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Cavitands
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A self-folding cavitand binds quinuclidinium cation in its vase conformation and lanthanum ions in its kite conformation. Metal coordination
provides a novel switching mechanism for the uptake and release of guests.

Self-folding cavitands 1 act as hosts to complementary
guests in apolar solventin methanol, and in watérThe

intramolecular hydrogen bonds of the host resist the con-
formational changes required for guest exchange. Accord-

cavity and the metal ligating groups fixed on the firle
attached eight carbamoylmethyl phosphonate (CMPO) groups
to the cavitand's upper riffor binding to lanthanide ions.
The octanitro compoun&a was reduced to octaamirib

ingly, exchange rates are slow on the NMR time scale at with SnChk and then acylated with bromoacetyl chloride{K
ambient temperatures, even though the binding affinities are CO;, AcCOEt/H;O) to give octabromacetamid® in 64%

usually moderate (23 kcal/mol). Much higher affinities (7
10 kcal/mol) are seen with cavitands outfitted with an
introverted carboxy grodpor a metalated porphyrih.

yield. Arbuzov reaction with triethyl or tripropyl phosphite
afforded the respective octaphosphonatda preparative
yields.

The present research was undertaken to examine the The !H NMR spectrum of4b measured in CECl, or

interplay of the binding sites of cavitands-the vase-shaped
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CDCl; at 295 K (Figure 2a) features one triplet for the
methine protons of the bridges at 5.77 ppm and one set of
signals for the protons of the resorcinol rings and cavitand
walls; this pattern is characteristic of a vase conformation
(Figure 3)2 Like the parent cavitanda, the compoundéd
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R =Cq4Hz3, X = NO,

R = CqqHgs, X = Alk 1a R =CqqHzs, X = NH;
R = (CHg)3NH3* CF3CO0", X = Alk 1b
R =CqqHz3, X =CHyBr 3 Ph
R = Cy4Ha3, X = CHyP(O)(OEt), 4a Php-o
R = Cq4Has, X = CHyP(O)OPr); m H‘N/L;o ¢ % d ©
{@v} @ Figure 3. Schematic presentation of the equilibrium between vase
o 4 5* and kite conformers of cavitands (top) and the dimeric velcrand
CsHiq (bottom). Yellow balls: CMPO fragments. Green balls:*Lalue
6 ellipse: 5%.

Figure 1. Compoundsl—6. . S
parent cavitandla, the hydrophilic dialkoxy phosphoryl

groups of4 impart solubility in alcohols. ThéH NMR

form kinetically stable 1:1 complexes with derivatives of SPectrum ofdb in CD;OD is an incomprehensible set of

adamantane and quinuclidine in these solvents. Unlike thebroad signals, while th&> NMR spectrum contained one
broadened singlet centered at 23.4 ppm. The addition of

5*CI~ to this solution results in a sharp spectrum for the
complex, characteristic of the vase conformation (Figure 2b).
iy Two upfield signals emerge that correspond to the methylene
and methine protons of the encapsulat&d cation. The
. complex is stable on the NMR time scale at 295 K, and the

integration of corresponding signals reveals its 1:1 stoichi-
ometry. One sharp signal was observed in tHe NMR
* spectrum, corresponding taGay,-symmetric structure of the
b vase conformef.The stability constant ofb-5" could not

* be accurately determined from the NMR data because of the
* | f unknown state of “free’4b.

The addition of lanthanum(litriflate to the solution of
c the complexdb-5" resulted in the appearance of a new set
of NMR signalg (Figure 2c). The new set grows at the
* expense of the original set on further addition oft,aand
e at [La®Total[4b]iotar = 2 NO signals of the original quinucli-
dinium complex remain. The ligation of Eareleasess*
from the cavity of4b.
The characteristics of the metal complex, as deduced from
the 2D-ROESY spectrum, revealsGy,-symmetrical kite
conformation (Figure 3)° The signal for the methine bridge
85 | 70 | 85 40 | 15 | 20 ' 25 protons shifts upfield to 4.1 ppm, and two signals were found
in the 3P NMR spectrum at 22.70 and 24.22 ppm.
The effects of the metal ion ligation are reversible.

Figure 2. Upfield and downfield regions of thtH NMR spectra Addition of calixarene ligan@’(a high-affinity CMPO-type
([4b]= 4 mM, 295 K, 600 MHz): (aytb in CD,Cl,; (b) 4b-5* in
CDs0D; (c) as in (b) after the addition of 1 molar equiv of La- (8) Moran, J. R.; Ericson, J. L.; Dalcanale, E.; Bryant, J. A.; Knobler,
(OTf)s; (d) as in (b) after the addition of 2 equiv of La(0Tf)  C- B Cram, D. JJ. Am. Chem. Sod.991,113, 5707.

: : - : (9) No interaction was detected between cavitahdsd La(OTf} in a
Asterisks represent methine bridges. Protons of the resorcinol ;.;" 7 1o of methanotk and CDC,

rings: (M) at 5-positions;X) at 2-positions; @) the protons of the (10) Very recently it was shown that protonation stabilizes the kite
cavitand walls. conformation of quinoxaline cavitand: Skinner, P. J.; Cheetham, A. G.;
Beeby, A.; Gramlich, A.; Diederich, FHelv. Chim. Acta2001,84, 2146.
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s 1:2 ratio (Figure 4b). These results indicate a dimeric,

velcrand-like structure for the Bacomplex. The additional
set of signals is due to the heterodimeric complex formed in
a statistical (2:1:1) ratio with respect to the homodimeric
complexes. Only a lower limit of the dimerization constant
(>10* M71) could be derived from dilution experiments.

The ESI-mass spectrum of this solution shows peaks at
m/z 1279 and 1309 Da corresponding #af4b + 2La —
H]*" and fa-4b + 2La+ OTf]>". The spectrum also showed
cations [24b+ 2La + OTf — H]*', [4a-4b + 2La +
20Tf]*t, and Ba-4b + 4La + 8OTf]*" with m/z of 1693,
1674, and 1967 Da, respectively.

A cartoon of the velcraplex-like dimer is proposed in
Figure 3. This arrangement offers four CMPO-like binding
sites on each of the four edges of the dimer. Hence, 2 equiv

T T T 1 3+ I -+
250 05 5 220 of La** are necessary to disrupt one complexdeb'. The

<3 detailed structure of the La-bound dim€rawaits crystal-
_ _ lographic studies.
Figure 4. The'H (a) and®!P (b) NMR spectra ofla+4bwith 10 In summary, the interaction betwedrand L&* in CDs-

equiv of La(OTf}. Groups of signals are indicated. Protons of the : ) : ;
resorcinol rings: (M) 5-positions: (a) 2-positions; (@) protons of OD changes the cavitands’ conformations from vase to kite

the cavitand walls. The signals of the heterodimer are indicated by @nd expels the resident guests from the Ca*\?i_iﬁhis process
asterisks; CDGI (10%) was added to the solution in DD to can be reversed by the addition of strong ligands fortLa
prevent precipitation of the complex. The metal regulates quantitatively the molecular recognition

capabilities of the cavitands.
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