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Abstract—Fused �-carboline systems, as indolo[2,3-a ]indolizidinones, indolo[2,3-a ]quinolizidinones, their 2-oxa analogues, and
benzo[a ]indolo[2,3-a ]indolizidinones are prepared efficiently via an RLi addition-N-acyliminium ion cyclisation sequence on
readily available imides. In an enantioselective variant of these �-amidoalkylation reactions, the addition of MeLi to a chiral
non-racemic imide derived from tryptophan yielded an oxo amide, which was cyclised diastereoselectively upon treatment with
BF3·OEt2, to afford 5,11b-trans-indoloindolizidinone in moderate yield and high ee (99%).
© 2003 Elsevier Ltd. All rights reserved.

N-Acyliminium ions have historically occupied an
important position as versatile intermediates in organic
synthesis. Of particular importance are the reactions of
the cyclic N-acyliminium ions with �-nucleophiles in
carbon�carbon bond forming processes, with a great
deal of attention given to cyclisations leading to alka-
loids and other nitrogen-containing biologically active
compounds.1 These intramolecular �-amidoalkylations
proceed stereoselectively2 due to steric control by the
substituents already present in the ring3 or along the
chain connecting the �-nucleophiles and the nitrogen
atom.4 In this context, we have described an efficient
procedure for the synthesis of several types of isoquino-
line alkaloid, based on an organolithium addition-N-
acyliminium ion cyclisation sequence with
N-phenethylimides.5 We have also investigated the
stereoselectivity of intramolecular reactions of cyclic
N-acyliminium ions with a substituent adjacent to the
iminium carbon, which has led to the diastereoselective
synthesis of 1,10b-cis thiazoloisoquinolines.6 This
methodology has recently been directed towards the
enantioselective synthesis of pyrrolo[2,1-a ]-
isoquinolones via a stereocontrolled N-acyliminium ion

cyclisation of an enantiopure N-phenethylsuccinimide
derived from L-DOPA7 or a N-phenethylnorborn-5-en-
2,3-dicarboximide with a 2-exo-hydroxy-10-bornylsul-
finyl group as chiral auxiliary.8 Allin9 has reported a
related stereoselective approach to the pyrroloisoquino-
line ring system based on the intramolecular �-ami-
doalkylation reaction of a bicyclic lactam derived from
(S)-phenylalaninol.

Scheme 1.
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We now wish to report our investigations into the
extension of this methodology to the construction of
the fused �-carboline structural framework of the Cory-
nanthe-type alkaloids. This approach has also allowed
us to develop an enantioselective variant in order to
control the absolute stereochemistry at the newly
formed stereogenic centre � to the nitrogen atom.10

While this manuscript was being prepared, Allin
reported a related stereoselective approach to the
indoloindolizine ring system.11

For the initial investigations it was decided to employ
N-[2-(3-indolyl)ethyl]imides 3. Imides 3a–c were pre-
pared by acylation of tryptamine 1 with cyclic anhy-
drides 2 under classical conditions, while 3d was
synthesised by Mitsunobu reaction of tryptophol 4 and
phthalimide 5, as depicted in Scheme 1.

When these imides 3a–d were subjected to reaction with
MeLi or n-BuLi (4 equiv.), smooth nucleophilic addi-
tion of the organolithium was observed affording the
oxo amides 6–8 or their cyclic tautomeic hydroxylac-
tams 9. (Scheme 2, Table 1). Subsequent treatment with
TFA in dichloromethane at room temperature resulted
in the formation of the corresponding N-acyliminium
ions, which cyclised to the fused �-carboline systems:
indolo[2,3-a ]indolizidones 10a,b, indolo[2,3-a ]quino-
lizidinones 11a,b, 2-oxa analogues 12a,b, and benzo[a ]-
indolo[2,3-a ]indolizidinones 13a,b. However, when the
organolithium addition-N-acyliminium ion cyclisation
sequence was applied to imides 3a–d using t-BuLi, the
adducts were obtained in low yields and no cyclisation
took place. These facts could be explained by the
basicity of t-BuLi and the steric bulk of the t-butyl
group.

Therefore, this procedure constitutes an effective route
to several Corynanthe-type alkaloids, with the ability to
introduce a variety of R substituents at the new quater-
nary position of the �-carboline unit by changing the
organolithium reagent used in the first step. In related
strategies, indoloindolizidinones have been accessed in
good yields by Pictet–Spengler condensation of
tryptamine with carbonyl compounds, although the
procedure is less flexible for introducing substituents to
C-11b.12 Similarly, Padwa13 and Heaney14 have used
N-acyliminium cyclisations to obtain excellent yields of
indoloindolizidines, although with no substitution on
C-11b.

Table 1. RLi Addition–N-acyliminium cyclisation of
imides 3

Our next challenge was to achieve the asymmetric
synthesis of the fused �-carbolines. We chose, therefore,
to apply the tandem organolithium addition-N-
acyliminium ion cyclisation to an imide derived from
L-tryptophan. Thus, a diastereoselective intramolecular
�-amidoalkylation could be carried out by steric control
of the stereogenic centre � to the nitrogen atom. Imide
16 was prepared by reduction of the carboxyl group of
L-tryptophan, followed by protection of the hydroxyl
group by treatment of the alcohol with t-
butyldiphenylsilyl chloride, and subsequent condensa-
tion with succinic anhydride. Succinimide 16 was
treated with MeLi to afford the corresponding
oxoamide 17, which was cyclised with BF3·Et2O in
CH2Cl2 to afford enantiomerically pure indoloin-
dolizidinone 18, in which hydrolysis of the TBDPS
group had also occurred, in moderate overall yields.
Cyclisation with TiCl4 in CH2Cl2 at −78°C, afforded 18,
but with a significantly lower yield (8%). The best
results were obtained when the addition–cyclisation
sequence was carried out without purification of the
oxoamide 17, affording 18 in an overall yield of 35%.15

Thus, the intramolecular �-amidoalkylation reaction
was stereoselective and 18 was obtained as the single
5,11b-trans diastereomer; the presence of the corre-
sponding cis diastereomer was not detected.16 The stereo-
chemical outcome is consistent with a late chair-like
transition state, in which the substituent on C-5 is
placed in a pseudo-equatorial disposition. Attack of the
aromatic ring onto the Re face of the N-acyliminium
ion leads to the observed stereochemistry, in which the
methyl substituent on C-11b assumes a pseudo-axial

Scheme 2. Reagents : (a) RLi (4 equiv.), THF, −78°C, 6 h; (b)
TFA, CH2Cl2; rt.
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Scheme 3. Reagents : (a) LiBH4, TMSCl, THF; (b) TBDPSCl,
imidazole; (c) succinic anhydride, Et2O, reflux; then NaOAc,
Ac2O; (d) MeLi (4 equiv.), THF, −78°C; (e) BF3·OEt2,
CH2Cl2, reflux.
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position. This result is consistent with our previous
results in the synthesis of pyrroloisoquinolines,7 and
with the results reported by Allin,11 and could be
explained by a balance between A(1,3) strain and syn-
axial 1,3-interactions, favouring the pseudo-equatorial
disposition of the C-5 substituent in the transition state
(Scheme 3).

In conclusion, the stereoselective synthesis of enan-
tiomerically pure indolo[2,3-a ]indolizidinones is feasible
via a diastereoselective �-amidoalkylation reaction that
leads to the 5S,11bS-trans diastereomer. This result
illustrates the influence of the nature of the substituent
on C-11b. Thus, in the synthesis of related �-carboline
derivatives with no substitution on C-11b, cis
diastereomers in which the substituent � to nitrogen is
in an axial orientation are preferentially formed.17
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