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Abstract—A two-directional synthesis strategy and a tandem deprotection/double intramolecular Michael addition provides a very
direct route to the 4,6-disubstituted quinolizidine 4. © 2002 Published by Elsevier Science Ltd.

Two-directional synthesis1 and tandem reactions2 offer
the possibility of substantially reducing the number of
chemical operations required to synthesise complex
target molecules of biological and material interest.
Recently we demonstrated the use of a two-directional
strategy directed towards the synthesis of (±)-histrioni-
cotoxin and (±)-histrionicotoxin 235A.3 This formal
synthesis4 combined two-directional synthesis with a
tandem Michael addition/cycloaddition, such that the
skeleton of histrionicotoxin was formed in just six
operations.

Herein we report the use of a two-directional strategy
combined with a tandem deprotection/double

intramolecular cycloaddition for the synthesis of the
4,6-disubstituted quinolizidine 4 (Scheme 1).

Ethyl formate was reacted with 2 equiv. of 4-pentenyl
magnesium bromide in diethyl ether at room tempera-
ture for 12 hours,5 to form symmetric alcohol 1 in 89%
yield after distillation. Mitsunobu6 substitution of the
alcohol with phthalimide was then carried out by stir-
ring a solution of phthalimide (2 equiv.) with alcohol 1,
di-isopropyl azodicarboxylate (2 equiv.) and
triphenylphosphine (2 equiv.) in THF at room tempera-
ture for 12 hours, to give diene 2 in 96% yield after
column chromatography. Oxidative cleavage of the ter-
minal alkenes was carried out by treatment with

Scheme 1.
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sodium periodate (6 equiv.) and a catalytic amount of
osmium tetroxide (2 mol%) in 3:1 THF/water, and the
resulting dialdehyde was olefinated under standard
Wadsworth–Emmons conditions7 (using 2.1 equiv. of
triethyl phosphonoacetate and 2.3 equiv. of sodium
hydride in THF at 25°C for 2 days) to yield acyclic
diester 3 in 92% yield over two steps from diene 2 as a
single E,E-stereoisomer after purification over silica gel.
N-Alkyl phthalimide 3 was then subjected to sodium
borohydride (1.5 equiv.) in 6.2:1 iso-propanol/water
mixture at 25°C for 24 hours.8 After this time glacial
acetic acid (30 equiv.) was added, and the reaction
mixture was heated to 80°C (bath temperature) for a
further 24 hours, producing quinolizidine 4 as a single
(±)-trans-isomer9 in 66% yield after purification by
column chromatography over neutral alumina.10

In conclusion, we have further demonstrated the syn-
thetic efficiency of combining two-directional synthesis
with tandem reactions. Quinolizidine 4 was synthesised
in just five steps and in 51.9% overall yield from ethyl
formate. Study applying this approach to a range of
natural products is ongoing in these laboratories.
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