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Self-complexation of cyclodextrin—viologen conjugates can
be controlled electrochemically through changes in the
oxidation states of the viologen subunits as well as chem-
ically when competing water-soluble hosts or guests are
added to solutions of the conjugates.

The phenomenon of intermolecular self-complexation has
attracted considerable interest in supramolecular chemistry.1.2
A compound must possess suitably located complementary
(host and guest) sitesto recognizeitself and form intermol ecul ar
complexes in solution. Depending on the spatial relationship
between the host and guest sites of the self-complementary
monomer units, different superstructures can be predicted, from
cyclic dimers to polymer-like, extended acyclic ones35 Of
course, intramolecular self-complexation is also possible in
molecules with enough flexibility.6 Here we report the first
example of electrochemically-driven,” intermolecular self-
complexation. Specifically, we describe a series of cyclodex-
trin—viologen conjugates that exhibit remarkableintermolecular
self-recognition triggered by the two-electron reduction of their
viologen subunits.

We have recently reported on the binding interactions
between the hosts [3-cyclodextrin (3-CD) and its heptakis(2,6-
O-dimethyl) analog (DM-3-CD) and a series of viologens
(N,N’-disubstituted 4,4’-bipyridinium derivatives) designed to
enhance their water solubility in any of their three oxidation
states.89 We have shown that while the oxidized forms of the
viologen derivatives are not bound by the CD hosts, the two-
electron reduced forms give rise to very stable inclusion
complexes.® The intermediate one-electron reduced forms are
only weskly bound by B-CD. Based on these findings, we
reasoned that compounds containing covaently linked 3-CD
and viologen subunits should undergo self-complexation upon
two-electron reduction. Therefore, we prepared the series of
cyclodextrin—viologen conjugates 12+—32+ by alkylation of their
precursor 4+.10
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As anticipated, the electrochemical behavior of 12+-32* is
dominated by the two reversible, one-electron reductions of
their viologen residues.!! Fig. 1 (solid line) shows a typical
voltammogram for 22+ in 0.5 M phosphate buffer (pH = 7)
solution. Half-wave potential values for 12+-32+ and 4+ are
collected in Table 1. In agueous media the cathodic voltam-
metric behavior of most viologens is affected by the precipita-
tion on the el ectrode surface of their more hydrophobic, reduced
forms12-14 |n contrast, the CD—viologen conjugates 12+-32+
exhibit (at concentrations around 1 mM) two reversible
voltammetric reduction waves, free from any precipitation
effects, due to the solubilizing effect of the appended CD

2.50
200 |
150 |
100 F
0.50 F
0.00 F
050 |
-1.00 F
150 F

S AN R S
400 -600 -800
EmV vs. SSCE

1

Normalized current/mA M~

-1000 -1200

Fig. 1 Normalized cyclic voltammograms (0.1 V s—1) of 0.15 (solid line)
and 6.7 mM solutions of 2-Cl, in 0.5 M pH 7 phosphate buffer.

moieties. On the other hand, we found that the electrochemical
behavior of the CD—viologen conjugates is strongly concentra-
tion dependent. The second reduction wave of 12+—32+ broadens
and shifts to more positive potentials (Fig. 1, dotted line) at
concentrations above 1 mM. In control experiments, other
highly water-soluble viologens lacking covalently appended
CD residues did not show this type of concentration dependent
behavior.1> Furthermore, the changes observed in the second
reduction waves of 12+-32+ at concentrations above 1 mM are
similar to those observed for water-soluble viologens in the
presence of added (-CD.° We thus conclude that compounds
12+-32+ undergo intermolecular self-complexation upon two-
electron reduction of the viologen subunit (Scheme 1). The
intermolecular character of these self-complexation processesis
clearly evidenced by the observed concentration dependence.
To further verify that the presence in the same molecule of
viologen and 3-CD subunits is responsible for self-complexa-
tion, we performed several experiments using independent
guest or host molecules. Fig. 2 showsthe voltammetric behavior
of a solution containing 7.3 mM 32+ (solid line) clearly

Table 1 Half-wave potentids (Ey,) and peak-to-peak splittings (AE;)
measured for the cyclodextrin—viologen conjugates in 0.5 M phosphate
buffer (pH 7) solution

Cationic E1/21/V E]J22/V
compound  (AE/mV)a (AEy/mV)b
12+ —0.573 (80) —0.933 (90)¢
22+ —0.555 (60) —0.911 (65)d
32 —0.524 (65) —0.934 (75)e
4+ —0.908 (70)f —

a Half-wave potentials for the first one-electron reduction of the bipyr-
idinium subunit (V2+/V+). The value in parenthesis represents the potential
difference between the cathodic and anodic peak potentials measured by
cyclic voltammetry at ascan rate of 0.100 V s—1. b Same for the second one-
electron reduction of the bipyridinium subunit (V+/V). ¢ 1.2 mM. d 0.15
mM. e 7.3 mM (potential data for the free compound obtained after adding
excess of competing guest). f 0.22 mM.
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Fig. 2 Square wave voltammograms of a 7.3 mM solution of 3-Cl,in 0.5 M
pH 7 phosphate buffer in the absence (solid line) and presence (dotted line)
of 8.7 mM adamantane-1-carboxylic acid (ACA). Data recorded using a

potentia step of 4 mV, pulse amplitude of 25 mV, and frequency of 15
Hz.

exhibiting the broadening and anodic shifting of the second
reduction wave which is associated with the self-complexation
of the reduced form 3. Addition of adamantane-1-carboxylic
acid, an excellent guest for -CD hosts,6 has a profound effect
on the second reduction wave (dotted line), which returnsto the
potential region and to the appearance that it had at concentra-
tions <1 mM. Thus, adamantane-1-carboxylic acid disrupts
self-complexation by competing with the reduced viologen
subunits for the available CD cavities.

Similarly, voltammograms of the investigated CD—viologen
conjugates exhibit large changes in the presence of hepta-
kis(2,6-O-dimethyl)-p-cyclodextrin (DM—3-CD). In this case,
the addition of the DM—{3-CD host leadsto agreater anodic shift
for the second reduction waves of 12+—32+, as the added host
increases the CD-bound fraction of the reduced viologen
subunits (voltammograms not shown). Thus, the observed
voltammetric results clearly reveal that the self-complexation of
the CD-viologen conjugates upon two-electron reduction (1-3)
can be disrupted by addition of competing CD guests or free
CDs. Based on previous electrochemical and spectroscopic
studies on the complexation of CD hosts with the viologen
guests we estimate the association constant of observed
intermolecular complexes to be 103 to 104 M—1.17

A final issue that must be addressed is the mode of assembly
exhibited by the CD-viologen conjugates. Are they interacting
face-to-face to yield dimeric structures (as shown in Scheme 1)
or face-to-tail to produce oligomeric aggregates formed by a
larger number of monomers? An unequivoca answer to this
guestion will require additional physicochemical character-
ization of fully isolated reduced complexes. This task has
proven to be avery difficult one dueto extreme air sensitivity of
the reduced viologen species.1! Park and coworkers,1¢ how-
ever, demonstrated formation of face-to-face dimersin solution
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upon photochemically-induced, one-electron reduction of re-
lated CD-viologen conjugates. Our data also suggest face-to-
face dimerization, since face-to-tail complexation should yield
bulky insoluble aggregates in solution, which we have never
observed, upon two-electron reduction of the viologen moieties.
Entropic considerations similarly suggest that formation of
small cyclic dimeric complexes is more favorable than
aggregation to yield large assemblies.

In summary, we have prepared a series of three CD—viologen
conjugates that exhibit concentration-dependent voltammetric
behavior. This behavior is clearly indicative of intermolecular
self-complexation upon two-electron reduction of the pendant
viologen subunits.

The authors are grateful to the National Science Foundation
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