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We report the synthesis of a novel molecular switch based on
a double-stranded ditopic ligand which operates through the
CuII/CuI couple; the mononuclear cuprous and cupric
complexes were characterised by absorption spectrophoto-
metry; reversible motion of the copper ion between the two
binding sites is driven by an auxiliary oxidation and
reduction reaction; the rate-limiting steps of this transloca-
tion process were determined as well as the corresponding
kinetic parameters.

The development of molecular switches and logic gates is an
exciting prospect in supramolecular chemistry.1 A better
understanding of the signal propagation processes in functional
molecules constitutes a challenge for physico-chemists. In
recent years, we have gained expertise in the synthesis and
physico-chemical studies of homoditopic ligands and their
helical diferric complexes.2,3 We have reported the first
example of a redox-driven switch based on a triple-stranded
heteroditopic ligand and FeIII/FeII redox pair.4 Recently, a
number of molecular switches, which could be triggered by
chemical or electrochemical means, were reported in the
literature.5–8 We present here the synthesis of a new hetero-
ditopic ligand L (Scheme 1). The corresponding double-
stranded mononuclear cupric CuIILN2O2

and cuprous CuILN4

species (Fig. 1) were prepared and characterised by absorption
spectrophotometry. The kinetics of the translocation process,
which was chemically triggered in solution, was examined
using a fast mixing technique.

Ligand L was built in a stepwise procedure (Scheme 1). The
linking of two equivalents of 2,2A-bipyridyl-5,5A-dicarboxylate
2 with one equivalent of 3,3-bis(aminomethyl)dithiolane 1 was

followed by hydrolysis of the diester groups and led to
compound 3. The coupling of 3 with two equivalents of
2-aminomethyl-8-hydroxyquinoline 4 yielded L. The structure
of L was fully characterised by 1H NMR, UV-visible spec-
trophotometry and FAB-MS.9 A ‘medium’ binding site,
constituted of two 8-hydroxyquinoline groups (N2O2) preferen-
tially coordinates the cupric cation. A ‘soft’ receptor with two
2,2A-bipyridyl units (N4) selectively prefers the cuprous cation
(Fig. 1). The disulfide ring maintains the relative orientation of
the binding sites once ‘anchored’ to a gold electrode or a
semiconductor surface.10 The two coordination sites were
chosen for the large difference in their respective affinities for
CuII and CuI.11 Moreover, the electron-withdrawing effect of
the amide linkers enhances the CuI selectivity of the bipyridyl
moieties.12 According to our previous results,4 we have used a
short spacer (–C(O)NHCH2–) in order to accelerate the
translocation process.

† Electronic supplementary information (ESI) available: Fig. S1: cyclic
voltammetry of CuIILN2O2

in DMSO. See http://www.rsc.org/suppdata/cc/
b2/b204145f/

Scheme 1 Synthetic route to the molecular switch L. Reagents and conditions: (i) 1. HOBt, DIC, DMF, 2. NaOH; (ii) HOBt, DIC, DMF.

Fig. 1 Chemical structures of the CuII and CuI complexes of ligand L.
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A stoichiometric mixture of cupric acetate with L led to the
brown–yellow cupric complex CuIILN2O2

in DMF–water
(80+20 v/v). The brown–red cuprous CuILN4 species was
obtained by the stoichiometric reaction of Cu(CH3CN)4PF6
with L in the same solvent. 2-Morpholinoethanesulfonic acid
was used as a buffer (MES, 20 mM) at pH = 6.0.

The absorption spectrum of CuIILN2O2
(Fig. 2) displays a

shoulder at 398 nm (e398 = 3700 ± 400 M21 cm21) on the
absorption band of the ligand centred at 302 nm. A similar large
red shift was observed in CHCl3 for the binding of CuII with
8-hydroxyquinoline.13 The electronic spectrum of CuILN4

(Fig.
2) displays an absorption band with a shoulder at 480 nm (e480
= 2400 ± 200 M21 cm21), which corresponds to the MLCT
band of bis(2,2A-bipyridyl)copper(I) systems.14

Cyclic voltammetry of CuIILN2O2
in DMSO was carried out

and showed a very large hysteresis for the CuII/CuI redox
system, suggesting the metal ion translocation between the two
binding sites upon reduction and reoxidation. A large potential
span of ~ 0.5 V, where both CuIILN2O2

and CuILN4
are stable,

was observed.
We examined various oxidising and reducing agents and

chose ascorbic acid to reduce CuIILN2O2
and tert-butyl hydro-

peroxide to oxidise CuILN4
. These oxidation and reduction

reactions were faster than the translocation process of CuI or
CuII and allowed us to separately follow the intramolecular
movement of the copper cation. Our experiments with stopped-
flow spectrophotometer confirmed the already published reduc-
tion mechanism of cupric complexes by ascorbic acid15 and the
well known oxidation mechanism of cuprous species by tert-
butyl hydroperoxide.16 The first-order rate constants, relative to
the intramolecular motion of the copper cation, were deter-
mined. The chemically triggered redox switch reversibly
interconverts with the respective first-order rate constants kI =
(2.3 ± 0.2) 3 1022 s21 for the translocation of the cuprous
cation and kII = (9 ± 2) 3 1024 s21 for that of the cupric cation
(Scheme 2).

This work constitutes the first kinetic study of a chemically
triggered motion of cations in a supramolecular edifice. We
were able to determine the translocation rates of the copper
cation between the two compartments of a molecular switch.

Our physico-chemical approach pointed out a significant
difference between the translocation rates of CuII and CuI,
which could be explained by a larger lability of the cuprous
intermediate *CuILN2O2

than that of the cupric kinetic species
*CuIILN4

. This result motivates further synthesis of ligands able
to decrease the inertness of the intermediates and hence to
accelerate the translocation of the cations. Thermodynamic and
kinetic studies are clearly of great relevance in the development
of fast and reversible molecular switches with possible
applications as chemical memory elements.
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Fig. 2 Electronic spectra of ligand L and of its cupric and cuprous
complexes. Spectrum 1: L; 2: CuIILN2O2

; 3: CuILN4
. Solvent: 20 mM MES

in DMF–water (80+20 v/v), pH = 6.0, T = 25.0(2) °C. Solutions were
thoroughly deaerated with argon.

Scheme 2 Functioning principle of the redox-driven molecular switch
presently discussed. *CuILN2O2

and *CuIILN4
: kinetic intermediates;

CuIILN2O2
and CuILN4

: thermodynamic complexes. Solvent: 20 mM MES in
DMF–water (80+20 v/v), pH = 6.0, T = 25.0(2) °C.
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