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Abstract: A benzyl substituted 4-pyrrolidinopyridinium salt (G) with multiple active sites including 

benzyl, pyridinium and pyrrole groups has been synthesized. The interaction between G and a series 

of cucurbit[n]urils (TMeQ[6], Q[7], Q[8], Q[10]), has been studied both in aqueous solution and in 

the solid state. The binding interaction site between G and the Q[n] can be controlled by the different 

size of the cavity of the Q[n]s. In the case of TMeQ[6], the benzyl is accommodated within the cavity, 

whilst for Q[7] and Q[8], the pyrrole ring and the benzyl are accommodated within the cavity of the 

Q[7/8], and the latter can shuttle on the guest G in a state of dynamic equilibrium. For the larger 

cavity of Q[10], the entire G molecule is located within the cavity of the Q[10]. 
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1. Introduction 

Host–guest complexation or molecular recognition has gained increasing attention in recent 

years.[1–13] Cucurbit[n]urils (Q[n]),[14–19] are an intriguing class of macrocyclic host, and exhibit 

exceptional molecular recognition properties due to their high binding affinities and tuneable 

association and dissociation properties. Indeed, different cucurbit[n]uril-based supramolecular 

switches, polymers and nanoparticles, as well as other supramolecular systems with fascinating 

properties and applications have been developed.[20–26] In our group, we have been studying the 

host-guest behaviour of Q[n]s towards a variety of pyridinium salts, and high binding constants have 

been observed.[27, 28] In particular, we have investigated the nature of the host-guest complex between 

Q[6] and N-butyl-4-pyrrolidinopyridine (BuPC4),[29] Q[8] and alkyl substituted 

4-pyrrolidinopyridinium salts,[30] and Q[10] and alkyl substituted 4-pyrrolidinopyridinium salts.[31] 

Interestingly, the differing length of the alkyl determines the binding interactions between the Q[8] or 

Q[10] and the alkyl substituted 4-pyrrolidinopyridinium salts.  

We now design a new guest, namely the benzyl substituted 4-pyrrolidinopyridinium salt (G) (see 

chart 1 below). The potential guest molecule G has multiple active sites which may interact with 

the different size of the Q[n] cavity. This prompted us to wonder which active site would 

preferentially reside within each of the Q[n]s, and if the binding interaction site between G and the 

Q[n] can be controlled by the differing cavity sizes. Given this, a series of host–guest supramolecular 

structure were constructed between G and a series of Q[n]s, specifically TMeQ[6], Q[7], Q[8] and 

Q[10]. The host-guest structures were investigated using NMR and UV spectroscopy, MALDI-TOF 

mass spectrometry, isothermal titration calorimetry (ITC) and by single crystal X-ray 

crystallography. 

 

 

 



 

Chart 1. The Q[n]s and G used in this study.32 

 

2. Results and Discussion 

2.1 NMR spectroscopy 

The binding interaction between each of the benzyl substituted 4-pyrrolidinopyridinium salt and the 

Q[n]s (TMeQ[6], Q[7], Q[8] or Q[10]) can be conveniently monitored using 1H NMR spectroscopic 

data recorded in neutral D2O solution. 

 

In the case of TMeQ[6]: 

Figure 1 shows the changes observed in the 1H NMR spectrum of G as progressively larger amounts 

of TMeQ[6] are added to the solution. A slight up-field shift of the signals of the protons of the benzyl 

group and a clear down-field shift of the signals of the protons of the pyridine and pyrrole rings were 

observed as increasing amounts of TMeQ[6] were added. In particular, on adding TMeQ[6], the 

resonances of protons Hd, Hc, Hb and Ha of G, exhibited a down-field shift of 0.73 ppm (from 7.92 

ppm to 8.65 ppm), 0.07 ppm (from 6.64 ppm to 6.71 ppm), 0.09 ppm (from 3.40 ppm to 3.49 ppm) 

and 0.04 ppm (from 1.97 ppm to 2.01 ppm). By contrast, the protons Hf and He of the benzyl 

experienced an up-field shift of 0.88 (from 7.27 ppm to 6.39 ppm) ppm and 0.47 ppm (from 5.21 ppm 

to 4.74 ppm), respectively, and the proton Hgh of the benzyl exhibited two kinds of protons, viz Hg’ 

(from 7.37 ppm to 6.52 ppm) and Hh’ (from 7.37 ppm to 6.46 ppm). Lastly, the COSY spectrum 

(Figure S1) of G with 2.22 equiv. of TMeQ[6] in D2O was studied. These shifts indicated that the 

pyridine and pyrrole rings were out the portal of the TMeQ[6] and that only the benzyl motif was 




































