LETTER

1951

Divergent Synthesisof Linear and Angular Furocoumarin Acetic Acidsfrom

Phloroglucinol

Giovanna Delogu,*2 Carmen Picciau,? Elias Quezada,®® L ourdes Santana,® Eugenio Uriarte?
@ Dipartimento Farmaco Chimico Tecnologico, Universitadegli Studi di Cagliari, Via Ospedale 72, 09124 Cagliari, Italy

Fax +39(070)6758553; E-mail: delogug@unica.it

b Departamento de Quimica Organica, Facultad de Farmacia, Universidad de Santiago de Compostela, 15782 Santiago de Compostela,

Spain
Received 23 April 2007

Abstract: Linear and angular furocoumarins can be obtained start-
ing from phloroglucinol in a versatile, simple, direct, and efficient
way, asdemonstrated in the divergent syntheses described here. The
key step is the alkali-mediated rearrangement of 4-halomethylcou-
marins to benzofuran-3-acetic acids via o,-unsaturated acids and
the key intermediates are benzodipyrones, which, depending on
their substitution, can either give or fail to give the ring-contraction
reaction.
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Furocoumarins are an important class of natural and
synthetic compounds and are widdly studied for pharma-
cological and industrial applications.* In particular, these
compounds are important as photochemotherapeutic
agents and are used to cure avariety of skin diseases. This
application is possible due to their ability to intercalatein
the double-stranded DNA and to undergo photoaddition
to thymine, thereby blocking cell growth and replication.?

During the course of our research into the synthesis and
subsequent study of these heterocyclic compounds, we
previously focused our attention on a convenient contrac-
tion reaction of the coumarin pyrone ring to give a benzo-
furan when position 4 is occupied by a chloromethyl
chain. The reaction involves an alkali-mediated rear-
rangement of the coumarin via a,B-unsaturated acids.®
Thisbehavior allowed usto obtain, in avery direct and ef-
ficient way, awide range of furocoumarin derivatives that
are extremely difficult to prepare by other methods and,
for thisreason, have not been studied in any detail interms
of their pharmacological potential.* The preparation of
these compounds involves the use of asymmetric dipy-
rones, one of the pyroneringsis4-chloromethyl-substitut-
ed and the other cannot be transformed under the alkaline
conditions used.

The 4-chloromethyl substituted pyrone nucleus linked to
a benzene ring can often be obtained in one step by reac-
tion of the phenolic precursor and ethyl 4-chloroaceto-
acetate under Pechmann conditions.® In an anal ogous way
a large number of hydroxycoumarins, which can be pre-
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paredin asimilar way or by alternative methods,® could be
used to obtain a wide variety of asymmetric dipyronesin
which the second pyrone nucleus would be 4-chloro-
methyl-substituted.
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Figurel Linear and angular furocoumarins. A) Psoralen: furo[3,2-
glcoumarin. B) Angelicin: furo[2,3-h]coumarin.

In the present work, we describe an interesting example to
illustrate the application and synthetic possibilities of this
contraction reaction; namely the synthesis, starting from
phloroglucinol, of linear and angular (psoralens and an-
gelicins, respectively, Figure 1) furocoumarin acetic acids
(Scheme 1). The reaction between phloroglucinol (1) and
ethyl 4-chloroacetoacetate under Pechmann conditions
leads to 4-chloromethylcoumarin 4° and linear and angu-
lar dipyrones (compounds 2 and 3, respectively).” The
angular dipyrone is obtained in much larger quantitiesin
relation to thelinear dipyrone as position 8 isthe preferred
position for the electrophilic substitution of coumarins
under these conditions.? On the other hand, dichlorodipy-
rones are not obtained, but instead the phenolic hydroxyl
displaces the chloro substituent from the closest chlorom-
ethyl group, leading to the formation of the furan ring.
When compound 3 is treated under the appropriate alka-
line conditions (0.1 N NaOH) to give ring contraction of
the 4-chloromethyl-substituted pyrone ring, the ring con-
tracts and the other pyrone ring in the molecule is hydro-
lyzed to give with 78% yield the linear benzodifuran 5,°
which has a substitution pattern that has not previously
been reported in the literature. 1t would only be necessary
to replace the chloro substituent in the chloromethyl group
with, for example, a hydroxyl group (simply by an aque-
ous treatment with a yield of 72%) to make the pyrone
ring, now with a hydroxymethyl substituent (compound
6), resistant to ring contraction under the aforementioned
alkaline conditions. In this way, akaline treatment of 6
only leads to hydrolysis of the second pyrone ring and
transposition of the double bond to give the furan ring of
psoralen 71° with 70.5% yield.
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If we synthesize the second ring of the 4-chloromethyl-
substituted pyrone on a previously formed coumarin that
is unsubstituted or substituted with a different group in
this position, then the furan contraction only occursin one
case. This approach was used in the transformation of
coumarin 4. Treatment with water replacesthe chloro sub-
stituent with a hydroxy group to give the hydroxymethyl-
coumarin 8.

Treatment of this compound with ethyl chloroacetoace-
tate under Pechmannn conditions led with a 84.5% yield
to the asymmetric dipyrone 9. This dipyrone enabled a se-
lective contraction to be performed in an alkaline medium
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Scheme 1 Reagents and conditions: (a) ethyl 4-chloroacetate,
H,SO,, r.t., 12 h; (b) H,0, reflux, 48 h; (c) 0.1 N NaOH, 0 °C, 30 min.
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on only one of the two pyrone rings to givein 78% yield,
the angelicin (10).1

Thismeansthat the key step, the contraction of the 4-chlo-
romethyl-substituted pyrane nucleus to the 4-carboxy-
methyl-substituted furan ring, can be carried out through
avery easy, general, and efficient procedure. The applica-
tion of this synthetic method will enable the preparation of
a large series of these types of compounds, which were
designed in order to evaluate their properties as photo-
chemotherapeutic agents.
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