
R E A C T I O N  O F  a - A N D  ~ / - M E T H Y L P Y R Y L I U M  S A L T S  

W I T H  O R T H O E S T E R S  

G.  N.  D o r o f e e n k o ,  V.  V.  M e z h e r i t s k i i ,  UDC 547.812.814 
a n d  A. L .  V a s s e r m a n  

The reac t ion  of o r thoes te r s  with a -  and ~/-methylpyrylium salts  gives 2- and 4-alkoxyvinyl- 
pyry l ium salts  the acid hydrolys is  of which leads to 2- and 4-hydroxyvinylpyryl ium salts 
and the alkaline hydrolys is  to pyranyl ideneaeetaldehydes.  

Up to the p r e sen t  t ime,  it has been cons idered  that the react ion of c~- and - / -methylpyryl ium sal ts  
with o r thoes te r s  fo rms  only cyanine dyes [1, 2]. The synthesis  of these  compounds is p e r f o r m e d  by boiling 
the reac tants  in acetic acid in the p re sence  of a basic  catalyst .  We have shown that when the reac t ion  is 
pe r f o r me d  under mi lde r  c o n d i t i o n s - b y  adding the o r thoes te r  to a hot (80-85~ solution of pyryl ium salt  
in glacial  acet ic  acid without subsequent h e a t i n g -  2- and 4-alkoxyvinylpyryl ium salts  a re  formed with yields 
c lose  to quantitative. It was previous ly  poss ib le  to effect  such a t rans format ion  only in the case  of special  
examples  among pyry l ium sal ts  condensed with hydrogenated rings where the object of attack by the ortho-  
e s t e r  was a methylene link [3, 4]. The possibi l i ty  of the use  of a -  and ~/-methylpyrylium sal ts  cons idera-  
bly broadens  the range of applicabili ty of this  method, since it  pe rmi t s  ex t r eme ly  reac t ive  compounds to be 
obtained the range of which is p rac t i ca l ly  unlimited, while the methods of prepara t ion  a re  simple.  

Monoeyclic a -  and ~/-methylpyrylium sal ts  and re la ted  compounds with condensed aromat ic  n u c l e i -  
the 1-benzopyryl ium and 2 :benzopyryl ium s a l t s -  take par t  in the reac t ion  with ethyl or thoformate .  Ap- 
paren t ly  the f i r s t  s tage of this p rocess ,  as  in the synthesis  of cyanine dyes, must  be the dissociat ion of the 
pyry l ium sal t  into the methylene base  (I) and a minera l  acid. The la t ter ,  react ing with the o r thoes te r  (II) 
gives the earboxonium sal t  (HI). the reac t ion  of which with the methylene base  and the subsequent splitting 
off of a molecule  of alcohol leads to the ethoxymethylene der ivat ive  {IV). 
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It is probably the inductive, and not the mesomer i c ,  effect of the substi tuent R 3 that has a decis ive  influence 
on the reac t iv i ty  of the cation (III). This conclusion is in sa t i s fac tory  harmony with the fact  that, because 
of the + I effect  of the alkyl radica l  R 3, which lowers  the posit ive charge  on the carbonium carbon atom of 
the ion (III), o r thoes te r s  of a lkylearboxyl ic  acids 0I, R ~ = CH3. C2H5) do not r eac t  under the conditions 
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cons idered  with py ry l i um  sal ts ,  while methyl  or thobenzoate  (II, R 3 = C6H5, R 4 = CH3), in spi te  of the delocal i -  
zation of the pos i t ive  cha rge  on the phenyl  substi tuent,  r ead i ly  r e a c t  with the s a m e  sa l t s .  

In the IR s p e c t r a  of the sa l t s  0Va-j)  syn thes ized  the re  a re  s t rong bands in the 1640-1630 cm - t  region 
re la t ing  to the s t re tch ing  vibra t ions  of the py ry l i um cation. In all  the spec t ra ,  the b road  band of the C-----C 
double bond of the ethoxyvinyl group over laps  the cha rac t e r i s t i c  band of the py ry l ium cation. 

The absorp t ion  m a x i m a  in the UV s p e c t r a  of the initial  methy lpyry l ium sa l t s  a r e  located  in the 250- 
450 nm region.  In the s p e c t r a  of the sa l t s  {IV), new absorpt ion  appea r s  in t tm 500-800 nm region as a con- 
sequence of the conjugation of the double C = C  bond with the f r ee  e lec t ron  p a i r  of the oxygen of the py ry l ium 
ring.  This absorpt ion  p o s s e s s e s  a low intensity,  which makes  it  poss ib le  to ass ign  it to a n - - ~  * e lec t ronic  
t rans i t ion .  

Under conditions of acid hydrolys is ,  the e thoxyvinylpyryl ium sal ts  {IV) (R 3 = H: R 4 = C2H5) a r e  con- 
ve r t ed  into the hydroxyvinyl  der iva t ives  (Va-g). 
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The p r e s e n c e  in the IR spec t r a  of the sa l t s  (Va-g) of a s t rong band in the 1640-1630 cm -1 region, re la t ing  
to the absorpt ion of the py ry l ium cation, and of a band at 3500-3300 cm -1, which is cha r ac t e r i s t i c  for  an 
enolic hydroxyl,  show that  the hydro lys i s  p roduc t s  exis t  a lmos t  comple te ly  in the hydroxymethylene  f o r m  
{V) and not in the carbonyl  f o r m  WI). This is a lso  conf i rmed by the UV s p e c t r a  [the absorpt ion m a x i m a  of 
the sa l t s  (IV) and (V) coincide completely] .  

The alkal ine hydro lys i s  of the sa l t s  {iVa) and (Va) f o r m s  the aldehyde {VII). 

�9 C6Hs 
CgH~ NaHCO3 ~ HC|O4 

C6H $ CH~CH--OC2H s C6Hs~.Of~CH--CHO NaHCO a CsHs.,"~.4b~,,~CH~W_Off 
cto; no;" 

IV �9 V l |  V a 

The action of pe r ch lo r i c  acid on (VII) r e - f o r m s  the hydroxyvinylpyryl ium sal t  (Va). In the IR spec t rum of 
(VII) there  is a s t rong  band in the 1680 cm -~ region cor responding  to the s t re tch ing  v ibra t ions  of a C = O  
group conjugated with a C = C  double bond. 

EXPERIMENTAL 

The IR spectra were taken on a UR-20 instrument in paraffin oil and the UV spectra on a Specord 

UV-Vis spectrophotometer in acetic acid. The PMR spectra were recorded on a RYa-2305 spectrometer 

(60 MHz) in t r i f luo roace t i c  acid at r oom t e m p e r a t u r e .  

6 -Ethoxy-2 ,4-d iphenylpyry l ium P e r c h l o r a t e  {iVa). To a hot solution of 0.3 g (1 mmole)  of 6 -methy l -  
2 ,4-d iphenylpyryl inm p e r e h l o r a t e  in glacia l  acet ic  acid was added 0.4 ml  (2 mmoles )  of o r thoformic  e s t e r .  
On cooling, g r een  c r y s t a l s  of {va) s epa ra t ed  out. PMR spec t rum:  quadruplet  and t r ip le t  (3.98 and 1.75 
ppm) of an ethyl group, two doublets (5.9 and 5.7 ppm) of vinyl protons ,  two mul t ip le ts  (7.64 and 7.3 ppm) of 
phenyl  r ings,  and a s inglet  (8.1 ppm) of the protons  of a py ry l ium ring.  

The sa l t s  (IVb-j) were  obtained s i m i l a r l y  (see Table 1). 

6 -Hydroxymethy lene-2 ,4 -d ipheny lpyry l ium P e r c h l o r a t e  (Va). A mix tu re  of 0.4 g (1 mmole)  of {iVa) 
15 m l  of 10% pe rch lo r i c  acid solution, and 2 ml  of acet ic  acid was boiled for  10-15 rain, the hot solution 
was f i l tered,  and on cooling it  deposi ted light yellow c rys t a l s  of {va). 
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The hydroxymethylenepyry l ium salts (Vb-g) were  obtained s imi la r ly  (see Table 2). 

4, 6-Diphenylpyran-2-yl ideneaceta ldehyde (VII). a) An aqueous solution of sodium bicarbonate  was 
added to 0.4 g (1 mmole)  of {IVa) in e ther ,  and the mixture  was left  for  a day. The e therea l  ex t rac t  was 
dr ied  with anhydrous sodium sulfate, the e ther  was dist i l led off, and the substance was r ec rys t a l l i zed  f rom 
pe t ro l eum ether .  Yield 0.25 g (92.7~c). mp 125~ According to the l i t e r a tu re  [5], rap 125-126~ 

b) A suspension of 0.17 g (0.5 mmole)  of {Va) in ethanol was heated with sodium bicarbonate  for  15 
rain. Then it was f i l tered,  the f i l t ra te  was cooled and diluted with wate r  to turbidity, and left  for  a day. 
The yield of product  was 0.08 g (61.5%), mp 125~ A mix ture  with the substance obtained by method (a) 
gave no depress ion  of the melt ing point. 
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