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S U M M A R Y  

Condensa t ion  o f  1 - a m i n o -  or 1 -hydrox-y -2-bromoanthraquinones  wi th  2 - a m z n o -  
benzenethiol ,  or o f  1 -amLno-2 -bromoan thraqu inones  with 2-n i t robenzeneth io l  
gioes 1 4 H - n a p h t h o [ 2 , 3 - a ] - p h e n o t h i a z i n e - 8 , 1 3 - d i o n e s .  The  related 1 H - 2 , 3 -  
d ihydroan thra[2 ,1 -b] [1 ,4] th iaz ine -7 ,12 -d iones  result f rom interaction o f  1- 
a m i n o - 2 - m e r c a p t o a n t h r a q u l n o n e s  with 1 ,2 -d lbromoe thane  or o f  1 - h y d r o x y - 2 -  
b romoan thraqumones  with 2 -aminoe thane th io l .  T h e  colour, dye ing  and  fas tness  
properties o f  these c o m p o u n d s  on syn the t i c -po lymer  fibres are described. 

1. INTRODUCTION 

In an i nve s t i ga t i on  o f  t he  s y n t h e s m  o f  d e r i v a t i v e s  o f  2 - m e r c a p t o - l , 4 - d i h y d r o x y -  
a n t h r a q u i n o n e  a n d  t h e i r  u se  as d i s p e r s e  dyes ,  1 t h e  f o r m a t . o n  o f  7 - h y d r o x y -  
1 4 H - n a p h t h o [ 2 , 3 - a ] p h e n o t h i a z i n e - 8 ,  1 3 - d i o n e  f r o m  r e a c t i o n  o f  2-bromo-l ,z lL-  
d i h y d r o x y a n t h r a q u i n o n e  a n d  2 - a r n i n o b e n z e n e t h l o l  was  n o t e d .  W e  r e p o r t  h e r e  
t he  syn thes i s  o f  o t h e r  d e r i v a t i v e s  o f  this  t y p e  (I), t h e i r  5 , 5 - d i o x i d e s  (1I) a n d  o f  a 
se r t e s  o f  1 H - 2 , 3 - d i h y d r o a n t h r a [ 2 , 1 - b ] [ 1 , 4 ] t h i a z i n e - 7 , 1 2 - d i o n e s  ( I / I ) ,  t o g e t h e r  
wi th  d a t a  on  t h e i r  b e h a v l o u r  as d y e s  f o r  s y n t h e t i c - p o l y m e r  f ibres .  

2 .  DISCUSSION 

1 4 H - N a p h t h o [ 2 , 3 - a ] p h e n o t h i a z i n e - 8 , 1 3 - d i o n e s  (1") w e r e  o b t a i n e d  by  s eve ra l  
r o u t e s ,  typ i f i ed  by  t h o s e  f o r  t h e  7 - h y d r o x y  d e r i v a t i v e  s h o w n  in S c h e m e  1. A s  in 
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t h e  syn thes i s  o f  uncyc l i sed  1 , 4 - d i h y d r o x y a n t h r a q u i n o n e - 2 - t h i o l s ,  x t h io l a t i on  
wi th  2 - a m i n o b e n z e n e t h i o l  t e n d e d  to  be  t he  leas t  e f fec t ive  m e t h o d  (h , le thod m),  
r e p l a c e m e n t  o f  t he  2 - b r o m o  s u b s t i t u e n t  ( M e t h o d  C) b e i n g  m o r e  faci le ,  e spe -  
cial ly in h ighe r  bo i l ing  so lvents .  A t t e m p t e d  p r e p a r a t i o n  o f  t h e  7 - a m i n o -  
de r iva t i ve  (I, X = Nit,_) f r o m  1 - a r n i n o - 4 - h y d r o x - y a n t h r a q u i n o n e  and  2 - a m i n o -  
b e n z e n e t h i o l  was  no t  successful ,  t he  p r o d u c t  b e i n g  the  7-hydrox-y c o m p o u n d  
( M e t h o d  D) ind ica t ing  the  p r e f e r e n t i a l  r eac t iv i ty  o f  t h e  th io l  a t  pos i t i ons  
i n f l u e n c e d  by t h e  a m i n o  g r o u p  Since  the  f o r m a t i o n  of  I p r o c e e d s  t h r o u g h  
cyc l i sa t ion  o f  the  2 - m e r c a p t o  c o m p o u n d s ,  t it is u n u s u a l  ~hat the  init ial  th io la -  
t ion  of  1 - a m m o - 4 - h y d r o x y a n t h r a q u i n o n e  p r o c e e d s  a d j a c e n t  to  t he  m o r e  
s t r ong ly  e l ec t ron  d o n a t i n g  a m i n o  g roup .  E v e n  in t h io l a t i ons  o f  va r i ous  1- 
a r y l m n i n o - 4 - h y d r o x y a n t h r a q u m o n e s ,  no  7 - a r y l a m i n o  de r iva t ives  [I] r e su l t ed ,  
t h e  r eac t ion  a f fo rd ing  on ly  t he  7 - h y d r o x y  de r iva t ive ,  i .e.,  t h io l a t i on  a d j a c e n t  to  
t he  a m i n o  g roup ,  wi th  e l i r runat ion  of  a r y l a m i n e  d u r i n g  the  cycl i sa t ion  s t age  
( M e t h o d  E).  R e a c t i o n  of  1 - a r y l a m i n o - 4 - h y d r o x y a n t h r a q u i n o n e  wi th  s u l p h u r  
m o n o c h i o r i d e  in n i t r o b e n z e n e  also results"- in the  f o r m a t i o n  of  t he  7 - h y d r o x y  
de r iva t ives  o f  I. 

T h e  7 - a r y l a m i n o  de r iva t ives  of  I w e r e  o b t a i n e d  3 f r o m  in t e r ac t ion  of  1- 
a m m o - 2 - b r o m o - 4 - a r y l a m i n o a n t h r a q u i n o n e s  wi th  2 - n i t r o b e n z e n e t h i o l .  

O x i d a t i o n  of  I wi th  h y d r o g e n  p e r o x i d e  in glacial  acet ic  acid gave  the  
c o r r e s p o n d i n g  5 ,5 -d iox ides  (II). 

T h e  1 H - 2 , 3 - d l h y d r o a n t h r a [ 2 , 1 - b ] [ 1 , 4 ] t h x a z i n e - 7 , 1 2 - d l o n e s  (III)  cou ld  be  
s y n t h e s i s e d  by severa l  rou tes .  D i r ec t  t h io l a t i on  of  1 , 4 - d l h y d r o x y a n t h r a -  
q u i n o n e  wi th  2 - a m i n o - e t h a n e t h i o l  gave  b o t h  cycl ised a n d  uncyc l i sed  p r o d u c t s  
( S c h e m e  2) t o g e t h e r  wi th  la rge  a m o u n t s  of  s t a r t ing  p r o d u c t ;  h ighe r  conve r s ion  
to  cycl ised m a t e r i a l  r e su l t ed  f r o m  r e p l a c e m e n t  of  t h e  2 - b r o m o  subs t i t uen t .  
A l t e r n a t i v e l y ,  2 - m e r c a p t o - l , 4 - & h y d r o x y a n t h r a q u i n o n e  c o n d e n s e d  wi th  1,2- 
d i b r o m o e t h a n e  to  give ILl m a d m i x t u r e  wi th  d o u b l e - l i n k e d  c o m p o u n d s  
( S c h e m e  2). 

D y e s  were  app l i ed  to  s y n t h e t i c - p o l y m e r  fibres as p rev ious ly  desc r ibed .  4 
C o m p o u n d s  o f  t y p e  I, wh ich  have  been  de sc r ibed  23 as dyes  fo r  h y d r o p h o b i c  
fibres,  gave  on ly  p o o r  c o l o u r a t i o n  of  b o t h  s e c o n d a r y  a c e t a t e  a n d  t r i ace ta t e .  O n  
po lyes t e r ,  d y e i n g  p r o p e r t i e s  w e r e  s o m e w h a t  be t t e r .  T h e  u n s u b s t i t u t e d  d y e  
(I, X = H) gave  r e d d i s h - b l u e  s h a d e s  of  m o d e r a t e  b u i l d - u p ;  t he  7 - a m m o  de r iva -  
t ive  (g reen i sh -b lue )  b e h a v e d  s imi lar ly ,  w h d e  the  b lue  7 - h y d r o x T  de r iva t i ve  d y e d  
p o l y e s t e r  in d e e p  shades .  N o n e  of  t he  7 - a r y l a m i n o  der iva t ives ,  all b lu i sh -g reen ,  
b u i l t - u p  well ,  a l t h o u g h  dye ings  o f  t he se  in a d m i x t u r e  w e r e  m o r e  ef fec t ive ,  e.g.  
a m i x t u r e  o f  the  7 -an i l i no -  a n d  7 - p - a n i s i d i n o  der ivatxves  in 1 : 1  r a t io  gave  
d y e m g s  ve ry  m u c h  d e e p e r  t han  t h o s e  of  e i t h e r  ind iv idua l  dye .  In c o m p a r i s o n  
wi th  1 , 4 - b i s - a n i l i n o a n t h r a q u i n o n e  (Ar,~ 598  n m  a n d  636  n m  in m o n o -  
c h l o r o b e n z e n e ) ,  t he  7 - a r y l a m i n o  de r iva t ives  o f  I w e r e  g r e e n e r  in hue ,  bu t  t h e  
b u i l d - u p  of  t he  b i s - a m h n o  d y e  was  m u c h  b e t t e r  on  po lyes t e r ,  inchcat ing the  
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p o o r e r  subs t an t lv l ty  u n d e r  c o n v e n t i o n a l  d y e i n g  p r o c e d u r e s  resu l t ing  f r o m  the  
p r e s e n c e  o f  the  cycl ised  n n g  sys t em in I. L i g h t  fas tness  of  I (Tab le  1) was  of  a 
s i m d a r  o r d e r  on  p o l y e s t e r  to  1 . 4 - b i s - a n i l i n o a n t h r a q u i n o n e  (,1---5, 4--5, 5), al- 
t h o u g h  the  7 - h y d r o x y  de r iva t ive  was  superaor .  S u b l i m a t i o n  fas tness  o f  I was,  
for  t he  s t r o n g e r  d y e i n g  7 - a m i n o -  and  7 - h y d r o x y  der iva t ives ,  g o o d ,  a n d  of  a 
s i rmlar  o r d e r  to  1 , 4 - b i s - a n i l i n o a n t h r a q u i n o n e  (170°C).  T h e  h igh  ra t ings  of  t h e  
7 - a r y l a m i n o  de r iva t ives  in T a b l e  I mus t  be  r e l a t e d  to  t he  re la t ive ly  w e a k e r  
d y e m g s  given by these  dyes .  

O x i d a t i o n  of  I to  the  c o r r e s p o n d i n g  s u l p h o n e s  II  p r o c e e d e d  r e a d d y  wi th  
h y d r o g e n  p e r o x i d e  in glacial  acet ic  acid. 5 C o m p o u n d  II  s h o w e d  t h e  a n t i c i p a t e d  
b lue  shif ts  in a b s o r p t i o n  m a x i m a  c o m p a r e d  to I, a n d  an i m p r o v e m e n t  in 
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c o l o u r a t i o n  p r o p e r t i e s  on  po lyes t e r ,  b u t  n o t  of  an o r d e r  to  r e n d e r  t h e  7- 
a r y l a m i n o  de r iva t ives  o t h e r  t h a n  m o d e r a t e l y  g o o d  dyes .  T h e  7 - h y d r o x y  de r iva -  
t ive aga in  s h o w e d  the  bes t  d y e i n g  p rope r t i e s ,  bu i ld ing  up  to  d e e p  viole t  shades .  
In  gene ra l ,  I I  w e r e  c o n s i d e r a b l y  fas te r  to  l ight  t h a n  I. 

W h i l e  s o m e  s u l p h o n a t e d  de r iva t ives  o f  l I I  h a v e  b e e n  d e s c n b e d  fo r  t he  
c o l o u r a t i o n  of  wool ,  6 t he i r  use  as d y e s  fo r  s y n t h e t i c - p o l y m e r  f ibres has  no t  
b e e n  p rev ious ly  r e c o r d e d .  D y e i n g  p r o p e r t i e s  o f  I I I  w e r e  g e n e r a l l y  e x t r e m e l y  
g o o d  on  all f ibres inves t iga ted .  O n  a c e t a t e  f ibres,  t h e  h y d r o x y ,  a m i n o  a n d  
m e t h y l a m i n o  de r iva t ives  bu i l t - up  to  d e e p  shades ;  t he  a r y l a m i n o  de r iva t ives  
w e r e  o n l y  m o d e r a t e l y  good .  O n  po lyes t e r ,  d y e i n g  p r o p e r t i e s  w e r e  exce l l en t ,  all 
I I I  b u i l d i n g - u p  to  very  d e e p  shades .  T h e  a r y l a m i n o  de r iva t ives  d y e d  a s imi la r  
c o l o u r  to  1 , 4 - b i s - a n i l i n o a n t h r a q u i n o n e ,  bu t  a 2 - 5 %  d y e i n g  of  the  l a t t e r  had  a 
s imi la r  d e p t h  to  a 0 - 5 %  d y e i n g  of  t h e  7 - a r y l a m i n o  de r iva t ives  III .  SubI i rna t ion  
fas tness  was  o f  a gene ra l ly  high o r d e r  (Table  2) bu t  t h e  dye ings ,  espec ia l ly  
t hose  f r o m  d y e s  c o n t a i n i n g  a m i n o  g roups ,  h a d  a t e n d e n c y  to  f ade  ve ry  b a d l y  
o f f - t o n e  on l ight  fad ing .  

3. CONCLUSIONS 

B o t h  1 4 H - n a p h t h o [ 2 , 3 - a ] p h e n o t h i a z i n e - 8 , 1 3 - d l o n e s  (I) a n d  the i r  cor re -  
s p o n d i n g  d iox ides  (II) are  read i ly  s y n t h e s i s e d  f r o m  ava i lab le  a n t h r a q u i n o n e  in te r -  
m e d i a t e s .  W h i l e  the  f o r m e r  have  g e n e r a l l y  g o o d  fas tness  p r o p e r t i e s  a n d  give.  
espec ia l ly  t he  7 - a r y l a m i n o  der iva t ives ,  g reen  d i spe r se  dyes  no t  r ead i ly  ava i lab le  
by o t h e r  rou tes ,  c o l o u r a t i o n  p r o p e r t i e s  a re  not  of  a high o rde r .  In con t r a s t ,  t he  
1 H - 2 , 3 - d i h y d r o a n t h r a [ 2 , 1 - b ~ t h i a z l n e -  7 , 1 2 - d i a z o n e s  (IH) h a v e  exce l l en t  
c o l o u r a t i o n  p r o p e r t i e s  on  b o t h  a c e t a t e  a n d  p o l y e s t e r  fibres. A m a r k e d  o f f - t o n e  
f ad ing  of  s o m e  of  t he  dyes  is, h o w e v e r ,  a d i s a d v a n t a g e .  

4 .  E X P E R I  N ~ 3 q T A L  

4.1.  1 4 H - N a p h t h o [ 2 , 3 - a ] p h e n o t h i a z i n e - 8 , 1 3 - d i o n e s  (I) 
1 - A m i n o - 2 - b r o m o a n t h r a q u i n o n e  (3-02 g) and  2 - n i t r o b e n z e n e t h i o l  (2 g) w e r e  

s t i r r ed  u n d e r  ref lux fo r  2h in N , N - d t m e t h y l f o r m a m i d e  (50 ml) in the  p r e s e n c e  
o f  a n h y d r o u s  p o t a s s i u m  c a r b o n a t e  (1-5 g). T h e  l iquor  was  coo led ,  a d d e d  to  
w a t e r  (200 ml) a n d  the  p r o d u c t  (2-5 g, 8 0 % )  f i l tered;  recr-ystall isation f r o m  
t o l u e n e  gave  viole t  need les ,  m.p .  2 7 4 - 2 7 5 ° C  of  1 4 H - n a p h t h o [ 2 , 3 -  
a ] p h e n o t h i a z i n e - 8 , 1 3 - d l o n e  (I, X =  H).  (C20H1xNO2S requ i res :  C, 72-9;  H,  3-3;  
N, 4-2;  S, 9-7. F o u n d :  C, 73-1;  H ,  3-4;  N, 4-2;  S, 9 - 8 % . )  

2 - B r o m o - l , 4 - d i h y d r o x y a n t h r a q u i n o n e  (2-5 g) a n d  2 - a m i n o b e n z e n e t h i o l  
(10 ml) w e r e  s t i r red  for  2h at  150°C. A f t e r  coo l ing  a n d  f i l ter ing,  t he  r e s idue  
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was w a s h e d  wi th  m e t h a n o l  gtving 2-3  b ( 8 5 - 1 % )  o f  the  d a r k  b lue  7 - h y d r o x y -  
1 4 H - n a p h t h o [ 2 , 3 - a ] p h e n o t h l a z m e - 8 . 1 3 - d l o n e  (I, X = O H )  m.p .  2 8 5 ° C  ( tol-  
u e n e )  (ref .  2, m p .  256°C) .  ( C ~ 0 H l I N O 3 S  r e q u i r e s :  C, 6 9 - 6 ,  H ,  3-2:  N, 4 -1 ;  S, 
9-3.  F o u n d -  C, 69 - 7 .  H,  3-2:  N, 4 -1 :  S. 9 - 4 % . )  A s imi la r  p r o d u c t  was  o b t a i n e d  x 
us ing  N , N - d i m e t h y l f o r m a m i d e  as r e a c t i o n  so lven t .  1 , 4 - O i h y d r o x y a n t h r a q u i n o n e  
(2-4  g) a n d  2 - a m i n o b e n z e n e t h l o l  (2 g) w e r e  r e f l u x e d  fo r  20h  in p r o p a n - 2 - o l  
(20  ml).  A f t e r  c o o l i n g  and  f i l ter ing,  t he  r e s i d u e  was  w a s h e d  wi th  m e t h a n o l  
(2 × 100 ml) s lu r r i ed  In 5 %  a q u e o u s  s o d i u m  h y d r o x i d e  (200  ml) a n d  f i l te red ,  to  
g ive  4 3 - 5 %  of  I ( X = O H ) .  1 - A m m o - 4 - h y d r o x y a n t h r a q u m o n e  ( I  g) a n d  2- 
a m m o b e n z e n e t h s o l  ( 4 g )  w e r e  s t i r r ed  fo r  2 h at 150°C, t he  h q u o r  c o o l e d ,  
d i l u t e d  with m e t h a n o l  (10 mi) and  f i l t e red  to  g ive  0 - 9 g  ( 8 7 - 8 % )  o f  I ( X =  O i l ) .  
S~milar r e a c t i o n  o f  1 - a m m o - 4 - h y d r o x y a n t h r a q u i n o n e ,  1 - p - a n l s l d i n o - 4 -  
h y d r o x y a n t h r a q u m o n e .  1 - p - t o l u i d m o - 4 -  h y d r o x y a n t h r a q u i n o n e  a n d  1 - p -  
a c e t a m i d o a m h n o - 4 - h y d r o x y a n t h r a q u m o n e  w~th 2 - a m i n o b e n z e n e t h i o l  gave .  in 
all cases .  I ( X = O H )  m 8 6 - 9 2 %  yle ld  ! - A m m o - 2 - b r o m o - 4 - h y d r o x y a n t h r a -  
q u m o n e  ( 3 - 1 8 g ) .  r e a c t e d  w~th 2 -n~ t robenzene th~o l  as m the  p r e p a r a t i o n  of  I 
(X = H) a b o v e ,  gave  92  8 %  of  I ( X =  O i l ) .  A s t i r r ed  m i x t u r e  o f  1 . 4 - d l a m m o -  
a n t h r a q u m o n e  (6 g) and  2 - m e t h o x y e t h a n o l  (90 ml) was t r e a t e d  wi th  c o n c e n -  
t r a t e d  h y d r o c h l o r i c  acid (4 ml) and  zinc dus t  ( 1-6 g). t he  s u s p e n s i o n  r e f luxed .  2- 
a m m o b e n z e n e t h l o l  ( 1 0 g )  a d d e d  a n d  re f lux ing  c o n t i n u e d  fo r  4h  O n  c o o h n g .  
t h e r e  d e p o s i t e d  7 - a m i n o -  1 4 H - n a p h  t h o [ 2 , 3 - a J p h e n o t h i a z i n e - 8 ,  13-dsone .  b lmsh -  
g r e e n  p la tes ,  m p .  2 8 3 - 2 8 4 ° C  ( t o l u e n e )  ( ref  3 m . p  3 1 0 - 3 1 2 ° C )  ( 3 g ,  34-6% ) 
(C2_0H~-N~O~S r e q m r e s .  C. 69-8 :  H ,  3-5:  N, 8-1:  S. 9-3.  F o u n d :  C. 69 -5 .  
H,  3-4 .  N. 8-2 .  S. 9 - 4 %  ) 

Us ing  the  s a m e  p r o c e d u r e  as tha t  d e s c r i b e d  a b o v e  fo r  the  p r e p a r a t i o n  o f  I 
( X =  HI.  t he  a p p r o p r m t e  l - a m m o - 2 - b r o m o - 4 - a r y l a m i n o a n t h r a q u i n o n e s  w e r e  
c o n d e n s e d  wi th  2 - m t r o b e n z e n e t h i o l  to  give the  fo l l owing  d e r i v a t i v e s  o f  1 4 H -  
n a p h t h o [ 2 . 3 - a ] p h e n o t h i a z , n e - 8 . 1 3 - d l o n e .  0) 7 - a m h n o - .  9 2 - 1 % .  m p 256-- 
2 5 7 ° C  ( C 2 6 H l a N 2 0 2 S  r e q m r e s :  C. 74 -3 .  H.  3-8 .  N. 6-7 .  S. 7-6.  F o u n d :  C. 
74 -3 .  H.  3-7 N. 6-8:  S. 7-5% .) (u) 7 - p - t o l u i d m o - .  7 8 - 3 % ,  m . p  2 6 7 - 2 6 8 ° C .  
(C2_7H1sN.O.S r e q m r e s  C, 7 4 - 6 5 :  H.  4 -15 :  N. 6 -45 .  S. 7-4 F o u n d .  C, 74-8 :  H ,  
4 -2 .  N. 6-3 .  S. 7 5 %  .) 0ii) 7 - p - a m s l d m o - .  93  1% . m p. 2 5 1 - 2 5 2 ° C .  
(C-~_TH~sN20~S r e q m r e s :  C. 72 - 0 .  H.  4 -0 :  N. 6 2, S. 7 1 F o u n d :  C. 72-1 :  H.  
4- 1, N. 6-2" S. 7 - 2 % . )  (~v) 7 - m - t o l u i d m o - ,  82-9°/O, m p .  2 6 2 - 2 6 3 ° C .  ( F o u n d .  C, 
74-7 :  H, 4 -3 ,  N ,  6-5:  5;, 7 - 3 % . )  a n d  (v) 7 - p - ( h y d r o x y e t h y l ) - a m h n o - .  8 8 . 4 %  . 

m.p  2 9 5 - 2 9 6 ° C .  (C_~_sH_,oN_~O~S r e q m r e s "  C. 72 -4 .  H.  4 -3 :  N, 6-0:  S, 6-9.  
F o u n d :  C. 72-3 :  H.  4-4 ,  N. 6-1 .  S. 6 - 8 %  ) 

4 .2 .  1 4 1 q - N a p h t h o [ 2 . 3 - a ] p h e n o t h l a z m e - 8 , 1 3 - d l o n e - 5 , 5 - d l o x t d e s  (II) 
1 4 H - N a p h t h o [ 2 . 3 - a J p h e n o t h s a z m e - 8 . 1 3 - d l o n e  (1 g) was  r e f l u x e d  fo r  1 h in 

glacial  ace t i c  acsd (50 ml) wi th  3 0 %  h y d r o g e n  p e r o x i d e  (6 rnl), t o  give.  on  
c o o h n g  a nd  f i l ter ing.  6 3 - 8 %  o f  1 4 H - n a p h t h o [ 2 . 3 - a ] p h e n o t h i a z i n e - 8 , 1 3 - d i o n e -  
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5,5-dioxide (II, X = H )  red needles ,  m.p. 293°C (C20H11NO4S requires:  C, 
66-5; H, 3"05; N, 3-9; S, 8-9. Found:  C, 66-6; H. 3-1; N, 3-7; S, 8-7%.)  
Similarly. f rom the appropr ia te  I were  ob ta ined  the  following II: 0) 7 -hydroxy- .  
73-2%,  violet  needles ,  m.p.  294-295°C.  (C20H~NOsS requires:  C. 63-7; I-t. 
2.9;  N, 3-7; S. 8-5. Found:  C, 63-8; H, 2-8; N, 3-6; S, 8-5% .) (n) 7-anil ino-,  
55-7%,  dark  blue--green needles ,  m.p.  283--284°C. ( C z 6 H I 6 N 2 0 4 S  requires:  C. 
69-0; H, 3-5; N, 6-2; S, 7-1. Found:  C. 69-1; H, 3-6; N, 6-2; S, 7-2%.)  and (iii) 
7 -p- to lu id ino- .  55-9%,  da rk  b l u e - g r e e n  needles ,  m.p  287-288°C.  
(C_-27H18N204S requires:  C, 69-5. H, 3-9. N, 6-0: S. 6-9. Found:  C, 69-7: H, 
3-7; N, 6-1; S, 6-9%.)  

4.3. 1H-2,3-Dlhydroanthra[2,1-bJ[1,4]thiazu~e-7,12-dlones (III) 
A solution of 1 - a m i n o - 2 - m e r c a p t o a n t h r a q u m o n e  (2-55 g) and sod ium hyd-  

roxide  (0 -A g) in 2=me~hoxyethanol  (50 ml) was added  to a solution of 1,2- 
d i b r o m o e t h a n e  (10 ml) in 2 - m e t h o x y e t h a n o l  (50 ml). T h e  mLxture was ref luxed 
for  8 h. added  to wa te r  (250 ml) and s t eam distilled to give a b rownish- red  
res idue (2-5 g). W a r m i n g  in me thano l  resul ted  in the  isolation, as me thano l  
insoluble fraction,  4 6 % ,  of 1 ,2 -bm-(1-amino-9 ,10-d loxo-2-an thry l th lo)  e thane ,  
m.p. 250-254°C d (P÷ at m/e  536). (CaoH2oN2S204 requires:  C, 67-2; H, 3-7; 
N, 5-2; S, 11-9. Found:  C. 67-0; H. 3-5. N, 5-1, S, 11-7%.) T h e  me thano l  
soluble fract ion (54%) yie lded 1H-2 ,3 -d ihydroan th ra [2 ,1 -b ] [1 ,4 ] th iazme-7 ,12-  
d ione  (II, X = H ) ,  red  needles ,  m.p. 167-168°C.  (CI6Hl lNOaS requires:  C, 
68-3, H. 3-8, N, 5"0; S, 11-4%. Found:  C, 68-4; H, 3-8, N, 5-1, S, 11-3%.)  

1 - A m m o - 4 - h y d r o x y - 2 - m e r c a p t o a n t h r a q u i n o n e  (2- 71 g) similarly gave 17- 5 % 
m e t h a n o l  insoluble 1 ,2 -b i s - (1 -amino-4-hydroxy-9 ,10-d loxo-2-an th ry l th io ) -  
e thane ,  m.p 295-296°C d (P+ at m/e  568) (C3oH20N2S206 requi res  C, 63-4. H, 
3-5. N, 4-9: S, 11-3. Found:  C, 63-1, H, 3-2; N, 4-7; S, 11-1%) and  82-5% 
of me thano l  soluble 1H-2,3-dihydro-6-hydroxy-anthra[2,1-b-111,4] thiazine-  
7,12-chone, violet needles ,  m.p. 182°C (II. X =  OH) .  C~6H~NO3S requires:  C, 
64-65; H, 3-7; N, 4-7; S, 10-8. Found:  C, 64-3; H, 3-8; N. 4-9. S. 10-6% .) 

Slmdarly,  f rom 1 , 4 - d l a m m o - 2 - m e r c a p t o a n t h r a q u m o n e  (2-7 g) was obta ined.  
as me thano l  soluble f racuon,  70% of 1H-2 .3 -d ihyd ro -6 -ammoan th ra [2 ,1 -b ] -  
[1 ,4] th laz ine-7 ,12-dlone,  dark  blue  needles,  m.p  103°C (II. X = N i l  2) 
C~6H~2N-,O,S requires:  C, 64-9, H, 4-05, N, 9-5, S, 10-8. Found:  C, 64-8; H. 
4-1; N, 9-6; S. 10-7%).  

F rom the  appropr ia te  1 - a m i n o - 2 - m e r c a p t o - 4 - a r l y a m i n o a n t h r a q u i n o n e s  were  
o b t m n e d  the fol lowing 6-subst i tu ted-  1 - ,H-2 ,3 -d ihydroan thra [2 ,1 -bJ -  
[1,4]thiazine-7,12-d~ones: (all II separa ted  by p repara t ive  layer  c h r o m a t o -  
g raphy  "~ using to luene  as eluent) ,  (i) 6 -an ihno- ,  4 0 % .  m.p 196--197°C. 
(C22H16N~O2S requires .  C, 71-0, H, 4-3; N, 7-5, S, 8-6. Found:  C, 71-1; H, 
4-4; N, 7.3; S, 8-5% .) (u) 6-p- to lu ld ino- .  51%,  m.p. 185-186°C.  
(C23H18N202S requires:  C, 71-5, H, 4-7; N, 7-25; S. 8-3. Found:  C, 71-6; H. 
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4-8 .  N,  7-2:  S, 8 - 1 % . )  (iii) 6 - p - a n l s i d i n o - ,  7 2 % .  m.p .  
(C2_aH1sN203S requ i res"  C,  68 -7 ;  H ,  4 -5 ;  N,  7 -0 ;  S, 8-0.  F o u n d :  
4 -6 :  N, 6-8 :  S. 7 - 8 % . )  (iv) 6-p-(hydroxyethyl)andino-, 8 3 % ,  m.p .  
(C-zaHz0N203S r equ i r e s :  C, 69 -2 ;  H ,  4 -8 :  N,  6-7 ;  S, 7-7.  F o u n d :  
4 -7 :  N,  6-9 :  S. 7 - 6 % . )  (v) 6 - c y c l o h e x y l a m i n o - .  4 8 % ,  m.p .  
( C 2 2 H , , N . O , S  r e q u i r e s :  C.  69 -8 ;  H .  5-8;  N,  7-4:  S, 8-5.  F o u n d :  
5-7:  N.  7-3;  S, 8 - 6 % )  and  (iv) 6 - m e t h y l a r m n o - ,  6 0 % ,  m.p .  
(C~7H14N202S requ i r e s :  C. 65 -8 ;  H .  4 -5 ,  N,  9-0 ;  S, 10-3.  F o u n d :  
4 -6 ;  N.  9-1 ;  S, 10-4% .) 

1 8 3 - 1 8 4 ° C .  
C, 68 -7 ;  H ,  
2 3 7 - 2 3 8 ° C .  
C,  69 -3 ;  H ,  
196--197°C.  
C, 69 -9 ;  H ,  
1 0 0 - 1 0 1 ° C .  
C, 65 -7 ;  H ,  

1 , 4 - D l h y d r o x y a n t h r a q u i n o n e  (4-8 g). 2 - a m i n o e t h a n e t h i o l  h y d r o c h l o r i d e  
(3-6  g) and  a n h y d r o u s  p o t a s s i u m  c a r b o n a t e  (2-1 g) w e r e  r e f luxed  fo r  20  h in 
p r o p a n - l - o l  (40 ml).  T h e  m i x t u r e  was  c o o l e d ,  f i l te red  and  t he  r e s i d u e  w a s h e d  
wi th  p r o p a n - l - o l  ( 2 × 5 0 m l )  and  w a t e r ,  g iving 3-1 g o f  a d a r k  o r a n g e  sol id,  
wh ich  c o n t m n e d  (by t.l.c.) t h r e e  c o m p o n e n t s  S e p a r a t i o n  by  p r e p a r a t i v e  l aye r  
c h r o m a t o g r a p h y  us ing  t o l u e n e  as e l u e n t  y i e lded ,  in inc reas ing  o r d e r  of  Rf 
va lue .  2 0 %  of  1 . 4 - d i h y d r o x y - 2 - ( 2 - a m m o e t h y l  t h i o ) a n t h r a q u m o n e ,  m.p .  201°C.  
(CI6HI3NO4S requi res"  C, 6 0 - 9 5 ;  H ,  4-1 :  N,  4 -4 ;  S, 10-2.  f o u n d :  C, 6 0 - 9 ,  H ,  
4 -2 :  N,  4 -3 .  S, 10-3% ). 2 0 %  of  1 H - 2 , 3 - d z h y d r o - 6 - h y d r o x y a n t h r a [ 2 , 1 -  
b ] l - l . 4 ] t h i a z i n e - 7 . 1 2 - d i o n e  (ILl, X =  O H )  ident ica l  to  the  p r o d u c t  p r e p a r e d  as 
a b o v e ,  and  6 0 %  of  u n r e a c t e d  s ta r t ing  ma te r i a l .  

2 - B r o m o - l , 4 - d x h y d r o x y a n t h r a q u i n o n e  (3 -19  g). 2 - a m i n o e t h a n e t h i o l  h y d -  
r o c h l o r i d e  (2 -26  g) and  a n h y d r o u s  p o t a s s i u m  c a r b o n a t e  (2-8 g) w e r e  r e f luxed  
for  1-5 h in p r o p a n - l - o l  (100  ml) and  w a t e r  ( 1 0 m  l) and  w a t e r  (10 ml).  T h e  
r e su l t an t  p r o d u c t ,  s e p a r a t e d  by  c h r o m a t o g r a p h y  as a b o v e ,  g a v e  7 0 %  of  the  
cyc l i sed  III  (X = O H )  and  3 0 %  of  uncyc l i s ed  ma te r i a l ,  ldenUcal  to  the  p r o d u c t s  
o b t a i n e d  m the  r eac t i on  a b o v e  f r o m  1 , 4 - d i h y d r o x y a n t h r a q u i n o n e .  

E l e c t r o m c  spec t r a ,  c h r o m a t o g r a p h i c  s e p a r a t i o n s ,  d y e i n g  a n d  f a s tness  tes t ing  
w e r e  all c a r r i ed  o u t  as p r e v i o u s l y  a d e s c r i b e d .  

A C  K N O % V L E D G  EI%E~NTS 
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