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Cavitands are open-ended vase-like molecules that temporarily
trap complementary guests within a limited space. While isolated @
from bulk solvent, guests are held in a fixed solvent “sphere” that HyH, HoH,,
comprises eight benzene ringa structured, hydrophobic environ- A He
ment. Water-soluble versioh&create a hydrophobic pocket which A )\ |

may resemble the environment of protein interiors. This research

v
was undertaken to evaluate the effect of the cavitand’s environment - HiHy HyHp,
on polar interactions shielded from the aqueous solution outside. ® - A
We have fixed an “introverted” carboxylic acid functional group —_— k He
on a water-soluble cavitand which folds around cationic guests. )\
This synthetic structure reproduces the ability of natural hosts such ™ T e r I 11 o 05 oo a5 0 a5 30 wem

as enzymes, ribozymes, and antibodies to (1) fold around a target, ., 1 NMR spectra (600 MHz, 300 K) of complexes: ()15
molecule, (2) present it with specific recognition functionality, (3) jn"cpcly; (b) (+)-2:6 in DO (a = methine protons for the vase
isolate it from the aqueous medium, and (4) fix it in a structured conformation;¥ = aromatic protons for the cavitand vasié= remnants
hydrophobic environment. The results are consistent with quantita- of the unstructured form of)-2).

tive studies of buried polar interactions in proteins.

: _ what could be determined by NMR (Table 1). The chiral environ-
Acid cavitand {)-1 was prepared from known Boc-protected

' - ! . ment of host £)-1 led to splitting of the guest proton resonances
resorcinareriefollowing the procedures previously described for 4 5 |n cDCL, one orientation (cyclodiastereomer) of the amide

(4)-3 (see Supporting Info_rmatioﬁ)Dgprotection with HCl gave i provides more hydrogen bonding interactions and is energeti-
()-2, which presents an inwardly directed carboxylic acid sub- ¢4y favored (Figure 3, structure 1). This amplifies the intrinsic

stituent on one F:avitand ngl and is rendered wz_iter-soluble with asymmetric magnetic environment provided by the acyl benzimi-
charged ammonium “feet” (Figure 1). The nonfunctionalized, water- ya70le function.

soluble octa-amide cavitartiwas prepared as described eaflier
and was used as a control receptor. _ in the region of~5.7 ppm, characteristic of the vase conformation
Binding of quinuclidine5 inside @&)-1 in CDCl; was evident from (Figure 2b)* Resonances o8 in the cavity were also in the far-

the *H NMR spectra, where guest resonances appear in the far- pield region of the spectrum (Figure 2). Unexpectedly, the signals
upfield region (Figure 2a). The association constant was larger thany,, geminal protons of gues were coalesced at 300 K (Figure

2b). While we cannot conclusively explain the collapse of the

In D20, (£)-2 with guest6 exhibits methine proton resonances

oitm. othHo - signals in DO, we suspect that water molecules participate in the
i e A j{H hydrogen bonding sedfand lead to fewer differences between
Com \'3--I 4 R°j©/° RS ' the two cyclodiastereomers and may aid their rapid interconversion
'IH.-f;)_h;” WS 9 ;NP (Figure 3). Consistent with this, collapse of the signals bbund
f Q - to (£)-1 occurred in water-saturated CRC(see Supporting
i = S T Information). Upon cooling the+f)-2:-6 complex to 275 K, the
! RO R
SV 74 DEasagh™ influence of the chiral upper rim of the host @ndid become
[ ]R’ R’ | L) :(Hg apparent in RO, and splitting of the W/Ha protons which reside
° ko T closer to the upper rim was observed.
Ho' : (W41 R =(CHNHBoc TheH NMR of (4)-2 in the absence of guests shows a poorly
o o (42 R= {CH;zNHm- resolved and complicated spectra, and methine resonances appear
e g® W =0 (+1-13: R = -CH,GCH, in the region of 4.1 ppm, indicating the open kite conformation.
1 H . . . . -
HN- . ol N A dimeric kite conformation has also been observed4fan the
S| . - .
R RY © ) o, © absence of guestThe addition of6 to (+)-2 led to sharpening of
A= I:[ ° @ /E; CI,W, L”Ej 8F, 2;_‘ the host proton NMR peaks in a vase conformation. The cavitand
N | " - . .
( " HgHy 2 f-_rf folds around the ammonium guest through an induced-fit process.
ol ril}"j@"'ﬁ Z s s ; Vs The binding constant for complextj-2:6 was 1300 M?,
H‘N—"Y © °"@NH whereas a binding constant of 12-Mwas determined for thé-6
(L ot FE complex in BO (Table 1). The introverted carboxylate, which
B & presumably forms an ionic hydrogen bond w&f enhances the
4 R = +(CHy)gNH;"Cr affinity by —2.7 kcal/mol (Table 1). A significantly weaker
Figure 1. Cavitand hosts and guests. interaction was observed betweer){2 and7 (AAGpinging= —0.6
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Table 1. Thermodynamic and Kinetic Parameters for Host—Guest The influence of the introverted acid on the guest exchange
a . . . .

Complexation at 300 K kinetics was investigated by exchange spectroscopy (EXSY).
complex Kassoc AGrincing AAGiining” Complex4-6 has a dissociation barrieAGg;ss, of 17 kcal/mol in
host-X solvent M- keal/mol keal/mol AGgss* kealimol D,O (Table), which is consistent withGg;s& for complexes of

15 CDCl;  >10* n.d. n.d. 19 guests with unfunctionalized cavitands in organic solvéhishis

2:6 D20 1300  —4.2(0.1) —2.7 19 suggests that the dissociation mechanism in Hogtllows the

46 D20 12 -150.0) 1 mechanism in organic solvents: a vase to kite conformational shift
2:7 D,0 18 —-1.7(0.1) —-0.6 n.d. 0-12 keal/mol and f th im hvd bond
4-7 D,0° 4 ~0.8(0.2) n.d. (10—12 kcal/mol) an rupturg of the upper rim hydrogen bonds
4-7 D,O 6 -1.1(0.3) n.d. (5—7 kcal/mol)*2 Both (£)-2:6 in D,O and ()-1-5in CDCl; show

2:8 DO 50 —2.3(0.2) -1.0 n.d. AGyis¢ values of 19 kcal/mol (Table 1). The 2 kcal/mol increase
48 DO 9 —1.3(0.1) n.d. in AGgis< for the introverted acid receptors may reflect the energy

2 Experi . . . required to break the ionic interaction, as well as increased physical
xperiments in RO were performed in 10 mM sodium phosphate . . ) .

buffer, pH 5.255 AAGyinding With guestX was calculated according to ~ constraints imparted on the guest by the introverted acid.
AGpinding((£)-2-X) — AGpinging(4+X). ¢ At pH 1.4. Many water-soluble hosts incorporate charged substituents on
the solvent-exposed host surfaégshere solvent screening is high,
and there are few examples that use the receptor backbone to shield
polar groups from watél Buried salt bridges and hydrogen bonds
are important regulators of structural specificity in proté&irend
are often stronger in the interior than at the surfdéda. (+)-2,
the deep host aromatic walls provide a hydrophobic environment,
and the secondary amides of the upper rim resemble peptide bonds
of protein backbones. Accordingly§-2 folds around a cationic
guest, temporarily locks it in a defined environment, and stabilizes
a buried polar interaction similar to the favorable cases measured
in proteins.
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