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The first ligand-cored dendrimer based on branching Ru(ir)
centers and containing mixed polypyridine bridging ligands has
been prepared; redox experiments suggest that the redox-active
core is not reduced at the expected potential, probably as a
consequence of shielding induced by the rigid dendritic array.

Metallodendrimers are at the center of an increasing interest for
both fundamental reasons and potential applications.t In particular,
metallodendrimers made of Ru(i1) building blocks have allowed
information to be gained on the electronic interactions occurring
within supramolecular dendritic structures and investigations on
multi-electron redox processes and photoinduced energy migration.
The main goa within this specific field is the search for light-
harvesting antenna units or artificial photosynthesis and multi-
electron storage systems.2 The metallodendrimers in which the
metal centers behave both as photo- and redox-active subunits and
as branching centres are particularly attractive. They allow indeed
the accumulation of alarge number of metal subunitsin aminimum
space. Systems like these containing 2,3-bis(2’-pyridyl)pyrazine
(2,3-dpp),2 1,4,5,8,9,12-hexaazatriphenylene (HAT),4 bis-benzimi-
dazolate subunits> and tetrapyrido[3,2-a:2’,3’-c:3”,2”-h:2"" 3"~
jlphenazine® as bridging ligands have been probably the most
investigated until now. All these species share two common
features: (i) they are normally based on ametal center as the core;
(ii) they contain only onetype of bridging ligand. Ru(i) dendrimers
constructed with two bridging ligands are indeed extremely rare.”
Moreover, a few examples of Ru(i1) dendrimers built on a purely
organic core have been reported,8 and in this|atter case the core has
only a structural function and is not an essentia part of the
chromophore/redox subunit(s).®

In this work we report the synthesis of a nonanuclear Ru(i)
dendrimer, [u-HAT{Ru[(u-2,3-dpp)Ru(bpy),]2} 3]18*+ (1, see Fig.
1), containing two different bridging ligands, namely 2,3-dpp and
HAT. The tris-chelating HAT ligand also plays the role of the
dendrimer core, and has both a structural and a functional role. To
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Fig. 1 Schematic representation of 1.

T Electronic supplementary information (ESI) available: ESMS relevant
datawith attribution of 2, detailed synthesis of 1 and conditions of the redox
experiments. See http://www.rsc.org/suppdata/cc/b4/b400311j/
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our knowledge, 1 is the first compound based on a tris-chelating
ligand exhibiting these features. The redox behaviour, including
some unusual properties, is also presented.

Design and synthesis are based on the “complexes as ligands/
complexes as metals’ strategy,10 which isillustrated in Scheme 1.
The tris-chelating bridging ligand HAT was reacted with three
equivalents of the mono-functional “complex-metal” [Cl.Ru{ (u-
2,3-dpp)Ru(bpy)2} 2]4+ species (2). As afirst step, 2 was refluxed
for 2 h in EtOH containing AgNQOs in order to substitute the
chlorides by solvent molecules. The HAT ligand was then added
and the reaction was carried out in EtOH/ethylene glycol (2:1 v/v)
at 110 °C for 16 h. After elimination of the AgCl precipitate by
centrifugation, the product was precipitated with NH4PFs and
finally separated by extractions with ethanol.

The electrospray mass spectrum (Fig. 2 and Table 1) indicates
that 1 isthe only product of the reaction, however the peak at 537.4
(rel. int.: 15%) suggests the presence of an impurity due to
unreacted 2 (ESMS, see ESIT) or decomposition of 1.1 Inter-
estingly, counter ion exchange proved to be incomplete (Table 1,
presence of Cl— and PFg—): this confirms that counterions are
tightly bound to the positively charged complex in this type of
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Scheme 1 Synthetic procedure.
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Fig. 2 ESMS spectrum of 1.

Table 1 ESMS spectrum data of 1. M8+ = 4423.6

m/'z exp Attribution m/z calc Rel. Int.
954.6 M18+ + 8PFg— + 4CI— 954.2 12%
638.0 M18+ + 3PFg— + 7CI— 638.3 12%
587.6 M18+ + 5pFg— + 4CI— 587.8 58%
442.0 M18++ 6PFg— 4411 20%
404.2 M18+ + 2PFg— + 4CI— 404.6 82%
362.4 M18+ + PRg— + 4Cl— 362.3 100%
3235 M18+ + 3PFg— 323.9 39%
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highly-charged dendrimers,'2 and are difficult to be ex-
Changedll&lél

The redox behaviour of 1 was investigated in deaerated
acetonitrile solution (see details in ESIT) and the relevant data are
gathered in Table 2, together with those of the related species 2, [u-
HAT{Ru(bpy)2} 5] (3),%% [RU{ (1-2,3-dpp)Ru(bpy)2} 5]* ( 4) and
[Ru{ (u-2,3-dpp)Ru[(1-2,3-dpp)Ru(bpy)2]2} 5]°* ( 5). Metal poly-
pyridine complexes are known to exhibit metal-centered reversible
oxidation processes and ligand-centered reversible reduction
processes. Compound 1 contains nine metal centers, so in principle
nine reversible oxidation processes are expected in the oxidation
window investigated (<2.20 V vs SCE). Cyclic voltammetry
indicated a single reversible oxidation process at +1.53 V;
differential pulse voltammetry also revealed a second process at
about +2.13 V. By comparison with the data of other related species
(Table 2), thefirst process can be assigned to the simultaneous one-
electron oxidation of the six periphera (u-2,3-dpp)Ru(bpy).2+
subunits. The second oxidation can be assigned to the inner (u-
2,3-dpp)Ru(u-HAT)2+ subunits, however since it occurs at a
potential close to the limit of the measurable oxidation window, it
isnot possible to state whether this process involves the three inner
metal centers or only one of them.

The reduction behaviour is quite intriguing: from the data of the
parent complexes (Table 2), a one-electron reduction process
involving the three-times coordinated centra HAT ligand is
expected, most likely around —0.25 VV/SCE or even at |ess negative
potentials, followed by two processes, both probably trielectronic
in nature, corresponding to the reductions of the 2,3-dpp bridges, in
the range —0.50/—0.70 V. However, both cyclic voltammetry and
differential pulse voltammetry revealed only the presence of two
reversible processes, involving approximately the same number of
electrons, at —0.56 and —0.68 V (Table 2). Such processes are
assigned to the reduction of the 2,3-dpp bridging ligands.
Apparently, HAT is not reduced at the expected potential. These
results tend to suggest that, due to the structure of 1, the core of the
species cannot approach the electrode surface. This shielding is not
a totaly novel observed phenomenon in dendrimer electro-
chemistry. Indeed it has been already reported for large dendrimers
containing Co-phthal ocyanines,16 Zn-porphyrinst? and iron-sulfur
clusters!s as cores. In contrast, it isthe first time that it is reported
for a dendrimer based on Ru(ir) polypyridine building blocks. In
other large Ru(i) and Os(1) dendrimers, the dendrimer dimension
never affected core oxidation.219 It should be noted however that in
the present case the processis areduction, not an oxidation asin all
the known examples. Therefore, the metal-containing branches
could have a different effect on reduction, at the level of the
connection between dendrimer core and electrode. On the other
hand, the shielding or protection of the HAT core in the trinuclear
[u-HAT{Ru(bpy),)3]¢* species adsorbed on colloidal silver has
been inferred from Surface Enhanced Resonance Raman Spectros-
copy (SERRS) results.20 Finaly, one point remains to be
considered. Although HAT isnot reduced at the expected potential,
it should be reduced upon first reduction of the 2,3-dpp ligands.
Actually, thefirst electron added to a 2,3-dpp ligand should rapidly
betransferred to the LUMO of the central HAT belonging to the (u-

Table 2 Redox data of 1 and related species in acetonitrile vs SCE. Only
relevant data are given. Number of electrons exchanged given in brackets

E(1/2)ox, V E(V/2)red, V

+0.82 (1); +1.57(2)

+1.61(1); +1.87(1); +2.12(1)
+1.53(3)

+1.53(6); +2.11(1); +2.44(3)2
+1.53(6); +2.13° —0.56; —0.68¢

a Second and third processes arerecorded in liquid SO, (fromref. 19). ® The

number of electrons for this process has not been defined (see text). ¢ Both
reductions approximately involve 3 electrons each.

—0.72(1); —0.88(1)
—0.25(1); —0.58(1)
—0.56(1); —0.63(1)

PO~ WN

2,3-dpp)-Ru(u-HAT)2*+ subunit. Indeed this process can be re-
garded as an energetically favorable electron transfer or hopping
between polypyridineligandslinked to the same metal ion and such
a process is known to occur in picosecond timescale (or less) in
Ru(i1) polypyridine complexes.2! Therefore the first reduction of 1
could involve morethan three el ectrons. Asthe determination of the
number of electronsis difficult in this case since the two reduction
processes are partially overlapped, we cannot confirm at this stage,
the electron transfer hypothesis from one 2,3-dpp ligand to the
central HAT ligand.
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