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Abstract—We have investigated the electrochemically controlled hydrogen bonding interactions between tetrathiafulvalene host 3
and guests 4 or 5. Stabilisation of the 3** state is dependent upon the nature of the guest species, whereas both guests prevent
precipitation of the electrochemically generated 3** species at the working electrode via hydrogen bonded molecular recognition

processes. © 2002 Elsevier Science Ltd. All rights reserved.

The application of electrochemistry to modulate hydro-
gen bonding interactions between host—guest complexes
is an important field within supramolecular chemistry.'
In particular, the electrochemically controlled gain or
loss of an electron by a redox active host (or guest) can
profoundly influence the electrostatic interactions
between a hydrogen bonded host—guest dyad, leading to
major changes in the strength of the intermolecular
interactions between these units.? Therefore, it is remark-
able that the tetrathiafulvalene (TTF) unit with its
multi-stable oxidation states (TTF?, TTF**, TTF?"), has
not been more widely incorporated into electrochemi-
cally controllable hydrogen bonded motifs.? The electro-
chemically controlled hydrogen bond complexation
between dimethyl-[1-butyl-2,4-dioxo-(1 H,3H)pyrimido]-
TTF 1 and 2,6-di(N-acetylamino)pyridine 2 has recently
been reported.* This study revealed that the radical
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cation state of 1 was anodically shifted by +30 mV upon
complex formation with 2, showing that a 3-4-fold
decrease in the stability of the complex occurred. How-
ever, determining the role of the dicationic state of 1 in
the electrochemically controlled recognition process was
hampered by the complexity of this redox wave. Here,
we report the electrochemically controlled recognition
between a pyridyl-TTF host 3 and complementary guests
4 and 5.5 The non-fused nature of the pyridine recogni-
tion unit and the TTF signalling unit of 3 provides a host
with well-defined oxidation waves, allowing the role of
the radical cation and dicationic states in molecular
recognition to be probed.

The TTF host 3 was synthesised by reacting 2-amino-6-

methylpyridine with 1 equiv. of 4-chlorocarbonyl-TTF®
in CH,Cl, in the presence of triethylamine. Compound
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Figure 1. Plot of A8 for proton Hy of 3 versus equivalents of
guest 4 added.

3 was readily purified using column chromatography to
afford the host unit in 65% yield.” Hydrogen bond
formation between 3 and 4 was confirmed by changes
in the '"H NMR spectra of host 3. Addition of aliquots
of guest 4 to a solution of host 3 in CDClI, resulted in
smooth downfield shifts of the resonances of H, and
H,. The shift in the latter indicates that this TTF
proton is sufficiently acidic to be involved in hydrogen
bonding processes (Fig. 1). The NMR data were fit to
a 1:1 binding isotherm, providing an association con-
stant (K,) for 3-4 of 390 (x20) M~' (based upon the
shift H,).* Hydrogen bond formation was also
observed between 3 and 5, however, much smaller shifts
in the resonances of H, and H, were observed upon the
addition of 5, leading to an estimated association con-
stant of <1 M™'. This low association constant is pre-
sumably due to the competing strong dimerisation of 5
in chlorinated solvents.

With host-guest complexation verified for 3-4 and 3-5,
we next investigated the electrochemically modulated
binding properties of these systems using cyclic (CV)
and square-wave (SWV) voltammetry studies.® CV
studies performed on compound 3 gave rise to a
reversible single electron oxidation wave for the forma-
tion of the 3*° species (E},=+0.57 V) and an irre-
versible single electron oxidation wave for the
formation of the 3?* species centred around +0.99 V
(Fig. 2). Although the irreversible nature of the oxida-
tion wave for the 3?* state prevents meaningful quanti-
tative investigation of its binding efficiency to
complementary guests, this redox wave is considerably
more defined than that obtained for 1, and thus can
provide qualitative information regarding the role of
the 3** state in modulating guest recognition.

The addition of excess 4 to a solution of 3 did not
affect the oxidation wave for the 3*° state. However,
the wave for the 3?* state now becomes reversible,
which indicates that host-guest complexation prevents
precipitation of the 3** species at the working electrode
surface.’ In order to confirm that molecular recognition
between 4 and the 3** is responsible for the formation
of the reversible redox wave, we investigated the elec-
trochemistry of 3 upon the addition of an excess of
related guest 6, where effective recognition cannot
occur. The cyclic voltammogram of 3 was essentially
unchanged upon the addition of an excess of 6, and in
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Figure 2. Cyclic voltammograms of a 10~ M solution of host
3 (solid line) and in the presence of excess (107> M) 4 (dotted
line).
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Figure 3. Cyclic voltammograms of a 10~ M solution of host
3 (solid line) and in the presence of excess (107> M) 6 (dotted
line).

particular, the oxidation wave for the 3** state remains
irreversible (Fig. 3). Thus, the data are consistent with
molecular recognition between 3 and 4 being responsi-
ble for preventing precipitation of the 3** at the work-
ing electrode.

When the CVs or SWVs of host 3 were recorded
following the addition of an excess of guest 5, a —33
mV shift in the half-wave potential for the 3*° species
was observed, indicating a stabilisation (3.18 kJ mol™!)
of the radical cationic state of receptor 3, and hence
corresponds to guest 5 becoming more strongly bound
to 3 (Fig. 4). The CV data are in contrast to those
obtained with guest 4, and indicate that redox con-
trolled recognition properties of 3 are dependent upon
the nature of the guest. In accordance with the electro-
chemical data obtained with guest 4, the addition of
guest 5 to 3 resulted in the formation of a reversible
oxidation wave for the 3** state.

It is apparent from our experimental data that the role
of the radical cation state of 3 in modulating hydrogen
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bonding is dependent upon the nature of the comple-
mentary guest. To probe the influence of the TTF unit’s
oxidation states in modulating the properties of the
donor/acceptor sites of the hydrogen bonding surface
of 3, we have calculated the electrostatic potentials
(ESP) for the atoms of the host in its different oxida-
tion states (3%, 3**, 32*) and the results are summarised
in Table 1.!° The calculated values for the ESP of N,
for receptors 3% 3** and 3** revealed a small sequential
decrease in the negative ESP, which is consistent with
the oxidised electron deficient TTF unit removing elec-
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Figure 4. Cyclic voltammograms of a 10~ M solution of host
3 (solid line) and in the presence of excess 5 (1072 M) (dotted
line).

Table 1. Calculated charges fitted to ESP for selected
atoms (6-311G* B3LYP-DFT//3-21G* UHF)

Atom 3 3+ 32+ 35 3+%5

Pyridyl N, —0.72  —071 —070 —073 —0.73
H, 4031 4031 4034  +046  +0.50
H, +025 4029 4029  +0.34  +0.30
H, +0.59  40.59
0, —0.78  —0.80

Figure 5. Modelled structure (UHF 3-21G¥*) of 3-5.

tron density from the pyridyl-nitrogen. Interestingly,
the ESP of H, was identical for the 3° and 3*° states,
however, a small positive increase in ESP was observed
for the 3> state. Conversely, proton H, shows
markedly differing behaviour to that of H,, as the ESP
of this atom displays an increase in positive ESP for the
3** and 3** states compared to the neutral host.

We have modelled complex 3-5 and 3**+5 in order to
investigate the role of the 3** in modulating the hydro-
gen bonding efficiency between the host—guest dyad. In
both cases the modelled structures predict hydrogen
bond formation between N,--H, and O,---H,(H;) (Fig.
5). Upon complexation with 5, little change was
observed for the ESP of N,, however, a significant
increase in the positive ESP of H, (A=+0.15) and to a
lesser extent, H, (A=+0.09) was observed. The ESP of
N, and H, in 3**-5 are essentially unchanged from those
obtained for 3-5, indicating that hydrogen bonding
between these atoms is not significantly altered upon
the formation of the 3** species. However, more pro-
nounced changes are observed in the ESP of H, (A=
+0.04), H, (A=-0.04) and O, (A=-0.02), indicating
that the increased stability of the 3**-5 complex is likely
to be due to the redox induced changes in polarizability
of the O, -H,(H,) hydrogen bonds.

In conclusion, we have shown that the nature of the
guest has an important role in the electrochemically
controlled hydrogen bond formation between host 3
and guests 4 or 5. Oxidation of 3° to 3** state has no
effect on the hydrogen bonding efficiency with 4, how-
ever, when guest 5 was studied, a 3.18 kJ mol' stabili-
sation of the complex was observed for the same redox
process. The CV data following the addition of either
guest are consistent with molecular recognition pro-
cesses preventing precipitation of the 3%* species at the
working electrode. Experiments are underway in our
laboratory to synthesise TTF-based receptors with
reversible oxidation waves for their dicationic states in
order that the precise role of this moiety in hydrogen
bonded processes can be quantified, and the results
from these experiments will be reported in due course.
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