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Abstract - Irradiation of the en01 lactones 1a.b in methanol 

led to the vinyl ketones 2a,b and the chromones 3a,b, while 

irradiation in benzene gave the vinyl ketones 2a,b and the 

chromones 4a,b and 5a.b. The photodecarboxylatian of 4a.b to 

5a,b, analogous to that of phisnylacetic acid, is v e r y  

efficient. The mechanistic iioplications of these observations 

are discussed. 

The photochemistry of 5-~2-acetoxyaryl1-2(3H)-furanones such as 1 follows three 

1 different pathways : a) formation of [2+2] cyclobutane dimers through the styrenlc 

double band, bl decarbonylation to vinyl ketones3 and cl formation of chromones. 

The mechanism of the latter process is not very well established, but the key step 

appears to be a radical addition to the carbonyl group, and the result is the 

formation of a C-C bond (Scheme 1). 

SCHEME 1 

This type of process is the radical equivalent of the condensations through 



enolates, and might in principle be extended to a wide variety of intra- or 

intermolecular reactions. 

In the present work we have confirmed our preliminary studies on structurally 

related substrates, and, at the same time, we have gat evidences in favour of the 

involvement of the chromoneacetic acids 4 as intermediates in the mechanism of 

the reactions. 

The irradiation of the lactones la and lb in methanol led to the vinyl ketones 

Za (22%). 2b (12%) and the chromones 3a (16%), 3b (23%) (Scheme 2). The yield 

estimated for vinyl ketones by means of 'H-nmr of the crude photomixtures was 

nearly 60%; however the yield after purification was much lower, which is 

justifiable by extensive polymerization of these products during the workup. 

On the other hand, the irradiation of la and lb in benzene (Scheme 21 led to very 

complex mixtures. After chromatography, only the vinyl ketones 2a (12%). 2b (10%) 

and the chromones 5a (30%). 5b (36%), could be identified, but small amounts of 

some acidic compounds, difficult to purify, were also isolated. We decided to 

assign tentatively the structures 4.3 and 4b to these acidic compounds on the basis 

of spectroscopic evidence. 

R1 3 

O COOH 

a: ul= H; u2= CH, 
b: R1= R2= CH, 

4 

SCHEME 2 

The formation of products of the type 2 and 3 by irradiation of lactones analogous 

1 to la and lb, has been previously observed , and rationalized by assuming a 

primary photochemical cleavage of the O-CO bond, followed by decarbonylation or 
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intramolecular radical addition (Scheme 3 )  
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Through the intermediates 8, not detected experimentally, one can explaln all the 

chromone-derived products. Thus, the methyl esters 3 would be formed by solvent 

addition to intermediate 8 with concomitant ring opening followed by 

dehydration. The chromoneacetic acids 4 might be formed through three different 

processes: a )  the Norrish type I1 photochemical reaction, with participation of a 

bl-carbonyl hydrogen4, b) hydrolytic opening of the lactone ring by traces of 

moisture, followed by elimination or c )  direct 6-elimination, through the 

intermediate 11'. Finally, the formation of tri- and tetramethylchromones 5 can be 

explained by direct decarboxylation of 8 5 ' 6  or, more probably, by decarboxylation 

of the chromoneacetic acids 4, analogous to the well known photodecarboxylation 

7 of arylacetlc acids . 
In order to check this hypothesis on the origin of the chromones 5, we decided to 

carry out the irradiation of their possible precursors 4, which were independently 

prepared by means of the ~ostanecki-Robinson8 reaction. (Scheme 4). 

Ac,O 'OH 
- 3 - 4  

COOCH, COOCH, 

R2 R2 

a: RI = H; R2 = C H ~  b: u1 = u2 C H ~  

C: RIZH: R2= OCH, d: R1=H; R2 =OAC 

e: R ~ = H :  R,= OH 

SCHEME 4 

In this context, we prepared not only the chrornoneacetic acids 4a and 4b but also 

the related compounds 4c and 4d, trying to justify previous results of our group 

on the photochemistry of en01 lactones of the type 1. 

Using the Kostanecki-Robinson reaction, the keto esters 13 were refluxed in acetic 



anhydride in the presence of sodium acetate. The corresponding acetates 14 were 

formed after lh, and the chromones 3 were obtained as final products after 48 h. 

Compounds 3a and 3b were identical to the products obtained by irradiation of the 

lactones la and lb in methanol, while compounds 3c and 3d had not been previously 

described. 

By saponification, 3 were easily converted into 4. Compound 3d, after 

saponification, led to the acid 4e which was acetylated by treatment with acetic 

anhydride giving 4d. Compounds 4a and 4b were identical to the products obtained 

by irradiation of the lactones la and lb in benzene, thereby having been confirmed 

the tentative structure. 

According to the results previously found for phenylacetic acid and some 

heterocyclic analogues, irradiation of the chromoneacetic acids 4a.4b.4~ and 4d 

in benzene under nitrogen produced quantitatively the compounds 5a.5b.5~ and 5d.  

whose spectroscopic and physical properties matched with those of the compounds 

obtained from the irradiation of the correspond~ng lactones 1. 

In summary, in the course of the photolysis of en01 lactones 1 the chromoneacetic 

acids 4 are formed. Since these compounds undergo a highly efficient 

photodecarboxylation. this process can be the source of the chromones r ,  also 

isolated from the irradiations of en01 lactones 1. 

EXPERIMENTAL 

Melting points are uncorrected. Combustion analyses were performed at the 

Institute de ~uimica 0rginlca of CSIC (Madrid). Ir spectra were determined in 

CC14 solutions wlth a Perkin-Elmer 5 7 7  spectrophotometer; absorptions ( 3 ,  ern-l) 
are given only for the main bands. Ig-~mr spectra were measured with a Hitachi 

Perkin-Elmer R-24-E instrument, using CC14 or CDCI3 as solvent; chemical shifts 

are reported in ppm downfield (6) from TMS. 

Irradiation of the Lactones 1 

A solution of 5 0 0  mg of the lactone 1 in 3 0 0  ml of methanol or benzene was 

irradiated at room temperature under nitrogen for 5 0  mi", with a 125W medium 

pressure mercury lamp immersed inside a quartz immersion well photoreactor. The 

photoproducts were isolated, after removal of the Solvent, by column 



chromatography on silica gel using hexane:ethyl ether (l/l,v/v) as eluent. Then, 

the different fractions were purified by thick layer chromatography, on silica gel 

(2 -1, using hexane:ethyl acetate 14/l,v/vI as eluent. 

Alternative Synthesis of the Chromoneacetic Acids 4 

A mixture of the keto ester 13 (29) and sodium acetate (29) in 25 ml of acetic 

anhydride was refluxed during 1 h. After this time, 5 ml of the resulting solution 

was poured into water, precipitating the corresponding acetate 14, which was 

filtered and then purified by recrystallization. The remaining was refluxed during 

48 h, and then poured into water. The resulting suspension was filtered to give 

the corresponding chromone 131. One g of the latter was treated with 20 ml of 5% 

aqueous NaOH under magnetic stirring during 5 mi". After this time, the mixture 

was neutralized with an aqueous solution of HC1 (35%) and the resulting suspension 

was filtered affording 4 in quantitative yield. The final purification was done by 

recrystallization. 

(A mixture of 4 e  (500 mg) with 10 ml of acetic anhydride and 2 drops of sulfuric 

acid was refluxed 45 min and then poured into water to give 4d, which was purified 

by recry:;tallization). 

Irradiation of the Chromones 4 

A solution of 19 of the chromone 4 in 300 ml of benzene was irradiated at room 

temperature under nitrogen for 15 min, with a 125 W medium pressure mercury lamp 

immersed inside a quartz immersion well photoreactor. After this time the solvent 

was evaporated to give quantitatively the decarboxylated chromones 5, whose 

purification was done by recrystallization. 

products 

2-Acetoxy-5-methylphenyl Vinyl Ketone (2a). colourless oil, ir 1780, 1680, '~-nmr 

7.05-6.50 (m, 3H, Argl, 6.90-5.50 (AMX, Jtrans=15, Jcis=9, J =3, 3H, 
gem 

Cg=Cg21. 2.30 ( s .  3H, Ct131, 2.10 ( s ,  3H, OCOCg3). 

2-~cetoxy-3,5-dimethylphenyl Vinyl Ketone (Zb), colourless oil, ir 1765, 1670, 

'~-nmr 7.18 (m, 2H, ArH), 7.10-5.71 IAMX, Jtrans=15, J . =9, J =3, 3H. 
CIS gem 

Cg=Cg2), 2.37 and 2.30 ( s  and s ,  6H. 2xCg31, 2.20 ( s ,  3H. OCOCg3). 

3-Metho~ycarbon~lmethyl-2,6-dimethylchromor~e (3a). recrystallized from 

cyclohexane, colourless crystal rnp 85-86-C, Anal. Calcd for Cl4Hl4O4: C, 68.28; H, 
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5.73; Found: C, 68.51; H, 5.738, ir 1750, 1655, 7.65 (d, , 5-ArH), 

7.25-6.90 (m, ZH, Arg), 3.55 ( s ,  3H. COOCH3), 3.35 ( s ,  2H. CH2), 2.35 and 2.30 ( s  

and s ,  6H. 2xCH3). 

3-Methoxycarbonylmethyl-2,6,8-trimethylchromone (3b). recrystallized from hexane, 

colourless crystal mp 112-117'~, Anal. Calcd for C15H1604: C, 69.21; H. 6.20; 

Found: C, 69.44; H, 6.398, ir 1750, 1655, 'H-nmr 7.70 (d, J<Z, 5-ArH), 7.15 (d, 

Jt2, 7-Ar!), 3.65 ( s ,  3H. COOCH3), 3.55 ( s ,  2H, Cl12), 2.38 and 2.30 ( s  and s ,  

6H and 3H, 3xCg3). 

6-Methoxy-3-methoxycarbony lmethy l -2 -methy lchmone  (3c), recrystallized from 

cyclohexane, colourless crystal mp 92-95-~, Anal. Calcd for Cl4HI4O5: C, 64.12; 

H, 5. 38; Found: C, 63.76; H, 5.008, ir 1750, 1650. 'H-nmr 7.40-7.00 (m, 3". ArH), 

3.70 ( 5 ,  3H, OCH3), 3.65 ( s ,  3H, COOCH3). 3.50 ( s ,  2H. Cg2), 2.35 ( s ,  3H, 

CH3 ) . 
6-Acetoxy-3-methoxycarbonylmethyl-2-methylhmo (3~3). recrystallized from 

henane, colourless crystal mp 120-123DC, Anal. Calcd for C15H1406: C, 62.07; H, 

4.86; pound: C, 61.70; H, 4.778, ir 1780, 1750, 1655, 'g-nmr 7.80 (m, s-A~H), 

7.40-7.20 (m, 2H, Arg), 3.70 ( s ,  3H, COOCH3), 3.55 ( s ,  2H, CHZ), 2.40 ( s ,  3H, 

Cg3), 2.30 (m, 3H, OCOCg3). 

3-Hydroxycarbonylmethyl-2,6-dimethy1~hromo (4a), recrystallized from acetone, 

COIOU~I~SS crystal mp 189-194'~. Anal. Calcd far: CI3Hl2O4: C, 67.24; H, 5. 17; 

Found: C, 67.75; H, 4.768, ir 1720, 1650, 'H-nmr 8.05 (d, J<2, lH, A ,  7.60- 

7.25 (m, ZH, 7,s-A=!), 3.65 ( s ,  2H. CH2), 2.50 and 2.45 ( s  and s, 6H. 2xCg3). 

3-Hydroxycarbonylmethyl-2,6,8-trimethylchomo (4b), recrystallized from 

acetone:CC14 (1/1), colourless crystal mp 189-194'C, Anal. Calcd for. Cl4Hl4O4: C, 

68.28: H, 5. 73; Found: C, 67.80; H, 5.77%, ir 1730, 1645, la-nmr 7.90 (d, J<2, 

1H. 5-A=!), 7.35 (d, Jt2, 7-Arg), 3.65 ( s ,  2H. CE12), 2.50, 2.45 and 2.40 ( s , s  and 

s ,  9H. 3xCH3). 

3-Hydr0xycarbonylmethyl-6-methoxy-2-methylchomone ( 4 ~ 1 ,  ir 1745, 1645, 'H-nmr 

7.40-7.10 (m, 3H, AXE), 3.75 ( s ,  3H, OC133), 3.45 ( s ,  2H. CHZ), 2.30 ( s ,  3H, 

CH3 . 
6-Acetoxy-3-hydroxy~arbonylmethy1-2-methylchromone (4d), recrystallized from 

acetone, colourless crystal mp 162-169'C. Anal. Calcd for: C1401206: C, 60.87; H, 

4.38; Found: C, 61.17; H, 4.74%, ir 1750, 1645, 'H-nmr 7.50-7.00 (m, 3H. ArH), 

3.50 ( 5 ,  2H. CH2), 2.35 ( s ,  3H, CH 1 ,  2.00 ( s ,  3H. OCOCH3). -3 

6-Hydroxy-3-hydroxycarbonylmethyl-2-methylhome ( 4 e ) ,  recrystallized from 



acetone, colourless crystal mp 235-243'C, Anal. Calcd for: C12H1005: C, 61.54; H. 

4.30; Found: C, 61.36; H, 4.968, ir 1730, 1645, '~-nmr 7.50-7.10 (m, 3H. Arg), 

3.60 ( 5 ,  2H. CH2), 2.40 ( s ,  3H. CH3). 

2.3.6-Trimethylchromone (5a). recrystallized from petroleum ether, colourless 

crystal mp 100-102~~ 105-106~~), ir 1640, '~-nmr 7.70 (d, 5<2, 5-ArH1, 

7.15-6.90 (m. 2H, Arc), 2.40 and 2.30 ( s  and s, 6H, 2xCH3), 1.90 ( s ,  3H. 

C3-CH3). 

2.3.6.8-Tetramethy1~hr0m0ne 15b). recrystallized from hexane, colourless crystal 

mp 132-138'~. Anal. Calcd for C13H1402: C, 77.20; H, 6.98. Found: C, 76.81; H, 

7.15%, ir 1650. '~-nmr 8.80 (d, J<2. 5-Arc), 7.25 Id, J<2, 7-Ar!), 2.40 ( s ,  9H, 

3xCg3), 2.05 ( s ,  3H, C3-Cs3). 

6-Methoxy-2.3-dimethylchromone ( 5 ~ 1 ,  recrystallized from petroleum ether, mp 8Z0C 

(lit.' 82'~). ir 1640, '~-nmr 7.50-7.10 (m, 3H. ArH), 3.79 ( s ,  3H, OCH31, 2.30 ( s ,  

3H. C2-CH3), 2.00 ( 5 ,  3H. C3-CH3I. 

6-Acetoxy-2,3-dimethylchromone (5d), recrystallized from hexane, mp 136-137OC 

(lit.'' 139'~), ir 1750, 1630, 'g-nrnr 8.00-7.40 Im, 3H, Rrg), 2.45 Is, 3H, 

C2-CH3), 2.35 ( s ,  3H. OCOCN3), 2.09 ( s ,  3H. C3-CH3). 

Methyl 4-(2-Hydroxy-5-methylphenylj~4-0~obb1tan0ate (13.3) recrystallize? from 

water, colourless crystal rnp 52-53'~. Anal. Calcd for C12H1404: C, 64.85; H, 6.35. 

Found: C, 64.71; H, 6.34%. Ir 1755, 1660, 'H-nmr 11. 44 Is, IH, chelated OH), 7.24 

Id, Jt2, 6-A=!), 7.00 (dd, J = 8 ,  J<2, 4-ArH), 6.55 (d, J=8, 3-ArHI, - 3.51 ( s ,  3H, 

COOCH3), 3.11 (t, J=6, 2H, ArCOCH2), 2.53 It., J=6, 2H. C~2COOCH31, 2.20 Is, 3H. 

CH3). 

Methyl 4-(2-~ydroxy-3,5-dimethylpheny1~-4-0x0b~tanoate 113b), recrystallized from 

water, colourless crystal mp 60-65'C. Anal. Calcd for C13H1604: C, 66.10; H 6.78. 

Found: C, 66.08; H, 6.88%, ir 1750. 1650. '~-nmr 11.65 ( s ,  lH, chelated OH), 7.25 

(d, J<2. 6-Arq), 7.00 (d, J<2, 4-ArH). 3.65 ( 5 ,  3H. COOCH3), 3.25 (t, J=6, 2H. 

ArCOCg2), 2.65 (t. J=6 2H. CH2COOCH3), 2.23 and 2.17 Is and s ,  2x3H. 2xCH3). 

Methyl 4-(2-~ydroxy-5-methoxyphenyl~-4-O~0b1itanate ( 1 3 ~ )  ,I1 colourless oil. Anal. 

Calcd for Cl2Hl4O5: C, 60.49; H, 5.92. Founa: C, 60.28; H,6.07%, ir 1750, 1640, 

'~-nmr 11.70 ( s ,  1H. chelated OH), 7.30-7.00 (m, 3H. Ar!), 3.83 Is, 3H. OCH3), 

3.70 Is, 3H, COOCH3), 3. 38 It, J=6, 2H. ArCOCc2), 2.82 It, J=6, 2H, 

CE12COOCH31. 

Methyl 4-12-~cetoxy-5-methy1pheny1)-4-0~0b1itan0t (14a1, recrystallized from 

petroleum ether, colourless crystal mp 62-65-C, Anal. Calcd for C14H1605: C, 
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63.63; H, 6.06, Found: C, 63.49; H, 5.88%. ir 1780, 1750, 1700, 
'~-nmr 7.45 Id, 

J<2, 6-ArH), 7.20 (dd, J=6, J < 2 ,  4-ArH), 6.80 (d, J=6, 3-Arg), 3.60 ( s ,  3H, - 

COOCH3), 3.05 (t, J=7, 2H, ArCOCH2), 2.55 (t, J=7, 2H, CE2COOCH3), 2.35 ( 5 ,  3H, 

Ar-CH3), 2.25 Is, 3H, OCOCH31. 

Methyl 4-(2-Acetoxy-3,5-dimethylphenyl)-4-oxobutnote (14b), recrystallized from 

petroleum ether, colourless crystal mp 71-72°C. Anal. Calcd for c ~ ~ H ~ ~ ~ ~ :  C, 64. 

74; H, 6.47, Found: C, 64.30; H, 6.16%. ir 1780, 1750, 1700, 'ti-nmr 7.20 (d, ~ < 2 ,  

6-ArH), 6.95 Id, Ji2, 4-ArH), 3.05 ( s ,  3H. COOCH3), 3.00 (t, J=6, 2H. 

ArCOCII,), 2.50 (t. J=6, ZH, CH2COOCH3), 2.25, 2.20 and 2.05 ( s , s  and s ,  9H. 

3xCH3 1 . 
Methyl 4-(2-Acetoxy-5-methoxyphenyl)-4-oxobutanoate (14~1, colourless oil, ir 

1770, 1740, 1700, 'H-nmr 7.30-6.90 (m, 3H, ArH), 3.75 ( s ,  3H, OCH3), 3.60 ( s ,  3 ~ ,  

COOCH3), 3.10 !t, J=6, 2H, ArCOCH2), 2.60 (t, J=6, 2H, CH2COOCH3), 2.25 ( s ,  3H, 

0CocH3 , . 
Methyl 4-(2.5-Diacetoxypheny1)-4-oxobutanoate !14d), recrystallized from hexane, 

ColoUrleSS crystal mp 75-78'~. Anal. Calcd for Cl5Hl6O7: C, 58.44; H, 5.23, ~ound: 

C, 58.34; H, 5.178, ir 1780, 1750, 1710, '~-nmr 7.45-6.80 (m, 3H, ArH), 3.65 (s, 

3H, COOCH31, 3.05 (t, 3-6, 2H, Arcom,), 2.60 it, J=6, 2H, CH2COOCH3), 2.28 and - 
2.23 ( s  and s ,  6H. 2xOCOCH3). 
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