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Abstract - Irradiation of the enol lactones la,b in methanol
led to the vinyl ketcnes 2a,b and the chromcocnes 3a,b, while
irradiation in benzene gave the vinyl ketcnes 2a,b and the
chromones 4a,b and 5a,b. The photodecarboxylaticn of 4a,b to
5a,b, analogous tc that of phenylacetic acid, is vary
efficient. The mechanistic implications of these observaticns

are discussed,

The photochemistry of 5-(2-acetoxyaryl)-2(3H)-furanones such as 1 follows three
different pathwaysl: a) formation of [2+42] cyclobutane dimers through the styrenic
double bond, b) decarbonylation to vinyl ketones3 and c)} 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 grcoup, and the result 1is the

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

SCHEME 1

This type of process is the radical equivalent of the condensaticns through
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enolates, and might in principle be extended to a wide wvariety of intra-~ or

intermclecular reactions.

In the present work we have confirmed our preliminary studies on structurally
related substrates, and, at the same time, we have got 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 1b in methanol led to the vinyl ketones
2a (22%), 2b (12%) and the chromones 3a (16%), 3b (23%) (Scheme 2). The yield
estimated for vinyl ketones by means of 1H—nmr of the crude photomixtures was
nearly 60%; however the vield 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 1lb in benzene (Scheme 2) led tc very
complex mixtures. After chromatography, only the vinyl ketones 2a (12%), 2b (10%)
and the chromones Sa (30%), Sb (36%), could be identified, but small amounts of
some acidic compounds, difficult to purify, were alsc 1isolated. We decided to

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

OAC 0 R1
Ry ~ O. __CH,
@rk/+ ]:il ]
Ry CH,COOCH,
Ry s)

of spectroscepic evidence,

oac O
Ry 2 3
Ry R
Ra 1
O _CH, O~._CH,
1 2 + + |
R CH, Ry CH,
O cooH o
4 5
@ Ry= H; Ro=CH,
b: Ri= Ra= CH;
SCHEME 2

The formation of products of the type 2 and 3 by irradiation cof lactones analogous
to la and lb, has been previously observedl, and raticnalized by assuming a

primary photochemical cleavage cf the 0-CO bond, followed by decarbonylation or
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intramclecular radical addition
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{Scheme 3).
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SCHEME 3
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Through the intermediates 8, not detected experimentally, one can explain all the
chromone-derived products. Thus, the methyl esters 3 would be formed by solvent
additien teo intermediate B8 with concomitant ring cpening followed by
dehydration. The chromoneacetic acids 4 might be formed through three different
processes: a) the Norrish type II photochemical reaction, with participation of a
X—carbonyl hydrogen4, b} hydrolytic opening of the lactone ring by traces of
moisture, followed by elimination or ¢} direct ﬁ—elimination, through the
intermediate 11'. Finally, the formation of tri- and tetramethylchromcnes 5 can be
explained by direct decarboxylaticn of 85’6 cr, more probably, by decarboxylation
of the chromeoneacetic acids 4, analogcus to the well known photodecarboxylation
of arylacetic acidsT.

In order to check this hypothesis on the origin of the chromones 5, we decided to

carry out the irradiaticon of their possible precurscrs 4, which were independently

prepared by means of the Kostanecki—Robinson8 reaction. {Scheme 4).
OH OAc
R CC-CH R -
1 [ 2 Ac,0 1 co ?H2 NaOAc Son
(I:H2 CH, 3 —> 4
|
COOQCH, COOCH,
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13 14

a: Ry=H; Ry = CH, b: Ri= Ry, = CH;,
€: Ry=H; Rp = OCH; d: Ry=H; R, =OAc
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SCHEME 4

In this context, we prepared not only the chromcneacetic acids 4a and 4b but also
the related compounds 4c and 4d, trying to justify previous results of our group
on the photochemistry of enol lactones of the type 1.

Using the Kostanecki-Rokinson reaction, the keto esters 13 were refluxed in acetic
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anhydride in the presence of sodium acetate. The corresponding acetates 14 were
formed after 1lh, 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 1lb in methanol, while compounds 3c and 34 had nct been previcusly
described.

By sapenificaticn, 3 were easily converted inte 4, Compound 34, 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 1b in benzene, thereby having been confirmed
the tentative structure.

Boccording  to  the results previously found for phenylacetic acid and some
heterocyclic analogues, irradiation of the chromoneacetic acids 4a,4b,4c and 4d
in benzene under nitrogen preoduced quantitatively the compounds 5a,5b,5c and 54,
whose spectroscopic and physical properties matched with those of the compounds
obtained from the irradiation of the corresponding lactones 1.

In summary, in the course of the photolysis of enol lactones 1 the chromoneacetic
acids 4 are formed. Since these compounds undergo a highly efficient
photodecarboxylation, this process c¢an be the scurce of +the c¢hromones £, also

isolated from the irradiations of encl lactones 1.

EXPERIMENTAL

Melting points are nuncerrected. Combustion analyses were performed at the
Instituto de Quimica Organica of CSIC (Madrid). Ir spectra were determined in
CC14 solutions with a Perkin-Elmer 577 spectrophotometer; absorpticns LD, cmnl)
are given only for the main bands, lH-Nmr spectra were measured with a Hitachi
4 ©OF CDCl3 as solvent; chemical shifts
are reported in ppm downfield (§) from TMS.

Perkin-Elmer R-24-B instrument, using CCl

Irradiation of the Lactones 1

A solution of 500 mg of the lactone 1 in 300 ml of methanol or benzene was
irradiated at room temperature under nitrogen for 50 min, with a 125@ medium
pressure mercury lamp immersed inside a gquartz immersion well photoreactor. The

photoproducts were 1isolated, after removal of the solvent, by column
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chromatography on silica gel using hexane:ethyl ether (1/1,v/v) as eluent. Then,
the different fractions were purified by thick layer chromatography, on silica gel

{2 mm), using hexane:ethyl acetate (4/1,v/v} as eluent,

Alternative Synthesis of the Chromoneacetic Acids 4

A mixture of the keto ester 13 (2g) and sodium acetate (2g) 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 chromene {3). One g of the latter was treated with 20 ml of 5%
aqueous NaOH under magnetic stirring during 5 min. After this time, the mixture
was neutralized with an agueous 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 4e (500 mg) with 10 ml of acetic anhydride and 2 drops of sulfuric
acld was refluxed 45 min and then poured into water to give 4d, which was purified

by recrystallization).

Irradiation of the Chromones 4

A solution of lg of the chromone 4 in 300 ml of benzene was Iirradiated 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 guantitatively the decarboxylated chromones 5, whose

purification was done by recrystallization.

Products

2-Acetoxy-5-methylphenyl Vinyl Ketone {2a), colourless oil, ir 1780, 1680, lH—nmr

7.05-6.50 (m, 3H, ArH), 6.90-5.50 (AMX, 1s, J... =9, J___ =3, 3H,

J =
trans cls gem

CH=CH 2.30 (s, 3H, CH,}, 2.10 (s, 3H, OCOCH,).

2),
2-Acetoxy-3,5-dimethylphenyl Vinyl Ketone (2b), colourless oil, ir 17653, 1670,

1 - - —

H-nmr 7.18 (m, 2H, ArH), 7.10-5.71 {amMx, J .. =15, J_;_=9, Jgem’B' 3H,
C§=C§2), 2.37 and 2.30 (s and s, 6H, 2xC§3), 2.20 (s, 3H, OCOCga).
3-Methoxycarbonyimethyl-2, 6-dimethylchromone (3a}, recrystallized from

cyclchexane, colourless crystal mp 85-86°C, Anal. Calcd for C14H1404: Cc, 68.28; H,
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5.73; Found: C, 68.51; B, 5.73%, ir 17506, 1655, 1H~nmr 7.65 (4, J<2, S5-arH),

7.25-6.90 (m, 2H, ArH), 3.55 (s, 3H, COOCH;}, 3.35 (s, 2H, CH,), 2.35 and 2.30 (s
and s, 6H, 2xCH,).

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

colourless crystal mp 112-117°C, anal. Caled for C,_H..O0,: c, 68.21; H, 6.20;
1571674

Found: C, 69.44; H, 6.39%, ir 1750, 1655, ‘H-nmr 7.70 (d, J<2, S-ArH), 7.15 (4,

J<2, 7=ArH), 3.65 (s, 3H, COOC§3), 3.55 (s, 2H, CH,), 2.38 and 2.30 (s and s,

2
6H and 3H, 3xC§3).

6-Methoxy-3-methoxycarbonylmethyl-2-methylchromone (3c}, recrystallized from

cyclchexane, colcourless crystal mp 92*95°C, Anal. Caled for C14H1405:

H, 5. 38: PFound: ¢, 63.76; H, 5.00%, ir 1750, 1650, lH—nmr 7.40-7.00 (m, 3H, ArH),

C, 64.12;

3.70 (s, 3H, OCH 3.65 (s, 3H, COOCH 3.50 (s, 2H, CEZ), 2.35 (s, 3H,

3): 3),

CH,) -

6-Acetoxy-3-methoxycarbonylmethyl-2-methyvlchromone {34), recrystallized from

hexane, colourless crystal mp 120-123°C, Anal. Calcd for C C, 62.07; H,

15149
4.86; Found: C, 61.70; H, 4.77%, ir 1780, 1750, 1655, lH-—nmr 7.80 (m, 5-ArHj,
7.40-7.20 (m, 2H, ArH), 3.70 (s, 3H, COOCH;), 3.55 (s, 2H, CH,)), 2.40 (s, 3H,

CH 2.30 (m, 3H, OCOCH

Ny -

3-Hydroxycarbonylmethyl-2,6-dimethylchromone {4a), recrystallized from acetone,

coleourless crystal mp 189-194°C, Anal. Calecd for: C,.H,.,0,: C, 67.24; H, 5. 17;
1371274

Found: C, 67.75; H, 4.76%, ir 1720, 1650, lH-nmr 8.05 (4, J<2, 1H, 5-ArH), 7.60-

7.25 (m, 2H, 7,8-ArH), 3.65 (s, 2H, CH,}, 2.50 and 2.45 (s and s, 6H, 2xCH,).

2)!
3=Hydroxycarbonylmethyl-2,6,8-trimethylchromone (4b), recrystallized from

acetone:CCl4 {(1/1), colourless crystal mp 189-194°C, Anal. Calcd for. C C,

14H1494¢
68.28; H, 5. 73:; Found: C, 67.80: H, 5.77%, ir 1730, 1645, lH-nmr 7.90 (d, J<2,
1H, 5-ArH), 7.35 (d, J<2, 7-ArH), 3.65 (s, 2H, CH,}, 2.50, 2.45 and 2.40 (s,s and
s, 9H, 3xCE3).

3-Hydroxycarbonylmethyl-6-methoxy-2-methylchromone (4¢}, ir 1745, 1645, lH-nmr

7.40-7.10 (m, 3H, ArH}, 3.75 (s, 3H, GCEB), 3.45 (s, 2H, CH 2.30 (s, 3H,

2)!

city).

6-Acetoxy-3-hydroxycarbonylmethyl-2-methylchromone {4d), recrystallized from

acetone, colourless crystal mp l162-169°C, Anal. Calecd for: C1401206= Cc, 60.87; H,
1

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

3.50 (s, 2H, CH,), 2.35 (s, 3H, CH,), 2.00 (s, 3H, OCOCH,).

6-Hydroxy-3-hydroxycarbonylmethyl-2-methylchromone (4e), recrystallized from
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acetone, colourless crystal mp 235-243°C, Anal. Calcd for: ClZHIOOS: c, 61.54; H,
4.30; Found: C, 61.36; H, 4.96%, ir 1730, 1645, lH—nmr 7.50-7.10 {m, 3H, ArH),

3.60 (s, 2H, CH 2.40 (s, 3H, CH,).

2 3
2,3,6-Trimethylchromone (5a), recrystallized from petroleum ether, colourless

9,10 1

crystal mp 100-102°C (lit. 105-106°C), ir 1640, “H-nmr 7.70 (d, J<2, G5-ArH),

7.15-6.90 (m, 2H, ArH), 2.40 and 2.30 (s and s, 6H, 2xCH,}, 1.90 (s, 3H,

3
C,-CH4) .

2,3,6,8-Tetramethylchromone (5b), recrystallized from hexane, colourless crystal

mp 132-138°, anal. Calcd for C c, 77.20; H, 6.98. Found: ¢, 76.81; H,

13814927
7.15%, ir 1650, 'H-omr 8.80 (4, J<2, 5-ArH), 7.25 (d, J<2, 7-ArH), 2.40 (s, 9§,

3xCH,), 2.05 (s, 3H, Cy-CH

3 3).
6-Methoxy-2, 3~dimethylchromone {5¢), recrystallized from petroleum ether, mp 82°C

1

(lit. 82°C), ir 1640, lH—nmr 7.50-7.10 (m, 3H, ArH), 3.79 (s, 3H, OCE3)’ 2.30 (s,
3E, C,-CH,), 2.00 (s, 3H, C,=CH,).

6-Acetoxy-2, 3-dimethylchromone (5d}, recrystallized from hexane, mp 136-137°C
(1it.*% 139°c), ir 1750, 1630, lH-nmr 8.00-7.40 (m, 3H, ArH), 2.45 (s, 3H,

CZ-CE3), 2.35 (s, 3H, OCOCE3), 2.09 (s, 3H, C3

Methyl 4-{2-Hydroxy-5-methylphenyl)}-4-oxobutanoate (13a) recrystallized from

-CH,) .

water, colourless crystal mp 52-53°C, Anal. Calcd for C12H1404: ¢, 64.85; H, 6.35.

Found: C, 64.71; H, 6.34%, ir 1755, 1660, lH—nmr 11. 44 {s, 1lH, chelated OH), 7.24

{d, J<2, 6-ArH), 7.00 (dd, J=8, J<2, 4-ArH), 6,55 (4, J=8, 3-arH}, 3.51 (s, 3H,
COOCH,}, 3.11 (t, J=6, 2H, ArCOCH,), 2.53 (t, J=6, 2H, CH,COOCH,), 2.20 (s, 3H,
CH,).

Methyl 4-(2-Hydroxy-3,5-dimethylphenyil)-4-oxchutancate (13b), recrystallized from

water, colourless crystal mp 60-65°C, Anal. Calecd for C13H1604: C, 66.10; H &.78.
Found: C, 66.08; H, 6.88B%, ir 1750, 1650, lH—nmr 11.65 (s, 1H, chelated OH), 7.25
(d, J<2, G—Argj, 7.00 (4, J<Z, 4—Arﬂ), 3.65 (s, 3H, COOC§3), 3.25 (t, J=6, 2H,

ArCOCEz), 2.65 (t, J=6 2H, CH COOCH3), 2.23 and 2.17 (s and s, 2x3H, ZXCE3).

2
Methyl 4-(2-Hydroxy-5-methcxyphenyl)-4-oxobutancate (130),11 colourless oil, Anal.

Calcd for C12H1405: C, 60.49; H, 5.92. Found: C, 60.28; H,6.07%, ir 1750, 1640,
Y4-nmr 11.70 (s, 14, chelated OH), 7.30-7.00 (m, 3H, ArH), 3.83 (s, 3H, OCH,),
3.70 {s, 3H, COOCEB), 3. 38 (t, J=6, 2H, ArCOng), 2.82 e, J=6, 2H,
CH,COOCH, ) .

Methyl 4-{2-Acetoxy-5-methylphenyl)-4-coxobutancate (1l4a), recrystallized from

petroleum ether, ¢olouriess crystal mp 62-65°C, Anal. Caled for C,,H, . O

14116%%  Cr
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63.63; E, 6.06, Found: C, 63.49; H, 5.88%, ir 1780, 1750, 1700, 1. 7.45 (a4,

J<2, 6-ArH), 7.20 (dd, J=6, J<2, 4-ArH), 6.80 (d, J=6, 3-ArH), 3.60 (s, 3H,
COOCH;), 3.05 (t, J=7, 2H, ArCOCH,), 2.55 (t, J=7, 2H, CE,COOCH,), 2.35 (s, 3H,

Ar-CH,}, 2.25 (s, 3H, OCOCH

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

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

15718957 C-
74; H, 6.47, Found: C, 64.30; H, 6.16%, ir 1780, 1750, 1700, ‘H-nmr 7.20 (d, J<2,

6-ArH), 6.95 (d, J<2, 4-ArH), 3.05 (s, 3H, COOCH;), 3.00 (t, J=6, 2m,

ArCOCEz), 2.50 (t, J=6, 2H, CH COOCHB), 2.25, 2.20 and 2.05 {s,s and s, G&H,

2
3xCE3).

Methyl 4-(2-Acetoxy-S5-methoxyphenyl)-4-oxobutancate (14¢), colourless oil, ir

1770, 1740, 1700, lH—nmr 7.30-6.90 (m, 3H, ArH), 3.75 (s, 3H, OCEz), 3.60 (s, 34,

COOCH3), 3.10 (t, J=6, 2, ArCOCH,), 2.60 (t, J=6, 2H, CH,COOCH 2.25 (s, 3H,

2 37
OCOCH,) .

Methyl 4-({2,5-Diacetoxyphenyl)-4-oxobutanoate {144}, recrystallized from hexane,

colourless crystal mp 75-78°C, Anal. Calcd for CigH 07 C, 58.44; H, 5.23, Found:
c, 58.34; H, 5.17%, ir 1780, 1750, 1710, “H-nmr 7.45-6.80 {m, 3H, ArH}, 3.65 (s,

3H, COOCHj}, 3.05 (t, J=6, 2%, ArCOCH,), 2.80 {t, J=6, 2H, CH,COOCH,}, 2.28 and

p:
2.23 (s and s, 6H, 2xOCOCE3).
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