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Abstract

The synthesis of 1H-2-naphtho[2,3-c]thiapyran-5,10-dione-2,2-dioxide (2), a 2-sulfone derivative of the natural
pyranonaphthoquinone pentalongin (1), was accomplished using the acid-catalysed cyclisation of the naphthoquin-
one sulfone acetal6 as a key step in the synthesis. © 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

Naturally occurring 1H-naphtho[2,3-c]pyranoquinones have always attracted considerable attention
in synthetic organic chemistry since these compounds exhibit interesting physiological properties.1 The
pyranonaphthoquinone pentalongin (1), a major constituent from the roots ofPentas longifloraOliv.
(Rubiaceae), was found to exhibit antifungal and antiprotozoan activity.2 Pentalongin (1) is a representa-
tive member of a growing family of 3,4-dehydropyranonaphthoquinones which are characterised by the
presence of a double bond between C(3) and C(4) in the pyran ring, and which were found to possess
interesting antimicrobial properties. As a result, many papers have described new valuable strategies for
the synthesis of 3,4-dehydropyranonaphthoquinones, including pentalongin (1).3

This paper reports on the synthesis of a 2-thiapyranonaphthoquinone2, a 2-sulfone analogue of penta-
longin (1). TheChemical Abstractsname of2 is 1H-2-naphtho[2,3-c]thiopyran-5,10-dione-2,2-dioxide,
which refers to the old thio-nomenclature for sulfur-containing heterocyclic ring systems. However, in
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this article, the use of the prefix ‘thia’ is preferred as prescribed by IUPAC. The synthesis of 1H-2-
naphtho[2,3-c]thiapyranoquinones has thus far been largely unexplored. A series of 3-alkoxycarbonyl-
and 3-carbamoyl-substituted 2-thiapyranonaphthoquinones have recently been claimed to possess anti-
tumour activity.4 These compounds have been obtained in moderate yields using a one-pot double al-
kylation process of 2,3-bis(bromomethyl)-1,4-dimethoxybenzene with�-mercaptocarbonyl compounds
in the presence of sodium alkoxides, followed by oxidative demethylation with cerium(IV) ammonium
nitrate (CAN) and subsequent cycloaddition of the intermediate isothiachromanquinones with 1-acetoxy-
1,3-butadiene.4 In this paper, a Friedel–Crafts approach is introduced as a new and facile route for the
synthesis of 1H-2-naphtho[2,3-c]thiapyran-5,10-dione-2,2-dioxide (2). To our knowledge, this is the first
report on the synthesis of the 1H-2-naphtho[2,3-c]thiapyran-5,10-dione-2,2-dioxide heterocyclic system.

2. Results and discussion

The starting point for the synthesis of 1H-2-naphtho[2,3-c]thiapyran-5,10-dione-2,2-dioxide (2) was
the bromomethylation of 1,4-dimethoxynaphthalene with paraformaldehyde and hydrobromic acid gi-
ving the readily available 2-bromomethyl-1,4-dimethoxynaphthalene (3).5

A one-pot double alkylation of3 with thiourea and bromoacetaldehyde dimethyl acetal afforded the
sulfide acetal4 in 93% yield. The chemoselective oxidation of this sulfide4 using oxone6 in aqueous
methanol gave the sulfone acetal5 in 98% yield, while subsequent oxidative demethylation using
cerium(IV) ammonium nitrate (CAN) resulted in the naphthoquinone sulfone acetal6 in a yield of
82%. Upon treatment with concentrated hydrochloric acid in a biphasic system with ether, compound
6 afforded, via hydrolysis of the acetal, intramolecular cyclisation of the intermediate aldehyde and
elimination of hydrogen chloride, 1H-2-naphtho[2,3-c]thiapyran-5,10-dione-2,2-dioxide (2)7 in 49%
yield (Scheme 1).

Scheme 1.

In order to obtain also the 2-thia analogue11 of pentalongin (1), the naphthoquinone sulfide acetal
7, obtained by oxidative demethylation of4 with CAN, was treated with 12 M HCl, using the same
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conditions as those used for the synthesis of the 2-sulfone analogue2. However, in this case, only
the hydrolysis of the acetal functionality of7 to the corresponding aldehyde8 was observed, but no
cyclisation occurred (Scheme 2). The cyclisation could, however, be accomplished in the reduced state
by reaction of the dimethoxynaphthalene sulfide acetal4 with concentrated hydrochloric acid in a
biphasic system with diethyl ether, giving the 4-chloro-thiapyranonaphthalene9 which was immediately
oxidised to the 4-chloro-thiapyranonaphthoquinone10.8 Again, neither acid (HCl 12 M) nor basic (Et3N,
NaH, DABCO) reagents could induce the elimination of hydrogen chloride from10 to afford the 2-thia
derivative11. Probably, the tendency for elimination is determined by the acidity of the proton at C(3)
which depends upon the oxidation state of the sulfur atom.

Scheme 2.

In conclusion, the synthesis of the 1H-2-naphtho[2,3-c]thiapyran-5,10-dione-2,2-dioxide (2), an un-
natural 2-sulfone derivative of pentalongin (1) was developed in good yield from 2-bromomethyl-1,4-
dimethoxynaphthalene3 using the acid catalysed cyclisation of the naphthoquinone sulfone acetal6 as a
key step in the synthesis.
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