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Abstract

Novel organosilicon dendrimers peripherally functionalized with aromatic rings, Si[(CH,);Si(CH;),C¢H;]l, (G1Ph,) and
Sil(CH,),Si(CH ;){(CH,);Si(CH ;),C¢Hs), s (G2Ph)), have been constructed employing a divergent synthetic approach. The m-coordi-
nating ability of these surface located arene rings towards transition metals has allowed the synthesis of a new family of organometallic
dendritic macromolecules 1-3, containing n%-coordinated C(CO), moieties at the periphery of organosilicon dendritic cores.

Keywords: Chromium; Silicon; Organometallic dendrimers

‘The design, synthesis and characterization of highly
branched dendritic macromolecules, is an area of re-
search which is undergoing dramatic growth [1]. The
incorporation of organometallic moieties into dendritic
structures [2,3], represents a challenge of growing inter-
est since it provides new valuable opportunities to mod-
ify the unusual properties of dendrimers, as well as for
tailoring a rich variety of nanostructured organometallic
macromolecules of desired nuclearity, possessing new
topologies, and exhibiting attractive electrical, optical,
magnetic and catalytic properties. Remarkably, dendritic
macromolecules containing a controlled number of re-
dox-active organometallic centers are good candidates
to play a key role in a number of applications such as in
multi-electron redox catalysis, photoinduced electron-
transfers, and molecular electronic devices.

As part of our ongoing studies on silicon-containing
organometallic compounds [4], we recently synthesized
a new class of ferrocenyl silicon dendrimers [5}, and we
have demonstrated the feasibility of modifying electrode
surfaces with these redox active organometallic den-
dritic macromolecules [6). In our quest of new ap-
proaches to the organometallic modification of den-
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drimers, we have now explored pathways thai allow the
efficient m-coordination of transition metals to terminal
arene ligands on organosilicon dendrimers. Thus, we
report here our preliminary results on the synthesis and
characterization of a novel family of silicon-based den-
dritic structures, in which peripheral aromatic rings are
m-complexed to chromium tricarbonyl moieties.

The key silicon-based dendrimers functionalized at
the periphery with aromatic rings, required for this
study were G1Ph, and G2Ph,, which were prepared
following a divergent approach which starts with tetraal-
lylsilane (GO) as four-directional, tetrahedral center of
branching [7] (see Scheme 1). The procedure follows
approximately the valuable methodology developed by
Seyferth et al. [8], Zhou and Roovers [9] and van der
Made and van Leeuwen [10], for the synthesis of
organosilicon dendrimers, and involves hydrosilylations
(with C4H,SiMe, H as terminal unit, and/or Ci,SiMeH
as two-directional branching unit), and allylation (with
MgBrCH,CH=CH,) as the growing steps. The struc-
tures of the novel phenyl functionalized dendrimers
were confirmed by elemental analysis, and by 'H, C,
and ®Si NMR and IR spectroscopy. The 'H NMR
spectra for G1Ph, and G2Ph, showed in both cases the
resonances for the methyl and methylene protons with
chemical shifts in the comesponding regions of the
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spectrum, together with the characteristic resonances of
the phenyl rings, in the expected integrated ratio (see
for example Fig. 1A). The 2Si NMR spectra display

clearly separated signals for the different types of sili- WO )
con atoms in the molecules, which can be easily as- " 2 o "'-_ f""\ e
signed on the basis of the chemical shifts and the peak . ol om %
intensities. Thus, the outermost silicon atoms attached e o« G - oc,\:‘o“
to the pheny! rings resonate at —3.52 (for G1Ph,) and EAW 1
~3.72 ppm (for G2Ph,) upfield of the central Si l 2
atoms, and also of the third different silicon atom in Cr(CO)g (xc) CriCOlg (1 oq) |
G2Ph,; which appear near 1.2 ppm. 8,0/ 1.3 [WYE Y
Our first synthetic approach for incorporating
Cr(CO), moieties into organosilicon dendritic cores in-
volved thermal replacement of CO from chromium ericontane) | amormea
hexacarbonyl by the phenyl-terminated G1Ph, and '
G2Ph, (Scheme 2. Thus, treatnicr: of G1Ph, with an o
excess of CH(CO), in Bu,0/THi 19/1) 1t 140°C, O
affords the tetranuciear dendrimer 1, which was isolated oc ? Vo S8
as moderately air-stable yellow crystals {11}, Similarly, ocaY, Mo Simwbe (
by using 1 equiv. of Cr(CO);, the mononuclear macro- c§ @I\_ “'/' ““"“.@
molecule 2 was also prepared. This thermal synthetic N S X
procedure has also been attempted to obtain the next @-:\ J’I ¥ W
higher genzration, but the complete functionalization of P 20 S
the eight phenyl-terminated dendrimer arms of G2Ph, o~9i%uy
with C«(CO), units did not succeed. Instead, from the
reaction of C(Co), with G2Ph, the tetranuclear den- e~ 3
drimer 3 was isolated as the major reaction product [12]. o
The failure in obtaining the octachromium macro- Scheme 2.
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molecule was presumably caused by the more forcing
reaction conditions (considerably longer reaction peri-
ods with elevated temperatures) required for the incor-
poration of high loadings of Cr(CO); units from
Cr(C0),, which can produce noticeable decomposition.
In order to obtain the desired macromolecule with eight
n®-coordinated C(CO), moieties, and on the basis of
our previous experiences, work is currently in progress
aimed to overcome these problems by reacting reactive
derivatives such as (MeCN);Cr(CO), and (n°-
C H,Li)Cr(CO),, or even better (n°-C¢H;SiMe,H)Cr-
(CO),, and (n®-C¢H,SiMe,CH=CH,)C(CO), [13],
with the appropriatc dendrimers with terminal Si-Ph,
Si-Cl, Si-allyl and Si-H functional groups, under
milder reaction conditions.

The structures of the novel organometzllic den-
drimers 1-3 were straightforwardly established on the
basis of elemental analysis, IR and multinuclear ('H,
B, Si) NMR spectroscopy and mass spectrometry.
Evidence for the n®-coordination of the Cr(CO); moi-
eties included the presence of the two typical ¥(C=0)
strong bands near 1970 and 1880 cm™' in the IR
spectra, and resonances at ca, 8§ 233 ppm due to the
carbony! carbon atoms in the '*C NMR spectra (see Fig.
IE and 1F). Specifically, in the 'H NMR spectrum of 1|
(Fig. 1C) the complete n°-coordination of the C{CO),
moieties to the four phenyl rings in the dendritic silicon
core was confirmed by the total absence of resonances
in the range 7.37=7.55 ppm, in which the arene ligand
resonances uf the noncoordinated organosilicon den-
drimer are observed (see Fig. 1A). As a consequence of
the withdrawal of the m-electrons from the arene rings
by the C{CO), moleties, the aromatic proions on the
complexed dendrimer resonate at a significantly higher
field, in the region from 5.6 to 5.1 ppm. The symmetric
structure of 1 was also unequivocally confirmed by the
BC NMR spectrum (Fig. 1F), which displays exclu-
sively the resonances expected for the different carbon
aloms, with the characteristic upfield shifts of ca. 30
ppm in the resonances of the coordinated arene carbon
nuclei relative to the uncoordinated aromatics in den-
drimer G1Ph, (Fig. 1D). Likewise, the '"H NMR spectra
of 2 (Fig. 1B) and 3 have been particularly useful to
verify the loading of Cr(CO), units on the dendrimers.
Thus, the integration ratio of the protons in the com-
plexed arene ring and those of the uncomplexed aryl
moieties in both organometallic dendrimers are in
agreement with the proposed mono and tetrametallic
structures. The FAB mass spectrum of 1 shows peaks
which term from species formed by successive loss of
carbon monoxide ligands and Cr{CO), moieties.

Attempts to isolate dendrimers 1 and 3 in a crys-
talline form suitable for X-ray structural determination
have so far been unsuccessful. Nevertheless, using com-
puter-generated molecular (CAChe™) we have mea-
sured approximate diameters of 2 and 3 nm for these

first and second generation organometallic dendrimers,
respectively.

The electrochemical behavior of the tetra- and
mononuclear dendrimers 1 and 2 was studied by cyclic
voltammetry and differential pulse voltammetry, in a
nonnucleophilic medium, CH,Cl,/0.1 M Bu,NPF
[14]. Both dendrimers exhibit a first chemically re-
versible oxidation wave (E, ,, = +0.78 and +0.80 mV
vs. SCE, respectively), which formally corresponds to
the oxidation of the zero valent chromium centers to the
chromium(I) oxidation state in the peripheral (n°-
C4H,)CK(CO); units. Evaluation of the number of elec-
trons transferred in the processes was effected from the
intensity of the cyclic voliammetric waves [15), which
indicates that for dendrimer 1, the oxidation wave corre-
sponds to the transfer oi four electrons, at the same
potential, resulting the cationic dendritic species [1*]
which is stable in the cyclic voitammetric time scale.
Likewise, in the tetrametallic 1, the tricarbonylchro-
mium moieties are essentially noninteracting redox cen-
ters. At more positive potentials a second irreversible
process is also observed. Furthermore, when the oxida-
tion was effected in the presence of tertiary phosphite
nucleophiles, the cationic species [1**] undergoes rapid
CO substitution, which has also been studied by spec-
troelectrochemical (IR and EPR) techniques.

Remarkably, we anticipate that the ability for transi-
tion metal wr-complexation exhibited by the peripheral
aromatic rings of the novel silicon-based dendrimers
G1Ph,, and G2Ph, should have a large scope, since it
provides an enhanced variability for the designed con-
struction of novel families of dendritic macromolecules
with different organotransition metal moieties.
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