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ABSTRACT

Racemic oxodiester 1 undergoes stereoselective cyclocondensation with ( S)-tryptophanol, ( S)-(3,4-dimethoxyphenyl)alaninol, or the corresponding
amino acids, in a process involving a tandem dynamic kinetic resolution/desymmetrization of diastereotopic groups, to give bicyclic lactams,
which are cyclized to substituted indolo[2,3- a]- and benzo[ a]quinolizidines.

Secologanin (Figure 1) is a secoiridoid glucoside of extraor-
dinary significance because it is a key intermediate in the
biosynthesis of monoterpenoid indole alkaloids as well as
of emetine and related benzo[a]quinolizidine alkaloids,1 many
of them possessing considerable pharmacological and thera-
peutic interest.2 A condensation of secologanin with either
tryptamine (or tryptophan) or dopamine constitutes the initial
step of the biosynthesis of these natural products.

The pivotal role of secologanin in alkaloid biosynthesis
has stimulated the development of biomimetic syntheses of
alkaloids using this compound as the starting material.3,4

We present here an efficient synthesis of racemic aldehyde
diester1, which can be envisaged as a synthetic equivalent

of secologanin,5 and its use in cyclocondensation reactions
with chiral nonracemic amino alcohols9a and17a as well
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Figure 1. Secologanin and its aglycone.
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as amino acids (S)-tryptophan (9b) and (S)-(3,4-dimethox-
yphenyl)alanine (17b), ultimately leading to enantiopure
indolo[2,3-a]- and benzo[a]quinolizidines.

The synthesis of target1, depicted in Scheme 1, involves
the conjugate addition of 2-methyl-1-propenylmagnesium
bromide to unsaturated diester2, a bis-homologation of the
resulting diester3 to diester8 via diol 4, tosylate5, and
dinitrile 6, and finally reductive ozonolysis6 of the alkene
moiety. The synthesis can be satisfactorily conducted at a
50-100 g scale, and most of the steps take place in excellent
yield.

On the basis of our experience in related cyclocondensa-
tions using phenylglycinol or other amino alcohols as the
source of chirality,7 we expected that, although synthon1 is
a racemate, it would undergo a stereoselective cycloconden-
sation with (S)-tryptophanol (9a) in a process involving a
dynamic kinetic resolution,8 with epimerization of the
configurationally labile stereocenterR to the carbonyl group
and simultaneous desymmetrization of the two diastereotopic
acetate chains.9 Advantageously with respect to these cy-
clocondensations, tryptophanol not only would act as a chiral
inductor but also would be incorporated in the target final
products.10 In the event, refluxing a toluene solution of
tryptophanol (9a) and1 under Dean-Stark conditions gave

enantiopure lactam10a11 in 62% yield (Scheme 2). Three
stereogenic centers with a well-defined configuration have

been generated in a single synthetic step. Only minor
amounts (∼10%) of other diastereoisomers were formed.

The observed stereoselectivity can be explained by con-
sidering that the initially formed diastereomeric imines are
in equilibrium via an enamine and that the final irreversible
lactamization of the mixture of equilibrating oxazolidines
occurs faster via a transition state in which all the substituents
in the incipient chairlike six-membered lactam are in an
equatorial disposition (Figure 2).

A subsequent intramolecular BF3‚OEt2-promotedR-ami-
noalkylation on the indole 2-position, taking advantage of
the maskedN-acyliminium moiety present in the bicyclic
lactam10a, led to the indolo[2,3-a]quinolizidine derivative
11a12 in 35% yield.

Although cyclocondensation reactions ofγ- and δ-ox-
oesters with chiral nonracemic amino alcohols have received
considerable attention,13 since the resulting lactams have
proven to be versatile building blocks for the enantioselective
synthesis of nitrogen-containing derivatives,14 to our knowl-
edge there is no precedent for the use of amino acids in
similar cyclocondensations. For this reason, we decided to
investigate the cyclocondensation of (S)-tryptophan (9b) with
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Scheme 1. Synthesis of the Synthetic Equivalent of
Secologanin

Scheme 2. Enantioselective Entry to Substituted
Indolo[2,3-a]quinolizidines

Figure 2. Stereoselective lactamization to10a.
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severalδ-oxoesters andδ-oxodiesters, including the secolo-
ganin equivalent1. Thus, racemic oxoester1215 and prochiral
oxodiester137a were converted to the corresponding enan-
tiopure lactams14 and15 by treatment with (S)-tryptophan
in refluxing toluene, although the yields were quite moderate
(35% based on consumed aldehyde for14) as a consequence
of the insolubility of the starting amino acid and a competi-
tive decarboxylation process (Scheme 3). In both cases, the

respective enamides16aor 16b, resulting from decarboxy-
lation of the initially formed oxazolidinones,16 were isolated
to a considerable extent (30-50%). The yield of the process
was improved to 65% (77% based on consumed aldehyde;
2:1 mixture of 15 and its 8,8a-diastereomer), and the
undesired formation of enamide was reduced (∼5%), when
the cyclocondensation of13 was carried out in refluxing
benzene. Similarly, cyclocondensation of (S)-tryptophan with
1 in refluxing benzene took place in 42% yield to give a
mixture of lactams, from which enantiopure piperidone10b12

was isolated in 30% yield. In this series, cyclization to the
corresponding indolo[2,3-a]quinolizidine 11b occurred

smoothly in excellent yield (90%) by treatment of10b with
TFA at room temperature.

The secologanin equivalent synthon1 was also satisfac-
torily used to provide an enantioselective entry to substituted
benzo[a]quinolizidine derivatives.17

Cyclocondensation of1 with dimethoxyphenylalaninol
17a18 in refluxing toluene under Dean-Stark conditions took
place in excellent yield (80%) to give a mixture of stereoi-
someric lactams, from which the enantiopure isomer18awas
isolated in 60% yield. A subsequent cyclization of18awith
BF3‚OEt2 led to benzo[a]quinolizidine 19a12 in 40% yield
(Scheme 4).

As observed in the above cyclocondensations with (S)-
tryptophan, reaction of the amino acid17b with oxodiester
1 was less efficient, and the expected bicyclic lactam18b
was isolated in low yield (∼15%; 30% based on recovered
aldehyde), enamide20being the major product (42%) when
the reaction was carried out in refluxing toluene. Cyclization
of 18b with BF3‚OEt2 provided benzo[a]quinolizidine 19b
in 82% yield.

The straightforward route to substituted indolo[2,3-a]-
and benzo[a]quinolizidines reported herein significantly
expands the potential of amino alcohol-derived bicyclic
lactams as chiral synthons for the enantioselective con-
struction of complex piperidine-containing derivatives.
The amino alcohol (or amino acid) used as the chiral inductor
in the cyclocondensation reaction not only constitutes
the source of chirality but also is used to assemble the
final target polycyclic products. In conjunction with this, the
use of an appropriately substituted racemicδ-oxodiester
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Scheme 3. Cyclocondensation Reactions Using the Amino
Acid (S)-Tryptophan

Scheme 4. Enantioselective Entry to Substituted
Benzo[a]quinolizidines
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allows the direct generation of enantiopure lactams that
already incorporate carbon substituents on the hetero-
cyclic ring, in a process involving a tandem dynamic
kinetic resolution-desymmetrization of diastereotopic acetate
chains.
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