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Zirconium (IV) tetradentate Schiff base (salphen) complex has been successfully used for efficient synthesis of
wide variety of indole derivatives in EtOH as a standard green solvent under mild conditions. The
investigation of turnover number and reusability of the catalyst indicate well the high efficiency and relative
stability of the Zr-complex in this reaction.

© 2011 Elsevier B.V. All rights reserved.

The synthesis of relevant organic compounds is a main topic in
academic and industrial chemistry and one particular molecular
scaffold of interest is the indole. In fact the indole ring system is the
most widely distributed heterocycle found in nature. Substituted
indoles have been referred to as “privileged structures” owing to their
excellent binding ability to many receptors with high affinity and a
number of approved drugs has this core in their structures. Indole core
is also an important component in many of today's drugs for the
treatment of chemotherapy-induced nausea and vomiting, cluster
headache, or as antihypertensive, antineoplastic and antimitotic
agents. Reviews on this topic continuously appear in literature [1–12].

The chemistry of transition metal complexes with salen-type
ligands has been one of the highlights in organometallic chemistry
and catalysis. Despite the extensive investigations on the salen-type
complexes of middle and late d-block transition metals as catalysts in
diverse organic reactions, very few reports have appeared describing
the synthesis [13–16], crystal structures [17–19] and catalytic
properties of group IV metal complexes with such ligands [20–22].

In continuation of our ongoing research on the development of
new eco-friendly organic transformations particularly bymediation of
zirconium salts [23–34], herein, we wish to introduce zirconium (IV)
salphen complex [Zr(Salphen)Cl2 (salphen=N,N′-bis(salicylidene)
phenylenediamine dianion ligand)] (Scheme 1) [35] as an easy-made
and efficient catalyst for facile synthesis of indole derivatives in
ethanol as a sustainable media under mild condition in desired times
(Scheme 2).

Preliminary experiments were addressed to condensation of
benzaldehyde and indole as model reaction, to determine the best
reaction conditions with respect to temperature and reaction time.
The use of 1 mmol benzaldehyde and 2.1 mmol indole in 0.5 ml
ethanol in the presence of catalytic content of of Zr(salphen)Cl2
complex (1 mol%) led to desired bisindolylmethane in 95% yield
within 10 min at room temperature.

Based on the optimized reaction conditions, the present protocol
was applied to a variety of carbonyl compounds and indoles (Table 1)
[36]. As shown in Table 1 aromatic aldehydes having both the
electron-donating and electron-withdrawing groups afforded bis
(indolyl)methane in excellent yields. A rapid condensation of various
carbonyl compounds with active 2-methyl indole under the same
reaction condition was observed (Table 1, entries 10–15). Moreover,
3-formylindole as a carbonyl compound, gave the corresponding
trisindolylmethane in excellent yield (Table 1, entry 14).

When we applied similar reaction conditions for condensation of
isatin and indoles, desired 3,3′-diindolyloxindole derivatives, were
secured in 85–90% yields (Table 1, entries 9, 15).

Based on these observations, the following probable mechanisms
may be suggested for this reaction (Scheme 3). The role of Zr
(Salphen)Cl2 as a Lewis-acid leading to it's interaction with the
carbonyl oxygen atom of aldehydes, thereby increasing the polariza-
tion of carbonyl moiety and promoting the condensation reaction.

The high yields of condensation products (85–97%) obtained by
this catalytic system in desired times (b1–45 min) indicates the high
efficiency of Zr(salphen)Cl2 catalyst. This was further supported by
high turnover numbers obtained for Zr-catalyst in the condensation of
benzaldehyde with both indole (3750/24 h) and 2-methyl indole
(N5000/24 h) under mild conditions using 5000:10,500:1 molar ratio
for benzaldehyde/indol derivatives/catalyst. These promising results
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for a Schiff base complex once again confirm the high activity and also
relative stability of Zr(salphen)Cl2 during the condensation reaction,
inducing us to evaluate the reusability of the catalyst.

The catalyst has been observed to be reusable for the at least three
times in multiple sequential condensations by addition of new
samples of benzaldehyde and indole to the reaction mixture.

These advantages for this high yielding condensation method
offered ready scalability. In the condensation of benzaldehyde and
indole as substrates in a semi scale-up procedure (20 times) the
related product was secured in 93% yield.

In order to show the merit of the present catalytic protocol in
comparison with the other catalytic systems used for the similar
reaction particularly by using simple Zr(IV) salts, we have summa-
rized some results obtained in condensation of benzaldehyde and
indole (Table 2). These results indicate well the superior catalytic
activity of Zr(salphen)Cl2 than those of other catalytic system in terms
of conversion rate and catalyst loading. Moreover, this method uses
ethanol as an environmentally benign solvent.

In conclusion, the catalytic activity of Zr(salphen)Cl2 in synthesis
of wide variety of indol derivatives under mild conditions were
established. The employment of ethanol as an environmentally
benign solvent in this high yielding method along with high turnover
numbers and reusability of the catalyst providing ready scalability,
makes it more appropriate for practical applications.
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Scheme 2. Synthesis of indole derivatives in the presence Zr(salphen)Cl2 (1 mol%) in ethanol at room temperature.

Scheme 1. Synthesis of Zr(salphen)Cl2.
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