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Novel Fluorometric Sensing of Ammonium Ions by Pyrene Functionalized Homotrioxacalix[3]arenes
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Pyrene functionalized homotrioxacalix[3]arenes selectively recognize primary
ammonium ions detected by an intramolecular excimer fluorescence change of partial cone
conformer. This is a novel sensing system for primary ammonium ions.

The development of ammonium ion recognition .systems has been of much concern because ammonium ions
play important roles in both chemistry and biology.1> 2) For example, Lehn e al. reported that C3 symmetry
crown ethers bearing ester groups form very stable complexes with primary ammonium ions.22) Kaneda et al.
reported that crown ethers with a functionalized dye moiety are useful as a sensory system for recognition of
amines by a color change.3) More recently, it was reported that calix[n]arene derivatives with C; or Cg symmetry
can selectively bind with ammonium ions.4» 5) To the best of our knowledge, the detection of the binding
processes was carried out by NMR spectroscopy or indirectly by two-phase solvent-extraction which required
high concentration solutions of host molecules and guest ammonium jons. Meanwhile, detections of alkali metal
cations or organic molecules by use of fluorescence changes in intramolecular excimer of the pyrene or anthracene
functionalized calix[4]arenes®) and cyclodextrins?) were reported. This method has a great advantage in detecting
the complexes at a very low concentration. Here, we report the detection of ammonium ion by means of
fluorescence change in the pyrene functionalized homotrioxacalix[3]arenes which are expected to enable us to
quantitatively microanalyze ammonium ions in solutions.

Preparation of the title compounds is summarized in Scheme 1. The starting materials 1 and 2 were
reported previously.#) Esterification of tricarboxylic acids 3 and 4 with 1-pyrenylmethanol8) afforded the desired
esters 5 and 6.9)
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Scheme 1.

As a fluorescence detection system, partial cone 6 was more useful than cone 5: the intensity of the intra-
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molecular excimer fluorescence (in
acetonitrile/chloroform (99:1), excitation
343 nm) of § did not change remarkably
upon addition of n-hexNH;C10,4 (Fig.
1), whereas the fluorescence of intensity
of 6 changed remarkably as the guest
concentration was increased (Fig. 2).

In Figure 3, a Benesi-Hildebrand
plot10) of the mixture of 6 and n-
hexNH3ClO,4 by use of change in the 480
nm fluorescence intensity (excitation: 343
nm) in MeCN/CHCl3 (99:1) is shown.
Since the plot assuming the formation of
a 1:1 complex is linear, the stoichiometry
should be 1:1.
Equilibrium constant K was calculated

of the complex

from the slope. Similar measurements
for several primary and secondary
ammonium ions, amines and alkali metal
cations were carried out and their
equilibrium constants were calculated by
Benesi-Hildebrand plots. The results are
summarized in Table 1.

As shown in Table 1, equilibrium
constants K for primary ammonium ions
are much greater than those for secondary
ammonium ions and alkali metal cations.
However, we could not find any
significant relationship between K and the
size of the alkyl group. The perceptible
fluorescence change was not observed for
free amines such as 1-adamantamine.
The K values of S-primary ammonium
ions were about 4 to 5 times larger than
those of 6-series. The result implies that
loss of one of the three hydrogen
bondings reduces the binding ability of
host molecule. There was no change in
fluorescence of 6 with addition of
Hex,NH,Cl04 in MeCN/CHCl3 (99:1),
but only in less polar solvent such as
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Fig. 1. Fluorescence change of a mixture of 5 and
n-HexNH3ClO4.
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Fig. 2. Fluorescence change of a mixture of 6 and
n-HexNH;3ClO4.
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Fig. 3. Benesi-Hildebrand plot for a mixture of
6 and n-HexNH3ClO4.
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Table 1. Equilibrium constants of 5 and 6 for CHCIj; (100) the fluorescence change was observed.
ammonium ions calculated from fluorescence The low K value of dihexylammonium ion is
intensities at 480nma) ascribed to loss of one hydrogen-bond or steric

Host Ammonium ion Equilibrium const (K)b) hindranqe of dihexyl moiety. On the other hand, L-

5 n-HexNH;ClOy4 12000 phenylalanine methyl ester hydroperchlorate was
6 n-HexNH;ClOy4 2920 also detectable in this system. These results mean
6 n-BuNH;Cl 1790 that 6 can selectively recognize primary ammonium
5 tert-BuNH;ClO;4 3600 ions and is useful for quantitative analysis of
6 tert-BuNH;ClO;4 750 primary ammonium ions in the presence of
6 1-AdamantylNH3ClOy4 1800 secondary ammonium ions and alkali metal cations.
6 1-Adamantamine ~0C) To determine the binding site of 6, 'H NMR
6 L-PheOMeHC10,d) 3950 and 13C NMR spectra of a mixture of 6 and tert-
6 n-Hex,NH,ClO4 ~0,6) (1050)©) BuNH;ClO4 were measured in CDCl3. Three kinds
6 NaClO, 25 of carbons (each 2C) and two kinds of protons (each
6 KClO, 330 2H, doublet) shifted to lower magnetic field
a) [host]=2x10-6 M, excitation: 343 nm, Benesi- remarkably as shown in Fig. 4. From these results,
Hildebrand equation was used. b) in MeCN/CHCl; ~ We can specify the binding site as such that two

(99:1). c) No change was observed. d) L-phenyl-
alanine methyl ester hydroperchlorate. e) in

oxygens in two OCH,CO groups act as acceptors
for RNH3+ protons. It was difficult to specify

CHCIl3(100). which oxygen acts as the third acceptor from NMR

spectral studies, but we presume (from CPK model

buildings) that one of the ring oxygens (ArCH,0) contributes to the binding of the ammonium guest.
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Fig. 4. NMR spectral change of 6 after formation of a complex
in CDClj; at 295 K (tert-Butyl residues are omitted for clarity).

Partial cone 6 with pseudo-C3 symmetry has two pyrenes at the same side of the calix[3]arene ring, so that

the excimer emission is strongly affected by bound primary ammonium ions. On the other hand, cone § with neat
C; symmetry is rather insensible to the guest-binding in spite of large K value for ammonium ions, because two
of three pyrenes can probably still interact with each other even in forming the complex. The foregoing finding
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provide important guiding principles for designing RNH3+ receptors. To sensitively detect RNH3+, a cone ester
derivative with two pyrenes may be ideal.11) It is expected, however, that the binding process would be
competitively inhibited by co-existing K+ and R,NH,+4) In contrast, partial cone 6 features the large K for
RNH;3* and the relatively small K for K* and R,NH,*, which enables us to selectively detect primary ammonium
ions.
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