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A new class of self-assembly multinuclear Pt(II) coordination
cages by a modular approach
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Abstract—The formation of three examples of a new class of self-assembly Pt(II) cage molecules of general formula [Ptm(ligand)n]-
(NO3)2m is achieved from Pt(II) and ligands. The compounds are observed in solution state and confirmed from the similarity of
their proton NMR behavior as compared with that of reported Pd(II) compounds of the formula [Pdm(ligand)n](NO3)2m.
� 2006 Elsevier Ltd. All rights reserved.
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Scheme 1. Ligands 1–3.
Self-assembly chemistry of cis-protected square planar
Pd(II) and a suitable ligand has been considerably
explored in order to obtain multinuclear cage com-
pounds.1 A typical procedure for such synthesis is the
combination of mononuclear cis-protected Pd(II), for
example, cis-Pd(en)(NO3)2 with the required amount
of appropriate non-chelating multi-dentate ligand under
suitable reaction conditions. The self-assembly so ob-
tained may be formulated as [{cis-Pd(en)}x(ligand)y]-
(NO3)2x. Similar ligands are frequently complexed with
mononuclear cis-protected Pt(II).2 Also, acyclic polynu-
clear Pt(II) compounds, where three out of the four sites
of each metal center is already complexed are combined
with multi-dentate ligands to obtain cyclic assemblies.2

In contrast, only recently have a few reports3,4 appeared
on the use of Pd(II) as a metal center to obtain supramol-
ecular structures having the formula [Pdm(ligand)n]-
(NO3)2m. We could not find any examples of
multinuclear complexes prepared simply from Pt(II)
and suitable ligands for the construction of architectures
having the formula [Ptm(ligand)n](NO3)2m. Therefore,
we chose a few reported compounds3 of general formula
[Pdm(ligand)n](NO3)2m and directed our efforts to obtain
related Pt(II)-containing assemblies using Pt(II) and the
ligand.

The ligands3 used in this study 1, 2, and 3 are shown in
Scheme 1 and the corresponding multinuclear Pt(II)
complexes 4a, 5a, and 6a observed in the solution state
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are depicted in Schemes 2–4. For the synthesis of the re-
ported multinuclear Pd(II) complexes,3 [Pdm(ligand)n]-
(NO3)2m, 4b, 5b, and 6b, heating a DMSO solution of
Pd(II) and the ligand at 90 �C for a few minutes was
sufficient to obtain the required assemblies. However,
heating Pt(II) and the ligand under the same conditions
did not give the related Pt(II) complexes, rather a mix-
ture of products was formed as was evident from the
1H NMR spectrum of the solution. Increasing the ionic
strength by the addition of NaNO3 increased the lability
of the Pt–N bonds and hence self-healing is possible to
form a single compound as has been shown in the syn-
thesis of some [{Pt(en)}x(ligand)y](NO3)2x compounds.5
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Scheme 3. The self-assembly obtained from ligand 2. M = Pt: 5a (this
work) M = Pd: 5b (Ref. 3).
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Scheme 4. The self-assembly obtained from ligand 3. M = Pt: 6a (this
work) M = Pd: 6b (Ref. 3).
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Scheme 2. The self-assembly obtained from ligand 1. M = Pt: 4a (this
work), M = Pd: 4b (Ref. 3).

Figure 1. Representative figure showing a comparison of the 1H NMR
spectra of the ligand 3, compound 6a (this work), and 6b (Ref. 3) in
DMSO-d6.

2868 D. K. Chand et al. / Tetrahedron Letters 47 (2006) 2867–2869
However, NaNO3 is not soluble in DMSO thus we used
a higher temperature and longer time for the complexa-
tion. It was observed that heating the mixture at 120 �C
for around 12 h were provided suitable conditions.6 The
1H NMR spectra of the Pt(II) complexes6,7 so obtained
matched closely with the corresponding spectra of the
reported Pd(II) complexes (Fig. 1). The calculated devi-
ation in the positions of the signals was not more than
0.05 ppm. Interestingly, compounds 4a and 6a were
formed quantitatively. However, in the case of 5a,
although we observed the title compound as the major
product some extra signals were also observed in the
spectrum. Since the assemblies 4a and 6a are formed
quantitatively it is logical to assume that the architec-
tures are probably thermodynamically more stable com-
pared to 5a. The incomplete formation of the required
assembly, 5a could also be due to kinetic problems.
A point to note here is when the participating metal cen-
ter, that is, Pd(II) or Pt(II), is not protected then control
of all four sites around each metal ion during complex-
ation is required unlike controlling two sites for cis-pro-
tected and only one site for triply protected Pt centers.
One main principle in metal driven self-assembly is the
self-healing of the wrongly formed architectures thus
giving rise to thermodynamically favorable compounds.
The healing is possible due to the dynamic nature of the
metal–ligand bonds. Since the Pt–N bonds are more in-
ert8 compared to Pd–N bonds, self-healing is supposed
to be comparatively difficult for Pt(II) compounds. Thus
it may be difficult to form all four bonds around each
Pt(II) in the correct manner. The dynamic nature of
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Scheme 5. Ligand 7 and the self-assembly obtained from the ligand.
M = Pt: 8a (this work) M = Pd: 8b (Ref. 9).
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the Pt–N bond could be a result of the polar solvent
DMSO and the higher temperature allowing formation
of the required [{Ptm(ligand)n](NO3)2m assembly.

Complexation of the monodentate ligand 4-phenylpyri-
dine, 7 was performed by combining the ligand with
Pt(II) at rt in DMSO to obtain the mononuclear com-
plex [Pt(L)4](NO3)2, 8a. The structures of 7 and 8a are
shown in Scheme 5. There is only one possible outcome
in this case and the complexation was almost complete
even at rt indicating the ease of Pt–N bond formation.
However, heating the mixture at 120 �C for 1 h provided
complete formation of the mononuclear compound. In
the case of multinuclear assembly formation the incor-
rectly formed Pt–N bonds need to be broken and there-
fore heating is required for a longer time. Thus, the
multinuclear Pt(II)-containing cage compounds 4a, 5a,
and 6a as detected in solution state could be prepared
successfully using the optimized reaction conditions.
Once all of the bonds are correctly formed and the
Pt(II)-based self-assembly is achieved, the compound
must be more robust than the analogous Pd(II) com-
pounds due to the inert nature of Pt–N bonds. What
is more important here is the power of the self-assembly
route to self-heal the mixture to finally give thermo-
dynamically stable compounds even in the case where
inert Pt–N bond breaking and making is required.
Remarkably, in compound 6a, as many as 24 Pt–N
bonds are fixed in the correct positions by suitable
control of the reaction parameters.

In conclusion, we have prepared a new class of com-
pounds possessing the general formula [Ptm(ligand)n]-
(NO3)2m.
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