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ABSTRACT

The simple combination of two angular tritopic pyridine donor linkers (109° bond angle) with three ditopic platinum acceptors (90° bond
angle) leads to essentially quantitative formation of self-assembled M3L2 trigonal-bipyramidal (TBP) supramolecular species.

Metal-directed supramolecular self-assembly is a rapidly
growing field, and recent years have witnessed enormous
research activity in this area.1 This methodology has allowed
the preparation of structurally well-defined grids, honey-
combs, and cages.1 Among these, cages have attracted much
attention as a result of their important properties such as
molecular recognition, inclusion phenomena, and catalysis.2

In metal-directed self-assembly, the simple combination
of tritopic linkers with∼90° linkers in a 2:3 ratio is known
to give either “double squares” or M3L2 cage molecules

depending upon the size, bond angles, and rigidity of the
building blocks.3-7 For example, treatment of therigid tris-
4-pyridylmethane (tritopic 109° linker) with metal containing
∼90° acceptor linkers is known to give a double-square.3

Likewise, a variety of flexible tritopic linkers with metal
complexes of Pd,4,5 Zn,6 and Ag7 resulted in the formation
of M3L2 cages. However, there is no report on the preparation
of M3L2 cages using tritopic 109° linkers. Herein, we report
the synthesis of a new tritopic linker1 and the preparation
of unique platinum containing trigonal bipyramidal (TBP)
structure3 via self-assembly.

The tritopic pyridine linker1 was prepared as shown in
Scheme 1. The tribromoadamantane8 4 was treated with vinyl
bromide and AlCl3, followed by reaction with KOBut in
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DMSO to give the triethynyladamantane5 (54%).9 This
species was then coupled with bromopyridine in the presence
of Pd(0)/CuI catalysts to provide the required tritopic pyridine
linker 1.

A trigonal bipyramidal framework3 can be prepared via
edge-directed assembly from 2 equiv of tritopic 109° angular
units and 3 equiv of ditopic 90° angular units such as cis-
Pt(PMe3)2(OTf)2 (2a), cis-Pt(dppe)(OTf)2 (2b), and cis-Pt-
(dppp)(OTf)2 (2c),10 but as mentioned previously, there is
the possibility of forming double squares and/or TBPs when
reacting tritopic linkers and 90° ditopic linkers in a 2:3 ratio,
as shown in Scheme 2. However, the double square and TBP

can be distinguished using NMR spectroscopy. In double
squares two inequivalent pyridyl moieties are present in a
2:1 ratio, resulting in the appearance of four doublets for
the pyridine signals in the proton spectra.3 Likewise, for
double squares a doublet appears in the31P NMR due to the
presence of two inequivalent phosphorus nuclei in a 2:1 ratio.

The self-assembly was carried out by the slow addition
of an acetone solution of the ditopic tecton2a to an acetone
solution of tritopic linker 1 at 25 °C. This combination
resulted in the immediate, quantitative formation of a single,
highly symmetrical entity3a (Scheme 3). Two additional

ensembles (3b and 3c) were assembled using the ditopic
linkerscis-Pt(dppe)(OTf)2 2b and cis-Pt(dppp)(OTf)2 2cwith
the pyridine linker1 via a procedure similar to that followed
for 3a (Scheme 3). The31P NMR spectrum of these
assemblies exhibited a singlet indicating the formation of a
single, highly symmetrical species (Figure 1). Moreover, two

doublets appeared for the pyridyl protons in the1H NMR
spectra, and theR-pyridyl protons exhibit a downfield shift
(0.2-0.6 ppm) due to the loss of electron density upon
coordination (Figure 1). The multinuclear NMR and physical
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Scheme 1. Preparation of Tritopic Linker1

Scheme 2. Self-Assembly of TBP and/or Double Square

Scheme 3. Self-Assembly of Trigonal Bipyramidal Species3

Figure 1. 31P NMR and1H NMR of 3a.
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data of each assembly are consistent with the design-based
TBP structure.

Further proof of the TBP structure is obtained using mass
spectrometry. Electrospray ionization mass spectrometry
(ESI/MS) was used to identify the respective compositions
of 3a, 3b, and3c. In the mass spectrum of3b and3c, the
2+ species resulting from the loss of two triflates, with a
mass-to-charge ratio (m/z) of 1625.3 for3b (calcd 1626.04)
and 1648.2 for3c (calcd 1648.04), were observed. Com-
pound 3a was analyzed using ESI/MS after exchanging
two of the triflate anions with cobalticarborane anions
(-B18C4CoH22). In the mass spectrum of this compound, a
peak attributable to the loss of two triflate anions [M- 2OTf]

{m/z1432.2 (calcd 1430.14)}and a peak due to the loss of
two cobalticarborane anions with anm/z ratio of 1257.7
(calcd 1256.39) were observed.

A molecular model obtained using MM2 force field
simulation to visualize the size and shape of the three-
dimensional cage3a is presented in Figure 2.11 The diameter
of the inner cavity of the cage is about 2.7 nm.

Apart from the size, bond angles, and flexibility of linkers,
thermodynamics is an important factor in determining the
size of macrocycles, and it has been concluded that small
cycles or cages are favored over larger ones for entropic
reasons.12 This may likely account for the essentially
exclusive formation of the smaller TBP cages, instead of
the larger double squares in these experiments.
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Figure 2. Force field simulation of TBP3a.

Org. Lett., Vol. 3, No. 20, 2001 3143


