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Subphthalocyanines1 (SubPcs) are 14π-electron aromatic mac-
rocycles, combining threeN-fused diiminoisoindole units around
a boron atom (Figure 1, compounds1-3). Their curve-shaped
structure,2 their synthetic versatility,1-3 and their attractive physical
properties4 make them ideal building blocks for the construction
of functional homodimeric capsules. On the other hand, theC3V

symmetry of the SubPc core can be modified in accordance with
the substitution pattern on the diiminoisoindole subunits. Thus, for
example, SubPcs1-3 (Figure 1) haveC3 symmetry and are
inherently chiral; they possess two [M] and [P] enantiomers5 that
have the potential for chiral recognition in aC3 environment.6 In
this sense, the formation of a SubPc molecular capsule may be
accompanied by a self-recognition7 or a self-discrimination8 event
that occurs when a given enantiomer within a racemic mixture
specifically recognizes itself or its opposite, respectively. Very few
examples of self-discrimination have been described thus far and
to the best of our knowledge only one dealt with the partial self-
discrimination in the formation of a cyclotriveratrilene-based cage
compound.9

Since metal-pyridine coordination10 has proved to be an
excellent tool in self-assembly, we designed the SubPc-based
tritopic receptor3 (Figure 1) that combines both the preorganization
of the rigid SubPc skeleton and three symmetrically located
3-pyridyl units. The only element of flexibility of the system resides
in the torsional angle at the junction between the SubPc core and
the pyridine ring.

In this communication we describe the synthesis and character-
ization of SubPc3 and its dimerization into a heterochiralC3h

symmetric M3L2 cage11 in the presence of a stoichiometric amount
of (en)Pd(NO3)2.

Axially substituted SubPc2 was obtained in 80% yield by
reacting 3,5-di-tert-butylphenol with theC3 isomer of SubPc15a

in toluene at reflux for 16 h. Stille cross-coupling reaction between
dibutyl-3-pyridyl stannane12 and2 gave SubPc3 in 42% yield. Cage
compound4‚6NO3 was obtained by mixing at room temperature
for 30 min 3 and 1.5 equiv of (en)Pd(NO3)2 in a 1:1:1 mixture of
water, methanol. and acetonitrile. The complex was isolated in 91%
yield as its hexafluorophosphate salt by adding a 10-fold excess of
NH4PF6 to the reaction mixture.

The formation of the cage compound was supported by ESI-
MS which showed prominent peaks for [4‚4PF6]2+, [4‚3PF6]3+,
[4‚2PF6]4+, [4‚PF6]5+, [4]6+ at m/z ) 1371.3, 865.6, 613.0, 461.5,
and 360.3, respectively.

The UV-vis spectra of precursor3 and cage4‚6PF6 are virtually
identical (λmax ) 574 nm) showing that the formation of the
complex does not modify significantly the electronic structure of
the subphthalocyanine.

The 1H NMR spectrum of4‚6PF6 in CD3CN revealed (Figure
2) a very symmetrical environment in which all six arms of the
two SubPcs are magnetically equivalent. This well-resolved and
highly symmetrical spectrum is consistent with an achiralC3h

symmetric compound and rules out the formation of a larger M6L4

complex. The assignment of the signals for3 and 4‚6PF6 was
achieved on the basis of COSY experiments. Signals corresponding
to the protons attached to the pyridine fragments (Ha-d) all undergo
downfield shifts (ranging from 0.16 to 0.35 ppm) with respect to
SubPc3, as a consequence of the Pd-N dative bond formation.
On the other hand, the signals corresponding to the protons attached
to the SubPc framework (He-g) experience upshield fields (ranging
from -0.08 to-0.21 ppm), with respect to SubPc3, most probably
as a consequence of the change in the torsional angle between the
3-pyridyl moiety and the adjacent SubPc aromatic unit as com-
plexation occurs. Integrations of the signals corresponding to both
the SubPc and the 1,2-ethanediamine moieties of the M3L2 complex
are in perfect accordance with a 2 to 3ratio, respectively. A NOESY
experiment13 performed at 25°C in CD3COCD3 of 4‚6PF6

confirmed the structure of the complex since strong cross-peaks
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Figure 1. Subphthalocyanine1 (X ) Cl, R ) I), SubPc2 (X ) 3,5-di-
tert-butylphenoxy, R) I), SubPc3 (X ) 3,5-di-tert-butylphenoxy, R)
3-pyridyl), cage compound4‚6PF6 (same as3 with M ) Pd(en)).

Figure 2. Portions of the1H NMR (500 MHz, 25°C) spectra in CD3CN
of SubPc3 (top) and cage compound4‚6PF6 (bottom).
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were observed between the 3-pyridyl protons Ha and Hb and the
ethanediamine protons Hh (Figure 2).

The homotopicities of (i) the methylene protons Hi belonging to
the 1,2-ethanediamine ligands in4‚6PF6, that appear as a singlet at
3.06 ppm, and (ii) the amine protons (Hh) that give rise to a neat
AB system upon irradiation of the methylene protons (Hi) are
consistent with an achiral environment.8 These results further
confirmed that self-assembly of the cage takes place in a self-
discriminatory manner between opposite enantiomers and yield a
C3h entity.

On the basis of the geometric restraints imposed by the Pd square
planar coordination and theC3h symmetry of4‚6PF6, the only two
conceivable 3-pyridyl spatial arrangements within the complex are
A andB schematically depicted in Figure 3. Hence,4‚6PF6 could
potentially exist in solution as a mixture of 4 isomersAAA , AAB ,
ABB, and BBB. A situation in which all four isomers would
exchange quickly on the NMR time scale is not likely since the
A T B exchange requires clearly a high amount of energy.
Moreover, the high symmetry of the1H NMR spectrum of4‚6PF6

rules out the presence in solution ofAAB and ABB and also
indicates thatAAA does not coexist withBBB.

NOESY experiments in CD3COCD3 at 25 °C revealed4‚6PF6

to adopt theAAA conformation (Figures 3 and 4). Indeed, cross-
peaks between protons Ha and He and protons Hd and Hf are
significantly stronger than those originated from protons Ha and
Hf and protons Hd and He. These results were confirmed by
monodimensional nOe experiments at 258 and 278 K by irradiating
protons Ha, Hd, He, and Hf individually. The origin of this strong
selectivity toward theAAA isomer is currently being investigated.

In conclusion, we have synthesized and fully characterized the
first subphthalocyanine-based cage compound. We showed the cage
to beC3h symmetric as a consequence of chiral self-discrimination
during its assembly. We point out that SubPcs, nonplanar aromatic
compounds possessing interesting physical properties, may also be

considered as chiralC3 supramolecular building blocks that can be
easily functionalized in both their peripheral (R in Figure 1) and
axial (X in Figure 1) positions.
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Figure 3. Schematical representation of the two possible arrangements of
two Pd-coordinated 3-pyridyl subunits within4‚6PF6.

Figure 4. Top (right) and side (left) views of theAAA isomer of4‚6PF6

(generated by MM2 minimization). 3,5-Di-tert-butylphenoxy axial groups
were removed for clarity in the top view.
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