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Two-directional synthesis. Part 1: A short formal synthesis
of (±)-histrionicotoxin and (±)-histrionicotoxin 235A
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Abstract

The formal synthesis of (±)-histrionicotoxin and (±)-histrionicotoxin 235A using a two-directional
strategy has been accomplished. The key feature of the synthesis is a tandem oxime formation/Michael
addition/nitrone cycloaddition sequence, which form the azaspiro[5.5]undecane skeleton in two operations
from an acyclic symmetrical precursor. © 2000 Elsevier Science Ltd. All rights reserved.

The histrionicotoxins are a family of spirocyclic alkaloids isolated from the skin extracts of
the columbian ‘poison arrow’ frog, Dendrobates histrionicus.1 Histrionicotoxin 1 and its hydro-
genation product, the non-natural perhydrohistrionicotoxin 2 are both useful biochemical tools
for probing the mechanisms of transsynaptic transmission of neuromuscular impulses.2 This
remarkable biological activity, in combination with the parent compound’s low abundance in
nature, have prompted considerable synthetic interest over the last few decades, culminating in
three syntheses of 1 and numerous syntheses of 2.3,4

Herein is reported a short formal synthesis of histrionicotoxin and histrionicotoxin 235A,
utilising a tandem Michael addition/[3+2] cycloaddition sequence5,6 as the key step in a
two-directional strategy7 (Scheme 1).
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Scheme 1. (a) (i) n-BuLi, THF, −25°C, 2 h; (ii) 4, −78 to 0°C, 16 h; (iii) n-BuLi, THF, HMPA, −25°C, 2 h; (iv) 4,
−78 to rt, 24 h, 70%. (b) 1:1 THF/2 M HCl, 100%. (c) Me3SiCH2CN, THF, n-BuLi, −78°C, 30 min; then 5, −78°C,
2 h, 73%. (d) NCS, AgNO3, MeCN, H2O, 15 min, 77%. (e) NH2OH·HCl, NaOAc, MeOH, rt, 18 h. (f) Toluene,
160°C, 2 h, 47% from 7.

1,3-Dithiane was doubly alkylated to give diacetal 3 by successive deprotonation with n-butyl
lithium followed by treatment with 2-(3%-chloropropyl)-1,3-dioxolane 4. Two equivalents of
HMPA were added after the second addition of n-butyl lithium to aid the second deprotona-
tion.8 Removal of the acetal protecting groups from 3 was achieved in quantitative yield by
stirring at room temperature for 24 hours in a 1:1 mixture of THF and 2 M hydrochloric acid.
Dialdehyde 5 was converted to dinitrile 6 by use of a double Peterson olefination with
trimethylsilylacetonitrile9 the Z,Z isomer being isolated in 73% yield, with most of the remaining
material being the Z,E stereoisomer. Removal of the dithiane was achieved in 77% yield using
N-chlorosuccinimide and silver nitrate in aqueous acetonitrile,10 to give the symmetrical
cyclisation precursor 7. Treatment of 7 with one equivalent of hydroxylamine hydrochloride and
two equivalents of sodium acetate in methanol at room temperature gave nitrone 8 by way of
oxime formation and subsequent Michael addition. Crude nitrone 8 was then heated in toluene
in a sealed tube at 160°C for 2 hours. Purification gave dinitrile 9 as a single regioisomer in 47%
yield over the two steps.

Dinitrile 9 is an advanced intermediate in Holmes’ recent synthesis of histrionicotoxin and
histrionicotoxin 235A,4a thus this represents a formal synthesis of these two alkaloids.11

Synthesis of dinitrile 9 was achieved in six steps and 18.5% overall yield from 1,3-dithiane.
Investigations into the use of this two-directional strategy for the synthesis of related alkaloids
are ongoing in these laboratories.
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