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ABSTRACT

A new class of fluorescence sensors for ammonium and organoammonium ions has been disclosed. One of the sensors, an alaninol-derived
tripodal oxazoline (1a) shows significant fluorescence enhancement upon binding NH4

+ but little response toward K+, Na+, and Mg2+ ions.
Owing to its chiral environment, a phenylglycinol-derived tripodal oxazoline (1b) shows chiral discrimination in fluorescence upon binding
enantiomeric guests.

The selective recognition and sensing of ammonium and
organoammonium ions have received considerable research
interest in light of the potential applications in medical,
biochemical, and environmental areas.1 In the course of our
study on the molecular recognition of biologically active
amines through their ammonium salts using oxazoline-based
receptors,2 we found that the receptor system can be
developed into a new class of fluorescence sensors for
ammonium and organoammonium ions. A variety of fluo-
rescence sensors have been reported for various analytes
including organoammonium ions, for which a photoinduced
electron transfer (PET) mechanism has been widely used as
the fluorescence signaling process.3,4 Recently, the confor-

mational restriction of fluorophores has also been utilized
as a useful way of fluorescence signaling.5 Herein, we wish
to report the fluorescence sensing of ammonium and organo-
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ammonium ions using the tripodal oxazoline receptors. Our
receptor system contains a benzene fluorophore, which is a
rare case.

We have shown that benzene-based tripodal oxazolines
1a (Me-BTO) and1b (Ph-BTO) are strong and selective
receptors toward ammonium and organoammonium ions,
respectively.2,6 During the studies, we observed that our
receptors exhibited fluorescence when monitored by silica
gel TLC. This observation led us to investigate their
fluorescence behavior in detail. We surmised that a tripodal
oxazoline complex of the H3O+ ion in the silica gel was
responsible for the fluorescence. The oxazolines1 (Figure
1) and ammonium or organoammonium ions are also
expected to form similar complexes that exhibit fluorescence,
which are disclosed in our study.

We have studied the basic fluorescence behavior of the
alaninol-derived oxazoline1a, a strong ammonium ion
binder.1a showed two absorption bands withλmax at 210
and 230, respectively, and one weak band withλmax at 272
nm in CH3CN (Figure S1). The emission spectrum of1a,
recorded at each of the three absorption maxima, exhibited
significant fluorescence only for the case of the excitation
at 272 nm and with sample concentrations of millimolar
ranges. The high concentration required is due to a low
absorptivity of the benzene chromophore.7

We titrated1a with varying concentrations of NH4+ in
CH3CN at 295 K.

The fluorescence intensity increased gradually and reached
a plateau when an equimolar amount of NH4

+ was added,
and little change was observed after that point (Figure 2).
This saturation behavior indicates that a strong 1:1 host-
guest complex forms, which results in enhanced fluorescence.

At the saturation point, the increase in the fluorescence
intensity amounted to 2.75 times that of the receptor only.
Such enhancement was not observed in polar solvents such
as methanol and water.8

We measured the quantum yield for the fluorescence
enhancement by using quinine sulfate as a reference com-
pound.9 The quantum yield increased as [NH4

+] did, and
reached a plateau when an equimolar amount of the guest
was added (Figure 3). Thus the quantum yield of1a increased

from Φo ) 0.13 toΦ ) 0.34 at the equivalent point, then
slightly increased after that point (Φ ) 0.37 at the point of
[NH4

+]/[1a] ) 4.1). The increase in the quantum yield from
the receptor only to the 1:1 complex corresponds to the
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Figure 1. Tripodal oxaoline receptors.

Figure 2. Fluorescence emission changes of1a (1.0 mM) upon
addition of NH4

+ (as ClO4-salt; 0.0, 0.22, 0.43, 0.63, 0.81, 1.00,
1.17, and 2.10 equiv from the bottom) in CH3CN following 272-
nm excitation. Inset: Changes of the relative maximum intensity
of fluorescence with respect to the [NH4

+]/[1a] ratio.

Figure 3. Changes of the quantum yield of Me-BTO1a upon
addition of NH4

+.
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fluorescence intensity changes in Figure 2, supporting
evidence that the fluorescence enhancement is due to the
formation of a 1:1 inclusion complex.

Next, to evaluate the possibility of photoinduced electron
transfer (PET) from the oxazoline nitrogen to the benzene
fluorophore as a fluorescence mechanism, we synthesized
naphthyl-substituted oxazoline1c.10

This experiment was also designed to examine whether a
similar PET would operate from the naphthyl-oxazoline
moiety; in this case, more intense fluorescence was antici-
pated. The new oxazoline was synthesized according to the
established procedure2b starting with (S)-2-amino-2-(naph-
thalene-1-yl)ethanol.11 The fluorescence change of the bind-
ing process was measured under similar conditions as
described above. In this case, however, the fluorescence from
the naphthalene ring was predominant, which appeared as
broad peaks in the range of 320-340 nm when excited at
an absorption maximum of 282 nm (Figure S2). Above all,
little changes in the fluorescence resulted upon increasing
[NH4

+] (Figure S3). The small fluorescence change suggests
that the naphthyl-substituted oxazoline does not constitute a
PET system, in contrast to the well-known (aminomethyl)-
aryl fluorophores in the literature (Figure 4).3 Moreover, the

titration of oxazoline1awith CF3CO2H resulted in quenching
rather than fluorescence enhancement.12 These results raise
a question regarding the possibility of a PET process for the
fluorescence enhancement in the case of oxazoline1a or 1b
upon guest binding.

When we measured the absorption spectra of1a-NH4
+

complexes varying [NH4+], we observed spectra very similar
to that of1aonly (Figure S4). Thus the possibility of charge-
transfer complex formation between1a and NH4

+ also can
be excluded based on this result.

From these results, the fluorescence enhancement shown
in Figure 2 may be explained by the conformational
restriction of the receptor1a upon binding NH4

+, which

results in reduced nonradiative decay.13 This is relevant to
the recent examples of fluorescence enhancement through
the binding-induced conformational restriction of fluoro-
phores.5 Our result suggests that the fluorescence enhance-
ment from conformational restriction may be extended to
the whole receptor molecule as well as to the fluorophore
itself. Extension of this approach to receptors with different
fluorophores other than benzene may provide useful fluo-
rescence sensors.

Next, we evaluated the fluorescence behavior of1a toward
metal cations such as K+, Na+, and Mg2+ under the same
experimental conditions. As shown in Figure 5,1a showed

little response toward K+ and Na+, and slight quenching in
the case of Mg2+. Also, the titration of1a with NH4

+ in the
presence of excess K+ (10 molar equiv) resulted in little
fluorescence increase compared to the case without K+

(Figure S5). Thus the fluorescence titration of NH4
+ can be

performed in the presence of an excess amount of K+. The
excellent selectivity is notable considering that K+ is similar
to NH4

+ in terms of the charge and size. The little
fluorescence changes toward the metal cations can be
ascribed to a markedly lower binding affinity of1a toward
the metal cations compared to NH4

+,14 thus producing less
tightly bound inclusion complexes.

The interesting fluorescence behavior of1a was further
extended to Ph-BTO1b, which was shown to be an efficient
and unique receptor for the selective recognition of linear
and chiral organoammonium ions.2b,c Ph-BTO 1b also
showed similar fluorescence enhancement upon binding
NH4

+ (Figure S6). A similar fluorescence enhancement was
observed when we changed the analyte from NH4

+ to PhCH2-
CH2NH3

+ (as perchlorate salt), a basic structure of neuro-
transmitter catecholamines (Figure S7). In this case, the
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Figure 4.

Figure 5. Changes of the relative maximum intensity of fluores-
cence with respect to the [Mn+]/[1a] ratio, wherein Mn+ denotes
the metal ions (perchlorate salts).

Org. Lett., Vol. 5, No. 9, 2003 1421



maximum enhancement reached 1.72 times when 2.3 molar
equiv of the analyte was added. This result indicates that1b
and its derivatives can be used as new fluorescent sensors
toward related organoammonium ions of biological impor-
tance.

Since Ph-BTO1b provides a chiral environment, we also
examined enantioselective fluorescence sensing toward both
enantiomeric salts of 1-phenylethylamine (1-PEA). The
fluorescence enhancement was larger in the case of the (R)-
salt, which is expected from its larger association constant
compared to the (S)-salt2c (Figure 6). At a fixed concentration

of the perchlorate salt of 1-PEA (1.0 mM in CH3CN), various
known mixtures of the enantiomers were subjected to
fluorescence measurements. As shown in Figure 7, a poly-
nominal plot of the relative maximum intensity of the
fluorescence versus the (R)-isomer percentage shows that the
present system can be applied for real-time monitoring of
the enantiomeric purity of a racemic 1-PEA sample.

In summary, we have presented a novel example of
fluorescence sensing of ammonium and organoammonium
ions with oxazoline receptors. The alaninol-derived oxazoline

receptor1ashows significant fluorescence enhancement upon
binding NH4

+, whereas it shows little enhancement upon
binding metal cations such as K+, Na+, and Mg2+. The
phenylglycinol-derived oxazoline1b is shown to be a
promising fluorescence sensing system toward organo-
ammonium ions, including a chiral one. A further study to
develop tripodal oxazoline analogues that operate at longer
excitation wavelengths is in progress.
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Figure 6. Fluorescence intensity changes of1b upon addition of
(R)- and (S)-salts of 1-PEA.

Figure 7. A plot of fluorescence maximum intensity vs the percent
enantiomeric ratio of racemic 1-PEA samples (1.0 mM, CH3CN).
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