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Regiospecificity in the reaction of 2,3-dichloronaphthazarins
with azide anions. Synthesis of echinamine A—a metabolite

produced by the sea urchin Scaphechinus mirabilis

Nataly D. Pokhilo, Alla Ya. Yakubovskaya, Vladimir A. Denisenko and
Victor Ph. Anufriev*

Pacific Institute of Bioorganic Chemistry, Russian Academy of Sciences, 690022 Vladivostok, Russia

Received 3 November 2005; revised 16 December 2005; accepted 21 December 2005
Abstract—It was found that 6-hydroxy- and 6-alkoxy-2,3-dichloronaphthazarins react smoothly with sodium azide in methanol to
produce the corresponding 2-azido derivatives as single regioisomers. We have explored the utility of this reaction for the synthesis
of echinamine A (3-amino-7-ethyl-2,5,6,8-tetrahydroxy-1,4-naphthoquinone)—the first marine aminated hydroxynaphthazarin, a
metabolite of the sea urchin Scaphechinus mirabilis (Agassiz).
� 2006 Elsevier Ltd. All rights reserved.
Nucleophilic substitution of haloids in chlorinated
naphthazarins (5,8-dihydroxy-1,4-naphthoquinones) is
an important method for the modification of their struc-
tures.1 Some of the compounds produced in this way
possess biological activity,1b,2 or are known as drugs.3

However, the reported methods in many cases have
the limitation of low regioselectivity.2d,4 Thus, the sub-
stitution of a chlorine atom by a methoxy group in
2,3-dichloro-6-hydroxynaphthazarin 1 affords products
2 and 3 in a 2:1 ratio (Fig. 1).5

We have found that substitution of a chlorine by an
azido group in 6-hydroxy- and 6-alkoxy-2,3-di-
chloronaphthazarins by the action of NaN3 in MeOH
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Figure 1.
is directed by hydroxy- and alkoxy groups to position
2 only. Thus, the above-mentioned substrate 1 reacted
smoothly with sodium azide to give 2-azido derivative
4. Compound 4 was easily converted into the corre-
sponding methoxy derivative 3 by the action of MeOH
in the presence of K2CO3.

Chlorinated 7-ethyl-6-hydroxy- 5 and 7-ethyl-6-meth-
oxynaphthazarin 6 in turn reacted with NaN3 in MeOH
to provide the corresponding monoazides 7 and 8 in
excellent yields, and remarkably, as single regioisomers.
On the contrary, dichloroethylnaphthazarin 9 under
these conditions gave a mixture of monoazides 10 and
11 (Fig. 1). The position of the azido groups in
bstitution; Echinamine A; 3-Amino-7-ethyl-2,5,6,8-tetrahydroxy-1,4-
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Scheme 1. Reagents and conditions: (i) K2CO3, MeOH, reflux, 2 h; (ii) CH2N2, Et2O, rt; (iii) NaN3, DMSO, 50 �C, 3 h; (iv) HBr–HOAc, reflux, 1 h;
(v) NaN3, MeOH, 50 �C, 2 h; (vi) DMSO, 50 �C, H+.
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compounds 4, 7, 8, 10, and 11 were unequivocally estab-
lished by analysis of their NMR spectra and all assign-
ments are supported by HMBC experiments.

These observations were used as the basis for the syn-
thesis of echinamine A (3-amino-7-ethyl-2,5,6,8-tetra-
hydroxy-1,4-naphthoquinone, 12), the first marine
aminated hydroxynaphthazarin, produced by the sea
urchin S. mirabilis2d (Scheme 1).6

As noted above, dichlorohydroxyethylnaphthazarin 57

reacted with NaN3 in MeOH to provide azido derivative
7 as a single regioisomer. This was converted to methoxy
derivative 13, then O-methylation gave substituted
dimethoxynaphthazarin 14. This compound reacted
with an excess of NaN3 in DMSO to give amino deriv-
ative 15. Product 15, probably, is the result of reduction
of the corresponding azido-1,4-naphthoquinone 16 with
HN3 produced during treatment of the reaction mixture
with water (Scheme 2). This reaction mechanism has
previously been discussed in detail.8 Azido-1,4-naphtho-
quinone 16 was isolated when the same reaction was
conducted in MeOH. In DMSO azido derivative 16
was also converted into 15 (Scheme 1).

Finally, demethylation of dimethyl ether 15 gave amino-
hydroxynaphthazarin 12 in excellent yield. Synthetic
compound 12 was identical in all respects with echin-
amine A isolated from the sea urchin S. mirabilis.2d
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