
S Y N T H E S I S  O F  6 - A H Y L - S U B S T I T U T E D  P Y R A N - 2 , 4 - D I O N E S  

E.  V. K u z n e t s o v  a n d  G. N . D o r o f e e n k o  UDC 547.812.5.07 

A new method for  the synthesis  of 6 -ary l - subs t i tu ted  pyran-2 ,4-d iones  by the acylation of 
var ious phenol e thers  (anisole, phenol, verat role)  with ci t r ic  and acetonedicarboxylic acids 
in the presence  of polyphosphoric acid (PPA) has been studied. The mechanism of the r e -  
action and the spec t ra  of the compounds obtained are  discussed.  

We have previously shown that the catalytic acylation of a romat ic  compounds (phenol ethers) with 
dibasic acids (glutaric and homophthalic acids) in the presence  of PPA leads to the synthesis  of oxygen- 
containing he te rocyc les :  2,6-disubsti tuted pyryl ium salts and isocoumarins  [1,2]. 

Continuing these investigations,  we have studied the acy!~.tioa of phenol ethers  (anisole, phenol, ve ra -  
trole) with c i t r ic  acid. It could be ~ssumed that the direct ion of this react ion would depend on the nature of 
the decomposit ion of the c i t r ic  acid in PPA (to aconitic acid or  to acetonedicarboxylic acid). In the f i rs t  
case,  in analogy with the react ion with homophthalic acid [2], the formation of 6-ary l -subs t i tu ted  a - p y r o n e -  
4-carboxyl ic  acids (I) and in the second case that of 6-ary l -subs t i tu ted  pyran-2 ,4-diones  (II) might have 
been expected: 
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It was found that the end products of this react ion are  6-ary l -subs t i tu ted  pyran-2 ,4-diones .  The 
known methods of synthesizing the lat ter  consis t  in the thermal  condensation of benzylmalonic es te r s  with 
enolizing ketones or  in the mult is tage synthesis  of fi,5-dioxo acids with their  subsequent cyclizat ion:  the 
des i red  products  a re  obtained in low yields [3-6]. The synthesis of 6-ary l -subs t i tu ted  pyran-2 ,4-d iones  
was ca r r i ed  out by heating a mixture of a phenol ether with a twofold excess of ci t r ic  acid in the presence  
of an 8- to 10-fold (by weight) amount of PPA at 60-70~ for  6 hr.  The yields of react ion products do not 
exceed 20%, since the limiting stage is the formation,  difficult to control,  of acetonedicarboxylic  acid (IV), 
which decomposes  readi ly under these conditions. 

In view of this it appeared of in teres t  to study the aeylation of phenol e thers  with aeetonedicarboxylic 
acid direct ly  in the presence  of PPA. The react ion was ca r r i ed  out by heating equimolecular  amounts of 
acetonedicarboxylic  acid and phenol ether  in the presence  of an 8-10-fold amount of PPA (by weight) at 55- 
60~ for  4 hr 30 rain - 5 hr.  After  the react ion mixture had been t reated with water, the unchanged phenol 
ether was distilled with s team, and the final product was f i l tered off. The yields of pyran-2 ,4-diones  under 
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these  conditions rose  to 30-587o. Thus,  this  method of synthesizing 6 -a ry l - subs t i t u t ed  pyran-2 ,4 -d iones  is 
the s imples t  of those known and can be used to obtain these  compounds,  wh ichposse s s  physiological  act ivi ty 
[71. 

At tempts  to obtain 2 ,6 -d ia ry l - subs t i tu ted  ~/-pyrones (III) by the diacylat ion of phenol e thers  with 
acetonedicarboxyl ic  acid proved unsuccessful ,  s ince the 5 - a ry l - f l , 6 , -d ioxova l e r i c  acids iV) fo rmed  cycl ized 
immedia te ly  under the action of the PPA into 6 -a ry l - subs t i t u t ed  pyran-2 ,4 -d iones  (l-I). 

The products  obtained consis t  of h igh-mel t ing compounds spar ingly soluble in polar  organic  solvents .  
The s t ruc tu re  of the compounds obtained was conf i rmed by IR spec t roscopy .  The IR spec t r a  of the sub- 
s tances  obtained 'had s t rong absorpt ion  bands in the 1710-1704-cm -1 and 1628-1620-em -1 regions  which we 
assigned,  r e spec t ive ly ,  to the cha r ac t e r i s t i c  v ibra t ions  of the C = O of a lactone grouping and to the cha r -  
ac t e r i s t i c  f requencies  of an a - p y r a n  ring [8]. The bands of the s t re tching v ibra t ions  of the a roma t i c  sub- 
st i tuents  at 1600 and 1580 and 1560 cm - i  and of the alkoxy groups  at 1260-1240 cm -~ a r e  also seen. 

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

6-(4 ' -Methoxyphenyl)pyran-2 ,4-dione(I Ia) .  a. A mix tu re  of 3.84g (0.02 mole)  of c i t r ic  acid, 1.08 g 
(0.01 mole,  1.1 ml) of anisole  and 40 g of PPA was heated at 65~ with v igorous  s t i r r ing  for  3 hr .  The 
t e m p e r a t u r e  was r a i sed  to 70~ and s t i r r ing  was continued for  another  2 hr .  The mix tu re  was poured into 
ice water ,  and the  yel low amorphous  product  was f i l te red  off, washed with ethanol, and dried.  Yield 0.4 g 
(18% 5; co lo r l e s s  needles,  mp 211-212~ (decomp. , f rom glacial  acet ic  acid [6]). IR spec t rum,  cm-1;  1704, 
1620, 1608, 1560, 1248. Similar ly ,  the acylat ion with c i t r ic  acid of phenetole and v e r a t r o l e  gave: 6 - (4 ' -  
e thoxyphenyl)pyran-2,4-dione (IIb), yel low needles ,  mp 213-214~ (from acet ic  acid), yield 207o. Found 7o : 
C 67.03: H 5.20. Calculated for  C13H1204, 7o : C 67.24: H5.17. IR spec t rum,  c m - l :  1704, 1612, 1600, 
1558, 1248; and 6 - (3 ' ,4 ' -d imethoxypheny l )pyran-2 ,&dtone  (IIc) co lo r l e s s  pla tes  mp 220-221~ (from acet ic  
acid), yield 9%; C 62.86; H 4.94. Calculated for  C13H1205, %; C 62.90; H 4.84. IR spee t rum,  cm- l :  1710, 
1628, 1614, 1560, 1260. 

b. A mix ture  of 15 g (0.011 mole) of ace tonedicarboxyl ic  acid, 1.08 g (1.1 ml, 0.01 mole) of anisole,  
and 20 g of PPA was heated at 60-62~ with vigorous  s t i r r ing  for  4 h r  30 rain. After  the t r e a t m e n t  of the 
react ion  mix tu re  with water ,  the unchanged anisole  was dist i l led off with s team.  Yield of IIa 1.2 g (58%5. 
Compound lib was obtained s imi l a r ly  with a yield of 557o {time of heating 4 hr  30 min) and IIc with a yield 
of 307o (time of heating 3 hr) .  Mixtures of the compounds obtained (Ha-c) with samples  obtained in exper i -  
ment  (a) gave no depress ion  of the melt ing point. 
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