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Abstract - Photolysis of 1,3-benzodioxan-4-ones QB and 5@ gives mainly
products derived from photorearrangement, phetoreduction and/or photo-
solvolysis. These results closely parallel those obtained by irradiation
of the isomeric open-chain compounds Jk and Za. A mechanism involving
the intermediacy of radical pairs A and B, generated by successive homo-
lysis of the aryloxy- or arylthio-carbon and carbonyl-oxyger bonds, is

pronosed.

We have recentlv shown‘ that arvl o-acetoxvbenzeates ] undergo a photochemical Fries
rearrangement, affording benzophenone intermediates useful in the synthesis of
xanthones. Previously, it had been reported2 that S-aryl s-acetoxythiobenzoates ék
(sulfur analogues of l) react in a different way, leading to the formation of disul-
fides as the only isolable photoproducts.

To extend our knowledge on the photochemistry cf acetylsalicylic acid derivatives,
and as a part of the search for new entries to cendensed y-pyrones and related struc-
tures,” we have now investigated the photochemical reactivity of 1,3-benzodioxan-4-

ones such as 3 and 4, cvclic isomers of aryl esters L and thioesters % respectively.
N N

CH,
i : =C.H
OCOCH3 0~ ,-‘XAT a: Ar 6ils
a b: Ar= p-CHLOCH,
COXAr
¢: Ar= p-CH;C.H,
0
1 X=0 3
A N
Z X=5 4
" N

—1125—




Compounds of this type are formed in the reaction of c-acetoxybenzoyl chloride with
oxygen or sulfur nucleophiles under certain experimental conditions.4 However, a
definitive characterization (including correct combustion analyses} has been
achieved in very few cases, due to the poor average yields (about 40 %) and to the
difficulty of the separation processes.5
Hence, it appeared convenient to look for mere suitable conditions for the prepa-
ration of the recuired substrates before undertaking the photochemical study. Speci-
fically, we have found that 52 and i& can be prepared from o-acetoxybenzoyl chloride
and p-methoxyphencl or thicphenol, working at room temperature, in the absence of
sclvents, under magnetic stirring and continuously removing the evolved HC1 through
connection to a vacuum line. Operating in this way, yields were high (about 80 %)
and products could be purified by conventional techniques (chromatography/crystalli-
zation or even direct crystallization of the reaction mixture).

The irradiation of EE and ig was carried out in quartz immersion well reactors, using
benzene or methanel as solvents and 125 W medium pressure mercury Ilamps as light
sources. Under this set of conditions, 22 gave rise to photomixtures, whose compo-

sition can be summarized as follows:
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Except for the formation of Z-hydroxy-5-methoxyacetophenone I these results are

closely analogous to these obtained by irradiation of p-methoxyphenyl o-acetoxy-
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benzoate 1b.6 Nevertheless, the cyclic isomer 3b requires shorter reaction times for
LT Ay

the same degrees of conversion (4 instead 11 h) and in methanol gives lower yields

of photo-rearranged products (overall % for 5+6: 10% from 3b, 45% from 1b).
Vo Wy Ny

Irradiation of 2Z-methyl-2-phenylthio-1,3-benzodioxan-4-one 4a in a similar way led
e

to the following pattern of products:
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In order to establish a valid comparison, it was necessary to have equivalent infor-

mation about the photolysis of S-phenyl o-acetoxythicbenzoate %%, open chain isomer

of i%.10 Work done in our laberatory for this purpose has revealed the formation

after 10 h of 9 (10%3, 10 (20%) and 11 (50%) in benzene, as well as 8 (10%), 9 {7%),

v vy " "\ 4"

12 (11%) and S-phenyl thiosalicylate 147 (48) in methanol.

These results make clear a close relationship between the photachemical reactivities

of 2a and 4a. As in the case of 1b and 3b, the main peculiarities are the appearance

vy T LT Ly

of little amounts of not common products such as ig and 14, together with the length
n

of irradiation times.

The following scheme could consistently explain the origin of every products isolated
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after irradiation of 1,3-benzodioxan-4-ones 3b and 4a
LT Ay
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As a consequence of UV-excitation, successive homolysis of aryloxy- or arylthio-
carber (i) and carbonyl-oxygen bonds (iji) might cccur. Recombination of interme-
éiate radical pair B would give benzophenone é, ester lR or thioester %g. Dimeri-
zation of phenylthio radical would yield disulfide 12. Acetophenone 1 and thioxan-
thone 2 could arise from radical pairs A or B11 through recombination, followed by
hydrolysis or acetic acid elimination respectively. Hydrogen abstraction by the same
intermediates could explain the isélation of Z-methyl-1,3-benzodiexan-4-one lé and
o-acetoxybenzaldehyde ll. Finally, the appearance of methyl salicylate i, benzo-
phencne 2 and salicylaldehvde l% may be attributed to the participation of methanol

in photosolvelysis reactions.

EXPERIMENTAL

Melting points are uncorrected. Combustion analyses were performed at the Instituto
de Quimica Orgdnica of the C.S.1.C. (Madrid). To obtain the ir-spectra a Perkin-
Elmer 577 swectrometer was used; absorptions ( g, cm'1) are given only for the main
bands. 1H-nmr-spectra were measured with a Hitachi-Perkin-Elmer R-24B instrument;
chemical shifts are reported in ppm downfield (§) from TMS. Mass spectra were re-
corded with a Hitachi-Perkin-Elmer RMU-6MG spectrometer; the ratios m/e and the re-

lative intensities {%) are listed.
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Preparation of the substrates

A mixture of o-acetoxybenzeyl chleride (2,18 g, 10,9 mmoles) and p-methoxyphenol
(1,36 g, 10,9 mmoles) was allowed to react during 4 h, at room temperature and under
magnetic stirring, in a flask connected to a water pump. The reaction mixture was
applied to preparative tlc plates {(Kieselgel Merck PF254) and eluted with cci, {5
parts) and ether (1 part), affording the following products: p-methoxyphenyl salicy-
late! (66 mg, 2%), mp 91-92 oC (hexane), ir (CC1,) 1690, nmr (CC1,) 10,40 (s, OH),
8,15-6,70 (m, Ar-H}, 3,80 (s, OCHS); 2-{p-methozyphenoxy)~2-methyl-1,3-benzodioxan-
d~one 22 (2,3 g, 72 %3, mp 88-90 2C (cyclohexane), analysis C 67,20 H 4,94 %
(C16H]405 requires C 67,12 H 4,92 %), ir (nujol} 1760, nnmr {CDC13) 8,20-6,% (m, Ar-H)
3,75 (s, OCHS), 1,88 (s, CHS)’ ms 286 (6), 163 (88}, 124 (57), 123 (S}, 121 (100),
120 (4), 109 (15), 95,8 (metastable}, 93 (6), 92 (6), 89,8 {(metastable); p-methoxy-
phenyl o-acetozybenzoate 521 (36 mg, 1 %), mp 103 ¢C (cyclohexane}, ir (CC14) 1765
and 1740, nmr 8,17-6,60 (m, Ar-H), 3,70 (s, OCHB), 2,20 (s, OCOCHs).

Under the same conditions, the reaction between g¢-acetoxybenzoyl chloride (1,1 g,
5,5 mmoles) and thiophenel (0,6 ml, 5,8 mmoles) led, after the chromatographic work-

up, to the fcllewing products: diphenyl disulfide %212

(106 mg, 16 %), mp 56-58 2C;
2-methyl-2-phenylthio~1,3-benzodioxan-4-one ig (1,24 g, 83 %), mp 71-73 ¢C {hexane),
analysis C 66,58 H 4,38 § 11,76 % (CycH;,055 | 0iires € 66,16 H 4,44 S 11,77 3), ir
(nujol) 1750, nmr (CDCIS} 8,20-6,38 {(m, Ar-H), 2,00 (s, CHS)’ ms 272 (1), 163 (80},
121 (100), 120 (4), 110 (4), 109 (6), 93 (4}, 89,8 (metastable), 77(2), 71,5 (meta-

stable).

5 ml of CCl4 containing 0,3 m1 (2,9 mmoles) of thiophencl and 240 mg (2,9 mmoles) of
pyridine were added dropwise to a solution of o-acetoxybenzoyl chloride (550 mg, 2,7
mmoles) in CC1, (5 ml), keeping the temperature below 5 2C during 1 h. After washing
with water, the reaction mixture was dried with anhydrous NaZSO4 and the solvent was
removed in vacuo, to give 620 mg (82 %) of S-phenyl o-acetoxythiobenzvaile 527, mp B85-
89 ¢C (from hexane/ether 1:3 ), ir (nujol) 1750 &nd 1670, nmr (CDCIS) 8,21-6,91 (m,
Ar-H), 2,23 (s, 0COCH4) .

Irradiations

To carry out the irradiations, a 300 ml immersion well reactor, provided with a quartz
sleeve and a 125 W medium pressure mercury lamp, was employed. Sclvents used for irra-
diations were previously purified: benzene was azeotropically distilled and methanol

was dried over CaClz, Ca0 and then distilled. The irradiated solutions were evaporated
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at reduced pressure and the residues were submitted to preparative tlc chromatography,

using hexane (2 parts) and ether (1 part) as eluent, unless otherwise indicated.

Compound ER (760 mg, benzene sclution, 4 h) gave rise to the following products:
s-hydromy-5-methoryacetophonona 7' (22 mg, §%), ir (CC1,) 1640, nmr (CC1,} 11,61 (s,
OHY, 7,00-6,54 (m, Ar-H), 3,70 (s, OCHSJ, 2,48 {s, COCH,) 5 2 “-acetoxy-2-hydroxy-5=-
methorybenzophenona 51 (334 mg, 44 %), ir (CC14) 1770 and 1635, nmr (FC14) 11,40 (s,0H)
7,55-6,50 (m, Ar-H), 3,53 (s, OCHS}, 1,92 (s, OCOCHS]; p-methoxyphenyl o-acetoxyben-
zoate {g (15 mg, 2 %).

Irradiation of the same substrate (630 mg) during 4h in methanol gave: methyl sali-
eylate 212 (40 mg, 12 %); &2 acetoxy-2-hydroxy-5-methoxybenzophenone i (63 mg, 10 %),
2,25dihydroxy-5-methoxybenzophenone £1 (10 mg), mp 93 ¢C, ir (CC14) 1615, nmr (CC14)
10,70 (s, 2Z0H), 10,10 (s, 2-CH), 7,70-6,60 (m, Ar-H), 3,70 (s, OCH,2 .

From compound 4a {610 mg) the following products were obtained after irradiatien
uy
during 3,5 h in benzene (eluent, hexane/ether 1:1): diphenyl disulfide %g (49 mg,
20 %); S-phenyl o-acetoxythiobenzoate 2a (18 mg, 3 %); thioxanthone ﬁTZ (58 mg, 13 %);
= ey

8

o=acetoxybenzaldehyde 11 (66 mg, 18 %), mp 31-35 °C, ir (CC14) 1760 and 1690, nmr
= any

(CC1,) 3,70 (s, CHO), 7,87-8,88 (m, Ar-H), 2,31 (s, OCOCHg).

Compound i% (850 mg) was converted after 2 h in methanol into: methyl salieylate g
(24 mg, 5 %Y; 2-methyl-1,3-~benzodioran-4-one %ig (15 mg, 3 %}, ir (CCI4) 1760, nmr
(CC14) 8,00-6,80 (m, Ar-H), 6,12 (c, CZ-H), 2,30 (4, CHS); S-phenyl o-acetozythic-

benzoate 2a (85 mg, 10 %); thioxanthone § (3% mg, 5 %),; salicylaldehyde {%(87 mg, 17%).
any ~ :

Irradiation of %% (850 mg) in benzene afforded after 10 h diphenyl disulfide iz
{68 mg, 20 %), thiowanthone z (62 mg, 10 %) and o-aeetoxybenzaldehyde %% (256 mg,
50 %). Finally, when the same substrate (1g) was irradiated during 10 h in methanol
the products were methyl salicylate 2 (60 mg, 10%), thioxantone g (51 mg, 7 %),
salicylaldéhyde 1z (50 mg, 11 %) and S-phenyl thicsalicylate 537 (34 mg, 4 %), mp

50-53 oC, ir (nujol) 1640, nmr (CDCl;) 10,85 (s, OH), 8,15-6,73 (m, Ar-H).
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