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OFF-ON BODIPY-based chemosensors for 
selective detection of Al3+ and Cr3+ versus Fe3+ in 
aqueous media 

Andrea Barba-Bon,a,b Laura Calabuig,b Ana M. Costero,*a,b Salvador Gil,a,b 
Ramón Martínez-Máñez,*a,c Félix Sancenón a,c 

Two new OFF-ON BODIPY-based chemosensors highly 
sensitive for trivalent cations in aqueous solutions are 
described. Compound 2 exhibits a selective sensing of Al3+ 
and Cr3+ versus Fe3+ through two different channels (UV-vis 
and fluorescence). 
 
The design of new probes for transition and p-block metal cations is 
an important subject within the field of supramolecular chemistry 
because of their impact in the environment and in human health. In 
this area, although a number of chemosensors for divalent transition 
metal cations have been described, there are a relatively small 
number of probes able to selectively respond to triple-charged metal 
cations1 and even less in aqueous environments.2 However, trivalent 
cations have important properties and play significant roles in 
different fields. For instance chromium is an essential element in 
human nutrition and has a huge impact on the metabolism of 
carbohydrates, fats, proteins and nucleic acids and has been reported 
to disturb glucose levels and lipid metabolism.3 On the other hand 
Fe3+ also plays a key role in many biochemical processes at the 
cellular level and it is indispensable for most organisms, and both its 
deficiency and overload can induce various disorders.4,5 Finally, it is 
well-known that Al3+ plays important roles in cells and 
environmental food chains and for instance was found to kill fishes 
in acidified water and cause damages to the central nerve system of 
human beings,6 Therefore, the design of new probes for the simple 
and easy detection of these metal cations in a number of different 
situation is of much interest. 

Based in these concepts, and bearing in mind our interest in the 
design of chemosensors, we report herein two new probes (1 and 2, 
see Scheme 1) based in dipyrromethene boron difluoride (BODIPY) 
scaffold, for a simple optical detection of trivalent cations. BODIPY 
dyes are a class of well-known fluorophores with widespread 
applications as fluorescent probes due to their valuable 
characteristics, such as high molar absorption coefficients and high 
quantum yields leading to intense absorption and fluorescence 
bands.7 In this context, although a large number of BODIPY dyes 
have been designed and prepared for detecting metal cations8, very 
few examples display sensing features in aqueous solutions.9 

Probe 1 was synthesized through a bicondensation of N-methyl-N-
(2-hydroxyethyl)-4-aminobenzaldehyde and 2,4-dimethylpyrrole in 

the presence of trifluoroacetic acid (TFA) as catalyst,10 followed by 
oxidation with p–chloranil. The boron difluoride bridge was 
introduced by treatment with boron trifluoride diethyl etherate 
(BF3·Et2O) in the presence of triethylamine (TEA). For the synthesis 
of probe 2, the BODIPY derivative I was prepared from 2,4-
dimethylpyrrole and benzaldehyde (see Supporting Information) 
following the same procedure as above.10 Condensation of I and N-
methyl-N-(2-hydroxyethyl)-4-aminobenzaldehyde in benzene in 
presence of acetic acid and piperidine10c,11 yielded 2. 

 
Scheme 1. Chemical structure of the BODIPY derivatives 1 and 2. 

 
Probe 1 shows in water:CH3CN (80:20 v/v) an intense absorption 

band at 490 nm (ε=77600 cm-1 M-1) yet it is scarcely fluorescent 
(Ф=0.002 using aqueous fluorescein as reference).12 This low 
emission is tentatively attributed to a photo-electron transfer (PET) 
from the lone pair of the amino group to the photo-excited BODIPY 
group.13 Figure 1 shows the fluorescence spectrum (λexc=480 nm) of 
1 alone and in the presence of 1 equiv of different metal cations. 
Addition of Fe2+, Cu2+, Zn2+, Cd2+, Co2+, Ni2+, Li+, Hg2+ and Ru3+ 
did not modify the emission of 1, whereas trivalent cations Al3+, Fe3+ 
and Cr3+ led to a very remarkable enhancement of the fluorescence 
emission (ФAl = 0.29;ФFe = 0.17;ФCr = 0.24) at 515 nm. 

Moreover, no colour modulations in the presence of metal cations 
were found for 1. This was an expected result bearing in mind the 
presence of methyl groups in the pyrrole units that most likely 
impose a twist position of the phenyl ring that interrupts the 
conjugation between the N-methyl-N-(2-hydroxyethyl) coordination 
site and the signaling unit.14 

In contrast, the signaling unit and binding site in probe 2 are 
electronically connected and therefore changes both in colour and 
emission were found (vide infra). In water:CH3CN (40:60 v/v), 2 
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