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The ability of a number  of compounds (acetyl perchlorate ,  iodine, phosphorus oxychloride, 
and phosphorus pentachloride) to detach a hydride ion f rom the meso  carbon atom of 1,5- 
diketoncs that are  formed in the condensation of acetals  with ketones and are  cycl ized to 
symmet r i ca l  pyryl ium salts was studied. 

As was recent ly  demonstra ted,  the react ion of the acetals of aldehydes and methyl ketones in the p r e s -  
ence of t r iphenylmethyl  perchlorate  (I) gives 1,5-diketones, which subsequ~ently lose a hydride ion under 
the influence of I and are  cycl ized to symmet r i ca l  pyryl ium salts [1]. 

The next step in the study of this reaction was an investigation of the ability of a number of substances 
(acetyl perchlora te ,  iodine, POC13, PC15, etc.) to catalyze the formation of saturated 1,5-diketones with sub-  
sequent detachment of a hydride ion and cyclizat ion to pyryl ium sal ts .  Instead of using I as the hydride-ion 
acceptor ,  we used acetyl perchlora te  (II), which, as is well-known, converts  1,5-diketones to pyryl ium salts  
in good yields [2,3]. We were able to show that II completely successful ly  catalyzes  the crotonic condensa-  
tion of aldehyde acetals  with methyl ketones and the subsequent Michael condensation to give saturated 1,5- 
diketones.  In the next step of the p rocess ,  Ii acts like I, stripping a hydride ion f rom the 1,5-diketones, 
which are  thus converted to pyryl ium sal ts :  

CH3CO R' H~ H2 I I  II HC//CHR . . . . . . .  ~ [CH~CtlO] 
RCH(OC2Hs)2 + CHaCOR' -2CoH.OH I H "-R 

- :, R,C~ O R'CO OCR' -H(~-H~O R' 

CJO? 

The use of II instead of the more  difficult- to-obtain tr iphenylmethyl  perchlorate  in this react ion 
seems to us completely justified, since in this case the t r ia ry l - subs t i tu ted  pyryl ium salts are  obtained in 
higher yields.  Also demonst ra ted  was the possibil i ty of using this method to obtain 2 ,6 -d iphenyl -4-methy l -  
pyryl ium perchlora te  (condensation of acetaldehyde acetal with acetophenone) and a u  pyry l i -  
um salt  (in the react ion of methylal  or ethyl or thoformate  with acetophenone). The condensation of cyc lo-  
hexanone with benzaldehyde acetal  in the presence  of t r i tyl  perchlora te  and acetyl perchlora te  gave 4-  
phenyl-2,3;5,6-bis  ( tetramethylene)pyrylium perchlora te  in yields of 36.3 and 22.7V0, respect ively .  The data 
on the yields of the pyryl ium sal ts  are  presented in Table 1. 

It also seemed of in teres t  to at tempt to use elemental  iodine in this react ion as a condensing agent 
and hydride-ion acceptor .  It was shown that pyryl ium periodides are  formed as a resul t  of condensation of 
acetals  with acetophenone in the presence  of iodine. 

2 R'COC.~ + ~c.(oAIk)~ -"I R,~..~..R, 
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TABLE 1 
R 

CiO~ 

C6H5 
CH3 
4-CsH4OCH3 
4-C6H4NO~ 
H 
HT 
4-C6H4OH 
4"C6H4N (CH~) 2 

Yields of pyrylium salts, %* 
(C~H~hCCIO4 

24,5 
24,0 
35,1 
10,9 
33,0 
52,2 

CH~COCIO4 

38,1 
11,5 
33,0 
28,3 
12,3 
12,1 

Is 

(48,0) 
3,5 

24,6 
30,8 
4,9 

19,8 

rap, ~*- 

265 (212) 
269 
~56 
299 (223) 
221 
221 
310 
356 

* The mel t ing  points of the pyry l ium pe rch lo ra t e s  a re  in a g r e e m e n t  
with those  in [1,5-7], The yields and mel t ing  points of the p e r i o -  
dides a r e  givenin pa ren theses .  Fo r  compounds with R = Ph:  Found: 
C 40.3; H 2.5; I 55.0%. C23H17130. Calculated:  C 40.0; H 2.5; I 
55.2%. Fo r  compounds with R = 4-CsH4NO2: Found: C 38.4; H 2.3; 
I 51.8%. C23HlsI3NO 3. Calculated:  C 37.6; H 2.2; I 51.8%. 

Ethyl  o r thoformate  was used as the aeeta l  component .  

The condensation of aldehyde aceta ls  with acetophenone in the p re sence  of iodine (molar  r a t io  1 : 2 : 1) 
was c a r r i e d  out by prolonged (3-5 h) refluxing of the components  in glacia l  acet ic  acid.  in the case  of the 
condensation of a romat i c  aldehyde ace ta ls ,  the pyry l ium sal ts  we re  obtained in r a t h e r  high yields (24-48%), 
while the use  of aliphatic ace ta ls  led to a cons iderable  reduction in the yields of final products .  On the 
bas is  of the data on the yields of 2 ,4 ,6 - t r i a ry l - subs t i tu t ed  pyry l ium sa l t s ,  it can be assumed  that  there  is 
cons iderable  polar izat ion of the bond in the iodine molecule  under  the expe r imen ta l  conditions, and this 
polar iza t ion  makes  it poss ib le  to effect ively br ing about detachment  of a hydride ion f rom the 1,5-diketones 
fo rmed  in the p r o c e s s .  Unforttmately,  many  of the per iodides  obtained a re  often impure  and decompose  
during purif icat ion to l ibera te  iodine.  Sa t i s fac tory  r e su l t s  of e l e m e n t a r y  analys is  could be obtained only 
for  2 ,4 ,6- t r iphenyl -  and 2, 6 -d iphenyl -4-  (p-ni t rophenyl)pyryl inm per iod ides .  The remain ing  samples  were  
identified as the pe rch lo ra t e  s .  

The use  of iodine enabled us to repudiate  the suspicion that the ace ta ls  a re  init ial ly hydrolyzed to a l -  
dehydes,  and the la t te r  then give pyry l ium sal ts  via the usual  scheme [1]. Thus exclusion of an acidic 
med ium by using butanol as the solvent  gave 39.2% 2 ,4 ,6- t r iphenylpyryl ium periodide,  which was identical  
to the product  synthes ized in acet ic  acid.  Data on the yields of pyry l ium sa l t s  obtained in the condensation 
of aceta ls  with methyl  ketones in the p re sence  of iodine are  p resen ted  in Table  1. 

An a t tempt  to condense aceta ls  with acetophenone in the p re sence  of phosphorus oxychloride and 
phosphorus pentachlor ide gave ve ry  low yields  of the pyry l ium sa l t s  (3-5%), which were  i so la ted  as the 
pe rch lo ra t e s  [4]. The use  of b romine ,  N-bromosucc in imide ,  and benzoyl  chlor ide as hydr ide- ion  accep tors  
did not give posi t ive r e su l t s  at al l .  

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

Application of Acetyl  P e r c h l o r a t e  (II). The reagent  was p r e p a r e d  immedia te ly  p r i o r  to the reac t ion  
by the dropwise  addition of 1 ml  of 70% perch lor ic  acid to 3.7 m l  of acet ic  acid with ice cooling. The r e -  
sulting solution was rapidly  added dropwise  in 3-ml quantit ies to a refluxing mix tu re  of acetal ,  ketone, and 
glacia l  acet ic  acid On a m o l a r  ra t io  of 2 : 4 : 3 ) .  After  5-10 min,  the mix tu re  was cooled, and the pyry l inm 
sa l t  was prec ip i ta ted  by the addition of e ther ,  r emoved  by f i l t ra t ion,  washed with e ther ,  and r e c r y s t a l l i z e d  
f rom acet ic  acid, n i t romethane ,  or  acet ic  a c i d - n i t r o m e t h a n e  mix tu res .  

Py ry l i um Per iod ides .  The react ion was c a r r i e d  out by prolonged refluxing (3-5 h, until the evolution 
of iodine vapors  ceased} of a mix tu re  of the acetal ,  ketone, and iodine (in a m o l a r  ra t io  of 1 : 2 : 1) in glacia l  
acet ic  acid.  The mix ture  was cooled, and the sal t  was prec ip i ta ted  by the addition of e the r .  The pyry l ium 
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periodides were  not purif ied but were  conver ted  to the corresponding perch lora tes  by refluxing an acetic 
acid solution of the salt  with an equimolecular  amount of 70% perch lor ic  acid. 

4-Phenyl -2 ,3 ;5 ,6-b is  ( te t ramethylene)pyryl inm P e r c h l o r a t e .  A 3-ml sample of a f resh ly  p repared  
solution of acetyl  perch lora te  was rapidly  added dropwise to a refluxing mixture  of 0.72 g (4 mmole) of 
benzaldehyde acetal ,  0.8 g (8 mmole)  of cyclohexanone,  and 5 ml of glacial  acetic acid, and the red mixture  
was ref iuxed for  another  5 min and cooled.  E ther  {100 ml) was added, and the l iberated oil immediate ly  
began to c rys t a l l i ze .  The product  was r ec rys t a l l i zed  f rom acetic acid to give 0.33 g (22.7~e) of b r igh t - red  
needles  with mp 133 ~ Found: C 62.1; H 5.5; C19.8%. C19H21C10 5. Calculated: C 62.6; H 5.8; C19.7~ 
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