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Tuneable fluorescent marker appended to b-cyclodextrin:
a pH-driven molecular switch

Matthieu Becuwe,a Francine Cazier,a Marc Bria,b Patrice Woiselc and François Delattrea,*
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Abstract—The photophysical properties of a pH dependent molecular switch based on pyridin-4-yl indolizin b-cyclodextrin 1 in
water are described. The reversibility phenomena of fluorescent emission is attributed to a molecular motion of enclosed fluorescent
moiety to inside/outside location.
� 2007 Elsevier Ltd. All rights reserved.
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Figure 1.
The development of elaborate molecular devices became
an important challenge since the rise of supramolecular
chemistry and self-assembled molecular materials.1

These molecular systems have a broad variety of special-
ized functions like switches,2 shuttles,3 scissors4 or
motors.5 The control of molecular motion can be
obtained in response to an appropriate external stimuli
such as light,4,6 electrochemistry7 or pH-driven.8 In the
case of tuneable motion by protonation–deprotonation,
it is also possible to modulate the photophysical proper-
ties to obtain a reversible change in the emission wave-
length. In this Letter, we report the behaviour of a
controllable motion driven by pH of fluorescent sensor
incorporating a b-cyclodextrin unit as molecular recep-
tacle. The b-cyclodextrin are well known to form com-
plexes with a large variety of organic compounds and
are used in the construction of rotaxanes, catenanes,
and molecular sensors.9 We now demonstrate that
reversible fluorescent quenching of molecular sensor 1
are due to the location change of pyridin-4-yl indolizin
unit appended to b-cyclodextrin caused by a proton-
ation–deprotonation of included pyridinyl moiety.

Recently, we have reported the synthesis10a,b and the
study of inclusion phenomena10c of fluorescent macro-
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cycle 1 (Fig. 1) in water. We have shown that the
molecular sensor presents, at neutral pH, a stable self-
inclusion conformation of aromatic part in the hydro-
phobic cyclodextrin cavity (Scheme 1a) inducing a good
fluorescence quantum yield (uF = 0.51 at pH 7). Thus,
in order to investigate the quaternization effects of the
pyridyl nitrogen on the structure and emission proper-
ties of derivative 1, we investigated the protonation–
deprotonation effects in aqueous solution by absorption,
fluorescence, circular dichroism, and NMR spectro-
scopy experiments at neutral and acidic pH.
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Scheme 1. Structures of pyridin-4-yl indolizin. b-Cyclodextrin 1 at pH
3 and pH 7.
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The ground-state absorption and emission spectra of
macrocycle 1 as a function of protonation level are
shown in Figures 2 and 3, respectively. In neutral pH,
the absorption spectrum exhibits an intense band at
283 nm assigned to n!p* transition and a broadband
in the near-UV region assigned to p!p* pyridyl transi-
tion. As expected, upon addition of concentrated solu-
tion of HCl, we observed a red shift of the absorption
bands with isobestic points (274 and 382 nm, respec-
tively) indicating the presence of nonprotonated and
protonated species11 in neutral and acidic solution,
respectively. The pKa was determined by the Lachmann
and Polster procedure12 giving pKa 5.01, which is more
acid than free pyridine (pKa 5.23).13 Thus the pH-depen-
dence of the emission was determined by acid titration
between pH 6.5 and pH 2.5. The fluorescence emission
of 1 was found to be ‘switched off’ after addition of an
HCl solution (Fig. 3) and was accompanied by a large
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

245 295 345 395 445 495
Wavelength [nm]

A
bs

or
ba

nc
e

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

2.5 3 3.5 4 5 64.5 5.5 6.5
pH

A
b

so
rb

an
ce

 a
t 

36
6 

n
m

Figure 2. Reversible pH-dependence of the absorption spectra of 1

(5 · 10�5 mol L�1) in H2O at 298 K.
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Figure 3. Reversible pH-dependence of the emission spectra of 1

(8 · 10�7 mol L�1, kexc. = 366 nm) in H2O at 298 K.
red shift of the maxima emission of the chemosensor 1
(kmax = 447 nm to kmax = 527 nm). Moreover, the fluo-
rescence quantum yield decreased (uF = 0.05 at pH 3)
10-fold when the fluorescence was quenched by the pro-
tonation of pyridyl moiety. These results suggest that
the quaternization of free pyridyl nitrogen induces an
exclusion in the bulk water environment of chromo-
phoric part caused by a loss of hydrophobicity.

In order to confirm this environmental change, we car-
ried out circular dichroism, 1H and 2D NMR (ROESY)
experiments under several pH conditions. Figure 4 shows
the reversible CD spectral changes of 1 in aqueous solu-
tion upon addition of a concentrated solution of HCl. At
slightly acidic pH, the dichroic signal shows two opposite
intense bands at 262 and 283 nm whereas the bands are
very weak and of negative signs under strongly acidic
conditions. This result is in agreement with the exclusion
phenomena of fluorescent moiety at low pH. Moreover,
the comparison of 1H NMR spectra (Fig. 5) shows that
addition of 1 equiv D2SO4 causes a significant upfield
shield of aromatic protons Ha (Dd � +0.05 ppm) and
Hb (Dd � +0.65 ppm) which is consistent with pyridyl
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Figure 4. Circular dichroism spectra of 1 (5 · 10�5 mol L�1) in H2O at
298 K as a function of pH (1, 5.85; 2, 5.05; 3, 4.40; 4, 2.85).

Figure 5. 1H NMR spectra in D2O: (a) at 25 �C of 1; (b) +1 equiv
D2SO4; (c) +2 equiv NaOD.



Figure 6. Partial ROESY NMR spectra of 1 (spin-lock time: 300 ms; [1] = 4 mmol dm�3) at 298 K (a) at neutral pH; (b) at acidic pH.
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protonation. This latter was reversible by return to neu-
tral conditions using 2 equiv of NaOD. It is obvious that
nonambiguous proof regarding the reversible macrocy-
cle exclusion of fluorophore was obtained from its 2D
ROESY spectrum (Fig. 6). It is clearly observed that
spectrum recorded at neutral pH displays strong dipolar
interactions between the protons localized inside the b-
cyclodextrin core and the Ha/b pyridinyl ones. These
through space interactions disappeared on acidic pH
and reappeared by using an alkaline deuterium solution.
Thus these correlations clearly display the inside–outside
molecular motion of fluorescent moiety, controlled by
the protonation of free pyridyl nitrogen, inducing an
extinction of fluorescence emission under acidic condi-
tion. This result is in agreement with the reversible
pH-driven pyridin-4-yl indolizin unit appended to b-
cyclodextrin and the fluorescence emission being
‘switched off’ when the enclosed chromophoric moiety
is excluded toward the bulk water environment.

In conclusion, the experimental studies provide evidence
of a pH-driven fluorescent molecular switch in water
based on a b-cyclodextrin core and the protonation of
the free nitrogen localized on the pyridyl group seems
to be an efficient straightforward way to modulate the
conformation and the fluorescent properties of sensor
1. Further work will develop water soluble pH sensor
to extend the system described here for the detection
of relevant organic compounds.
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