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Abstract: Ligand 2 and its bis-silver(T) complexes 4 were investigated by 'H and *C NMR spectroscopy, X ray
crystallography and molecular mechanics calculations. We conclude that 2 adopts a conformation in solution and in the
solid state in which the two [2.2.2]paracyclophanyl groups are sym, whereas 4 displays an anti-conformation.

Supramolecular systems that undergo conformational changes on binding metal ions have attracted attention as
enzyme models'. In particular, various bis-crown ether derivatives’, the molecular clips of Nolte?, the calixarenes of
Shinkai'™ and the bis-pyrazylmethane derivatives of Rodriguez-Ubis* share central pivoting elements that allosterically
contro] their complexation properties.

During our investigations of polyenes substituted with n-metal-complexing cyclophane groups on either end, we
prepared (E)-2,3-bis-4’-[2.2.2]paracyclophanyl-but-2-ene 2. [2.2.2]Paracyclophane and its derivatives are known to

form stable endo-n-complexes with Ag(I)’ and other metals®. We now report that the central rans-2-butene linkage
of molecule 2 can also functjon as a pivot when activated by binding of Ag(I) to the [2.2.2]paracyclophanyl groups.
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Compound 27 was prepared in 15% yield together with its (Z)-diastereomer 3 (in 22% yield) through McMurry
coupling® of ketone 1, itself obtained through Friedel-Crafts acetylation of [2.2.2)paracyclophane’. The broad
absorption of the methyl groups in its '"H NMR spectrum at 28° C indicated that, in contrast to its diastereomer 3,
compound 2 equilibrates between several distinct conformations which could not be associated with the flexibility of
[2.2.2]paracyclophane'®. Upon cooling to -50° C, this signal was resolved into 2 major and 4 minor signals (Fig. 1).
However, signal broadness prevented analysis of the thermodynamic parameters’’. *C NMR spectra at 28° C and -10°

C gave similar results (Table 1).
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Table 1. ""C NMR Shifts of Methyl Protons in Ligand 2 and Complex 4a*

compound temperature, C solvent 8, ppm
2 100 (CDCl), 22.22
2 25 CDCl, or CD,Cl, no signals visible
2 -10 CD,(Cl, 22.70, 23.09 (21.24,
21.45, 21.67, 23.46)"
4a 25 CD,Cl, 23.05
4a -10 CD,C}, 22.92

*; 3C NMR spectra measured at 100 MHz. ®: Signals of lesser intensity.

The crystal structure of 2'? showed a syn-R,S (S, R)-conformation of the [2.2.2]paracyclophanyl residues to
one another, whereby the primary ring of each [2.2.2]paracyclophanyl residue forms a torsional angle of ca. 107° with
the central but-2-ene moiety (Figure 2). The conjunction of these residues forms a hydrocarbon macrocavity, rendering
the methyl groups anisotropic. A closer analysis of the molecular geometry is prevented by disorder around the central
double bond".
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Figure 1. Temperature Dependence of Methyl Figure 2. Structure of Bis-[2.2.2]paracyclophane 2,
Signals in 'H NMR Spectrum of 2. a: in Showing the two Disorder Components.

CD,Cl,, b: in (CDCL,),, *: Water.

These findings were further supported by molecular mechanics calculations’, which determined an array of
most stable conformations having approximate syn-R,S (S,R)- or -R,R (S, S)-geometry over a 3.7 ki/mole range. An
ideally symmetrical anti-R,S (S,R)-meso-conformation was also indicated to be the next most stable and to lie 6.5
kJ/mol above the most stable of the syn-R,S (S,R)-conformations. We interpret the appearance of a second singlet in
the 'H NMR spectrum of 2 at 40 to 60° C as evidence of a third conformation present in this temperature range and
having this geometry'>. A single sharp signal did not occur in the 'H and *C NMR spectra until ca. 100° C (Fig.
1 and Table 1).

The preparation of the bis-AgClO,-complex of ligand 2, compound 4a was accomplished through addition of
two equivalents of AgClO, in toluene to 2 in dichloromethane (Scheme 2). The '*C NMR spectrum of the material
obtained after removal of the solvent showed a single resonance from the methyl groups (Table 1) in the -10° to 25°

C range, as would be demanded of an anti-R, S (S, R)-meso-conformation.
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PhMe-CH,Cl;
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2 R = 4- [2.2.2]paracydophanyl X = ClOy4, 4a;
Scheme 2 X = SbFg, 4b

The bis-AgSbF-complex 4b was prepared similarly'®. After 4 weeks, single crystals formed'?. The complex
4b crystallizes in an anti-R, S (S, R)-conformation with crystallographic inversion symmetry (Fig. 3). The geometry and
site of bonding of silver in 4b resembles that found in the silver complexes of [2.2.2)paracyclophane®™. Ag-C
distances vary between 251 and 262 pm, while the metal atom is located 18 pm outside of the cavity edge. Two
equivalents of water occur in the crystal and they connect the nearest silver atoms and the two nearest SbF, counterions
through hydrogen bonding (Ag~O: 251 pm; O-F: 284, 289 pm).

We consider two mechanisms to account for the conformations of ligand 2 and bis-complex 4. Binding of
Ag(D) stiffens the [2.2.2]paracyclophanyl ring system”. Thus, the formation of 4 could be accompanied by steric
repulsion between the inner rim of the [2.2.2]paracyclophany] and the geminal methyl group, thereby forcing an ansi-
conformation. Electrostatic repulsion between the two Ag cations could also be responsible: An Ag-Ag - distance of
1056 pm is observed in 4b. For a syn-R, S (S, R)-conformation, this distance would be ca. 960 pm (calculated from the
structure of 2). This corresponds to a potential difference of 14 kJ/mol®.

The differentiation between these effects and their application to further "switchable” macrocavities will be the

subject of future investigations.

Figure 3. Crystal Structure of Bis-Complex 4b.
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