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Fluorescent chiral sensors for the enantiomeric recognition
of chiral amines have been developed.

Molecular recognition is a fundamental property of various
natural systems and has attracted a significant amount of
research interest recently.1 Such recognition plays a key role in
biosynthesis and protein folding. Enantiomeric recognition is a
characteristic of many enzymatically catalyzed reactions gen-
erating optically active biological molecules and is the basis of
asymmetric synthesis.2 Because chiral amines and related
compounds are the basic building blocks of biological systems,
the study of enantiomeric recognition of these compounds is of
particular significance.3 Such studies, besides providing an
understanding of the functions of natural living processes, also
provide useful information for the understanding and design of
asymmetric catalysis systems, new pharmaceutical agents4 and
separation materials.5 Optical sensors have been of great
interest in the last decade due to their often simple design and
ease of handling. These sensors are increasingly important for
biological and environmental analysis6 as well as for pharma-
ceutical applications.7 A promising technique is based on
fluorescent probes due to their very sensitive detection ability.8
These sensors are based on the large changes in their fluorescent
properties during interaction with analytes. Recently, Shinkai’s
group developed a fluorescent molecular sensor that can
discriminate d- and l-monosaccharides through their fluores-
cence response to the binding of guest species.9 Binding of each
enantiomer of the monosaccharides alters the fluorescence
intensity to differing degrees, enabling them to be distinguished.
More recently, Still and co-workers described small organic
fluorescent sensors that detect the presence of unlabeled
tripeptides in a sequence-selective manner.10 Here we report the
enantiomeric discrimination of chiral amines using designed
receptors that act as sensors by changing fluorescence intensity
during host–guest interactions.11

The chiral hosts used in our study are dimeric (1) and
oligomeric (2) binaphthol-derivatives that we have previously
developed.12 For the chiral guest amines, we chose d- and l-a-
phenylethylamines (3), as well as d- and l-phenylalanine
methyl esters (4). The 1H NMR studies were carried out in a
CDCl3 solution of chiral dimer (2)-1 and d- or

l-phenylethylamine (3) (host : guest = 1 : 1). Differences in
chemical shifts of d- and l-3 were observed: Dd (d2l) = 0.04
ppm (12 Hz) at d 1.37 due to methyl-H, 0.04 ppm (12 Hz) at d
4.2 due to CH of 3, and 0.01 ppm (3 Hz) at d 3.7 due to methoxy-
H of the host 1. The results indicated clearly that the
complexation of chiral host 1 and the guest chiral amine, as well
as enantio discriminations, occurred in CDCl3 solution.

The fluorescence study was carried out in MeCN with the
measurements performed on a Hitachi 850 Fluorescent Spec-
trometer. The experimental procedure is as follows: a solution
of the host in MeCN (c 1.4 3 1025 mol ml21) was titrated with
a solution of the chiral amine in MeCN. The fluorescence
intensity was measured and the quantum yields determined.12

The fluorescence quantum yield of the chiral host was assigned
as f0. Upon addition of the chiral guest, the fluorescence
quantum yield f of the solution was measured at various
concentrations. f/f0 was plotted against the concentration of the
guest. Because most amines do not have a fluorescence
chromaphore, an emission wavelength (lem) at 410 nm, the
typical emission of a naphthalene ring, was used to measure the
change in fluorescence intensity. Thus, changes in this wave-
length can be attributed to the interaction of the guest chiral
amines with the chiral host due to host–guest complexation.

It was found that the interaction of the two enantiomers of
chiral amines did not have a substantial effect on the emission
wavelength. On the other hand, a strong change in fluorescence
response intensity was observed with the use of different
enantiomers. As illustrated from the plots (Figs. 1 and 2), the
dimer and oligomer hosts have different responses to the
concentration changes of the guest molecules. When
a-phenylethylamine was used as the chiral guest, the following
observations were made: at a concentration of (10–15) 3 1025

mol dm23, [f/f0]l/[f/f0]d has a value of 1.13 for the dimeric
host and a value of 1.37 for the oligomeric host; whereas at a
concentration of (2–5) 3 1025 mol dm23, the [f/f0]l/[f/f0]d
values changed to 0.81 for the dimeric and 1.07 for the
oligomeric hosts respectively. Thus, in the case of the dimeric
host, a change in the concentration of a-phenylethylamine from
(10–15) to (2–5) 3 1025 mol dm23 reversed the fluorescence

Fig. 1 f/f0 ratio of fluorescent quantum yield of d- and l-a-phenyl-
ethylamine with dimer 1 as the host: (-) d-a-phenylethylamine and (8)
d-a-phenylethylamine
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response of the two enantiomers. Such a reversed fluorescence
response was also observed during the measurement of
phenylalanine methyl ester (Figs. 3 and 4). At a concentration of
(7–9) 3 1025 mol dm23, the [f/f0]l/[f/f0]d has a value of 1.19
for the dimeric host and a vlaue of 1.10 for the oligomeric host;
whereas at a concentration of (2–4) 3 1025 mol dm23, the
[f/f0]l/[f/f0]d values changed to 0.97 for the dimeric and 0.98
for the oligomer hosts. Interestingly, the strongest reversal of
fluorescence properties for the two enantiomers with the
dimeric host was observed at a concentration of 5 3 1025

mol dm23, in which the [f/f0]l/[f/f0]d value was  measured at
0.86. However, the fluorescence response of the oligomeric host
appears relatively constant under the different concentrations of
phenylalanine methyl ester. At a concentration of 5 3 1025

mol dm23, the [f/f0]l/[f/f0]d value of the oligomeric host was
measured at 0.96. As the structure of the hosts has been
characterized as having a helical concave structure,12 we
suspect that the chiral amines would clathrate into the chiral
host through a p–p interaction between the naphthyl moiety of

the host and the phenyl group of the aromatic amine and
hydrogen bond. The enantio discrimination could stem from the
chiral naphthyl moiety and the main chain chirality of the
oligomers. The multiple interacting points and chiral units of the
hosts may play different roles during chiral discrimination,
which could explain the aberrant response of fluorescence on
the concentration of the chiral guest. In conclusion, we have
developed two fluorescence sensors for the chiral recognition of
chiral amines. The recognition was confirmed by 1H NMR
measurement. The fluorescence response of the chiral sensor
was found to be markedly influenced by the concentration of
chiral amines. Currently, we are developing more selective
systems to discrimination among chiral amines on the basis of
the present investigation.
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Fig. 2 f/f0 ratio of fluorescent quantum yield of d- and l-a-phenyl-
ethylamine with oligomer 2 as the host: (-) d-a-phenylethylamine and (8)
d-a-phenylethylamine

Fig. 3 f/f0 ratio of fluorescent quantum yield of d- and l-phenylalanine
methyl ester  with dimer 1 as the host: (8) d-phenylalanine methyl ester and
(-) i-a-phenylalanine methyl ester

Fig. 4 f/f0 ratio of fluorescent quantum yield of d- and l-phenylalanine
methyl ester  with oligomer 1 as the host: (8) d-phenylalanine methyl ester
and (-) l-phenylalanine methyl ester
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