
TABLE i. 
c]benzo[c]pyran-6,8-diones llla-c and Their Thio Analogs 
IVa,b 

lonl- 
ound 

I l i a  
llLb 
IIl.C 
IVa 
IV b 

inp~ ~ 

283--284 
29~-~294 

268--269 
270--271 

7-Aryl-6,7-dihydro-8H-indeno[l',2':2.3]pyrano[3,5- 

IR spectrum, 
cm-i Found, % 

C H [S[NIIBr) 
Empirical 
formula 

Calculated, % 

C H IS[N] (Br) 

76,413,9 
70,8[3,0 
65,6]2,6 
73,513,7 
68,312,9 

(17,4) 
7,4 
7,2 

[3,1] 

C~HmOs [76,413,9 I 
C25HmNO~ ]70,913,1 ] [-&,3] 
C25H,sBrO4 ]65,612,81 07,5) 
C~HmO4S ~73,613,8[ 7,5 

[3,21 

C--O C=C 

1025--1358 1660 
1048--1350 1660 
1040--1355 1662 
1018--1338 1661 
1060--1343 1660 

46 
94 
77 
42 
89 

heated on a boiling-water bath. At the end of the reaction (monitoring by TLC), the contents 
of the flask were cooled, and the solid phase was removed by filtration and washed succes- 
sively with acetic anhydride and methanol. All of the IIIa-c and IVa,b obtained were yellow 
and dissolved when they were heated in benzene, chloroform, and acetone. 
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SYNTHESIS, HALOGENATION, AND NITRATION OF 6-METHYL- 

3-PHENYL-2-PYRONE DERIVATIVES 

N. F. Lyukmanov and E. I. Kovshev UDC 547.812.5'589.!.07:542.958.1'944.1 

Simple methods for the synthesis of 3-aryl-6-methyl-2-pyrones and 3-aryl-5- 
carbalkoxy-6-methyl-2-pyrones by the reaction of ethyl a-formylarylace~ates 
with acetone and acetoacetic acid esters, respectively, are proposed. Some elec- 
trophilic substitution reactions of 6-methyl-3-phenyl-2-pyrone and 5-carbethoxy- 
6-methyl-3-phenyl-2-pyrone were studied. 

2-Pyrones are quasi-aromatic compounds with a complex set of chemical properties. The 
relative activities of pyrone and phenyl rings in electrophilic substitution reactions of 
derivatives of 4-phenyl-2-pyrone, 5-phenyl-2-pyrone, and 6-phenyl-2-pyrone have been pre- 
viously studied [1-4]. It was established that, depending on the nature of the electro- 
philic agent, the structure of the pyrone, and the reaction conditions, substitution may 
occur in the 3 and 5 positions of the pyrone ring or in the para and meta positions of the 
phenyl ring. 

Electrophilic substitution in 3-phenyl-2-pyrone derivatives has not been studied; this 
is apparently due to the difficulty in obtaining these compounds. Only the four-step syn- 
thesis of 3-phenyl-6-methyl-2-pyrone from phenylacetonitrile and methyl vinyl ketone in 
~10% overall yield is known [5]. In this connection, we have developed two rather simple 
methods for the synthesis of 3-aryl-6-methyl-2-pyrones and 3-aryl-5-carbalkoxy-6-methyl-2- 
pyrones and studied their behavior in electrophilic substitution reactions. 

The corresponding 3-aryl-6-methyl-2-pyrones IIa-c were synthesized in 20-23% overall 
yields by condensation of ethyl ~-formylarylacetates Ia-c with acetone in the presence of 

Scientific-Research Institute of Organic Intermediates and Dyes, Moscow 103787. Trans- 
lated from Khimiya Geterotsiklicheskikh Soedinenii, No. Ii, pp. 1477-1480, November, 1985. 
Original article submitted August 21, 1984; revision submitted January 7, 1985. 

0009-3122/85/2111-1215509.50 �9 1986 Plenum Publishing Corporation 1215 



potassium tert-butoxide with subsequent treatment with acetyl chloride. Only the starting 
reagents were isolated when an attempt was made to subject homologs of acetone, viz., 2- 
butanone, 2-hexanone, and 2-octanone, to this reaction. 

CH3COCII ~ + RI--~IICO2C2Hs~ CH3~--RI-~-- 
-- CHO 0~0 
I a-C llra--c 

uOoc,~___~ 

/ d  IV a,c 
/ 

R~OOC, 
CH~COCH2CO2R 2 

0--~ 0 
llla-d 

I--IV a R'=H; l - - l l lb  R'=Br; I--IVc RI=CH30, R2=C~Hs; IIIdRI=CH30, R~=CHa 

For  t h e  s y n t h e s i s  o f  3 - a r y l - 6 - m e t h y l - 2 - p y r o n e s  we a l s o  d e v e l o p e d  a s e c o n d  me thod :  3-  
a r y l - 5 - c a r b a l k o x y - 6 - m e t h y l - 2 - p y r o n e s  I I I ,  the  h y d r o l y s i s  o f  which  i n  h y d r o c h l o r i c  a c i d  gave  
acids IV in 40-60% yields, were synthesized in 45-75% yields by-heating acetoacetic acid 
esters with I in acetic acid in the presence of catalytic amounts of piperidine. Decarboxy- 
lation of IV to give 3-aryl-6-methyl-2-pyrones in 55-90% yields occurs when they are heated 
in quinoline at 200~ in the presence of copper powder. 

Electrophilic substitution in the 3-phenyl-2-pyrone series was studied in the case of 
6-methyl-3-phenyl-2-pyrone and 5-carbethoxy-6-methyl-3-phenyl-2-pyrone. It was found that 
lla is brominated in the presence of aluminum chloride in trifluoroacetic acid in the 5 
position of the pyrone ring and in the para position of the phenyl ring. Compound Ilia is 
inert with respect to bromine in the presence of iron or aluminum chloride and could be 
bromlnated and iodinated only bythe Gubo-Birkenbach-Waters method. 3-(p-Bromophenyl)- 
and 3-(p-iodophenyl)-5-carbethoxy-6-methyl-2-pyrone (lllb,e) were obtained when the reac- 
tion was carried out in 90% sulfuric acid in the presence of silver sulfate. 

Substitution also takes place in the para position of the phenyl ring (60% yield) in 
the nitration of Ilia with a nitrating mixture at 5-I0~ 

C H 3 ~  ~ C H ~  Br 

Ha V 

CH3--~~CN 
0--~0 

nd 

0--~0 
lib 

Ilia III b, e, f 

IIIb RI=Br. e R1-l.f Ri=NO2 
f~ 

We were unable to detect significant amounts of the ortho and mete isomers of IIlb,e,f 
by thin-layer chromatography (TLC) and gas-llquld chromatography (GLC). The positions of 
the substituents in the halogenation and nitration of IIa and IIIa were proved by oxidation 
of IIIb,e,f and V with potassium dichromate in sulfuric acid to the corresponding p-sub- 
stltuted benzoic acids [3] and by means of PMR spectroscopy. Thus the spectrum of V does 
not contain a signal at 6.1 ppm corresponding to the signal of a proton in the 5 position 
of the pyrone ring of pyrone IIa, whereas the four protons of the phenyl ring in IIIb,e,f 
and V give symmetrical spectra that correspond to the four-spin AA*BB I system, which indi- 
cates a pare orientation of the 8ubstituent in the phenyl ring. 

Compounds IIa and IIIa do not undergo the Frledel--Crafts reaction with acetyl chloride 
and aluminum chloride even in the case of refluxlng in methylene chloride; this is apparently 
explained by the electron-acceptor character of the carbonyl group of the pyrone ring. A 
certain degree of deactivation of the phenyl ring is also observed in the bromination of 
IIa and IIIa, which does not occur when iron powder or potassium bromate is used and re- 
quires the use of stronger catalysts, viz., aluminum chloride and silver sulfate. 

Thus the pyrone ring in 6-methyl-3-phenyl-2-pyrone derivatives decreases the activity 
of the phenyl ring in the Friedel--Crafts reaction and in bromination but is a p-orientlng 
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TABLE i. 

Comp. 

l ib  1710, 
II~c 2920, 

1620 
IId 2235, 

1635 
IIIa 2990, 

1705, 

IIIb 2990, 
1705, 

IIIc 2980, 
1745, 

IlId 2920, 
1720, 

IIIe 2940, 
1710, 

IIIf  2980, 
1705, 

IVa 3420, 
1705, 

IVc 3410, 
1740, 
1615 

V 1710, 

Characteristics of II-V 

P-I ' ppm . . . .  "' [ _ - " ~ " ~ H  I formula I-=--r-:-.. I 
I " I I I 

1630 CmHgBrO2 25 
1720 

1712 

1730 8,30, S; 7,90, m; 
1618 4,73, q; 3,03, s; 

1,70, t 
1745, 8,16, s; 7,87, 
1620 4,70, q; 2,97, s; 

1,64, t 
2920, 8,16, d; 7,80,s ; 
1720 7,13, d; 4,60,q.; 

4,10, s; 2,93, s ; 
1,70, t 

1740, 7,97, d ;  7,70,s ; 
1625 7,06, d;  4,03,s4 

2,86, 
1750, 8,43, ~ 7,86; 8,14,q 
1630 4,66, q; 3,06, s ,  

1,66, t 
1755, 8,53, d;  8,43, s; 
1620 8,17, d.; 4,73, q; 

3,03,s ; 1,70, t 
1730, 
1620 
2920, 
1710 

1615 8,11, s ;  8,08, s; 
2,35, s 

Ct3HmO3 

CI3HgNO2 

C15H140, 

CmHlsBrO4 

Cl~Hl~O5 

CtsH1405 

C,15H18IO4 

CmHlaNO, 

ClaHtoO4 

C14HMO5 

C1~HsBr202 

20 ~(A) 
55 (B4 
47 

73 

50 

67 

50 

45 

50 

55 

40 

80 

grouping; this is apparently explained by participation of the pyrone ring in stabillzation 
of the transition state in the case of attack by the electrophilic agent at the para position. 

The 5-bromo-2-(p-bromophenyl)-6-methyl-2-pyrone (V) that we synthesized is readily re- 
duced to 3-(p-bromophenyl)-6-methyl-2-pyrone (lib) in 75% yield when it is heated with zinc 
in acetic acid; lib was converted to 6-methyl-3-(p-cyanophenyl)-2-pyrone (lid) by the Rosen- 
mund-von Braun reaction in dimethylformamide. 

EXPERIMENTAL 

The IR spectra of KBr pellets of the compounds were recorded with a UR-20 spectrometer. 
The PMRspectra of solutions in CDCls were obtained with a Tesla-467 spectrometer (60 MHz) 
with tetramethylsilane as the internal standard. The physicochemical and spectral:~character- 
istics of ll-V are presented in Table I. 

6-Methyl-3-phenyl-2-pyrone (IIa). A) A solution of 19 g (0.i mole) of ethyl u-formyl- 
phenylacetate in 20 ml of dry acetone was added gradually to a suspension of 15 g of potassium 
tert-butoxide in 30 ml of absolute tert-butyl alcohol, after which the mixture was refluxed 
for 1.5 h. It was then cooled and poured into dilute hydrochloric acid, and the mixture was 
extracted with benzene. The benzene was removed by distillation, the residue wasdissolved 
in 30 ml of acetyl chloride, and the solution was refluxed for 4 h. The excess acetyl chlor- 
ide was removed by distillation, and the residue was distilled in uaouo. Recrystallization 
of the distillate from hexane gave 4.3 g (23%) of 6-methyl-3-phenyl-2-pyrone (lla) with mp 
64-65~ (rap 63-64~ 

3-(p-Bromophenyl)-6-methyl-2-pyrone (lib) and 3-(p-Methoxyphenyl)-6-methyl-2-pyrone 
(IIc). These compounds were similarly obtained. 

B) A mixture of 2.3 g (0.01 mole) of acid IVa, 2 ml of quinoline, and 0.5 g of copper 
powder was heated at 200-210~ until gas evolution was complete (~i h). It was then cooled 
and treated with 30 ml of benzene, and the benzene solution was washed with dilute hydro- 
chloric acid (three 20-ml portions) and water (three 20-ml portions) until the wash water 
was neutral. The organic layer was dried over sodium sulfate, the benzene was removed by 
distillation, and the residue was recrystallized from hexane to give 1.6 g (88%) of Ila with 
mp 65~ 
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3-(p-Methoxyphenyl)-6-methyl-2-pyrone. This compound was similarly obtained. 

6iMethyl-3-(p-gyanophenyl)-2-pyrone (lid). A mixture of equimolar (0.01 mole) amounts 
of lib and copper cyanide in 15 ml of dimethylformamide (DMF) was refluxed for 3 h, after 
which the reaction mixture was decomposed with a hydrochloric acid solution of ferric chlor- 
ide. The resulting precipitate was removed by filtration, washed with water, and recrystal- 
lized from alcohol. 

3-Ary!-5-carbalkoxy-6-methyl-2-pyrones llla-d. A mixture of 0.01 mole of ethyl 
acetoacetate, 0.01 mole of the corresponding I, I0 ml of acetic acid and 0.3 ml of piperidine 
was refluxed for 14-16 h. At the end of the reaction, the reaction mixture was poured into 
ice water, and the precipitate was removed by filtration and recrystallized from alcohol. 

3-Aryl-5-carboxy-6-methyl-2-pyrones IVa~c~ A mixture of 0.05 mole of III and 70 ml of 
concentrated hydrochloric acid was refluxed for 4-5 h, after which it was cooled and poured 
into water. The aqueous mixture was extracted with chloroform, and the organic layer was 
washed with water and a saturated solution of sodium bicarbonate (three 70-ml portions). 
The wash waters were acidified with hydrochloric acid, and the resulting precipitate was re- 
moved by filtration, washed with water, and recrystallized from 60% aqueous alcohol. Un- 
changed ester III remained in the chloroform layer. 

5-Bromo-3-(p-bromophenyl)-6-methyl-2-pyrone (V)~ A l-ml sample of bromine was added 
gradually at 20-30~ to a mixture of 3.7 g (0.02 mole) of IIa, 4 g (0.03 mole) of aluminum 
chloride, and 20 ml of trifluoroacetic acid, after which the reaction mixture was maintained 
at 20-30~ for 1 h and at 50-60~ 1 h. It was then poured into a solution of 2 g of sodium 
sulfate in 70 ml of water, and the resulting precipitate was removed by filtration, washed 
with water, and recrystallized from alcohol to give V, with mp 153~ in 80% yield. 3-(p- 
Bromophenyl)-6-methyl-2-pyrone (lib) was formed in 75% yield in the reduction of V with zinc 
dust in refluxing acetic acid. 

Halogenation of 5-Carbethoxy-6-methyl-3-phenyl-2-pyrone. A 0.03-mole sample of bromine 
or iodine was added at 20"C to a solution of 5 g (0.02 mole) of IIIa and 3 g (0.01 mole) of 
silver sulfate in 50 ml of 90% sulfuric acid, and the mixture was stirred for 1 h. The pre- 
cipitated silver halide was removed by filtration, and the filtrate was poured into a solu- 
tion of 2 g of sodium sulfite in 150 ml of ice water. The precipitate was removed by fil- 
tration, washed with water, and recrystallized from alcohol. 3-(p-Bromophenyl)-5-carbethoxy- 
6-methyl-2-pyrone (IIIb) was obtained in 50% yield, and 3-(p-iodophenyl)-5-carbethoxy-6- 
methyl-2-pyrone (IIIe) was obtained in 45% yield. 

3-(p-Nitrophenyl)-5-carbethoxy-6-methyl-2-pyrone (lllf). An equimolar amount of nitric 
acid (d = 1.5) was added gradually dropwise at 0-5~ to a solution of IIIa in 30 ml of con- 
centrated H2SO4, and the resulting solution was stirred at I0-15~ for 4 h. It was then 
poured over ice, and the resulting precipitate was removed by filtration, washed with water, 
and recrystallized from alcohol to give IIIf in 60% yield. 
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