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ABSTRACT

A straightforward synthetic route to enantiopure spiro[indole-3,3 ′-indolizidines] is reported. The key step is a Lewis acid promoted cyclization
of a Na-tosyltryptophanol-derived oxazolopiperidone lactam in the presence of Et 3SiH.

Aminoalcohol-derived oxazolopiperidone lactams are ex-
ceptionallyversatilebuildingblocksforthesynthesisofenantio-
pure polysubstituted piperidines bearing virtually any type
of substitution pattern, including structurally diverse natural
products and bioactive compounds.1 These lactams are easily
available by a cyclocondensation reaction of a prochiral or
racemicδ-oxo(di)acid derivative with a chiral nonracemic
aminoalcohol, generally phenylglycinol. This aminoalcohol
constitutes a chiral latent form of ammonia, and a final debenz-
ylation is needed to remove the phenylethanol appendage.2

A substantial advancement on previous work was the use
of (S)-tryptophanol as the aminoalcohol partner in cyclo-
condensation reactions. In these cases, tryptophanol not only
constitutes the source of chirality but also can be used to
assemble complex polycyclic targets, such as substituted
indolo[2,3-a]quinolizidine derivatives, by intramolecular
R-amidoalkylation upon the indole ring3 (Scheme 1).

We report here an alternative mode of cyclization of
tryptophanol-derived oxazolopiperidone lactams, leading to
enantiopure spiro derivatives in a highly stereoselective
process that involves the generation of a quaternary stereo-
center.

This spirocyclization was unexpectedly observed when we
attempted the reductive opening of the oxazolidine ring of
lactam1. Under the conditions (Et3SiH, TiCl4) satisfactorily
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used for the selective cleavage of the C-O bond in related
phenylglycinol-derived oxazolopiperidone lactams, tryp-
tophanol-derived lactam1 underwent cyclization to indolo-
quinolizidine2, thus making evident that the TiCl4-promoted
amidoalkylation reaction on the indole 2-position occurs
faster than the reduction of the initially formed intermediate
N-acyliminium cation. To deactivate the indole ring toward
the electrophilic attack, lactam13d was converted (92% yield)
to the N-tosyl derivative3 under the usual phase transfer
conditions (TsCl, Bu4NCl, NaOH, CH2Cl2). To our surprise,
treatment of3 with Et3SiH-TiCl4 in refluxing CH2Cl2 for 3
days led to a single spiro derivative4 (73% yield) instead
of to the expected piperidone5. The chemical yield of4
was even higher when TFA (86%) or BF3‚Et2O (85%) was
used as the Lewis acid in the reductive process. As illustrated
in Scheme 2, these results can be accounted for by consider-

ing an electrophilic attack of the initially formedN-
acyliminium4 speciesA on the indole 3-position to generate

an intermediate spiroindoleninium cationB, which is trapped
intermolecularly5 by the reductant.

The regioselectivity of the above cyclization is in ac-
cordance with previous observations for the electrophilic
substitution in 3-substituted indoles,6 although some reports
indicate that cyclization can occur by direct attack at the
indole 2-position.7 Interestingly, whereasN-acyliminium
cation A undergoes spirocyclization faster than reduction,
in the presence of Et3SiH the resultantN-tosyl spiroindole-
ninium cationB undergoes reduction to spiro tetracycle4
instead of the usual rearrangement to an indolo[2,3-a]-
quinolizidine. This probably reflects that in theN-tosyl series
the 3f2 migration is slower than in the above unsubstituted
indole series.

The relative configuration of4 was deduced from NOESY
experiments (Figure 1) and can be rationalized on the basis

of a stereoelectronically controlled axial approach8 of the
indole ring to the electrophilic carbon center in the confor-
mationA1 depicted in Figure 2, via a transition state in which
theA1,3 strain between the CH2OH/CO and Et/dCH groups
is minimized. The alternative mode of cyclization from
conformation A2 would suffer from strong interaction
between these groups.

The hydroxymethyl substituent plays a decisive role as a
stereocontrol element in determining the relative stereo-
chemistry of the stereocenters generated in the cyclization
step.9 This was demonstrated since a similar spirocyclization
with TiCl4 in the presence of Et3SiH from tosyl lactam7,
which lacks the ethyl substituent at the piperidineâ-position,
led again to a single enantiopure spiro derivative8 in
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Scheme 1. Enantioselective Entry to the
Indolo[2,3-a]quinolizidine System

Scheme 2. Enantioselective Spirocyclization

Figure 1. Key NOESY correlations of4.
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excellent yield (88%). Lactam7 was easily prepared (93%
yield) by tosylation of the known3b tryptophanol-derived
lactam6. The absolute configuration of8 was confirmed by
X-ray crystallographic analysis10 (Figure 3).

Illustrating the synthetic utility of the methodology, the
removal of the hydroxymethyl appendage of8 to give the
enantiopure spiroindoline9 was satisfactorily accomplished
(59% overall yield), following the procedure recently de-
veloped by Allin,3b by oxidation to a carboxylic acid8′
followed by a radical reductive decarbonylation via a seleno
derivative. The subsequent removal of the tosyl substituent
gave10 (Scheme 3).

Taking into account that the spiro[indole-3,3′-indolizidine]
moiety is present in a large number ofAspidosperma,

Strychnos, and oxindole11 (Figure 4) alkaloids, many of them
with strong bioactivity profiles, we decided to study if the
above spiro cyclizations would represent a general synthetic
entry to this tetracyclic ring system.

For this reason, we selected the known3d lactam 11
(Scheme 4), which incorporates the propionate chain present

at the piperidine 3-position in the oxindole alkaloid vincatine,
and lactam15 (Scheme 5), which bears an acetate chain at
the piperidine 4-position, as does isorhynchophylline. The
required lactam15 was prepared in 74% yield by cyclocon-
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Figure 2. Stereochemical outcome of spirocyclization of3.

Figure 3. Molecular structure of spiro derivative8.

Scheme 3. Enantioselective Synthesis of
Spiro[indole-3,3′-indolizidine] Derivative10

Figure 4. Representative oxindole alkaloids.

Scheme 4. Stereocontrolled Access to
Spiro[indole-3,3′-indolizidine]-8′-propionate Derivatives
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densation of tryptophanol with prochiral oxodiester14, in a
process that involves the desymmetrization12 of two enan-
tiotopic acetate chains. Satisfactorily, tosylation of lactams
11 and 15 followed by treatment of the resultingN-
tosylindoles12and16with BF3‚Et2O in the presence of Et3-
SiH gave the respective spiroindolines13 and17 as single
isomers in good yields. Finally, to fully illustrate the
versatility of tryptophanol-derived oxazolopiperidone lac-
tams, lactam15 was cyclized (62% yield) to indoloquino-
lizidine 18 by treatment with HCl in methanol.

The unprecedented method of generating spiroindolines
reported herein involves a formal addition to the indole 2,3-

double bond by sequential attack of anN-acyliminium
species and a hydride ion. These stereoselective spirocy-
clizations significantly expand the potential of tryptophanol-
derived oxazolopiperidone lactams as chiral building blocks
for the enantioselective synthesis of complex piperidine-
containing derivatives. The starting lactams are easily
accessible by a cyclocondensation reaction of (S)-tryptopha-
nol with an appropriate prochiral or racemicδ-oxo(di)ester,
and by simply modulating the reactivity of the indole ring
by tosylation, they undergo regio- and stereocontrolled
cyclization reactions at either the 2- or 3-indole position,
providing straightforward access to the indolo[2,3-a]quino-
lizidine13 and spiro[indole-3,3′-indolizidine] frameworks
characteristic of several groups of indole alkaloids.
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Scheme 5. Regio- and Stereocontrolled Cyclizations of
Lactams15 and16
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