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Abstract

Abstract

Molecular recognition is an important subject in supramolecular chemistry.
Design and synthesis of fluorescent chemsensor have drawn much interests in
supramolecular chemistry in recent years due to its intrinsic distinct advantages
in terms of high sensitivity, able to monitor substrate concentration in real-time
and real-space and remote sensing. Intramolecular charge transfer (ICT) or
intramolecular excited-state proton transfer (ESIPT) fluorophores emit large
Stokes-shifted fluorescence that will avoid the interference from background
auto-fluorescence and light scattering in sensing process. A series of dual
fluorescent  chemosensors  based on  p-dimethylaminobenzamide or
salicylaldehyde derivatives coupled with cation or anion binding site were
designed and synthesized in this dissertation. The dissertation consists of six
chapters.

In Chapter 1, research progresses of fluorescent chemosensors in terms of
recognition mechanisms were briefly reviewed. The research proposal of this
dissertation was presented according to the developments of fluorescent
chemosensors.

Detailed synthesis procedures and characteristic data of ca.30 fluorescent
chemosensors were presented in Chapter 2. These sensors include
p-dimethylaminobenzoylhydrazones, N-(p-dimethylaminobenzoyliminoyl)
thioureas, salicylaldehyde aminophenylthioureas, salicylaldehyde
benzoylhydrazones and p-dimethylaminobenzoyl diphenyl guanidines.

Three fluorescent sensors BH-DM, MH-DM and SH-DM based on dual
fluorescent p-dimethylaminobenzamide signal reporter which coupled with
benzoylhydrazones containing cation binding site were synthesized in Chapter 3.
The spectra of these fluorescent sensors in acetonitrile were investigated in detail.
It was found that all the three fluorescent sensors emitted dual fluorescence in
acetonitrile. The long-wavelength emission of BH-DM and MH-DM was
assigned to the CT state while that of SH-DM to the mixture of the CT and

ESIPT states. All of the investigated transition metal ions such as Fe**, Co*, Ni**,
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Abstract

Cu?*, Zn?*, Cd** and Hg*" can interact with BH-DM, MH-DM and SH-DM in
the ground state as shown by the variations of the absorption spectra. However,
only Cu®* can lead to dramatic fluorescence enhancement together with obvious
blue-shift in the CT emission of BH-DM and MH-DM. The fluorescence
enhancement was ascribed to result from the inhibition of the n-z* transition and
conformational restriction. The selectivity of MH-DM to Cu** was found higher
than that of BH-DM due to the presence of a methoxy group at the ortho-position
of benzaldehyde which can enhance the binding affinity with Cu®". Therefore,
MH-DM was more favorable in recognition of Cu** with high selectivity and
sensitivity in aqueous solution.

A seriess of anion sensors (DGTU-Rs) in  which the
p-dimethylaminobenzamide moiety is the ICT dual fluorescent signal reporter
which is conjugatedly linked to the phenylthiourea anion recognition moiety by
an iminoyl group were synthesized in Chapter 4. DGTU-Rs exhibited dual
fluorescence in acetonitrile and the CT emission was shifted to the red with
increasing electron-withdrawing ability of the substituent at the phenylthiourea
moiety. This observation indicates that the substituent of phenylthiourea locates
in the electron acceptor moiety and the iminoyl group is an efficient bridge that
transmit substituent-effect from phenylthiourea to the carbonyl group. The dual
fluorescence of DGTU-Rs in acetonitrile was sensitive to anions such as F,
AcO™ and H,PO, . It was found that addition of F~ resulted in a substantial
quenching of the fong-wavelength CT emission and an obvious blue shift in its
band position, whereas only small changes were observed in the LE emission in
both its position and intensity. The spectral response of DGTU-Rs to anions can
be interpreted under the ICT mechanism. As anion binding to the thiourea moiety,
the electron-withdrawing ability of the electron acceptor of DGTU-Rs will be
reduced that leads to a blue shift in the absorption spectra as well as CT emission
and a decrease in the CT to LE fluorescence intensity ratio. The binding constants
were found to vary in general in the order of F > AcO™ > H,PO, , HSO,", Br-,
CI™ with the same receptor. With the same anion, the binding constants varied in

VI



Abstract

the order of DGTU < DGTU-p-ClI < DGTU-m-Br < DGTU-m-CF; <
DGTU-p-CN, as expected from the increasing acidity of the thioureido —NH
protons.

A series of novel anion sensors based on salicylaldehyde
aminophenylthioureas (STU-Rs) and salicylaldehyde benzoylhydrazones (SH-Rs)
which possess ESIPT character were synthesized in Chapter 5. This chapter was
divided into two sections.

In section 1, influence of various anions on the absorption and fluorescence
spectra of STU-Rs in acetonitrile were investigated in detail. The spectra of
STU-Rs was found to be sensitive to the presence of anions. Original bands in
the absorption spectra of STU-Rs decreased with the appearance a new peak at
longer wavelength upon addition of anions, while the long-wavelength emission
was enhanced dramatically due to the inhibition of the ESIPT process. *H NMR
titrations indicated that STU-Rs bound anions via —OH and thioureido —-NH
protons. 1:1 binding mode was confirmed by Job plot and ESI-MS data. The
binding constants varied in general in the order of AcO™ > F > H,PO, >>
HSO,4, Br, CI". With the same anion, the binding constants varied in the order
of STU-p-OCH3 < STU-p-CH3 < STU< DGTU-p-Cl < STU-m-CF3, as
expected from the increasing electron-withdrawing ability of the substituent. The
control compounds MBTU and BTU without phenolic -OH showed very high
selectivity to fluoride over other anions although the binding constants were
much lower than those of STU-Rs. This observation indicated that the selectivity
to anions can be increased by lowering the binding affinity of the sensors with
anions.

In section 2, effects of anions on the absorption and fluorescence spectra of
SH-Rs in acetonitrile were investigated in detail. It was found that only F~ could
induce dramatic change in the absorption spectra of SH-Rs resulting in obvious
color change from colorless to yellow. These results suggested that SH-Rs had
higher selectivity for F~ against other anions and could therefore be employed for
naked-eye detection of fluoride ions. 1:1 binding stoichiometry was confirmed by
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Job plot and the binding constants with fluoride varied in the order of SH-DM <
SH-OEt < SH< SH-p-Cl < SH-m-ClI, as expected from the increasing acidity of
the phenolic -OH group. The long-wavelength emission of SH-Rs was found
enhanced dramatically with a obvious hypochromic shift in the presence of
fluoride. These spectral variations were suggested to result from the inhibition of
the ESIPT process. The observation that other anions induced much lower
enhancement of the SH-Rs fluorescence than that of fluoride indicated that
SH-Rs could be applied as selective fluorescent sensors for fluoride.

Chapter 6 was divided into two sections.

In section 1, a series of ICT fluorophores based on p-dimethylaminobenzoyl
diphenyl guanidines (DG-Rs) were synthesized. The spectra of these derivatives
were investigated in detail in a variety of solvents. It was found that the
absorption spectra of DG-Rs were independent of the substituent at the aniline
moiety while the CT emission shifted to the red with increasing
electron-withdrawing ability of the substituent. These observations indicated that
the substituent located in the electron acceptor and had no influence on the
ground state structure of DG-Rs. The CT emission energy of DG-Rs was found
to correlate linearly with the Hammett constant of the substituent and the slope of
the linear correlation was higher than that of the corresponding phenol
p-dimethylaminobenzoates. This observation indicates that iminoyl group is an
more efficient bridge in transmission substituent-effect than the -O- bridge in
phenol benzoates.

On the basis of the results of section 1, a novel ICT fluorescent chemosensor
DG-m-(OH), for saccharide was designed and synthesized. The fluorescence
intensity of DG-m-(OH); was enhanced with a hypochromic shift with increasing
pH in methanol-water mixtures, due to lowered electron-withdrawing ability of
—B(OH);™ than that of -B(OH),. An enhanced fluorescence with a hypochromic
shift of the emission spectra was observed in DG-m-(OH), solution with
increasing of saccharides concentration. The binding constants of DG-m-(OH),

with saccharides varied in the order of fructose > glucose > galactose.
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