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Reaction of 3-acetylbenzothiazoline sulfoxides with 

acetic anhydride gave novel ring expansion products, 

benzothiazine derivatives. 

There is a fair number of reports on the chemistry of benzo- 

thiazolines so far. On the other hand, investigations on 

benzothiazoline sulfoxides are 1 ittle known.' In this communi- 

cation, w e  wish to report a novel ring transformation of benzo- 

thiazoline sulfoxides to benzothiazines by the reaction with 

acetic anhydride. * 
The 3-acetylbenzothiazoline sulfoxides (i$-,e)*, required in the 

present study, were conveniently prepared by oxidation of the 

corresponding 3 - a c e t y l b e n z o t h i a z o l i n e s  with m-chloroperbenzoic 

* 
* NMR spectroscopic studies of ik and ,ll have revealed that the 

relative configuration o f  the sulfoxide to methyl group is cis 

in and trans in ,ll. The details will be reported in the 

full paper in the near future. All new compounds had satis- 

factory analytical data to support the assignment. 



a c i d  i n  c h l o r o f o r m  a t  room t e m p e r a t u r e  i n  h i g h  y i e l d .  

R e f l u x i n g  3 - a c e t y l - 2 , Z - d i m e t h y l b e n z o t h i a z o l i n e  1 - o x i d e  (A$) i n  

a c e t i c  a n h y d r i d e  f o r  1  h r  r e s u l t e d  i n  t h e  f o r m a t i o n  o f  4 - a c e t y l -  

3-methylene-2,3-dihydro-4H-1,4-benzothiazine (& )  a n d  4 - a c e t y l - 3 -  

m e t h y l - 4 H - 1 , 4 - b e n z o t h i a z i n e  (2)  i n  y i e l d s  o f  3 1 . 5  % a n d  4 8 . 6  %,  

r e s p e c t i v e l y .  T h e s e  compounds h a v e  t h e  f o l l o w i n g  p h y s i c o -  

c h e m i c a l  d a t a  ; & : mp 9 3 - 9 4  O C  as  c o l o r l e s s  p l a t e s  ( e t h e r -  n -  

h e x a n e )  : i r  ( K B r )  v max cm-' 1 6 6 0  (CO) ,  925  (=CH2) : nmr ( ~ 0 ~ 1 ~ )  

6 2 . 2 0  (3H,  s, COCH3), 3 .89  (2H ,  b r . s ,  C 2 - H z ) ,  5 . 3 3  ( l H ,  s ,  =CHI ,  
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5 . 4 2  ( l H ,  b r . s ,  =CHI ,  7 . 0 0 - 7 . 9 0  (4H,  m, A r H )  : U V  ( E t O H )  max 

nm 3 0 0 ,  290 ,  255 ,  229 ,  205  : mass ( m l e )  205  (M'), 1 6 3  ( b a s e  p e a k )  

; 2 : b p  1 2 0  O C  ( 0 . 3  mmHg) as c o l o r l e s s  o i l  : i r  ( n e a t )  v max 

- 1  cm 1 6 7 0  (CO) : nmr  (CDC13) 6 2 . 1 1  (3H,  s ,  COCH3), 2 . 2 5  (3H,  d ,  

J = l  Hz, C3-CH3),  6 . 2 8  ( l H ,  4 ,  J = l  Hz ,  C2 -H) ,  7 . 1 0 - 7 . 5 0  (4H ,  m ,  

A r H ) .  Compound ( z )  was i s o m e r i z e d  t o  2 q u a n t i t a t i v e l y ,  o n  

h e a t i n g  a t  1 5 0  " C  f o r  3  h r .  

S i m i l a r l y ,  r e a c t i o n  o f  3 - a c e t y l b e n z o t h i a z o l i n e - 2 - s p i r o c y c l o -  

h e x a n e  1 - o x i d e  ( i k )  w i t h  a c e t i c  a n h y d r i d e  g a v e  N - a c e t y l t e t r a -  

h y d r o p h e n o t h i a z i n e  d e r i v a t i v e s  ( t )  a n d  ( 2 )  i n  y i e l d s  o f  7 2 . 1  % 

a n d  1 3 . 8  8, r e s p e c t i v e l y .  Compound ($,) : mp 1 0 0 - 1 0 1  "C a s  

r o l o r l e s s  p r i s m s  (E tOH-  n - h e x a n e )  : i r  ( K B r )  v max cm-' 1 6 6 0  : 

nmr  (CDC13) 6 1  . 5 0 - 2 . 5 0  (6H,  m, C2-Hz,  C3-Hz,  C 4 - H z ) ,  2 . 1 7  (3H ,  

s ,  COCH3), 4 . 2 5  ( l H ,  m, Cqa -H) .  6 . 0 0  ( l H ,  t . d ,  J = 4  Hz ,  2  Hz, 

C1 -H) ,  7 . 0 0 - 7 . 7 0  (4H, m, A r H )  : U V  ( E t O H )  X max nm 3 0 0 ,  290 ,  255 ,  

230 ,  215  : mass ( m / e )  245  (M') ,  203  ( b a s e  p e a k )  ; Compound ( 2 )  : 

mp 1 4 6 - 1 4 7  " C  a s  c o l o r l e s s  p r i s m s  (E tOH-  n - h e x a n e )  : i r  ( K B r )  v 

max cm-' 1 6 6 0  (CO) : nmr ( C D C ~ ~ )  6 1  . 5 0 - 2 . 0 0  (4H,  m, C2-Hz,  C3-H2 

) ,  2 . 0 8  (3H, s ,  COCH3), 2 . 1 5 - 2 . 7 0  (4H,  m, Cl-Hz, C4-Hz) ,  7 . 0 0 -  

7 . 8 0  (4H ,  m, ArH)  : u v  ( E ~ O H )  x max nm 2 5 3 . 5 ,  212 .5  : mass ( m / e )  

245  (M') ,  202  ( b a s e  p e a k ) .  On h e a t i n g ,  compound (t) was n o t  

i s o m e r i z e d  t o  f o r m  2, b u t  decomposed,  d i f f e r e n t  f r o m  t h e  c a s e  o f  

compound ( $ 1 .  

When 3 - a c e t y l - 2 - m e t h y l - 2 - p h e n y l b e n z o t h i a z o l i n e  1 - o x i d e  (15) was 

r e f l u x e d  i n  a c e t i c  a n h y d r i d e ,  4 - a c e t y l - 3 - p h e n y l - 4 H - 1 , 4 - b e n z o -  

t h i a z i n e  ( t )  was a f f o r d e d  i n  37 .8  % y i e l d  w i t h  2 - 0 x 0 - 3 - p h e n y l -  

2 H - 1 , 4 - b e n z o t h i a z i n e  ( l ) ,  2 - [ 3 - p h e n y l - 2 H - 1 , 4 - b e n z o t h i a z i n - 2 - ~ l ] -  



3  
3 - p h e n y l - 2 H - 1  , 4 - b e n z o t h i a z i n e  (;) a n d  ~ ~ ' ~ ' - b i - ( 3 - p h e n y l - 2 ~ - 1  ,4 -  

b e n z o t h i a z i n e )  (2)  a s  b y - p r o d u c t s .  Compound ( 2 )  : b p  1 9 6  " C  

( 0 . 5  mmHg) : i r  ( n e a t )  v max cm- '  1 6 8 0  (CO) : nmr ( C 0 C l 3 )  6 1 . 9 5  

(3H,  s ,  COCH3), 6 .85  ( l H ,  s ,  C 2 - H ) ,  7 . 0 0 - 8 . 2 0  (9H,  m, A r H )  ; 

Compound ( l )  : mp 1 0 0 - 1 0 1  O C  a s  y e l l o w  n e e d l e s  ( n - h e x a n e )  : i r  

( K B r )  v max cm-' 1 6 1 0  (CO) : nmr (CDC13) 6 7 . 2 0 - 7 . 8 0  (5H,  m, A r H ) ,  

7 . 8 0 - 8 . 3 5  (4H,  m ,  A r H )  : mass ( m l e )  239  (M'),  211 ( b a s e  p e a k )  ; 

Compound ( 2 )  : mp 264 " C  a s  r e d  n e e d l e s  (E tOH-  n - h e x a n e )  : nmr 

(CDC13) 6 6 . 8 5 - 8 . 1 5  (m, A r H )  : mass ( m / e )  446  (M ' ) .  

I n  o r d e r  t o  e l u c i d a t e  t h e  m e c h a n i s m  f o r  t h e  f o r m a t i o n  o f  l ,  8 
a n d  2 ,  t h e  r e a c t i v i t i e s  o f  3 - p h e n y l - 2 H - 1 , 4 - b e n z o t h i a z i n e  (A$!) 

p resumed  a s  an  i n t e r m e d i a t e  i n  t h e  r e a c t i o n  p a t h  w e r e  i n v e s t i -  

3  g a t e d .  R e f l u x i n g  A$!, s y n t h e s i z e d  b y  t h e  a l t e r n a t i v e  m e t h o d  , 

i n  a c e t i c  a n h y d r i d e  g a v e  k, <, 8 a n d  2 .  And f u r t h e r ,  s t i r r i n g  

1 0  i n  c h l o r o f o r m  i n  t h e  p r e s e n c e  o f  b e n z o y l  p e r o x i d e  a t  r o o m  
%% 

t e m p e r a t u r e  f o r  3  d a y s  a f f o r d e d  1, 8 a n d  2 i n  y i e l d s  o f  37 .1  %, 

13 .1  % a n d  1 3 . 2  %,  r e s p e c t i v e l y .  By t h e  t r e a t m e n t  w i t h  c h l o r -  

a n i l  i n  r e f l u x e d  x y l e n e  o r  h e a t i n g  a t  1 5 0 - 1 6 0  " C  i n  DMSO @ was 

c o n v e r t e d  i n t o  2 i n  h i g h  y i e l d .  T h e s e  r e s u l t s  show t h a t  l ,  8 
a n d  2 m i g h t  b e  f o r m e d  b y  a u t o x i d a t i o n  o f  LQ. 

I n  t h e  r e a c t i o n  o f  2 - m o n o s u b s t i t u t e d  b e n z o t h i a z o l i n e  s u l f o x i d e s  

w i t h  a c e t i c  a n h y d r i d e ,  3 - a c e t y l - 2 - p h e n y l b e n z o t h i a z o l i n e  1 - o x i d e  

(l$) g a v e  2 - p h e n y l  b e n z o t h i a z o l  e  ( ~ l ) ~  i n  57 .1  % y i e l d .  Howeve r ,  

3 - a c e t y l - 2 - m e t h y l b e n z o t h i a z o l i n e  1 - o x i d e  (i?,) g a v e  o n l y  t h e  r i n g  

e x p a n s i o n  p r o d u c t ,  4 - a c e t y l - 4 H - 1 , 4 - b e n z o t h i a z i n e  (I,'() i n  3 9 . 3  % 

y i e l d  : mp 9 2 - 9 3 . 5  " C  a s  c o l o r l e s s  p r i s m s  ( n - h e x a n e )  : i r  ( K B r )  

- 1  v max cm 1 6 7 0  (CO) : nmr (CDC13) 6 2 .30  (3H ,  s ,  COCH3), 6 .13  
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( l H ,  d ,  J = 6 . 5  Hz ,  C2 -H) .  6 . 9 0  ( l H ,  b r . d ,  J = 6 . 5  Hz ,  C 3 - ~ ) ,  7 . 1 5 -  

7 . 6 5  (4H ,  m, A r H )  : U V  ( E t O H )  A max nm 290 ,  265 ,  238 ,  2 1 2 . 5  : 

mass ( m / e )  191  ( M + ) ,  1 4 9  ( b a s e  p e a k ) ,  b u t  2 - m e t h y l b e n z o t h i a z o l e  

was n o t  f o r m e d .  T h i s  r e a c t i o n  i s  q u i t e  d i f f e r e n t  f r o m  t h e  r e -  

a c t i o n  o f  c y c l i c  s u l f o x i d e s ,  h a v i n g  a t  l e a s t  o n e  p r o t o n  a t  a- 

p o s i t i o n ,  w i t h  a c e t i c  a n h y d r i d e ,  s i n c e  t h d  s u l f o x i d e s  g a v e  t h e  

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

composed t o  o l e f i n i c  p r o d u c t s  i n  t h e  c o u r s e  o f  t h e  r e a c t i o n ,  b u t  

n o t  a n y  r i n g  e x p a n s i o n  p r o d u c t .  T h e r e f o r e ,  t h i s  i s  t h e  f i r s t  

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

r i n g  e x p a n s i o n  r e a c t i o n  i n  t h e  r e a c t i o n  w i t h  a c e t i c  a n h y d r i d e .  

F rom t h e  r e s u l t s  m e n t i o n e d  a b o v e ,  t h e  n o v e l  r i n g  t r a n s f o r -  

m a t i o n  o f  b e n z o t h i a z o l i n e  s u l f o x i d e s  t o  b e n z o t h i a z i n e s  m i g h t  b e  

e x p l a i n e d  b y  t h e  m e c h a n i s m  p o s t u l a t i n g  f o r m a t i o n  o f  a  s u l f e n i c  

a n h y d r i d e  ($2l6, v i a  t h e  s u l f e n i c  a c i d  i n t e r m e d i a t e  r e s u l t e d  * * 
f r o m  2 , 3 - s i g m a t r o p i c  r e a r r a n g e m e n t  o f  t h e  s u l f o x i d e * ,  f o l l o w e d  

b y  f o r m a t i o n  o f  t h e  immon ium i o n  (A!+,) a s  shown i n  Scheme I .  

C o l l a p s e  o f  t h e  immonium i o n  ( A t )  l e a d s  t o  t h e  o b s e r v e d  p r o d u c t s  

* : I t  i s  r e a s o n a b l e  t o  c o n s i d e r  t h a t  t r a n s - I $  p r o b a b l y  e p i m e r i z e d  

t o  c i s  f o r m  b e f o r e  r i n g  o p e n i n g  u n d e r  t h e  r e a c t i o n  c o n d i t i o n s .  
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