
2-BENZOPYRYLIUM SALTS 

XIII.* SYNTHESIS OF 2-BENZOPYRYLIUM SALTS BY THE REACTION 

OF ALKYL AND ARYL BENZYL KETONES WITH ACETALS 

G. N. Dorofeenko and S. M. Luk'yanov UDC 547.814 

The reac t ion  of alkyl and a ry l  benzyl ketones with acetals  of aliphatic, a romat ic ,  and here to-  
cyclic aldehydes in the p resence  of t r iphenylmethyl  perch lora te  leads to 2-benzopyryl ium 
perch lora tes  with substi tuents in positions 1, 3, 6, and 7. The influence of substituents in the 
benzyl ketones and the acetals  on the ease of format ion of the salts  has been studied. The 
mechanism of the react ion is discussed.  

The dialkoxycarbonium ions (I) fo rmed  in the react ion of acetals  with t r iphenytmethyl  pe rch lora te  
that we have recen t ly  d i scovered  [1] possess  a compara t ive ly  high react iv i ty .  In the present  work it has 
been found that the react ion of (I) with alkyl and a ry l  benzyl ketones leads to 2-benzopyryl ium salts with 
substi tuents in positions 1, 3, 6, and 7. The f i r s t  stage of the react ion is apparent ly the detachment by the 
t r i ty l  pe rch lora te  of a hydride ion f rom the acetal  with the formation of (I), which attacks the alkyl or  a ry l  
benzyl ketone molecule (II) in the ortho position to the methyl group, giving the ketal (HI). Under the con- 
ditions of acid catalysis ,  compound (III) r e a r r a n g e s  into the enolic fo rm which cycl izes  with the splitting 
out of ethanol to fo rm the 2-benzopyry l ium sal t  (IV). 
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The possibil i ty of the occu r r ence  of the reac t ion  through the stage of the acylation of (]I) by the cat-  
ion (II) at the carbonyl  oxygen with the format ion of the corresponding enol acetate  (V) was refuted by our  
investigation of the dependence of the yields of 2-benzopyryl ium salts  on the e lect ronic  nature  of the sub- 
sti tuents P~I and Re, which obviously influence the reac t iv i ty  of the hydrogen atom in the ortho position of 
the nucleus to a far  g r ea t e r  extent than the carbonyl  group. This conclusion is conf i rmed by previous 
work [3]. 
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As the oxo components we took phenylacetone,  benzyl ethyl ketone, p-anisylacetone,  3 ,4-dimethoxy- 
phenylacetone, and deoxybenzoin, which were  caused to r e ac t  with acetals  of aliphatic aldehydes (formal-  
dehyde, acetaldehyde,  butyraldehyde),  a romat ic  aldehydes (benzaldehyde, anisaldehyde, vera t ra ldehyde ,  
and p-ni trobenzaldehyde),  and a he terocycl ic  aldehyde ( thiophene-o-carbaldehyde) .  The react ion takes 

* For  communicat ion XII, see  [2]. 
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place when a mix tu re  of the ketone, the acetal ,  and t r iphenylmethyl  pe rch lo ra t e  (in a mola r  ra t io  of 1 : 1 : 1) 
in g lac ia l  acet ic  acid solution is heated br ie f ly .  

The r eac t ion  of phenylacetone with benzaldehyde aceta l ,  of benzyl  ethyl ketone with the aee ta l s  of 
al iphat ic  a ldehydes,  and of p -an i sy lace tone  with butyraldehyde aceta l  did not give s a t i s f ac to ry  resu l t s .  

It can be seen  f rom Table  1 that  the yield and, consequently,  the ease  of fo rmat ion  of the 2-benzopy-  
ry l ium sa l t s  in this reac t ion  depend on two fac tors :  the influence of the subst i tuents  in posit ions 3 and 4 of 
the alkyl o r  a ry l  benzyl  ketone, and the r eac t iv i ty  of the dia lkoxycarboninm cations (D. Fo r  benzyl  ketones 
having e lec t ron-  donating methexy groups in the nucleus (3,4- dimethoxyphenylacetone),  it is easy  to see  
that  with an inc rease  in the posi t ive inductive effect  of [%4 in the aliphatic ace ta ls  the yield of (IV) dec reases ;  
the s a m e  is obse rved  with an inc rease  in the posi t ive  m e s o m e r i c  effect  of the subst i tuents  in the a roma t i c  
ace ta l s .  It mus t  be noted that  the influence of R 4 on the p rope r t i e s  of the cat ions (I) is twofold; faci l i tat ing 
the fo rmat ion  of (D through an inc rease  in the e lec t ron  densi ty of the C - H  bond of the acetal ;  at  the s a m e  
t ime,  e lec t ron-donat ing  subst i tuents  dec r ea se  the act ivi ty  of the resul t ing  cation (D through the par t ia l  
cancel la t ion of the posi t ive charge  and the s tabi l izat ion of the cation. The two phenomena a re  shown dif- 
f e ren t ly  in the in teract ion of (D with benzyl  ketones of different  act iv i t ies .  In the case  of 3 ,4 -d imethoxy-  
phenylacetone,  the yields of the 2 -benzopyry l ium sa l t s  a r e  f a i r ly  high, s ince the e lect ron-donat ing methoxy 
groups  in the benzyl  ketone fac i l i ta te  the e lectrophi l ic  a t tack of the cation (I) in the ortho posit ion of the 
phenyl nucleus of the benzyl  ketone. 

In the absence  of act ivat ing subst i tuents  in (II) (phenylacetone, benzyl  ethyl ketone, deoxybenzoin), 
the reac t ion  takes  place with lower yields;  never the les s ,  the nature  of the ace ta l  is shown in the s a m e  way 
as descr ibed  above.  But in this case ,  the g r e a t e s t  influence is shown by the re la t ive  s tabi l i ty  of (D under 
the exper imenta l  conditions (boiling in CH3COOH), which pe rmi t s  the cation (I) to take pa r t  in a r eac t ion  
with the poorly  ac t ive  benzyl  ketone. Thus,  in the reac t ion  of phenylacetone with the aceta l  of v e r a t r a l d e -  
hyde the 2 -benzopyry l ium sal t  was obtained, while with the m o r e  act ive but less  s table cation obtained f r o m  the 
ace ta l  of  benzaldehyde no sa l t  was formed.  F u r t h e r m o r e ,  the acylat ion of deoxybenzoin with acety l  pe r -  
ch lo ra te  on boiling in CH3COOH was unsuccessfu l .  The low yields of the 2 -benzopyry l ium sa l t s  with the 
use  of benzyl  ketones unsubsti tuted in the nucleus a r e  also explained by the predominant  acylat ion of the 
la t te r  not in the ortho but in the pa ra  posit ion of the nucleus,  as was shown by the isolation f r o m  the r eac -  
t ion mix tu re  of the pa ra - subs t i t u t ed  acyla t ion products ,  and also by the synthes is  of 3 ,4-d imethoxyace to-  
phenone f r o m  v e r a t r o l e  and aceta ldehyde and of 4-methoxybenzophenone f r o m  anisole  and benzaldehyde 
ace ta l  ( react ion conditions s i m i l a r  with the exception that  the mix ture  was boiled for  3 h). 

On the bas i s  of the facts  p resen ted ,  we cons ider  that the act ivi ty  of the dia lkoxycarbonium cations (I) 
is somewhat  lower than the ac t iv i ty  of the corresponding acyl ium cat ions (from a compar i son  of the yields 
of sa l ts ) ,  but the s tabi l i ty  of the f o r m e r  is cons iderably  g r e a t e r  because  of the influence of the subst i tuent  
R 4 and a lso  because  of the delocal izat ion of the charge  between the ca rbon  a tom and the neighboring oxygen 
a toms  of the alkoxy groups .  

A fea tu re  of the proposed  method of synthesizing 2 -benzopyry l ium sa l t s  is the access ib i l i ty  of the 
initial ace ta l s ,  which fundamental ly  broadens  the poss ib i l i t ies  of synthes is .  The methods known hitherto 
for  obtaining (IV) were  based  on the use  of acylat ing agents of acid anhydrides  and chlor ides  [4] and of the 
acids t hemse lves  [9] in the p re sence  of HC104, A1C13, or  polyphosphoric  acid. However,  the use  of these  
reagents  is l imited by the difficulty of obtaining some  of them, pa r t i cu la r ly  those,with functional subst i tuents .  
This  l imi ta t ion is r emoved  by the use of ace ta ls .  The reac t ion  of (II} with formaldehyde  a c e t a l g i v e s  the fa i r ly  
difficult ly acce s s ib l e  1-unsubst i tu ted 2 -benzopyry l ium sa l t s  [6]. By this method we have obtained for  the 
f i r s t  t ime  2 -benzopyry l ium sa l t s  unsubsti tuted in the phenyl nucleus by the reac t ion  of ace ta ls  with benzyl  
ketones containing no act ivat ing subst i tuents  in the a roma t i c  nucleus.  The method is comple te ly  sui table  
for  p r e p a r a t i v e  purposes ,  s ince the yields of many  sa l t s  a r e  f a i r ly  high and the sa l t s  t hemse lves  a r e  ob- 
tained in the f a i r ly  pure  s ta te .  

The Ill s p e c t r a  of the 2 -benzopyry l ium sa l t s  synthes ized  have a number  of absorp t ion  bands cha r ac -  
t e r i s t i c  for  this c lass  of compounds [4]. The s t r u c t u r e  of the sa l ts  desc r ibed  in the l i t e ra tu re  was shown 
by a number  of independent syn theses ,  by the p repa ra t ion  of the products  of r ing opening - alkyl  and a ry l  
o -acy lbenzy l  ke tones ,  by the synthes is  of the cor responding  isoquinolines,  by a compar i son  of IR spec-  
t r a ,  and a lso  by melt ing-point  de terminat ions  and mixed melt ing points with authentic samples  of the sa l t s ,  
showing no depress ion  of the melt ing points.* 

* The work  was p e r f o r m e d  with the par t ic ipat ion  of the fou r th -yea r  student E. A. Murad 'yan.  
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E X P E R I M E N T A L  

All the syntheses  we re  p e r f o r m e d  by a common method. 

React ion of Alkyl and Ary l  Benzyl  Ketones with Aceta ls .  A mix ture  of a benzyl  ketone (0.01 mole),  
and ace ta l  (0.01 mole) ,  t r iphenylmethyl  pe r ch lo ra t e  (3.4 g, 0.01 mole) and acet ic  acid (13 ml) was ca re fu l ly  
heated. The mix tu re  darkened and soon boiled vigorously .  The boiling, due to the evolution of ethanol, 
las ted about a minute,  and in this p roce s s  the solid t r i ty l  pe rch lo ra t e  dissolved.  The reac t ion  mix tu re  was 
heated fo r  another  5 min, cooled, and diluted with dry  e ther  (N100 ml).  The prec ip i ta te  that deposited was 
f i l t e red  off, washed with d ry  e ther ,  dried,  and r e c r y s t a l l i z e d  f r o m  glac ia l  acet ic  acid. If a highly con- 
t amina ted  product  was obtained, it was found des i rab le  to pur i fy  it through r ec rys t a l l i za t ion  by boiling in 
g lac ia l  CH3COOH or  acetone with ac t ivated carbon,  adding 1-2 drops  of concent ra ted  HC104. If an oily 
product  was fo rmed ,  the mother  liquid was decanted off and the sa l t  was r ep rec ip i t a t ed  with e ther  f r o m  
acetone solution. 

i. 

2. 
3. 
4. 
5. 
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