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SYNTHETIC COMMUNICATIONS, 22(17), 2513-2520 (1992) 

C H L O R I N A T I O N  A N D  B R O M I N A T I O N  OF A R O M A T I C  M O L E C U L E S  
BY A N  N - H A L O S A C C H A R I N  / P Y R I D I N I U M  

P O L Y ( H Y D R 0 G E N  F L U O R I D E )  S Y S T E M  

I r e n a  H o i e k  and B o r i s  Sket* 

D e p a r t m e n t  o f  C h e m i s t r y ,  U n i v e r s i t y  o f  L j u b l j a n a ,  
M u r n i k o v a  6, L j u b l j a n a ,  S l o v e n i a  

A b s t r a c t :  T h e  t i t l e  c h l o r i n a t i o n  and b r o m i n a t i o n  p r o c e d u r e  c a n  
be used for r i n g  h a l o g e n a t i o n  o f  m o n o s u b s t i t u t e d  b e n z e n e  
d e r i v a t i v e s .  R e a c t i o n s  d o  not n e e d  t h e  a d d i t i o n  o f  any c a t a l y s t  
and t a k e  p l a c e  u n d e r  m i l d  c o n d i t i o n s .  

H a l o g e n a t i o n  o f  o r g a n i c  m o l e c u l e s  a r e  o f  g e n e r a l  i n t e r e s t .  
C h l o r i n a t i o n  o f  r e a c t i v e  a r o m a t i c  c o m p o u n d s  c a n  be e f f e c t e d  
using a q u e o u s  c h l o r i n e ,  N - c h l o r o a m i d e s  a n d  anilides’. W h e n  
c h l o r i n e  is used a s  a r e a g e n t  t h e  r e a c t i o n s  a r e  g e n e r a l l y  
c a r r i e d  o u t  in t h e  p r e s e n c e  o f  e l e c t r o p h i l i c  c a t a l y s t .  
R e a c t i o n s  w i t h  a r o m a t i c  m o l e c u l e s  h a v i n g  a b o n d e d  m e t h y l  g r o u p  
t a k e  p l a c e  a l s o  at t h e  s i d e  c h a i n ,  if l i g h t  o r  a f r e e  r a d i c a l  
i n i t i a t o r  is present. C h l o r i n a t i o n  o f  t h e  methyl g r o u p  o f  
t o l u e n e  w i t h  N - c h l o r o i m i n e s *  resulted in t h e  f o r m a t i o n  o f  b e n z y l  
c h l o r i d e ,  but t h e  r e a c t i o n  time, t e m p e r a t u r e ,  p r e s e n c e  o f  
f r e e - r a d i c a l  i n i t i a t o r  o r  l i g h t  h a v e  a n  influence on t h e  
c o n v e r s i o n  o f  t o l u e n e  a n d  p e r c e n t  o f  t h e  p r o d u c t  f o r m e d .  

* T o  vhom correspondence should be addressed 
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25 14 M O ~ E K  AND SKET 

Many p r o c e d u r e s  h a v e  b e e n  d e s c r i b e d  f o r  t h e  d i r e c t  i n t r o d u c t i o n  
o f  b r o m i n e  i n t o  a r o m a t e  n u c l e u s .  The m a j o r i t y  o f  t h e s e  c a n  b e  
c l a s s i f i e d  i n t o  o n e  o f  t h r e e  c a t e g o r i e s  d e p e n d i n g  on t h e  n a t u r e  
o f  t h e  b r o m i n e  s o u r c e  w h i c h  i s  emp loyed ,  n a m e l y  
- m o l e c u l a r  b r o m i n e ,  as such ,  o r  g e n e r a t e d  i n  s i t u  
- m o l e c u l a r  b r o m i n e  a c t i v a t e d  b y  a c a t a l y s t  
- p o s i t i v e  b r o m i n e  s p e c i e s .  
B r o m i n a t i o n  w i t h  b r o m i n e  o f  a c t i v a t e d  a r o m a t i c  r i n g s  o c c u r s  
r e a d i l y  w i t h  o r t h o -  a n d  p a r a -  i s o m e r s  f o r m a t i o n .  The i s o m e r s .  
d i s t r i b u t i o n  d e p e n d s  o n  t h e  t y p e  o f  s u b s t i t u e n t  and s o l v e n t  
u s e d .  On t h e  o t h e r  h a n d ,  a r o m a t i c  r i n g s  b e a r i n g  d e a c t i v a t i n g  
s u b s t i  t u e n t s  r e q u i r e  l a r g e  amoun ts  o f  F r i e d e l  - C r a f t s  c a t a l y s t .  
The m a i n  r o l e  o f  t h e  c a t a l y s t  i n  a r o m a t i c  e l e c t r o p h i l i c  
b r o m i n a t i o n  i s  t o  p o l a r i s e  t h e  r e a g e n t  i n  s u c h  way t h a t  t h e  
b r o m i n e  a t o m  w i l l  b e  a s  p o s i t i v e  a s  p o s s i b l e .  One such  m o l e c u l e  
i n  w h i c h  t h e  b r o m i n e  i s  h i g h l y  p o l a r i z e d  i s  b r o m i n e  
m o n o f l u o r i d e .  Rosen e t  a 1 3  r e p o r t e d  t h a t  B r F ,  p r e p a r e d  b y  
p a s s i n g  f l o u r i n e  t h r o u g h  a c o l d  s u s p e n s i o n  o f  b r o m i n e  i n  CC13F 
c a n  b e  u s e d  i n  e l e c t r o p h i l i c  b r o m i n a t i o n  and  d i b r o m i n a t i o n  o f  
v a r i o u s  mono-  a n d  d i s u b s t i t u t e d  a r o m a t i c  compounds b e a r i n g  
a c t i v a t e d  o r  d e a c t i v a t e d  s u b s t i t u e n t s ,  u n d e r  v e r y  m i l d  r e a c t i o n  
c o n d i t i o n s .  
I t  i s  a l s o  known t h a t  an  a n h y d r o u s  h y d r o g e n - f l u o r i d e /  
N - b r o m o a c e t a m i d e  s y s t e m 4  s e r v e s  as a s o u r c e  o f  B r F .  R e c e n t l y ,  we 
h a v e  d e t e r m i n e d  t h a t  N - b r o m o s a c c h a r i n  (NBSac)  i n  t h e  p r e s e n c e  o f  
p y r i d i n i u m  p o l y ( h y d r o g e n  f l u ~ r i d e ) ~  c a n  b e  u s e d  as  a v e r y  
e f f i c i e n t  r e a g e n t  f o r  s t e r e o s p e c i  f i c a n d  r e g i  o s e l  e c t i  v e  
b r o m o f l u o r i n a t i o n  o f  v a r i o u s  p h e n y l  s u b s t i t u t e d  o l e f i n e s  a n d  
a c e t y l e n e s .  NBSac c a n  a l s o  b e  used  a s  a b r o m i n a t i n g  a g e n t  f o r  
b e n z y l i c  a n d  a - c a r b o n y l i c  p o s i t i o n s 6 .  R e f l u x  o r  i r r a d i a t i o n  w i t h  
a s u n l a m p  d r a m a t i c a l l y  r e d u c e d  t h e  r e a c t i o n  t i m e ,  w h i l e  a d d e d  
r a d i c a l  i n i t i a t o r s  i n c r e a s e d  t h e  y i e l d s  o f  p r o d u c t s .  
We now r e p o r t  t h e  r e s u l t s  o f  c h l o r i n a t i o n  and  b r o m i n a t i o n  o f  
s u b s t i t u t e d  a r o m a t i c  m o l e c u l e s  u s i n g  a n  N - h a l o s a c c h a r i n  (NXSac) /  
p y r i d i n i u m  p o l y ( h y d r o g e n  f l u o r i d e )  s y s t e m  (Scheme, T a b l e  1, 
T a b l e  2 ) .  
C h l o r i n a t i o n  o f  a n i s o l e  a t  r o o m  t e m p e r a t u r e  r e s u l t s  i n  c o m p l e t e  
c o n v e r s i o n  o f  t h e  s t a r t i n g  compound i n  2 h o u r s  i n t o  a m i x t u r e  
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AROMATIC MOLECULES 
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o f  o r t h o -  and p a r a -  c h l o r o  d e r i v a t i v e s  when 20  p e r c e n t  excess  o f  
NCSac was u s e d .  A s m a l l  amount o f  d i c h l o r o a n i s o l e  was a l s o  
f o r m e d .  A s  t h e  h a l o g e n a t i o n  r e a c t i o n  i s  q u i t e  s e n s i t i v e  t o  
changes  i n  t h e  p o l a r i t y  o f  t h e  r e a c t i o n  medium, we have a l s o  
s t u d i e d  c h l o r i n a t i o n  o f  a n i s o l e  w i t h  NCSac i n  a c e t i c  a c i d  and 
m e t h a n o l  and d e t e r m i n e d  t h a t  t h e  r e a c t i v i t y  o f  NCSac i s  l o w e r  i n  
t h e s e  s o l v e n t s  t h a n  i n  t h e  c a s e  when p y r i d i n i u m  p o l y ( h y d r o g e n  

f l u o r i d e )  was u s e d  ( T a b l e  1 ) .  
We a l s o  s t u d i e d  t h e  r e a c t i o n  w i t h  t o l u e n e .  I t  i s  known t h a t  
NCSac7 has  been s u c c e s s f u l l y  used  f o r  b e n z y l i c  c h l o r i n a t i o n  when 
t h e  r e a c t i o n  i s  a s s i s t e d  b y  a f r e e - r a d i c a l  i n i t i a t o r .  On t h e  
o t h e r  h a n d ,  n o  s i d e  c h a i n  c h l o r i n a t i o n  t o o k  p l a c e  when t h e  
NCSac/ p y r i d i n i u m  p o l y ( h y d r o g e n  f l u o r i d e )  s y s t e m  was a p p l i e d  and 
o - c h l o r o t o l u e n e  and p - c h l o r o t o l u e n e  were  o b t a i n e d .  

H i g h e r  r e a c t i o n  t e m p e r a t u r e  and l o n g e r  r e a c t i o n  t i m e  had t o  be 
used  when t h e  r e a c t i o n  o f  t o l u e n e  and NCSac was c a r r i e d  o u t  i n  
a c e t i c  a c i d  s o l u t i o n .  We a l s o  d e t e r m i n e d  t h a t  t h e  NCSac/ 

p y r i d i n i u m  p o l y ( h y d r o g e n  f l u o r i d e )  s y s t e m  s e r v e d  as an e f f i c i e n t  
r e a g e n t  f o r  e l e c t r o p h i l  i c  c h l o r i n a t i o n  o f  f l u o r o b e n z e n e  and 
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2518 MOZEK AND SKET 

c h l o r o b e n z e n e  w i t h  t h e  p r e d o m i n a n t  f o r m a t i o n  o f  p a r a  i s o m e r s .  No 
r e a c t i o n  w a s  o b s e r v e d  when a c e t i c  a c i d  was used as a r e a c t i o n  

medium. 
C h l o r i n a t i o n  o f  h i g h l y  d e a c t i v a t e d  benzene d e r i v a t i v e  such a s  

n i t r o b e n z e n e  d i d  n o t  o c c u r  o u t  even i f  p y r i d i n i u m  p o l y ( h y d r o g e n  

f l u o r i d e )  was u s e d .  

We a l s o  s t u d i e d  r e a c t i o n s  w i t h  NBSac / p y r i d i n i u m  p o l y ( h y d r o g e n  
f l u o r i d e )  s y s t e m  and d e t e r m i n e d  t h a t  i t  r e p r e s e n t s  v e r y  
e f f i c i e n t  r e a g e n t  f o r  b r o m i n a t i o n  o f  a c t i v a t e d  and d e a c t i v a t e d  

m o n o s u b s t i t u t e d  benzene d e r i v a t i v e s .  
B r o m i n a t i o n  o f  a n i s o l e  was c o m p l e t e d  i n  2 h o u r s  a t  r o o m  
t e m p e r a t u r e ,  t h u s  g i v i n g  94 p e r c e n t  o f  p a r a -  and 6 p e r c e n t  o f  
o r t h o -  b r o m o a n i s o l e  i s o m e r s  (Scheme, T a b l e  2 ) .  A p r e d o m i n a n t  
o r t h o  d i r e c t i n g  e f f e c t  was o b s e r v e d  i n  t h e  case  o f  t o l u e n e ,  
w h i l e  i n  t h e  c a s e  o f  f l u o r o  and c h l o r o b e n z e n e  p a r a  b r o m i n a t i o n  
p r e d o m i n a n t l y  took p l a c e .  A r e a c t i o n  w i t h  n i t r o b e n z e n e  u n d e r  t h e  

same r e a c t i o n  c o n d i t i o n s  r e s u l t e d  i n  87 p e r c e n t  c o n v e r s i o n  w i t h  
o n l y  me ta  i s o m e r  f o r m a t i o n .  The r e g i o s p e c i f i t y  o f  t h e  
b r o m i n a t i o n  does n o t  d i f f e r  much f r o m  o t h e r  . a r o m a t i c  
e l e c t r o p h i l i c  b r o m i n a t i o n  methods,  b u t  i t  does n o t  need t h e  
a d d i t i o n  o f  any c a t a l y s t ,  and o f f e r s  s h o r t  r e a c t i o n  t i m e s  and 
m i l d  c o n d i t i o n s .  
We were a l s o  i n t e r e s t e d  t o  d e t e r m i n e  t h e  i n f l u e n c e  o f  p y r i d i n i u m  
p o l y ( h y d r o g e n  f l u o r i d e )  i n  t h e s e  r e a c t i o n s ,  and i n s t e a d  o f  
p y r i d i n i u m  p o l y ( h y d r o g e n  f l u o r i d e ) ,  a c e t i c  a c i d  o r  m e t h a n o l  w e r e  

used  a s  s o l v e n t s .  
We d e t e r m i n e d  t h a t  t h e  r e a c t i o n  w i t h  a n i s o l e  and NBSac i n  b o t h  
s o l v e n t s  w a s  n o t  s i g n i f i c a n t l y  a l t e r e d  by  s u c h  a m o d i f i c a t i o n  i n  
s o l v e n t ,  w h i l e  a l o w e r  c o n v e r s i o n  and  change i n  p r o d u c t  
d i s t r i b u t i o n  were o b s e r v e d  when r e a c t i o n s  o f  t o l u e n e ,  
f l u o r o b e n z e n e  and c h l o r o b e n z e n e  were  c a r r i e d  o u t  i n  a c e t i c  a c i d  
a t  80°C ( T a b l e  2 ) .  B r o m i n a t i o n  o f  n i t r o b e n z e n e  w i t h  NBSac i n  
a c e t i c  a c i d  s o l u t i o n  d i d  n o t  t a k e  p l a c e .  

From t h e  r e s u l t s  o b t a i n e d  we can c o n c l u d e  t h a t  p y r i d i n i u m  p o l y  
( h y d r o g e n  f l u o r i d e )  p r o b a b l y  s e r v e d  n o t  o n l y  as a s o l v e n t  b u t ,  

t o g e t h e r  w i t h  N X S a c  a l s o  as a s o u r c e  o f  X F  s p e c i e s  w h i c h  t h e n  
a c t e d  a s  t h e  r e a g e n t  f o r  e l e c t r o p h i l i c  a r o m a t i c  c h l o r i n a t i o n  and 
b r o m i n a t i o n .  
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AROMATIC MOLECULES 

I t  i s  a l s o  p o s i b l e  t h a t  t h e  HF p r e s e n c e  i n  NBSac / p y r i d i n i u m  

p o l y ( h y d r o g e n  f l u o r i d e )  s y s t e m  fo rmed  a p o t e n t i a l  h i g h l y  i o n i c  
s p e c i e s  B r ’ H F  2 - .  

EXPERIMENTAL SECTION 
The lH NMR s p e c t r a  were  o b t a i n e d  i n  CDC u s i n g  a V a r i a n  EM 360L 

s p e c t r o m e t e r  w i t h  M e 4 S i  as t h e  i n t e r n a l  s t a n d a r d .  The  I R  s p e c t r a  
were  d e t e r m i n e d  on a P e r k i n - E l m e r  1310 s p e c t r o m e t e r .  Gas 
c h r o m a t o g r a p h i c  a n a l y s e s  were  c a r r i e d  o u t  on a V a r i a n  Mode l  3700 
gas ch romatog raph  f i t t e d  w i t h  a c o l u m n  p a c k e d  w i t h  FFAP 30% on 

a Chromosorb  A A/W and OV17 10% on a Chromosorb  G A / W .  
R e a c t i o n  m i x t u r e s  were  s e p a r a t e d  by  p r e p a r a t i v e  gas  
ch romatog raphy  on a V a r i a n  A e r o g r a p h  s e r i e s  2700 e q u i p p e d  w i t h  a 
p r e p a r a t i v e  co lumn o f  s t a n d a r d  d i m e n s i o n s  p a c k e d  w i t h  F F A P  30% 
on a Chromosorb  W H/P and OV17 15% on a Chromosorb  W A /W.  
We used c o m m e r c i a l l y  a v a i l a b l e  s u b s t a n c e s  as s t a n d a r d s :  
2 - c h l o r o a n i s o l e ,  4 - c h l o r o a n i s o l e ,  2 - c h l o r o t o l u e n e ,  4 - c h l o r o -  
t o l u e n e ,  1 , 2 - d i c h l o r o b e n z e n e ,  l , 4 - d i c h l o r o b e n z e n e ,  l - c h l o r o -  
2 - f l u o r o b e n z e n e ,  l-chloro-4-fluorobenzene, 1 - c h l o r o - 3 - n i t r o -  

benzene,  2 - b r o m o a n i s o l e ,  4 - b r o m o a n i s o l e ,  2 - b r o m o t o l u e n e ,  
4 - b r o m o t o l u e n e ,  l - b r o m o - 2 - c h l o r o b e n z e n e ,  1 - b r o m o - 4 - c h l o r o -  
benzene, and I - b r o m o - 3 - n i t r o b e n z e n e  ( A l d r i c h ,  F l u k a ) .  

P y r i d i n i u m  p o l y ( h y d r o g e n  f l u o r i d e )  (30% p y r i d i n e  - 70% h y d r o g e n  
f l u o r i d e )  was p r e p a r e d  b y  O l a h - s  m e t h o d e n .  
NCSac was o b t a i n e d  by t h e  me thod  d e s c r i b e d  by  Bachhawat  e t  a l ’ .  

NBSac was p r e p a r e d  by t h e  me thod  d e s c r i b e d  by Sanchez and 

F u m a r o l a 9 .  
Genera l  h a l o g e n a t i o n  p r o c e d u r e :  6 . 0  mmol o f  NXSac was added o v e r  
5 m i n  t o  a m i x t u r e  o f  10 m l  o f  p y r i d i n i u m  p o l y ( h y d r o g e n  
f l u o r i d e )  (30% p y r i d i n e  - 70% h y d r o g e n  f l u o r i d e )  and  10 m l  o f  
Et20 a t  O O C .  The r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  1 0  min  a t  room 
t e m p e r a t u r e ,  5 m m o l  o f  s u b s t r a t e  was added and s t i r r i n g  was 
c o n t i n u e d  a t  t h i s  t e m p e r a t u r e  f o r  t w o  h o u r s .  The r e a c t i o n  
m i x t u r e  was p o u r e d  i n t o  i c e  c o l d  w a t e r  and e x t r a c t e d  w i t h  
Et,O.The e t h e r  l a y e r  was washed w i t h  an aqueous s o l u t i o n  o f  
NaHC03, t h e n  w i t h  w a t e r  and d r i e d  o v e r  a n h y d r o u s  Na2S04 .  A f t e r  
e v a p o r a t i o n  o f  e t h e r ,  t h e  c r u d e  r e a c t i o n  m i x t u r e  was a n a l y s e d  b y  
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M O ~ E K  AND SKET 2520 

analytical G C  u s i n g  t h e  t e m p e r a t u r e  p r o g r a m m e :  T,,,,,= 80°C, 
6min, 10°/min, T e n d =  180OC. 
The p r o d u c t s  w e r e  i s o l a t e d  by p r e p a r a t i v e  G C  u s i n g  t h e  s a m e  
t e m p e r a t u r e  programme. Y i e l d s  o f  i s o l a t e d  p r o d u c t s  a r e  g i v e n  in 
t h e  T a b l e  1 and T a b l e  2.  T h e  s t r u c t u r e s  w e r e  d e t e r m i n e d  by 
comparison o f  physical and s p e c t r o s c o p i c  d a t a  w i t h  o r i g i n a l  
s a m p l e s .  
H a l o g e n a t i o n  in m e t h a n o l  and a c e t i c  acid: w e  used t h e  s a m e  
p r o c e d u r e  a s  in t h e  p r e v i o u s  c a s e .  Instead o f  a m i x t u r e  o f  
p y r i d i n i u m  poly(hydrogen f l u o r i d e )  a n d  E t 2 0 ,  20 ml o f  methanol 
o r  a c e t i c  acid w e r e  u s e d .  
T h e  a p p r o p r i a t e  r e a c t i o n  t e m p e r a t u r e ,  r e a c t i o n  t i m e ,  p r o d u c t  
d i s t r i b u t i o n  and i s o l a t e d  y i e l d s  a r e  g i v e n  in t h e  T a b l e  1 and 
T a b l e  2. 
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