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A supramolecular bottlebrush polymer has been constructed in water through cucurbit[8]uril-mediated self-assembly of a rigid 

electron-deficient building block and an electron-rich monomer which bears two tetraethylene glycol chains.  

 

 

ABSTRACT 

A supramolecular bottlebrush polymer has been constructed in water through the self-assembly of a rigid electron-deficient building block and an 

electron-rich monomer which bears two tetraethylene glycol chains, driven by CB[8]-encapsulation-enhanced donor-acceptor interaction. The as-

formed supramolecular  bottlebrush polymer has been characterized by 1H NMR titration experiment, UV-vis spectroscopy, DLS and 2D 1H NMR 

DOSY.  
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1. Introduction  

 

Supramolecular polymer originates from the merging of supramolecular chemistry and polymer science [1]. Different from the 

classic polymers in which building parts are linked by covalent bonds, in supramolecular polymers, their components are connected 

through weak intermolecular interactions such as hydrogen-bonding [2-4], coordination interaction [5], host-guest interaction [6-9], 
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donor-acceptor interaction [10,11], C-H··· interaction [12], and dimerization of radicals [13,14]. Since the first supramolecular 

polymer was reported by Lehn in 1990 [15], over the past decades a myriad of supramolecular polymers have been fabricated. Among 

them some interesting properties have been demonstrated and useful applications have been exploited. However, while supramolecular 

polymers play more and more important roles in the fabrication of functional soft materials, especially the so-call “smart materials” 

which can respond to the external stimuli [16,17], their structural diversities are still quite limited in comparison with the traditional 

polymers.  

Polymer bottlebrushes, also known as molecular bottlebrushes, are a unique type of polymers which have drawn considerable 

attention in recent years [18]. A polymer bottlebrush consists of a long liner backbone on which short densely grafted side chains are 

attached. While traditional polymer bottlebrushes can be fabricated through grafting strategy [19], more recently self-assembly has 

emerged as a powerful tool to construct this unique type of polymeric materials, which lead to a new type of molecular bottlebrushes, 

that is, supramolecular bottlebrush polymers. In principle there are two approaches that can be applied to the construction of 

supramolecular bottlebrush polymers. The first one is to noncovalently attach side chains onto linear covalent backbones [20]. For the 

second approach, polymeric backbones are constructed through self-assembly driven by noncovalent bonds, while side chains are 

covalently linked to the building blocks of the backbones [21]. It is generally believed that the second approach is more useful because 

it is synthetically more accessible and easier to be implemented. However, so far most studies in this field are focused on utilizing 

hydrogen bonding [22] and aromatic stacking [23] as the main driven forces for the assembly of polymeric chains. To our surprise, 

cucurbit[8]uril(CB[8])-based host-guest interaction [24], as one of the most widely used driven forces for the fabrication of main-chain 

supramolecular polymers [25], has rarely been employed to construct supramolecular bottlebrush polymers. In this letter, we report the 

construction of a supramolecular bottlebrush polymer in water via CB[8]-encapsulation-enhanced donor-acceptor interaction between a 

rigid electron-deficient building block and an electron-rich monomer which bears two tetraethylene glycol chains. To the best of our 

knowledge, it is the first example of supramolecular bottlebrush polymer constructed through the CB[8]-based host-guest chemistry.  

 

2. Results and discussion 

 

Compound T1 was prepared according to our previous work [26]. For the synthesis of compound T2, as shown in Scheme 2, the 

reaction of tetraethylene glycol and p-toluenesulfonyl chloride led to the formation of monosulfonate 1 in 82% yield, which was further 

heated with 2,5-dibromohydroquinone in the presence of K2CO3 in anhydrous acetonitrile to afforded compound 2 in 94% yield. 

Compound 2 was then coupled with 6-methoxy-2-naphthaleneboronic acid to generate the target compound T2 in 80% yield.  

 

The self-assembly process was monitored by 1H NMR titration experiment. As can be seen in Fig. 1, compound T1 exhibits a high-

resolution spectrum, suggesting no self-aggregation of T1 itself in water. The addition of 1 equiv. of compound T2 results in almost no 

change of the spectrum of T1 and peaks corresponding to T2 can not be observed. It could be attributed to the extremely low solubility 

of T2 in water. However, upon the continuous addition of CB[8] into the mixture of T1 and T2, the peaks of T1 become broad and 

some new peaks appear. The peaks appear in the range of 7.50-6.25 ppm are attributed to the protons of naphthalene units of T2. 

However, they can not be unambiguously assigned due to the low resolution of the spectra. Moreover, the peaks corresponding to the 

tetraethylene glycol chains of T2 can also be observed in the range of 3.9-2.7 ppm, the intensities of which increase with the 

incremental addition of CB[8]. When 2 equiv. of CB[8] was added, the peaks of free T1 almost disappear and a spectrum with very 

broad peaks and low-resolution was obtained, indicating the formation of polymeric structures and a 1:1:2 stoichiometry for T1, T2 

and CB[8]. 

The formation of the supramolecular bottlebrush polymer is believed to be driven by donor-acceptor interaction between the 

electron-rich naphthalene unit and the electron-deficient viologen segment, which has already been well-established in the previous 

studies [27]. To acquire direct evidence for the existence of donor-acceptor interaction, UV-vis spectroscopy was carried out for the 

solution of a mixture of T1, T2 and CB[8] (1:1:2) in water. For comparison, UV-vis spectrum of compound T1 in water was also 

recorded. As shown in Fig. 2, while T1 exhibits almost no absorption in the region of 450-900 nm, the solution of T1, T2 and CB[8] 

(1:1:2) displays a broad absorption peak between 500-700 nm. It is the typical charge-transfer absorption resulted from donor-acceptor 

interaction [27], confirming the driven force for the formation of the supramolecular bottlebrush polymer is donor-acceptor interaction 

between the naphthalene units of T2 and the viologen segments of T1. 

 

The formation of the supramolecular bottlebrush polymer in water has been further evidenced by the dynamic light scattering (DLS) 

experiment (Fig. 3). Increasing the concentration of the mixture of T1, T2 and CB[8] (1:1:2) leads to increase of the hydrodynamic 

diameters of the aggregates formed in solution, indicating a higher degree of polymerization at higher concentration. For example, the 

aggregates in water have an average hydrodynamic radius of around 340 nm at the concentration of T1 being 0.025 mmol/L. The value 

increases to ca. 710 nm at a T1 concentration of 0.1 mmol/L. When the concentration of T1 increases to 0.4 mmol/L, the aggregates 

with an average hydrodynamic radius of around 1300 nm were observed.  

 

2D 1H NMR diffusion ordered spectroscopy (DOSY) was also carried out to characterize the polymeric structures formed in water. 

It was found that T1 itself has a value of diffusion coefficient (D) to be 5.62 × 10-10 m2/s at a concentration of 1.0 mmol/L in D2O. 



However, the solution of the mixture of T1, T2 and CB[8] (1:1:2) in D2O displays a diffusion coefficient of 3.09 × 10-10 m2/s at the 

same concentration, strongly suggesting the formation of the expected supramolecular bottlebrush polymer. 

 

3. Conclusion 

 

In summary, we have successfully constructed a supramolecular bottlebrush polymer in water by taking advantage of CB[8]-

encapsulation-enhanced donor-acceptor interaction between naphthalene units and the viologen segments. The as-prepared 

supramolecular bottlebrush polymer has a rigid supramolecular polymeric backbone as the handle and flexible tetraethylene glycols as 

the bristles. Compared with its analogs reported in literature which are fabricated in organic solvents, supramolecular bottlebrush 

polymers assembled in water is more attractive because they are more biocompatible and thus have potential applications in the field of 

biomaterials. On the other hand, construction of bottlebrush polymers through CB[8]-based self-assembly is facile and the resulting 

polymeric structures are extremely stable. In this context, fabricating more supramolecular bottlebrush polymers in aqueous phase and 

further exploiting their applications are expected in the future. 

 

4. Experimental 

 

Synthesis of compound 1: NaOH (2.74 g, 68 mmol) in water (15 mL) was added to a THF (15 mL) solution of tetraethylene glycol 

(60 g, 309 mmol). p-Toluenesulfonyl chloride (8.4 g, 44 mmol) in 50 mL of THF was added slowly when the reaction mixture was 

kept in an ice bath. After stirring for 5 h, the reaction mixture was poured into 250 mL of ice water. The organic layer was separated, 

and the aqueous layer was extracted with dichloromethane. The combined organic layer was washed with water and dried over 

anhydrous MgSO4, and the solid was filtered. The solvent was evaporated under reduced pressure to afford 1 as a clear oil (12.6 g, 

82%). 1H NMR (500 MHz, CDCl3): δ 7.80 (d, 2H, J = 8.1 Hz), 7.34 (d, 2H, J = 8.1 Hz), 4.16 (t, 2H, J = 4.9 Hz), 3.59-3.74 (m, 14H), 

2.45 (s, 3H). 

Synthesis of compound 2: A mixture of 2,5-dibromohydroquinone (500 mg, 1.87 mmol), K2CO3 (1.03 g, 7.45 mmol) and anhydrous 

acetonitrile (20 mL) was refluxed under an argon atmosphere for 1 h and then  a solution of 1 (1.62 g, 4.65 mmol) in anhydrous 

acetonitrile (5 mL) was added dropwise within 0.5 h. After completing the addition, the reaction mixture was stirred for 24 h. The 

solvent was removed and the residue was treated with 10% aqueous HCl and then extracted with dichloromethane. The organic layer 

was washed with water three times and dried over anhydrous MgSO4. After filtration and evaporation, the crude was purified by flash 

column chromatography (dichloromethane/methanol 200:3) to give compound 2 (1.15 g, 94%) as a white solid. 1H NMR (500 MHz, 

CDCl3): δ 7.16 (s, 2H), 4.13-3.60 (m, 32H). 

Synthesis of compound T2: To a mixture of 6-methoxy-2-naphthaleneboronic acid (147 mg, 0.73 mmol), compound 2 (150 mg, 

0.24 mmol), and Pd[P(Ph3)]4 (28 mg, 0.024 mmol) in a 25 mL flask, a mixture of toluene (3 mL), ethanol (1 mL) and 2 M potassium 

carbonate aqueous solution (0.2 mL) was added. The mixture was degassed through three freeze–pump–thaw cycles under an argon 

atmosphere and then stirred at 100 °C for 48 h. After being cooled to room temperature, the reaction mixture was extracted with 

dichloromethane. The organic layer was washed with water, dried over MgSO4, filtered and evaporated. The crude product was 

purified by flash column chromatograph (dichloromethane/methanol 40:1) to give compound T2 (150 mg, 80%) as a gray solid. 1H 

NMR (500 MHz, CDCl3): δ 8.00 (s, 2H), 7.79 (d, 2H, J = 9.7 Hz), 7.77 (d, 4H, J = 0.9 Hz), 7.20-7.16 (m, 4H), 7.15 (s, 2H), 4.16-4.10 

(m, 4H), 3.96 (s, 6H), 3.78-3.71 (m, 4H), 3.69-3.63 (m, 4H), 3.62-3.48 (m, 20H). 13C NMR (125 MHz, CDCl3): δ 157.77, 150.65, 

133.62, 133.58, 131.06, 129.67, 128.89, 128.52, 128.00, 126.11, 118.80, 117.12, 105.59, 72.38, 70.78, 70.56, 70.29, 69.85, 69.56, 

61.72, 55.36. MS (ESI): m/z 775.6 [M]+. HRMS (ESI): Calcd. for C44H54O12 [M]+: 775.3688. Found: 775.3685. 
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Fig. 1. Partial 1H NMR spectra of (a) T1, (b) T1 + T2 (1:1), (c) T1 + T2 + CB[8] (1:1:0.5), (d) T1 + T2 + CB[8] (1:1:1), (e) T1 + T2 + CB[8] (1:1:1.5), and (f) 

T1 + T2 + CB[8] (1:1:2) in D2O at 25 oC. The concentration of T1 was 1.0 mmol/L. 
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Fig. 2. UV-vis spectra of T1 and T1-T2-CB[8] (1:1:2) in water at 25 oC. The concentration of T1 was 0.2 mmol/L. 
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Fig. 3. DLS profile of T1-T2-CB[8] (1:1:2) in water at different concentrations of T1. 
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Fig. 4. 2D 1H NMR DOSY-NMR spectra of T1 (left) and T1-T2-CB[8] (1:1:2) (right) in D2O at 25 oC. The concentration of T1 was 1.0 

mmol/L. 
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Scheme 1. Chemical structures of T1, T2 and CB[8], and cartoon representation of formation of the supramolecular bottlebrush polymer 

assembled from T1, T2 and CB[8]. 

 

 

 

 
Scheme 2. The synthesis of compound T2. 

 


