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Introduction

Interlocked molecules are attractive for their non-trivial topology and their promising
potential in chemical sensor and nanotechnological applications.' Their synthesis is a challenge,
however, and requires imaginative templation methodologies, which exploit a combination of
electrostatic, Lewis acid-base and hydrogen-bonding (HB) interactions for component
assembly.”
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Figure 1. The molecular electrostatic potential, in Hartrees, at the 0.001 electrons Bohr™ isodensity surface of CF,X (where X = F, Cl, Brand I).’

Halogen bonding (XB) is the attractive, highly directional, non-covlant interaction between an
electron-deficient halogen atom and a Lewis base.” The scope of XB in solid-state crystal
engineering has been explored for sometime, but the exploitation of XB in solution-phase
molecular recognition processes, self-assembly and catalysis 1s still very much 1n its infancy-a

surprise given XB’s complementary analogy to ubiquitous HB.”

By incorporating a suitable neutral halogen-bond acceptor, such as pyridine,’ into a
macrocyclic framework, a single charge-assisted XB interaction can be exploited for
pseudorotaxane assembly and, importantly, in the synthesis of anovel interlocked catenane.’

Synthetic strategy
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Figure 2. Cartoon representation of the orthogonal halogen-bond-templated pseudorotaxane species (where X = Br or I,
The synthetic strategy employed is outlined in Figure 2. An acyclic positively charged XB-
donor threads through a halogen-bond-accepting, pyridine-containing macrocycle, forming
an orthogonal interpenetrated assembly that is stabilised by a charge-assisted XB interaction.
Macrocycle 1 contains electron-rich hydroquinone units to facilitate secondary aromatic
donor—acceptor interactions with an electron-poor pyridinium motit. Vinyl-appended bromo-
and 1odo-tunctionalised triazolium and pyridinium compounds were chosen as potential

threading components which, after successtul pseudorotaxane assembly with 1, could be used
ina RCM cyclisation to form the target catenane.

Pseudorotaxane assembly
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Figure 3. Structures of macrocycle 1 and threading components 2-6-BF, (where X = H, Br or I).
To establish evidence for interpenetrative assembly in solution and also determine the strength
of any association between XB-acceptor and potential XB-donor components, the
pseudorotaxane assembly between macrocycle 1 and threading components 2-6-BF, in CD,Cl,
was studied using 'H NMR spectroscopy. Addition of 3-BF,, 5-BF, and 6-BF, to macrocycle 1
induced uptield shifts in the macrocycle’s hydroquinone proton signal, consistent with the
formation of aromatic donor-acceptor interactions as the XB-donor species thread through
the macrocyclic ring (Figure 4). The Adppm values and the 1:1 association constants (Table 1)
reveal the most stable interpenetrative assembly is found with the iodopyridinium thread 6-BF,
with an association constant value double that with the bromopyridinium species 5-BF,. This
can be attributed to the greater halogen-bond-donor ability of the more polarisable iodine
substituent compared with bromine. Importantly, the pseudorotaxane assembly with the
protic pyridinium analogue 4-BF, is significantly weaker, thus highlighting the essential

contribution of the XB interaction in stabilising the overall pseudorotaxane assembly. Table 1
shows that although the iodotriazolium compound 3-BF, forms a measurable pseudorotaxane
association with macrocycle 1, the extremely small chemical shift perturbations noted in the
titration experiment with the bromotriazolium analogue 2-BF, suggest interpenetration is not
occurring. The reduced supplementary secondary aromatic donor—acceptor interactions of the
triazolium motif with the macrocycle’s hydroquinone grouns in comparison with pvridinium
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Table 1. Observed chemical shift perturbations (A8) of hydroquinone protons 6.66 :
and association constants, K, for macrocycle 1 with thread components 2- 0 2
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Figure 4. Titration curves for pseudorotaxane assembly between

macrocycle 1 and threadcomponents 3-BF,, 4-BF,, 5-BF, and 6-BF.,.

6'BF,. Estimated standard errors are given in parentheses. [a] After ten equiv.

[b]After five equiv. (CD,Cl,, 293 K).
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Synthesis of the target catenane

Encouraged by the favourable association between macrocycle 1 and 1odopyridinium thread
6-BF,, the synthesis of a novel [2]catenane using a Grubbs’-catalysed RCM clipping reaction
was undertaken (Scheme 1).

Macrocycle 1 and 1.1 equivalents of iodopyridinium thread component 6:BF, in anhydrous
CH,CI, solution were stirred at r.t. under N, in the presence of Grubbs’(II) catalyst (10% wt).
Following purification using repeated preparative thin layer chromatography the target
[2] catenane 7-BF, was isolated in 6.5% yield.

The synthesis of the related protic- and bromopyridinium-containing catenanes were also
attempted with threading components 4-BF, and 5-BF, using analogous Grubbs’-catalysed
RCM reaction conditions. Although no evidence of catenane formation was observed with
proticpyridinium thread 4-BF,, with the bromopyridinium thread 5-BF, a peak atm/z = 1213.4,
corresponding to the [2]catenane species, was detected by electrospray mass spectrometry. In
spite of numerous attempts, however, the catenane could not be isolated which suggests it is
produced in negligible yield.
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Scheme 1. Synthesis of novel, halogen-bond-templated catenane 7-BF,.

Characterisation of novel catenane 7-BF,
The 'H NMR spectrum of the

[2] catenane together with those for
the component macrocycle and vinyl-
appended precursor for comparison
are shown in Figure 5. The
disappearance of the vinylic multiplet
i and the convergence of multiplet A
into a pseudo-singlet in the catenane
spectrum are attributed to cyclisation
ot the acyclic precursor. Most
importantly, the upfield shift and
splitting of the macrocycle
hydroquinone protons f and g is
indicative of aromatic donor— _
acceptor interactions between
the electron-rich macrocycle
hydroquinone units and the electron-
poor pyridinium group. Thes® el s

downfield shift of pyridine protons a  Figure 5. 1H NMR spectra of a) pyridine macrocycle 1, b) halogen-bonded [2]catenane 7-BF,
an d b 1S CONS 1 stent Wl t h t h e ¢) iodopyridinium RCM precursor 6:BF, (300 MHz, CDCI3, 293 K).

withdrawal of electron density by the formation of the halogen bond. Finally, the uptield shitt ot
pyridinium proton signal f is a result of catenane inter-ring halogen-bond-formation between
the pyridine nitrogen and the 1odine substituent.

Conclusions

Through the design of a suitable XB-acceptor pyridine-containing macrocycle, we have
demonstrated the formation of pseudorotaxane assemblies with a series of XB-donor iodo-
functionalised triazolium, bromo- and iodo-functionalised pyridinium threading components,
which are stabilised by a charge-assisted XB interaction. The strength of the XB
interpenetrative assembly between the pyridine macrocycle and 10do-pyridinium thread was
exploited in the Grubbs’-catalysed RCM clipping synthesis of a novel [2]catenane. The crucial
importance ot the single charge-assisted XB interaction between the two components was
highlighted by the tact that no evidence of catenane formation was observed in an analogous
RCM reaction of the pyridine macrocycle with the corresponding protic-pyridinium reactant.
Hence we have illustrated that XB has real potential in templating the construction of
mechanically bonded molecular architectures.
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