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Pyry l ium sal ts  with a f ree  (active) 7' position and different  kinds of substi tuents in the ~ ,~' 
posit ions of the pyry l ium ring were  obtained by the reac t ion  of acetals  of a roy lace ta lde-  
hydes with ketones and phenols.  

It is known that in the condensation of a - f o r m y l  ketones with ketones,  which proceeds  with the f o r m a -  
tion of pyryl ium sal ts ,  the yields of sal ts  and often the ve ry  possibi l i ty of obtaining the des i red  product  de-  
pend to a considerable  degree  cn the percentage of the enol form of the formyl  ketone in the equil ibr ium 
mixture  of t au tomers .  The higher  the degree  of enolization of the aldehyde group, the lower the yield and 
the probabil i ty of obtaining the pyryl ium sal t  [1]. It is apparent  that rep lacement  of the aldehyde group by 
an unenolized fo rmyl  f ragment  makes it possible to avoid the indicated diff icult ies.  This r equ i rement  is 
sat isf ied when the aldehydes a re  replaced by thei r  d ie thylaceta ls .  It is known that the condensation of 
acetals  of some ~-ke to  aldehydes with phenols leads to pyryl ium sal ts  [2]. In addition, we have previously  
demonst ra ted  that malondialdehyde te t rae thylaceta l  [3] and benzoylacetaldehyde diethylacetal  [4] are  ca -  
pable, under  acid ca ta lys is  conditions, of react ing with ketones to fo rm 2-ary l - subs t i tu ted  pyryl ium sal ts ,  

Continuing our r e s e a r c h  In this direct ion,  we studied the react ion of the diethylacetals  of severa l  
aroylacetaldehydes (benzoylacetaldehyde, p-methoxybenzoylacetaldehyde,  and p-ethoxybenzoylacetaldehyde) 
with aliphatic,  al icycl ic ,  and a l iphat ic-aromat ic  ketones and phenols.under acid ca ta lys is  conditions, which 
leads to pyryl ium and benzopyryl ium sa l t s .  The react ion was c a r r i e d  out by br ie f  refluxing (5-6 rain) of a 
mixture  of the appropriate  ~ -keto acetal  with a slight excess  of the ketone or phenol in the p resence  of an 
equimolecular  amount of perch lor ic  acid, previous ly  mixed with the calculated amount of acetic anhydride 
(to tie up the water  p resen t  in 70% HC104) in glacial acet ic  acid. The react ion probably proceeds  in accord-  
ance with the scheme 
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The synthesized salts  {Table 1) are  high-melt ing,  colored  compounds that f luoresce  in solution in the 
green  region.  Unsymmetr ica l  2 ,6-diaryl -subs t i tu ted  pyryl ium sal ts  can be read i ly  obtained by this method.  
As a resul t ,  we found a route  to the synthesis  of pyryl ium sal ts  with a f ree  (active) 7" position and different  
kinds of substi tuents in the a,c~' positions of the pyryl ium r ing.  It  is Interest ing that the autocondensation 
of diethylacetals  of aroylaceta ldehydes  in the p resence  of an equimolecu la r  amount of perch lor ic  acid pro-  
ceeds  with splitting out of a fo rmyl  f ragment  f rom the ~ -ca rbon  atom of the pyryl ium ring and leads to s ym-  
met r i ca l  2 ,6-d iary lpyryl ium sa l t s .  
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TABLE 1 

CIO~" 

Empirical 
Comp. R" mp, *C* formula 

I 
II 

III 
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 

XII 

R R' 

C6Hs H 
CGH~ H 
C6Hs H 
CsHs H 

4-CHaOC6H4 H 
4-CHaOC6H~ H 
4-C2H~OC,H~ H 

C~Hs CH~ 
CHa COOC~H~ 

(CH2) 4 
1, 2- Naphtha 

C6H5 
4 -CHzOCsH4  
4-C2H~OC6H,, 
3,4- (CHz)~C6H3 
4-CHzOCGH4 
4-C2H~OC6H,L 
4-C21-I~OCeH4 

C6Hs 
C6Hs 
CsHs 
C6H~ 

C6tJs 

222 
241--242 
208--210 
220--222 

249 
205--208 
220--221 
150--151 
180--182 
172--173 

188 

201--203 

CxTH,aCIOs 
C,sHIsC10~ 
C,9H,7CIO6 
C19H17CIO7 
C19H17C107 
C~oH,9CIO7 
C~lH21CIOz 
C t4HjsCIO~ 
C15HtsCIO7 
C,sHjsCIO~ 
C tgH,3C IO~ 

C,gHIsCIOz 

Comp. 

I 
II 

III 
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

Found, % 

5~,4 
60,6 
58,2 

5 ,7 

6 ,2 

4,2 
4,7 
4,3 

5,0 

5,0 

3,7 

CI 

Calc., % 

C [ H C[ 

IR spectrum, 
em-1 Yield, % (method) 

9,5 
9,7 
8,8 

8,6 

12,4 

9,8 

- I  

4,6 9,4 
4,4 9,0 

4,-7 ~,7 
- -  I 

_3'6 ] 1 ,1 

I 
60,6 
58_0 

59, 2 

56,,2 I 

63,9 I 

" 1  

1662 
1620 
1620 
1620 
1624 
1609 
1609 
1612 
1616 
1620 
1612 
1611 

42,5 (D) 
53 (A), 20 (B) 
40 (A), 16 (C) 

40 (A) 
25 (B), 20 (n) 
35 (B), 40 (C) 
35 ((3), 25 (D) 

50 (h) 
76,5 (A) 
58,8 (A) 

28 
97 (A) 

* The  m e l t i n g  po in t s  w e r e  in a g r e e m e n t  wi th  t hose  p r e s e n t e d  in 
[4,7], and the  p r o d u c t s  d id  no t  d e p r e s s  the  m e l t i n g  po in t s  of genu ine  
s a m p l e s .  A l l  of the  s u b s t a n c e s  w e r e  r e e r y s t a l l i z e d  f r o m  a c e t i c  a c i d .  

The  IR s p e c t r a  of the  c o m p o u n d s  ob ta ined  w e r e  s t u d i e d .  I t  i s  known [8, 9] tha t  the  sh i f t  of  the  8a and 
8c b a n d s  ( acco rd ing  to  the  Wi l son  c l a s s i f i c a t i o n  [10]) in the  s p e c t r a  of  s u b s t i t u t e d  p y r y l i u m  s a l t s  c o r r e l a t e s  
wi th  the  s t a b i l i t y  of the  p y r y l i u m  r i n g .  N u c t e o p h i l i c  s u b s t i t u e n t s  in the  a and y p o s i t i o n s  u s u a l l y  sh i f t  the  
8a and 8c b a n d s  to  h i g h e r  f r e q u e n c i e s ,  wh i l e ,  on the  o t h e r  hand ,  s u b s t i t u e n t s  in the  fl ,~ ' p o s i t i o n  sh i f t  
the  8a and 8c a b s o r p t i o n  bands  of the  p y r y l i n m  r i n g  in the  o p p o s i t e  d i r e c t i o n .  

The  IR s p e c t r a  of the  s a l t s  t ha t  we s y n t h e s i z e d  con ta in  an i n t e n s e  8a band  at  1609-1620 c m  -1 and an 
8c band  a t  1530-1560 c m  -1, which  c o r r e s p o n d  to the s y m m e t r i c a l  and a s y m m e t r i c a l  v i b r a t i o n s  of the  
p y r y l i u m  r i n g .  No s u b s t a n t i a l  s t a b i l i z a t i o n  of  the  p y r y l i u m  r i n g ,  a s  c o m p a r e d  wi th  the  u n s u b s t i t u t e d  
p y r y l i u m  ca t i on  [9] (8a 1620 c m  -1, 8c 1557 cm-~) ,  o c c u r s  on i n t r o d u c t i o n  of a r o m a t i c  s u b s t i t u e n t s  into the  
a p o s i t i o n  of  the  p y r y l i u r n  r i n g .  A s l i g h t  sh i f t  of the  8a band  to l o w e r  f r e q u e n c i e s  i s  o b s e r v e d  fo r  s a l t s  I,  
I II ,  VI,  and VIII ,  w h i c h  can  be a s c r i b e d  to  the  a p p e a r a n c e  of f i - s u b s t i t u e n t s  in the  p y r y l i u m  r i n g  [9]. The  
r e m a i n i n g  b a n d s  c o r r e s p o n d  to the  v i b r a t i o n s  of the  a r o m a t i c  s u b s t i t u e n t s  and  the  C10~ ion .  

EXPERIMENTAL 

2-Ethyl-3-methyl-6-phenylpyrylium Perchlorate (VIII) ~ethod A). A 0.3-ml (3 mmole) sample of 
70% HCIO4, mixed with 0.9 ml (9 mmole) of acetic anhydride, was added to a mixture of 0.4 ml (4 mmole) 
of diethyl ketone and 0.6 ml (3 mmole) of benzoylacetaldehyde diethylacetal in anhydrous acetic acid. The 
mixture was refluxed for 5-6 rain and cooled, and the precipitate was removed by filtration, washed with 
ether, and dried to give 0.4 g (50%) of orange needles with mp 150-151 ~ (from acetic acid). 

In method B, the 2,6-diarylpyrylium salts were obtained by the condensation of p-methoxybenzoyl- 
acetaldehyde diethylacetal with ketones under the conditions of method A. 
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In method C, the pyryl ium sal ts  were  synthesized under the conditions of the condensation of p- 
ethoxybenzoylacetaldehyde diethylacetal  with ketones.  

2,6-Di(p-methoxyphenyl)pyrylium Pe rch lo r a t e  (V) (Method D). A solution of 0.2 ml  (2 mmole)  of 70% 
HC104 in 0.6 ml (6 mmole) of acetic anhydride was added to 1 ml  (4 mmole) of p-methoxybenzoylace ta lde-  
hyde diethylacetal ,  and the mixture  was re  fluxed for 2-3 rain. Cooling precipi ta ted  0.3 g (20%) of red  
needles of V with mp 249 ~ (rap 248-250 ~ [3]. 

3 -pheny lbenzo[ f ]chromyl ium Pe reh lo r a t e  (XI). An 8-ml (80 mmole) sample of acet ic  anhydride and 
8 ml of e ther  were  added to a mixture  of 5 ml  (22 mmole) of benzoylacetaldehyde diethylacetal  and 3.2 g 
(22 mmole) of ~ -naphthol, and 2.4 ml (22 mmole)  of 70% HC104 was then added dropwise.  The mixture  
darkened and warmed up sl ightly.  A precipi ta te  of XI began to fo rm af te r  a cer ta in  t ime.  The mixture  was 
worked up to give 2 g (25%) of orange needles  with green f luorescence  and mp 188 ~ . 
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