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ABSTRACT

Total syntheses of (()-securinine and (()-allosecurinine that employ a tandem rhodium carbenoid-initiated Claisen/R-ketol rearrangement
sequence as a key step are described.

Securinine (1)1 was first isolated in 1956 from the leaves
of the Securinega suffruticosa plant and was the first
member of the so-called Securinega alkaloids2 to be char-
acterized. In addition to securinine, its enantiomer virose-
curinine (2)3 and two diastereomers, allosecurinine (3)1c

and viroallosecurinine (4),4 have also been isolated.
Among other notable natural products in this family are
the pyrrolizidine congeners of securinine: norsecurinine
(5)5 and allonorsecruinine (6)6 (Figure 1).
Because of their interesting compact structures and a

variety of biological activities, the Securinega alkaloids

have received considerable attention from the synthetic
community, resulting in several total syntheses.6,7 Our
interest in these molecules stemmed primarily from recent
reports of promising anticancer properties.8 Given the

increasing interest in both the securine and norsecurine

structural motifs, we set out to develop a unified synthetic

approach that would deliver both the pyrrolizidine natural

products (e.g., 5 and 6) as well as their indolizidine homo-

logues (e.g., 1�4) via application of a rhodium-catalyzed

O�H insertion/Claisen rearrangement/1,2-allyl migration

method, which has been developed in our laboratories.9 In

previous studies, we established a viable route to the pyrro-

lizidine congeners and herein report the tactics required to

deliver (()-securinine (1) and (()-allosecurinine (3).10

Retrosynthetically the planned synthesis was seen as
delivering both (()-securinine (1) and (()-allosecurinine

(3) via the late-state introduction of the butenolide onto
hydroxy ketone 7, a substrate that was expected to derive
from oxidative ring closure of 8. Cyclohexene 8 would

arise from a ring-closing metathesis of diene 9, the allyla-
tion and intramolecular reductive amination product of
keto-ester 10. At this stage, the R-hydroxy-β-keto-ester
motif common to the products of our rhodium catalyzed

O�H insertion/Claisen rearrangement/1,2-allyl migration
sequence is apparent, and thus 10, is seen as arising from
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diazoester 11, which would be prepared in three steps from

δ-valerolactone (12) (Scheme 1).

To initiate the synthesis, ethyl acetate was lithiated and
added to δ-valerolactone (12). The resulting β-keto ester
was converted to the diazo compound with pABSA11 and
the primary alcohol activated as the tosylate to give inter-
mediate 11. At this point, we were ready to investigate the
rhodium-catalyzed O�H insertion/Claisen rearrangement/
1,2-allyl migration sequence, and while we recognized that
utilizing an enantioenriched allylic alcohol would result in
an asymmetric synthesis,10 we opted to explore this reaction
with racemic allylic alcohol 13.12 To this end, a mixture of
diazoester 11 and allylic alcohol 13 was treated with Rh2-
(OOct)4, which induced the desired O�H insertion/Claisen
rearrangement and furnished intermediate 14. Subsequent
treatment of the reactionmixture with BF3 3EtO2 promoted
a 1,2-allyl migration to furnish 15. Addition of NaN3 to the
derived tosylate (15) followed by azide reduction under
Staudinger conditions produced a primary amine, which
spontaneously condensed onto the nearby ketone to furnish
imine 16 as the only isolable product. Imine 16was reduced
and Boc-protected to give 17, which when treated with
LiAlH4 undergoes ester reduction to furnish diols 18a and
18b (Scheme 2). At this point, the two diastereomers were
separated and advanced separately.13

With both diasteromers in hand, we decided to first
advance the major isomer, diol 18a. To this end, 18a was

Scheme 1. Retrosynthetic Analysis of Securinine (1) and Allo-
securinine (3)

Figure 1. Selected securinega alkaloids.

Scheme 2. Synthesis of Diols 18a and 18b
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converted to the corresponding aldehyde by treatment with
IBX14 and then exposed to allyl Grignard to provide 9a.
Diene9awas treatedwith theHoveyda�Grubbs II catalyst,15

which efficiently induced ring-closing metathesis and fur-
nishes cyclohexene 8a. Treatment of 8a with bromine gave
a dibromide, which when treated under Swern conditions
provided enone 19a. The Boc protecting groupwas removed,
and the resulting amine was treated with Cs2CO3 to give
indolizidine 7a.16 Completion of the synthesis was realized by
first coupling acid 20 to tertiary alcohol 7a followed by an
intramolecular Horner�Wadsworth�Emmons olefination
to give (()-allosecurinine (3) (Scheme 3).
Turning next to (()-securinine (1), we attempted to

apply the same reaction sequence to diol 18b; however,
oxidation of the primary alcohol of diol 18b under the
conditions we utilized for diol 18a (i.e., IBX) resulted in a
product mixture that contained a considerable amount of
an inseparable byproduct.17 In an effort to circumvent this
deleterious event, we turned to the Swern conditions,
which cleanly delivered the desired aldehyde. As before,
treatment with allyl Grignard provided the corresponding
secondary alcohol (9b), which upon ring-closing metath-
esis furnished cyclohexene 8b. Bromination followed by
oxidation to the enone (19b) proceeded in a fashion similar

to the diastereomeric system. Boc-deprotection and
base-mediated ring closure then gave indolizidine 7b
which, upon acylation with acid 20, underwent Horner�
Wadsworth�Emmons olefination to give (()-securinine
(1) (Scheme 4).
In summary, we have completed the total syntheses of

(()-securinine and (()-allosecurinine via a route that
employs a highly efficient rhodium-catalyzed O�H inser-
tion/Claisen rearrangement/1,2-allyl migration domino
process. Efforts to employ this chemistry to facilitate the
emerging biological investigations into this class of com-
pounds are underway.
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Scheme 3. Synthesis of (()-Allosecurinine (3) Scheme 4. Synthesis of (()-Securinine (1)
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