Hybrid organic—inorganic, hexa-arm dendrimers based on an M ogClg core
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Dendrons with focal phenoxide groups were shown to
substitute for triflate or methoxide ligands around an
MosClg core to form molecules of the form Mog(us-
CDg(OR)s where R = dendrons with zero to two hyper-
branches, respectively; these molecules represent a new type
of metal cluster core dendrimer with six arms and high
symmetry.

Metals and inorganic clusters have served several roles in the
construction of dendrimer structures.® These include acting as
the linking elements, the peripheral elements and as the core
element of dendrimers. When used as cores, metals and
inorganic clusters have several documented functions.r They
can be used as reporters of the interior environment of these
molecules by virtue of their luminescent, electrochemical or
magnetic properties. They can take advantage of the micro-
environment of the dendrimer in catalysis applications. Moreo-
ver, they can utilize the dendrimer to control €electron trans-
fer.2s

To these ends and others, avariety of metal and metal cluster
core dendrimers have been prepared. These include dendrimers
with porphyrin,48 iron—sulfur,2 metal tris-bipyridine® and
octasi|sesquioxanelo1l cores. All of these syntheses rely on
either a core that is tolerant of organic coupling reactions or a
core that can undergo some type of ligand exchange to
substitute dendritic ligands for smaller ligands. The ligand
exchange route to dendrimers can be particularly attractive. In
the iron-sulfur core dendrimers discussed above, ligand
exchange of a bulky aliphatic thiol for a focally substituted
aromatic thiol dendron resulted in virtually quantitative synthe-
sis of molecules with molecular weights of up to 22 kD.2

Here we report that ligand exchange reactions around a metal
cluster core of the form MogClg can be employed to form
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Scheme 1 Preparation of focally-substituted phenol dendrons. Sequence is
shown for the preparation of L1. Preparation of L2 is performed in an
identical fashion. Reagents and conditions: i, HOCsH,OMOM (1 equiv.),
K2COj3 (6 equiv.), 18-crown-6 (0.2 equiv.), dry acetone, reflux 60 h; ii,
MeOH-THF-HCI, reflux overnight.

molecules of the form Mog(u3-Cl)g(OR)s (R = dendrons with
0-2 hyperbranches), respectively. These six arm, pseudo-
octahedral core dendrimers represent one of the first examples
of thistype.12 The replacement of both methoxy by other alkoxy
ligands!3-16 and of triflate by other alkoxy or carboxy
ligands!7:18 at the corner positions of these clusters have been
reported. Here, the use of such reactionsin the synthesis of new
hybrid organic—inorganic macromolecules is illustrated.

The first and second generation ligands (L 1 and L 2) used to
prepare the six-arm dendrimers were prepared by reacting the
previously reported!® focally substituted dendron mesylates
(mesylate = OSO,CH3) with mono-methoxymethyl hydro-
quinone followed by deprotection of the methoxymethyl group
(Scheme 1). Molecules GO, G1 and G2 (named corresponding
to the generation of dendrimer they represent) were prepared by
ligand exchange with either triflate-capped [nBusN]o[Moe-
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Scheme 2 Preparation of dendrimers. Reagents and conditions for
[NBusN]>Gx (x = 0, 1, 2): 10 equiv. Lx (x = 0, 1 2), excessKH, THF, r.t.,
N2, 30 min then [NBusN]>M06Clg(OSO,CF3)s, THF, r.t., N, overnight, ppt
KOSO,CF3, washing with toluene, filter and ppt product washed with Et,0.
Reagents and conditions for Na,Gx (x = 0, 1, 2): 10 equiv. Lx (x = 0, 1,
2), NapMoeClg(OMe)s, MeOH-toluene or MeOH-1,2-dichlorobenzene,
80-90 °C, overnight, N, Et,0 ppt.
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Fig. 1 Series of IH NMR spectra illustrating the distinct shifts in the
resonances of the focal aromatic ring protons upon deprotonation and
attachment to the cluster. Rapid exchange was ruled out by adding excess
ligand and observing two distinct sets of peaks.

Clg(OSO,CF3)e) 17 or methoxy-capped Na[MosClg(OMe)g] 20
clusters (Scheme 2).

Deprotonation and subsequent reaction of a slight excess of
ligand with the triflate-capped cluster resulted in complete
exchange in the case of the [nBuyN].GO and [nBusN],G1
molecules.2! This series of reactionsis nicely illustrated by the
series of IH NMR spectra shown in Fig. 1. Complete
precipitation of potassium triflate coproduct was found to be
essential asthis reaction was determined to be reversible. NMR
samples of pure G1 in THF-d® were found to undergo ligand
loss when afew equivalents of potassium triflate were added to
this solution. Moreover, only partial exchange was observed
when L 2 was employed as evidenced by broad tH NMR signals
of the multiple, overlapping, partially substituted species. These
two latter features limited the utility of this reaction in our
hands.

Using a modification of conditions reported in the lit-
erature,13-16.22 regction of the ligands LO, L1 and L2 with
Nax[MogClg(OCH3)g] resulted in complete exchange for al
molecules prepared. In the case of Na,G0, a 98% yield of an
analytically pure product was obtained, and crystal s suitable for
X-ray structure determination were obtained (Fig. 2).23 Bond
lengths and angles similar to those reported for related MogClg-
core structures were found (e.g. Mo-Cl 2.48-2.50 A, Mo-O
2.04-2.09 A).13.1624

Fig. 2 The molecular structure of Na,GO.
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Dendrimers were characterized by NMR and mass spectrom-
etry (MS). We found electrospray M S to be most convenient as
astrong parent ion signal could be obtained. The charge on the
clustersaswell as perhapstheir hydrophobicity25 were probably
beneficia factors in the success of these characterization
experiments.

In conclusion, it has been shown that high-symmetry metal
cluster cores can be used in the preparation of hybrid organic—
inorganic dendrimers. In the case of an MogClg core, the choice
of ligand exchange reaction was found to be important to the
success of making higher molecular weight dendrimers.
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