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Benzene-based tripodal tris(oxazolines) are found to be
promising receptors for the selective recognition of NH4

+ over
K+ with high binding affinities. 

The selective recognition of NH4
+ from monovalent metal

ions, particularly K+, has attracted considerable interest in clin-
ical chemistry.1 The urea content in the blood is measured for
the diagnosis of kidney function, after converting it into NH4

+

by a urease. In measuring NH4
+ the interference from K+ is a

severe problem because both are closest in size. Nonactin and
its congeners, natural macrotetrolide ionophores, have been
commercially employed as the recognition component in
enzyme-based ion-selective electrode methods. However, non-
actin provides a slight preference for NH4

+ over K+ (selectivity
< 10), and improvement of the selectivity has been a subject of
considerable research interest.2 Very recently, Chin et al. have
applied benzene-based tripodal pyrazole receptors 1 developed
by Steel and co-workers3 to the selective recognition of NH4

+

over K+.4 A dramatic enhancement in the NH4
+/K+-selectivity

(~400) compared to that of nonactin was achieved with recep-
tor 1b.  However, it was found that the pyrazole receptors
exhibited decreased detection sensitivity compared to nonactin.

Since pyrazole itself is weakly basic (pKa = 2.5)5 more
basic ligands are expected to show enhanced binding affinities
toward NH4

+ (and also K+).  Among possible heterocyclic lig-
ands, 2-oxazoline ligands were considered to be suitable candi-
dates owing to their moderate basicity (pKa ~5).6 In addition,
the oxazoline ligands have an advantage over the others in that
they are readily synthesizable in various structural analogs.

By diffusing diethyl ether into a mixture of tripodal oxazo-
line 2c, synthesized from 1,3,5-tris(cyanomethyl)mesitylene and
the corresponding amino alcohol,7 and NH4

+PF6
− in ethanol we

were able to obtain single crystals that provided the correspon-
ding host-guest complex by X-ray crystallography (Figure 1).8

The oxazoline nitrogen is providing directional hydrogen
bonds toward three ammonium NH bonds. The NR-NA lengths
range from 2.78-3.06 Å, typical of hydrogen bonded N-H-N
distances.9 The values of NR-NA-NR angles are in the range of
108−110°, hence little strain develops after the complex forma-
tion.  The dihedral angles between the oxazoline nitrogen and
the adjacent benzene carbon are in the range of -5.36−9.86°.
Therefore, the crystal structure ideally matches between NH4

+

and the receptor.  The counter anion (PF6
−) resides outside the

complex with no apparent interaction. Overall, the ammonium
complex of oxazoline 2c maintains C3-symmetry.  This bind-
ing mode is also maintained in solution.  A 1H NMR study for
a 1 : 1 complex of 2c and NH4

+ in CD3OD-CDCl3 (3 :2) at 25
°C shows an expected symmetrical structure with significant
shifts for all the receptor protons. For example, up-field shifis
for the benzylic (CH3, 0.12; CH2, 0.06 ppm) and isopropyl
(CH3, 0.10; CH, 0.06 ppm) protons are observable. 

We evaluated association constants of NH4
+ and K+ with

oxazoline 2a−2d by the picrate extraction method developed
by Lein and Cram.10 Strong binding affinities as well as high
ion-selectivities were observed, which are listed in Table 1.11

The association constants and their relative magnitude
between NH4

+ and K+ were dependent on the oxazoline struc-
ture.  The oxazoline 2b exhibited the largest association con-
stant toward NH4

+ among tested receptors (Ka = 2.5x107 M−1).
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Such a strong association has not been commonly observed
except with pre-organized cryptate receptors.2,12 The three
directional hydrogen bonds by the oxazoline ligands and the
presumed cation-π interactions13 by the benzene ring are
believed to provide such strong binding.14 Compared to pyra-
zole receptor 1b,4 oxazoline receptor 2b exhibits increased
binding affinities to one order of magnitude towards both ions.
To compare the binding affinity with nonactin under the same
conditions, we carried out the picrate extraction experiment
with nonactin. It was found that nonactin exhibited higher
binding affinity in comparison with oxazoline 2b.  Nonactin
also showed very high affinity toward K+, hence poor selectiv-
ity between them (NH4

+/K+-selectivity = ~3) results, as already
observed by others.15 The highest NH4

+/K+-selectivity (~440)
is also observed with oxazoline 2b.  In spite of considerable
efforts to achieve high selectivity, so far such level of selectiv-
ity has only been observed with few receptors including the
cage-like cryptate and the pyrazole receptors.16 The origin of
the NH4

+/K+-selectivity dependent on the substituents of the
oxazolines has not been understood. 

In summary, using novel benzene-based tripodal oxazo-
line receptors, we were able to selectively recognize NH4

+

from interfering K+. An impressive selectivity as well as high
binding affinity is achieved, which indicate that the oxazolines
are promising receptors for the selective recognition of NH4

+

over K+. A further study on the selective recognition of biolog-
ically more relevant amines with the oxazoline receptors is
undergoing. 

This work was supported by the CBM center, sponsored
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