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Cascade cyclization and intramolecular nitrone
dipolar cycloaddition and formal synthesis of
19-hydroxyibogamine†

Ziad T. I. Alkayar ‡ and Iain Coldham *

A cascade or domino sequence of condensation of hydroxylamine and an aldehyde to give an oxime,

cyclization to a nitrone, and intramolecular 1,3-dipolar cycloaddition has been successfully employed

where there is branching at C-4 as a route to the iboga alkaloids. Cyclization occurs with displacement of

chloride as a leaving group and intramolecular cycloaddition occurs with an alkene as a dipolarophile.

The reaction gives an azabicyclo[2.2.2]octane product containing a fused isoxazolidine as a single stereo-

isomer and this was converted to an isoquinuclidine that completed a formal synthesis of the alkaloid

(±)-19-hydroxyibogamine.

Introduction

Iboga alkaloids have been isolated from plants of the
Tabernanthe genus, found particularly in West Africa. The
iboga alkaloids are related by a common pentacyclic structure
found in ibogamine 1, that consists of an isoquinuclidine core
with a fused indoloazepine ring and representative examples
are shown in Fig. 1. Their pharmacological properties have
been studied widely and they have attracted attention due to
their ability to treat drug addiction. Ibogaine 2 is the most
abundant of the alkaloids in Tabernanthe iboga and has been
used clinically. The alkaloid catharanthine 4 has potent antag-
onist activity against transient receptor potential melastatin 8
(TRPM8), which is expressed in sensory neurons and involved
in thermoregulation and pain. This compound is an impor-
tant intermediate in the synthesis of vinblastine and
analogues.

Many syntheses of the alkaloid ibogamine have been
reported. In contrast, there is only one report of the prepa-
ration of the iboga alkaloid (–)-19-hydroxyibogamine 5, which
shows marked antibiotic activity. There is a growing number
of iboga alkaloids with a hydroxyethyl group or other oxyge-
nated side chain at C-20 of the core ring system. Here we
report an efficient synthesis of the isoquinuclidine core with a
hydroxyethyl side chain that makes use of a nitrone cyclo-

addition as part of a cascade process involving simple conden-
sation of hydroxylamine with an aldehyde followed by cycliza-
tion on to an alkyl halide and cycloaddition. We have applied
this to a formal synthesis of 19-hydroxyibogamine 5.

We have reported a number of examples of the formation of
polycyclic amines by use of a cascade strategy that incorporates
a condensation reaction of an amine and an aldehyde (or
ketone) followed by in situ cyclization of the imine (or oxime or
hydrazone) on to an alkyl halide, followed by in situ dipolar
cycloaddition. Our efforts have been centred mostly on
fused ring systems (Scheme 1a) and this chemistry leads to the
synthesis of several natural products (aspidosperma alkaloids,
myrioxazine A). An intermolecular cycloaddition alterna-
tively leads to bicyclic products and has been used to prepare
crispine A and macronecine. We have extended the method-

Fig. 1 Representative iboga alkaloids, 1–5.
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