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Thirty years after the first observation of halide encapsulation
by katapinand receptotgwe have utilized®F NMR spectroscopy
in conjunction with X-ray crystallography to provide snapshots
of fluoride binding in an aza cryptand, over a range of pH
values. The results provide definitive solution and solid-state
evidence for the incorporation of fluoride in the cavity. This is,
to our knowledge, the first study that integrates crystallographic
findings with 1°F NMR data as a means of understanding the
binding patterns of fluoride as a function of pH.

Anion recognition and binding is an exciting and growing field
in receptor chemistr§? Fluoride, being the smallest halide, has

%F NMR has been sparingly usét?? especially as a structural
tool to probe solution structure over a range of pH values, for
which no reports have appeared.

The ligand was synthesized according to published proce-
dures?* At room temperature and 2C in water broad signals
indicative of exchange processes on the NMR time scale were
observed. Hence, a wateDMSO solution at—25 °C? was
examined. At pH 2827 the major signal appears atl22 ppm
with minor signals at—140 and—147 ppm (Figure 1). (The
chemical shift for HF in the absence of macrocycle lies-a67
ppm, and a very small signal is seen in this region.) At this pH
HF species should predominate, so we have tentatively assigned
these signals as either HR(H,0) = 3.15, K(DMSO) = 159
or FHF interacting with highly protonated forms of the macro-
cycle. The disappearance of both signals above pH 4.5 supports
the assignment as HF-derived species. From pH 3.5 to 4.5 a
structural transition is clearly occurring with the appearance of
two new broad resonances-a®5 and—110 ppm, which sharpen
and shift to—88 and—99 ppm by pH 5. These two signals are
assigned to internally bound fluoride, based on similar assignments
by other researchet8?? but in different environments. As the
pH is increased, the signal @99 ppm broadens and shifts upfield
until it disappears completely at pH 6.5. However, the signal at
—89 ppm remains virtually unshifted and is the major signal as
high as pH 7.5. The persistence of this signal is an extremely
exciting finding, indicating that these aza cryptands are capable
of significantinternal binding even at neutral pH values. At pH
7, a signal begins to appear atl15 ppm while the signal at
—89 ppm diminishes. The new resonance shifts and sharpens to
a final signal at-117 ppm, which correlates well with that found
for solvated fluoride in a water/DMSO mixture in the absence of
macrocycle.

The crystal structure supports tHE solution studies, and the
assignment of the internal fluoride. In fact, both a fluoride ion
and a molecule of water inhabit the cavity in this solid-state

unique properties compared to its congeners as a result of itssnapshot (Figure 2§:% This structural finding differs from that

relative size and electronegativity. It is also an ion of prominence
in health and environmental circles, for example, in the fluorida-
tion of wateP-¢ and in groundwater contamination emanating from
certain industrial plant§Hence, an understanding of the binding
of fluoride to receptor species is of value for a variety of
applications. While receptors for fluoride have been repditéd,
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p[H) = 8.46 | Figure 2. (A) Crystal view of1 from the side, showing the fluoride and
water molecule inside the cavity. (B) Crystal viewbés viewed down
pIH] = 7.96 the “3-fold” axis.
plH] = 7.53 information on recognition patterns over a range of pH values. It

also confirms the ability of these cryptands to encapsulate anions
over a significant pH range, in addition to providing solid-state
evidence of the unusual occurrence of an anion and a neutral guest
within a single bicyclic host. We are currently investigating the
mechanisms of binding, selectivity aspects, and several different
applications with respect to anion recognition in related systems.
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oy T — — oo ™ — T (30) Crystal structure data fot-1.5SiR? +F -2FHF -7H,O (empirical
ooy formula GH152N16014F25Sis (two macrocycles)M = 2046.3, crystal dimen-

) ) ) ) ~ sions (0.20x 0.30 x 0.50 mm)a = 14.243(3) A,b = 17.128(4) Ac =
Figure 1. % spectra as a function of pH using a 1:1 NaF:ligand ratio 11.384(3) A,a = 98.68(2), # = 107.74(2}, y = 106.73(2), V = 2445(1)
(0.01 M in each and 0.1 M in KTs) in a DMSO;8 (40:60 v/v) solution. A3, Z =2, peac= 1.422 g cm®, space groufPL, No. 2), Cu Ku radiation ¢

= 1.54178 A),u(Cu Ka) = 15.40 cnt?, F(000) = 1102. Reflections were
. . . L. collected to a maximum@value of 120.1 on a Rigaku AFC5R diffractometer
macrocycle with its inhabitants, 1.5 $fF anions (one dianion by the 9—26 scan method. The 4232 independent reflections (of 7623
sits on the crystallographically imposed inversion center), two measured) for which > 3.00(1) were corrected for Lorentz and polarization

i i P i i effects. An empirical absorption correction was made (minimum and maximum
bifluorides (FH---F"), and six water molecules. An unanticipated transmission coefficients: 0.17, 0.22). The structure was solved by direct

occurrence of Sig~ has been observed previoudly.The methods and refined by full-matrix least-squares techniques on F. Non-
encapsulated fluoride and water molecule were found to be shiftedhydrogen atoms were refined anisotropically. In most cases for the macrocycle,

i o ; ; and in all cases for the water and hydrogen fluoride molecules, hydrogen
from the “central axis” between the two apical nitrogens of the atoms were located from difference Fourier maps. Refinement converged to

macrocycle as seen in the view down the pseudo-3-fold axis R =0.066 andR, = 0.064 (604 parameters). Minimum and maximum final
(Figure 2B). The internal fluoride, F(1), exhibits pseudotetrahedral electron density were-0.26 and 0.40 @ A~%. The weighting scheme was

coordination via hydrogen bonds with three ammonium hydrogen based on counting statistics and included a fagier 0.010) to downweight
. . . the intense reflections. All calculations were performed using the teXsan

atoms as well as with one hydrogen belqng'ng to the internal crystaliographic software package of Molecular Structure Corporation, Crystal-
water molecule. Although crystallographic evidence for the lographic data (excluding structure factors) for the structure reported in this
incorporation of two nitrates within this macrocycle has been Paper have been deposited with the Cambridge Crystallographic Data Center,

btained? this i he fi f diff as supplementary publication No. CCDC-116337. Copies of the data can be
obtainedy® this Is the first report of two different guests gpiained free of charge on application to CCDC, 12 Union Road, GB-Cam-
encapsulated within one of these simple Schiff base-derived bridge, CB21EZ (UK) (fax: 44-1223-336-033; e-mail: deposit@ccdc.cam.ac.uk).
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