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Abstract—The aza-Diels–Alder reaction of substituted indole 2-carboxaldehydes with Danishefsky’s diene has been investigated.
The reaction proceeds with a high degree of diastereoselectivity providing highly functionalized 2-(2-piperidyl)indoles which are
further elaborated into novel polycyclic heterocycles. © 2001 Elsevier Science Ltd. All rights reserved.

The aza-Diels–Alder reaction has emerged in recent
years as a highly efficient method for the construction
of nitrogen heterocycles.1,2 Most notable successes have
been achieved by reaction of aliphatic and aromatic
imines with Danishefsky’s diene 2 in the presence of a
Lewis acid.1,2 Diastereoselectivities of these reactions
have been investigated with imines derived from carbo-
hydrates,3 amino acids,2b and �-alkoxyimines4. Enan-
tioselective methods employing chiral Lewis acids have
also emerged.5

Indoles bearing a substituted piperidine ring at the
2-position of the indole ring comprise of a large and
diverse class of naturally occurring and biologically
active compounds. The indolo[2,3-a ]quinolizidine ring
system is present in a large number of indole alkaloids
of several structural types including the Corynanthean,
Eburnan, and Rauwolfia families of alkaloids6 (Fig. 1).
In addition, alkaloids lacking the tryptamine bridge
have also been identified.7 Construction of the poly-
cyclic framework found in many of these complex
alkaloids depends on the availability of convenient
methods for the preparation of intermediates in the
enantiomerically pure form. We have investigated the
aza-Diels–Alder reaction of imines derived from substi-
tuted indole 2-carboxaldehydes 1 as a means of prepar-
ing enantiomerically pure, highly functionallized
2-(2-piperidyl)indoles 3 (Fig. 2). In this letter we dis-
close our initial observations.

We chose to utilize (S)-(−)-�-methylbenzylamine as the
chiral auxiliary due to it’s low cost and availability in

either enantiomeric form. Attempts to form the imine
of indole carboxaldehyde 58 in situ in the presence of
diene 2 and ZnCl2 or Zn(OTf)2 at 0°C and at rt did not
afford the expected cycloadduct 8.9 Instead, compounds
6 and 7 were isolated in 45 and 25% yields, respectively.

Figure 1.
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Scheme 1.

The presence of 7 clearly indicates that a tandem
Mannich–Michael cyclization pathway is operative.3,10

On the other hand, treatment of the preformed imine of
5 with ZnCl2 at −20°C followed by addition of diene 2
afforded cycloadduct 8 in 96% yield as a 97:3 mixture
of diastereomers (Scheme 1).11 The absolute configura-
tion of 8 was determined by single crystal X-ray analy-
sis which indicated a preferred pseudoaxial orientation
of the indole ring (Fig. 3).12 We also explored the
aza-Diels–Alder reactions of indole 2-carboxaldhydes
10 and 11.13 Treatment of the preformed imines of
these aldehydes followed by exposure to ZnCl2 and
diene 2 gave the desired adducts 12 (76%) and 14 (61%)
although with decreased diastereoselectivity. As in the
case of cycloadduct 8, the minor diastereomers could
easily be separated by crystallization. We assume the
increased diastereoselectivity for 5 is due in large part
to steric influences of the sulfonyl group; however, we
cannot rule out an electronic influence at this time.

The vast majority of indole alkaloids contain substitu-
tion at the 3-position of the indole ring. In order to
broaden the synthetic utility of the process, we investi-
gated the reactions of imines derived from readily avail-
able indole 2-carboxaldehydes 1614 and 1815 with diene
2 (Scheme 2). In the case of 16, the highly functional-
lized adduct 17 was obtained in 75% isolated yield with
the depicted stereochemistry as shown. The
diastereomeric ratio was determined to be 85:15 by
HPLC analysis of the crude reaction mixture. Exposure
of 18 to the identical reaction conditions afforded 19 in
73% yield. The diastereomeric ratio for 19 was 86:14.
Both 17 and 19 were stable, crystalline solids which
could be obtained in diastereomerically pure form by
either chromatography or crystallization.

Having established that the aza-Diels–Alder reaction
sequence of substituted indole 2-carboxaldehydes is an

efficient method for the construction of the 2-(2-pipe-
ridyl)indole framework, we next turned our attention to
further elaboration of the piperidone ring. For example,
removal of the silyl protecting group of 19 with TBAF
followed by bromination (CBr4, PPh3) gave bromide 20
(Scheme 3) in 65% overall yield.16 Interestingly, reduc-
tion of 20 with excess NaBH4 in MeOH gave the novel
bicyclic aza-octane 22 as a single diastereomer in 92%
yield. The unique [2,2,4] aza-octane 22 most likely
arises via an intramolecular alkylation of intermediate
21 followed by a stereoselective reduction of the result-
ing ketone. Intramolecular cyclization also occurred
when 20 was treated with lithium hexamethyldisilyazide
(LiHMDS) at −20°C giving hexahydro-4H-pyrido[2,3-
a ]carbazole 23 in 89% isolated yield.17

In conclusion, we have demonstrated that the aza-
Diels–Alder reaction of substituted indole 2-carbox-

Figure 3. X-Ray structure of 8.
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Scheme 2.

Scheme 3.

aldehydes proceeds with good to excellent diastereose-
lectivity and high yield. Subsequent transformations
allow for the construction of novel heterocyclic ring
systems possessing multiple stereogenic centers. We are
currently examining the use of chiral Lewis acids and
alternative nitrogen protecting groups in order to gain
access to advanced alkaloid ring systems. The results of
our findings will be reported in due course.
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