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A novel distyryl-substituted boradiazaindacene (bodipy) dye with an emission peak moving hypsochromically from 730 to 680 nm on Zn(ll) ion
binding seems to be promising as one of the very few water-soluble fluorescent chemosensors emitting in the near IR region.

The design of fluorescent chemosensors for ions implicated
in important biological processes, especially linked to human
disease states, is an active research area. Zinc(Il) ions are
involved in the biology of Alzheimer’s disease' and diabe-
tes,” among others.” It is now well established that large
amounts of “free” zinc are sequestered in the secretory
granules of different types of mammalian cells, and its release
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is under the precise control of secretagogues.* For fluorescent
chemosensors aimed at cellular imaging or real-time visu-
alization of ion concentrations, additional constraints would
apply. Long wavelength excitability and emission are very
important for reduced scattering and securing low back-
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ground emissions. In addition, signal transduction in the
wavelength ratiometric mode is highly advantageous.

In recent literature, a large number of fluorescent probes
for zinc have been proposed based on different fluorophores
such as quinoline,” boradiazaindacene (bodipy),® dansyl,’
fluorescein,® anthracene,” acridine,'® benzofuran,'' naph-
thalimide,'? cyanine,'? and squaraines.'*

Unfortunately, for most of them, water solubility is limited,
thus various solvent mixtures are used in characterization.
This fact, together with the requirement for shorter wave-
length excitation, hinders biological applications.

As part of our ongoing interest in rational design of
ratiometric fluorescent chemosensors, emitting especially in the
red end of the visible spectrum, we are particularly intrigued
by the distyryl—bodipy'” dyes. These novel derivatives of well-
known bodipy dyes are emerging as promising red emitting
dyes with interesting applications as sensitizers for photody-
namic therapy'>* and ion sensing.'>® The distyryl—bodipy
dyes can be synthesized with water solubilizing groups,
which increases the likelihood of biological applications.
When the styryl groups carry dialkylamino groups, the ICT
process can be modulated by cation binding which provides
ample opportunities of cation sensing.'®

With these considerations, we set out to synthesize
compound 4 (Scheme 1). The synthesis requires stepwise
Knoevenagel condensations with two different aldehydes to
yield the distyrl—bodipy. The TEG (triethyleneglycol) groups
are placed on a gallic acid derived, 3,4,5-trihydroxyphenyl
unit. The metal chelator is a well-known Zn(II) specific
ligand, dipicolylamine (DPA). The target compound 4 was
obtained in satisfactory yield and characterized by 'H and
13C NMR and HRMS. Six TEG groups are clearly enough
to make this molecule compatible with water, and the spectral
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Scheme 1. Synthesis of the Near IR Emitting, Water-Soluble
DS—Bodipy-Based Chemosensor 4
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data to be discussed from this point on are obtained in 5:95
ethanol—aqueous buffer solutions.

The absorption spectrum (Supporting Information) displays
a broad peak centered at 680 nm, and the molar extinction
coefficient is 72000 M~!cm™! at this wavelength. The
emission spectrum obtained in aqueous buffer solution (5%
ethanol was added as a cosolvent) shows a peak centered at
726 nm (Figure 1). Gradual addition of Zn(II) ions to this
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Figure 1. Change in the emission spectrum of the chemosensor 4
(2.5 uM) in response to increasing concentrations of Zn(II) in an
ethanol—aqueous buffer mixture (5% in ethanol, HEPES 0.1 M,
pH = 7.2). Zinc concentrations were varied in the following order:
0,0.25,0.5, 1, 2, 5, 10, 20, 50, 100 uM. Excitation was at 630 nm,
with slit widths of 5 nm.

solution results in a blue shift to 625 nm with a concomitant
increase in emission intensity. This clearly shows that the
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coordination of Zn(Il) ions effectively blocks excited-state
charge transfer from the dipicolylphenyl group. Hill plot
analysis of the data obtained in the titration of 4 with Zn(II)
yielded a 1:1 stoichiometry (slope = 0.97) with a dissociation
constant (Ky) of 2.0 x 107> M. The fluorescence emission
of the Zn(II) complex is bright red, whereas weaker intensity
emission of the free chemosensor is hardly visible since it
is at the red end of the visible spectrum, extending to near
IR. Not surprisingly, the dipicolylamine ligand imparts
remarkable metal ion selectivity onto this chemosensor
(Figure 2). The chemosensor 4 generates the largest signal

120+

1004

Dye Cu(ll) Ca(ll) Na(l) Zn(lly Cd(ll) Mg(ll) Co(lly Hg(ll) Ni(ll) Mn(ll) K(1)

Figure 2. Normalized emission intensities at 680 nm (the emission
intensity of the free dye = 1) of the chemosensor (1.2 4uM) in the
presence of selected metal ions (1.0 mM). Excitation was done at
630 nm with 5 nm slit widths. Solvent: ethanol—aqueous buffer
mixture (5% in ethanol, HEPES 0.1 M, pH = 7.2).

in the presence of Zn(II) ions, but Hg(Il) and Cd(II) also
show some response. Fortunately, in biological media (unlike
environmental samples), these three ions rarely compete, and
our data show that most likely biological interferants such
as Ca(Il), K(I), Na(I), and Mg(Il) have no effect on the
emission spectrum. The results of a competition experiment
between Zn(Il) and selected metal ions is shown in Figure
3. Digital photographs (Figure 4) of the aqueous solutions
of the chemosensor with added Zn(II) clearly show very large
enhancement of the red emission under UV illumination at
360 nm, with no perceivable changes in the presence of other
biologically relavant ions.

In conclusion, we have demonstrated that versatile bodipy
chemistry allows the synthesis of long wavelength emitting,
water-soluble dyes through stepwise reaction of the methyl
groups at the 3 and 5 positions of the bodipy core. Thus,
multiple and distinct functional groups can easily be placed
on the chromophore, offering many opportunities for the
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Figure 3. Results of the competition experiments between Zn(II)
and selected metal ions. The free dye 4 (chemosensor) concentration
was set at 5.0 uM. Excitation was at 630 nm; emission intensity
values at 680 nm were collected; and all metal ions were added at
200 uM concentration. Solvent: ethanol—aqueous buffer mixture
(5% in ethanol, HEPES 0.1 M, pH = 7.2).

rational design for novel ratiometric chemosensors. The
chemosensor discussed in this communication is a prototype

FREE  Ca (I Zn(D | MgdD
+ + +

DYE DYE DYE DYE
e

FREE Ca (1) K@ Zn (1) Mg (D
+ . +

b
DYE~ DYE DYE DYE 11) 4]

Figure 4. Digital photographs of the chemosensor solutions (5.0
uM) in the presence of different metal ions at 100 #M concentration.
The upper plate is taken under ambient light, and the bottom one
under UV illumination at 360 nm. Solvent: ethanol—aqueous buffer
mixture (5% in ethanol, HEPES 0.1 M, pH = 7.2).

for such molecular ion sensors to be developed via this
approach.
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