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This communication describes design, self-assembly, crystal
structure determination, and self-selection properties of nanoscale
coordination cages formed by tetradentate deep-cavity cavitand
ligands and appropriate metal precursors. Precise control over the
formation and structure of nanoscale molecular architectures1 is
an essential prerequisite for the exploitation of these new method-
ologies in nanotechnology.2 In fact, the successful translation of a
given self-assembly procedure from solution to surfaces3 requires
a comprehensive understanding of all factors controlling it.4 In this
perspective, the formation of nanosize coordination cages on
surfaces is particularly appealing for single-molecule addressing.5

Cavitand-based coordination cages6 are receiving increasing atten-
tion because of the versatility of cavitand platforms in terms of
preorganization and synthetic modularity.

Our chosen strategy for enlarging coordination cages lies in
deepening the cavitand precursor via introduction of an appropriate
bridging group on the resorcinarene skeleton.7 Using this approach,
we have recently synthesized new picolyl-bridged cavitands,
preorganized for cage self-assembly (CSA) via coordination to Pd
or Pt metal precursors.8 Phenyl groups were chosen as spacers to
extend the cavity size,9 retaining at the same time the relative
orientation of the pyridine moieties and the rigidity of the cavitand
framework, both pivotal for CSA.

Deep-cavity cavitands10 2a,b were prepared by bridging the
corresponding resorcinarenes1a,b (see Supporting Information)
with 4-(R-R′-dibromo)tolylpyridine in the presence of K2CO3 as
base and DMA as solvent. The reaction gave only the oooo desired
isomer, with the four phenylpyridyl arms pointing outward from
the cavity, in good yield, without any experimental evidence of
the presence of other possible isomers having one or more
phenylpyridyl groups pointing into the cavity.

The typical procedure of cage formation is shown in Scheme 1:
by simply mixing2a or 2b with MLX 2 complexes in 1:2 ratio at
room temperature in solvents such as CH2Cl2, C2H2Cl4, and acetone,
cages3a-f were obtained in quantitative yields.11 All cages were
fully characterized by NMR and MS analyses. The following proton
resonances are diagnostic of CSA: the one belonging to the ortho
pyridine protons is always shifted downfield following complex-
ation, while the bridging protons are shifted upfield upon cage
formation.31P NMR exhibited a sharp singlet, with appropriate Pt
satellites for cages3a,cand3d, indicating that all the phosphorus
atoms are equivalent.19F NMR recorded a sharp singlet near-77
ppm for all cages, excluding permanent CF3SO3

- inclusion in
solution. Further evidence of the cage formation was given by
MALDI-TOF MS ([3a-X-]+ at 7006 uma) and by ESI-FTICR MS,
where the isotopically resolved signals [3d-3X-]3+ and [3d-4X-]4+

of cage3d are in agreement with the calculated isotopic distribution
patterns (see Supporting Information).

Nice crystals of cage3d were obtained by liquid diffusion of
ethanol in a CH2Cl2 solution of the cage.12 The crystal structure,
determined at 100 K using synchrotron radiation, revealed the
presence of cages with a pseudoD2h symmetry. These cages are
formed by four square-planar metal complexes in the equatorial
region, connecting the two cavitand ligands (Figure 1a). The
N(Py)-Pt-N(Py) bond angles (from 83.4° to 84.9°) and those of
P(dppp)-Pt-P(dppp) (from 90.8° to 92.6°) indicate a small
distortion in the coordination sphere at the Pt metal centers. All
triflates are positioned outside the cavity, near the four Pt centers:
four triflates positioned on the smaller lateral portals strongly
interact with the metals by the oxygen (distance O-Pt ≈ 3 Å),
while the other four, which are located on the larger lateral portals,
on the same side of the phenyl groups of the dppp, are away from
the metal center (distance O-Pt ≈ 4 Å) (Figure 1b). In the cavity
near the resorcinarene bowl of both cavitands, two molecules of
ethanol have been found (Figure 1a), and an unknown electronic
density, probably some disordered solvent molecules, has been
detected in the equatorial part of the cavity (not reported in Figure
1). From the crystal structure the dimensions of the lateral portals
and those of the internal cavity have been determined, respectively,
as 17.1× 17.6 Å and 22.9× 22.3 Å.

Computer simulations using GRASP13 estimated the internal
volume of the cavity in 1800 Å3, more than twice that of the picolyl-
bridged analogue cage5 (840 Å3).8

Reversibility of CSA in the presence of a competitive ligand
can be turned on/off by changing the metal. By adding 8 equiv of
NEt3 to a solution of Pd-cage3b and heating to 50°C, the free
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Scheme 1. Self-Assembly of Nanosize Coordination Cages 3a-f
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cavitand was obtained, while the corresponding Pt-cage3a was
stable under the same conditions.

A competition experiment has been performed to verify the self-
selection properties of CSA. For this experiment, we chose two
different cavitands: picolyl-bridged cavitand48 and tolylpyridyl-
bridged cavitand2b. After addition of a stoichiometric amount of
the metal precursor to an equimolar mixture of cavitand2b and its
picolyl-bridged analogue4, only the signals belonging to homocages
3f and5 were detected (Figure 2). The mismatch between the biting
angles of the two cavitand ligands leads to complete self-recognition
during the CSA process.

In summary, we reported design, self-assembly, and structural
characterization of nanoscale cavitand-based coordination cages.

The precise control of the CSA process over formation, dissolution,
and self-selection of these coordination cages opens new possibili-
ties for the generation and single-molecule addressing of such three-
dimensional architectures directly on surfaces.14
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Figure 1. Crystal structure of3d. (a) Side view. Two ethanol molecules are visible in the cavity. (b) Top view. The eight triflates are placed outside the
cavity, near the metal centers.

Figure 2. Self-recognition of cavitands2b and 4 (R′ ) CH2CH2Ph)
monitored by1H NMR. (a) Spectral window of cavitands2b and 4 in
acetone-d6. (b) Cages3f and5 as single products after addition of 2 equiv
of Pd(en)(CF3SO3)2.
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