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Abstract - Using n u c l e o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s  

i n  h e t e r o a r o m a t i c s  (N-oxides)  it w a s  shown, t h a t  

b ind ing  of  s u b s t r a t e  i n  donor-acceptor  complex w i t h  

a p p r o p r i a t e  a c c e p t o r  d e c r e a s e s  s t r o n g l y  t h e  e l e c t r o n  

d e n s i t y  i n  t h e  n u c l e u s  of  t h e  s t a r t i n g  compound, t h u s  

s u b s t a n t i a l l y  f a c i l i t a t i n g  t h e  r e a c t i o n s  w i t h  nuc le -  

o p h i l i c  r e a g e n t s .  A t  t h e  same t i m e ,  t h e  e l e c t -  

r o p h i l i c i t y  of h e t e r o a r o m a t i c  s u b s t r a t e  i n c r e a s e s  ow- 

ing  t o  t h e  p a r t i a l  e l e c t r o n  d e n s i t y  t r a n s f e r  t o  t h e  

rr-acceptor  mo lecu le ,  which remains  c o v a l e n t l y  unbound 

w i t h  donor i n  t h e  c o u r s e  of t h e  r e a c t i o n .  

- 
I t  is w e l l  known1 t h a t  t h e  n u c l e o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s  i n  t h e  

a r o m a t i c  s e r i e s  proceed  e a s i l y  i f  s u b s t r a t e  c o n t a i n s  e l e c t r o n - a c c e p t o r  

s u b s t i t u e n t s .  I t s  c l a s s i c a l  example1 may be  t h e  h y d r o l y s i s  of p i c r y l  

c h l o r i d e ,  which t a k e s  p l a c e  under v e r y  mild c o n d i t i o n s  i n  c o n t r a s t  w i t h  

ch lorobenzene  h y d r o l y s i s .  One can  assume t h a t  e l e c t r o n  d e n s i t y  r e d u c t i o n  
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i n  a roma t i c  o r  h e t e r o a r o m a t i c  nuc leus  may be caused as w e l l  by means of 

" e x t e r n a l "  a c c e p t o r ,  which i s  n o t  d i r e c t l y  bound w i t h  s t a r t i n g  compound. 

These e f f e c t s  a r e  f o r m a l l y  ana logous  t o  t h o s e  of  " i n t e r n a l "  and 

" e x t e r n a l "  heavy a toms,  a s s i s t i n g  i n  s i n g l e t - t r i p l e t  t r a n s f e r s  and i n -  

c r e a s i n g  l o n g - l i v i n g  t r i p l e t  s t a t e s  c o n c e n t r a t i o n .  The analogy between K- 

a c c e p t o r  a c t i o n  on s t a r t i n g  a r o m a t i c  s u b s t r a t e  and metal-complex c a t a l y -  

sis can be  proposed t o o .  

in the hetc-- 

E l e c t r o n - d e f i c i e n t  a r o m a t i c  h e t e r o c y c l e s  can  undergo n u c l e o p h i l i c  a t t a c k ,  

and t h i s  p r o c e s s  is f a c i l i t a t e d  i n  compounds w i t h  a p o s i t i v e  cha rge  on 

t h e  he teroa tom ( i n  q u a t e r n a r y  N-alkyl  o r  N-acyl d e r i v a t i v e s ,  pyryl ium 

sal ts  e t c . ) .  However, t h e  a r o m a t i c  N-oxides a r e  t h e  most a p p r o p r i a t e  com- 

pounds f o r  s tudy ing  such  p r o c e s s e s  owing t o  t h e i r  unique  a c t i v i t y  towards  

v a r i o u s  r e a g e n t s .  A t  p r e s e n t  t h e  problem of t h e  n u c l e o p h i l i c  (and  elect- 

r o p h i l i c )  s u b s t i t u t i o n  i n  p y r i d i n e  N-oxide and q u i n o l i n e  N-oxide d e r i v a -  

t i v e s  is s t u d i e d  w e l l  e n o ~ g h . z . ~  T h i s  i s  one  of  t h e  impor t an t  parts of 

t h e  a z i n e s  c h e m i s t r y .  

In t h e  s e r i e s  of  h e t e r o a r o m a t i c s  t h e  b i m o l e c u l a r  mechanism of  n u c l e o p h l i c  

s u b s t i t u t i o n  i n v o l v i n g  t h e  f i r s t  r a t e - d e t e r m i n i n g  s t e p  seems t o  be t h e  

most l i k e l y  f o r  t h e  fo l lowing  n u c l e o p h i l i c  s u b s t i t u t i o n s :  

The fo l lowing  f a c t s  conf i rm t h i s  mechanism: 

1. A b i l i t y  of t h e  f u n c t i o n a l  g roups  (XI towards  n u c l e o p h i l i c  s u b s t i t u t i o n  

i n c r e a s e s  w i t h  t h e i r  e l e c t r o n - a c c e p t o r  p r o p e r t i e s :  
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NOz > F > C 1  > B r  > O A r  > OAlk. 

In t h i s  connect ion t h e  N-oxides of 4 -n i t ropyr id ine  and 4 - n i t r o q u i n o l i n e  

a r e  of most va lue  a s  t h e  s t a r t i n g  m a t e r i a l s  f o r  t h e  s y n t h e s i s  of 4-  

s u b s t i t u t e d  N-oxides.4 

2 .  The k i n e t i c  and thermodynamic d a t a  were obta ined f o r  t h e  r e a c t i o n  of 

4-methoxypyridine-N-oxide with  sodium methoxide:s 

3 .  In  c o n t i n u a t i o n  of  our  r e s e a r c h  i n  t h i s  f i e l d  we obta ined evidence f o r  

t h e  formation of a  o-anionic  Jackson-Meisenheimer complex i n  t h e  system 

of 4-methoxyquinoline N-oxide and sodium methoxide. This  complex was i so -  

l a t e d  by us  i n  t h e  form of s i l v e r  s a l t : =  

Probably ,  appearance of dark  brown c o l o r  i n  t h e  i n t e r a c t i o n  of a romat ic  

N-oxides wi th  meta l  a l k o x i d e s  o r  a l i p h a t i c  amines can be expla ined by t h e  

formation of such i n t e r m e d i a t e s .  One can assume t h a t  any change i n  t h e  

s t r u c t u r e  of h e t e r o c y c l e s ,  which caused d e p l e t i o n  of  t h e  e l e c t r o n  d e n s i t y  

from t h e  n-system, should enhance i t s  r e a c t i v i t y  towards nuc leoph i l es .  

In t h i s  connect ion we s t u d i e d  f o r  a few y e a r s  t h e  p o s s i b i l i t y  of 

" o u t s i d e "  rr-acceptors a p p l i c a t i o n ,  which can a c t i v a t e  an  a romat ic  r i n g  by 

t h e  charge  t r a n s f e r  complex ( C T C )  format ion.  These a c c e p t o r s  remain 

c o v a l e n t l y  unbound t o  a romat ic  system i n  t h e  course  of t h e  r e a c t i o n .  I t  
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i s  p o s s i b l e  t o  u s e  t h i s  method t o  e n l a r g e  g r e a t l y  t h e  s y n t h e t i c  p o t e n t i a l  

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

r o c y c l e s .  These CTCs of N-oxides have  been  found t o  b e  more s u i t a b l e  ob- 

j e c t s  f o r  t h e  i n v e s t i g a t i o n  o f  t h e  r e a c t i o n s  w i t h  n - a c c e p t o r s  t h a n  t h o s e  

o f  nonoxygenated h e t e r o c y c l e s .  Donor a c t i v i t y  o f  N-oxides i s  s i g n i f i -  

c a n t l y  i n c r e a s e d  by means of p , n - c o n j u g a t i o n  o f  oxygen atom and a r o m a t i c  

r i n g : 7  

Many s t r o n g  n - a c c e p t o r s  are a l s o  a c t i v e  as d i p o l a r o p h i l e s .  On t h e  o t h e r  

hand,  N-oxides may be  r e p r e s e n t e d  as 1 , 3 - d i p o l e s  w i t h  d i p o l a r  f u n c t i o n  

i nc luded  i n  a r o m a t i c  r i n g . 8  W e  have  e s t a b l i s h e d  t h a t  CTC f o r m a t i o n  i s  

more p r o b a b l e  p r o c e s s  t han  1 , 3 - d i p o l a r  c y c l o a d d i t i o n  r e a c t i o n .  The l a t e r  

p r o c e s s  i s  o n l y  obse rved  w i t h  d i p o l a r o p h i l e s  which a r e  n o t  a c t i v e  as n- 

a c c e p t o r s . 8  Moreover,  it w a s  r e p o r t e d  t h a t  even N-oxides o f  t r i a z e n e s  

form CTCs w i t h  t e t r a c y a n o e t h y l e n e  (TCE) , g i v i n g  n o  c y c l o a d d i t i o n  pro-  

d u c t s .  1 0  

Aromatic  N-oxides were s t u d i e d  a s  t h e  ambident  (n- o r  n - )  dono r s  i n  t h e  

r e a c t i o n  w i t h  n - a c i d s  s t a r t i n g  from 8 0 t h  y e a r s .  The complexes of a l k y l -  

s u b s t i t u t e d  p y r i d i n e  N-oxides w i t h  pheny l  i s o c y a n a t e 1 1  and  TCElz w i l l  b e  

d e s c r i b e d  la te r .  The complexes o f  a r o m a t i c  N-oxides w i t h  n - a c c e p t o r s  ex-  

ist on ly  i n  s o l u t i o n  i n  e q u i l i b r i u m  w i t h  t h e  o r i g i n a l  components.  I t  was 

shown t h a t  t h e  r e a c t i v i t y  of t h e  N-oxides c o r r e l a t e s  w i t h  t h e  e l e c t r o n i c  

P r o p e r t i e s  o f  t h e  s u b s t i t u e n t s .  For  example,  v - a c c e p t o r s  and  o - a c c e p t o r s  
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(BF3,  AlC13, 12) r e a c t  w i t h  t h e  oxygen atom of  N-oxides e x c l u s i v e l y  form- 

ing  s t a b l e  n , v -  o r  n ,o-complexes .  The q u e s t i o n  a b o u t  donor c e n t e r  and 

complex n a t u r e  i n  complexat ion  w i t h  n - a c c e p t o r s  is n o t  s o  e v i d e n t .  Forma- 

t i o n  of  b o t h  n , n - ( c o o r d i n a t i o n  th rough  oxygen atom) complex and n , n -  

( c o o r d i n a t i o n  th rough  a r o m a t i c  r i n g )  complex a r e  a p p a r e n t l y  observed i n  

t h e s e  r e a c t i o n s .  I t  should  be noted  t h a t  t h e  former as  a r u l e  p r e c e d e s  

t h e  l a t t e r .  Fu r the rmore ,  N-oxides a r e  capab le  t o  r e a c t  w i t h  n - a c c e p t o r s  

y i e l d i n g  t h e  C T C s  w i t h  v a r i o u s  s t o i c h i o m e t r i c  compos i t i ons .  I t  is of i n -  

t e r e s t  t h a t  t h e  4 - n i t r o q u i n o l i n e  N-oxide c o n t a i n i n g  a s t r o n g  e l e c t r o n -  

withdrawing group can a l s o  form C T C s  w i t h  n-donors.  The r e a c t i o n  of  t h i s  

N-oxide w i t h  pheno l s  can b e  cons ide red  as a t y p i c a l  example. '3  

We have chosen some p y r i d i n e  N-oxides (1  a - e )  and q u i n o l i n e  N-oxldes (2 

a-e) f o r  t h e  d e t a i l e d  i n v e s t i g a t i o n  of t h e i r  C T C s  w i t h  t y p i c a l  n-accep- 

t o r s  such a s  TCE ( 3 )  and p-benzoquinones ( 4  a,b). These complexes can be 

used i n  t h e  n u c l e o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s :  

1 a-e Z a - e  e) X=OCH3 

I t  i s  w e l l  knowns.14 t h a t  e l e c t r o c h e m i c a l  o x i d a t i o n  p o t e n t i a l s  (E&Ox) of 

a r o m a t i c  s u b s t a n c e s  can be  used f o r  e v a l u a t i o n  of  t h e i r  donor a b i l i t y .  

These c h a r a c t e r i s t i c s  f o r  some of p y r i d i n e  N-oxides were de termined e a r -  

l i e r . 1 5  We have de termined them f o r  N-oxides of  q u i n o l i n e  s e r i e s  (2 
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b , c , e )  u s i n g  p o l a r o g r a p h i c  method ( T a b l e  1 ) .  These  d a t a  show t h a t  %OX 

v a l u e s  d e c r e a s e  from monocyc l ic  N-oxides  t o  p o l y c y c l i c  N-oxides .  There-  

f o r e  t h e  i n v e s t i g a t i o n  w a s  c a r r i e d  'ou t  main ly  w i t h  q u i n o l i n e  N-oxides .  

Tab l e  1 .  O x i d a t i o n  p o t e n t i a l s  of  some N-oxides as t h e  f u n c t i o n  o f  sub-  

s t i t u e n t  e f f e c t  

S u b s t i t u e n t  
i n  4 - p o s i t i o n  

P y r i d i n e  N- Q u i n o l i n e  N- O+ 16 
o x i d e s .  E k @ x ,  v o x i d e s ,  0 x . v  P 

Ek ~. -~ ~ 

NO2 2 . 130  - + 0 .790  

C 1  1 . 7 9 5  1 . 6 3 0  + 0.114  

H 1 . 8 0 2  1 . 5 3 7  0 

CH 3 1 . 6 0 6  - - 0 . 3 1 1  

OCHs 1 . 3 6 2  1 . 1 1 0  - 0 . 7 7 8  

On t h e  o t h e r  hand ,  t h e  n - a c c e p t o r  a c t i v i t y  i s  c h a r a c t e r i z e d  by t h e  v a l u e s  

uf t h e  e l e c t r o c h e m i c a l  r e d u c t i o n  p o t e n t i a l s .  8 For bensoquinone  (4a). 

hron~rrn i le  (4b) and TCE ( 3 )  t h e s e  v a l u e s  a r e  - - 0 . 51v ,  0 . 0 0 ~  and 0 . 1 5 ~ .  

r e s p e c t i v e l y .  

The p r o c e s s  of  m o l e c u l a r  complexes f a r m a t i o n  of  t h e  most a c t i v e  N-oxides  

( 2  b e )  w i t h  p-benzoquinone  can  b e  f o l l o w e d  by e l e c t r o n  s p e c t r o s c o p y  

method. The uv s p e c t r a  show ba toch romic  s h i f t s  of  n-n* a b s o r p t i o n  bands  

of  N-oxides and n-n* bands  o f  p -benzoquinone .  The v a l u e  o f  t h e  s h i f t s  

c o r r e l a t e  w i t h  the p r o p e r t i e s  o f  t h e  s u b s t i t u e n t s  i n  N-oxides .  These  com- 

p l e x e s  call e x i s t  o n l y  i n  s o l u t i o n  i n  e q u i l i b r i u m  w i t h  t h e i r  components  

and can n o t  b e  p r e p a r e d  i n  s o l i d  s t a t e .  We managed t o  p r e p a r e  t h e  s o l i d  

C T C s  w i t h  a s t r o n g e r  r r -accep tor ,  b r o m a n i l e  (4b). These  complexes  c a n  be  

p r e c i p i t a t e d  from t h e  s a t u r a t e d  s o l u t i o n s  of  N-oxides and b r o m a n i l e  mix- 

t u r e  i n  d i o x a n e :  
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The compounds (5  b , c , e )  a r e  colored s o l i d  substances  (Table  2 ) .  Uv spec- 

t r a  of t h e s e  C T C s  show t h a t  batochromic s h i f t  of N-oxides rr-rr* absorp t ion  

bands of N-oxides and n-rr* bands of bromanile a r e  much g r e a t e r  than those  

in  t h e  s p e c t r a  of C T C s  wi th  pbenzoquinone.  The v i b r a t i o n s  of N-0 bond i n  

t h e  ir  s p e c t r a  of C T C s  correspond t o  t h e  v i b r a t i o n s  of t h e  same bonds i n  

t h e  N-oxides s p e c t r a .  These f a c t s  show t h a t  t h e  N-oxides a r e  %-donors 

wi th  r e s p e c t  t o  bromanile,  a f f o r d i n g  x,s-complexes wi th  t h e  l a t t e r .  

Table 2 .  So l id  CTCs of some N-oxides with bromanile 

CTC The p r e c i p i t a t i o n  Yie ld ,% mp O C  Stoichiometry 
t ime,  h N-oxide:bromanile 

I t  w a s  e s t a b l i s h e d ,  t h a t  t h e  i n t e r a c t i o n  of N-oxides wi th  TCE l e a d s  i n i -  

t i a l l y  t o  t h e  formation of i n t e n s e l y  colored "weak" complexes, t h a t  e x i s t  

only i n  s o l u t i o n  i n  t h e  equ i l ib r ium with  t h e  s t a r t i n g  components. Uv 

s p e c t r a  of t h e s e  complexes show new "charge t r a n s f e r ' '  bands, b u t  t h e  po- 

s i t i o n s  of t h e  absorp t ion  bands of t h e  o r i g i n a l  substances  remain un- 

changed. We found t h e  equ i l ib r ium c o n s t a n t s  (Kx;) f o r  t h e  formation of 
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t h e s e  complexes, t h e  s to ich iomet ry  1:l being observed.  The equ i l ib r ium 

c o n s t a n t s  of "weak" complexes formation show a  l i n e a r  c o r r e l a t i o n  wi th  

u+-constants  of t h e  s u b s t i t u e n t s  (Table  3 ) :  P 

l g  Kx;= l g  KO + u+ 
P P 

( K O  - equ i l ib r ium cons tan t  of t h e  complex formation of q u i n o l i n e  N-oxide 

(2c) and TCE). 

Table 3 lists t h e  wavelengths of t h e  "charge t r a n s f e r "  bands and equi-  

l ib r ium c o n s t a n t s  f o r  t h e  complexation r e a c t i o n  between t h e  N-oxide (2c) 

and TCE i n  d i f f e r e n t  s o l v e n t s .  CTC of N-oxide (2a) with  TCE can be ob- 

served only i n  d ioxane,  no complexation being observed i n  methanol. These 

r e s u l t s  i n d i c a t e  t h a t  t h e  s t a b i l i t y  of t h e  C T C s  of N-oxides dec reases  

wi th  inc reas ing  of t h e  so lven t  p o l a r i t y .  

Table 3 .  p,x-Complexes of a romat ic  N-oxides wi th  TCE 

P 
N-oxide Solvent  Charge t r a n s f e r  band, nm Kx;, mol-1 lglp*; 

, 
The absence of t h e  rr-rr* absorp t ion  s h i f t s  of t h e  a romat ic  system of N-ox- 

i d e s  on t h e  s t a g e  of i n i t i a l  i n t e r a c t i o n  wi th  TCE and t h e  r e s u l t s  ob- 

t a i n e d  e a r l i e r  f o r  s imples t  N-oxides,l '  p o i n t  t o  formation of t h e  n , n -  

type  complexes. This  means t h a t  t h e  oxygen atoms of t h e  N-oxides a r e  t h e  

donors of e l e c t r o n  p a i r  i n  t h e s e  CTCs: 
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n,n-Complexes should be  e v i d e n t l y  l e s s  s t a b l e  than N-oxides i n  p o l a r  s o l -  

v e n t s  due t o  r educ t ion  of nega t ive  charge  on oxygen atom. The i n i t i a l  

formation of n,n-complexes can apparen t ly  be expla ined by t h e  open s t a t e  

of oxygen atom and by h igher  ( a s  compared wi th  a romat ic  n-system) degree  

of  t h e  nega t ive  charge  l o c a l i z a t i o n .  

C r y s t a l l i z a t i o n  of s o l i d  nons to ich iomet r i c  CTCs i n  dioxane led  t o  com- 

p l e t e  o r  p a r t i a l  d e c o l o r i z a t i o n .  The uv s p e c t r a  of t h e s e  C T C s  d i f f e r  from 

t h o s e  of t h e  corresponding N-oxides.  The a-n* absorp t ion  band maxima a r e  

s h i f t e d  towards s h o r t e r  wavelengths.  The "charge t r a n s f e r "  bands,  which 

a r e  c h a r a c t e r i s t i c  of t h e  n,n-complexes, a r e  n o t  d i sp layed  by t h e  cor re -  

sponding s o l i d  CTC.  

On t h e  o t h e r  hand, t h e  C T C s  of N-oxides (le and 2e) a r e  yellow, and t h e i r  

uv s p e c t r a  d i s p l a y  an a d d i t i o n a l  bands i n  t h e  390-430 nm reg ion .  The po- 

s i t i o n s  of most of t h e  absorp t ion  bands i n  t h e  ir  s p e c t r a  of t h e  C T C s  a r e  

p r a c t i c a l l y  t h e  same a s  those  i n  t h e  corresponding N-oxides, b u t  t h e  

bands of t h e  CaN bond i n  t h e  C T C s  s p e c t r a  a r e  s h i f t e d  by a n  average va lue  

of 30-40 cm-1 towards longer  wavelengths a s  compared wi th  t h e  spectrum of  

TCE (Table  4). This  k ind of r e l a t i o n s h i p  is observed when TCE is bound 

i n t o  a  CTC. la 

I t  i s  known t h a t  p y r i d i n e  i n i t i a l l y  g i v e s  n,n-CTC wi th  TCE.19 This  com- 

plex f u r t h e r  t r ans fo rms  i n t o  t h e  pyridine-TCE a d d i t i o n  product ,  which was 

i s o l a t e d  i n  t h e  s o l i d  s t a t e . 1 9  This  adduct  can a l s o  l i b e r a t e  one of t h e  

cyanogroups and add t o  one o r  two more molecules of TCE 
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I 
NC-C-CN 

I 
NC-C-CN 

€3 

Table  4 .  S o l i d  I I , ~  -complexes of  a r o m a t i c  N-oxides w i t h  TCE 

N-oxide C r y s t a l l i z a -  mp N-oxide:TCE C-N, N-0, Y i e l d ,  
t i o n  t ime ,  h  O C  r a t i o  c m -  1 cm- 1 % 

There is a q u e s t i o n  conce rn ing  t h e  p o s s i b i l i t y  of  such  c o v a l e n t  a d d i t i o n  

of  TCE t o  a n  oxygen atom of  N-oxide i n  t h e  s o l i d  CTCs. We t h i n k  t h a t  t h e  

adduc t  ( 6 )  of t h i s  t y p e  can  h a r d l y  be  ob ta ined  under t h e s e  c o n d i t i o n s .  

A s  it was d i s c u s s e d  e a r l i e r ,  t h e  ir s p e c t r a  of  C T C s  o f  N-oxides and TCE 

show no  s h i f t s  of t h e  a b s o r p t i o n  band of  N - 0  bond compared w i t h  t h e  co r -  
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responding  N-oxides. Uv s p e c t r a  i n d i c a t e  t h e  p r e s e n c e  of  p ,n -con juga t ion  

of  t h e  oxygen atom of  N-oxide g roup  w i t h  a r o m a t i c  r i n g  i n  t h e  CTCs. More- 

o v e r ,  t h e  s t a r t i n g  & o x i d e s  can  be  r e g e n e r a t e d  from t h e i r  C T C s  w i t h  TCE 

by v a r i o u s  methods, e . g .  d i s s o l u t i o n  i n  p o l a r  s 0 1 v e n t s : ~ O  

n,rr-CTC = n,n-complex = N-oxide + TCE 

Thus, t h e s e  f a c t s  show t h a t  t h e  s o l i d  C T C s  of a r o m a t i c  N-oxides and TCE 

a r e  n,x-complexes,  t h e i r  a r o m a t i c  system be ing  t h e  donor c e n t e r  i n  t h i s  

c a s e .  

The weak n,x-complexes of  a r o m a t i c  & o x i d e s  i n i t i a l l y  formed w i t h  TCE, 

a p p a r e n t l y ,  have t o  t r a n s f o r m  t o  s t a b l e  s o l i d  a ,n-complexes:  

Electrom-withdrawing s u b s t i t u e n t s  d e c r e a s e  t h e  donor a b i l i t y  of  a r o m a t i c  

system of N-oxides. A s  a r e s u l t  t h e  l i f e  t ime  of  n,x-complexes i n c r e a s e s  

and i t s  t r a n s f o r m a t i o n  t o  n,x-complexes p roceeds  s lowly .  

E lec t ron -dona t ing  s u b s t i t u e n t s  e x e r t  a d i f f e r e n t  i n f l u e n c e :  t h e y  i n c r e a s e  

t h e  donor a b i l i t y  of N-oxides and a c c e l e r a t e  t h e  conve r s ion  of n,rr-corn- 

p l e x e s  t o  n,rr-complexes. 

The s p e c t r a l  c h a r a c t e r i s t i c s  of  such C T C s  i n d i c a t e  s i g n i f i c a n t  t r a n s f e r  

o f  cha rge  and ,  consequen t ly ,  a h i g h  deg ree  of  e l e c t r o n  d e f i c i e n c y  i n  t h e  

a r o m a t i c  rr-system. I t  is of  importance t o  de t e rmine  t o  what e x t e n t  t h e  

bonding of t h e  h e t e r o c y c l e s  i n t o  molecu la r  complexes f a c i l i t a t e s  nucleo-  

p h i l i c  s u b s t i t u t i o n .  

4 - N i t r o q u i n o l i n e  N-oxide (26) is most r e a c t i v e  towards  n u c l e o p h i l e s  among 

a l l  N-oxides chosen .  I t  r e a c t s  smoothly w i t h  a l k o x i d e s ,  pheno l s ,  mercap- 
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t a n e s ,  amines and h y d r a z i n e s  ( i n  h i g h  y i e l d s ) .  However, t h e  s u b s t i t u t i o n  

of  n i t r o  group w i t h  weak n u c l e o p h i l e s  such as  c h l o r i d e - i o n  and n i t r o p h e -  

n o l s  r e q u i r e s  more d r a s t i c  c o n d i t i o n s .  Thus, t h e  conve r s ion  of 4 -n i t ro -  

q u i n o l i n e  N-oxide ( 2 8 )  i n t o  4 -ch lo roqu ino l ine  N-oxide (2b) i s  c a r r i e d  o u t  

u s u a l l y  by t r e a t m e n t  w i t h  e x c e s s  a c e t y l  c h l o r i d e . *  T h i s  p r o c e s s  proceed  

via t h e  i n t e r m e d i a t e  format ion  of  t h e  N-acetoxy d e r i v a t i v e :  

On t h e  c o n t r a r y  we have e s t a b l i s h e d  t h a t  N-oxide (2a) i n  t h e  p r e s e n c e  of 

TCE r e a c t s  w i t h  benzyltr iethylammonium c h l o r i d e  i n  d i o x a n e - a c e t o n i t r i l e  

mix tu re  a t  room t empera tu re :  

2a cle 
TCE - t 

+ = [TCEI 
3 N + 

The r e a c t i o n  o c c u r s  t h rough  t h e  fo rma t ion  of CTC of  t h e  N-oxide w i t h  TCE, 

which is d e t e c t e d  by t h e  uv s p e c t r o s c o p y ,  t o  y i e l d  N-oxide ( 2 b ) .  

S i m i l a r l y ,  t h e  r e a c t i o n  of N-oxide (2a) w i t h  2,4-dinitrophenylhydrazine 

i n  t h e  p re sence  of  TCE can  be c a r r i e d  o u t :  
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These d a t a  show that t h e  use  of  CTC of  2a i n c r e a s e s  s y n t h e t i c  u t i l i t y  

of 2a . 
I t  i s  necessary  t o  n o t e  that t h e r e  a r e  some o b s t a c l e s  f o r  t h e  wide use  of 

C T C s  f o r  promotion of n u c l e o p h i l i c  (and o t h e r  t y p e s ,  probably)  r e a c t i o n s .  

The main o b s t a c l e ,  i n  our  op in ion ,  i s  h igh  l a b i l i t y  of CTCs. The complex 

formation i s  a r e v e r s i b l e  p rocess ,  and t h e  s t a r t i n g  c o n s t i t u e n t s  of t h e s e  

complex a r e  p resen ted  i n  t h e  s o l u t i o n  a s  a  r e s u l t  of t h e i r  d i s s o c i a t i o n .  

Thus, t h e  p o s s i b i l i t y  of t h e  s i d e  r e a c t i o n s  between n u c l e o p h i l i c  agen t  

and accep to r  should b e . t a k e n  i n t o  account .  To avoid  such i n t e r a c t i o n  t h e  

i n t r o d u c t i o n  of l e s s  r e a c t i v e  accep to r  o r  t h e  use  of  t h e  s o l i d  CTCs pre-  

pared i n  advance can be proposed.  Xor example, t h e  s o l i d  CTC (5b) of N- 

oxide  (2b) and bromanile r e a c t s  wi th  acy lhydraz ines :  

X=H. N O Z .  C1. OCH, 
(;H 

This r e a c t i o n  r e q u i r e s  only  30 min a t  room temperature  ( o r  lower) g i v i n g  

good y i e l d  (abou t  60%) .  On t h e  o t h e r  hand, t h e  N-oxide (2b) i t s e l f  r e a c t s  

wi th  t h e  g s u b s t i t u t e d  benzoylhydrazines only  a t  lOOoC f o r  3  h  i n  30% 

y i e l d .  

If  t h e  CTC of t h e  N-oxide (2b) and bromanile is prepared i n  s o l u t i o n  " in  

situ" t h e  r e a c t i o n  of bromanile wi th  acy lhydraz ines  occurs  i n  c o n t r a s t  

wi th  s o l i d  CTC (5b): 
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Moreover, s u b s t i t u t i o n  r e a c t i o n  can no t  be r e a l i z e d  i f  t h e  s o l i d  CTC of 

t h e  N-oxide (2b) with  TCE i s  used i n s t e a d  of CTC w i t h  bromanile,  because 

TCE r e a c t s  a l s o  wi th  nuc leoph i l es  and N-oxide (2b) i s  n o t  changed: 

Such p rocesses  can occur between TCE r e a c t s  and t h e  most of r e a c t i v e  nu- 

c l e o p h i l e s . 2 1  The r e a c t i o n  wi th  t h e  p a r t i c i p a t i o n  of CTC i s  e v i d e n t l y  

p o s s i b l e  when nuc leoph i l e  i s  chemical ly  i n a c t i v e  towards accep to r  o r  

g i v e s  l e s s  s t a b l e  CTC wi th  t h e  l a t t e r .  

The s e l e c t i o n  of t h e  c o u n t e r p a r t s  of t h i s  p rocess  can be made based on 

such c h a r a c t e r i s t i c s  a s  t h e  ox ida t ion  p o t e n t i a l s  of donors  o r  r educ t ion  

p o t e n t i a l s  of a c c e p t o r s .  

In  con t inua t ion  of our  p rev ious  work we have e s t a b l i s h e d  t h a t  t h e  CTC of 

4-chlorpyr idine  Woxide (lb) and TCE, which e x i s t s  only  i n  s o l u t i o n ,  r e -  

a c t s  wi th  p y r i d i n e  y i e l d i n g  t h e  p r e c i p i t a t e  of molecular complex of N- 

( 1-oxido-4-pyridy1)pyridinium c h l o r i d e  wi th  TCE: 2 2  
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The s t r u c t u r e  of  r e a c t i o n  p roduc t  (7) h a s  been e s t a b l i s h e d  from t h e  d a t a  

of t h e  e l e m e n t a l  a n a l y s i s ,  1H and 1 3 C  nmr, uv and ir  s p e c t r o s c o p i e s .  The 

e q u i l i b r i u m  c o n s t a n t  o f  t h e  complexat ion  (K-1.06, 190C) and s t o i c h i o m e t r y  

o f  t h e  molecu la r  complex ( 1 :  1) were de t e rmined .  In t h e  CTC of l b  w i t h  

TCE t h e  m o b i l i t y  of t h e  c h l o r i n e  atom is g r e a t l y  i n c r e a s e d .  For t h i s  r e a -  

son it i s  smoothly s u b s t i t u t e d  w i t h  n u c l e a r  n i t r o g e n  of p y r i d i n e .  We 

demonst ra ted  t h a t  t h e  N-oxide ( l b )  i t s e l f  d o e s  n o t  r e a c t  w i t h  p y r i d i n e  i n  

t h e  absence  of c a t a l y s t s  even a f t e r  pro longed h e a t i n g  (12  h )  i n  m x y l e n e .  

In t e rms  o f  t h e  b imolecu la r  n u c l e o p h i l i c  s u b s t i t u t i o n  mechanism t h e  r o l e  

of t h e  TCE i n v o l v e s  i n c r e a s e  of  t h e  e l e c t r o n  d e f i c i e n c y  i n  t h e  i n i t i a l  IT- 

sys tem,  and t h i s  promotes t h e  a t t a c k  by p y r i d i n e .  A t  t h e  same t i m e ,  it 

canno t  be  cons ide red  a s  c l a s s i c a l  c a t a l y t i c  p r o c e s s ,  on accoun t  of  t h e  

f a c t  t h a t  t h e  TCE i s  n o t  r e g e n e r a t e d  i n  t h e  r e a c t i o n  p r o c e s s .  A l l  a t -  

t empt s  t o  o b t a i n  p roduc t  sa l t  wi thou t  TCE have f a i l e d  because of  i ts  de- 

composi t ion  t o  t h e  s t a r t i n g  s u b s t a n c e s .  

The r e a c t i o n  o f  t h e  CTC of N-oxide (2b )  and TCE w i t h  q u i n o l i n e  t a k e s  

p l a c e  s i m i l a r l y ,  l e a d i n g  t o  t h e  molecular  complex of  t h e  c h l o r i d e  of  N- 

q u i n o l i n i o q u i n o l i n e  &oxide  w i t h  TCE. 

The complex ( 7 )  c o n t a i n s  t h e  good l e a v i n g  group.  Thus, we can  s u g g e s t  

t h a t  t h i s  method i s  v e r s a t i l e  f o r  t h e  s y n t h e s i s  of 4 - s u b s t i t u t e d  n i t r o -  

gen -con ta in ing  h e t e r o c y c l e s .  For  example, w e  have shown t h a t  t r e a t i n g  

t h i s  complex w i t h  sodium a l k o x i d e s ,  hydrox ide ,  ghenoxide  o r  morpholine 

under  mild c o n d i t i o n s  r e s u l t s  i n  t h e  fo rma t ion  of  t h e  co r re spond ing  4- 

s u b s t i t u t e d  p y r i d i n e  N-oxides: 
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On t h e  o t h e r  hand,  t h e  N-oxide (lb) i t s e l f  r e a c t s  w i t h  morpholine i n  

u s u a l  manner4 on ly  a t  1350C d u r i n g  3  h  i n  a  c l o s e d  sys tem.  I n  t h i s  c a s e  

t r e a t m e n t  of  t h e  mix tu re  of  N-oxides (lb, 2b) w i t h  TCE ( f o r  t h e i r  a c t i v a -  

t i o n )  w i t h  sodium a l k o x i d e s  o r  a l i p h a t i c  amines h a s  f a i l e d  t o  g i v e  t h e  

n u c l e o p h i l i c  s u b s t i t u t i o n  p r o d u c t s .  Only decomposi t ion  of CTCs w a s  ob- 

served  and s t a r t i n g  N-oxides were r e g e n e r a t e d .  

in the 1.3 - 
It  i s  known t h a t  c y c l o a d d i t i o n  r e a c t i o n s  a r e  v e r y  s e n s i t i v e  t o  e l e c t r o n i c  

f a c t o r s  i n  bo th  components, t h e r e f o r e  even a s l i g h t  e l e c t r o n i c  d e n s i t y  

r e d i s t r i b u t i o n  i n  one of t h e  r e a g e n t  can  have a  g r e a t  importance f o r  t h e  

s u c c e s s f u l  p r o c e s s . 8  I t  is a l s o  t h e  c a s e  f o r  t h e  1 , 3 - d i p o l a r  cyc loadd i -  

t i o n  r e a c t i o n s . B . z 3  

In t h e  a r o m a t i c  N-oxide s e r i e s  t h e r e  a r e  a few examples conce rn ing  t h e  

r o l e  of  C T C s  i n  t h i s  p r o c e s s .  Thus, p y r i d i n e  N-oxides form CTCs w i t h  

phenyl  i s o c y a n a t e ,  which p recede  c y c l o a d d i t i o n  r e a c t i o n ,  and g i v e  oxa- 

z o l o [ 4 , 5 - b l p y r i d i n e s .  I t  should  be  p o i n t e d  o u t  t h a t  t h e s e  CTCs e x i s t  on ly  

i n  s o l u t i o n .  Moreover, t h i s  complex de t e rmines  t h e  d i r e c t i o n  of  t h e  r eac -  

t i o n .  11 

I f  only  s t e r i c  c o n t r o l  is o p e r a t i v e ,  t h e  adduc t  ( A )  should  be  formed p r e -  

dominant ly .  However, t h e  observed p roduc t  r a t i o s  were n o t  c o n s i s t e n t  w i t h  

t h i s  assumpt ion .  In a proposed e x p l a n a t i o n ,  t h e  secondary  o r b i t a l  i n t e r -  

a c t i o n  between t h e  hydrogen atoms of  t h e  methyl  group and phenyl  r i n g  of  
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t h e  i s o c y a n a t e  i n  t h e  CTC can  c o n t r i b u t e  t o  s t a b i l i z a t i o n  of t h e  t r a n s i -  

t i o n  s t a t e  of t h e  d i r e c t i o n  ( B ) :  

+ CTC --- 

The similar r e s u l t s  were o b t a i n e d  later f o r  t h e  r e a c t i o n  of methyl-sub-  

s t i t u t e d  p y r i d i n e  N-oxides w i t h  N - s u b s t i t u t e d  ma le imides .24  

talc- 

Thus.  b o t h  l i t e r a t u r e  and  ou r  r e s u l t s  show t h a t  c h a r g e  t r a n s f e r  i n t e r a c -  

t.ion can  e f f e c t  on t h e  r e a c t i o n s  of  h e t e r o a r o m a t i c  N-oxides and  it p r o v e s  

a s i g n i f i c a n c e  o f  t h i s  i n v e s t i g a t i o n .  
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