Tetrahedron Letters, Vol. 37, No. 39, pp. 7099-7102, 1996
Pergamon Copyright © 1996 Elsevier Science Ltd
Printed in Great Britain. All rights reserved
0040-4039/96 $15.00 + 0.00
PIL: S0040-4039(96)01583-3

Facile Synthesis of 6-Hydroxyindole-3-acetic Acid:
On the Structure of the Aromatic Subunit of Nephilatoxin-1~6
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Abstract: A facile synthesis of 6-hydroxyindole-3-acetic acid 1a, which is the proposed aromatic sub-
unit of NPTX-1~6, is described. Radical cyclization of isonitrile 2 successfully afforded 9 in high yield.
The aromatic subunit of NPTX-1~6 was confirmed as 4-hydroxyindole-3-acetic acid 12 by comparison
of the "H-NMR spectra with those of authentic 4- and 6-hydroxyindole-3-acetic acids.
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Polyamine toxins isolated from Nephila clavata (joro gumo) have attracted considerable attention with
their intriguing pharmacological actions on vertebrate and invertebrate excitable transmitter receptors, and the
mast cell degranulation.” These toxins consist of an aromatic subunit, an amino acid linker, and a polyamine
side chain, which are linked in sequence as shown in Scheme 1, and are classified into four groups on the
basis of the variety of aromatic subunits.” Among them, the structures of JSTXs, clavamine, and NPTX-7~12
have been confirmed by the total syntheses.” In contrast to the extensive synthetic efforts along these lines,
there are no examples of synthesis of NPTX-1~6. Therefore, the structures of NPTX-1~6 have not been
confirmed yet. It is considered that the lack of efficient methods for synthesis of 6-hydroxyindole-3-acetic
acid (6-OHIA),*® which was proposed as the aromatic subunit of NPTX-1~6, has impeded this study. In this
paper, we report a facile synthesis of 1a and 6-hydroxytryptamine 1b via the Fukuyama indole synthesis® as
the key step (Scheme 2), and structure elucidation of the aromatic subunit of NPTX-1~6.
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The key to making this route effective and practical included the preparation of 2,5-disubstituted
isonitrile 2 used for the radical cyclization. We envisaged the conversion of commercially available 5-
hydroxy-2-amino-1-nitroaniline 3 into 2 by selective and mild aromatic substitution reactions. Diazotization
of 3 and the subsequent treatment with potassium iodide gave iodophenol 4 which was protected with a
benzyl group to afford 5. The Heck reaction of 5 with methyl acrylate proceeded smoothly to give methyl
nitrocinnamate 6 in high yield. Chemoselective reduction of the nitro group was successfully achieved by
treatment of 6 with zinc in acetic acid to give 7. The isonitrile 2 was accessible by formylation of 7 and
dehydration of the resulting 8 with triphosgene in the presence of triethylamine. The radical cyclization of 2
with tributyltin hydride followed by treatment with dilute hydrochloric acid provided ester 9, which was
subjected to the following sequence of reactions: i) hydrolysis and debenzylation to give 6-OHIA 1a, ii)
reduction, azidation via mesylate, and reduction to give 6-hydroxytryptamine 1b”.
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Conditions: i) NaNOg, HCI, then KI; ii) BnBr, K2CO3, acetone, A; iii) methyl acrylate, Pd(OAc)z, (Tol)sP
EtsN, MeCN, 4A; iv) Zn, AcOH; v) AcCOCHO, Py, CH,Cly; vi) triphosgene, EtaN, CH2Cly; vii) BugSnH,
AIBN, MeCN, 4, viii) dil. HCI, 0°C; ix) NaOH, H2O-THF; x) Ha, 10%Pd-C, MeOH; xi) DIBAL, CH,Cly,
-78°C, xii) MsCl, Py, CH2Clg, 0°C; xiii) NaN3, DMF; xiv) Hp, 10%Pd-C, MeOH.

Scheme 3

We next compared the structure of the aromatic subunit of NPTX-1~6 with the authentic 6-OHIA 1a.
A crude mixture of polyamine toxins was extracted from seven venoms of Nephila clavata and subjected to
hydrolysis to isolate the hydroxyindole subunit as a hydroxyindole-3-acetic acid.> A comparison of '"H-NMR
spectra of the hydroxyindoleacetic acid revealed that the chemical shift values and proton spin systems of the
aromatic protons differed from those of 6-OHIA 1a, but were in agreement with those of CNS 2103* having
4-OHIA 12 as the aromatic subunit (Fig. 1). In order to confirm the aromatic subunit of NPTX-1~6, 4-OHIA
12 was prepared from 4-hydroxyindole 10 in a similar manner to the reported method® (Scheme 4). The
'H-NMR spectrum of the aromatic subunit of NPTX-1~6 was identical with that of the authentic 4-OHIA 12.
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Figure 1. 'H-NMR spectra [500 MHz, CD,0OD, 8 in ppm)] of the aromatic protons of (a) A crude mixture of NPTX-
1~6, (b) hydroxyindole-3-acetic acid (from hydrolysis of NPTX-1~6), (c) 4-OHIA 12 (authentic sample),
and (d) 6-OHIA 1 (authentic sample).
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Conditions: i) BnBr, K2COg, acetone, A; i) 50% MeaNH, 37%HCHO, AcOH, MeOH,; iii) Mel;
iV) NaCN, H20, A; v) KOH, H20, A; vi) 10% Pd-C, MeOH.

Scheme 4

In conclusion, a facile synthesis of 6-OHIA 1a and 6-hydroxytryptamine 1b was achieved. The
aromatic subunit of NPTX-1~6 has been revised as shown in Fig. 2 through 'H-NMR studies of the authentic
4- and 6-OHIAs. 6-Hydroxyindole derivatives 1a and 1b appear promising as potential synthons for
pharmacologically important indole alkaloids” represented by reserpine, harmaline, and vindoline.
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