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a b s t r a c t

A concise stereoselective total synthesis of alkaloid (�)-allonorsecurinine is described utilizing classical
reactions such as Grignard, Aldol and Horner–Wittig reactions as the key steps.

� 2012 Elsevier Ltd. All rights reserved.
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The securinega alkaloids isolated from plants of the Euphorbia-
ceae family have attracted significant interest from the synthetic
chemistry community and biologist because of their complex ring
systems and important biological activities exhibited by them.1

Historically, many of the plants that produce these alkaloids have
been used in traditional folk medicine.2 Though securinine, the first
alkaloid from this class was found to be a specific GABA receptor
antagonist and displayed significant in vivo CNS activity,3 further
exploration of this class of compounds led to the identification of
molecules exhibiting potent biological properties such as antima-
larial,4 antibiotic,5 antifungal,6 antipyretic,7 diuretic,8 and in the
treatment of hepatic disorders.9 Structurally, many of the mole-
cules from this class have a common bridged tetracyclic ring sys-
tem which forms a major back bone skeleton and based on the
size of the heterocycle (ring A), they are classified into two main
groups securinine (wherein a six-membered heterocycle, piperi-
dine is present) and norsecurinine group (wherein a five-mem-
bered heterocycle, pyrrolidine is present). Owing to the unique
structural feature (Fig. 1) and significant biological properties of
these compounds, several synthetic efforts have been made and
are well precedented in the literature.10,11

In continuation of our efforts on studies towards the total syn-
thesis of lactone containing natural products12 and as part of an
academic exercise, we have initiated a programme to develop a
general strategy for these complex and biologically interesting lac-
tone containing alkaloids. We herein describe a strategy involving
ll rights reserved.

: +91 4027160512.
the classical synthetic approach utilizing Grignard reaction, Aldol
reaction and a Horner–Wittig reaction as the key steps for the total
synthesis of (�)-allonorsecurinine

Initially, our intent was to elaborate the commercially available
L-proline into a bicyclic compound 11 with A & C rings followed by
the extension of the C ring to form the CD ring 10 with appropriate
stereogenicity. Finally, the pyrrolidine ring A and bicyclic CD ring
can be bridged together using an intramolecular nucleophilic
substitution reaction to form the B ring affording the tetracyclic
framework of norsecurinine (Scheme 1). The strategy can be poten-
tially extended to the synthesis of securinines by starting with an
appropriate enantiopure pipecolinic acid.

Our synthesis began with Boc protection of secondary amine
L-proline with di-tert-butyl dicarbonate13 to get carbamate 14
5 (-) Norsecurinine 6 (-) Allonorsecurinine 7 Secuamamine 8 Phyllantidine
7 14

15

Figure 1. Structures of a few securinega alkaloids.
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Scheme 1. General retrosynthetic strategy for securinine and norsecurinine
analogues.
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Scheme 2. Synthesis of (�)-allonorsecurinine.
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which was converted to the corresponding Weinreb amide 15 with
N,O-dimethylhydroxylamine hydrochloride using 1,10-carbonyl
diimidazole (CDI).14 Weinreb amide 15 was subjected to Grignard
reaction with homoallyl magnesium bromide (generated in situ
with homoallyl bromide and magnesium) to yield ketone 16. Ke-
tone 16 when subjected to Grignard reaction with the isopropenyl
magnesium bromide (prepared by 2-bromo-1-propene and mag-
nesium) gave the mixture of diastereomers 13 and 13a in 95:5 ra-
tio.15 Though, we could not establish the stereochemistry of the
products based on NOE studies at this stage, later it was confirmed
that the major product has 2S,9S configuration based on the final
product synthesized (vide infra). The major diastereomer 13 was
subjected to ozonolysis to get the crude dicarbonyl compound 12
which was directly treated with KOH in the presence of triton-B
to yield the aldol product enone 11 (C ring formation) in 55%
over-all yield.16 Utilizing the free tertiary alcohol adjacent to car-
bonyl functionality in 11, we proceeded further for the construc-
tion of the D ring. The tertiary alcohol 11 was coupled with
phosphonate derived acetic acid 17 employing standard DCC cou-
pling protocol17 to get the ester 18 and was then subjected to the
Horner–Wittig reaction18 with NaH to yield the product butenolide
10 (D ring) affording product with bridged CD ring skeleton. The
spectral data of this compound was found to be identical to that
of the reported structure.10f With the three rings in the skeleton
(A and BC), next was to complete the synthesis of the tetracyclic
core by bridging the A ring with the C ring to form the B ring.
Accordingly, we proceeded with allylic bromination of the product
10 with NBS in the presence of benzoyl peroxide to yield the cor-
responding bromide 9. The compound 9 upon TFA mediated Boc
deprotection followed by base (K2CO3) induced nucleophilic sub-
stitution reaction10f produced the B ring affording the tetracyclic
core 6 thus accomplishing the total synthesis of (�)-allonorsecur-
inine 6 (Scheme 2). The spectral data of our compound were iden-
tical with those of the reported data10f (1H and 13C NMR) with a
variation in the optical rotation.19

In conclusion, the total synthesis of (�)-allonorsecurinine has
been accomplished. The adopted strategy is very facile and paves
the way for the synthesis of other natural and unnatural securinine
and norsecurinine analogues by starting with the appropriate chi-
ral proline or pipecolinic acids involving a similar set of reaction
sequences. Further application of this strategy towards the synthe-
sis of other analogues is currently being investigated.
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