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The self-assembly of supramolecular macrocyclic architectures
has attracted intense interest in the past decade. Such polygonal
structures can be readily synthesized via recognition-driven self-
assembly of complementary subunits.1 With the use of rigid, highly
directional multibranched ligands to bind to coordinatively unsatur-
ated metal complexes, numerous metallocycles with triangular and
square shapes have been rationally synthesized.2 Larger polygonal
structures are, however, more scarce, as a direct consequence of
their entropic disadvantage. While a few molecular hexagons are
known,3 only one example of each is known for molecular
pentagon,4 heptagon,5 and octagon.6 We wish to report here the
one-pot self-assembly of chiral molecular polygons ranging from
triangle to octagon and their purifications by simple column
chromatography.

We have recently become interested in the construction of
functional chiral metallocycles by using rigid atropisomeric bridging
ligands and appropriate metal connectors as the building blocks,
with the hope of generating well-defined enzyme-like chiral pockets
or functionalities. Our recent work indicated that chiral molecular
triangles and squares could be readily synthesized and used for
chiral sensing and asymmetric catalysis.7 While chiral dinuclear
metallocyclophanes were synthesized in high yields when [cis-
(PEt3)2PtCl2] was reacted with enantiopure 6,6′-bis(alkynyl)-1,1′-
binaphthalene),8 we have unexpectedly discovered that chiral
molecular polygons ranging from triangle to octagon were obtained
when [trans-(PEt3)2PtCl2] was used as the metal connecting points.9

Treatment of 2,2′-diacetyl-1,1′-binaphthyl-6,6′-bis(ethyne),L-H2,
with 1 equiv of trans-Pt(PEt3)2Cl2 in the presence of catalytic
amounts of CuCl in CH2Cl2 and HNEt2 at room temperature
afforded a mixture of different sizes of chiral metallocycles [trans-
(PEt3)2Pt(L )]n (n ) 3-8, 1-6). Each of the chiral molecular
polygons1-6 was purified by silica gel column chromatography,
and analytically pure1-6 was obtained in 5%, 18%, 16%, 10%,
5%, and 4% yield, respectively (Scheme 1).10 Compounds1-6 have
been characterized by1H, 13C{1H}, and31P{1H} NMR spectroscopy,
FAB and MALDI-TOF MS, IR, UV-vis, and circular dichroism
(CD) spectroscopies, and microanalysis.

1H and13C{1H} NMR spectra of1-6 indicated a single ligand
environment, consistent with the formation of cyclic species. As
shown in Figure 1, compounds1-6 exhibit very similar1H NMR
spectra with the exception of two doublets around 7 ppm that are
assigned to H7 and H8 on the naphthyl ring. The chemical shifts
of H7 and H8 are sensitive to the dihedral angle between the
naphthyl groups because of the influence of the ring current from
the adjacent naphthyl group. The downfield shifts of the H7 and
H8 signals observed among1-4 indicate that the dihedral angle
increases on going from1 to 4. In contrast, no downfield shifts
were observed for the larger cycles4-6, suggesting that they exhibit
adequate flexibility for the naphthyl groups to adopt similar dihedral
angles. Downfield shifts were also observed for the C7 and C8
resonances of1-4 in their 13C{1H} NMR spectra.31P{1H} NMR
spectra of1-6 all exhibit a single peak at∼12.5 ppm with a set of

195Pt satellites (JPt-P ≈ 2366 Hz). FAB and MALDI-TOF MS
spectra exhibit characteristic peaks due to molecular ions for1-6,11

thus confirming their polygonal structures of approximateDn

Scheme 1

Figure 1. 1H NMR spectra of1-6 in CDCl3. Only the aromatic regions
are shown.
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symmetry. As expected, the terminal acetylenic C-H stretches of
L -H2 at ∼3280 cm-1 disappeared upon the formation of1-6. The
IR spectra of1-6 exhibit expected CtC stretches at∼2090 cm-1.
Numerous attempts have thus far failed to produce X-ray diffraction-
quality single crystals of1-6. Simulated structures using Molecular
Mechanics indicated that1-6 possess open cavities of 1.4-4.3
nm in size (Figure 2).

The electronic spectrum ofL -H2 shows two peaks at 236 and
250 nm due to the naphthylπ f π* transitions and a weak peak
at 288 nm assignable to the acetylenicπ f π* transition. Upon
the formation of metallocycles1-6, a new intense peak at∼225
nm appeared, which can be assigned to thetrans-Pt(PEt3)2 moiety
(Figure 3). The acetylenicπ f π* transitions have significantly

red-shifted and split into two peaks at 335 and 360 nm, a result of
mixing of Pt p-orbitals into the acetylenicπ f π* bands.12 It is

also interesting to note that the extinction coefficients increase as
the size of the polygons increases, consistent with the presence of
moretrans-Pt(PEt3)2 andL building units in larger metallocycles.

CD spectra of1-6 exhibit a bisignate band at∼260 nm due to
the naphthylπ f π* transitions and an intense band at∼360 nm
assignable to the acetylenicπ f π* transitions, along with a strong
band at∼225 nm which can be attributed to the chiral arrangement
of the PEt3 groups on the Pt centers (Figure 4). Consistent with an
increased number oftrans-Pt(PEt3)2 andL building units, the CD
signals also increase steadily as the size of the metallocycle
increases.

We believe that limited conformational flexibility of the bridging
ligand is key to the facile one-pot self-assembly of chiral molecular
polygons 1-6. This work represents a rare example in which
multiple products can be readily isolated from a coordination-
directed self-assembly process. Tunable cavities and chiral func-
tionalities presented by these molecular polygons promise to make
them excellent receptors for a variety of guests.

Acknowledgment. We thank NSF (CHE-0208930) for financial
support. W.L. is an A. P. Sloan Fellow, a Beckman Young
Investigator, a Cottrell Scholar of Research Corp., and a Camille
Dreyfus Teacher-Scholar.

Supporting Information Available: Experimental procedures,
analytical data, and four figures (PDF). This material is available free
of charge via the Internet at http://pubs.acs.org.

References

(1) Lehn, J.-M. Supramolecular Chemistry, Concepts and PerspectiVes;
VCH: New York, 1995.

(2) (a) Stang, P. J.; Olenyuk, B.Acc. Chem. Res.1997, 30, 502. (b) Leininger,
S.; Olenyuk, B.; Stang, P. J.Chem. ReV. 2000, 100, 853. (c) Fujita, M.
Chem. Soc. ReV. 1998, 27, 417. (d) Dinolfo, P. H.; Hupp, J. T.Chem.
Mater. 2001, 13, 3113. (e) Holliday, B. J.; Mirkin, C. A.Angew. Chem.,
Int. Ed. 2001, 40, 2022. (f) Onitsuka, K.; Yamamoto, S.; Takahashi, S.
Angew. Chem. Int. Ed.1999, 38, 174.

(3) (a) Hasenknopf, B.; Lehn, J.-M.; Boumediene, N.; Dupont-Gervais, A.;
van Dorsselaer, A.; Kneisel, B.; Fenske, D.J. Am. Chem. Soc.1997, 119,
10956. (b) Saalfrank, R. W.; Bernt, I.; Uller, E.; Hampel, F.Angew. Chem.,
Int. Ed. Engl.1997, 36, 2482. (c) Stang, P. J.; Persky, N.; Manna, J.J.
Am. Chem. Soc.1997, 119, 4777. (d) Lai, S. W.; Cheung, K. K.; Chan,
M. C.; Che, C. M.Angew. Chem., Int. Ed.1998, 37, 182. (e) Mamula,
O.; von Zelewsky, A.; Bernardinelli, G.Angew. Chem., Int. Ed.1998,
37, 289. (f) Newkome, G. R.; Cho, T. J.; Moorefield, C. N.; Baker, G.
R.; Cush, R.; Russo, P. S.Angew. Chem., Int. Ed.1999, 38, 3717. (g)
Matsumoto, N.; Motoda, Y.; Matsuo, T.; Nakashima, T.; Re, N.; Dahan,
F.; Tuchagues, J.-P.Inorg. Chem.1999, 38, 1165. (h) Ali, M. M.;
MacDonnell, F. A.J. Am. Chem. Soc. 2000, 122, 11527.

(4) Hasenknopf, B.; Lehn, J.-M.; Baum, G.; Kneisel, B. O.; Fenske, D.Angew.
Chem., Int. Ed. Engl. 1996, 35, 1838.

(5) Grossmann, B.; Heinze, J.; Herdtweck, E.; Ko¨hler, F. H.; Nöth, H.;
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Figure 2. Stick and space-filling presentations of the energy-minimized
structure of (S)-6.

Figure 3. UV-vis spectra of1-6 in acetonitrile. 0.8% of CH2Cl2 (v/v)
was added to the solution of4-6 to enhance the solubility.

Figure 4. CD spectra of1-6 in acetonitrile. 0.8% of CH2Cl2 (v/v) was
added to the solution of4-6 to enhance the solubility.
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