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A novel one-pot synthesis of derivatives of aryldioxins
and aryldithiins
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Abstract—One-pot reactions between ortho-dihydroxyarenes with 1,2-diols or dithiols in the presence of p-toluenesulfonic acid
yielded the corresponding dioxins or dithiins in good to excellent yields.
� 2003 Elsevier Ltd. All rights reserved.
Aryldioxins are of high versatility and have fascinating
chemistry. While some halogenated dibenzodioxin
derivatives, for example, 2,3,7,8-tetrachloro-di-
benzo[1,4]dioxin (TCDD), are regarded notoriously as
highly ecotoxic chemicals, some analogues are recog-
nized as compounds with promising biological activities,
being antitumor,1 antihyperglycemic,2 and a-adreno-
receptor antagonists for antidepression and antihyper-
tension therapy.3 In addition, reports have revealed
possible use of dioxins as donors for cation radicals4 and
thus their application as potential candidates in the
design and synthesis of new organic materials.
The complexity of syntheses of aryldioxins depends
upon the nature of the functional groups attached.
Simple dioxins can be prepared by direct nucleophilic
displacement by ortho-dihydroxyarenes with electro-
philes having leaving groups at the 1,2-positions.3d;5

Palladium catalyzed processes6 may also be applied and,
in certain cases, provide chiral products.7 In cases where
straightforward SN2 reactions cannot be conducted, the
preparation may be effected by direct coupling of ortho-
halo-phenols8 or by condensation between ortho-
dihydroxyarenes with dihaloarenes activated by either
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electron withdrawing groups9;4a or by transition metal
complexes.10

Less is known for sulfur analogues aryldithiins11 due to
the limited accessibility of the sulfur containing materi-
als. The synthesis of these compounds has, in general,
been complicated, either employing several steps12 or
involving molecular skeleton rearrangements.13

We have recently reported a straightforward acid cata-
lyzed transformation of dihydroxyarenes to their cor-
responding bisalkylthio derivatives.14 Interestingly it can
be envisioned that this procedure, when applied to
ortho-bisphenols, could lead effectively to the prepara-
tion of oxygen and sulfur heterocycles. Thus we wish to
report here novel one-pot syntheses of 2,3-naphtho- and
9,10-phenanthro-derivatives of dioxins and dithiins
whose yields vary from good to excellent. The mecha-
nisms of the reactions will also be discussed.

Reactions between 2,3-dihydroxynaphthalene 1a or
9,10-diacetoxyphenanthrene 1b15 and a variety of 1,2-
diols 2a–c or 1,2-dithiols 2d–e were conducted in the
presence of p-toluenesulfonic acid in refluxing toluene
for 4–6 h. The yields are presented in Table 1.
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Scheme 1. Mechanism of dioxin/dithiin formation.

Table 1. Yields of reactions between dihydroxyarenes 1 and diols or dithiols 2
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This reaction was very effective with both alkyl- and
aryl-diols or dithiols. Remarkably, reactions with
dithiols gave better yields than those with diols (e.g.,
entry 4 vs entry 1), possibly due to the greater nucleo-
philicity of sulfur than that of oxygen. In addition, it is
worth noting that neither the non-cyclization products 4
nor the bis-adduct 5 was observed, thus implying a
strong preference for six-membered ring formation.16
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Similar to the analogous replacements of phenolic
hydroxyl groups previously reported,14;18 the mechanism
proposed for this reaction, depicted in Scheme 1,
involves the addition of the diol or dithiol to the keto
tautomer of the phenol. Then the cyclization follows by
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addition of the terminal alcohol or thiol moiety to the
keto tautomer of the remaining phenolic group. Con-
sequently rearomatization by removal of H2O readily
furnishes the corresponding dioxin or dithiin 3.

We have thus introduced a novel and highly efficient
methodology for the synthesis of aryldioxins and aryl-
dithiins. The reaction is straightforward and requires
simple and inexpensive starting materials. It may be
widely applicable for the preparation of a variety of
dioxins or dithiins.

General procedure. 2,3-Dihydroxynaphthalene (200mg,
1.25mmol) and 1,2-ethanedithiol (0.53mL, 6.24mmol)
were allowed to reflux in toluene (4mL) in the presence
of p-toluenesulfonic acid (119mg, 0.62mmol) for 4 h.
After aqueous workup, the crude product was chromato-
graphed with ethyl acetate/hexane as the eluent.
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