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Abstract—Treatment of N-(phenylsulfonyl)-2-vinyl-3-indolecarbaldehydes with primary aliphatic amines under mild reductive ami-
nation conditions leads to tetrahydro-c-carbolines in high yield. The process can be suppressed by changing the protecting group at
the indole nitrogen for a methoxymethyl group, thus allowing the preparation of RCM substrates for azepinoindole synthesis.
� 2005 Elsevier Ltd. All rights reserved.
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Scheme 1. Synthetic plan to azepino[4,3-b]indoles.
Ruthenium-catalysed ring-closing metathesis (RCM)
reactions1 are well-established processes for the con-
struction of a great variety of nitrogen heterocycles.2

In this context, cyclisations of indole-containing dienes3

are particularly interesting as the resulting heterocyclic
systems constitute structural arrangements present in
many natural and medicinal compounds.4 Our interest
in the synthesis of azacycles fused to the 2,3-position
of the indole ring5 led us to study RCM reactions of
2-vinyl-3-(allylaminomethyl)indoles (for instance A,
Scheme 1) as a synthetic entry to azepino[4,3-b]indoles.
We planned to prepare the required RCM substrates
from the corresponding N-protected (phenylsulfonyl or
methoxymethyl) 3-indolecarbaldehydes, using simple
reductive amination techniques followed by acylation
of the aliphatic nitrogen.

Our attention was first focused on the indole N-phen-
ylsulfonyl series as this strong electron-withdrawing sub-
stituent would guarantee the stability of the proposed
gramine-type intermediates. Rather surprisingly, when
3-indolecarbaldehyde 16 was treated with allylamine
and NaBH(OAc)3 in the presence of acetic acid in
dichloromethane at room temperature, tetrahydro-c-
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carboline 4a7 was isolated in high yield (90%, Scheme
2). No trace of the expected secondary amine 6a was
detected in the reaction mixture.

Initially, this unexpected result was rationalised consid-
ering that the imine B (Scheme 3), coming from the reac-
tion of the primary amine with the aldehyde carbonyl
group, would not be reduced by the hydride. Instead it
would undergo cyclisation upon the alkene moiety, most
probably through an electrocyclic reaction involving the
indole 2,3-bond. Subsequent reduction of the resulting
tetracycle C (for instance, through iminium cation E)
would account for the formation of the tetrahydro-c-
carboline nucleus. In fact, we were aware that thermal
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Table 1. Reaction of vinyl aldehydes 1–3 with primary aminesa

Entry Aldehyde Primary amine Product Yieldb

(%)

1 1 Allylamine 4a 90
2 1 Benzylamine 4b 85
3 2 Benzylamine 5b 80
4 1 Aniline 4c + 6c (1:1) 70
5 1 p-Nitroaniline 4d + 6d (1:15) 90
6 1 p-Methoxyaniline 4e + 6e (9:1) 70
7 3 Allylamine 7a 65
8 3 Benzylamine 7b 65

a Experimental conditions: see Ref. 16.
b Isolated yield.
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electrocyclic ring closures from the related indole-con-
taining 1,3,5-hexatriene systems are common in the litera-
ture.8–11 However, these substrates can be generally
isolated and so the required temperatures for their cyc-
lisation are usually high (>100 �C). From 2,3-divinylin-
doles, fully aromatic carbazoles are obtained after the
in situ oxidation of the initially formed dihydro deriva-
tives.8 Closely related to our work, Hibino has exploited
the cyclisation of vinyl oximes for the construction of
b-9 as well as c-carbolines,10 the aromaticity being
achieved after dehydration. Cyclisations of vinyl imines,
although less common, are also known.11,12 To the best
of our knowledge, no examples of electrocyclisations
leading to tetrahydrocarbazoles or tetrahydrocarbolines
after reduction have been reported.

Taking into account the mildness of our reaction condi-
tions and the fact that the proposed imine intermediate
was not present in the crude reaction mixture when the
above experimental protocol was reproduced without
NaBH(OAc)3,

13 we envisaged an alternative mechanistic
interpretation in which the tetrahydrocarboline ring
would be produced by the initial conjugate addition of
the primary amine to the c,d-unsaturated aldehyde.14

This reversible step would be followed by the intramo-
lecular reductive amination of the resulting secondary
amine (D, Scheme 3), which would drive the reaction
to completion.

With the aim of gaining more insight into the above
annulation process, we examined the behaviour of other
primary amines towards aldehyde 1 or the simpler deriv-
ative 215 under the same set of conditions.16 As can be
observed in Table 1, the reaction with benzylamine pro-
ceeded along the same lines as described previously with
allylamine, either from 1 or 2, to give tetrahydro-c-carbo-
lines 4b17 or 5b18 as the only products (entries 2 and 3).
Nevertheless, aniline exhibited a different reactivity pro-
file towards aldehyde 1, probably reflecting a lower ten-
dency to undergo the aforementioned conjugate
addition. Thus, the normal reductive amination pathway
competed with the c-carboline annulation and gave a
nearly equimolecular mixture of the c-carboline 4c and
the secondary amine 6c (entry 4). Significantly, the sub-
stitution by an electron-withdrawing nitro group at the
amine phenyl ring led to the secondary amine 6d as
the major product (entry 5), whereas the substitution
by an electron-releasing methoxy group led to the
c-carboline 4e as the main product (entry 6).

The reaction of aldehyde 2 with a secondary amine such
as N-methylbenzylamine was also investigated. As could
have been expected from the above mechanistic consid-
erations, the reductive amination through iminium cat-
ion F was the only productive pathway, giving the
tertiary amine 8 in 90% yield (Fig. 1).
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At this point, we reasoned that the indole N-phenyl-
sulfonyl group could benefit the c-carboline annula-
tion, enhancing the ability of 2-vinylindole to act as a
Michael acceptor. Thus, in order to make the reductive
amination of 2-vinyl-3-indolecarbaldehydes with pri-
mary aliphatic amines feasible, it would be better to
place a less electron-withdrawing group, such as meth-
oxymethyl, at the indole nitrogen. Our reasoning proved
to be correct as secondary amines 7a or 7b were
obtained as the only products by treatment of the N-
MOM protected aldehyde 315 with allylamine or benzyl-
amine under mild reductive amination conditions (Table
1, entries 7 and 8). As expected, reaction of 7a with
di-tert-butyl dicarbonate followed by RCM reaction of
the resulting carbamate with the first generation Grubbs
catalyst gave the azepino[4,3-b]indole 919 in good yield
(Scheme 4).

In conclusion, the reaction of 2-vinyl-3-indolecarbalde-
hydes with primary amines under mild reductive amina-
tion conditions follows a different course depending on
the substituent located at the indole nitrogen. Whereas
tetrahydro-c-carbolines are formed from N-(phenyl-
sulfonyl)indoles 1 and 2 and aliphatic amines (and also
the highly nucleophilic p-methoxyaniline), the initially
expected secondary amines are formed from N-MOM
indole 3. Further work is currently underway to more
fully establish the scope of this smooth c-carboline
annulation.
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