
I N V E S T I G A T I O N  OF 2 , 1 , 3 - T H I A -  AND 2 , 1 , 3 - S E L E N A D I A Z O L E S  

LXVII.* NITRATION OF NAPHTHO [1,2-d] [2 ,1,3]THIADIAZ OLd 

V .  G.  P e s i n  a n d  L .  A .  K a u k h o v a  UDC 547.794.3:542.958.1 

The nitration of naphtho [1,2-d] [2,1,3]thiadiazole under the conditions that are  normal ly  used 
for aromat ic  compounds gives a mixture of 6- and 9-nitronaphthothiadiazoles,  which can be 
reduced to 6- and 9-amino derivat ives,  respect ively .  6-Hydroxynaphthothiadiazole is ob- 
tained f rom 6-aminonaphthothiadiazole by the Sandmeyer reaction,  while 8-hydroxynaphtho- 
thiadiazole is converted to the 8-amino derivative under the conditions of the Bucherer  r e -  
action. 4-Carboxy-5-(o-carboxyphenyl) -2 ,1 ,3- th iadiazole  was obtained by the oxidation of 
naphtho [1,2-d] [2,1,3]-thiadiazole with a potassium d i c h r o m a t e -  dilute sulfuric acid mixture .  

In developing our r e s e a r c h  on the react iv i ty  of condensed 2,1,3-thiadiazole sys tems ,  we turned to a 
study of the substitution react ions of naphtho[1,2-d] [2,1,3]-thiadiazole (I) [2]. 

In the present  paper we repor t  the resul ts  of a study of the nitration of I. 

A mixture of two i somer ic  nitro derivatives - 6 -n i t ro-  (II) and 9-nitronaphthothiadiazole ( I I I ) -  is 
formed in high yield when I is nitrated with a nitrating mixture .  I somer  II is the chief react ion product, 
and a small  amount of III can be isolated only by chromatography.  

N ~ S  N - : S  NO~ N : S  

NO 2 
I I I  II1 

The 6-amino (IV) and 9-aminonaphthothiadiazoles (V) obtained from nitro derivatives II and III can 
be separated by fractional crysta l l izat ion;  we used this method to establish the s t ruc ture  of ni t ro compounds 
II and III. Amines IV and V were converted to the corresponding chlorides and b romides t  by means of the 
Sandmeyer react ion,  while amine IV was converted to the corresponding hydroxy derivat ive (VI). 

The position of the nitro group in II was determined by means of its oxidation products and by data 
f rom a study of amine IV. 
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* See [1] for communication LXVI. 
$ See the following communicat ion for information regarding the ch loro-an  d bromonaphthothiadiazoles.  
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m-Nitrobenzoic acid was isolated from the oxidation of nitro compound II with potassium permangan- 
ate in the presence of alkali; this result corresponds to four possible positions for the nitro group (isomeric 
structures II, I!I, VII, and VIII). 3-Nitrophthalic acid was isolated when the reaction was carried out with- 
out Mkali; the formation of this acid shows that the nitro group occupies either the 6 or 9 positions. To 
solve this problem, we synthesized amine IV by the reaction of thionylaniline with 1,2,5-triaminonaphthalene 

(IX) [3]. In view of the fact that triamine IX is formed in very low yield, the aminonaphthothiadiazole (IV) 
obtained from it was not isolated in pure form. Spots with identical Rf values were detected when the lat- 
ter was chromatographed in the presence of amine IV, obtained from nitro compound II. 

Additional proof was obtained in a comparison of amine IV (the product of the reduction of nitro 
derivative II) with the three other isomeric 7- (X), 8- (XI), and 9-aminonaphthothiadiazoles (V), obtained 
by alternative synthesis by the reaction of thionylaniline with 1,2,6- [4], 1,2,7- [5], and 1,2,8-triamino- 
naphthalenes [6], respectively. Amine IV had properties (melting point and UV and IR spectra) that differed 
from those of amines X, XI, and V. Amine XI was also obtained by the Bucherer reaction [7] by heating the 
8-hydroxy derivative of I (XII) with a mixture of ammonium bisulfite and 25~ ammonium hydroxide. 
Hydroxynaphthothiadiazole XII was obtained by the reaction of thionylaniline with 1,2-diamino-7-hydroxy- 
naphthalene [8]. 

The position of the nitro group in III was proved by comparison of the amine (V) obtained from it with 
the analogous amine obtained from 1,2,8-triaminonaphthalene and also by comparison of the spectra of 
amine V (obtained from III) and of the same amine obtained by the reaction of 1,8-naphthalenediamine with 
sulfur nttride [9]. 

The preparation of amine V by the reaction of 1,2,8-triaminonaphthalene with thionylaniline is worthy 
of attention. In this reaction, one might have expected the formation of 2-aminonaphtho[l,8-c,d] [1,2,6]- 
thiadiazine [10-12]. 

~ H~--N H2 C6HsNSO 

NHo N ~ S  

V 

1 r 

The predominant occurrence of the reaction via direction 1 shows that the formation of the thiadiazole 
ring is preferred over the formation of the thiadiazine ring. 

The results of the nitration of I can be explained when the latter is considered as an ~,/3-disubsti- 
tuted naphthalene. As a structural element of the benzo-2,1,3-thiadiazole system, the thiadiazole ring has 
an electron-withdrawing effect in electrophilic and nucleophilic substitution reactions [13-15]. It is there- 
fore natural when likening I to a disubstituted naphthalene to turn for comparison to ~,/3 -disubstituted 
naphthalenes that contain electron-withdrawing substituents. It is known [16] that in the electrophilic sub- 
stitution reactions of p-halo and (partially) a-halo-, ~- and 13-sulfo-, and ~- and /3-nitronaphthalenes, the 
next substituent enters primarily the ring that is not bonded to the substituent; in this case the substituent 
enters primarily the 5 and 8 positions and, less frequently, the 5 and 7 positions. This is explained by de- 
activation of the ring attached to the eleetron-acceptor substituent. 

Thus the nitration of I, which leads to a mixture of isomeric 6- and 9-nitro derivatives, proceeds in 
the same way as the nitration of naphthalene derivatives with electron-acceptor substituents. Naphth[1,2-d]- 
[2,1,3]oxadiazole [17] is similarly nitrated. 

Above it was pointed out that 3-nitrophthalic and m-nitrobenzoic acids are formed by the action of 
potassium permanganate on nitro compound II; i.e., the benzene ring bonded to the thiadiazole ring and the 
heteroring itself primarily undergo attack. When benzothiadiazole is oxidized under these conditions, the 
benzene ring attached to the thiadiazole ring is oxidatively cleaved to give 4,5-dicarboxy-2,1,3-thiadiazole 
[13-15]. The lower resistance to oxidizing agents of polycyclic heteroaromatic systems as compared with 
the stability of one- and two-ring systems is an expression of their weakened aromaticity. 

No appreciable changes are observed when a potassium dichromate-dilute sulfuric acid mixture or 
chromic anhydride in concentrated sulfuric acid act on II. Under similar conditions (with the dichromate 
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F ig .  1.  UV s p e c t r a  (in ethanol):  1) naphtho-  
[1,2-d] [2,1,3]thiadiazole (I) ; 2) 6 -n i t ronaph tho -  
[1 ,2-d][2 ,1 ,3] thiadiazole  (II); 3) 8 - h y d r o x y -  
naphtho [1,2-d] [2,1,3]thiadiazole (XII) ; 4) 9-  
ni tr  onaphtho [1,2-d] [2,1,3] thiadiazole  (liD. 
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Fig .  2. UV s p e c t r a  (in ethanol):  1) 7 - a m i n o -  
naphtho [1,2-d] [2,1,3] thiadiazole  (XV) ; 2) 9 -  
aminonaphtho [1,2-d] [2,1,3] thiadiazole  (XVII) ; 3) 
6 -aminonaphtho  [1,2-d] [2,1,3] thiadiazole  (XIV) ; 
4) 8 -aminonaphtho[1 ,2 -d]  [2,1,3] thiadiazole  (XVI). 

T A B L E  1. Shift of the Max imum of the Absorp t ion  Band as a F u n c -  
t ion of the Type  and P o s i t i o n  of the Subst i tuent  

Substituent and Subst i tuent  L,,nm z~, nm Xav nm ALav =;~av -Xav 0 ' 
compound number ~osition nm 

274 271 I 
NO2 II 

III 
IV 

NH2 X 
XI 
V 

OH X.I I 

268 
290 
290 
278 
305 
298 
280 
280 286 283 

+19 
+19 
- I -7  
+34 
+27 
+ 9  

-t-12 

mixture ) ,  4 - c a r b o x y - 5 - ( o - c a r b o x y p h e n y l ) - 2 , 1 , 3 - t h i a d i a z o l e  (XIII) is obtained f r o m  I, judging f r o m  the r e -  
su l ts  of e l e m e n t a r y  ana lys i s  and po ten t iomet r i c  t i t r a t ion .  

N ~  

&co. 
XII| 

Thus the in t roduc t ion  of an e l ec t ronega t ive  g roup  into the naphthodiazole  mo lecu l e  i n c r e a s e s  the s t a -  
bi l i ty  of the s y s t e m  with r e s p e c t  to the ac t ion of the d i c h r o m a t e  mix tu r e  o r  c h r o m i c  ac id .  This  makes  it 
poss ib le  to a s s u m e  that  oxidat ion p r o c e e d s  hyd ro ly t i c a l l y  under  t h e s e  condi t ions .  

E l e c t r o n i c  S p e c t r a  

The e l ec t ron ic  s p e c t r u m  of I has  t h r ee  absorp t ion  bands .  The  f i r s t  band is s i tua ted  at 210-225 nm 
and has  two m a x i m a ;  the second  band is o b s e r v e d  at 265-275 nm,  and it a lso has  two m a x i m a .  F ina l ly ,  the 
t h i rd  band, which has  a r a t h e r  d is t inc t ly  e x p r e s s e d  s t r u c t u r e ,  is found at 290-360 rim. S imi la r  g roups  of 
bands a r e  p r e s e n t  in the s p e c t r a  of de r iva t ives  of I .  As seen  f r o m  F i g s .  1 and 2, all t h r e e  g roups  of bands 
in the  s p e c t r a  of the naphthoth iad iazoles  a r e  quite c h a r a c t e r i s t i c .  In gene ra l ,  the s p e c t r u m  of I r e c a l l s  
the s p e c t r a  of h y d r o c a r b o n s  with condensed  a r o m a t i c  r ings ,  such  as naphthalene and phenanthrene  [18, 19]. 
This  s i m i l a r i t y  is ev idence  that  naphthoth iad iazoles  a r e  a r o m a t i c  s y s t e m s  with a c o m m o n  g - e l e c t r o n  
c loud.  
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The  i n t r o d u c t i o n  of such  s u b s t i t u e n t s  as  an a m i n o  g r o u p  c o n v e r t s  the  s t r u c t u r e d  band  to a s m o o t h  
c u r v e  wi th  one m a x i m u m .  Th i s  i s  c a u s e d  by p a r t i c i p a t i o n  of t he  u n s h a r e d  e l e c t r o n  p a i r s  in the  r e s o n a n c e  
of the  a r o m a t i c  s y s t e m .  N i t ro  g r o u p s  have  an i d e n t i c a l  e f fec t  in the  6 and 9 p o s i t i o n s .  In the  c a s e  of amino  
g r o u p s ,  h o w e v e r ,  the  m a x i m u m  sh i f t  i s  o b s e r v e d  in  the  7 p o s i t i o n .  The  amino  g roups  can  be  a r r a n g e d  in 
the  fo l lowing  o r d e r  wi th  r e s p e c t  to the  d e g r e e  of d e c r e a s e  in the  b a t h o c h r o m i c  sh i f t :  7-NH 2 > 8-NH 2 > 
9-NH 2 > 6-NH 2. L ike  o t h e r  p o s i t i o n s  of the  n i t r o  g roup ,  the  6 and 9 p o s i t i o n s  of the  a m i n o  g r o u p  a r e  i d e n -  
t i c a l .  Th i s  can  be u s e d  to  i den t i fy  the  t ype  of s u b s t i t u t i o n  f r o m  d a t a  on the  bands  in th i s  r e g i o n .  

R e p l a c e m e n t  of a h y d r o g e n  by a h y d r o x y l  g roup  a l so  induces  a b a t h o c h r o m i c  sh i f t .  

EXPERIMENTAL 

6-Aminonaphtho [1,2-d] [2,1,3]thiadiazole (IV) and 9-Aminonaphtho[1,2-d] [2,1,3]thiadiazole (V). A. A 
mixture of 30 ml of nitric acid (sp. gr. 1.4) and 50 ml of sulfuric acid (sp. gr, 1.84) was added slowly with 
stirring at 0-2 ~ to 18.6 g (0.I mole) of I [20] in 50 ml of concentrated sulfuric acid, after which the mixture 
was stirred at 20 ~ for 30 rain and poured over 2 kg of ice. The precipitate was removed by filtration, 
washed with water until it was neutral, and air dried to constant weight to give 22.6 g (98%) of a mixture of 
nitro compounds II and III with mp 115-155 ~ Glacial acetic acid (4 ml) was poured into a mixture of 50 g 
of iron filings and 200 rnl of boiling water, after which 16 g of the mixture of II and III was added in small 
portions with stirring. The mixture was then refluxed for 15 min, cooled to 5 ~ and filtered. The solid 
material was washed with ice water, and it and the filtrate were extracted with ether. The ether was 
evaporated to give 9.6 g (70%) of a substance with mp 80-85 ~ Successive fractional crystallization from 
4% hydrochloric acid, treatment of the filtrates with 25% ammonium hydroxide, and subsequent fractional 
crystallization from alcohol gave amine IV with mp 149-150 ~ and amine V with mp 127-128 ~ These prod- 
ucts did not depress the melting points of amines obtained by alternative synthesis (see below). The hydro- 
chloride of amine IV with mp 264-265 ~ (from 4% hydrochloric acid) was also isolated in the process of 
separating the mixture; it did not depress the melting point of the hydrochloride of amine IV (rap 182 ~ ob- 
tained by reduction of nitronaphthothiadiazole. Found, %: N 17.8, 17.6; Cl 14.3, 14.4. CIoH7N3S �9 HCI. Cal- 
culated: N 17.7; C1 14.9%. In addition, a substance with mp 112-114 ~ which, according to the results of 
analysis, corresponds to aminonaphtho[l,2-d][2,1,3]thiadiazole, was also isolated. This substance is pos- 
sibly a mixture of amines IV and V, since only two nitro derivatives (If and III) were detected during the 
chromatographic investigation of the mixture of nitration products with mp 115-155 ~ 

B. A mixture of 1,2,5-triaminonaphthalene hydr0chloride (the product of the reduction of 1,5-dinitro- 
2-aminonaphthalene), 1 ml of thionylaniline, and 15 ml of pyridine was heated on a boiling-water bath for 
1 h, cooled, and acidified with 4% hydrochloric acid until it gave an acid reaction to Congo. The resulting 
precipitate was dried and crystallized from alcohol (with activated charcoal). The reaction product was 
chromatographed in a loose layer of activity II (Brockmann classification) aluminum oxide and on paper in 
the presence of a reference spot - amine IV with mp 149-150 ~ obtained by reduction of nitro derivative II; 
both substances had Rf 0.78 (in ether). The paper chromatography was carried out in butanol-ethanol- 
water (3 : 1 : 4) with development with UV light and iodine vapors. 

6-Nitronaphtho[l,2-d][2,1,3]thiadiazole (II). A mixture of nitric acid (sp. gr. 1.4) and 5 ml of sulfuric 
acid (sp. gr. 1.84) was added slowly with stirring at 0-2 ~ to 1.86 g (0.01 mole) of I in 7 ml of concentrated 
sulfuric acid, after which the mixture was stirred at 20 ~ for 30 rain and poured over 200 g of ice. The re- 
sulting precipitate was removed by filtration, washed with water until it was neutral, and recrystallized 
from ethanol or isopropyl alcohol to give 0.94 g (41%) of colorless crystals with mp 182-183 ~ Found, %: 
N 17.4,  17.5;  S 14.0,  13.8 .  CIoHsN3OzS. C a l c u l a t e d ,  %: N 18.2; S 13.9.  

6 - A m i n o n a p h t h o [ 1 , 2 - d ] [ 2 , 1 , 3 ] t h i a d i a z o l e  (IV). A to ta l  of 0.8 ml  of 98% a c e t i c  a c id  was  added  to a 
m i x t u r e  of  3.5 g of i r o n  f i l i ngs  and 20 m l  of bo i l i ng  w a t e r ,  a f t e r  which  1 g (0.0045 mole)  of II was  added  in 
p o r t i o n s  wi th  s t i r r i n g .  The  m i x t u r e  was  r e f l u x e d  fo r  20 rain,  c o o l e d  to 5 ~ and f i l t e r e d .  The  s o l i d  m a t e r i a l  
was  w a s h e d  wi th  i c e  w a t e r ,  and i t  and the  f i l t r a t e  w e r e  e x t r a c t e d  with  e t h e r .  The  e t h e r  was  e v a p o r a t e d  
and the  r e s i d u e  was  c r y s t a l l i z e d  f r o m  aqueous  a l coho l  to g ive  0.78 g (90%) of a s u b s t a n c e  wi th  m p  149-150 ~ 
tha t  was  s o l u b l e  in a l coho l  and e thy l  a c e t a t e .  The  p r o d u c t  d id  not d e p r e s s  the  m e l t i n g  point  of  a m i n e  IV, 
i s o l a t e d  f r o m  a m i x t u r e  of a m i n e s  IV and V wi th  m p  80-85 ~ C h r o m a t o g r a p h y  of the  s u b s t a n c e  in a th in  
l a y e r  of a l u m i n u m  oxide  and on p a p e r  in the  p r e s e n c e  of a m i n e  IV, ob t a ined  f r o m  1 , 2 , 5 - t r i a m i n o n a p h t h a l e n e ,  
gave  i d e n t i c a l  R f  v a l u e s  (0.78 in a th in  l a y e r  and 0.73 on p a p e r ) .  Found,  %: N 20.9; 20.8; S 15.9, 15.8.  
CIoHTN3S. C a l c u l a t e d ,  %: N 20.9;  S 15.9.  The  h y d r o c h l o r i d e  was  ob t a ined  by  s a t u r a t i o n  of an e t h e r  s o l u -  
t ion  of a m i n e  IV wi th  h y d r o g e n  c h l o r i d e  (while  coo l ing ) ;  i t  had  mp 264-265 ~ and was  i n s o l u b l e  in  e t h e r .  The  
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acetyl derivative was obtained as follows. A mixture of 1 g (0.005 mole) of amine IV, 0.6 ml of acetic an- 
hydride,  and 10 ml of acetic acid was heated on a boil ing-water  bath for 40 min. It was then cooled, diluted 
with water ,  and heated to the boiling point. This mixture was then cooled and the precipi tate  was removed  
by filtration, washed with water ,  and c rys ta l l i zed  f rom alcohol to give 0.95 g (78%) of co lor less  needles 
with mp 230-232 ~ Found, %: N 16.8, 17.0. C12H91~30S. Calculated, %: N 17.3. The benzoyl derivat ive 
[1.25 g (83%)] was obtained as color less  needles with mp 212 ~ (from alcohol) f rom 1 g (5 mmole) of amine 
IV, 0.7 g of benzoyl chloride, and 10 ml of pyridine by heating at 100 ~ for 1 h. The product was insoluble 
in water .  Found, %: N 14.2, 13.9; S 10.64. CtTHIIN3OS. Calculated, %: N 13.8; S 10.5. 

6-Hydroxynaphtho[1,2-d] [2,1,3]thiadiazole (VI). A solution of 0.3 g (4.2 mmole) of sodium nitr i te in 
4 ml of water  was added at -2  to - 8  ~ to a solution of 0.5 g (2.5 mmole) of amine IV in 10 ml of sulfuric 
acid (sp. gr .  1.34) and 5 ml of water .  The solution was s t i r red  for 30 min, after which it was added drop-  
wise to hot 50% sulfuric acid (on a boil ing-water  bath). The mixture was s t i r r ed  until the evolution of gas 
bubbles had ceased,  and it was then made alkaline with 30% alkali solution and fi l tered.  The fi l t rate was 
acidified with hydrochlor ic  acid to give a substance with mp 198-200 ~ (from aqueous solutions). Found,% : 
N 13.9, 13.7; S 15.6. C10H6N2OS. Calculated, %: N 13.9; S 15.8. 

9-Nitronaphtho[1,2-d][2,1,3]thiadiazole (III). A mixture of 1.8 ml of nitric acid (sp. gr .  1.4) and 5 
ml of sulfuric acid (sp. gr .  1.84) was added slowly with s t i r r ing  at 0-2 ~ to 1.86 g (0.01 mole) of I in 7 ml of 
concentrated sulfuric acid, after which the mixture was s t i r r ed  at 20 ~ for 30 rain and poured over 200 g of 
ice .  The precipitate was removed by filtration, washed with water  until it was neutral ,* and dried. The 
mixture  of nitro i somers  was separated by prepara t ive  th in- layer  chromatography (TLC) on a loose layer  
of activity II (Brockmann classification) aluminum oxide. A 5.5-mg sample of the mixture  (with mp 115- 
155 ~ was dissolved in 1 ml of ch loroform and chromatographed with a petroleum e t h e r - e t h e r  (1:1) s y s -  
t em.  The aluminum oxide layer  containing a spot with Rf  0.64 (detection in UV light), which corresponds  
to III,* was collected and extracted with ch loroform.  The ch loroform extract  was fi l tered,  and the residue 
was c rys ta l l i zed  f rom alcohol to give l ight-yellow c rys ta l s  with mp 126-127 ~ Found,%: N 18.5, 18.6. 
Ct0HsN302S. Calculated, %: N 18.2. 

9-Aminonaphtho[1,2-d][2,1,3]thiadiazole (V). A. A mixture of 4 g (0.017 mole) of 1,8-dinitro-2- 
naphthylamine hydrochloride [7], 32 g (0.14 mole) of hydrated stannous chloride, and 40 ml of alcohol 
saturated with hydrogen chloride was heated with stirring for 30 rain on a water bath (70~ It was then 
cooled and diluted with a flvefold quantity of water, and the tin was precipitated with hydrogen sulfide. The 
mixture was filtered, and the filtrate was vacuum evaporated to dryness in a stream of carbon dioxide. 
Dry pyridine (50 ml) and 6.6 ml of thionylaniline were added to the residue, and the mass was heated for 
1 h on a boiling-water bath, cooled, and acidified (with respect to Congo) with 4% hydrochloric acid. The 
precipitate was removed by filtration and crystallized from aqueous alcohol to give light-yellow needles 
with mp 127-128 ~ that did not depress the melting point of a sample isolated from a mixture of amines IV 
and V. Found, %: N 20.9, 20.8; S 15.6, 15.6. CIoHTN3S. Calculated, %: N 20.9, S 15.9. The hydrochloride 
was obtained as follows: A mixture of 0.2 g of amine V and 20 ml of hydrochloric acid (sp. gr. 1.19) was 
refiuxed for 30 rain to give 0.1 g (40%) of a substance with mp 201-203 ~ (from 8% hydrochloric acid) that 
did not depress the melting point of a sample obtained from amine V, which was isolated from a mixture 
of amines IV and V (see below). 

B. The alcohol filtrate obtained after isolation of nitro derivative II from the products of nitration 
of I (see above) was evaporated to dryness, and the residue was reduced with a mixture of iron filings and 
2% acetic acid as described above to give a mixture of amines IV and V with mp 68-75 ~ A 0.3-g sample 
of this mixture was refluxed for 1 h with 20 ml of hydrochloric acid (sp. gr. 1.19), and the hot mixture was 
filtered and allowed to stand overnight to give 0.2 g (57%) of a substance with mp 193-194 ~ Recrystalliza- 
tion from 8% hydrochloric acid gave colorless crystals with mp 201-202 ~ that did not depress the melting 
point of the hydrochloride obtained via method A. Found, %: N 18.0, 18.0. CIoHTN3S �9 HCI. Calculated, ~: 
N 17.7. The acetyl derivative was obtained as follows, a. A mixture of 0.2 g of amine V, 2 ml of glacial 
acetic acid, and 2 ml of acetic anhydride was refiuxed for 1 h to give 0.15 g (75%) of a substance with mp 
131-134~ recrystallization from glacial acetic acid gave a product with mp 135-137 ~ that did not depress 
the melting point of a sample obtained from amine V, which was isolated from a mixture of amines IV and 
V with mp 68-75 ~ (see below). 

*A substance (0.15 g) with mp 280-281 ~ (from alcohol), which was the dinitro derivative of I, was detected 
in the wash waters .  Found, %: N 20.0, 20.3. C10H4N4SO 4. Calculated, %: N 20.3. 

Under s imi lar  conditions, R f  for II was 0.91. 
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b. A 0.3-g sample of mixture of amines IV and V with mp 68-75 ~ 3 ml of acetic anhydride, and 3 ml 
of glacial acetic acid gave 0.2 g (83~c) of a substance with mp 130-133 ~ Recrys ta l l iza t ion  f rom glacial 
acetic acid gave a product with mp 135-137 ~ Found, ~c: N 17.8, 18.0; S 13.8, 14.3. C12HgN3OS. Calcu-  
lated, ~c: N 17.3; S 13.9. 

7-Aminonaphtho[1,2-d][2,1,3]thiadiazole (X). A mixture of 12 g (0.5 mole) of 1 ,6 -d in i t ro -2-amino-  
naphthalene, 8 g (0.7 mole) of tin, and 50 ml of hydrochlor ic  acid (sp. gr .  1.19) was heated for 1 h on a 
boil ing-water  bath. The mixture was then cooled, diluted with a sixfold quantity of water,  and fi l tered.  The 
fi l trate was sa turated with hydrogen sulfide until the precipitat ion of tin was complete,  and the mixture was 
f i l tered.  The c lear  f i l t rate  was evaporated to dryness  in vacuo in a s t r eam of carbon dioxide. Thionyl- 
aniline (20 g) and 100 ml of pyridine were added to the dry  residue,  and the mass  was heated for 1 h on a 
boil ing-water  bath. It was then cooled and t reated with 4~c hydrochlor ic  acid (until it was acid to Congo). 
The p rec ip i t a t ewas  removed by filtration, washed with ice water ,  and crys ta l l ized  f rom aqueous alcohol 
to give a product with mp 158-159 ~ Found, ~c: N 20.1, 21.2; S 16.5, 16.5. C10HTN3S. Calculated, ~c: N 
2O.9; S 15.9. 

8-Hydroxynaphtho[1,2-d][2,1,3]thiadiazole (XII). A mixture of 2.5 g of 7-hydroxy- l ,2-dioximinonaphth-  
alene [21], 12.5 g of stannous chloride,  and 13 ml of hydrochlor ic  acid (sp. gr .  1.19) was heated for 1 h on 
a boi l ing-water  bath. The mixture was cooled, diluted with a fivefold quantity of water ,  and saturated with 
hydrogen sulfide until the precipitat ion of tin was complete.  The mixture was filtered, and the precipitate 
was washed with water .  The fi l t rate and wash waters  were vacuum evaporated to dryness  in a s t r eam of 
carbon dioxide, and 6.6 ml of thionylaniline and 15 ml of dry pyridine were added to the res idue.  The mass  
was heated for 1 h on a boil ing-water  bath, cooled, and acidified (with respec t  to Congo) with 4~ hydro-  
chloric  acid. The precipitate was removed by filtration, washed with water,  and crys ta l l ized  f rom aqueous 
alcohol to give sparkling l ight-yellow c rys ta l s  with mp 178-179 ~ Found, ~c: N 14.3, 13.9; S 15.4, 15.6. 
C10H6N2OS. Calculated, ~c: N 13.9; S 15.8. 

8-Aminonaphtho[1,2-d][2,1,3]thiadiazole (XI). A. A sealed tube containing 3 g of ammonium sulfite, 
0.5 g of XII, and 20 m l  of 25% ammonium hydroxide was heated at 16 0-170 ~ for 30 h and cooled. The mass was 
treated with 10% sodium hydroxide solution, and the solid mater ia l  was removed by filtration, washed with 
water until it was neutral,  and dried to give 0.3 g of yellow crys ta ls  with mp 143-145 ~ (from aqueous al-  
cohol). Found: N 20.9; 21.1; S 15.8; 15.6%. CIoHTN3S. Calculated: N 20.9; S 15.9%. 

B. A mixture of 0.7 g of 1 ,7-dini t ro-2-aminonaphthalene [6], 42 ml of alcohol, 8.6 ml of hydrochlor ic  
acid (sp. gr .  1.19), and 0.7 g of stannous chloride was heated for 2 h on a boil ing-water  bath. The mixture 
was then cooled, diluted with a fivefold quantity of water ,  and saturated with hydrogen sulfide until p re -  
cipitation of tin was complete .  The mixture was fil tered, and the precipitate was washed with water .  The 
fi l t rate and wash waters  were vacuum evaporated to dryness  in a s t r eam of carbon dioxide. Dry pyridine 
(15 ml) and 1 ml of thionylaniline were added to the vacuum-dr ied  residue (1,2-diamino-7-hydroxynaphth-  
alene hydrochloride) .  The mass  was then heated for 1 h on a boil ing-water  bath, cooled, and acidified (with 
respec t  to Congo) with 4~ hydrochlor ic  acid. The mixture was then concentrated in vacuo, made alkaline 
(with r e spec t  to litmus) with ammonia, and extracted with ether.  The solvent was removed,  and the residue 
was c rys ta l l i zed  f rom aqueous alcohol (with charcoal)  to give 0.2 g of yel lowish-greenish  c rys ta l s  with mp 
144-146 ~ that did not depress  the melting point of X obtained in experiment A. 

Oxidation of 6-Nitronaphtho[1,2-d][2,1,3]thiadiazole (II). A. A solution of 25 g of potassium perman-  
ganate in 475 ml of water  was added in the course  of 1 h to a suspension of 2.5 g of II in 50 ml of hot (90- 
95 ~ water .  Alcohol (10 ml) was then added and the mixture was cooled. The manganese dioxide was r e -  
moved by fil tration, and the f i l t rate was acidified (with respec t  to Congo) with hydrochlor ic  acid and 
evaporated to dryness  to give c rys ta l s  with mp 205-210 ~ (from water) that did not depress  the melting point 
of 3-nitrophthalic acid [21]. 

B. A hot solution of 15 g of potassium permanganate  in 106 ml of water was added dropwise to a r e -  
fluxing mixture  of 4 g of II, 30 ml of water ,  and 34.5 ml of 0.5 N sodium hydroxide, and the mixture was 
refluxed with s t i r r ing  for another 30 min. It was then cooled and filtered, and the f i l t rate was acidified 
(with respec t  to Congo) with hydrochlor ic  acid and evaporated to dryness  to give c rys ta l s  with mp 133 ~ 
(from alcohol) that did not depress  the melting point of m-ni t robenzoic  acid [21]. 

4 -Carboxy-5- (o-carboxyphenyl ) -2 ,1 ,3- th iad iazole  (XIII). A solution of 14 g of potassium dichromate 
in 90 ml of dilute sulfuric acid (1:3) was added dropwise in the course  of 1.5 h to a solution of 5.5 g of 
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naphthothiadiazole I in 70 ml of dilute sulfuric acid (1 :3) .  The mass was ref luxed for 7 h and poured into 
a threefold  quantity of water .  The s tar t ing I (2.8 g) was removed  by fi l trat ion,  and the f i l t ra te  was evapo- 
ra ted  to a volume of 20 ml and cooled.  The resul t ing precipi ta te  was c rys ta l l i zed  f rom water  to give co lo r -  
less  c rys ta l s  with mp 205-207 ~ Found, ~:  N 11.1, 10.7; S 13.3, 13.6. mol.  wt. 253, 254. Ci0H~N204S. 
Calculated, ~c: N 11.2; S 12.8; mol.  wt. 250. 

The UV spec t ra  of alcohol solutions of the compounds were  r eco rded  with an SF-4A spec t rome te r .  
The IR spec t ra  of minera l  oil suspensions were  r eco rded  with a UR-10 spec t rome te r .  
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