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Abstract:  1,3,5-(Tris(3-n-butylimidazolio)methyl}-2,4,6-trimethybenzene 1, which has three
imidazolium groups connected through a 1,3,5-trimethylbenzene spacer, has been synthesized as a
novel receptor for halide anions. This tripodal receptor is shown to bind strongly CI', Br, and I” anions
in CD,CN through electrostatic interactions and C-HeX" hydrogen bonds. © 1999 Elsevier Science Ltd.
All rights reserved.

Numerous artificial receptors for neutral and cationic species have been explored, whereas the coordination
chemistry and recognition of anions, in spite of their very important roles in chemistry and in biology, have
not received much attention until recently.'? The majority of positively charged anion receptors are equipped
with ammonium or guanidinium groups as binding sites which form stable host-guest complexes to anions
using electrostatic force, sometimes together with N*-H « X~ hydrogen bonds.?

As a novel binding subunit for anions, we noticed the 1,3-disubstituted imidazolium group since this
cationic heterocycle is expected to interact strongly with anions through not only electrostatic force but also
C-H = X type hydrogen bond between the hydrogen on the electron-deficient C(2) carbon atom of the
imidazolium ring and the guest anion. Such unique hydrogen bonding properties of the imidazolium cation
have been found in 1-ethyl-3-methylimidazolium (EMI*) salts of halides and tetrachlorometalate in solid
state’ and in solution.* Here we report the first example of a halide anion receptor based on an imidazolium
subunit.

Initial binding experiments were performed using a model compound, 1,3-dimethylimidazolium (DMI*)
hexafluorophosphate, followed by 'H NMR spectroscopy. Addition of tetracthylammonium halides (Et,N*X")
to a deuterated acetonitrile solution of DMI'-PF,” produced characteristic downfield shifts (A5 = 0.2-0.9 ppm)
of the C(2)-H proton. 'H NMR titrations gave the association constants of K = 78 (CI°), 59 (Br), and 28 @
dm’ mol™ (£ 10%), respectively.
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These findings led us to design a new acyclic tripodal anion receptor’, 1,3,5-[tris(3-n-
butylimidazolio)methy1]-2,4,6-trimethylbenzene (1) which posesses three imidazolium groups connected
through a 1,3,5-trimethylbenzene spacer.’ From a molecular modeling study, it was found 1 has at appmynate
cavity size for halide ions. Receptor 1 was synthesized by thie reaction of 1,3,5-tris(bromomethy)-2,4,6-
trimethylbenzene” with 3 equivs. of 1-n-butylimidazole 'in acetonitrile (96% yield). The bromide salt was
converted into a hexafluorophosphate salt by counter ion exchange. = Recrystallization of the PF," salt from
acetonitrile-ethanol (1:4) gave 1-3PF;" as colorless needles in 58% yield.*
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Figure 1 shows the 'H NMR spectral change caused by addition of Et,N*CI" to a deuterated acetonitrile
solution of 1-3PF,", which revealed significant large downfield shifts (A5 > 1.3 ppm) with concomitant
broadening in the signal of the C(2)-H of imidazolium moieties until 1 equiv. of CI” was added. Further
addition of CI resulted in saturation of the chemical shift changes. These observations upon 'H NMR
titration experiments clearly suggest that the receptor 1 formed stable 1:1 stoichiometric complexes with CI-
and the formation of C(2)-H -« CI” hydrogen bonds* in acetonitrile solution.
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Figure 1. 'H NMR spectra of the receptor 1-3PF;” (2.6 mM in CD,CN} in the
presence of a) 0, b) 0.5, ¢) 1.0, and d) 1.5 equiv. of tetraecthylammonium chloride.

Subsequent 'H NMR titration ‘studies of 1 with Brr and I' in CD,CN also produced titration curves
suggesting 1:1 stoichiometry (Fig. 2). The association constants and binding free energies were determined
from their titration curves by using a nonlinear least-squares curve-fitting program’ and are collected in Table
1. The association constants are fairly large (75000-7200 dm® mol™). The magnitude of the chemical shift
changes and association constants decrease in the order CI > Br > I, consistent with their relative hydrogen-
bonding abilities and surface charge density.*

Complex formation was also confirmed by mass spectrometry. The ESI mass spectra of 1:1 mixture of
lf3PF:5 wiﬂ; tetrgethylammonium salts of halides showed signals 712 [1-PF,” + CL)*, 755 and 757 [1-PF, +
BrT', and 804 [1-PF;" + I'T", respectively. Further evidence for the complexation of the halide anion via
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hydrogen bonding was obtained from FT-IR spectroscopy. On the complexation with CI°, in addition to the
general broadening and shifting of peaks assigned to aromatic C-H stretch bands (3170-3100 cm™), a shoulder
peak emerges at the 2980 cm™ side of alphatic C-H stretch bands (3000-2870 cm™'). Furthermore, the C(2)-D
stretch band of the deuterated host 12 at 2350 ¢m™ is clearly shifted to 2260 cm™ in the presence of CT.
These band-shifts to lower wavenumbers could be attributed to the formation of C(2)-H/D «« CI” hydrogen

bonds.*®

1.6 Table 1. Association constants K and binding free
energiés AG® for 1:1 complexes of receptors 1-3 with
halide anions in CD,CN at 298 K
1.2 .
’E Receptor Anion K*/dm’mol™ AG®y/keal mol™
0.8
3] cr 75000 -6.65
Br 46000 -6.35
0.4- 1 r 7200 526
0 ———r————r—— 2 cr 1500 -432
0 1 2 3 4 5 3 cr 1300 -4.25
Equivalents of anion added DPMI cr 78 -2.58

Figure 2. "H NMR titration curves of the receptor
1+3PF, (2.6 mM in CD,CN) with halide anions. * Errors are estimated to be <10%.
A8 is the shift difference in ppm of the 2-H proton.

For comparison purpose, further titration experiments of compounds 2 and 3 were carried out. These
receptors also form 1:1 stoichiometric complexes with the CI” anion. However, those association constants
are relatively small compared to that of 1 (see Table 1). In 2, the absence of the methyl groups at the ortho
positiens resulted in a 50-times smaller association constant than the value of 1 for chloride, presumably
because of conformational flexibility by free rotation about the C,,,,..~CH, bonds.*™'* A similar tendency
was observed in bidentate receptor 3, in which one of the imidazoliomethyl units was removed. Therefore,
both the three imidazoliomethyl groups at the 1,3,5-positions and the 2,4,6-substituents are believed to
provide a favorable environment for the formation of a stable complex with halide anions. We propose that a
possible structure in the complexes between 1 and the halide jon is all syn conformation (Fig. 3).
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In summary, we have demonstrated that the imidazolium-based tripodal receptor 1 has considerable
affinity for halide anions in polar solvent through electrostatic interactions and C-H « X~ hydrogen bonds.
Recently, C-H « O hydrogen bonding in solution has been reported.! However, to the best of our knowledge,
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this is the first example of C-H « X" hydrogen bond interaction of imidazolium in host-guest chemistry. We
are currently investigating various receptors incorporated with imidazolium rings as anion binding subunits.
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