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In the last few years, there has been a rapidly growing interest
on metallocene-containing macromolecular materials in which
metal atoms interact with one anotieiOn a different front,
recent trends of research in dendrirddnave focused on the

introduction of metal centers on the surface or within the g.yinyl carbon atom (occupancy factor 0.5)

dendritic structuré* We recently reported silicdrand amine-
basefl dendrimers in which ferrocenyl moieties behave as
electronically isolated units, and the dendritic molecules undergo
a simultaneous multielectron transfer at the same potential. A
challenging target is the construction of well-defined dendrimers
possessing redox-active organometallic units linked together in
close proximity so that there is electronic communication
between the metal sites in the dendritic structure. This would
provide access to new multimetallic dendrimers with appreciable
electron mobility and consequently with interesting electrical,
redox, optical, and magnetic properties.

We now report the convergent construction of novel dendrons
and dendrimers possessing interacting ferrocenyl units. To our
knowledge these are the first organometallic dendritic molecules
displaying electronic interactions between transition metal atoms
in the dendritic structure reported so far.

The key dendritic wedge for the synthesis of the new
dendrimers is the silicon-bridged biferrocehéChart 1), which
is prepared by reaction of ferrocenyllithium with vinylmethyl-
dichlorosilane, in THF at-20°C. After purification, the target
vinyl-terminatedl was obtained as an orange crystalline solid.
The molecular structure df(Figure 1) shows that the ferrocenyl
groups are oriented at ca. 9felative to one another, and the
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Figure 1. Crystal structure of dendrdh The methyl and vinyl groups

are situated with statistic disorder (50% probability) around the silicon
atom so that both C21 and C22 correspond to the disordered methyl
and a-vinyl carbon atoms, while C23a and C23b correspond to the
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iron atoms are separated by 6.227 Aurther growth of this
first-generation dendron was achieved by platinum-catalyzed
hydrosilylation of 1 with phenylchlorosilane, resulting in the
dendron CISiPh(CECH,SiMeFg), (2), which contains a reac-
tive chlorosilane functionality available for an ensuing alkeny-
lation step. Treatment o2 with allylmagnesium bromide,
followed by hydrolytic workup afforded the desired growth
dendron(3), carrying four ferrocenyl units.

The availability of the free carbercarbon double bonds at
the focal point of the dendritic wedgdsand 3 enables the

(7) Crystal data fon: triclinic, P1, a = 7.5540(10) A b = 10.936(2)
A, ¢’= 12.442(2) A,o. = 101.330(10), p = 84.580(10), y = 93.410-
(10, V = 1002.4(3) B, Z = 2, u = 1.510 mn1?, Mo ka radiation ¢ =
0.71073 A), orange crystal (0.36 0.20 x 0.20 mm).
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Figure 2. CVs of (A) 5in CH,Cl,, E°; = 0.42,E°, = 0.59 V vs SCE;
(B) 5 in CH,CI/CHsCN (5:1 by volume)E°; = 0.41,E°, = 0.60 V

vs SCE. Supporting electrolyte: 0.1 M TBAH; Pt disk electrode; scan
rate 100 mV s'. (C) Voltammetric response of a Pt-disk electrode

modified with a film of 5, measured in CkCl,/0.1 M TBAH. The
surface coverage of the dendrimer was found to be ¥.@®° mol

cm 2. Inset: Scan rate dependence of the first anodic peak current.

incorporation of interacting organometallic redox centers in

dendritic structures through hydrosilylation reactions with ISi
polyfunctionalized cores, thus following a convergent approach.
Hydrosilylation ofl and3 with the four-directional hydrosilane
[Si(CH,)3Si(CHs)2H]4 (4)* afforded after chromatographic pu-
rification 5 and 6 (Chart 1) containing 8 and 16 ferrocenyl

moieties on the dendritic surface, respectively.

The first and second generation dendritic wedfesnd 3

Communications to the Editor

to +1 V vs SCE, an increase in the peak current with each
successive scan was observed, indicating the formation of an
electroactive film on the electrode surface. If a small amount
of CH3CN is added to the C}Tl, electrolyte medium, the
cathodic stripping peak disappears (Figure 2B), and the CV of
5 and 6 becomes similar to that observed far and 3.
Coulometry measurements after the complete oxidation resulted
in the removal of 2 (fod), 4 (for 3), 8 (for 5), and 15.7 electron/
molecule (for6). Likewise, differential pulse voltammetry
(DPV) measurements fdr, 3, 5, and6 exhibited two separated
oxidation waves of the same area.

The electrochemical behavior observed for these dendritic
molecules is consistent with the existence of significant interac-
tions between the two ferrocenyl units which are linked together
by the bridging silicon atord? The first oxidation ofl, 3, 5,
and6 occurs in the dendritic wedges at nonadjacent ferrocene
sites, which makes the subsequent removal of electrons from
the remaining ferrocenyl centers, neighboring those already
oxidized, more difficult. From the wave splittingA\E° = E°,

— E°1), which varies fromAE® = 190 mV (for5) and 180 mV
(for 1), to AE° ~ 160 mV (for3 and6), the comproportionation
constank_ relative to the equilibrium Fe(lfFe(ll) + Fe(lll)—
Fe(lll) == 2Fe(ll)—Fe(lll) was calculated,resulting in values

of Kc = 1630 for5, 1104 forl, andK; ~ 507 for 3 and 6.
These values indicate that the partially oxidized dendritic
moleculesl, 3, 5, and6 can be classified as class Il mixed-
valence species according to the Rebibay classificatior?.

With 5 and 6 we have been able to prepare dendrimer-
modified electrode surfaces. The voltammetric response of an
electrodeposited film of dendrimés is shown in Figure 2C.
Two successive well-defined, reversible oxidatigeduction
waves are observed, with formal potential valueEtf= 0.40
andE°, = 0.55 V vs SCE. A linear relationship of peak current
with potential sweep rate was observed, and the potential
difference between the cathodic and anodic peak is smaller than
10 mV at scan rates of 0.1 V'sor less. These voltammetric
features unequivocally indicate the surface-confined nature of
the electroactive dendrimer film. To our knowledge, this is the
first example of electrode surfaces modified with films of redox-
active dendrimers possessing a controlled number of interacting
metal centers.

In conclusion, we have shown that dendritic structures
possessing organometallic units which are electronically com-
municated can be constructed in a simple convergent approach.
This synthetic strategy provides also a versatile and promising
access to heterometallic dendrimers, whose construction is in

function as valuable models with respect to the electrochemical progress.

properties of the corresponding dendrimers of higher nuclearity
5and6. Both1 and3 exhibit cyclic voltammograms (CVs) in
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Supporting Information Available: Detailed synthetic and elec-
trochemical procedures, complete spectroscopic datalfd, and
further details of the crystal structure {21 pages). See any current
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dendrimers onto the electrode surface, and on the reverse scan
the dendrimer redissolves as it is reduced (Figure 2A).
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