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A b s t r a c t  - Novel 2.3a.6a-triazaphenalenium c h l o r i d e s  were al lowed t o  r e a c t  w i t h  

d i f f e r e n t  n u c l e o p h i l e s .  Bes ide  wion exchange Michael addltion took  p l a c e  with GN-and 

HSO; a n i o n s  a f f o r d i n g  t r i c y c l i c  b e t a i n e s .  

1  We have e a r l i e r  r e p o r t e d  on a f a c i l e  s y n t h e s i s  of 2,3a,6a-triazaphenalenium 

c h l o r i d e s  l a .  Studying t h e  chemical  behaviour  o f  t h i s  new t y p e  of q u a t e r n a r y  r i n g  

system we were i n t e r e s t e d  f i r s t  o f  a l l  i n  t h e i r  r e a c t i o n s  w i t h  n u c l e o p h i l e s .  The 

q u a t e r n a r y  h e t e r o c y c l e s  can  undergo v a r i o u s  t y p e s  of r e a c t i o n s  a f f o r d i n g  many 

d e r i v a t i v e s  of t h e  same h e t e r o c y c l e .  I t  is  r a t h e r  common, however, t h a t  a new t y p e  
2 

of h e t e r o c y c l e  is  formed because of r i n g  t r a n s f o r m a t i o n  . 
We have i n v e s t i g a t e d  t h e  r e a c t i o n s  of compound l a  with common n u c l e o p h i l e s  i n  s o l u -  

t i o n s .  I n  t h e  c a s e  of ~ r ;  1; BF;, ~10;.  SCN; OCN; and 3; lons o n l y  t h e  exchange c f  

a n i o n s  were observed a s  a l l  q u a t e r n a r y  s a l t s  of type  l b - i  b u t  i f  have poor s o l u -  

b i l i t y  i n  w a t e r  t h e r e f o r e  they  can  be p r e c i p i t a t e d  with t h e  a p p r o p r i a t e  sodium 

s a l t s  from t h e  s o l u t i o n  of  l a  ( y i e l d  60-85%).  The i f  n i t r a t e  is  f a i r l y  s o l u b l e  i n  

wate r  hence it can  b e  prepared  by AgN03 from aqueous s o l u t i o n  of  la a f t e r  f i l t r a -  

t i o n  of  AgCl and e v a p o r a t i o n  of t h e  s o l v e n t  ( y i e l d  9 0 % ) .  

According t o  t h e i r  t r i azaphena len ium s t r u c t u r e  t h e s e  s a l t s  ( l b - i l  e x h i b i t  t h e  same 

uv, IR and NMR s p e c t r a  as la ( c h l o r i d e )  d o e s .  However we have observed  a n  anomalous 
1 

phenomenon i n  t h e i r  H nmr s p e c t r a :  depending o n  t h e  an ion  t h e  H3, H4 and NMe 

s i g n a l s  show remarkable u p f i e l d  s h i f t s ;  t h e  l a r g e s t  ones a r e  caused  by complex 

a n i o n s  such  a s  B F ~  and ~ 1 0 ;  (Table  1 ) .  W e  suppose t h a t  t h e s e  s h i f t s  should be 

induced by t h e  d i f f e r e n c e s  i n  t h e  a n i s o t r o p y  of t h e  an ions  and i n  t h e  s t r e n g t h  of 

t h e  i o n i c  l i n k a g e  t o g e t h e r .  The importance of t h e  l a t t e r  can  b e  s t u d i e d  when t h e  

a n i o n  remains  t h e  same b u t  s o l v e n t s  w i t h  d i f f e r e n t  salvation p r o p e r t i e s  are ap- 

p l i e d  (Table  1 ) .  E r o t i c  s o l v e n t s  can  c o n s i d e r a b l y  s t a b i l i s e  c a t i o n s  s o  t h e  methanol 

and w a t e r  weakening t h e  s t r e n g t h  of t h e  i o n i c  l inkage  because  of  s t r o n g  s o l v a t i o n  

ccmpared t o  ch loroform cause t h e  same u p f i e l d  s h i f t s  a s  t h e  change i n  a n i o n s  from 

c h l o r i d e  t o  p e r c h l o r a t e  d o e s .  I n  t h e  case of  2.6-di-tert-butyl-1-methylpyridinium 
3 

s a l t s  S i m i l a r  e f f e c t s  of s o l v e n t s  and a n i o n  exchanges were r e p o r t e d  . The UV and 

13c nmr s p e c t r a  of compounds l a - i  d o  n o t  show changes i n  d i f f e r e n t  s o l v e n t s  men- 

t i o n e d  i n  Table  1  exc lud ing  c o v a l e n t  a d d i t i o n  of  methanol o r  wate r  r e p o r t e d  on 
4 many h e t e r o c y c l i c  c a t i o n s  t o  occur  . 
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On t h e  o t h e r  hand smooth a d d i t i o n  t a k e s  p l a c e  on  t h e  C4-C5 d o u b l e  bond w i t h  c y a n i d e  
5  and h y d r o s u l f i t e  i o n s  y i e l d r n g  2 and 3 a .  3 b 6 ,  r e s p e c t i v e l y .  The c y a n i d e  and 

h y d r o s u l f i t e  a d d u c t s  of 1 are  w e l l - d e f m e d  c r y s t a l l i n e  compounds which a re  e a s i l y  

p r e c i p z t a t e d  from t h e  aqueous s o l u t i o n  of l a  by t h e  a p p r o p r i a t e  sodium salts .  

S i n c e  t h e l r  f o r m a t i o n s  l i k e  o t h e r  Michael  a d d i t i o n s  a r e  r e v e r s i b l e  p r o c e s s e s ,  t h e y  

can e a s i l y  1 o s e . c y a n i d e  o r  h y d r o s u l f i t e  i o n  i n  a c i d i c  media  a f f o r d i n g  t h e  s t a r t i n g  

compound 1. 

T a b l e  1 .  C h a r a c t e r i s t i c  'H nmr chem. s h i f t s  of  l a - i  salts  (R=HI  

- 
Compounds x mp.Oc H4 H3 NMe NMe.. s o l v e n t  

The changes i n  t h e  13c  nmr s p e c t r a  c l e a r l y  i n d i c a t e  t h e  d i s a p p e a r a n c e  of C4-C5 
1  

double  bond i n  1: t h e  C4 and C5 a t  148.9 and 107 .0  ppm i n  la are s h i f t e d  t o  

42.1 and 68 .9  ppm i n  2 and t o  71.4 and 46.2 ppm i n  3 b  ( T a b l e  21. These  v a l u e s  c a n  

w e l l  be e s t i m a t e d  by t h e  a d d i t i v i t y  r u l e s  e x c e p t  f o r  C5 i n  2 t h e  n e g a t i v e  c h a r g e  

o f  which is d e l o c a l i s e d .  T h i s  d e l o c a l i s a t i o n  can  w e l l  b e  d e m o n s t r a t e d  by t h e  

Tab le  2. 1 3 c  nmr chemica l  s h i f t s .  JEOL FX-100 solvent=CDCl. 6(TMS) = 0  Dpm 
- - - 

com- 
pounds Cl  Me-2 C3 C4 C5 C6 C7 C8 C9 C9a C9b CN-4 

2 - 151.9 42.0 77 .5  42.1 68.9 159.6 50.8 27.1 1 8 . 3  85.9 155.9 118 .5  

3b 159.7 43.5 77.7 71.4 46.2 162.0 46.2 26.6 1 8 . 5  86.4 160.4 



HETEROCYCLES, V d  20, No 4, 1983 

compar i son  of  t h e  r e s p e c t i v e  bond l e n g t h s  of  Z t o  t h o s e  o f  La i n  which t h e  C5 atom 
3  

i s  o f  p u r e  s p  c h a r a c t e r .  On t h e  b a s i s  o f  t h e  X-ray a n a l y s i s  o f  2 and 3a t h e  C5-C6 

and C5-C25 bonds a re  s h o r t e r  w h i l e  t h e  C6-026 and C25-028 c a r b o n y l  bonds are l o n g e r  

i n  2 t h a n  i n  3 a  i n  agreement  w i t h  t h e  e n o l a t e - t y p e  resonance  s t r u c t u r e s  of  2.  ( F i g .  

2 . )  Moreover ,  t h e  X-ray a n a l y s i s  of  La7 r e v e a l e d  t h a t  t h e  a d d i t i o n  is  s t e r e o s p e c i -  

f i c  b e i n g  t h e  s u l f o  and e t h o x y c a r b o n y l  g r o u p s  i n  t r a n s  p o s i t i o n  ( F i g .  2 ) ,  and t h e  

H4-C4-C5-H5 d i h e d r a l  a n g l e  is  86O i n  accordance  w i t h  t h e  J q T 5 =  1  Hz c o u p l i n g  can- 
6  S t a n t  . 

I t  i s  f a i r l y  s u r p r i s i n g  t h a t  t h e  p o s i t i v e  c h a r g e  of t h e  h e t e r o c y c l e s  remains  un- 

a f f e c t e d  d u r m g  t h e  a d d i t i o n  and t h e  p r o d u c t s  2 and l a ,  i b  a re  i n t e r n a l  s a l t s  

( b e t a i n e s )  which b e a r  n e g a t i v e  c h a r g e  on t h e  C5 atom or t h e  s u l f o  g r o u p  r e s p e c -  

t i v e l y .  Al though  t h e  p o s i t i v e  c h a r g e  is  e x t e n s i v e l y  d e l o c a l i s e d  among t h e  f o u r  N 

a toms o n e  s h o u l d  e x p e c t  a pseudo-type a d d i t i o n  w i t h  s t r o n g  n u c l e a p h i l e s  i n  a n a l o g y  
8  

w i t h  o t h e r  q u a t e r n a r y  pyrido[l,2-alpyrimidines . I n  t h i s  r e s p e c t  t h e  C1 and C9b 

atoms s h o u l d  b e  t h e  most  s u i t a b l e  s i t e s  f a r  n u c l e o p h i l i c  a t t a c k .  I t  is i n t e r e s t i n g ,  

however,  t h a t  t h e  a d d u c t s  l a ,  3 b  show t h e  same s o l v e n t  dependence toward t h e  
9  

e q u i l i b r i u m  c o v a l e n t  molecu le  ( ~ 0 ~ ) : i o n  p a i r s  ( I P )  as t h e  pseudobases  do  . 
G e n e r a l l y  t h e  e q u i l i b r i u m  (COV)t ( IP)  is  s e n s i t i v e  t o  t h e  f o l l o w i n g  f o u r  p a r a m e t e r s :  

s t a b i l i t y  of t h e  c a t i o n s ,  s t a b i l i t y  of t h e  a n i o n s ,  p o l a r i t y  o f  t h e  s o l v e n t  and 

t e m p e r a t u r e .  As s o l v e n t  p o l a r i t y  i s  i n c r e a s e d  sys tems  are a t t a i n e d  i n  which t h e  

f r e e  energy  d i f f e r e n c e  between i o n i c  and c o v a l e n t  s t r u c t u r e s  i s  s m a l l l o .  T h i s  i s  

t h e  case w i t h  3 a  and 3 b  which are s t a b l e  i n  ch lo roform s o l u t i o n  b u t  d i s s o c i a t e  t o  

a n  e q u i l i b r i u m  m i x t u r e  when d i l u t i n g  w i t h  methano l  i n  mr t u b e .  

On t h e  o t h e r  hand even w i t h  such  s t a b l e  a n i o n  as c h l o r i d e  t h e r e  i s  a s l i g h t  t endency  

toward c o v a l e n t  bonding,  a t  l e a s t  i n  s o l i d  s t a t e 1 ' .  The 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  f o u r  p a r a m e t e r s  a f f e c t i n g  t h e  e q u i l i b r i u m  (COV):(IP) i s  i n  p r o g r e s s .  
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