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ORGANIC P R E P A R A T I O N S  AND PROCEDURES INT. 2 0 ( 2 ) ,  105-108 (1988) 

A N E W  PROCEDURE FOR THE SELECTIVE a-OXYALKYWTION OF 

HETEROAROMATIC BASES BY CYCLIC ETHERS AND HYDROGEN PEROXIDE 

E. VISMARA., F. FONTANA and F. HINISCI 

Dipartirnento d i  Chimica, P o l i t e c n i c o  
P iazza  Leonard0 da  Vinc i  32, 20133 Hi lano ,  ITALY 

The s u b s t i t u t i o n  of p ro tona ted  h e t e r o a r o u n t i c  bases by n u c l e o p h i l i c  

r ep ro -  carbon-centered  r a d i c a l s  is of g r e a t  s y n t h e t i c  i n t e r e s t  i n  t h a t  it 

duces  most of t h e  numerous a s p e c t s  of t h e  Friedel-Crafts aromatic s u b s t i t u -  

t u t i o n ,  bu t  w i th  o p p o s i t e  r e a c t i v i t y  and s e l e c t i v i t y . ’  The p r o t o n a t i o n  of 

L 
t h e  base s t r o n g l y  i n c r e a s e s  i ts  r e a c t i v i t y  towards n u c l e o p h i l i c  species. 

The n u c l e o p h i l i c  c h a r a c t e r  of t h e  a l k y l  r a d i c a l s  i s  i n c r e a s e d  by t h e  p re -  

s e n c e  of an  e t h e r  oxygen i n  a - p o s i t i o n ,  due  t o  con juga t ion  i n  t h e  ground 

s ta te  and t o  t h e  s t a b i l i t y  of t h e  a-alkoxycarbonium i o n s  as c o n t r i b u t i o n  of 

polar forms i n  t h e  t r a n s i t i o n  s t a t e  Thus , a -a lkoxy  r a d i c a l s  

are p a r t i c u l a r l y  s u i t a b l e  for he te roa romat i c  s u b s t i t u t i o n .  

4 4 = 4  
A v a r i e t y  of o x i d a n t s  such a s  H 0 t - B u O O H ,  s2°8 ’ (PhC00)2 ,5  d i -  2 2’ 

4 +  7 
N H  OSO -,6 and ‘NH OH 

3 3  3 
a l k y l p e r c a r b o n a t e ,  have been u t i l i z e d  t o  g e n e r a t e  

a -oxyalkyl  r a d i c a  

expens ive  among 

H 0 i n  e t h e r s ,  
2 2  

s from c y c l i c  e t h e r s .  H 0 i s  t h e  s i m p l e s t  and t h e  least  
2 2  

t h e s e  o x i d a n t s .  Thermal or photochemical decomposition of 

such as d ioxane  or THF, g i v e s  very  poor r e s u l t s ;  better 

4 
resul ts  can be ob ta ined  by redox decomposition of H 0 by Fe (11) s a l t .  

However, t h e  redox decomposition is c h a r a c t e r i z e d  by two main d i sadvan ta -  

O 1 9 8 8  by Organic Preparations and Procedures Inc. 

2 2  
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VISMAM, FONTANA AND MINISCI 

ges : 

8 a )  The i n t e r m e d i a t e - O H  r a d i c a l  i s  n o t  s e l e c t i v e  i n  hydrogen  a b s t r a c t i o n .  

Thus ,  w i t h  d i o x a n e  t h e r e  is  no problem o f  r e g i o s e l e c t i v i t y  i n  hydrogen  

a b s t r a c t i o n ,  b u t  w i t h  THF b o t h  t h e  hydrogen  atoms i n  t h e  a-  and @ - p o s i -  

t i o n s  a re  i n v o l v e d  (Eq.  2 )  and b o t h  t h e  r a d i c a l s  1. and 2 g i v e  t h e  corre- 

s p o n d i n g  s u b s t i t u t i o n  p r o d u c t s .  

H,O u’” OH’ u. H,O 12) 

2 ! 
b )  The Fe ( 1 1 1 )  s a l t  o x i d i z e s  t h e  a- a l k o x y  r a d i c a l  1 r a p i d l y  ( E q .  3)  and - 

5 t h i s  r e a c t i o n  c o m p e t e s  w i t h  t h e  h e t e r o a r o m a t i c  a d d i t i o n .  I n  c o n t r a s t s  ra-  

( 3 )  

d i c a l  

- 2 i s  t h u s  s t r o n g l y  d e p e n d e n t  on t h e  c o n c e n t r a t i o n  of  Fe ( 1 1 1 )  s a l t .  

2 i s  n o t  o x i d i z e d  and t h e  r a t i o  of t h e  p r o d u c t s  o b t a i n e d  from 2 and - 

7 

We now repsr t  a new p r o c e d u r e ,  i n  which a c e t o n e  i s  used  as  s o l v e n t  

t o g e t h e r  w i t h  c y c l i c  e t h e r s .  No metal s a l t  i s  r e q u i r e d  i n  t h i s  p r o c e d u r e , a s  

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

u s e f u l  f o r  t h e  h e t e r o a r o m a t i c  s u b s t i t u t i o n s .  No r e a c t i o n  o c c u r s  i n  t h e  

a b s e n c e  of a c e t o n e ,  e v e n  a t  h i g h e r  t e m p e r a t u r e s  ( b o i l i n g  d i o x a n e ) .  The pro-  

c e d u r e  i s  v e r y  s i m p l e  and  t h e  r e s u l t s  are summarized i n  t h e  T a b l e .  We 

s u g g e s t  t h a t  t h e  f u n c t i o n  of a c e t o n e  i s  t o  add  H 0 as d e p i c t e d  i n  E q s .  5 

and 6 .  I t  is well known t h a t  a c e t o n e  and H 0 g i v e  a m i x t u r e  of p e r o x i d e s  

and compound 3 

2 2  
8 

2 2  

p r e d o m i n a t e s  i n  t h e  p r e s e n c e  of a n  e x c e s s  of a c e t o n e .  
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SELECTIVE a-OXYALKYLATION OF HETEROAROMATIC BASES 

S i n c e  no r e a c t i o n  o c c u r s  i n  t h e  a b s e n c e  of a c e t o n e  it i s  r e a s o n a b l e  t o  

suppose  t h a t  t h e  t h e r m a l  h o m o l y s i s  of t h a t  

of H 0 so  t h a t  t h e  e q u i l i b r i a  of  Eq 4 are s h i f t e d  t o w a r d s  - 3 .  Moreover t h e  

a l k o x y  r a d i c a l s  are much more select ve t h a n  t h e  h y d r o x y l  r a d i c a l  i n  hydro-  

gen a b s t r a c t i o n  (Eq.  5)  as  shown by t h e  f a c t  t h a t  w i t h  THF t h e  s u b s t i -  

t u t i o n  p r o d u c t s  a r i s e  main ly  from 1 w i t h  o n l y  traces of p r o d u c t s  from 2. 

Compared t o  H 0 p e r o x i d e  3 h a s  t h e  f u r t h e r  a d v a n t a g e  t h a t  i t  i s  much less 

s u s c e p t i b l e  t o  a c h a i n  decomDosi t ion .  

p e r o x i d e  2 is  much f a s t e r  t h a n  

2 2  

8 

2 2’  

L e p i d i n e  and i s o q u i n o l i n e  which have  o n l y  one p o s i t i o n  of h i g h  n u c l e o p h i l i c  

r e a c t i v i t y  g i v e  o n l y  one m o n o s u b s t i t u t e d  isomer ( i n  p o s i t i o n  2- and 1- re- 

s p e c t i v e l y ) .  4 -Cyanopyr id ine  h a s  two e q u i v a l e n t  p o s i t i o n s  of h i g h  n u c l e o -  

p h i l i c  r e a c t i v i t y  ( 2 -  and 6 - )  a n d ,  as t h e  c o n v e r s i o n s  i n c r e a s e ,  t h e  2 ,6-  

d i s u b s t i t u t e d  d e r i v a t i v e s  are formed.  The p r o c e d u r e  a p p e a r s  t o  be  q u i t e  

g e n e r a l  f o r  h e t e r o a r o m a t i c  b a s e s  and c y c l i c  e t h e r s .  

EXPERIMENTAL SECTION 

G e n e r a l  P r o c e d u r e . -  A s o l u t i o n  of 2 mmoles of h e t e r o a r o m a t i c  base, 2 mmoles 

of CF COOH and 6 mmoles of  60% H 0 ( c a u t i o n ! )  i n  5 m l  of a c e t o n e  and 5 ml 

of d i o x a n e  (or THF) was r e f l u x e d  f o r  1 0  h r s .  The s o l u t i o n  was t h e n  d i l u t e d  

w i t h  20 m l  of water,  made b a s i c  w i t h  conc.ammonia, e x t r a c t e d  by CH C1 and 

a n a l y z e d  by GLC ( A n a l y t i c a l  GLC a n a l y s e s  were performed w i t h  a Carlo Erba 

4200 i n s t r u m e n t  e q u i p p e d  w i t h  f l a m e  i o n i z a t i o n  d e t e c t o r ,  column OV 1 7  3% on 

Chromosorb W HP 100-120 mesh, l e n g t h  2.5 m ,  p r o g r a m  120°C, 2 min. ,  20 

C h i n . ,  240*, i n t e r n a l  s t a n d a r d  q u i n a l d i n e  or l e p i d i n e )  . The r e s u l t s  are 

r e p o r t e d  i n  t h e  T a b l e .  The r e a c t i o n  p r o d u c t s  were i s o l a t e d  by f l a s h  chroma- 

3 2 2  

2 2  
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VISMARA, FONTANA AND M I N Z S C I  

t o g r a p h y  on s i l i c a  gel(hexane:MeCOOEt 1:1, v : v )  and i d e n t i f i e d  by d i r e c t  

compar ison  w i t h  a u t h e n t i c  samples  (NMR, MS, IR) p r e v i o u s l y  o b t a i n e d  by 

d i f f e r e n t  p r o c e d u r e s .  4 , 6 , 7  

TABLE. S u b s t i t u t i o n  o f  Heteroaromatic Bases by Dioxane and THF 

a 
H e t e r o a r o m a t i c  E t h e r  R e a c t i o n  p r o d u c t s  C o n v e r s i o n  Y i e l d  

b a s e  ( % )  ( % I  

L e p i d i n e  THF 

L e p i d i n e  Dioxane 
I s o q u i n o l i n e  THF 

I s o q u i n o l i n e  Dioxane 
4-Cyanopyr id ine  THF 

4- Cyanopyr i d  i n e  Dioxane 

2 - ( a - t e t r a h y d r o f u r a n y l )  
l e p i d i n e  

2 - d i o x a n y l l e p i d i n e  
1 - ( a - t e t r a h y d r o f u r a n y l )  

i s o q u i n o l i n e  
1 - d i o x a n y l i s o q u i n o l i n e  
2 - ( a - t e t r a h y d r o f  u r a n y l  ) 

4 - c y a n o p y r i d i n e  ( 7 0 % )  
2 , 6 - d i - ( a - t e t r a h y d r o f u -  
n y l ) - 4 - c y a n o p y r i d i n e (  30%) 
2- d i o x a n y l - 4 - c y a n o p y r i -  
d i n e  ( 8 0 % )  
2,6-bis-dioxanyl-4-cyano- 
p y r i d i n e  ( 2 0 % )  

58 97 

59 62  
62  81 

70 64 
74 99 

7 1  92  

a )  

1. 

2.  

3. 
4 .  

5 .  

6 .  

7 .  

8. 

Y i e l d s  based  on c o n v e r t e d  h e t e r o a r o m a t i c  d e r i v a t i v e s  
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