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Halogen-subs t i tu ted  pyry l ium cat ions r eac t  with organic  nucleophil ic  compounds via an e l ec -  
t rophi l ic  m e c h a n i s m  to f o r m  new pyry l ium sa l t s .  The react ion  is  extended to a r o m a t i c ,  
he te rocyc l i c ,  and nonbenzoid a roma t i c  s y s t e m s .  P y r y l i u m  sa l t s  that  contain other functional 
groups  do not en te r  into t h i s  reac t ion .  The IR s p e c t r a  of the compounds obtained a re  p r e -  
sented.  

The syntheses  of d ive r se  pyry l ium sa l t s  were  substant ia l ly  s impl i f ied  by the d i scovery  of the react ion  
of a -  or y -unsubs t i t u t ed  pyry l ium cations with nucleophilic agents ,  which leads to new pyry l ium compounds 
(the pyryla t ion react ion)  [1, 2]. 

We have obse rved  that ha logen-subs t i tu ted  pyry l ium sa l t s  a r e  also capable  of reac t ing  with var ious  
nucleophiles  via an e lec t rophi l ic  m e c h a n i s m  to give new pyry l ium sa l t s  with a subst i tuent  cor responding  to 
the nucleophile used  [3]. An investigation of this reac t ion  in the case  of the pyrylat ion of a romat i c  (dialkyl- 
anil ines and phenolic e thers ) ,  he te rocyc l ic  compounds (N-methylindole),  and azulenes  with var ious  pyryl ium,  
th iapyry l ium,  benzopyry l ium,  and xanthyl ium sal ts  has shown that  it is a genera l  reac t ion  and can also be 
used  in those ca se s  where  the pyrylat ion react ion  is unsuccessfu l .  P u r e r  pyrylat ion products  a re  obtained 
f r o m  ha logen-subs t i tu ted  pyry l ium ca t ions .  

It can be a s sumed  that  pyranylat ion of the nucleophilic agent  occurs  in the f i r s t  s tep of this react ion  
(as in the case  of pyrylat ion) to fo rm pyran I, the halogen a tom of which becomes  the anion of pyry l ium 
catic~ II (arornatizatic~),  and the p r e s ence  of a Lewis acid (for example ,  pe rch lo r i c  acid when pyry l ium 
pe rch lo ra t e s  a r e  used) resu l t s  in r e p l a c e m e n t  of the halide ion by the anion of the acid that  is p resen t :  
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The fact  that  b romine - subs t i t u t ed  sa l t s  r eac t  to give lower  yields than ch lor ine-subs t i tu ted  sa l t s  may  se rve  
as a conf i rmat ion  of th i s .  2 ,6 -Diphenyl -4- (p-d imethylaminophenyl )pyry l ium pe rch lo ra t e  is obtained in 65% 
yield f rom 2 ,6 -d ipheny l -4 -ch lo ropyry l ium pe rch lo ra t e  but in only 23% yield f rom 2 ,6 -d ipheny l -4 -b romo-  
pyry l ium pe rch lo ra t e .  P y r y l i u m  sa l t s  with hydroxy,  carboxy,  acetoxy,  methoxy,  and eyano subst i tuents  do 
not r eac t  at all with r eac t ive  organic  compounds or f o r m  only t r a c e s  of the expected products .  

The opt imum conditions for the reac t ion  of ha logen-subs t i tu ted  pyry l ium cat ions with organic  nuc leo-  
philic compounds cons i s t  in refluxing the pyry l ium sa l t s  with a s m a l l  excess  of the compound to be pyryla ted  
in d ime thy l fo rmamide  or  n i t romethane .  Acet ic  acid is unsuitable for this react ion,  since it f o rms  ace toxy-  
py ry l ium sa l t s .  
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T A B L E  2. IR S p e c t r a  of the Syn thes i zed  P y r y l i u m  Sal t s  

Comp.* 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
tt  
t2 
13 
t4 
15 
t6 

P~ylium tin; vibraliom, cm -1 

8a 8b 

1645 s 1530 s 
1645 s t540 s 
1632 s 1540 
1632 s 1525 
1635 s 1550 s 
t640 s t545 s 
1630 m t540 m 
1620 s 1540 t 
1600 s 1535 s 
t630 s 1530 
1630 s t525 s 
1645 m i530 s 
1635 s t540 s 
16t0 s 1535 s 
t620 s t535 s 
1620 m t550m 

isa I 19b 

ml 1425 s 
t465 t430 s 
1470 1415 ~m 
1460 1425 
1465 s t430 

- - -  1425 s 
1488 s 1420 m 
1475 s t425 s 

1420 r 
1480~ t425 

1460 t t420 s 
1460 s 1420 s 
1475 s 1420 s 
t490 s 1420 s 
1480 s 14t5 s 

vibrations, cm -1 

19a 

t495 s 
t500 s 
t5t0 s 
4505 s 
1505 s 
t500 s 
15t7 m 
1500 s 
t505 
1500 I 
1500 s 
t500 s 
t495 s 
1503 s 

t495 s 
t495 I" 

8a 8b 

1595 ~ 1557 m 
i600 s t580 
1600 r i585 m 
1590 m 
1605 t585 s 
1590 ~rn 
t600 s 1560 m 
t590 s 1565 s 
t612s 1545 _ s 
1600 m t585 m 
1595 s 1575 

1580 
1590 s 1575 s 
1600 s 1560 s 
1603 s 1585 s 

* The n u m b e r i n g  c o r r e s p o n d s  to that  in T a b l e  1. 
t I n f l ec t ion .  

Note :  s is  s t r o n g  and m is  m e d i u m ,  

The p y r y l i u m  sa l t s  ob ta ined  (the compounds  obta ined  in n i t r o m e t h a n e  a r e  p r e s e n t e d  in Tab l e  1, whi le  
e x a m p l e s  of s y n t h e s e s  in d i m e t h y l f o r m a m i d e  a r e  p r e s e n t e d  i n  the E x p e r i m e n t a l  sec t ion)  a r e  s i m i l a r  in 

p r o p e r t i e s  to t r i s u b s t i t u t e d  s a l t s  [2,4]. The  compounds  w e r e  iden t i f i ed  f r o m  the r e s u l t s  of  e l e m e n t a r y  

a n a l y s i s ,  c o n v e r s i o n  to p y r i d i n e s ,  IR s p e c t r a ,  and,  in s o m e  c a s e s ,  by a l t e r n a t i v e  s y n t h e s i s .  

The  LR s p e c t r a  of the s y n t h e s i z e d  subs t i t u t ed  p y r y l i u m  sa l t s  have  a n u m b e r  of c h a r a c t e r i s t i c  bands  
tha t  a r e  s i m i l a r  in m a n y  r e s p e c t s  to  the abso rp t i on  bands in the s p e c t r a  of subs t i tu t ed  p y r y l i u m  [5] and i s o -  

b e n z o p y r y l i u m  Sal ts  [6]. Thus ,  wi th  r e s p e c t  to  pos i t ion ,  i n t ens i ty ,  and b e h a v i o r  for  v a r i o u s  subs t i t u t i ons ,  
the g roup  of bands  at 1420-1650 c m  -1 is  r e l a t e d  to the  s t r e t c h i n g  v i b r a t i o n s  of the C = C  bonds  of the 

p y r y l i u m ,  b e n z e n e ,  and nonbenzo id  a r o m a t i c  r i n g s .  The  band at 1620-1640 c m  - i  a p p a r e n t l y  be longs  to the 

v i b r a t i o n s  of  the  p y r y l i u m  ca t ion  (Sa in the Wi l son  c l a s s i f i c a t i o n  [7]) and can  s e r v e  for  the  i den t i f i ca t ion  of 
th is  h e t e r o c y c l e .  The  bands  at  1530-1550 c m  -i  (Sb), 1470-1490 c m  -1 {19a), and 1415-1425 c m  -1 (19b), 

which  a r e  r e l a t e d  to the s t r e t c h i n g  and d e f o r m a t i o n  v i b r a t i o n s  of the p y r y l i u m  ca t ion  [7] and a l so  c o n f i r m  

the s t r u c t u r e s  of the compounds  obta ined,  a r e  a l so  i n t ense  and c h a r a c t e r i s t i c .  In addi t ion,  t h e r e  a r e  a n u m -  

b e r  of bands (Sa, 8b, and 19a) tha t  a r e  c h a r a c t e r i s t i c  fo r  phenyl  s u b s t i t u e n t s  and nonbenzo id  a r o m a t i c  s y s -  
t e m s  of the azu l ene  type  ( t a b l e  2). 

E X P E R I M E N T A L  

The IR s p e c t r a  of K B r  pe l l e t s  of the s y n t h e s i z e d  compounds  w e r e  r e c o r d e d  with  a U R - 2 0  s p e c t r o -  
p h o t o m e t e r . *  

2 , 6 - D i p h e n y l - 4 - ( l ' - m e t h y l t e t r a h y d r o - 5 ' - q u i n o l i n y l ) p y r y l i u m  P e r c h l o r a t e  A m i x t u r e  of 1.8 g (0.005 
mole )  of 2 , 6 - d i p h e n y l - 4 - c h l o r o p y r y l i u m  p e r c h l o r a t e  (DCPP) and 0.74 g (0.005 mole )  of N - m e t h y l - l , 2 , 3 , 4 -  

t e t r a h y d r o q u i n o l i n e  in 10 m l  of d i m e t h y l f o r m a m i d e  (DMF) was  r e f l u x e d  for  30 rain and coo l ed .  The  c r y s t a l -  

l ine  p r o d u c t  was  r e m o v e d  by f i l t r a t i o n ,  w a s h e d  wi th  e t h e r ,  and d r i ed  to g ive  1.4 g (57~c) of  a p r o d u c t  wi th  
mp 290 ~ (from n i t r o m e t h a a e ) .  

The  p y r y l a t i o n  was  s i m i l a r l y  c a r r i e d  out in DMF with  N , N - d i m e t h y l a n i l i n e  (63% y ie ld  of a p roduc t  

wi th  mp  >380~ N - m e t h y l i n d o l e  (80% y i e ld  of a p roduc t  wi th  mp  291~ N - m e t h y l i n d o l i n e  (78~c y ie ld  of a p r o d -  
uc t  wi th  mp  292~ e t c .  

2 , 6 - D i p h e n y l - 4 -  ~ p - d i m e t h y l a m i n o p h e n y l ) p y r y l i u m  P e r c h l o r a t e  (1). Th i s  compound  [1.5 g (65~/c)] was  

ob ta ined  v ia  the above  m e t h o d  us ing  n i t r o m e t h a n e  as  the so lven t  and m e l t e d  above 380 ~ (from n i t r o m e t h a n e ) .  

9 , 9 - B i s ( p - d i m e t h y l a m i n o p h e n y l ) x a n t h e n e  (17). A m i x t u r e  of 1.6 g (0.005 mole )  of  9 - c h l o r o x a n t h y l i u m  
p e r c h l o r a t e  and 1.2 g (0.01 mole )  of N , N - d i m e t h y l a n i l i n e  in 10 m l  of n i t r o m e t h a n e  was r e f l u x e d  for  1 h and 

*We s i n c e r e l y  thank V. M.  B e l o b r o v  fo r  r e c o r d i n g  the s p e c t r a .  
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cooled. The resulting crystalline precipitate was separated, washed with ether, and dried to give 1.4 g 
(65%) of a product with mp 233 ~ (from nitromethane) o 

Other reactive nucleophilic reagents were similarly pyrylated (Table 1). 
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