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Earlier the abnormal diacylation of phenylacetaldehyde and its enol acetate, accompanied 
by heterocyclization to y-hydroxypyrylium salts, was observed [i] In theopinion of the 
authors this reaction involves the states of initial acylation of the a-carbon atom of 
phenylacetaldehyde and subsequent acylation of theintermediately formed ketone at the methyl 
and methylene groups (acylation of the "head-to-tail" type). 

In the present work We discovered a similar transformation during the acylation of S- 
benzoylpropionic acid, its ethylester, and other 8-aroylpropionic acids by the anhydrides 
of aliphatic acids in the presence of Catalytic and equimolar amounts of perc~ioric acid. 
Here a series of unknownlactone-pyrylium salts (I!) (2-oxo-3H-furo[3,2-c]pyrylium 
perchlorates) were obtained. 
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In the P~iR spectrum of the perchlorate (lib), compared with the spectrum of the 
perchlorate (lla), the absence of the signal for the B-proton of the pyrylium ring in 
addition to the presence of signals for the methyl and ethyl groups confirms the structure 
proposed for the pyrylium salts (lla, b). This in turn shows that two molecules of the acid 
anhydride are involved in the creation of the pyrylium ion. 

In the IR spectra of the uncrystallized salts (II), apart from bands characteristic of 
substituted pyrylium salts [2], there is a high-intensity absorption band at 1870 cm -~, 
which we assigned to the stretching vibrations of the yrlactone [3], condensed with the 
pyrylium ion. The intensity of this band in the spectra of certain pyrylium salts (II) (R' = 
H) decreases considerably after a single crystallization from glacial acetic acid. At the 
same time, a band in the region of 1720 cm -~, the intensity of which increases after re- 
peated crystallization, appears in the IR spectra of these compounds, whereas the bands at 
1870 and 158~-1568 cm -~, which are evidently also due to the presence of the lactone, dis- 
appear completely. 

This fact shows that the y-lactone ring is unstable in the absence of a substituent at 
position 5 of the salts (II) and that it undergoes hydrolytic cleavage to form previously 
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unknown 4-hydroxy-3-carboxymethylpyrylium salts (III) (Table i). The hydroxypyrylium salts 
(III) containing one or two molecules of water are formed during recrysta!lization of the 
perchlorate (IIa) and its analogs (R I = H). This is demonstrated by the data from elemental 
analysis and also by the broad absorption bands in the region of 3500 cm -~ in the IR spectra 
of the compounds and by the six-proton broadened signal in the PMR spectrum of the perchlorate 
(IIIa), which disappear when the salts are dried under vacuum. 

During hydrolysis of the~synthesized pyrylium salts (II, III~ the previously undescribed 
4-pyrone-3-acetic acids (IV) were obtained with almost quantitative yields (Table 2). Thus, 
the acid diacylation of aroylpropionic acids significantly extends the range of previously 
known cases of the synthesis of y-pyrones, based on the acylation of methyl (or methylene) 
groups in ketones by aliphatic acids, in polyphosphoric acid [4-6] or by their anhydrides in 
the presence of boron trifluoride. It may provide a convenient method for the production of 
new 3-carboxymethylpyrylium salts and T-pyrones , which are the analogs of the arylacetic 
acids widely used in organic synthesis. 

As shown for the case of compounds (IVa, c), the pyrones give the initial perchlorates 
(IIa, c) under the influence of equimolar amounts of perchloric acid in the presence of 
acetic anhydride. The protonation of these pyrones in glacial acetic acid leads to the 
production of the dihydrate of the salt (IIIa) and the unknown perchlorate (IIIc) and can be 
used for the production of other (5-substituted) carboxymethylpyrylium salts (III). 

EXPERIMENTAL 

The PMR spectra of compounds (lla) and (Ilia) in trifluoroacetic acid were recorded on 
a BS-467 instrument (60 }~z). The spectra of the dihydrate of compound (Ilia) in acetoni- 
trile and of (IVa) in methylene chloride and nitromethane were recorded on an RYa-2305 
instrument at 60 }~z and at 20~ with HMDS as internal standard. The IR spectra were re- 
corded on a UR-20 spectrophotometer in Vaseline oil. 

2-Phenyl-6-methyl-2-oxo-3H-furo[3,2-c]pyrylium Perchiorate (lla). To a suspension of 
1.78 g (0.01 mole) of B-benzoylpropionic acid in 7 ml of acetic anhydride we slowly added i 
ml (0,01 raole) of 70% perchloric acid. The mixture was heated on a water bath for 15-20 min. 
After cooling, we slowly added 3-4 ml of ether to the reaction mixture and filtered off 0.69 
g (39%) of colorless crystals; rap 216~ IR spectrum: 1862, 1636, 1572, 1524, ii00 cm -I. 

I 
P~ spectrum: 2.60 (3}I, s, 6-C113); 4.00 (2H, s, -CH2--), 7.12 (IH, s, =CH--), 7.25-7.70 ppm 
(5H,-m, C6Hs)o Found %: C 51.6; H 3.5; C1 10.4. CI~HIICIO7. Calculated %: C 51.4; II 3.4; 
C! 10.8. 

During twofold recrystallization of the perchlorate (lla) from glacial acetic acid we 
obtained the perchlorate (llla)-2H20; mp 219-222oC. iR spectrum: 3520, 1718, 1630~ 1548~ 

I 
ii00 cm -~. P}~ spectrum: 2.56 (311, s, 6-CH3), 3.53 (2H, s, --CH2--), 5.38 (6H, s, ~C--OH, COOH, 

TABLE 2. 4-Pyrone,3-acetic Acids 

Com- 
pound mp, "C a 

IVb 190--191 
IVc  .105--106 
IVd 114--115 
IVe 193--194 
IVf 163--164 
IVg 103--104 

I06--I08 
IVh 19~T~92 IVi 
ivJ ~ 
IVk 210--211 
I v z b  177--178 
IVn c 75--76 

Ill ~oectra, c m  -1 

a = .  

1750 
1750 
1711 

1728 
1726 
1731 
1724 
1711 
1721 
1731 
1750 

1660] 1594 
16501 1590 
1660] 1590 

1650 I 1619 
1651[ 1607 
1660] 1608 
1660 I 1620 
1638] 1598 
1641 1 1586 
1653} 1590 
1649 l 1580 

1500 

1585 
1586 
1586 
1603157( 
1550 

Found, % 

C H 

70,8 6,2 
72,4 7,3 
73,5 7,2 
69,5 5,5 
70,4 5,9 
68, l 4,9 
70,7 5,9 
70,8 - 5,9 
60,4 4,3 
52,2 3,9 
53,9 3,6 
59,0 7,6 

Mol ecu l ar  
formula 

C1~H1604 
C~8H~oO4 
Cr 
CIsHI404 
C,sHmO, 
C,THm04 
C,6HmO4 
C,~H,804 
CI4HuCI04 
C,4H.Br04 
C1,HIoC1204 
C2~H2sO, 

Calcu la ted ,  
% 

c [ H 

70,6 5,9 
72,0 6,7 " 
73,2 7,3 
69,7 5,4 
70,5 5,9 
68,2 4,9 
70,5 5,9 
70,6 5,9 
60,4 3,9 
52,0 3,4 
53,7 3,2 
58,9 7,9 

a) From aqueous alcohol, b) For (IVj-~), respectively, found %: 
Hal 13.1, 24.2, and 22.3. Calculated %: Hal 12.7, 24.8, and 
22.7. c) Ar = C6H5, R = C4H9, R I = CsH~I. 
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2H20), 7.00 (IH, s, =CH--), 7.56 (5H, s, C6H5). Found %: C 44.5; H 4.5; C1 9.3. C14H13CIO8" 
2H20. Calculated %: C 44.2; H 4.5; C1 9.3. The perchlorate (IIIa)-2H20 is dehydrated by 
drying in a vacuum drying pistol over phosphorus pentoxide. Found %: C 48.5; H 3.8; C1 10.3. 
C14H13CIO3. Calculated %: C 48.7; H 3.8; C1 10.3. 

The pyrylium salts (IIb-l) were synthesized similarly from the corresponding B-aroyl- 
propionic acids (I) [7, 8] and propionic, butyric, and valeric anhydrides. During recrystal- 
lization from glacial acetic acid the perchlorates (IIe-l) (R I = H) were converted with the 
exception of the perchlorate (IIg) into the pyrylium salts (III) (Table I). 

The perchlorate (IIa) was obtained similarly by the general method from ethyl B-benzoyl- 
propionate (bp 128~ at 2 mm Hg) [9], acetic anhydride, and perchloric acid with a 27% yield. 

2-Phenyl-3-carboxymethyl-6-methyl-4-pyrone (IVa). Compound (IVa) was obtained with an 
85-90% yield by heating the perchlorates (I!a ,IIIa, IIIa'2H20) to boiling in water; mp 
147~ (from alcohol). IR spectrum: 1719, 1650, 1603, 1570 cm -I. PMR spectrum (in methylene 
chloride): 2.30 (3H, s, 6-CH3), 3.35 (2H, s, -CH2--), 7.47 (5H, s, C6H5), 9.17 (broadened 
singlet, COOH). PMR spectrum (in nitromethane): 3.28 (2H, s, -CH2--), 6.13 (IH, s, =CH--), 
7.48 ppm (5H, s, C6Hs). Found %: C 68.7; H 5.0. CIaH1204. Calculated %: C 68.8; H 4.9. 

The y-pyrones (IVb-l) were obtained similarly with 90-98% yields from the corresponding 
perchlorates (II-III) (Table 2). The pyrone (IVn) was obtained by heating the oily perchlor- 
ate, formed during acid-catalyzed acylation of benzoylpropionic acid by caproic acid, in 
water. 

i. 

2. 

. 

. 

5. 
6. 
7. 

8. 

9. 
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