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Interlocked structurédssuch as catenanes and rotaxanes have
attracted considerable attention due not only to their unusual
structures but also to their potential applications as nanoscale
molecular devices and new materials. Here, we define a
molecular necklace (MN) as a cyclic oligorotaxane in which a
number of small rings are threaded onto a large ring. It differs
from [n]catenanes where rings are mechanically interlocked with o ) o ]
each other one-by-one in a linear fashion. A minimal molecular ~ Stirring a 1:1:1 mixture of cucurbituril 1),° N,N-bis(4-
necklace ([4]MN) consists of three small rings threaded onto a Pyridylmethyl)-1,4-diaminobutane dihydronitrat) @nd Pt(en)-
large ring? In an elegant synthesis of [3]catenanes, Sauvage (NOs). (en= ethylenediamine)J) in refluxing water for 24 h
observed unexpected formation of a mixturerdMN (n = 4—7), followed by addition of ethanol into the concentrated solution
some of which were isolated and characterized by electrosprayProducest (Scheme 1) in 90% yieltf. Figure 1 shows evolution
mass spectrometd# We recently reportéda simple one-step of 'H NMR spectra of the reaction mixture qurlng the formation
approach to construct 1D and 2D polyrotaxane coordination Of 4. As the reaction proceeds the initial singlet peak (marked
polymers. It involves threading a molecular “bead” with a With #) for ethylenediamine attached to Pt decreases while two
“string” to form a pseudorotaxane followed by linking the new singlet peaks (marked wihand *) grow downfield (Figure
pseudorotaxanes with metal ions. Combining this strategy with 1¢). The further-downfield-shifted single peak (*) slowly replaces
that for molecular squares developed by Fiitdtang’ and the two other peaks (Figure 1d). A similar evolution of the peaks
others? we have now constructed molecular necklaces. Here, corresponding to the pyridyl protons are observed. Upon comple-
we report the one-pot, quantitative self-assembly of the minimal tion of _the reaction, the spectrum of the reaction mixture becomes
molecular necklace [4]JMN from nine species including three Very simple (Figure le), which suggests the quantitative self-

molecular “beads”, three “strings”, and three “angle connectors”. assembly of a single supermolecule with a highly symmetric
structure. The electrospray mass spectrum and elemental analysis
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*University of Birmingham. The structure oft was confirmed by X-ray crysta!lograpﬁy
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* Figure 3. Space-filling representation of the molecular neckkdsitrate
ions and water molecules are omitted for clarity. The-Pt separation
T T T T T T
5 4 3 2 1 0

is 19.476(1) A. Color codes: carbon (molecular triangle), gray; carbon

T T T T T
ppm 9 8 7 6

(cucurbituril “bead”), dark gray; nitrogen, blue; oxygen, red; platinum,
Figure 1. Evolution of *H NMR (300 MHz, D;O) spectra during the green.
formation of4: (a) Pt(en)(NQ@) (3), (b) pseudorotaxane formed from is occupied by a Pt(en) moiety and each side by a sigmoidal-
and2, (c) a few minutes after the reaction df 2, and3 in refluxing shaped moleculg, which links the two Pt moieties by coordina-
H20, (d) after 6 h, and (e) after 24 h. tion at its terminal pyridyl groups. The PiPt separation is

19.476(1) A. The three cucurbituril moleculesdrare arranged
in such a way that no vacant space exists inside the molecular
triangle. The pyridyl unit is parallel to a glycoluril unit of
cucurbituril with a mean distance of 3.48 A. A close contact
between a cucurbituril oxygen and an equator carbon of the
Reighboring cucurbituril is observed: O(8C(13) = 2.975(10)

13

In conclusion, we have shown a one-step, quantitative self-
assembly of the molecular necklace [4]MN from nine molecular
species. Such a highly efficient synthesis of a topologically
intriguing supermolecule may provide insights into construction
Figure 2. Asymmetric unit of4. Nitrate ions and water molecules are  Of nanoscale particles with well-defined structures and functions.
omitted for clarity. N(17) and C(33) are disordered over two sites. Selected It appears from the crystal structure that the hydrophobic
bond distances (A) and angles (deg):—Ri(13) 2.029(12), P+N(16) interactions between the three cucurbituril rings may assist in the
2.025(10), PEN(17) 2.142(15), PtN(18) 2.060(13), N(13)}Pt—N(16) efficient formation of the necklace. By varying the length and
89.3(4), N(17)-Pt—N(18) 84.3(6). Hydrogen bonding interactions (A):  shape of the molecular “string” and the “angle connectors”, we
N(14)--O(3) = N(14)--O(3), 2.853(8); N(14)-O(4), 2.856(13); should be able to construct a variety of molecular necklaces with
N(15)---O(5), 2.869(12); N(15)-O(6) = N(15)---O(6), 2.795(7). different sizes, shapes, and numbers of molecular “beads”.
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