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The emission intensity of an indolyl maleimide derivative
increases ~ 80-fold by reversible coordination to
(1,4,7,11-tetraazacyclododecane)zinc(II), which makes the
system a promising new signalling motif for molecular
sensors.

Changes in photophysical properties, which occur upon forma-
tion of a reversible assembly, are widely used in molecular
chemosensors.1,2 In particular, enhancement of emission upon
chemical recognition is one of the most interesting and
challenging processes, because of the high sensitivity and
simplicity of detection.2,3 Both Lewis acid (e.g. BF3 with
acridine)4 and cation induced fluorescence enhancement5 have
received a lot of attention. We report in this communication a
new structural motif which may find applications in this
context.

Bis-indole-maleimides are common substructures of natural
products6 and their biological activity as potent inhibitors of
protein kinase C (PKC)7 stimulated their application as lead
structures in drug discovery. Asymmetrically substituted in-
dole-maleimide systems however have been studied less
intensively. Investigations on the photophysical properties of
such compounds have not been reported till now. Only some
recent reports on related naphthalimide derivatives which
address their use in fluorescence signalling are present in the
literature.8 In this communication, we report the photophysical
properties of 2-bromo-3-(1H-indol-3-yl)maleimide (1) and in
particular a strong emission enhancement, upon reversible
coordination to (1,4,7,11-tetraazacyclododecane)zinc(II) (2)
(Fig. 1).

Compound 1 was prepared according to a known procedure9

employing the reaction of indolyl magnesium bromide with a
2,3-dibromomaleimide in THF. Crystals of the compound,
suitable for X-ray structure analysis, were obtained by slow
evaporation from an acetone–hexane solution.† The photo-
physical properties of 1 were determined in different solvents
and the data are summarised in Table 1. Absorption and
emission maxima show slight solvatochromic effect but our
study was limited to the solvents in which compound 1
dissolves. Compound 1 can be considered as a push–pull type
system consisting of the well-known electron acceptor, mal-
eimide, and the electron donor, indole moiety. Therefore a p–p*
state with a charge transfer (CT) character would be expected to

be the lowest excited state in such a polar system, as was also
suggested by the blue shift (1819 cm21) of the emission
maximum at 77 K in a butyronitrile matrix. The emission
properties of 1 (see Table 1) show that the compound is very
weakly emitting in all of the solvents investigated except in
dicholoromethane which is the least polar among the solvents
studied (fem = 0.0140).

Coordination of the imide group with the zinc(II) azamacro-
cycle has been intensively studied10 and the formation of a bond
between the deprotonated imide nitrogen atom and the zinc(II)
atom was confirmed by X-ray structures.11

In our investigation, the titration of a 2.5 3 1025 mol L21

solution of 1 with (1,4,7,11-tetraazacyclododecane)zinc(II) bis
perchlorate 2 leads to the formation of assembly 3 (see Fig. 1).
In aereated acetonitrile solution, the adduct formation was
followed by UV–Vis absorption and emission spectroscopy
(Fig. 2). For 1, in the presence of a weak base (1 equivalent of
triethylamine, TEA), upon addition of 2 a blue shift (775 cm21)
was observed for the absorption band centred at 416 nm. This
was accompanied by a decrease in the molar extinction
coefficient of the band and the appearance of a new band in the
UV region (Fig. 2). The assembly 3 obtained by coordination of
1 with 2 has a clear 1+1 stoichiometry as confirmed by a Job
plot. The changes in emission properties of 1 upon binding are
even more interesting, since a strong increase in emission
intensity was observed.

The solutions were excited at the isosbestic point (380 nm)
and the complex formation resulted in an ~ 80-fold increase in
emission quantum yield. The association constant calculated on

Fig. 1 Reversible formation of a coordinative bond between 2-bromo-3-(1H-indol-3-yl)maleimide (1) and (1,4,7,11-tetraazacyclododecane)zinc(II) (2).

Table 1 Photophysical properties of compound 1 in different solvents

Solvent
Absorption, lmax/nm
(e/ M21cm21)

Emission, lmax/
nm fem

a

CH2Cl2 422 (7907) 554 0.0140
C2H5OH 426 (8229) 535 0.0022
CH3CN 416 (7460) 559 0.0009
(CH3)2NCOH 424 (7528) 543 0.0024
CH3NHCOH 426 (7670) 532 0.0018
a Total emission quantum yield calculated relative to [Ru(bpy)3]Cl2 in
aerated acetonitrile solution.
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the basis of the change in absorption and in emission is 2 3 106

L mol21.
The reason of this emission enhancement and blue shift in the

absorption maximum lies in a strong perturbation of the excited
state upon coordination of the Zn moiety. As pointed out earlier,
a low lying internal charge transfer state (ICT) due to the
presence of an electron donor (indole) and an electron acceptor
(maleimide) is the lowest excited state in polar solvents. This
state is, however, a non-emitting state and it is in thermal
equilibrium with p–p* excited state of the molecule (see Fig.
3a), responsible for the fluorescence of the compound at low
temperature or in low polarity solvent. Upon coordination of 1
with 2, the ICT interaction becomes weaker since the electron
withdrawing group, the imide unit, is now an electron rich
moiety due to the deprotonation of the NH group necessary to
coordinate the metallo macrocycle 2. The ICT state, therefore,
in the assembly 3 is no longer in equilibrium with the emitting
state (ES) (Fig. 3b), leading to a decrease of the dark process
and to a higher emission quantum yield of the ES. This new
electronic situation results in a decrease of the oscillator
strength of the visible band in the absorption spectra (because of
the disappearance of the ICT component of the band) and in an
increase in the emission quantum yield of compound 1. Such
energetic ordering of the locally excited states relative to the CT
state has been observed before for singly bonded D–A
systems.12 In order to support our explanation, the absorption
and emission spectra of compound 1 in the absence and
presence of a strong base, potassium carbonate, were recorded
in acetonitrile solution. For the deprotonated species, we
observed the same trend in the photophysical behaviour as in the
low temperature experiment and upon coordination with 2, even
though the emission enhancement upon deprotonation was very
moderate. This evidence and the strong enhancement in

emission intensity upon coordination of a Lewis-acidic metal
complex creates new opportunities for the use of these systems
in the design of new sensor molecules.

In conclusion, we have shown that in general the photo-
physical properties, and in particular the fluorescence quantum
yield, of a simple chromophore (1) can undergo major changes
upon reversible coordination with a Lewis-acidic metallo
macrocycle.
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Fig. 2 Changes in the absorption (left) and emission (right) spectra of 1 upon addition of 2 in acetonitrile solution. (a) Compound 1 (2.5 3 1025 mol L21),
(b) complex 3, obtained from a 1+1 mixture of 1 and 2 in the presence of 1 equiv. of TEA.

Fig. 3 Schematic diagram of the energy levels of 1 (a) in polar solvents and
(b) at low temperature and upon coordination with 2.
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