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The dynamic character of noncovalent, reversible molecular
assemblies is directly responsible for their unique properties; the
facile exchange of constituents results in host structure and guest
selectivity which are thermodynamically, rather than kinetically,
determined. Reversible encapsulation occurs when a self-assembled
host more or less completely surrounds a molecular du€be
capsules, whether held together by hydrogen bonds or by metal
ligand interactions, have become modern tools of physical organic ) )
chemistry. They offer features such as the stabilization of reactive (H.D—@:@-m) (mc@mg )
intermediate$,molecular recognitiod,and reversible polymeriza- 2 d
tion.4 In our work on encapsulation complexes, the exchange of Figure 1. Cylindrical capsulel with guests 4,4-dimethylbiphenyl and
guests residing in a self-assembled host superstructure contribute§enzenei-xylene molecules.
to the acceleration and catalysis of reactidrenantioselective
recognition through memory effectsand a form of chemical
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amplification reminiscent of autocatalysi€entral to these proper- 10
ties is the mechanism by which guests enter and exit their host T

capsules. We report here studies of guest exchange for the x° 05
cylindrical capsulel®® (Figure 1). These experiments reveal a 00
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mechanistic continuum for exchange that depends on the structure total [C.H.] (mM)
6 6

of the guesP but does not involve complete dissociation of the ) )
capsule or the creation of empty volumes. Figure 2. Rate of benzene exchange as a function of benzene concentration.

= T = i 0
To address the mechanism of supramolecular substitution, the[l] 1.05 mM; T = 335 K. Brror bars are estimated 410%.

exchange rates of guests withinwith those outside the capsule

were determined. The assembly containing one benzene with one

p-xylene molecule in the capsut@ particularly favored arrange-

mentl—was studied as a representative example of small guest

exchange. The exchange of encapsulated and external benzene was

observed byH magnetization transfer NMR spectroscé&st 335

K;13 following the application of a 180pulse to the resonance of

external benzene, the exchange may be observed from the decrease

in the intensity of the encapsulated benzene resonance as a function (a)

of mixing time. Capsuld (1.0 mM“) was placed irp-xylened;o

containing four different concentrations of benzene<160 mmt9),

The rate of benzene exchange increases linearly with the total

benzene concentration in solution (Figure 2). the benzene-exchange process, andtti@incoming benzene must
The results in Figure 2 point to two parallel mechanisms for reside in the same half of the capsulacated by the outgoing

benzene exchange. One process, first-order in external benzenebenzeneConsistent with an intact capsule, we also observe that

gives rise to the concentration-dependent exchange rate. The secondd-xylene exchange does not occur on this time s&ale.

Figure 3. Proposed structures responsible for benzene guest exchange with
(a) two opposite walls opened and (b) two adjacent walls opened.

order rate constant for this processg(5 M~* s™1) is given by the The pathways for benzene exchange can be elucidated from the
slope of the line in Figure 2. The nonzeyeantercept (-0.25 s1) experimental data as follows. An intact “half-empty” capsule with

is the rate constant for a second process that is independent ofonly thep-xylene as a guest is inconsistent with an entering benzene
external benzene concentration. participating in the rate-determining step. Instead, we suggest that

The nature of these two processes is further revealed by flapsin the capsule open to allow one benzene molecule to displace
monitoring exchange between the magnetically inequivalent capsuleanother without complete dissociation of the capsule. One possible
halve$ and also exchange of the second gupstylene. Quite structure, shown in Figure 3a, is still held together by six hydrogen
surprisingly, no measurable magnetization transfer between capsulébonds (two bifurcated, four linear). A related structure (Figure 3b),
halves was observed. This suggests thaémains intact during with two adjacent walls open, also exposes the resident benzene
for displacement and leaves five hydrogen bonds intact (three
* To whom correspondence should be addressed. E-mail: jrebek@scripps.edu.bifurcated, two linear). The latter features one wall of the capsule
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Figure 4. Rate of displacement & by 3 as a function of incoming guest
concentration.J] = 0.1 mM; T = 295 K. Error bars are estimated-210%.
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