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Hydrophobic monofunctionalized cucurbit[7]uril derivatives 

(1 and 2) were  synthesized by clicking CB[7]-azide with 

propargylated alkylamines. Compounds 1 and 2 form self-

inclusion complexes that are transformed into vesicle-type 

assemblies by addition of guests (3 – 5) as confirmed by 1H and 10 

DOSY NMR, SEM, TEM, and fluorescence spectroscopy. 

Molecular container compounds (e.g. crown ethers, cyclodextrins, 

cyclophanes, calixarenes)1 encapsulate guest molecules and 

thereby change their fundamental molecular properties (e.g. 

chemical reactivity, electrochemistry, photophysical properties, 15 

vapour pressure) and have been exploited by supramolecular 

chemists in numerous application areas.  In the past decade, the 

supramolecular chemistry of the cucurbit[n]uril (CB[n], n = 5, 6, 

i6, 7, i7,  8, 10, t14) family of molecular containers2 has rapidly 

developed due to the availability of a homologous series of hosts 20 

which display tight binding, high selectivity, and stimuli 

responsive complexation behaviour toward cationic guests in 

aqueous solution.3  Accordingly, unfunctionalized CB[n] have 

been used to create functional supramolecular systems including 

molecular machines, materials for capture and release of volatile 25 

compounds, supramolecular polymers, solubilizing agents for 

insoluble drugs, supramolecular catalysts, and chemical sensing 

ensembles.3e,4  Accordingly, the development of new synthetic 

methods for the preparation of CB[n] derivatives and other CB[n]-

type receptors are actively sought.  For example, fully or partially 30 

alkyl and aryl substituted CB[n] have been prepared using 

combinations of glycoluril, substituted glycolurils, glycoluril 

dimer, and formaldehyde.5 Cy6CB[6] possesses improved 

solubility characteristics in organic solvents which allowed it to be 

used as a component in ion-selective electrodes.5f The use of 35 

analogues of glycoluril in the macrocyclization reaction delivers a 

variety of CB[n]-type molecular containers (e.g. CB[n] analogues,6 

hemicucurbit[n]urils,7 bambus[n]urils,8 and biotin[n]urils)9.10 

Starving the CB[n] forming reaction of formaldehyde delivers 

methylene bridged glycoluril oligomers and nor-seco-CB[n] with 40 

exciting recognition properties (e.g. chiral recognition, metal ion 

triggered folding and assembly).11 Capping of glycoluril oligomers 

with aromatic sidewalls delivers acyclic CB[n]-type receptors 

which are solubilizing agents for insoluble drugs and carbon 

nanotubes, and even function as an in vivo reversal agent for 45 

neuromuscular block induced by rocuronium.12 

 
Scheme 1.  a) Synthesis of 1 and 2. Condition: a) HCCCH2NH(CH2)nCH3•HBr 

(6 n = 9; 7 n = 11), Pericas’ catalyst, H2O, RT. b) Guests 3-5. 

However, it is the direct perhydroxylation of CB[n] to give 50 

(HO)2nCB[n] developed by Kim has been most widely exploited in 

the creation of functional supramolecular systems including ion-

channels,13 materials for membrane protein fishing,14 nanocapsules 

for targeted drug delivery,15 and materials for tissue engineering.16  

Recently, two distinct approaches to monofunctionalized CB[n] 55 

derivatives have appeared.  In one approach, the groups of 

Scherman and Kim controlled the hydroxylation reaction to yield 

(HO)1CB[6] and (HO)1CB[7] whose derivatives underwent self-

inclusion and could be used to promote underwater adhesion.17  In 

another approach, the groups of Isaacs and Sindelar used glycoluril 60 

hexamer as a building block for the synthesis of 

monofunctionalized CB[6] and CB[7] derivatives which can be 

used as components of sensing ensembles and for targeted drug 

delivery.18  In this paper, we first report the preparation of 

hydrophobic monofunctionalized CB[7] derivatives 1 and 2 which 65 

feature covalently attached C10 or C12 alkyl chains, which can form 

self-inclusion complexes and vesicle-type assemblies induced by 

guests 4 and 5. 
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Figure 1. 

1
H NMR spectra recorded (400 or 600 MHz, D2O, RT) for: a) 1 

(0.36 mM), b) 1 and 5 (1.9 equiv), c) 1 and 3 (1.5 equiv), and d) 1 and 4 

(1.8 equiv). 

As shown in Scheme 1, CB[7] derivatives 1 and 2 were 5 

synthesized by the reaction of CB[7]-azide18c with N-

alkylpropargylamines 6 and 7 by 3+2 dipolar cycloaddition using 

Pericas’ catalyst.19  Compounds 1 and 2 feature a CB[7] container 

covalently connected to C10 or C12 alkyl ammonium  groups.  

Because these alkylammonium ion tails are suitable guests for 10 

CB[7]-sized cavities we suspected that 1 and 2 would undergo 

self-association processes in water.  Figure 1a shows the 1H NMR 

spectrum recorded for 1 alone in D2O at room temperature.  Even 

though the spectrum is broadened and complex, diagnostic 

resonances for Ho (triplet at 0.32 ppm) and triazole Hk (singlet at 15 

8.10) can be clearly recognized. On the other hand, the upfield 

region of the spectrum between 3.2 and 0.5 ppm, corresponding to 

the (CH2)4 linker between the CB[7] moiety and the triazole unit, 

and (CH2)11 of alkyl tail are broadened, which suggest the presence 

of self-assembly between the CB[7] cavity and the covalently 20 

attached ammonium ion tail.  Figure 1b shows the 1H NMR 

spectrum obtained upon addition of an excess of 5 which is a tight 

binder (Ka ≈ 109 M-1) toward CB[7].3b  As expected, the 1H NMR 

spectrum sharpens dramatically indicative of preferential inclusion 

of 5 in the CB[7] sized cavity of 1 to give the well defined 25 

tricationic assembly 1•5.  Analysis of the 1H NMR chemical shifts 

establish that the C12 alkylmmonium ion tail and (CH2)4-triazolyl 

moieties are free in solution.  The presence of resonances for free 5 

and 1•5 in Figure 2b establish that the kinetics of guest exchange 

are slow on the 1H NMR chemical shift timescale.  Figure 1c 30 

shows the 1H NMR spectra recorded for mixtures of 1 and 

tetracationic 3 which once again indicates the preferential 

inclusion of 3 within the CB[7] cavity within the well defined 1•3 

assembly.   

 35 

Figure 2. DOSY spectra recorded (600 MHz, D2O, RT) for 1•5 and (b) self-

complex 1 (0.32 mM). 

 We performed diffusion-ordered spectroscopy (DOSY) for 1•5 

and (1)n (Figure 2) to gain insight into the degree of 

oligomerization of the self-assembled species (1)n (e.g. monomer, 40 

dimer, trimer, tetramer, polymer) in D2O. The diffusion 

coefficients measured using 8 different resonances for (1)n and 5 

different resonances for 1•5, averaged (2.26 ± 0.10) × 10-10 and 

(2.24 ± 0.14) × 10-10 m2 s-1, respectively.  The measured ratio of 

diffusion coefficients for 1•5 relative to 1n is 1.01, which strongly 45 

suggests the formation of the intramolecular self-inclusion 

complex (n = 1) in which the alkylammonium ion tail of 1 was 

encapsulated within its own CB[7] cavity (Figure S11).  In 

contrast, the 1H NMR spectrum of compound 2 alone shows two 

sharp resonances of the triazole Hk proton (integral ratio is about 50 

67:33) are observed at 8.16 and 8.34 ppm (Figure S13) which is 

indicative of two different assemblies in slow exchange on the 1H 

NMR timescale.  The diffusion coefficient measured for most of 

the resonances of (2)n was clustered around (2.29 ± 0.13) × 10-10 

m2 s-1 whereas the value for a monomeric 2•5 was (2.44 ± 0.08) × 55 

10-10 m2 s-1 (Figure S15).  The observed 6% decrease in diffusion 

coefficient is too small to indicate dimerization or higher order 

aggregation, and strongly suggests that the major species (67%) is 

the intramolecular self-inclusion complex.  Surprisingly, the 

diffusion coefficient measured for the peak at 8.34 ppm was 1.64 × 60 

10-10 m2 s-1 (Supporting Information).  For dimeric, trimeric, and 

tetrameric assemblies, theory predicts the ratios D(2•5)/D(2n) = 

1.260 (n = 2), 1.442 (n = 3), and 1.587 (n = 4).  For the 2n 

assembly, the ratio of diffusion coefficients is 1.488, which is 

consistent with formation of the cyclic trimeric assembly 23; an 65 

MMFF minimized model of 23 is shown in Figure S12.  

Unfortunately, we could not study the aggregation states of these 

complexes as a function of concentration due to their low inherent 

solubility (< 0.4 mM). 

 Given the high level of interest in stimuli responsive 70 

supramolecular systems20 we sought to create stimuli responsive 

systems based on 1 and 2.  The stimuli responsiveness (pH, 

chemical, electrochemical, photochemical) of CB[n] containers is 

well documented4d,21 and has been used previously by Kim and 

Scherman to create responsive CB[8] amphiphile vesicles.22  In 75 

our case, the chemical structure of 1 or 2 features a hydrophilic 

CB[7] head group covalently connected to a hydrophobic 

alkylammonium ion tail.  Accordingly, we anticipated that 1 and 2 

and their host-guest complexes would behave as supramolecular  

 80 
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Scheme 2. Illustration of the formation of supramolecular vesicles and the release of fluorescent dye. 

 5 

Figure 3.  SEM images of: a) 1:3:4 = 1:1:0 (size range = 314 to 620 nm); b) 

1:3:4 = 1:0.3:0.7  (aggregates); c) 1:3:4 = 1:0.4:0.6  (79 to 152 nm); d) 

1:3:4 = 1:0.5:0.5  (90 to 414 nm); e) 1:3:4 = 1:0.6:0.4  (42 to 79 nm); f) 

1:3:4 = 1:0.7:0.3  (aggregates); g) 1:3:4 = 1:0:1 (aggregates); h) 1 

(aggregates). (Total concentration of 1 = 0.51 mM). 10 

 

Figure 4.  (a) TEM image of complexes 1•3 and 1•4 (1= 0.5 mM; 3 = 0.2 

mM; 4 = 0.3 mM; samples were stained with uranyl acetate) and (b) 

Change in fluorescence emission intensity at 553 nm of rhodamine 6G 

triggered by addition of Triton X-100. 15 

amphiphiles and assemble into micelles or vesicles in water. 

 Unfortunately, neither 1 nor 2 behave as amphiphiles in water 

because of their propensity to undergo self-inclusion 

complexation.  To address this problem, we synthesized 

derivatives of p-xylylenediammonium ion 5 in the form of   20 

tetracationic guest 3 and zwitterionic guest 4 (Scheme 1b and 

Supporting Information).  We anticipated that analogous to 1•5 

would form the 1•3 and 1•4 complexes whose head groups feature 

pendant cationic NH3
+ or anionic SO3

- functional groups.  The 1H 

NMR spectra show that formation of the 1:1 complexes 1•3 and 25 

1•4 also make the C12 alkyl tail of 1 free in solution (Figure 1c and 

1d).  We examined the self-assembled structures formed from 

different ratios of host-guest complexes 1•3 and 1•4 in the solid 

state by scanning electron microscopy (SEM).  Similar to 

catanionic surfactant assemblies,23 we find that mixtures of 1•3 30 

and 1•4 host-guest complexes form different assemblies based on 

the mole fraction of the constituents (Figure 3 and S17).  The 

assemblies formed from 1:3:4 (1:0.4:0.6) were selected for further 

structural investigation by transmission electron microscopy 

(TEM) measurements.  A solution of 1:3:4 (1:0.4:0.6) was 35 

deposited on copper grids, followed by a slow evaporation in air at 

room temperature, followed by staining with uranyl acetate. The 

existence of spherical vesicles with a broad range of sizes (140 to 

1200 nm) was observed by TEM.  In Figure 4a, it was found that 

the spherical structures showed a clear contrast between the 40 

interior and periphery, which is typical characteristic behavior of 

vesicular structures.  The thickness of the vesicle-like structure 

was calculated to be in the range of 7.3 – 46.8 nm from their TEM 

images (Figure S18) which suggests the presence of bilayer and 

multilayer type structures.  Unfortunately, dynamic light scattering 45 

(DLS) studies were unsuccessful due to the appearance of 

precipitates. 

 The stimuli-responsive properties of the self-assembled vesicle 

structure can be used for encapsulation and the triggered release of 

active substances.  Thus, we envisioned that this kind of 50 

supramolecular vesicle might be employed to encapsulate and 

release small molecules in aqueous solution.  For this purpose, we 

mixed 1•3 and 1•4 with water-soluble fluorescent dye Rhodamine 

6G (R6G) to prepare vesicles containing R6G.  Figure 4b shows 

the fluorescence intensity of this system at 553 nm as a function of 55 

time.  The fluorescence signal of the R6G encapsulated vesicles 

does not change over time in the absence of external stimuli.  

However, upon addition of Triton X-100, the collapse of the 

vesicles was triggered which results in an increase in fluorescence 

emission intensity (Figure 4b) over time.  This result suggests that 60 

the dye undergoes aggregation induced quenching within the 

vesicle that is reversed when the dye is released (Figure 4b).  As 

shown in Scheme 2, we believe that the addition of Triton X-100 
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resulted in the deaggregation of the hydrophobic assembly 

between alkyl tails into single host-guest complex with a 

concomitant release of the encapsulated R6G dye (Scheme 2). 

In conclusion, we have demonstrated the synthesis and self-

inclusion behavior of hydrophobic monofunctionalized CB[7] (1 – 5 

2).  Mixtures of the two stable host-guest complexes 1•3 and 1•4 – 

the act as supramolecular amphiphiles – results in the formation of 

vesicle-type assemblies.  The fluorescent dye R6G can be loaded 

into the vesicles and released upon addition of Triton X-100.  

Given the well known stimuli responsiveness of CB[n]•guest 10 

complexes, we expect that other stimuli (e.g. chemical, 

electrochemical, pH) can be used to trigger disassembly of these 

supramolecular amphiphile vesicles.  We expect that they may find 

applicability as components of biosensors, drug delivery systems, 

and for compartmentalized catalysis in water. 15 
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