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Kinetically Stable Caviplexes in Water 10 A
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In the extensive literature involving synthetic hosts in aqueous ‘;f g T (Mg
solution, slow exchange of guests is rarely encountered. Cyclo- :
phanes, cyclodextring’ and calixarenés generally show rapid " £t £t £
exchange, at least on the NMR time scale, of their binding DJ\N—H""”“'O:oKN-H,’ H_N%O“”””‘""’;\N 0
partners. This research was undertaken to explore the behavior # g o ]
of deep cavitands in water. We have found that gross conforma- E:W{NG/O N\o‘“{ﬂ*a El/:/Ng//o < \\SNYE
tional changes take place during complexation and, as a result, ¢ O G " - O O o
the complexes, caviplexes, show slow exchange and high kinetic ~ ;, o ‘ 0 H
stability in water. EI\V\NRO > —/?,N’Lst E(’L,N% & }N'
Cavitands are open-ended molecular vessels that act as hosts o, o7 H H oy IH
for complementary guestsOctaamido cavitand& (Figure 1) " "50 ““““““ wre ox{~Hugf W
.Y . Et Et
show moderate affinity for adamantane and cyclohexane deriva-
tives in nonpolar solvenfshut their caviplexes exhibit high kinetic 1 a R = OC(O)NHCH,C(O)NHC[CH;0SI(CHz)sls
stability. Guest uptake and release rates 2 s*) are indirectly 0 *Hy
controlled by the seam of intramolecular hydrogen bonds along 1bR= o:{) H H w0 kOH
the rim of the vase-like receptor. These bonds resist the confor- N\ =—— Ll OH
mational changes to the more open shapes required to exchange oH °
the guest molecules. For example, the persilylatati shows Figure 1. Cavitandsla,b and schematic depiction of the cycloenanti-
excellent solubility in organic media and binds guests-kylene- omerism resulting from the head-to-tail cyclic array of hydrogen-bonded

dio. The NMR spectrum of guest-fréda shows two NH singlets amides.
downfield of 10 ppm and two singlets for the ortho-aromatic CH
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present due to the low binding affinity.
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+ Figure 4. Proposed schematic representation of thg—C,,—Dyqy
conformation equilibrium for water-soluble cavitatad.
with one set of aromatic CH protons with a 2:1:1 ratio. In addition,
new signals emerged between 0 an8 ppm, characteristic of
guests bound within the cavitand. The signals in this upfield

Mren window are widely separated from those of the free gukét{
S0 0o 40 ppm 3 ppm) and are relatively sharp: traits that speak for sizable

Figure 3. Downfield and upfield regions of thid NMR spectra (RO, energetic barriers between free and bound stétes.
600 MHz, 295 K) of cavitandlb and its complexes. (A) Guest-free What causes the change from the structure of the host in water
cavitand1b alone and (B) with 1-Ad-CkNH3*ClI—, (C) cyclo-CeHi1- to the well-defined complex? Certainly the main part of the answer
CH:NH3*CI~, and (D) N-methylquinuclidinium trifluoroacetate. With  is hydrophobicity: the convex hydrocarbon surface of the guest
N-CDs-quinuclidinium as guest, the spectrum was essentially that of D, finds its complement in the concave amébonded inner surface
indicating that theN-methyl group is directed at the open ends of the of the host. Cations interactions also contribute but not
cavitand in the complexes. (E) Cavitartb with (CHg)CH-CHy- strongly: the smaller gueitobutylammonium hydrochloride also
Sﬂzguiagfs?ég;f _F’r?ef'ﬁfstsfn” da:;uéz ttgoic?;nﬂgﬁéisd:ri E:sgﬁ 4 fixes the vase conformation ab but does not show a kinetically
mM, respectively. stable complex at room temperature (Flgyrg 3E). There is
apparently not enough hydrophobic contact within the-hgsest

Desilylation of1awith HCI,q gave a dodecahydroxy cavitand complex to slow the exchange. The energetic barriers for the
that quickly rearranged to the corresponding octahydroxy tetra- conformational changes, e.g. from the ki@, and/or velcrand
ammonium salflb exhibiting excellent water solubility? (D2) to the vase o4, symmetry usually amount to 1.2 kcal

The ™H NMR spectrum oflb in DO is reproduced in Figure ~ Mol~*in organic solvents: Intramolecular hydrogen bonding may
3A. It is rather broad at-1 mM, but simplifies at lower ~ add to this energetic barrier even i@ as intramolecular
concentration&? The aromatic region contains six visible signals, hydrogen bonds can participate in guest complexation even in
clearly indicating the symmetry of the molecule is significantly ~polar media:?

[

reduced from that ofla. Most probably, the conformational Though the criteria for kinetic stability, slow exchange at
equilibrium is now shifted toward the kite-shap€g, structure ambient temperature and 600 MHz, are arbitrary, the behavior
that equilibrates with it€,y dimeric (velcrand} form (Figure of the caviplexes presented here is unusual in that large and

4). Further evidence for the dimerization was obtained from energetically costly conformational changes accompany binding.
electrospray mass spectrometry (ESI-MS). Only peaks for the That the positive charges on the host do not prevent ammonium
dimer 1be1b were observed for millimolar aqueous solution of = gyests from binding suggests that complexation with these hosts
1b: at 4917 (negative ESI-MS, singly charged); at 2460 (positive \yjj| tolerate a range of polar characteristics in the guest. This
ESI-MS, doubly charged); at 1640 (negative ESI-MS, triply pings closer the possibility of applying cavitands as reaction

charged); and at 1230 (negative ESI-MS, quadruply charged). This, eqqes and sensors for biologically relevant guests in aqueous
dimerization in water maximizes the burial of hydrophobic fsolutions

surfaces of the resorcinarene skeleton and the aromatic walls o
1b.

Addition of appropriate guests, such as aminomethyladaman-
tane and aminomethylcyclohexane hydrochloridesimdethyl
quinuclidinium trifluoroacetate, resulted in dramatic changes in
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