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ABSTRACT

Several novel cascade processes have been designed and developed that involve sequential reactions of imines and iminium ions to form
substituted quinolizidine ring systems in a single step from simple and readily available starting materials. The utility and promise of these
cascade reactions is evident from their application to extraordinarily concise syntheses of the representative quinolizidine alkaloids ( ±)-
epilupinine and ( −)-epimyrtine.

Cascade reactions are powerful synthetic tools that involve
sequential bond-forming events in which the product of one
reaction is preprogrammed to be the starting material for the
next one in a domino-like process.1 Such methods enable
the rapid assembly of complex molecular architectures in
one-step procedures that are oftentimes efficient and envi-
ronmentally friendly. Hence, there is an ongoing demand
for new types of reaction cascades in the synthesis of natural
products and other compounds having useful properties.

In the context of our longstanding interest in the design
and development of useful tactics and strategies for alkaloid
synthesis, we became intrigued with the challenge of
combining different reactions to create useful domino reac-
tions for forming nitrogen heterocycles. Because substituted
indolizidines and quinolizidines are key structural subunits

common to numerous families of alkaloids,2 constructions
leading to these ring systems have been of particular interest
in our laboratories.3 Imines are versatile intermediates that
may serve both as electrophiles and nucleophiles in a diverse
array of bond-forming reactions,4 so we began a survey of
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procedures by which these modes of reactivity might be
sequenced in novel ways for preparing heterocycles with
bridgehead nitrogen atoms.

Toward this goal, we envisioned a sequence of reactions
that commenced with condensation of the amino allylsilane
1 with the monoprotected dialdehyde2 to generate the imine
4 (Scheme 1). Although several reaction manifolds are

available to4, acid-catalyzed cyclization of4 would furnish
5 that could in turn undergo cyclization via addition of the
allylsilane moiety to the iminium ion to provide6.4a,5

Ionization of theN,O-acetal group of6 in situ would generate
another iminium ion that could be trapped with a number of
nucleophiles to deliver the fused bicyclic amines3 in asingle
chemical operation in which four new bonds and two rings
are formed from three different components.A simple
modification of this cascade of reactions would involve use
of a branched allylsilane7 in place of the linear1 to give
the related bicyclic amines8 (Scheme 2).

Although the individual reactions outlined in Schemes 1
and 2 are precedented,6 they have never before been
orchestrated in a single domino process. We now report some
preliminary results that illustrate the exceptional utility of
such cascade reactions for the rapid construction of quino-
lizidines and alkaloids derived therefrom.

To establish the underlying feasibility of the plan depicted
in Scheme 1, (Z)-6-(trimethylsilyl)-4-hexenylamine(9)7 was
first condensed with the monoprotected dialdehyde10
(Scheme 3).8 Without isolation the resultant imine was treated

with trifluoroacetic acid to initiate two acid-catalyzed cy-
clizations leading to the putative iminium ion11 that was
reduced in situ with triethylsilane to deliver the quinolizidine
12 as a single diastereomer in 75% overall yield from9.
The high level of stereoselectivity in the second cyclization
step of the cascade to give a trans relationship of the
hydrogen atoms at the newly created stereocenters is
noteworthy. Compound12 is a known intermediate in a
previous synthesis of (()-epilupinine (14),9 but we developed
an improved protocol for effecting this conversion. In the
event, ozonolysis of the trifluoroacetate salt of12, followed
by reduction of the intermediate ozonide furnished (()-
epilupinine in 88% yield.10

We have also briefly explored the feasibility of trapping
the iminium ion with other nucleophiles in order to expand
the versatility of this methodology. In preliminary experi-
ments, we were unable to identify conditions under which
11 would react with allylsilane. However, we did discover
that11 could be trapped with cyanide ion to give the amino
nitrile 13 as a single diastereomer (73%).

The scope of these imine cascade reactions was then
broadened in a process related to that outlined in Scheme 2.
Thus, 3-(methyltrimethylsilyl)-3-butenylamine (15)11 and10
were first condensed, and trifluoroacetic acid and NaCN were
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Scheme 1. Cascade Reaction Sequence

Scheme 2. Cascade Reaction Scope

Scheme 3. Synthesis of (()-Epilupinine
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then added sequentially to furnish an epimeric mixture (88:
12) of the amino nitriles16aand16b (Scheme 4).12 Bicyclic

amino nitriles as16a,b may be useful intermediates in the
synthesis of more complex molecular architectures13 as
evidenced by the facile transformation of this mixture into
the spirocyclic tricycle19. Thus, deprotonation of16a,b with
LDA followed by alkylation of the carbanion with the
tosylate1714 gave18. Subsequent exposure of18 to AgOTf
generated an iminium ion that underwent efficient cyclization
via addition of the allylsilane to give19 as a single
diastereomer in accord with the principles of stereoelectronic
control.15 The relative stereochemistry of the spiro and
bridgehead centers in19 was assigned on the basis of NOE
correlations observed in a GOESY experiment.

We then turned our attention to applying a cascade in
which a branched allylsilane is employed as a reaction partner
to a facile, enantioselective synthesis of the quinolizidine
alkaloid (-)-epimyrtine (23) (Scheme 5). Toward this end,
(R)-1-methyl-3-(methyltrimethylsilane)-3-butenylamine (20)16

and the aldehyde10 were first condensed to give an imine
that was then treated sequentially with trifluoroacetic acid

and NaCN to give a mixture of diastereomeric amino nitriles
21 in excellent yield (Scheme 5). Subsequent reduction of
21 with NaCNBH3 provided a mixture (95:5) of epimeric
quinolizidines 22a,b. When the exocyclic olefin in the
trifluoroacetate salt of22a,bwas cleaved by ozonolysis, an
inseparable mixture (95:5) of (-)-epimyrtine (23) and (+)-
myrtine (24) was obtained.17

In summary, we have discovered and developed several
novel cascade reactions that involve iminium ions to form
quinolizidines in excellent overall yields. Although the
precise mechanistic pathway involved in these processes is
not yet known, their utility and promise is evident from their
application to extraordinarily concise syntheses of the
representative quinolizidine alkaloids (()-epilupinine and
(-)-epimyrtine. Further applications of these domino-like
reactions to the syntheses of more complex alkaloids are
under active investigation, the results of which will be
reported in due course.
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Scheme 4. Synthesis and Applications of Amino Nitriles

Scheme 5. Synthesis of (-)-Epimyrtine
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