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ABSTRACT: An unusual Brønsted acid catalyzed cascade reaction of 2-[(2-
aminophenyl)ethynyl]phenylamine derivatives with aryl(heteroaryl)aldehydes to
afford an efficient alternative entry into 2,2′-disubstituted-1H,1′H-3,3′-biindoles
under metal-free conditions is reported.

The preparation of different products from the same
starting materials by variation of the reaction parameters

still represents a significant challenge in organic synthesis.1

Recently, we reported a new one-pot approach to construct
11H-indolo[3,2-c]quinoline scaffolds 2 through a gold-
catalyzed reaction of 2-[(2-aminophenyl)ethynyl]phenylamine
derivatives 1 with aldehydes.2 Due to the peculiar abilities of
gold(III) and gold(I) species as π-acids for carbophilic
activation, the synthesis of indole derivatives from the already
available 2-alkynylanilines offered many advantages.3 Never-
theless, we decided to explore the behavior of the same starting
materials under Brønsted acid catalysis. It has been shown that
some reactions can be catalyzed by gold catalysts and protons.4

Conversely, another reaction was shown to be catalyzed by
protons only.5 A valuable tool for the selective activation of an
individual functional group in the cases of bi- or polyfunctional
substrates is represented by the choice of a suitable catalyst for
the desired transformation.6

Indeed, under Brønsted acid catalysis the reaction of 2-[(2-
aminophenyl)ethynyl]phenylamine derivatives 1 with alde-
hydes can achieve the rapid construction of 2,2′-disubstituted-
1H,1′H-3,3′-biindoles 3 in an easy and efficient manner
through a different sequential pathway (Scheme 1).
The synthesis of 3,3′-biindole scaffolds is of great interest

due to their presence in natural products with very promising
biological activities7 as well as in pharmaceuticals8 and
functional materials.9 A variety of syntheses of 3,3′-biindoles
have been developed.10 In particular, palladium-catalyzed
Suzuki−Miyaura cross-coupling of 3-indolyl halides with 3-
indolyl boronates emerged as an efficient tool to build up 3,3′-
biindolys.11 Moreover, the sequential Masuda borylation/
Suzuki coupling of N-protected 3-iodoindoles has successfully

been applied to the synthesis of 3,3′-biindoles of special interest
due their antifungal, antimicrobial and cytotoxic activities.12

However, great efforts have been directed to avoid the
prefunctionalization of indoles to their halides of boronic
derivatives. Then, the development of alternative approaches to
the synthesis of the target 3,3′-biindoles through sequential
reactions avoiding costly and time-consuming functionalization
processes, including purification of the intermediates or
additional steps of protection/deprotection of functional
groups, is still spurring many research activities. Gold-,13
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iron-,14 and palladium-catalyzed15 oxidative homocouplings of
indoles via direct C−H cleavage have been reported.
Furthermore, 3,3′-biindolyl products can be isolated as main
or side products in transition-metal-catalyzed cyclizative
homodimerization of 2-alkynylaniline derivatives.11,16

We wish to report herein our preliminary results on a new
alternative approach to the synthesis of valuable 3,3′-biindoles 3
through a metal-free cascade process. This new protocol makes
use of the already available 2-[(2-aminophenyl)ethynyl]-
phenylamine derivatives 1 and inexpensive aryl(heteroaryl)-
aldehydes as starting materials in the presence of a catalytic
amount of HCl.

The generality of this transformation was examined, and the
results are summarized in Table 1.
A variety of aryl aldehydes bearing both electron-donating

and electron-withdrawing substituents were successfully used to
synthesize the desired 3,3′-biindolyls in moderate to good
yields. Lower yields were observed with ortho-substituted aryl
aldehydes (Table 1, compare entries 1 and 2). It is very likely
that the increase of steric hindrance is detrimental to the
formation of the 3,3′-biindoles. The reaction also proceeded
well when the substituents were changed on the aryl rings of
the starting 2-[(2-aminophenyl)ethynyl]phenylamine 1 to give
the more challenging unsymmetrically substituted 3,3′-

Table 1. Substrate Scope

Reaction conditions: 1 equiv of the starting alkyne 1 was reacted in CH3CN at reflux under the presence of 3 equiv of aldehyde and a catalytic
amount of HCl (a drop of HCl ACS reagent, 37%).
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biindoles 3k−o (Table 1, entries 11−15). Interestingly, the
procedure was compatible with the presence of 1H-indole-3-
carbaldehyde, which achieved the formation of the tetraindole
derivative 3p under the usual reaction conditions (Scheme 2).

Due to the synthetic difficulties, the synthesis of cyclic indole
tetramers has been rarely reported.17 The cyclic tetraindole
skeleton is recognized as a π-extended variant of porphyrinogen
and is an attractive scaffold for applications in the field of
material science to afford electron-conducting and optoelec-
tronic devices.
The detailed mechanism of this unprecedented cascade

process is not completely clear at this stage. On the basis of
previous studies, the intramolecular hydroamination of 1 to
give the corresponding 2-substituted indole which in turn reacts
with aldehydes leading sequentially to 11H-indolo[3,2-c]-
quinoline scaffolds 2 results only as a consequence of the π-
acid activation of the carbon−carbon triple bond. Conversely, it
was envisaged that under Brønsted acid catalysis the reaction of
1 with aldehydes should lead selectively to the formation of the
iminium ion 4 (Scheme 3).

Iminium ion−alkyne cylization-type reactions play a pivotal
role for constructing nitrogen-containing cyclic compounds.18

Both exocyclic and endocyclic nucleophile-promoted iminium
ion−alkyne cyclization reactions have been reported.19 In our
cases, the formation of the 3,3′-biindoles under Brønsted acid
catalysis conditions rules out the endo-mode cyclization of the
in situ generated iminium ion to give the cation 5 (path c). The
formation of this latter intermediate would lead after
deprotonation/oxidative aromatization reactions to the for-
mation of the 11H-indolo[3,2-c]quinoline scaffolds under
alternative metal-free conditions. Therefore, regioselective 5-
exo-dig cyclization of 4 could occur both via nucleophile-

promoted iminium ion−alkyne generating the corresponding
derivative 620 (path a) or by means of an intramolecular ene
reaction with inverse electron demand to give the intermediate
7 (path b).
Although benzazetine derivatives are poorly studied com-

pounds,21 their formation as unstable intermediates was
postulated.22 Intermolecular ene reactions with inverse electron
demand of alkynes with iminium salts have also been
reported.23 A control experiment was conducted to gain
more information on the reaction mechanism (Scheme 4).

(4-Methoxyphenyl)-(2-p-tolyl-1H-indol-3-yl)methanone 9
was isolated in 30% yield after a prolonged time from the
incomplete reaction of the 2-p-tolylethynylphenylamine 8 (the
starting 2-alkynylaniline derivative 8 was recovered in 30%
yield) with p-methoxybenzaldehyde.
The formation of compound 9 could result from the

following sequential cascade process involving (a) condensa-
tion reaction of 8 with 4-methoxybenzaldehyde, (b) regiose-
lective exocyclic water-promoted iminium ion−alkyne cycliza-
tion, (c) tautomerization, and (d) aromatization. Interestingly,
the optimization of this unusual water-promoted iminium ion−
alkyne cyclization of 2-alkynylaniline derivatives promises to
accomplish a more sustainable approach to 2-aryl-3-acylin-
doles.24 The difference in the reaction outcome between
alkynes 8 and 1 shows the key role of the tethered amino
group. Disubstituted alkynes have been reported to undergo
annulation reaction with in situ generated iminium ions only
with the assistance of nucleophiles which intimately participate
in the transition state of these cyclization reactions.16 Then,
even if the intramolecular ene reaction with inverse electron
demand cannot be excluded, the smooth formation of the 3,3′-
biindole scaffolds could be supported by the free NH2 action as
an intramolecular nucleophilic promoter in the iminium ion−
alkyne cyclization. A more in-depth investigation is needed to

Scheme 2

Scheme 3

Scheme 4
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fully understand the complex mechanism involving the
formation of the 2,2′-disubstituted-1H,1′H-3,3′-biindoles 3.
In summary, a new approach to the construction of a 3,3′-

biindolyl backbone via Brønsted acid catalysis has been
developed. In this operationally simple procedure, four
chemical bonds are formed leading to the formation of two
indole rings through unprecedented sequential condensation/
annulation reactions of the readily available 2-[(2-
aminophenyl)ethynyl]phenylamine derivatives 1 and inexpen-
sive aryl(heteroaryl)aldehydes. Further applications of this
method as well as studies to elucidate more mechanistic details
are currently underway in our laboratories.
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(5) Graf, K.; Rühl, C. L.; Rudolph, M.; Rominger, F.; Hashmi, A. S.
K. Angew. Chem., Int. Ed. 2013, 52, 12727−12731.
(6) (a) Arcadi, A.; Abbiati, G.; Rossi, E. J. Organomet. Chem. 2011,
696, 87−98. (b) Yamamoto, Y. J. Org. Chem. 2007, 72, 7817−7831.
(7) (a) Arai, T.; Yamamoto, Y.; Awata, A.; Kamiya, K.; Ishibashi, M.;
Arai, M. A. Angew. Chem., Int. Ed. 2013, 52, 2486−2490. (b) DeLorbe,
J. E.; Horne, D.; Jove, R.; Mennen, S. M.; Nam, S.; Zhang, F.-L.;
Overman, L. E. J. Am. Chem. Soc. 2013, 135, 4117−4128. (c) Xing, D.;
Jing, C.; Li, X.; Qiu, H.; Hu, W. Org. Lett. 2013, 15, 3578−3581 and
references therein.
(8) (a) Bertinetti, B. V.; Rodriguez, M. A.; Godeas, A. M.; Cabrera,
G. M. J. Antibiot. 2010, 63, 681−683. (b) Kochanowska-Karamyan, A.
J.; Hamann, M. T. Chem. Rev. 2010, 110, 4489−4497. (c) Carter, M.
D.; Hadden, M.; Weaver, D. F.; Jacobo, S. M. H.; Lu, E. Int. Pat.
EWO125324 A1, 2006.
(9) (a) D’Ischia, M.; Napolitano, A.; Pezzella, A.; Meredith, P.; Sarna,
T. Angew. Chem., Int. Ed. 2009, 48, 3914−3921. (b) McCormic, T. M.;
Liu, Q.; Wang, S. Org. Lett. 2007, 9, 4087−4090. (c) Tasch, B. O. A.;
Antovic, D.; Merkul, E.; Müller, T. J. J. Eur. J. Org. Chem. 2013, 4564−
4569 and references therein.
(10) (a) Desarbre, E.; Bergman, J. J. Chem. Soc., Perkin Trans. 1 1998,
2009−2016. (b) Berens, U.; Brown, J. M.; Long, J.; Seike, R.
Tetrahedron: Asymmetry 1996, 7, 285−292. (c) Bergman, J.; Eklund,
N. Tetrahedron 1980, 36, 1445−1450.

(11) Duong, H. A.; Chua, A.; Huleatt, P. B.; Chai, C. L. L. J. Org.
Chem. 2008, 73, 9177−9180.
(12) Tasch, B. O. A.; Antovic, D.; Merkul, E.; Müller, T. J. J. Eur. J.
Org. Chem. 2013, 4564−4569.
(13) Perea-Buceta, J. E.; Wirtanen, T.; Laukkanen, O.- V.; Mak̈ela,̈ M.
K.; Nieger, M.; Melchionna, M.; Huittinen, N.; Lopez-Sanchez, J. A.;
Helaja, J. Angew. Chem., Int. Ed. 2013, 52, 11835−11839.
(14) Niu, T.; Zhang, Y. Tetrahedron Lett. 2010, 51, 6847−6851.
(15) Li, Y.; Wang, W.-H.; Yang, S.-D.; Li, B.-J.; Feng, C.; Shi, Z.-J.
Chem. Commun. 2010, 46, 4553−4555.
(16) (a) Yao, B.; Wang, Q.; Zhu, J. Angew. Chem., Int. Ed. 2013, 52,
12992−12996. (b) Yamashita, M.; Noro, T.; Iida, A. Tetrahedron Lett.
2013, 54, 6848−6851. (c) Arcadi, A.; Cacchi, S.; Fabrizi, G.;
Goggiamani, A.; Iazzetti, A.; Marinelli, F. Org. Biomol. Chem. 2013,
11, 545−548. (d) Yao, B.; Wang, Q.; Zhu, J. Angew. Chem., Int. Ed.
2012, 51, 12477−12481. (e) Arcadi, A.; Cacchi, S.; Fabrizi, G.;
Marinelli, F.; Parisi, L. M. J. Org. Chem. 2005, 70, 6213−6217.
(f) Cacchi, S.; Fabrizi, G.; Lamba, D.; Marinelli, F.; Parisi, L. M.
Synthesis 2003, 728−734.
(17) Nakamura, S.; Hiroto, S.; Shinokubo, H. Chem. Sci. 2012, 3,
524−527.
(18) Overman, L. E. Aldrichimica Acta 1995, 28, 107−120.
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