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a b s t r a c t

Photochemical reactions between 1,4-benzo- and 1,4-naphthoquinone and several heteroaromatic car-
baldehydes were investigated under solar irradiation conditions. These reactions gave the corresponding
heteroacylated hydroquinones in the range 71%–92% yield.

� 2010 Elsevier Ltd. All rights reserved.
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Acylated 1,4-quinones, easily prepared by oxidation of the cor-
responding acylhydroquinones, are valuable precursors of a variety
of natural1–4 and synthetic compounds endowed with a range of
biological properties.5–13 Acylhydroquinones are most commonly
prepared via Friedel–Crafts acylation or Fries-rearrangement.14–19

Although the yields are in general moderate to good, these classical
methods involve the use of hazardous environmental substances
and suffer of limitations regarding the use of precursor containing
acid-labile functional groups because they are carried out under
strong acid conditions.

Our continuous interest to extend the synthetic utility of
acyl-1,4-benzoquinones to new biological active quinones7–13

and precedents on photoacylation of 1,4-quinones with alde-
hydes,20–29 in particular those reported by Klinger,20 Oelgemöller
and Mattay,25–27 on the use of green photochemistry using natu-
ral sunlight to the Friedel–Crafts acylation of 1,4-quinones with
carbocyclic aldehydes, led us to study the application of the solar
chemistry to the synthesis of heteroacylhydroquinones from
1,4-benzo- and 1,4-naphthoquinones 1 and 2, and various het-
eroaromatic aldehydes. It is important to point out that the syn-
thesis of heteroacylhydroquinones has received relatively little
attention and there is only one report on the preparation of
some members such as 3 and 4. The access to these compounds
proceeds by acylation of hydroquinone dimethylether with the
corresponding carboxylic acid induced with polyphosphoric acid.
Further demethylation of the dimethoxyketones with boron
ll rights reserved.

+56 2 6864744.
tribromide followed by oxidation affords the corresponding
heteroacylhydroquinones.30,31
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We firstly explored the photolysis of 1,4-benzoquinone 1 in the
presence of 7.5 equiv of furan-2-carbaldehyde in order to inhibit

competing photodimerizations of the quinone26 in benzene solu-
tion, and also containing a catalytic amount of benzophenone to
facilitate the eventual photoacylation.32

Solar irradiation was employed to induce the acylation and
the reaction course was daily monitored by thin layer chromatog-
raphy (light petroleum 40–60/ethyl acetate). After 30 h of light
irradiation (six days) the reaction went to completion to give
heteroacylhydroquinone 3 as the sole product in 88% isolated yield
(Scheme 1).

Several trials of acylation reaction of benzoquinone 1 with
furan-2-carbaldehyde were also carried out in the absence of
O
1

OH
3

Scheme 1. Photoacylation of 1 with furan-2-carbaldehyde.
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benzophenone, which indicates that the use of this compound does
not influence the yield of the phothoacylation.

Encouraged by this result, we set out to study the scope of this
photoacylation procedure for the synthesis of heteroacylhydroqui-
nones 4–14 and the results are collected in Table 1. In all the exam-
ined cases the heteroacylhydroquinones were obtained in good to
excellent yields. The structure of the new compounds 3–12 were
deduced from IR, 1H and 13C NMR data.

All solar experiments reported here33 were performed at the
Canchones Experimental Center in Iquique/Chile (latitude
20�26043.8000 S, 990 m above sea level), which is located in the
Atacama desert, one of the most insolate regions of the world.

In order to evaluate the photoacylation of quinones employing
an artificial irradiation source, the reactions of quinones 1 and 2
with furan-2-carbaldehyde were examined under the same
conditions employed in the solar experiments.33 Degassed reaction
mixtures were irradiated by means of 130-W UV-fluorescent
lamps and the progress of the reactions were monitored by TLC.
The presence of the corresponding photoproducts 3 and 8, as the
Table 1
Solar photoacylation of 1,4-quinones with heteroaromatic carbaldehydes
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a Isolated yield.
unique products, were detected after 48 h of irradiation. However,
partial conversion of quinone 1 and 2 (46% and 22%, respectively)
to their photoproducts were observed after ten days of irradiation.
Photoproducts 3 and 8 were isolated in 55% and 88% yields, respec-
tively. As in the solar experiments, the presence of catalytic
amounts of benzophenone did not improve the yields of the pho-
thoacylation reactions. Although the above experiments demon-
strate the feasibility of the photoacylation of quinones 1 and 2
with furan-2-carbaldehyde under artificial light, further experi-
ments should be carried out to improve the photoacylation conver-
sions and to know the scope of the reaction with heteroaldeydes.

In conclusion, we have described a facile, efficient, cheap and
high-yielding procedure to prepare heteroacylhydroquinones. The
reported method involves commercially available precursors and
an efficient solar photoacylation of 1,4-benzo- and 1,4-naphtho-
quinone. Our work demonstrates that the use of green photochem-
istry with sunlight is achievable for the acylation of 1,4-quinones
with heteroaromatic aldehydes. Further work is in progress to re-
place benzene by alternative solvents suitable for green chemistry.
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