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ABSTRACT: The electrochemical behavior of a dinuclear
arene ruthenium complex containing a zwitterionic bridging
ligand and of a hexacationic metalla-prism obtained from the
assembly of three dinuclear zwitterion-bridged units and two
tridentate panels has been investigated. The encapsulation of
coronene in the hydrophobic cavity of the metalla-prism
stabilizes the assembly and subsequently modifies the redox
potentials of the hexanuclear metalla-prism.

he coordination-driven strategy to generate metalla-

assemblies is now well established. Initially dominated
by square-planar metal centers,' nowadays tetrahedral and
octahedral metal centers are also extensively used.” The shift
from square-planar (four coordination sites) to octahedral
geometry (six coordination sites) and the utilization of other
metal centers have allowed the introduction of new ligands,
thus increasing the functionality potential of metalla-assemblies.
Among these hgands, zwitterionic quinonoid ligands are
particularly attractive.®> The redox activity of zwitterion ligands
is quite remarkable, due to the electronic nature of these
molecules.* Herein, we present the first dinuclear arene
ruthenium complex bridged by a zwitterionic quinonoid ligand,
(p-cymene),Ru,CLL (1; LH, = (6Z)-4-(ethylamino)-6-(ethyl-
imino)-3-oxocyclohexa-1,4-dien-1-olate). Furthermore, this
neutral dinuclear complex forms in the presence of silver
triflate and 2,4,6-tris(pyridin-4-yl)-1,3,5-triazine (4-tpt) a
cationic metalla-prism of the general formula [(p-cyme-
ne)sRugL;(4-tpt),] (CF;S0;)s ([2](CF;805)s) (see Scheme
1).

Metalla-prism [2]®" possesses a cavity large enough to
accommodate guest molecules, and upon addition of coronene
during the formation of metalla-prism [2](CF;SO;)¢ from 1
and 4-tpt, the filled metalla-prism [coroneneC2](CF;SO;), is
obtained in very good yield (75%) (see Scheme 2).

The formation of metalla-prism [2]%* and the carceplex
system [coroneneC2]®" can easily be monitored by '"H NMR
spectroscopy. In [2]%, the four diastereotopic aromatic protons
of the p-cymene ligands are shifted downfield by ~0.4 ppm in
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Scheme 1. Synthesis of Metalla-Prism [2]% from 1 and 4-tpt
in the Presence of AgCF;SO,
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comparison to those of 1 (Figures S1 and S2, Supporting
Information). However, the C—H protons of the bridging
zwitterionic ligand (6 5.77 and 5.01 ppm) are slightly shifted
upfield by 0.04 ppm upon formation of [2]%, while the same
C—H protons are strongly shifted downfield (5 6.39 and $.61
ppm) when coronene is trapped in the cavity (Figure S3,
Supporting Information). The encapsulation of coronene in the
cavity of [2]%" is further confirmed by diffusion-ordered NMR
spectroscopy (DOSY). Indeed, the singlet associated with
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Scheme 2. Synthesis of [coroneneC2]® from 1, 4-tpt, and
Coronene in the Presence of AgCF;SO;
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coronene clearly diffuses with the signals associated with the
metalla-cage (Figure S4, Supporting Information), thus
corroborating the entrapment of coronene in the hydrophobic
cavity of [2]%". Electrospray ionization mass spectrometry also
supports the suggested structures of 1, [2](CF;SO;)s and
[coroneneC2](CF;S0;)¢ (Figures S5—S7, Supporting Infor-
mation). A peak corresponding to [1 — CI]* at m/z 699.1 is
observed for 1, while for the metalla-prism [2]%, the peak
corresponding to the intact metalla-prism [2 + 4 CF,SO;]*" is
observed at m/z 1605.2. Similarly, the peak corresponding to [2
+ coronene + 4 CF;SO;]*" at m/z 1754.7 is observed in the
ESI-MS spectrum of [coroneneC2](CF;SO;)s Peaks associ-
ated with fragments of the metalla-cages are also observed in
the ESI-MS spectra of [2](CF;SO;)¢ and [coroneneC2]-
(CF;805)s

The presence of three zwitterionic bridges in the metalla-
prism [2]%* can potentially give rise to two isomers. The first is
a symmetrical isomer [2a]®" in which the N,N’-diethyl edge of
the zwitterionic ligands always faces the O,0’ edge of the
neighboring zwitterionic bridging unit, while in the unsym-
metrical isomer [2b]%, two N,N'-diethyl edges are facing each
other and the remaining N,N’-diethyl edge is facing an 0,0’
edge, thus generating an unsymmetrical metalla-prism with
three nonequivalent segments (Scheme 3). Although the
presence of these two isomers (2a,b) is suggested by the
broadness of several 'H NMR signals, it could not be
unambiguously confirmed.

Preliminary electrochemical investigations were carried out
on the dinuclear complex 1 and the metalla-prisms [2]" and

Scheme 3. Schematic Representations of the Symmetrical
Isomer [2a]® (Left) and the Unsymmetrical Isomer [2b]
(Right) Including the Identification of Their Respective
Trigonal Segments
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[coroneneC2]®". Complex 1 displays an oxidation step at 0.27
V and a reduction step at —1.83 V, both of which are
irreversible on the electrochemical time scale (Figure 1). A
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Figure 1. Cyclic voltammogram of 1 in THF/0.1 M Bu,NPF at 298
K.

further quasi-reversible reduction step is observed at —2.33 V.
The current height of the rereduction peak associated with the
first oxidation increases at faster scan rates (Figure S8,
Supporting Information) and at lower temperatures (Figure
S9, Supporting Information). A further rereduction peak
associated with the first oxidation step is observed at —0.8 V.
The first reduction peak remains electrochemically irreversible
even at faster scan rates, and a shifted reoxidation peak is
observed at —0.5 V (Figure 1 and Figure S10 (Supporting
Information)). For the quasi-reversible second reduction step at
—2.33 V, the peak currents for the anodic and cathodic waves
are similar, but the separation between the two waves is large
and increases with increasing scan rates (Figure 1 and Figure
S11 (Suspporting Information)). Using a modified Baranski
method,” the numbers of electrons transferred were estimated,
using the two different standards ferrocene and p-benzoqui-
none, to be 1 for the oxidation step, 3 for the first reduction
step, and 2 for the second reduction step. UV—vis—NIR
spectroelectrochemistry was used to monitor the chemical
reversibility of the redox steps. These results showed the first
oxidation as well as the first and the second reduction steps to
be chemically reversible, as judged by the regeneration of the
initial UV—vis—NIR spectrum of 1 to about 90% on scanning
the potential back (Figures S12 and S13, Supporting
Information). The spectroelectrochemical results thus point
to an EC (electron transfer, chemical reaction) or a more
complex mechanism.

The metalla-prisms [2]®" and [coroneneC2]®" display redox
responses that have strong similarities to those of 1 (Figure 2),
albeit with potentials that are positively shifted in comparison
to those of 1 (Table S1, Supporting Information). This can be
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Figure 2. Cyclic voltammograms of [2]%* and [coroneneC2]® in
THF/0.1 M Bu,NPF; at 298 K.
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explained by the 7-accepting nature of the 4-tpt ligand present
in the metalla-prisms. Additionally, metalla-prisms [2]%* and
[coroneneC2]% show two further reduction waves at higher
negative potentials (Figure 2). The differences in potentials
between the oxidation and the first and second reduction peaks
are similar in 1, [2]%, and [coroneneC2]®". These data strongly
point to the oxidation and the first two reduction processes in
[2]%* and [coroneneC2]®" taking place within the {Ru(L*”)Ru}
units. The third and the fourth reduction steps are likely 4-tpt
based. For [2]%" and [coroneneC2]% the numbers of electrons
transferred are 3 for the oxidation, 9 for the first reduction, and
6 for the second reduction. The oxidation step for the metalla-
prisms is electrochemically more reversible than for 1.
However, for [2]% the currents of both the forward and back
processes decrease after several cycles, whereas for [coro-
neneC2]® they remain stable. Thus, the guest molecule is seen
to impart additional stability to the prism and makes it more
stable toward redox reactions.

In conclusion, we have presented here the synthesis and
characterization of the dinuclear complex 1, the first example of
the corresponding metalla-prism [2]%, and the carceplex
system [coroneneC2]®, all with zwitterionic redox-active
ligands. Preliminary electrochemical investigations reveal the
potential of the metalla-prisms to act as multielectron reservoirs
and the ability of guest molecules to provide redox stability to
the metalla-prisms. Even though the Baranski method has been
used for determining the electron count in these systems, this
method has certain limitations for complicated redox systems.
Future work will focus in dealing with this issue. Details of the
spectroscopic signatures of the various redox states, their
corresponding electronic structures, and the involved redox
mechanisms will be reported in the near future.
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