 220~ (ben- 
z e n e -  ethanol; 9 : 1)]. 

4 ,7-Dioxo-4,7-dihydrobenzo-2,1 ,3- thiadiazole  (VIII). a) A solution of 3.6 g (12.2 mmoles) of potassi-  
um dichromate in 48 ml of water  was added to a mixture of 1.2 g (7.2 mmoles) of (IU), 2.5 ml of concen- 
t ra ted sulfuric acid, and 10 ml of water .  The mixture was s t i r r ed  at room tempera ture  for 2-5 rain and 
was then fi l tered and the res idue was washed with water .  The product was extracted f rom the f i l t rate with 
chloroform.  After  the elimination of the solvent, 0.9 g (75%) of (VIII) was obtained; it dissolves readi ly  in 
acetone,  benzene, and chloroform,  and crys ta l l izes  f rom isopropanol.  Mp 169-170~ Found, %: N 17.0; 
S 19.4. C~H2N2O2S. Calculated, %: N 16.9; S 19.3. 

b) A solution of 2.4 g (8.2 mmoles) of potass ium dichromate in 32 ml of water  was added to a mixture 
of 0.8 g (4.8 mmoles) of (IX) [5], 1.6 ml of concentrated sulfuric acid, and 7 ml of water.  The subsequent 
procedure  was the same as in method (a). This gave 0.25 g (34%) of (VIII); af ter  recrys ta l l i za t ion  f rom 
isopropanol,  mp 169-170~ (sealed capillary).  It gave no depress ion of the melting point with the substance 
obtained by method (a). 

c) A mixture of 10 g (66 mmoles) of (I), 40 ml of concentrated sulfuric acid, and 400 ml of water  
was cooled to room tempera tu re  and to it 28 g (95 mmoles) of potassium dichromate in 300 ml of water  
was added dropwise. After  3-5 rain, the precipitate was f i l tered off and washed with water ,  and the f i l t rate 
was repeatedly extracted with chloroform.  After the fi l tration of the chloroform extracts  and the elimina- 
tion of the solvent, 0.5 g (4.58%) of (VIII) was obtained, and this was crys ta l l ized  f rom isopropanol,  mp 
169-170~ (sealed capillary),  giving no depress ion  of the melting point with the substances obtained by 
methods (a) and (b). 

d) Compound (X) (10 g, 66 mmoles) was oxidized as described in method (c)o This gave 0.5 g (4.55%) 
of (VIII). Af ter  crys ta l l iza t ion f rom isopropanol,  it melted at 169-170~ (sealed capillary) and gave no 
depress ion of the melting point with the substances obtained by methods (a), (b), and (c). 

4 ,7-Diaminobenzo-2,1,3- thiadiazole  (IX). This was obtained as described previously [5] by the r e -  
duction of 4-amino-7-n i t robenzo-2 ,1 ,3- th iad iazole  with sodium hydrosulfite in 5% caustic soda solution. 
Yield 65%, mp 128-130~ (from water).  

4 ,7-Dihydroxybenzo-2,1,3- thiadiazole  (XI). A mixture of 1.9 g (11.4 mmoles) of (VIII) and 19 g (109 
mmoles) of sodium hydrosulfi te was poured into 130 ml of water  at a t empera ture  of 90~ and after  being 
boiled for  2-3 rain the hot mass  was f i l tered and the mother  solution was cooled and extracted with ether, 
and then the elimination of the ether gave 0.9 g (47.4%) of (XI), readi ly  soluble in methanol and ethanol and 
a lmost  insoluble in benzene and petroleum ether.  Mp 183-185~ (sealed capil lary,  f rom toluene). Found, 
%: 17.1; S 19.1. C~H4N202S. Calculated, %: N 16.7; S 19.1. 

4 ,7-Di(hydroxyimino)-4,7-dihydrobenzo-2,1 ,3- thiadiazole  (XII). A mixture of 1 g (6 mmoles) of 
(VIII), 2 g (30 mmoles) of hydroxylamine hydrochloride,  and 30 ml of ethanol was boiled for 2 h. Then it 
was cooled, and the precipi tate  was f i l tered off, washed with a smal l  amount of ethanol, and dried. Weight 
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0.65 g (55%). It was purif ied by rep rec ip i t a t ion  f r o m  d imethy l fo rmamide  with water ,  and decomposed  at  
263-270~ Found, %: N 28.4; S 16.1. CGH4N402S. Calculated,  %: N 28.6; S 16.3. 

5-Hydroxyquinoxaline (XIII). A mix tu re  of 70 g (368 mmoles)  of stannous chloride,  16 ml  of concen-  
t r a t ed  hydrochlor ic  acid, and 8 g (52.6 mmoles)  of (I) was heated in the boiling wa te r  bath for  6 h. Then the 
mix ture  was cooled, diluted with 200 ml  of water ,  and f i l tered.  The f i l t r a te  and the prec ip i ta te  were  ex- 
t r ac t ed  with ch loroform.  El iminat ion of the solvent  gave 3.5 g of the initial (I). A cu r r en t  of hydrogen sul-  
fide was passed  into the f i l t ra te  a f te r  the ext rac t ion  with ch loroform until the tin sulfide had deposited 
comple te ly .  This  was f i l t e red  off and washed with wate r ,  and then the 400 ml  of f i l t ra te  was made alkal ine 
with 10% caust ic  soda solution to pH 6. It was f i l te red  again and the prec ip i ta te  was washed with 300 ml  
of wate r .  The f i l t ra te ,  with a volume of 700 ml,  was heated to 60~ and 10 g of the bisuif i te  der iva t ive  of 
glyoxal was added. The t e m p e r a t u r e  of the solution was kept between 50 and 60~ for  an hour, a f te r  which 
it was left  overnight .  Then the reac t ion  mix ture  was f i l tered,  and the f i l t ra te  was brought to pH 8 with 
sodium carbonate  and ex t rac ted  with e ther .  El iminat ion of the solvent  gave 1.2 g of 5-hydroxyquinoxaline 
(27.7% calculated on the hydroxy compound that bad reac ted) .  Mp 100-101~ According to the l i t e ra tu re  
[6], mp 101-102~ Found, %. N 19.1. CsH6N20. Calculated,  %: N 19.2. 
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