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Trimerisation of indole through laccase catalysis
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Abstract

Indole is cleanly bioconverted into a trimer upon laccase action. The formed compound has been identified as 2,2-bis(30-indolyl)-
indoxyl (1) by X-ray diffraction study. Optimisation of the reaction through the use of dioxygen overpressure and TEMPO as mediator
allowed a yield of more than 50% of isolated product for 1. 2,2-Bis(30-indolyl)indoxyl is a natural compound that has been isolated from
bacterial sources. However, this is the first report on a clearly identified enzyme that could be involved in its (bio)synthesis. A mechanism,
based on the initial formation of a transient indole hydroperoxide, is proposed to account for the laccase catalysed synthesis of 1.
� 2008 Elsevier Ltd. All rights reserved.
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Laccases are blue copper oxidases that catalyse a single
electron oxidation of various phenolic and aromatic com-
pounds with a concomitant four-electron reduction of
dioxygen to water.1,2 The technological potential of
laccases has long been recognised and numerous studies
devoted to their use in various bioprocesses (delignifica-
tion, ethanol production, bioremediation, etc.) have been
conducted.3,4 Laccases have also been used as catalyst for
fine chemistry and recent achievements in the field have
been reviewed.5,6 In our continuous effort to extend the
potential application of laccases in bioconversion7 we were
interested in the capacity of laccases to oxidise the bicyclic
aromatic amine indole into coloured products.8

In a first trial, the reaction has been tested in 96-micro-
titer well plates.9,10 The development of a yellow colour
was indicative of a transformation as compared to a blank
(without enzyme). TLC analysis of the diethyl ether extract
of the reaction mixture revealed a clean but incomplete
transformation of indole into a major yellow compound.
As a characterisation of the formed product required more
material, the reaction was scaled up. When conducted in an
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open vessel, the reaction was quite long and the yield in
yellow compound was poor (Fig. 1). In order to improve
these reaction parameters, the biotransformation was then
performed in a screw-cappped Schlenk tube under 2 bar of
dioxygen overpressure.11 The reaction was followed by
HPLC12 and stopped after 48 h. The formed yellow
compound was then easily purified on a RP-18 open silica
Fig. 1. Evolution of trimer 1 synthesis through laccase catalysed indole
oxidation. j: open vessel. N: closed vessel, oxygen overpressure 2 bar. d:
closed vessel, oxygen overpressure 2 bar, TEMPO 30% (mol/mol). s:
consumption of indole substrate, experimental conditions as for d.
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Fig. 2. Perspective view of 1. A molecule of co-crystallised acetonitrile is
omitted for clarity.
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column, by loading the whole reaction mixture and per-
forming a stepwise elution with a gradient of acetonitrile
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Fig. 3. Comparison of the laccase catalysed biotransformation of indole a
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Fig. 4. Proposed mechanism to explain the lacc
in water (0%, 20%, 40%, 50% and 60% acetonitrile). The
structure of the formed compound (1) was solved by X-
ray diffraction study (Fig. 2), the crystals13 being obtained
by the slow evaporation of a concentrated acetonitrile solu-
tion of 1.

As shown in Figure 2, compound 1 is the result of indole
trimerisation through the formation of a quaternary car-
bon centre. The chemical synthesis of 1 has already been
described through indole oxidation.14 This compound has
also been characterised from natural (bacterial) sources
such as Vibrio parahaemolyticus15 and Haemophilus influen-

zae.16 It should be stressed that our NMR data17 are fully
consistent with those obtained in the latter case but did not
match those reported for the former case. It should also be
noted that a closely related molecule, arising from the bis-
muth triflate catalysed reaction between indole and isatin
(Fig. 3), was very recently described.18

The structural determination of 1 allowed the calcula-
tion of an isolated yield of 23% for the biotransformation
when conducted under dioxygen overpressure. It is known
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that the simple use of a redox mediator can both improve
the yield and reduce reaction times in laccase biocatalysed
reactions.19 We thus tested three different common laccase
mediators: ABTS, HBT and TEMPO at approximately
one-third of the substrate concentration in microtiter plate.
Of the three tested mediators only TEMPO proved to be
really efficient. Indeed, by using both dioxygen overpres-
sure and TEMPO, the reaction time was reduced from 48
to 24 h (Fig. 2) and the isolated yield improved from 23%
to 51%.

From a mechanistic point of view this biotransforma-
tion could result from the initial formation of a C3-located
indole hydroperoxide followed by its fractionation to inde-
none (2). Then, two indole radicals centred on C3 could
add sequentially to 2, leading finally to trimer 1 (Fig. 4).

We described the biocatalytic trimerisation of indole
with the formation of a new quaternary carbon centre.
The reaction was optimised in a closed reaction vessel pres-
surised with dioxygen, with the addition of TEMPO as a
redox mediator. This is a novel example of the use of lac-
cases in biotransformation, which expands their potential
applications in fine chemistry. This work also provides an
enzyme candidate for the biosynthesis of 1. In Haemophilus

influenzae, its biosynthesis could be linked to nitrate
reduction.16
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