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The synthesis of polygonal structures via coordination-driven
self-assembly processes has witnessed tremendous growth in the
past decade.1 Although numerous metallocycles of triangular and
square topologies have been reported,2 larger molecular polygons
are much more difficult to obtain because of their entropic
disadvantage.1 We recently reported efficient self-assembly of chiral
metallocycles ranging from triangle to octagon by taking advantage
of kinetic inertness of the Pt-alkynyl linkage.3 This method is,
however, not amenable to the synthesis of even larger molecular
polygons. Herein we wish to report expeditious stepwise directed-
assembly of chiral metallocycles containing as many as 47 metal
centers by cyclization of metal- and ligand-terminated oligomers
under kinetic control. These unprecedented mesoscopic molecular
polygons are built from 2,2′-diacetoxy-1,1′-binaphthyl-3,3′-bis-
(ethyne) (L -H2) bridging ligand andtrans-Pt(PEt3)2 ([Pt]) metal
connector, and they exhibit interesting size-exclusion behavior.

The requisite metal- and ligand-terminated oligomers were
synthesized via an iterative process as shown in Scheme 1.4 For
example, treatment ofL [Pt]2Cl2 with 0.25 equiv ofL -H2 at room
temperature (r.t.) yielded metal-terminated oligomersLm[Pt]m+1-
Cl2 in 85% overall yield, and each of them was purified by column
chromatography (m ) 3, 57%; m ) 5, 22%; andm ) 7, 6%).5

Reaction ofL7[Pt]8Cl2 and 0.25 equiv ofL -H2 at r.t. led to even
longerLm[Pt]m+1Cl2 oligomers (m ) 15, 48% andm ) 23, 23%).
Ligand-terminated oligomers [Pt]nLn+1H2 (n ) 1, 3, 5, 7, 10, 15,
and 23) were similarly obtained by using excessL-H2 in the iterative
assembly processes.6 These open metal- and ligand-terminated
oligomers have been characterized by1H{31P}, 13C{1H}, and
31P{1H} NMR spectroscopy, MALDI-TOF MS, IR, UV-vis, and
circular dichroism (CD) spectroscopies, elemental analysis, and size-
exclusion chromatography (SEC). The length ofLm[Pt]m+1Cl2 can
be determined on the basis of the1H methylene multiplet intensity
ratio between the internal (∼2.15 ppm) and terminal (∼2.05 ppm)
Pt(PEt3)2 groups as well as the31P{1H} intensity ratio between the
internal (∼13.3 ppm) and terminal (∼16.6 ppm) PEt3 groups. The
length of [Pt]nLn+1H2 can be similarly determined by the1H
intensity ratio for the diagnostic 4,4′-protons of the binaphthyl units
as well as the terminal alkyne protons. MALDI-TOF mass spectra
showed the presence of molecular ion peaks for all the metal-
terminated oligomers and ligand-terminated oligomers.

Treatment of metal-terminatedLm[Pt]m+1Cl2 with 1 equiv of
ligand-terminated [Pt]nLn+1H2 in the presence of CuCl catalyst at
r.t. afforded cyclic species in very high total yields (Scheme 2).
For example, by treating equimolarL [Pt]2Cl2 and [Pt]L2H2,
molecular triangle (25%), hexagon (45%), and nonagon (15%) were
efficiently assembled (with an overall yield of 85%). These chiral
metallocycles were unambiguously characterized by MALDI-TOF
MS and resulted from the [1+ 1], [2 + 2], and [3+ 3] cyclization
processes, respectively.7 Metallocycles of much larger size have
been synthesized by this process (Scheme 2). The largest metal-
locycle contains 47 [Pt] and 47L units with a molecular weight of
39 847.5 Da. Molecular mechanics simulations indicated that the

internal cavities of these molecular polygons range from 0.9 to 22
nm.

The chiral molecular polygons have been characterized by
1H{31P}, 13C{1H}, and31P{1H} NMR spectroscopy, microanalysis,
IR, UV-vis, and CD spectroscopies. In contrast to their open
oligomeric starting materials, the NMR data of these chiral
molecular polygons indicate a single ligand environment, suggesting
the formation of cyclic species ofDn symmetry. As expected, the
terminal CtC-H stretches ofL -H2 at∼3300 cm-1 disappear upon
the formation of metallocycles. We have observed molecular ion
peaks for all the metallocycles reported here in their MALDI-TOF
mass spectra.

Scheme 1

Scheme 2
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The electronic spectrum ofL-H2 shows two naphthylπ f π*
transitions at∼245 nm and three weak acetylenicπ f π*
transitions at∼290 nm. Upon the formation of open oligomers and
metallocycles, a new peak at∼220 nm appeared, assignable to the
trans-Pt(PEt3)2 moiety. The acetylenicπ f π* transitions red-shift
and split into four peaks at∼303, 318, 332, and 350 nm, a result
of mixing of Pt p-orbitals into the acetylenicπ f π* bands.8 For
[Pt]nLn+1H2, there is still aπ f π* transition peak at∼245 nm
due to the terminal naphthyl acetylene units. As expected, the
extinction coefficients increase as the length of the open oligomers
and the size of the metallocycles increase because of the presence
of more trans-Pt(PEt3)2 andL building units (Figure 1).

The open oligomers and metallocycles exhibit bisignate naphthyl
π f π* bands at∼260 and∼277 nm and acetylenicπ f π* signals
at ∼335 and∼352 nm. A new minor band also appears at∼226
nm for the metallocycles, which is assigned to the chiral arrange-
ment of PEt3 groups. The CD signals increase steadily as the size
of the metallocycle increases, consistent with an increasing number
of trans-Pt(PEt3)2 andL building units.

The mesoscopic nature of large polygons presents a significant
challenge for their characterization. The identity of metal- and
ligand-terminated oligomers has been unambiguously established
on the basis of NMR data, microanalysis results, and MALDI-TOF
MS. Although NMR and IR spectroscopic data and microanalysis
results cannot differentiate metallocycles of different sizes, the
presence of molecular ion peaks in the MALDI-TOF mass spectra
of all the metallocycles unambiguously establishes their ring sizes.
Furthermore, control experiments showed that a metal- or ligand-
terminated open oligomer alone does not fragment under the
conditions used for metallocycle synthesis; the metallocycles can
thus only result from [1+ 1], [2 + 2], and [3+ 3] cyclization
processes.6 This fact has enabled us to confirm the sizes of the
metallocycles using SEC retention times. As shown in Figure 2,
the plots of log(Mp) vs retention time can be linearly fitted for open
oligomers and metallocycles. This linear dependence of log(Mp)
on retention time indirectly proves the sizes of metallocycles. The

metal- and ligand-terminated oligomers fall essentially on the same
line that matches well with that of polystyrene (PS) standards, thus
confirming their formulation based on the spectroscopic data and
microanalysis results. The lines for open oligomers have slightly
larger slopes than that of PS standards, suggesting that open
oligomers adopt more rigid structures than PS.9 The metallocycles
on the other hand fall on a different line (with a larger slope) than
the PS standard. On the basis of the SEC results, the metallocycles
appear to have more compact and rigid structures than PS.

In summary, we have developed a facile approach toward
nanoscopic and mesoscopic chiral molecular polygons. Such
molecular polygons can be used as interesting building blocks for
the construction of larger functional structures that cannot be
accessed from a top-down approach.
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Figure 1. UV-vis (top) and CD (bottom) spectra of chiral metallocycles
in an acetonitrile/dichloromethane mixture.

Figure 2. A plot of log(Mp) vs retention time for open oligomers and
metallocycles in CH2Cl2.
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