
SYNTHESIS OF SUBSTITUTED 2/-PYRONES 

E. V. Kuzne t sov ,  A. I .  P y s h c h e v ,  
and G. N. Dorofeenko 

UDC 547.812.5.07 : 541.67 : 543,422.4 

Substituted 7-pyrones  were  synthesized by the acylation of phenylaoetaldehyde and its enol 
acetate with acetic and propionic anhydrides in the presence  of 70% HCIO 4. The mechanism 
of the react ion is examined, and the IR and PMR spect ra  of the synthesized 7-pyrones  are  
presented.  Some of their  t ransformat ions  were studied. 

In the prepara t ion of 2-benzopyryl ium salts by the acylation of benzylacetones and desoxybenzoins 
[1-3], there  is a possibili ty for initial aeylation of the carbonyl oxygen with subsequent cyelization of the 
result ing enol acetate (I) to the 2-benzopyryl ium salt (IT). 

To ver i fy  this assumption, we made attempts to subject the enol acetate of phenylacetaldehyde (I, R i = 
H, R 2 =CH 3) to cycl izat ion to the 2-benzopyryl ium salt.  However, a polymeric  product was isolated when 
the react ion was ca r r i ed  out in polyphosphoric acid (PPA). Similar resul ts  were obtained when a mixture 
of perchlor ic  acid and acetic anhydride (used only to tie up the water  present  in 70% HC104 and the water  
evolved during the cyclization, if the lat ter  occurs) was used. 

When excess  acetic anhydride is introduced into the reaction,  a 52% yield of 2 -methy l -4 -hydroxy-  
5-phenylpyryl ium pereblorate  (IIIa) is obtained. Treatment  of IIIa with water  gives an almost  quantitative 
yield of 2 -methy l -5 -pheny l -7 -pyrone  (IVa). 
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The optimum conditions for the react ion under considerat ion proved to be heating a mixture of I (R 1 = 
H, R2 =CH 3) with a six-  to tenfold amount of acetic anhydride in the presence  of a small  excess  of HC104 
at 70~ for 1.5 h. 

The direct  acetylation of phenylaeetaldehyde in the presence  of HC104 also gives the perehlorate  (IIIa) 
but in only 30% yield, which may be evidence for react ion through an intermediate step involving the for -  
mation of the enol acetate.  

Several  cases  of the synthesis of ~-pyrones  by acylation of the active methyl and methylene groups 
of ketones with aliphatic acids in PPA or with anhydrides of aliphatic acids in the presence of PF 3 are  known 
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[4, 5]. However, this method was applied only to ketones, and the mechanism of this t ransformat ion  was 
not studied in detail. 

The react ion under considerat ion can apparently proceed via one of two mechanisms (A and B): 
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To ascer ta in  the react ion mechanism,  we acylated the enol acetate of phenylacetaldehyde with propionic 
anhydride in the presence of 70% HC104. In this case,  one might expect the formation of two products with 
different s t ruc tures  (IVb and IVc): 
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The presence  of a quartet  centered at 2.55 ppm and a tr iplet  centered at 1.2 ppm, which cor respond to the 
signals of the ethys group, in tile PMR spect rum of the product (54% yield) is i rrefutable evidence in favor 
of s t ructure  IVb and thereby in favor of mechanism A. 

As should have been expected, the T-pyrones obtained have high react ivi t ies .  For  example, the c o r -  
responding T-pyridine (V) is formed when IVa is fused with ammonium acetate,  and the 4-a lkoxy-subst i -  
tuted pyryl ium salt (VII) was obtained in almost  quantitative yield when IVa was allowed to reac t  with ethyl 
or thoformate in the presence  of HC104: 
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E X P E R I M E N T A L  

2-Methyl -4-hydroxy-5-phenylpyry l ium Percb lora te  (IIIa). A) A total of 5 ml of 70% HC104 was added 
gradually to an ice-cooled mixture of 8 g (0.05 mole) of the enol acetate of phenylacetaldehyde [7] and 60 
ml (0.6 mole) of acetic anhydride. The resul t ing dark solution was heated for 1.5 h at 70~ andallowed to 
stand overnight. The precipi tated c rys ta l s  were removed by fil tration and washed with ether to give 7.3 g 
(52%) of color less  c rys ta ls  with mp 218 ~ (from acetic acid). Found: C 50.3; H 3.7; C1 12.7%. Ct2HllC10 6. 
Calculated: C 50.3; H 3.9; C1 12.4%. IR spectrum,  cm- l :  1636, 1578, 1520, and 1090. 

B) A total of 10 ml of 70~0 HC104 was added with cooling to a mixture of 12 g (0.1 mole) of phenyl- 
acetaldehyde and 80 ml (0.8 mole) of acetic anhydride. The react ion mixture was heated at 80-90 ~ for 2 h 
and allowed to stand overnight to give 8 g (28%) of product.  This product did not depress  the melting point 
of the sample obtained f rom experiment  A. 

2 -E thy l -3 -methy l -4 -hydroxy-5-pheny lpyry l ium Perehlora te  (IIIb). A total of 5 ml of 70% HC104 was 
added carefully to a mixture of 8 g (0.05 mole) of the enol acetate of pheaylacetaldehyde and 60 ml (0.45 
mole) of propionic anhydride. The mixture was heated at 70 ~ for 1 h and cooled, and ether  was added to 
it without s t i r r ing .  After  24 h, the precipi tated c rys ta l s  were removed by filtration and washed with ether  
to give 8.5 g (54%) of color less  c rys ta l s  with mp 173 ~ (from acetic acid). Found: C 53.6; H 4.8; C1 11.2%. 
CI4H15C106. Calculated: C 53.5; H 4.8; C1 11.4%. IR spectrum, cm- l :  1620, 1570, 1490, and 1100. 
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2-Methy l -5 -pheny l -7 -py rone  (IVa). A suspension of 5.9 g (0.02 mole) of pe rch lo ra te  IIIa in 50 ml of 
wa t e r  was ref luxed until the solid ma te r i a l  dissolved.  The hot solution was f i l te red  and allowed to stand 
for  24 h. The resul t ing  co lo r l e s s  needles  were  sepa ra ted  and dried to give 3.28 g (88%) of a product  with 
mp 118 ~ Found: C 77.4; H 5.4%. C12H1002. Calculated: C 77.4; H 5.4%. IR spec t rum,  cm- l :  1650, 1618, 
and 1591. 

2 - E t h y l - 3 - m e t h y l - 5 - p h e n y I - T - p y r o n e  (IVb). This  compound was s imi la r ly  obtained f r o m  IIIb in 92% 
yield as co lo r l e s s  needles  with mp 62 ~ ( f rom water ) .  Found: C 78.3; H 6.5%. C14H1402. Calculated: C 78.8; 
H 6.6%. 

2-Methyl-5-phenyl-7-pyridone (V). A 0.37 g (0.002 mole) sample of 2-methyl-5-phenyl-7-pyrone 

was introduced with stirring into a melt of i0 g of ammonium acetate. The mixture was heated until most 

of the CH3COONH 4 had decomposed and was then cooled. The mixture was treated wRh the minimum amount 

of water, and the product was removed by filtration and dried to give 0.31 g (77%) of colorless needles with 

mp 263 ~ (from 2-propanol). Found: C 78.0; H 6.0%. CI2HIINO. Calculated: C 77.8; H 5.9%. IR spectrum, 
cm-l: 3180, 3090, 1624, and 1600. 

2-Methyl-4-ethoxy-5-phenylpyrylium Percblorate (VI). A mixture of 3.72 g (0.02 mole) of 7-pyrone 

IVa, 30 ml of ethyl orthoformate, and 1.6 ml of 70% HCIO 4 was heated on a water bath (90-100 ~ for 3-5 rain. 
The mixture was then cooled and diluted with ether. The precipitated product was removed by filtration 

and dried to give 5.35 g (85%) of colorless crystals with mp 140 ~ (after reprecipitation from glacial acetic 

acid solution by the addition of ether). Found: C 53.6; H 5.0; Cl 11.2%. Ci4HisCIO 6. Calculated: C 53.3; 
H 4.8; Cl 11.3%. 
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