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Abstract: Two molecular spacers which cofacially dispose terpy-
ridyl-palladium(II)-acetonitrile units separated by ~7 Å are de-
scribed. The spacers are polyaromatic molecules, one spacer is fully
aromatic whereas the other has two symmetrically disposed reduced
aromatic rings. Addition of the linker, 4,4’-dipyridyl, to solutions of
these spacer-chelator complexes leads to the rapid and quantitative
formation of supramolecular rectangles. It is found that the reduced
rectangle forms a 4:1 adduct with 9-methylanthracene whereas the
oxidized rectangle forms a 5:1 adduct with 9-methylanthracene.
The possible reasons for this high level of agglomeration and the
difference in adduct formation for the two systems are discussed.
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Unlike their purely organic analogues, supramolecular
systems assembled by metal-ligand bonds present a num-
ber of advantages which are not readily available in or-
ganic molecules. Among these are the variety of valence
directionalities that metals can possess, the number of
available stable oxidation states and the ability to vary the
charge of the supramolecular assembly. The most useful
characteristic of metal complexes, however, is that in
many cases metal-ligands bonds are (thermodynamically)
stable but (kinetically) labile. This contrasts with organic
systems where the bonds are both stable and non-labile.
Consequently, the assembly of organic supramolecular
structures is usually kinetically controlled whereas metal
based analogues form under thermodynamic control.
Thus, with inorganic systems, it is possible to encode in
the structures of the kinetically stable ligands the informa-
tion necessary for thermodynamic assembly of particular
supramolecular structures. Although the principles of
ligand encoding are at an early state of development, some
remarkable successes have been reported.

Three basic approaches have been adopted in the synthe-
sis of metal-based supramolecular structures. The sim-
plest of these involves the mixing of a metal salt with a
ligand of a particular structure to form an extended crystal
structure.1 The product that is formed is controlled by the
metal, the counter ion, the ligand and by the solubility of
the product. Consequently, in most cases the method suf-
fers from a lack of predictability. Another approach is the
formation of complexes with oligo-bidentate or tridentate
ligands. This method is usually predictable and has led to
the isolation of molecular helicates and grids.2 Perhaps the
most successful approach is that of Fujita3 who used
square planar complexes with two labile cis coordination
sites. By the use of a variety of linking ligands, it was pos-

sible to isolate a variety of large structures which incarcer-
ated one or more guest molecules.

Our approach resembles some of these strategies but em-
bodies distinct elements which are illustrated by the spac-
er-chelator palladium(II) complexes, 1 and 2.4 The
cofacial terpyridyl-Pd-L (terpy-Pd-L) units are separated
by ~7 Å, a separation sufficient to incarcerate an aromatic
molecule5 or square planar complex.6 The 3,5-di-tert-bu-
tyl-phenyl group was incorporated to provide solubility.
Ligand, L, can be an anionic ligand or a neutral leaving
ligand such as acetonitrile. When L = Cl, the PF6

- salts of
2 are very insoluble, those of 1 are soluble in aprotic sol-
vents such as acetonitrile. Both 1 and 2 PF6

- salts of the ac-
etonitrile complexes are soluble.
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When either 1 or 2 (L = acetonitrile) are mixed with the
linear linker, 4,4’-dipyridyl, 3, in acetonitrile solutions at
25 ºC, the corresponding molecular rectangles, 4 and 5 are
formed within a few minutes and can be isolated in quan-
titative yield.7 This rapid self-assembly of 4 and 5 con-
trasts with their rates of assembly of the Fujita systems
which, for palladium, can take hours to reach equilibrium
although their rates may depend on the rates of dissolution
of insoluble ligands. Presumably, in the cases of 4 and 5
the assembly rate is promoted by having fewer elements
to combine and by the predisposed rigidity of the spacer-
chelator complexes.

The molecular rectangles, 4 and 5, were examined for
their ability to act as receptors for various guests. We re-
port here the results obtained for the guest, 9-methylan-
thracene (9-MA). All of the guest-host associations were
performed in deuterated acetonitrile solutions at 23 ºC.
The “mole-ratio” method8 for stoichiometry determina-
tion was used by observing the variations in 1H NMR
chemical shifts for certain protons of both the guest and
host. Where significant chemical shifts were observed for
either guest or host, plots of the change in chemical shift
(Dd) for either the guest or host versus mole ratio gave
consistent results. Examples for such plots for 4 and 5 are
shown in Figures 1 and 2 where it will be noted that the
receptor, 4, associates with four 9-MA molecules where-
as, 5, forms a 5:1 adduct. Guest-host association is sig-
naled by a color change from yellow to red. Figure 3
shows the absorption spectra of the guest, hosts and those
of the association complexes. It is clear that a new or mod-
ified existing electronic absorption band at around 20,000
cm-1 appears for the adducts.
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Figure 1 1H NMR determination of the stoichiometry of the ad-
ducts formed by 4 with 9-MA. The plot refers to the protons Ha as
indicated on 4.
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Figure 2 1H NMR determination of the stoichiometry of the ad-
ducts formed by 5 with 9-MA. This plot refers to the protons Hb as
indicated on 5.
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Although it was not possible to estimate the association
constants with any degree of accuracy because of the
complexity of fitting four or five stability constants, it is
remarkable that 4 and 5 form such high aggregates in di-
lute solution (~10-3 M). An indication of the nature of
these adducts may be inferred from a crystal structure of
the 9-MA adduct of [1 (L = Cl)]2+ which was recently de-
termined.4 The receptor [1 (L = Cl)]2+ crystallizes with
two 9-MA molecules and in acetonitrile solutions it also
associates with two 9-MA molecules. The crystal struc-
ture of [1 (L = Cl)]2+·2(9-MA) is shown in Figure 4 where
it will be noted that one 9-MA molecule resides in the mo-
lecular cleft whereas the other lies outside the cleft. In the
extended crystal, however, this latter 9-MA is cofacially
associated (p-stacked) with the outside face of a terpy-Pd-
Cl unit belonging to a neighboring molecule. Whereas it
would be expected that, in solution, the outside 9-MA
molecule would have a much greater dissociation constant
than the one in the cleft, experiment indicates that the in-
side 9-MA is only twice as stable as the outside-stacked 9-
MA. These observations permit us to suggest a structure
for the 5:1 complex formed by 9-MA and 5. We propose
that the 9-MA association with 5 consists of two 9-MA
molecules within the two molecular clefts and that two
9-MA molecules are associated with the outer faces of the
terpy-Pd-units of the molecular rectangle. Since the four
outer terpy-Pd-faces of 5 are equivalent, it is possible that
the 9-MA molecules engage in fluxional exchange be-
tween the sites. The 1H NMR spectra indicate that the as-
sociation complex is symmetrical on an 1H NMR time
scale. The fifth associated 9-MA molecule could also oc-
cupy one of the outer faces of a terpy-Pd-unit or, more
likely, it could be incarcerated between the coparallel
4,4’-dipyridyl linkers of 5.

Although the molecular rectangles, 4 and 5, appear to be
very similar, the 4:1 association of 4 indicates that associ-
ation is controlled by subtle effects. The two reduced rings
of 1 can exist in chiral conformation (d and l) and, conse-

quently, 1 can exist in racemic (d,d or l,l) or meso (d,l)
forms. The crystal structure (Figure 4) shows that the mol-
ecule is in the racemic conformation. In solution, 1H NMR
spectroscopy shows a single set of proton signals indicat-
ing that either the racemic and meso forms interconvert
rapidly or that one form exists exclusively. When the mo-
lecular rectangle, 4, is formed, these conformations can, in
principle, generate additional isomers. The four energeti-
cally distinct forms are: Ad, Bd, Cd, Dd (and the enanti-
omer); Ad, Bd, Cl, Dl; Ad, Bl, Cd, Dl; Ad, Bl, Cl, Dd
(see 4). The 1H NMR spectrum of 4 shows one set of sig-
nals which may represent one single form or rapidly inter-
converting isomers. These conformational isomers of the
two spacers in 4 cause the whole supramolecule to adopt
conformations which follow those of the spacer. It is prob-
able that these overall conformations influence the recep-
tor capacity of 4. We suppose that the 9-MA adducts of 4
involve two 9-MA molecules in the two molecular clefts
with the other two molecules stacking on the outer faces
of the terpy-Pd-units. It is possible that, as a result of the
twisting of the molecular rectangle, a 9-MA molecule
cannot be incorporated between the two 4,4’-dipyridyl
linkers as was proposed for the more rigid molecular rect-
angle, 5.

Figure 4 An illustration of the extended structure of [1
(L = Cl)]2+·2(9-MA). The box is the unit cell, 9-MA molecules of the
stack are shown as space-filling models and the terpy-Pd-Cl units are
shown as stick models, as are all other molecules not involved in this
stack. Palladium atoms in the stack are shown as spheres.

The guest-host results for 4 and 5 are unusual. Whereas
the incarceration of 9-MA in the molecular clefts may not
occasion surprise, the possibility of association of 9-MA
with the outer faces of terpy-Pd-L units is unexpected. It
is generally assumed that p-stacking occurs because of ex-
cited state exciton coupling mixing with the ground states9

and these attractive forces undoubtedly operate in the
present cases. Because 4 and 5 are highly charged, in-
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Figure 3 Absorption spectra for (a) 9-MA, (50.0 mM), (b) 4, (2.24
mM), (c) a solution of 4 (2.24 mM) and 9-MA (105 mM), (d) 5 (2.43
mM), and (e) a solution of 5 (2.43 mM) and 9-MA (104 mM).
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duced dipoles may also be an important factor contribut-
ing to the stability of the adducts. It may be that induced
dipole contributions are decisive in providing stability to
9-MA association with the outer faces of the terpy-Pd-L
units. Thus, the present work provides evidence for guest-
host associations which have not been commonly invoked
and which may have an impact on the way association is
interpreted.
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