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Diplatinum metalloreceptors anti-4a and anti-4b exhibit dynamic
behavior in solution that is modified by anion binding. An X-ray
crystal structure determination of anti-4a supports its proposed
solution structure.

The ligand-to-metal dative bond has been used extensively
to assemble well-defined and robust supramolecular struc-
tures.1 The assembly of predictable structures depends to a
large extent on the lability of the metal-ligand interaction,
in which “error-checking” in the assembly process leads to
the desired thermodynamic product.2 While rigid assemblies
are usually the most desired structures, more flexible
assemblies may favor the binding of guest molecules into
metalloreceptors, such as found for the induced-fit mecha-
nism of enzymes.3 This approach would favor weak interac-
tions for guest binding, such as hydrogen bonding,π-π
interactions, and hydrophobic/hydrophilic interactions. Met-
alloreceptors may bind substrate through their primary
coordination sphere (i.e., metal binding to substrate), their
secondary coordination sphere (i.e., ligand binding to
substrate), or a combination of both coordination spheres.
Binding only through the secondary coordination sphere has
been explored considerably less than the other modes.4

The metalloreceptors require organic ligands containing
three essential parts: metal-binding units, a rigid spacer, and
hydrogen-bonding groups (Figure 1a). The spacers hold the
metal-binding units apart such that intramolecular complex-
ation of one metal ion is not possible. When two or more

ligands are brought together by two metal ions, a pocket is
formed, complete with sites for hydrogen-bonding interac-
tions.5 For example, a large, closed structure may be
assembled by using metal ions with trans square-planar
coordination geometry (Figure 1b).

Herein we apply this strategy to the synthesis of a new
series ofdynamicdiplatinum metallomacrocycles and present
their NMR behavior and host-guest chemistry based on
interactions with the secondary coordination sphere of the
metalloreceptors.

The appropriate ligand framework is available in the
diamidopyridine motif of N,N′-bis(pyridin-3-yl)-2,6-pyri-
dinedicarboxamide (1), which is similar to a ligand (2) used
in anion6 and dicarboxamide7 receptors (Chart 1). The central
pyridinedicarboxamide motif in1 and2 has previously been* Author to whom correspondence should be addressed. E-mail: ghanan@

uwaterloo.ca.
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Figure 1. (a) Representation of organic ligand and (b) two ligands
assembled around two trans square-planar metal ions.

Chart 1. IsomericN,N′-Bis(pyridyl)-2,6-pyridinedicarboxamides1 and
2 and the Isophthalamide3
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shown to enforce inwardly directed amide N-H’s and to
bind H-bond acceptor groups.8 The 3-pyridyl motif of 1
should also allow an open cavity to be formed with cis
coordination to metal ions, suitable for facile entry of guest
molecules to the H-bonding donors on the pyridinedicar-
boxamide core. Recently, gold metallomacrocycles of3 have
been shown to possess interesting structural features; how-
ever, no host-guest chemistry was reported.9

The treatment ofcis-PtCl2(PR3)2 complexes (R) Et, n-Bu)
with 2 equiv of AgPF6 followed by 1 equiv of1 gave the
platinum macrocyclescis-Pt2(1)2(PR3)4

4+ (R ) Et (anti-4a),
Bu (anti-4b)) as their PF6 salts in 79% and 82% yield,
respectively (Chart 2).10 The diphosphino platinum moieties
may have syn or anti orientations in the complexes, in which
the isomers differ only by a rotation about the amido-N to
3-pyridyl-C bond (Chart 2).

At 298 K in DMSO-d6, the1H, 31P, and13C NMR spectra
of the complexes clearly indicate the formation of a single
symmetric species, showing typical shifts due to metal
complexation for the proton resonances of1. However,
distinguishing between syn or anti was not possible based
on 1H NMR in DMSO-d6 and ES-MS studies, even though
the latter confirmed the assembly of a 2+ 2 (two ligands
and two metal ions) metalloreceptor.

Three experiments were undertaken in order to assign the
complexes as syn or anti. First, a series of1H NMR spectra
were recorded in CD3CN over the range 238-298 K. As
the temperature was lowered from 298 to 250 K, the
resonances showed significant broadening along with the
gradual appearance of two new sets of resonances. Below
250 K, the two new sets of resonances become increasingly
distinct and are sharp and distinguishable by 238 K,
indicating that a dynamic process is occurring on the NMR
time scale.11 The behavior observed in the1H NMR spectra

is consistent with the platinum metal centers exchanging
between two different orientations (Figure 2).

Second, a line shape analysis of the temperature depen-
dence of the1H spectra of complexes4 in CD3CN was
performed to determine the energy barrier to the rotation of
the outer pyridine rings.12 From these calculations, the energy
barrier was found to be 29.1( 3.8 and 28.4( 3.9 kJ/mol
for anti-4a and anti-4b, respectively. The relatively low
energy barrier for the interconversion of the Pt centers
suggests that no bond breaking and forming occurs during
this process. The robust nature of the metal-ligand bonds
in the diplatinum metalloreceptors differs from recently
published results for tripalladium metalloreceptors, in which
an equilibrium of species exists.13

Third, the ROESY spectra of the metallomacrocycles were
measured in CD2Cl2 at 233 K, and they show NOE signals
between the proton resonances N-Ha and H-4a, and between
N-Hb and H-2b (Figure 3). The signals are consistent with
either of the structures shown in Figure 2. The absence of
NOE signals between the amide protons and H-3a′ and H-3b′
supports the arrangement of the pyridinedicarboxamide motif
as that depicted in Figure 2.8 Upon warming to room
temperature, the 131H NMR resonances collapse back to
seven, consistent with the macrocycle alternating between
the two orientations rapidly on the NMR time-scale.

The final confirmation of the bonding geometry at each
Pt center came from the X-ray crystal structure ofanti-4a.14
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Chart 2. Two Possible Isomers in the Synthesis of
Metallomacrocyclescis-Pt2(1)2(PR3)4

4+: syn-4 andanti-4a

a Syn or anti with respect to the Pt(PR3)2 moieties.

Figure 2. The proposed dynamic behavior of the metallomacrocycles.
Two PR3 ligands and one ligand1 have been omitted for clarity.

Figure 3. The ROESY spectrum of macrocycleanti-4b in CD2Cl2 at
233 K.
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Thus,anti-4a is clearly not symmetric in the solid state, and
the assignment of the anti conformation is verified. The
coordination planes of the platinum metal centers are at 74°
relative to one another, leaving the binding pocket half-open.
A PF6

- anion occupies the central cavity, although31P{1H}
NMR indicates only one PF6- environment, suggesting
relatively weak binding in solution.15

The Pt-N bond lengths vary from 2.071(8) to 2.110(8)
Å, whereas the Pt-P bond lengths vary slightly less, from
2.256(3) to 2.283(3) Å. The (pyridine)N-Pt-N(pyridine)
angles (Pt1) 81.7°, Pt2 ) 82.3°) are similar, although
somewhat different angles are found for the Et3P-Pt-PEt3
environment (Pt1) 98.84°, Pt2) 95.82°). The shortest NH-
to-F contacts are 3.100 Å (N18-F32) and 3.071 Å (N7-
F32) with the PF6 lying closer to Pt2 (F31-Pt2) 3.292 Å)
than Pt1 (F34-Pt1) 4.963 Å). Both of the ligands1 found
in anti-4a show deviations from planarity of the outer
pyridine rings relative to the central pyridinedicarboxamide;
however, their internal bond lengths and bond angles are as
expected for pyridine rings. Thus, the X-ray crystal structure
of anti-4a is consistent with the NMR data obtained in CD3-
CN, clearly demonstrating two distinct environments for the
Pt centers.

The treatment ofanti-4a and anti-4b with (n-Bu)4NBF4

in CD3CN led to strong BF4 binding as compared to a
recently described metalloreceptor (Figure 5).16,17 More
importantly, the binding of BF4 also alters the dynamic
behavior of the metalloreceptors. In Figure 5, the point of
inflection for anion binding occurs near 1 equiv of anion
added per 4 equiv of PF6 present in the complexes. A Job
plot verified the 1:1 anion-to-metalloreceptor stoichiometry.
This tapers off as the number of equivalents reaches a 1:1
mixture of BF4 and PF6 anions (4 equiv of guest).

The difference in BF4 binding constants is related to the
difference in the size of the phosphine R groups. Then-butyl
phosphines inanti-4b are more sterically encumbering than
the ethyl phosphines inanti-4a (cf., Figure 4), which affects
anion access to the metalloreceptor core. The fact that
relatively strong anion binding persists suggests that access
to the metalloreceptor core is not fully blocked and that
electrostatic interaction between the host and guest is the
driving force for binding.18

The variable temperature1H NMR spectra ofanti-4a and
anti-4b in CD3CN in the presence of an equimolar amount
of PF6 and BF4 show a dramatic change in the energy barrier
for the “flipping” motion of the external pyridines. The new
values, 50.2( 0.8 and 44.7( 1.0 kJ/mol foranti-4a and
anti-4b, respectively, clearly indicate that guest binding has
altered the dynamic behavior of the macrocycles to different
extents for PEt3 (anti-4a) vs P(n-Bu)3 (anti-4b). This suggests
that fine control of the dynamic behavior of metalloreceptors
may be possible.

We are currently exploring the dynamic behavior of the
Pt metalloreceptors in the presence of other anions with the
aim of using these metalloreceptors as hosts for neutral
organic guests.
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Figure 4. The single-crystal X-ray structure of metallomacrocycleanti-
4a [cis-Pt2(1)2(PEt3)4][PF6]4 with Pt, P, and N labeled. Three PF6 anions
and the solvent of crystallization have been omitted for clarity. One PF6

anion is bound in the central pocket.

Figure 5. Plot of ∆δ in ppm for the NH protons of metallomacrocycles
anti-4aandanti-4b upon treatment with (n-Bu)4NBF4 in CD3CN at 298 K:
(9) anti-4a; (4) anti-4b.
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