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Electrochemically tuneable hydrogen bonding interactions
are described between a phenyl-urea terminated dendrimer
and phenanthrenequinone.

The construction of hyperbranched macromolecular archi-
tectures featuring engineered non-covalent interactions is a
burgeoning area within contemporary dendrimer chemistry.1 In
particular, the strength, directionality and selectivity of hydro-
gen bonding processes have proved to be particularly successful
supramolecular interactions for modifying the periphery of
dendrimer architectures.2 Indeed, the reversibility of assemblies
of this type has allowed the creation of responsive supramo-
lecular dendrimers with architectures that can be assembled/
disassembled under the control of an external stimulus.3 It is
likely that responsive dendrimers constructed using supramo-
lecular interactions will continue to be an attractive alternative
to their covalently functionalised brethren, as the self-assembly
method significantly reduces the lengthy synthetic routes
required to fabricate elaborate functional macromolecules of
this type.

The application of electrochemistry to modulate the effi-
ciency of hydrogen bonded interactions is a rapidly developing
field within supramolecular chemistry.4 For example, it has
been shown that the electrochemical reduction of the phena-
threnequinone component of complex 1.2, results in a sig-
nificant increase in hydrogen bonding efficiency between these
units.5 Moreover, it was also shown that the efficiency could be
modulated in polar (DMF) and non-polar (CH2Cl2) environ-
ments, thereby nominating this system as an attractive building
block for the construction of dendrimers with electrochemically
controllable complexation properties.6 Here, we report the
electrochemically tuneable hydrogen bonding interactions be-
tween phenyl-urea terminated dendrimer 4 and 1 (Fig. 1).7

Dendrimer 4‡ was readily synthesised from commercially
available polypropylenimine hexadecaamine dendrimer (DAB–
Am-16) and excess phenyl isocyanate using a similar method to
that previously reported.8 1H NMR spectroscopy was used to
confirm the formation of hydrogen bonds between electro-
active guest 1 and hosts 3 and 4. The addition of aliquots of 1 to
a solution of 3 or 4 in DMF-d7 led to a broadening and small
downfield shifts ( ~ 0.1 ppm) of the resonances for both urea
protons, thereby indicating the formation of a low-affinity
hydrogen bonded complex (see ESI†).

With hydrogen bond formation confirmed between the urea
hosts and 1 in DMF, we next investigated their electro-
chemically controlled complexation using cyclic voltammetry
(CV).9 The addition of an excess of dendrimer 4 to a solution of
1 (in DMF containing 0.1 M Bu4NPF6) immediately resulted in
a +90 mV shift in the half-wave potential of the reduction wave
of 1 (Fig. 2). This positive shift indicates a substantial
stabilization (8.7 kJ mol21) of the radical anionic state of 1,
corresponding to over a 30-fold increase in binding affinity
between this unit and the dendrimer periphery.10 A notable

† Electronic supplementary information (ESI) available: 1H NMR titration
and cyclic voltammetry data. See http://www.rsc.org/suppdata/cc/b2/
b211370h/

Fig. 1 Schematic representation of the electrochemically controlled
complexation of dendrimer 4 with phenanthrenequinone 1.

Fig. 2 CV data for 1 ( ~ 9 3 1024 M in DMF) recorded in the absence (——)
of and in the presence (……) of an excess ( ~ 6 3 1023 M) of urea
dendrimer 4.
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feature of the CV of 1 following the addition of an excess of
dendrimer 4, is the ~ 20–30% decrease in peak currents for this
reduction wave, which is particularly evident during the re-
oxidation of the 1·2 to the 1 state. This observation further
supports complex formation between dendrimer 4 and 1, by
indicating that hydrogen bonding interactions with the rela-
tively large dendrimer species slows down diffusion of 1 to the
working electrode surface.11 Evidence supporting the reduced
reversibility of the redox wave of 1 being a consequence of the
slower diffusion rate of the dendrimer/phenanthrenequinone
complex, was obtained by measuring the effect scan rate has on
the reversibility of the redox wave of 1. At low scan rates (e.g.
25 mV s21), a reversible waveform was obtained for the
reduction of 1 to 1·2 in the presence of excess 4, however, at
faster scan rates (e.g. 5 V s21) the waveform became
considerably more irreversible (see ESI†).

To further corroborate electrochemically controlled host–
guest complexation between 1 and 4, we explored the changes
in solution electrochemistry of 1 following the addition of an
excess of model compound 3.12 A slightly smaller shift of + 83
mV was observed for the redox wave of 1 following the addition
of 3. However, in contrast to the CV data obtained for dendrimer
4, a relatively small decrease ( ~ 5–10%) in peak currents was
typically observed (Fig. 3). This result is to be expected as host–
guest complexation between 1 and 3 should not significantly
perturb the diffusion rate of 1 to the working electrode.

In summary, we have established that the efficiency of
hydrogen bonds formed between dendrimer 4 and 1 can be
significantly enhanced upon electrochemical reduction of the
latter to its radical anion state. In particular, by relating the
perturbation of the redox potential of 1 to the thermodynamic
data obtained for an analogous hydrogen bonded complex, the
very weak hydrogen bonds formed between the neutral species
(‘off’ state) can be increased 33-fold by reduction of 1 (‘on’
state). Therefore, this study paves-the-way for the development
of new electrochemically controlled dendrimer architectures
with biomimetic and device applications; the results of our
investigations towards these goals will be reported in due
course.
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Fig. 3 CV data for 1 ( ~ 9 3 1024 M in DMF) recorded in the absence (——)
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