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UDC 547 .48 .547 .541+547 .426  

The  r e a c t i o n  of a ry l  i so th iocyana t e s  w i t h t h e  N, N - d i c h l o r o a m i d e s  of 

a renesu l fon i c  acids  and wi th  the  m o r p h o l i d e  of  su l fa rn ic  ac id  has been  

s tudied ,  ins tead  of  the e x p e c t e d  products  of the  o x i d a t i v e  i m i n a t i o n  of  

the a ry l  i s o t h i o c y a n a t e s ,  2 - ( a r y l s u l f o n y l a m i n o ) b e n z o t h i a z o l e s  and  

2 - ( m o r p h o l i n o s u l f o n y l a m i n o ) b e n z o t h i a z o l e s ,  r e spec t i ve ly ,  were  ob-  

t a ined .  

Accord ing  to the l i t era ture  [1 -3 ] ,  the act ion of the 
sod ium sa l t s  of c h l o r o a m i d e s  of sulfonic  ac ids  on c e r -  
tain compounds  of b i -  and te travalent  sulfur leads  to 
oxidat ive  iminat ion .  Oxidat ive  iminat ion has not been 
studied for ary l  i s o t h i o c y a n a t e s .  

All  a t t empts  to p e r f o r m  the ox idat ive  iminat ion of 
phenyl i so th iocyanate  by the act ion of the sod ium sa l t s  
of the c h l o r o a m i d e s  of b e n z e n e -  and to luenesu l fon ie  
ac ids  w e r e  u n s u c c e s s f u l .  The reac t ion  of aryl  i s o -  
th iocyanates  with N, N - d i c h l o r i d e s  of arenesu l fon ic  
ac ids  and the morpho l ide  of su l famic  acid [4] gave 
c o l o r l e s s  c r y s t a l l i n e  h i g h - m e l t i n g  subs tances  s table  
on boi l ing  in water  and in so lut ions  of su l fur ic  acid 
and caus t i c  soda ( see  table) .  

The r e a c t i o n s  w e r e  carr i ed  out in c h l o r o f o r m  or  
benzene  so lut ions  with careful  heating to avoid the 
v i g o r o u s  d e c o m p o s i t i o n  of the N, N - d i c h l o r o s u l f o n -  
a m i d e s .  The r e a c t i o n s  of N, N - d i c h l o r o s u l f o n a m i d e s  
with phenyl and p -methoxypheny l  i so th ioeyanates  gave  
reac t ion  products  containing s m a l l  amounts  of ch lor ine  
{2-4%) probably as  a re su l t  of part ia l  ch lor inat ion .  
When a current  of e thylene  was  p a s s e d  through the r e -  
act ion mix ture  to trap the ch lor ine  the reac t ion  p r o -  
ducts  contained no ch lor ine .  

It was  found tha t  the  compounds  obta ined  a r e  not 
p r o d u c t s  of the  ox ida t ive  imina t ion  of the a ry I  i s o -  
t h ioc ya na t e s  in a c c o r d a n c e  with the s cheme :  

ArNCS + RSO?NCI 2 ---')X z2- ArN~C ~S~-N--SO2R 

When a r y l  i s o t h i o e y a n a t e s  r e a c t  with d i e h l o r o s u l -  
f o n a m i d e s ,  the f o r m a t i o n  of a benzo th i azo le  r ing  t a k e s  
p l ace  wi th  the  p roduc t ion  of 2 - ( a r y I s u l f o n y l a m i n o ) -  
benzo th i azo l e s  (I, II) and 2 - ( m o r p h o l i n o s u l f o n y l a m i n o ) -  
benzo th i azo l e s  (III): 

ArNCS + RSO2NCI 2 ~ --NHSO2R ~- CI 2 
X / S 

I - I I I  

The s t r u c t u r e  of the 2 - s u l f o n y l a m i n o b e n z o t h i a z o i e s  
I, II,  and III was shown by the independent  s y n t h e s i s  
of compounds  Ia and IIa,  which  w e r e  ob ta ined  by the 
r e a c t i o n  of 2 - a m i n o b e n z o t h i a z o l e  in p y r i d i n e  with b e n -  
zenesu l fony l  and p - t o lue ne su l fony l  c h l o r i d e s ,  r e s p e c -  
t i ve ly ,  and a l so  by t h e i r  IR s p e c t r a .  

Al l  the compounds  exh ib i ted  bands  of the d e f o r m a t i o n  
v i b r a t i o n s  of p r o d u c t s  o - d i s u b s t i t u t e d  in a benzene  
nuc leus  at  770-735  em -~, bands  of the C~-N s t r e t c h i n g  
v i b r a t i o n s  fo r  the benzo th iazo le  r i ng  at  1640-1590 
e m  -1, and a b s o r p t i o n  bands  fo r  the  SO; group at  1 1 6 0 -  
1120 and 1350-1310 cm -1. 

The N, N - d i e h l o r o s u l f o n a m i d e s  r e a c t  with p - m e -  
thoxyphenyl  i so th ioeyana t e  c o n s i d e r a b l y  m o r e  r e a d i l y  
than with  p - n i t r o p h e n y l  i s o t h i o e y a n a t e ,  which is e x -  
p l a ined  by the inf luence  of the  e l e c t r o n - d o n a t i n g  or  
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Ib 
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l I Ic  

CGHs 

C6Hs 

C6Hs 

p-CHaC~H4 

p-CHaC6H4 

p-CHaC6H4 

N-Morpholino 

N-Morpholino 

N-Morpholino 

x 

H 

p-CHaC 

p-NO2 

H 

p-CHaO 

p-NO2 

H 

p-CHaO 

p-NO2 

F•Nx'C_N H SO ~ R 

x / ~ " ; ~ ' s /  

Empirical 
Mp, ~ formula 

261--262 C13H;0N202S2 

244--245 CI4HI2N2OaS2 

270--272 C~3HgNaO4S2 

235--236 CI4HI2N202S2 

224--227 ClsHI4N=OaS2 

249--250 CI4HIINaO4S~ 

202--203 CnH~aN3OaS2 

185--186 C~2H~sNaO4S2 

7 6 - - 1 7 7  ClIH~2N4OsS~ 

Amount 

C 
H 
S 
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S 
S 

C 
H 
S 

N 
S 
S 

C 
H 
S 

N 
S 
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Found. 
go 

53.60 
3.40 

21.64 

8.65 
19.68 
19.41 

55.87 
4.O9 

19.27 

8.59 
18,83 
19.40 

49.25 
4.17 

22,04 

12.51 
18.83 
20.63 

Calcu- 
lated, 

go 

53.79 
3.44 

22.06 

8.75 
19.92 
I9.51 

55.30 
3.96 

20.10 

8.45 
19.15 
19.55 

49.31 
4.52 

22.22 

12.71 
19.39 
20.70 

Yield, 
go 

56 

65 

25 

47 

68 

19 

65 

76 

24 
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e l e c t r o n - a c c e p t i n g  s u b s t i t u e n t  in t he  a r y l  i s o t h i o -  
c y a n a t e s  on  t he  r e a c t i v i t y  of t h e  s u l f u r  a t o m ,  to  w h i c h  

t he  c h l o r i n e  c a t i o n  a d d s  i n i t i a l l y ,  w i t h  t h e  f o r m a t i o n  

of r a d i c a l s  w i t h  r e s p e c t  to t h e  n i t r o g e n  of t h e  s u l f o n -  
a m i d e s  a n d  t h e  c a r b o n  of  t h e  i s o t h i o c y a n a t e  g r o u p .  

T h i s  a f f e c t s  t h e  y i e l d s  of t h e  r e a c t i o n  p r o d u c t s ,  w h i c h  

a m o u n t e d  to 76% f o r  c o m p o u n d s  IIb a n d  1 9 - 2 4 %  f o r  
c o m p o u n d s  IIe a n d  I I Ic .  

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

2-(Arylsulfonylamlno)benzothiazoles and 2-(morphollnosulfonyl- 
amlno)benzothlazoles. An aryl isothiocyanate (0.02 mole) was added 
to a solution of 0.02 mole of freshly-prepared N, N-dichlorosulfon- 
amide in 30 ml of anhydrous chloroform or benzene (the solution must 
previously be well dried with'sodium sulfate), a current of ethylene 
was passed through, and the reaction mixture was brought to a temper- 
ature of 50-60 ~ C and stirred for i hr-1 hr 30 min. The reaction 
product that separated after the cooling of the mixture (in some cases 
after the solvent had been driven off) was washed with ether. It was 
crystallized from ethanol, forming colorless needles. Atl the substances 
were very sparingly soluble in the cold in the usual organic solvents. In 
the case of the reaction with p-aitrophenyl isothiocyanate, the reac- 
tion mixture was boiled for 2-3 hr. 

2-(Phenylsulfonyl)benzothiazole (In). A solution of 0.01 mole of 
2-aminobenzothiazole and 0.01 mole of benzenesulfonyl chloride was 
heated in 30 ml of pyridine at 100 ~ C for 1 hr. After cooling, the 
reaction mixture was poured into water. The product was filtered off 

and  crystallized from ethanol, mp 261-262 ~ C. 
2-(p-Tolylsulfonylamino)benzothiazole (Ila) was obtained similarly, 

bp 234-236 ~ C. Mixtures of the two substances with compounds la and 
IIa given in the table exhibited no depression of the melting point. 
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Thiophenols undergo nucleophilic addition to dibenzo[a,j]phenoxazin- 
9-one (II) in position 5, forming 5-arylthiodibenzo[a,j]phenoxazin-9- 
ones (Ill-V). With arylamines in the presence of their hydrochlorides, 
U is converted on heating into N-aryldibenzo[a, j]phenazine derivatives. 

It  h a s  b e e n  s h o w n  p r e v i o u s l y  t h a t  t h e  r e a c t i o n  of 

t h i o p h e n o l s  [1] a n d  a r y l a m i n e s  [2] w i t h  b e n z o [ a ] p h e n -  
o x a z i n - 9 - o n e  (I) l e a d s  to  t h e  a d d i t i o n  of  t h e s e  c o m -  

p o u n d s  to  I a t  p o s i t i o n  5.  

In t h i s  w o r k  i t  h a s  b e e n  e s t a b l i s h e d  t h a t  t h e  n u c l e o -  
p h i l i c  a d d i t i o n  of  t h i o p h e n o l s  a n d  a r y l a m i n e s  c a n  a l s o  

b e  c a r r i e d  o u t  in  t h e  c a s e  of  c o m p o u n d  II,  bu t  t h e  s e c -  

ond ,  [j], b e n z e n e  n u c l e u s  i s  f o u n d  to  h a v e  a c o n s i d e r -  

a b l e  i n f l u e n c e  o n  t h e  r e a c t i v i t y  of t h e  s u b s t a n c e .  

T h u s ,  t h e  a d d i t i o n  of t h i o p h e n o l s  to I t a k e s  p l a c e  

e v e n  in  t h e  co ld  [1] w h i l e  II d o e s  no t  r e a c t  u n d e r  t h e s e  
c o n d i t i o n s .  O n l y  u n d e r  m o r e  s e v e r e  c o n d i t i o n s - - o n  

b o i l i n g  in  e t h a n o l  in  t h e  p r e s e n c e  of c o n c e n t r a t e d  h y -  

d r o c h l o r i c  a c i d - - a r e  t h e  r e d  c o m p o u n d s  I I I - V  f o r m e d  

( s e e  s c h e m e ) .  
T h e  r e a c t i o n  of a r y l a m i n e s  w i t h  II a l s o  t a k e s  p l a c e  

d i f f e r e n t l y  f r o m  t h a t  w i t h  I: on  b e i n g  b o i l e d  in  e t h a n o l  

w i t h  a n i l i n e  in  t h e  p r e s e n c e  of  a n i l i n e  h y d r o c h l o r i d e  

a s  d e s c r i b e d  b y  F i s c h e r  a n d  Hepp  [2], I s m o o t h l y  f o r m s  
5 - a n i l i n o b e n z o [ a ] p h e n o x a z i n - 9 - o n e ,  w h i l e  II d o e s  no t  
r e a c t  w i t h  a n i l i n e  u n d e r  t h e s e  c o n d i t i o n s .  U n d e r  m o r e  

s e v e r e  c o n d i t i o n s ,  w h e n  II i s  b o i l e d  w i t h  a n i l i n e  in  t h e  

5 - A r y l t h i o d i b e n z o  [a,  j ] p h e n o x a z i n - 9 - o n e s  

Com- 
pound R 

III H 
IV CH3 

V [ NO2 

External 
form 

Red needles 
Brown-red 

needles 
Red needles 

Mp, ~ Empirical _ Found, % 
(decomp.) formula N S 

292--294 C26HIsNO2S* 3.29 8.12 
289--291 C27HITNO2S 3.13 7.76 

305--307 C26HI4N204S I 6.30 6.95 

Calculated, % 

N S 

3.46 7.90 
3.34 7.64 

6.22 7.12 

*Found, %: C 7'7.00; H 3.78. Calculated, %: C 7'7.02; H 3.73. 

Yield, 
% 

89 
90 

85 


