
C O N D E N S A T I O N  O F  2 - A M I N O P Y R I D I N E  

W I T H "  f l - C H L O R O V I N Y L  A L D E H Y D E S  

V.  A .  C h u i g u k  a n d  V .  V .  O k s a n i c h  

S,~ LTS 

UDC 547.859'822.7:542.953 

2-Aminopyridine  pe rch lo ra t e s  r e a c t  with f i -ch lorovinyl  aldehydes to give pyr ido[1 ,2-a] -  
pyr imid in ium sa l t s ,  the s t r u c t u r e s  of which were conf i rmed  by PMR spec t r a .  The reac t ion  
products  fo rm polymethine dyes through the methyl  or  methylene group in the ~ posi t ion 
re la t ive  to the br idge n i t rogen a tom in the pyr imidine  r ing.  

I somer i c  products  with a subst i tuent  in the ~ [1, 2] or 7 [3] posi t ion may  be fo rmed  in the r eac t ion  
of 2 -aminohe te rocyc le s  with fl -ch lorovinyl  ketones;  as a rule,  mix tu res  of i s o m e r s  are  obtained. 

f l -Chlorovinyl  aldehydes,  which are  r ead i ly  obtained v ia  the A r n o l d - Z e m l i ~ k a  method [4], r e a c t  with 
2-aminopyr id ine  sa l t s  in alcohol or  aqueous alcohol solution to give pyr imidin ium sa l t s  I a -k .  
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1 - F o r m y l - 2 - e h l o r o c y c l o p e n t e n e  and 1 - fo rmyl -2 -ch lo rocyc lohexane  undergo this reac t ion  to give 
cyc lopen ta [ l ' , 2 '  :4 ,5]pyr imido[2,3-a]pyr idinium (IIa-c) and 1 ,2 ,3 ,4 - te t rahydropyr ido[1 ,2 -a]qu inazo l in ium 
(HIa-e) de r iva t ives ,  r e s pec t i ve l y .  

The s t ruc tu re  of sa l t s  I - I I I  was conf i rmed  by their  FMR spec t r a .  The s t ruc tu re  was chosen on the 
bas i s  of the chemica l  shif ts  of the methyl  and methylene groups bonded to the pyr imidine  r ing.  An addi- 
t ional fac tor  for  Ia in the J value of the pyr imidine  protons (5 Hz), which is cha r ac t e r i s t i c  for  J/~ _ y  in such 
condensed pyr imidine  compounds [3, 6]. The 4-CH 3 chemica l  shif ts  a re  found between 2.7 and 2.8 ppm; 
this c o r r e s p o n d s  to finding a methyl  group in the a posit ion re la t ive  to the bridge ni t rogen atom in the 
pyr imidine  r ing in pyr ido[1 ,2-a ]pyr imid in ium sa l t s  [5]. The chemica l  shif ts  for  the analogous methylene 
group are  found at 3.4 ppm for  II and at 3.0 ppm for  III .  The 3 -methy l  groups in I give s igna l s  at 2.4 ppm. 

The sa l t  of 2 ,3 -d i amino-5 -b romopyr id ine  r eac t s  with f l -ch lorovinyl  aldehydes in the same  way as 
other  2-aminopyr id ine  de r iva t ives  to give pyr ido[1 ,2-a]pyr imidin ium sa l t s .  The reac t ion  p roceeds  analo-  
gously  with f l -d ike tones  and fl -ch lorovinyl  ke tones .  2 -Amino-6 -me thy lpyr imid ine  pe rch lo ra te  does not 
give pyr idopyr imid in ium sa l t s  in this r eac t ion  as in the reac t ion  with fl -d iketones ,  apparent ly  because  of 
s t e r i c  hindrance c r ea t ed  by the methyl  group in the 6 posi t ion.  

Compound Ia is ident ical  to the product  obtained in [1] by condensat ion of 2 -aminopyr id ine  w i t h m e t h y l  
fi -ch lorovinyl  ketone, which is an i s o m e r  of 3 -ch lo ro -2 -bu tena l .  Since methyl  fl -ch lorovinyi  ketone and 
the i somer i c  3 - c h l o r o - 2 - b u t e n a l  fo rm the same product  (Ia) under identical  conditions,  it can be a s sumed  
that  these  two reac t ions  p roceed  via  different  m e c h a n i s m s .  The chlorine atom is more  active in the chloro 
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TABLE I .  

Comp. 

C h a r a c t e r i s t i c s  of the Compounds  Obta ined  
% 

R' 

Ia 
Ib 
Ic 
Id 
Ie 
If 

H 
Ij 

Ik 

Ila 
IIb 
IIa 

IIIa 
IIIb 
IIIc 
llld 
IIIe 

H 
9-CH3 
8-CHs 
7,9- Dibromo 
H 
9-CH3 
8-CH3 
7-Br 
7,9- Dibromo 
7-Br 
9-NO2 
7-Br 
9-NH~ 
H 
8-Br 
6,8- Dibromo 
H 
7-CH~ 
9-Br 
7,9- Dibmmo 
7-NH~ 

H 
H 
H 
H 
;H3 
;Hz 
:Ha 
:Ha 
:Ha 
;Ha 

:Ha 

.•P• Empirical formula 

C9H9C 1N~O4 
CIoHI1CIN204 
C 1oH I IC 1N20,~ 
CoHTBr~C1N~O4 
CloHI1C1NzO4 
CtIHI~C1N204 
CIIHIsC1N2Q 
C,oHIoBrCIN~O4 
C~oHgBrzCIN204 
CIoHgBrCIN~O~ 

CloHllBrCIN~O4 

CuHuC1N~O4 
CuH~oBrC1N204 
CuHgBr2CIN204 
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13,7 
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17 
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*Compounds  I a - d ,  g ,  i ,  j ,  I I a - c ,  I I I a - c , e  w e r e  r e c r y s t a l l i z e d  f r o m  
m e t h a n o l ;  I e ,h  w e r e  r e c r y s t a l l i z e d  f r o m  w a t e r ;  If was  r e c r y s t a l l i z e d  
f r o m  aqueous  m e t h a n o l ,  and Ik and IIId w e r e  r e c r y s t a l l i z e d  f r o m  
e t h a n o l .  
,N,%. 

ke tone ;  the  i n i t i a l  r e a c t i o n  is  a l k y l a t i o n  e i t h e r  at the c y c l i c  n i t r o g e n  a tom or  at the a m i n o  g roup ,  a f t e r  
which  the c a r b o n y l  g r o u p  r e a c t s  wi th  the  evo lu t i on  of a w a t e r  m o l e c u l e  and c lo~ing  of the  p y r i m i d i n e  r i n g .  
Th i s  s o r t  of m e c h a n i s m  e x p l a i n s  the f o r m a t i o n  of two i s o m e r s .  In ~ - c h l o r o v i n y l  a l d e h y d e s ,  on the o t h e r  
hand ,  the  e a r b o n y l  g roup  i s  a p p a r e n t l y  m o r e  ac t ive  and r e a c t s  wi th  the amino  g roup  to f o r m  an a z o m e t h i n e ,  
a f t e r  which  the i n t e r m e d i a t e  u n d e r g o e s  i n t r a m o l e c u l a r  a l k y l a t i o n  wi th  c l o s i n g  of the p y r i m i d i n e  r i n g .  In 
th i s  c a s e ,  the  f o r m a t i o n  of one i s o m e r  wi th  an u n s u b s t i t u t e d  y p o s i t i o n  wi th  r e s p e c t  to the b r i d g e  n i t r o g e n  
a t o m  i s  p o s s i b l e .  

S a l t s  I - I I I  c o n t a i n  ac t ive  m e t h y l  o r  m e t h y l e n e  g r o u p s  in the ~ p o s i t i o n  r e l a t i v e  to  the  b r i d g e  q u a t e r -  
n a r y n i t r o g e n  a t o m  and c a n  g ive  p o l y m e t h i n e  d y e s .  F o r  e x a m p l e ,  s t y r y l  dyes  IV and V,  r e s p e c t i v e l y ,  w e r e  
ob t a ined  f r o m  Ie and IIa  and p - d i m e t h y l a m i n o b e n z a l d e h y d e .  
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The PMR s p e c t r a  of t r i f l u o r o a c e t i c  ac id  s o l u t i o n s  w e r e  r e c o r d e d  wi th  a V a r i a n  A - 6 0 A  s p e c t r o m e t e r ;  
the c h e m i c a l  sh i f t s  a r e  p r e s e n t e d  on the 5 s c a l e  wi th  r e s p e c t  to  a h e x a m e t h y l d i s i l o x a n e  i n t e r n a l  s t a n d a r d .  

C o n d e n s a t i o n  of 2 - A m i n o p y r i d i n e  P e r c h l o r a t e s  with/3 - C h l o r o v i n y l  A l d e h y d e s .  The  a p p r o p r i a t e  2 -  
a m i n o p y r i d i n e  p e r c h l o r a t e  was  d i s s o l v e d  by  hea t ing  in  the m i n i m u m  amount  of a l coho l ,  and a 10-20% e x c e s s  
of/3 - c h l o r o v i n y l  a ldehyde  was  added to the s o l u t i o n .  (One can  use  the  2 - a m i n o p y r i d i n e  b a s e  and add an 
e q u i m o l e c u l a r  amount  o r  e x c e s s  of an aqueous  s o l u t i o n  of 5~c p e r c b l o r i c  ac id . )  The m i x t u r e  was  r e f l u x e d  
on a w a t e r  ba th  for  a few m i n u t e s  and a l lowed  to s t a n d  o v e r n i g h t  at  r o o m  t e m p e r a t u r e .  The  p r e c i p i t a t e  was  
r e m o v e d  by  f i l t r a t i o n  and w a s h e d  wi th  a l coho l  and e t h e r  (Table  1). 

4 - ( p - D i m e t h y l a m i n o s t y r y l ) - 3 - m e t h y l p y r i d o [ 1 , 2 - a ] p y r i m i d i n i u m  P e r c h l o r a t e  (IV). A s o l u t i o n  of 0.2 g 
(0.78 mmole )  of Ie and 0.13 g (0.87 mmole )  of p - d i m e t h y l a m i n o b e n z a l d e h y d e  in 5 ml  of ace t i c  a n h y d r i d e  
was  r e f l u x e d  fo r  20 m i n .  The p r e c i p i t a t e d  dye was  r e m o v e d  by  f i l t r a t i o n  and w a s h e d  with  a l coho l  and e t h e r  
to  g ive  0.20 g (71%) of r e d  c r y s t a l s  wi th  mp  255 ~ ( f rom e thano l ) ,  Xmax 480 nm, log  s 4.68 (in a l coho l ) .  
Found,%.  C1 9 . 7 .  Ci2H20C1N304. Ca l cu l a t ed ,%:  C1 9.7. 
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1-(p-Dimethylaminostyryl)cyclopenta[lt,2 T:4,5]pyrimido[2,3-a]pyridinium Perchlorate (V). A solu- 
tion of 0.3 g (1.1 mmole) of Ha and 0.24 g (1.6 mmole) of p-dimethylaminobenzaldehyde in 3 ml of acetic an- 
hydride was refluxed for 10 min. The precipitated dye crystals  were removed by filtration and washed with 
ether to give 0.3 g (68U) of a product with mp 154 ~ (from alcohol), hmax 530 nm, log e 4.21 (in alcohol). 
Found,U: C1 8.5. C20H20C1N304. Calculated,U: C1 8.8, 
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