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Abstract: The formation of inclusion complexes between alkylsulfonate guests and a cationic pil-

lar[5]arene receptor in water was investigated by NMR and ITC techniques. The results show the 

formation of host-guest complexes stabilized by electrostatic interactions and hydrophobics effects 

with binding constants of up to 107 M-1 for the guest with higher hydrophobic character. Structur-

ally, the alkyl chain of the guest is included in the hydrophobic aromatic cavity of the macrocycle 

while the sulfonate groups are hold in the multicationic portal by ionic interactions. 
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1. Introduction 

Supramolecular chemistry has attracted a considerable amount of attention from 

chemists, material scientists and biologists, looking to exploit noncovalent interactions, 

such as hydrogen-bonding interaction, π−π stacking interaction, electrostatic interaction, 

van der Waals force, and hydrophobic/hydrophilic attraction, to develop and explain sys-

tems of increasing complexity (bottom-up approach) [1-3]. During the past decades, con-

siderable efforts have been paid to develop numerous supramolecular systems and to in-

vestigate their applications in catalysis, functional materials, electronic devices, sensors, 

nanomedicine, and so on [4-6]. Among these applications, nanomedicine presents prom-

ising potentials form modernizing traditional biomedical practices, and in this context, 

the creation of supramolecular materials within nanometer range become a hot research 

topic. The construction of new supramolecular structures offers the potential for novel 

diagnostic and therapeutic applications in nanomedicine [7]. The specific biomedical ap-

plications include drug delivery, gene delivery, drug/gene codelivery, bioimaging, as well 

as photodynamic therapy [8]. Noncovalent interactions present several advantages in 

comparison to covalent ones: (i) easy and facile approach for building supramolecular 

structures avoiding synthetic processes [9]. (ii) Supramolecular methods are cost-effective 

and environmentally friendly. (iii) Supramolecular materials consist of components con-

nected by non-covalent interactions and experiencing spontaneous assembly or disassem-

bly processes[10-12]. (iv) Formation of supramolecular materials is reversible being capa-

ble of recycled and self-repaired from external mechanical damage. (v) Supramolecular 

materials have the ability of responding to external stimuli being able to rearrange their 

structures or morphologies toward more stable states. This adaptive capability can be uti-

lized for the design and fabrication of stimuli-responsive functional materials [13-16]. (vi) 

Supramolecular chemistry provides a possibility of manipulating molecules or 
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supramolecular building blocks at a molecular level, allowing the “bottom-up” method 

to control de sizes and morphologies of the resulting materials, providing a variety of 

novel diagnostic and therapeutic platforms toward applications in nanomedicine. 

Among various noncovalent interactions under the definition of supramolecular 

chemistry, host:guest interactions based on macrocyclic molecules is a very important 

phenomenon that has been extensively investigated. Through such host:guest inclusion, 

two or more chemical moieties can be integrated together in a facile and reversible man-

ner, providing vast possibilities for the construction of novel supramolecular structures. 

Molecular recognition that involves host:guest interactions plays a vital role in life-sus-

taining biological processes [17,18]. Macrocyclic compounds have been extensively used 

and intensively investigated as prime host receptors with high affinity and selectivity for 

complementary small guest molecules or ions. Examples of macrocycles include 

cryptands [19], crown ethers [20-22], cyclophanes [23], cyclopeptides [24-26], cyclodex-

trins [27-29], resorcinarenes [30], cucurbit[n]urils [31-34], calix[n]arenes [35-38], and pil-

lar[n]arenes.[39] These macrocyclic molecules are regarded as the hosts, possessing the 

cavities to encapsulate the guest. Usually, external property of the host molecules favors 

the interaction with surrounding solvent, while the internal features of their cavities facil-

itate the guest inclusion via hydrophobic interactions, hydrogen-bonding interactions, 

electrostatic interaction, specific molecular shape or size matching, etc. The most common 

case is to encapsulate hydrophobic guest molecules into hydrophobic cavities of macro-

cyclic molecules in aqueous solution. Such host:guest inclusion has relatively high stabil-

ity, providing a reliable and robust connection for the fabrication of supramolecular sys-

tems in water.  

 Pillar[n]arenes are one of the most recent family of macrocyclic hosts used in supra-

molecular chemistry [40]. Pillararenes bring together some interesting characteristic of 

other host systems in a single molecular structure such a highly symmetrical pillar-shaped 

structure which are similar in many respects to that of highly symmetrical cucurbiturils, 

a  -rich aromatic cavity, also found in calixarenes, and several hydroxyl moieties on both 

rims, a feature shared with the highly functionalized cyclodextrins. Substituents on both 

rims of pillararenes affect their physical properties such as solubility, conformational and 

host:guest properties. Pillar[n]arenes are useful scaffolds for the design of various inter-

esting supramolecular systems including liquid crystalline materials [41], cyclic dimers 

[42,43], chemosensors [44], supramolecular polymers [45], drug delivery systems [46], 

trans-membrane channels [47], cell glue [48], selective adsorption of porous materials [49], 

molecular recognition [50] and nanotubes [51].  

 

 

  
 
Scheme 1. TMAP5 

 

Pillararenes bearing ionic moieties on all of the substituents are water-soluble (see 

Scheme 1), and their complexation with a variety of different guest molecules[52,53] as 

well as their potential application in catalysis[54-56], sensing [57,58] and gene nanocarriers 
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[59] has been investigated in aqueous media. When oppositely charged ionic molecules 

were evaluated as guest molecules for host systems of this type, cationic/anionic electro-

static interactions made a significant contribution to the stabilization of the resulting com-

plexes. 

Pillararenes-based host-guest systems comprising amphiphilic guests offer interest-

ing strategies for the development of novel stimuli-responsive drug-delivery systems [60]. 

Furthermore, charged amphiphilic compounds, such as phospholipids, are ubiquitous in 

biological systems. In this context, fundamental studies on the interaction between 

charged pillararene receptors and model amphiphilic compounds are of utmost im-

portance for envisaged pharmaceutical applications concerning these macrocycles. In this 

work, we report a structural and thermodynamic study on the host-guest complexes 

formed between negatively charged alkylsulfonates and a cationic pillar[5]arene (see 

Scheme 1). 

 

2. Materials and Methods 

2.1. Materials 

 Reagents of maximum purity were purchased from Sigma-Aldrich and used without 

further purification. The cationic water-soluble pillar[5]arene was synthesized according 

to a literature procedure (see Supporting Information Section) [61]. The exchange of the 

Br- counterion by BF4- was achieved by the following procedure: AgBF4 was slowly added 

in small portions to a solution of H with Br- as counterion (1.17 g, 0.514 mmol) in Milli-Q 

water under stirring at room temperature. A thin grayish precipitate was obtained. The 

suspension was separated by centrifugation and the supernatant collected was filtered 

through a 0.45 m filter. After removal of the solvent, a yellowish solid was obtained 

(1.15g, 96%). 1H NMR (D2O, 300 MHz):  =6.89 (s, 10H); =4.36 (s, 20H); =3.91 (s, 10H); 

=3.72 (s, 20H); =3.19 (s, 90H); 13C NMR (D2O, 75 MHz): =149.2 (C, 10C); =129.8 (C, 10C); 

=115.9 (CH, 10C); =64.8 (CH2, 10C); =62.3 (CH2, 10C); =53.7 (CH3, 30C); =29.3 (CH2, 

5C); MS (ESI): m/z calcd for [TMAP510+.9BF4-]2+ 2253.4; found 2253.2; calcd for 

[TMAP510+.8BF4-]2+ 1083.3; found 1083.1. The pillararene was also analyzed by thermal 

gravimetric analysis to assess volatile content. 

2.2. Microcalorimetry 

 Microcalorimetric titrations were performed by using an isothermal titration micro-

calorimeter (VP-ITC) from Microcal Co. (Northamptoh, MA) at atmospheric pressure and 

25ºC. In each run, a solution of guest in a 0.270mL syringe was sequentially injected with 

stirring at 459 rpm into a solution of host in the sample cell (1.459mL volume). Each solu-

tion was degassed and thermostatted by using a ThermoVac accessory before titration. In 

each titration the reference cell was filled with the same sample as in the sample cell. In 

all experiments the first injection was discarded to eliminate diffusion effects on the calo-

rimetric cell of material from the syringe. The number of injections, their volume and the 

spacing time between each one were varied according to the experiment. Binding con-

stants were calculated form the titration curve by using the AFFINImeter software. 

2.3. NMR spectrometry 

 NMR experiments were conducted at 25˚C on a Bruker NEO 17.6 T spectrometer 

(proton resonance 750 MHz), equipped with a 1H/13C/15N triple resonance PA-TXI probe 

with deuterium lock channel and shielded PFG z-gradient. The spectrometer control soft-

ware was TopSpin 4.0. The chemical shifts reported are referenced to the lock deuterium 

solvent. Spectra were processed and analyzed with Mestrenova software v14.0 (Mestrelab 

Inc.). The 1D 1H spectrum was measured with 128 scans, a relaxation delay of d1 2s and a 

FID acquisition time (aq) of 2.75 s. The FID was acquired with 64k complex data points 
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and was processed with zero-filling and Fourier Transformation (FT) to obtain a spectrum 

with 131k data points. The total measurement time was ~10 min. 

A two-dimensional 2D COSY spectrum magnitude mode was measured (pulse se-

quence "cosygpppqf" of Bruker library). The relaxation delay (d1) and the FID acquisition 

time (at) were 2 and 0.172s, respectively. The spectrum was measured with 8 scans. The 

number of points in the direct and indirect dimensions was 4k and 160, respectively. The 

spectrum was processed with apodization with a sine-bell function in both dimensions 

and represented in the magnitude mode. The total measurement time was ~48 min. 

 A two-dimensional 2D HSQC multiplicity edited 1H-13C spectrum was measured 

(pulse sequence “hsqcedetgpsisp2.4” of the Bruker library). The spectrum includes adia-

batic inversion pulses in 13C and suppression of COSY type artefacts. The INEPTs transfers 

were optimized for a nominal value of 1JCH of 145 Hz. The delay for multiplicity selection 

was set to 1/ (2 · 1JCH) to detect with the same sign signals of CH3 and CH groups and with 

opposite phase CH2 groups. The relaxation delay (d1) and the FID acquisition time (at) 

were 1.6 and 0.112s, respectively. The spectrum was acquired with 2048 and 160 complex 

points in the t2 and t1 dimensions, respectively. The number of scans per t1 increment 

was 8 and the total measurement time was ~1 h 15min. 

3. Results 

The hydrophobic cavity allied with the presence of five positive charges on each rim 

makes pillararene a good receptor for amphiphilic anionic guests. The complexation of 

the negatively charged alkylsulfonates (G) by pillararene (H) was studied by different 

techniques. 

3.1. NMR evidence of n-octylsulfonate complexation by pillararene 

NMR spectroscopy is a powerful tool and has been widely used to determine the 

structures of macrocycles complexes by analyzing the complexation induced shifts. The 
1H NMR spectra of octylsulfonate upon mixing in different proportions with pillararene 

can be observed in Figure 1.  

 

 

 

Figure 1. (left) 1H NMR spectra in D2O at 25ºC for pillararene (1.5mM); octylsulfonate (1.5mM) and mixtures of both with constant 

concentration of pillararene (1.5mM) and different concentrations of octylsulfonate. (right) Chemical shifts for hydrogen atoms in 

alpha position to the sulfonate group in octylsulfonate in the presence of increasing concentrations of host. 
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All protons of octylsulfonate appear upfield-shifted with respect to the free guest 

upon addition of pillararene, indicating that an inclusion complex was formed.  These 

results indicate that octylsulfonate is incorporated into the magnetic shielding region of 

the pillararene aromatic cavity with the sulfonate group pointing towards the 

trimethylammonium groups of the host. Moreover the host proton signals are also 

affected by complexation due to the asymmetric structure of the guest and the manner in 

which it is inserted into the host cavity [52]. To determine the binding stoichiometry of 

the host:guest complex, considering that fast exchange on the NMR chemical shift 

timescale was observed for this complex, an NMR titration at constant host concentration, 

was carried out. Figure 1-right shows that the magnitude of the upfield shift for guest 

hydrogen atoms increases upon gradual increase of the [host]/[guest] ratio, reaching a 

plateau for values higher than 1, indicating  a 1:1 stoichiometry for the inclusion complex. 

Detailed analysis of spectrum for [Pillararene]=1.5mM and [octylsulfonate]=0.50mM 

(Figure 1-left) reveals that the signal corresponding to the methylene groups in positions 

C4-C7 of octylsulfonate splits into different signals, allowing a clear characterization of 

the inclusion complex. Figure 2 shows the HSQC and COSY spectra allowing the 

assignment of all signals in the NMR spectrum. 

 

 

Figure 2. HSQC (left) and COSY (right) spectra for a mixture of 1.5mM of Pillararene and 0.5mM of octylsulfonate in D2O a 25ºC. 

Labels for octylsulfonate hydrogen atoms are according to the picture showed in the figure.  

Assignment of NMR signals allow us to quantify the magnitude of the complexation 

induced upfield effect for each hydrogen atom in octylsulfonate (results showed in Table 

1). We refer to a complexation induced chemical shift as the difference between the 

chemical shift observed for the guest free and complexated,  =free-bound. Magnitude of 

 is dependent on the hydrogen atom position along the alkyl chain of octylsulfonate. It 

is remarkable the very large magnitude of the upfield effects with values larger than 

=3ppm for some central chain nuclei. Hydrogen atoms Hc and Hd show the large  

values allowing to propose a structure for the host:guest complex as shown in Figure 3. 

Hydrogen atoms in position c and d are located inside the aromatic region of the 

pillararene allowing the large  values, >3ppm. Hydrogens at position e should be just 

below this region but close to the aromatic groups (=2.3ppm). It is remarkable that 

hydrogen atoms at positions g and h (<1ppm), as well as in alpha position to the 

sulfonate group, are clearly located outside the aromatic region.  
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Table 1. Magnitude of the complexation induced chemical shifts ( ) for host:guest complexes 

between pillararene and different alkylsulfonates. 

 

 (ppm) 

 Ha Hb Hc Hd He Hf Hg Hh 

C8SO3- 0.91 1.48 3.27 3.58 2.37 1.46 0.56 0.14 

C6SO3- 1.11 1.72 3.7 3.8 2.02 0.98   

C5SO3- 1.24 1.78 3.84 3.85 1.76    

C4SO3- 1.24 1.84 3.33 2.81     

C3SO3- 0.94 1.2 2.16      

 

 
 

Figure 3. (left) Plot of the magnitude of complexation induced chemical shift, , as a function of the hydrogen atom position (starting 

at the sulfonate group). (Right) Schematic picture of the host:guest complex showing hydrogens Hc and Hd fully incorporated into 

the aromatic region of the host. Form simplicity only two trimethylammonium groups of pillararene are shown.  

Similar experiments were conducted for for shorter chain alkylsulfonates with 3 to 6 

carbon atoms (see Table 1) revealing that hydrogen atoms in positions Hc and Hd show 

the large upfield effects confirming that these atoms are clearly included inside the 

pillararene cavity. The complexation picture shows the sulfonate aligned with the 

trimethylammonium head groups of the receptor in such a way that electrostatic 

interaction should be the major driving force for complexation. It is remarkable that  

values are also dependent on the nature of the alkylsulfonate (see Figure 4). In fact, Ha 

hydrogen atoms show the large upfield effect for alkylsulfonates with 4 and 5 carbon 

atoms, meanwhile alkyl sulfonates with 3 and 8 carbon atoms present the smaller values. 

On the other hand, hydrogens Hc show the large upfield effect for C5SO3- and C6SO3-, and 

hydrogens Hb show the large  for C4SO3- and C5SO3-. More clearly, Figure 4-left shows 
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that the magnitude of  is strongly dependent on the number of carbon atoms in the 

alkylsulfonate for hydrogens Hc>Hb>Ha, being an indicative of different degree of 

penetration into the pillararene cavity. Figure 4-rigth represents normalized corr by 

subtracting the values corresponding to hydrogens Ha. The normalized values are 

directly comparable and indicate that Hc hydrogens are much closer to the cavity than Hb 

and that an optimal degree of penetration is reached for 5 atoms of carbon. 

Alkylsulfonates with 3 and 4 carbon atoms can form external complexes where the carbon 

atoms do not fit neatly together. This causes that the magnitude of corr does not reach an 

optimal value. Likewise, it is observed that for octylsulfonate, the Hc hydrogens present 

a lower inclusion than for the 5 carbon atom homologue. This behavior may be due to a 

hydrophobic push up effect that compels the sulfonate group towards a plane superior to 

the portal of the pillararene in order to accommodate more methylene groups inside the 

cavity. At the same time, the possibility that the hydrophobic effect induces a greater 

degree of folding of the alkyl chain in order to maximize the number of carbon atoms that 

can be included in the cavity should be considered.  

 

                 
Figure 4. (left) Influence of the number of carbon atoms in the alkyl chain of alkylsulfonate on the chemical induced upfield effect, 

: (●) Ha; (●) Hb and (●) Hc. (Right) Values of upfield effect for hydrogen atoms in positions (●) Hb and (●) Hc after correction by 

ufpfield effect of hydrogens Ha. 

 

These results indicate that location of the sulfonate group should be dependent on 

the number or carbon atoms, being closer to the positive portal of the pillararene for C5SO3- 

and C4SO3-. This behavior can be observed for hydrogen atoms in positions Hb and Hc, 

being a clear evidence of different degree of guest penetration into the host cavity and, 

consequently, ruling out the electrostatic attraction as the only interaction stabilizing the 

host:guest complex. 

3.2. Calorimetric tritrations for alikylsulfonate recognition by pillararene 

To quantitatively assess the complexation of pillararene with each guest, as well as 

the exact binding stoichiometry, isothermal titration calorimetry was performed at 25ºC 

under neutral conditions. It is worth noting that each calorimetric titration was performed 

by the consecutive addition of the guest to the receptor host in the sample cell. As shown 

in Figure 5, each titration of butylsulfonate into the sample cell containing pillar[5]arene 

(see supporting information section for other alkylsulfonates) gave an apparent reaction 

heat caused by the formation of the inclusion complex. The titration data are well fitted 

by the “one set of binding sites” model to give both the binding constant (K) and the 

thermodynamic parameters (see Table 2). 
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Figure 5. Microcalorimetric titration of butylsulfonate (G) with pillar[5]arene (H) in water at 25ºC. Top: Raw data for the 28 sequential 

injections (10  L per injection) of a solution of G (0.5mM) into a solution of H (0.04mM). Bottom: “Net” heat effects obtained by 

subtracting the dilution heat from the reaction heat, which was fitted by computer simulation using the “one set of sites” binding 

model. 

 

Table 2. Thermodynamic parameters obtained  for host:guest complexes between pillararene 

and different alkylsulfonates. 

 K (M-1)  G0 (kcal mol-1) H0 (kcal mol-1) TS0 (kcal mol-1) 

C8SO3- (4.79±0.18)x107 -10.43 -8.90±0.01 1.5 

C6SO3- (1.67±0.02)x107 -9.91 -8.86±0.01 1.05 

C5SO3- (5.88±0.04)x106 -9.19 -8.70±0.01 0.49 

C4SO3- (2.63±0.01)x106 -8.72 -6.60±0.01 2.12 

C3SO3- (7.22±0.02)x103 -5.24 -4.42±0.01 0.82 

 

The results indicate that complexation is mainly enthalpy-driven (H0=-(6.60±0.01) 

kcal/mol) accompanied by favorable entropic changes (TS0=2.12 kcal/mol), this balance 

being more favorable to the enthalpic term with the others alkylsufonates. From the re-

sults of experiments performed between guests and other macrocycles, it is well known 

that noncovalent interactions, such as ionic, , and C-H… , contribute to the enthalpic 

changes, and that the conformational changes and desolvation effect contribute to the en-

tropic changes [62]. For the entropic changes, the hydrophobic interactions, electrostatic 

attraction and dehydration processes give a positive contribution, while the loss of con-

formational degrees of freedom by the guest or the host gives a negative contribution. 

Therefore the thermodynamic parameters obtained suggest that electrostatic, -, and C-

H… interactions between aromatic ring and methyl group of alkylsulfonate and the 
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electron rich cavity of pillararene should contribute to the favorable enthalpy. Simultane-

ously, the water molecules around the guest and the host are released into the aqueous 

bulk phase, and should be the main reason for the entropic gain. The binding constant 

obtained, K=(2.63±0.01)x106 M-1, is comparable with those reported for negatively charged 

pillararenes [52,53,62,63] or calixarenes [64-66]. 

Experimental results reported in Table 2 show alkylsulfonate binding constants to be 

very sensitive to alkylsulfonate chain length with an increase of almost 104 fold on going 

from propane to octanesulfonate. Quantitative analysis of these binding constants re-

quires correction of binding constant for propanesulfonate. Because of its smaller value, 

experimental results were obtained in the presence of [Pillararene]=0.25mM instead of 

[Pillararene]=0.04mM used for other alkylsulfonates. Previous results from our group 

have shown that toluenesulfonate binding constant to pillararene decreases from 

1.37x106M-1 to 3.18x104M-1 by increasing the host concentration from 0.01 to 0.1mM [53]. 

This is a consequence of the complexation of the counterions BF4- by the pillararene, which 

obstructs the entrance of the guest as well as the change of the net charge of the host. 

Extrapolation to alkylsulfonates implies that propanesulfonate binding constant of 

1.86x105M-1 should be used for comparative proposes. 

 

 

Figure 6. (●)Influence of alkyl chain length of alkylsulfonates on their binding constants to pillar[5]arene using a 

[pillararene]=0.04mM at 25ºC. Value for propanesulfonate was extrapolated from [host]=0.25mM (see text). (●) Binding constants for 

alkylsulfonates to -cyclodextrin taken from ref [67]. 

Figure 6 plots the dependence of the binding constant with the alkyl chain length 

and include similar results using  -cyclodextrin as receptor [67]. Quantitative analysis 

of the thermodynamic parameters involved in the complex formation between surfac-

tant molecules and cyclodextrin can be simplified by considering the process divided 

into three stages:  

(i) Dehydration of surfactant and cyclodextrin. This process is entropically fa-

vored given the strong structuring of water hydrating the exposed hy-

drophobic moiety of the surfactant and due to the geometrical con-

straints within the CD cavity. Water molecules structure themselves 

around the hydrophobic part of the surfactant, forming a strong hydro-

gen-bonded network. The amount of water molecules involved in the 

hydration scales linearly with the number of methylene units of the al-

kyl chain, thus the linear dependence on the surfactant chain length of 

the free energy of micellization, and similar phenomena which involve 

the removal of the alkyl chain from the aqueous environment.  
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(ii) Inclusion of the surfactant in the CD´s cavity. The inclusion occurs effec-

tively with the inlet of the alkyl chain of surfactant in the hydrophobic 

cavity, with is internally stabilized by numerous Van der Waals inter-

actions. The internal diameter of -CD allows the loose accommodation 

of a methylene group.  

(iii) Hydration of the inclusion complex. Finally, the water structure of the ex-

posed part of the guest is restored and integrates the hydration shell of 

the complex [68].  

Alkylsulfonate binding constants to -CD increases with the number of methylene 

groups into the alkyl chain in a non-linear way. Binding constants for short alkyl chains 

and very large ones are smaller than expected. For small alkyl chains the occupancy of the 

cavity is not complete and, consequently, a small number of water molecules are expelled 

to the bulk. For large alkyl chains the binding constants are smaller than expected because 

of the allowance of the cyclodextrin cavity to accommodate 6-8 methylene groups.  

Figure 6 shows that pillararene is a much effective receptor to alkylsulfonates than 

-CD by a factor of 106. This effect should be ascribed to electrostatic interactions between 

the negative charge of the guest and the positive ones on the upper and lower rim of pil-

lararene. Note that this interaction is not possible in the case of -CD as a receptor. The 

influence of the alkyl chain length on the binding constants to pillararene parallels that 

observed with -CD indicating that hydrophobic interactions are playing an important 

role in the recognition ability of pillararene.  

Hydrophobic effects in pillararene recognition are responsible for the different loca-

tion of the sulfonate group with respect to the positive upper or lower rim of the host. 

This different location is reflected by the complexation induced upfield effect observed in 

Figure 4-left for hydrogens in alpha position (Ha) to the sulfonate group. Electrostatic in-

teraction in the host:guest complex will compel the sulfonate group close to the time-

thylammonium ones in such a way that the distance between the hydrogens Ha of the 

guest and the aromatic ring of the host keeps constant. However, experimental results 

indicate that this distance decrease for the following alkylsulfonates: C8SO3->C3SO3-

>C6SO3->C5SO3-≈C4SO3-. X-ray crystal structure of 1,4-dipropoxypillar[5]arene confirmed 

that is a pentagon from the upper view and a pillar structure from the side view. The 

diameter of the internal cavity was 4.7Å, which is similar to that of -cyclodextrin, allows 

perfect inclusion of methylene chain [69]. The height of pillararene cavity, taken as the 

distance between the oxygen atoms in the upper and lower rims, is 5.5Å, allowing accom-

modation of 4-5 methylene groups. It means that C5SO3- and C4SO3- are deep included into 

the pillararene cavity in comparison to C8SO3- and C3SO3-. The smaller alkylsulfonate does 

not displace a large amount of water from the host cavity resulting in a small hydrophobic 

effect. On the other hand, three methylene groups of C8SO3- will be outside the cavity. 

Their hydration in the host:guest complex will contribute unfavourably to its stability.  

4. Conclusions 

To sum up, we have demonstrated that alkylsulfonates with different chain length 

are effectively bound by a decacationic pillar[5]arene receptor in aqueous solution with 

binding constants in the micro/submicromolar range. The formation of the complexes is 

enthalpy and entropy driven suggesting that ionic, C-H… , van der Waals interaction 

along with hydrophobic effects contribute to the binding stability. The observed increase 

in the binding constants as the guest alkyl chain length increases provides strong evidence 

for the contribution of the hydrophobic effect for the recognition process. This view is 

supported by the structural NMR studies showing that hydrophobic alkyl chains are 

deeply included in aromatic cavity of the macrocyclic receptor. The results obtained 

herein suggest that cationic pillararene receptors are potentially strong binders for anionic 
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and eventually zwitterionic lipids and therefore further studies addressing this class of 

natural molecules as guest should be considered due to the potential pharmaceutical ap-

plications of these macrocycles.  
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