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Table 1. Structural and Electrochemical Parameters (0.2 M
TBATPR~ in CH.Cl at 25°C) for the Ferrocene-Containing
Dendrimers

Mwa radiu®  Epp(Vvs Dot (10° ke ¢ (10
(amu) A Ag/AgCl)  cnEsh  of  cms?
627.6 3.5-8 0.63 95+1.0 05 80+20

1652.0 3.512 0.60 4005 05 17+3
4725.0 3.518 0.54 2303 04 5£1
31179 12 0.73 25303 03 9+ 2
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2The molecular weights listed were calculated and verified in

The chemistry of dendrimers has experienced an spectacularMALDI TOF MS experiments? Estimated from molecular modeling.

development in the past few years, and very recently, dendrimer
functionalization has received substantial attentiomn this

¢ Determined using digital simulations of voltammetric data obtained
with a glassy carbon electrode (0.0078%m

regard, several groups have reported the covalent incorporationChart 1

of redox-active subunits in the interfoor at the surfaceof
dendrimer structures. While redox-active dendrimers may be of

considerable interest in fundamental electron-transfer studies, the

compounds reported so far have in common a rather symmetric
structure. In this work, we describe the preparation and electro-
chemical behavior of a series of novel, asymmetric macromol-

ecules containing a single ferrocene subunit appended to a

dendrimer-type branch of variable size.

Macromolecules1—3 (Chart 1) were prepared using the
methodology developed by Newkome and co-workeiGom-
poundl was obtained by reaction of chlorocarbonylferrocene with
Behera’s aminé. Hydrolysis of the peripheral ester groups and
reaction of the resulting triacid with Behera’s amine produced
the second-generation dendrinter This two-step process can
be repeated to prepage but we found that the direct reaction of
the triacid (obtained from the hydrolysis &j with a second-
generation analogue of Behera's amine (compot)dgtielded3
more efficiently. By a combination of convergent and divergent
synthetic approaches, amideallows the one-step preparation of
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the (0 + 1)th generation dendrimer from the £ 1)th generation
acid. All new dendrimers were characterized'byand'*C NMR,

UV —vis, and IR spectroscopies and MALDI-TOF MS (see the
Supporting Information).

Relevant properties of the ferrocene-containing dendrimers are
given in Table 1. Their electrochemical parameters were
determined in 0.2 M TBAPR,/CH.Cl,, a solvent system in
which all of these compounds were soluble. Representative
voltammograms are shown in Figure 1. As anticipated, the anodic
electrochemistry is characterized by the one-electron oxidation
of the ferrocene nucleus. This electrochemical process is fast in
simple ferrocene derivativés.In agreement with this, the first-
generation dendrimer (compourfjy exhibits a voltammetric
behavior described by a reasonably fast heterogeneous electron-
transfer rate constankd). However, thek® valueg quickly
decrease for the second- and third-generation dendrimers. This
observation agrees with qualitativebservations previously

(6) Kaifer, A. E. InTransition Metals in Supramolecular ChemistNATO

excess Behera’s amine and reduction of the nitro group to amine (see detailsASI Series; Fabbrizzi, L., Poggi, A., Eds.; Kluwer: Dordrecht, The Nether-

in the Supporting Information).
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wave potential data were obtained in dichloromethane solution
and are not directly comparable to Creager’s results. Nonetheless,
our data indicate that the generation of positive charge in the
ferrocene moiety is thermodynamically favored by the dendritic
structure.

Due to the well-known problems associated with electrochemi-
cal kinetic measurements using conventional size electfodes,
utilized platinum ultramicroelectrodes f4n radius) to determine
k° values for compoundkand2. The resulting currentpotential
graphs were analyzed by the method of Milkin and BArd,
yielding values of 0.2Qt 0.05 cm s? for 1 and 0.023+ 0.007
cm s for 2. Thesek® values are in reasonable agreement with
those reported in Table 1. Unfortunately, we could not obtain a
full set of electrochemical data with ultramicroelectrodes because
compounds3 and5 exhibited highly irreproducible behavior in
these experiments. Nonetheless, the analysis okthealues
' ' ' Lt ' measured with conventional size electrodes (Table 1) in terms of
the structural parameters characteristic of these dendrimers is of
considerable fundamental interest. In this regard, we must note
that the bisdendritic compounsl synthesized for comparison
purposes, exhibits slower heterogeneous electron-transfer kinetics
than its monodendritic analogug This finding reflects the
marked asymmetric character of monodendrdns3. These
compounds may approach the electrode surface either with the

Current (LA)

! . < . e dendritic side or with the ferrocene side facing the electrode. The
12 10 08 06 04 02 00 first type of approach may lead to slow heterogeneous electron
Potential (V) transfer, while the second should result in faster kinetics. By

contrast, “bisdendron3 is more symmetric, and when approach-
Figure 1. Representative cyclic voltammograms obtained with a glassy ing the electrode, its two dendritic regions set the minimum
carbon working electrode (0.0078 &nin solutions containing dendrimers  distance between the central ferrocene nucleus and the electrode
1-3(1 mM) and TBA'PFs~ (0.2 M) in CHCl>. Scan rates: 0.100, 0.500,  surface, resulting in comparatively slower kinetics.
and 1.00 V s. Compounds1—3 constitute a novel series of redox-active
dendrimers. The asymmetric and partially “buried” location of
the redox center in these rather large molecules is very similar to
that found in numerous redox proteifis.As such, compounds
1-3 may exhibit orientation-dependent rates of electron transfer,
a possibility which is currently under investigation in our
laboratory.

reported by several groups working with dendrimers containing
other electroactive core subunits. Both the apparent diffusion
coefficients Do) and the half-wave potential&{},) for ferrocene
oxidation also decrease with increasing molecular mass. While
the trend exhibited by th®, values is easy to rationalize, the
variation observed with the;, values is more surprising.
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hydrophobic environment hinders ferrocene oxidation. Our half-
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