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and Placido Neri*[a] 

 

Abstract: The conformationally mobile tetramethoxy-dihomooxa-

calix[4]arene 1c is able to interact with linear and branched 

alkylammonium guests through an induced fit process mainly driven 

by H-bonds and cation-π interactions. Thus, while free 1c adopts a 

1,4-alternate conformation in solution, in the presence of linear n-

BuNH3
+ and branched s-BuNH3

+ and i-PrNH3
+ guests, it 

preferentially forms endo-complexes in a cone conformation through 

an adaptive structural change in response to the presence of the 

ammonium guests. In accordance with previous results, the DFT-

optimized structures of the complexes indicate that they are mainly 

stabilized by H-bonding interactions between the guest ammonium 

group and the host CH2OCH2 ethereal bridge. 

Introduction 

The recognition of ammonium guests is of significant importance 

in many living processes and in this context,[1] in recent years, 

several studies have established that secondary interactions 

such as hydrogen bonds[2] and cation−π[3]  interactions play a 

special role in the stabilization of ammonium/receptor complexes. 

For example, cation−π and H-bonding interactions are essential 

in the biological recognition of nicotine [1a] or of the smoking 

cessation drug cytisine[1c] by  neuronal receptor. 

Inspired by biological recognition motifs for charged 

ammonium substrates,[4] the design and development of artificial 

ammonium receptors represent a fascinating area of research in 

supramolecular chemistry. Consequently, a particular attention 

has been devoted to the recognition of ammonium guests by 

macrocycles such as calixarenes,[5] pillararenes,[6] crown 

ethers,[7] cucurbiturils,[8] and biphen[n]arenes.[9] In this scenario, 

the endo−complexation properties of dihomooxacalix[4]arene 

derivatives,[10] calix[4]arene analogues in which one CH2 bridge 

is replaced by one CH2OCH2 group, have remained largely less 

studied. 

Very recently,[5k] we reported a complete study on the 

complexation of primary and secondary (di)alkylammonium 

cations by conformationally blocked, cone-shaped p-tert-butyl-

dihomooxacalix[4]arene derivatives 1a−b in the presence of the 

weakly coordinating Tetrakis[3,5-bis(triFluoromethyl)Phenyl]Bo-

rate (TFPB−) “superweak anion” (Figure 1).[11]  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 

 

In that study we showed that the cone-shaped dihomooxa-

calix[4]arenes 1a−b were able to host linear and branched 

primary alkylammonium guests inside their aromatic cavities in 

the presence of the “superweak” TFPB anion. The 

endo−complexes were mainly stabilized by the H-bonding 

interaction between the ammonium group of the guest and the 

O−atom of the CH2OCH2 bridge of the host.  

In natural systems, the induced fit mechanism is the basis 

of many molecular recognition processes; in these cases, a rigid 

guest induces an adaptive structural change of the natural 

receptor in order to adopt a binding site complementary to the 

guest. As evidenced recently by Fujita,[12b] are still uncommon 

the examples of biomimetic artificial hosts able to give adaptive 

structural changes during the interaction with substrates. [12] 

Regarding the calix[4]arenes, for example, four basic confor-

mations are possible for the tetramethoxy derivative (cone, 

partial-cone, 1,2-alternate, and 1,3-alternate),[5a] while it adopts 
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a cone conformation after addition of Li+ or Na+ guest,[12a] with 

the oxygen atoms at the lower rim close to cationic guest.  

In this regard, the dihomooxacalix[4]arene macrocycles are 

particularly promising, thanks to their conformational mobility. In 

fact, it is well known[10] that tetramethoxy-dihomooxacalix[4]-

arene 1c can exist in six basic conformations: cone, partial-

cone-1, partial-cone-3, 1,2-alternate, 1,4-alternate,  and 1,3-

alternate (Figure  2), but at the best of our knowledge, no 

examples of adaptative conformational changes have been 

observed for this class of hosts in response to the presence of 

guests.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Possible basic conformations of dihomooxacalix[4]arenes. 

Thus, we decided to investigate the binding abilities of the 

conformationally flexible tetramethoxy-dihomooxacalix[4]arene 

derivative 1c toward ammonium guests and we report here the 

results of our studies. 

Results and Discussion 

Conformations of tetramethoxy-dihomooxacalix[4]arene 

derivative 1c. The six main conformers of dihomooxa-

calix[4]arenes (cone, partial-cone-1, partial-cone-3, 1,2-alternate, 

1,4-alternate, and 1,3-alternate, Figure 2)[10] can be 

distinguished by 1H NMR in accordance with their symmetry 

elements. In particular, cone and 1,2-alternate possess a 

symmetry plane, 1,4-alternate and 1,3-alternate have a C2 

symmetry axis, while both partial-cone-1 and -3 have no 

symmetry elements. 

Previous 1H VT NMR[10c] and X-ray crystallographic 

studies[10e] showed that 1c mainly exists in the 1,4-alternate 

conformation (Figure 2) both in solution and in the solid state. 

Interestingly, DFT[13] calculations performed in the present work 

at the MPW1PW9[14]/6-31G(d) level of theory were in full 

agreement with these results. In fact, the following stability order 

was found: 1c1,4-alt > 1ccone > 1c1,2-alt > 1cpaco-3  (Figure S10), with 

relative energies of 0.00, 0.80, 1.31, and 3.56 kcal/mol, 

respectively, while the two remaining conformations, 1c1,3-alt and 

1cpaco-1, were found at energies higher than 4.0 kcal/mol. On the 

basis of these relative energies, a Boltzmann population at 298 

K of 72.2%, 18.7%, 8.6%, and 0.2% can be calculated for 1c1,4-alt, 

1ccone, 1c1,2-alt, and 1cpaco-3, respectively. Thus, both theoretical 

and experimental studies clearly indicated that tetramethoxy-

dihomooxacalix[4]arene 1c mainly adopts the 1,4-alternate 

conformation in solution. 

 

Binding ability of dihomooxacalix[4]arene derivative 1c 

toward linear n-butylammonium guest 2a+.  When the TFPB 

salt of n-butylammonium 2a+ was added to a CDCl3 solution of 

1c drastic changes were observed in its 1H NMR spectrum (400 

MHz, 298 K) (Figure 3). In particular, a new set of slowly-

exchanging signals appeared, including the n-butyl resonances 

in the upfield negative region of the spectrum, due to the n-

BuNH3
+1c complex formation (Figure 3). This is a clear 

indication that the linear n-butylammonium cation 2a+ gave an 

endo-cavity complexation with the alkyl chain shielded by the 

aromatic rings.[5g] Complex formation was also confirmed by an 

ESI(+) mass spectrum which gave as the base peak a value of 

809 m/z corresponding to supramolecular ion n-BuNH3
+1c. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Significant portions of the 1H NMR spectra (400 MHz, CDCl3, 298 K) 

of (bottom) 1c; (middle) 1:1 mixture of 1c and 2a+ (3 mM); (top) 1:1 mixture of 

1c and 2b+ (3 mM). 

A COSY-45 spectrum (Figure 4) allowed a complete 

confident assignment of all n-BuNH3
+ resonances. Thus, the 

NH3
+ signal at 4.24 ppm correlated with -protons at −0.64 ppm, 

which showed a coupling with -methylene group at −0.43 ppm, 

which in turn presented a cross-peak with -protons at −0.02 

ppm, finally coupled with -methyl at 0.30 ppm. A close 

inspection of the methylene region of the 1H NMR spectrum of 

the 1:1 mixture of 1c and 2a+ revealed the presence of two 

intense AX systems (COSY in Figure 4, top) in a 1:2 ratio at 

3.40/4.37 ppm ( = 0.97 ppm) and 3.44/4.34 ppm ( = 0.90 
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ppm), which correlated in the HSQC spectrum with 13C signals at 

30.8 (b in Figure 4, bottom) and 30.4 ppm (a in Figure 4, bottom), 

respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Expansions of the 2D COSY (top) and HSQC (bottom) spectra (600 

MHz, CDCl3, 298 K) of a 1:1 mixture of 1c and 2a+. 

In addition, an AB system (COSY) was present at 4.25/4.72 ppm 

relative to CH2OCH2 group, which was HSQC-correlated (c and 

d in Figure 4, bottom) with a carbon at 71.0 ppm. By application 

of the known Gutsche's and de Mendoza's rules,[15] these data 

were only compatible with a n-BuNH3
+1c complex in which the 

tetramethoxy-dihomooxacalix[4]arene 1c was in a cone confor-

mation (n-BuNH3
+1ccone). Thus, while free 1c adopts in solution 

a 1,4-alternate conformation,[10c,d] in the presence of n-BuNH3
+ 

guest it preferentially converts to a cone conformation, trough an 

adaptive structural change.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Optimized Structure of the n-BuNH3
+1c complexes with 1c in 

different conformations (MPW1PW9[14] DFT calculations, 6-31G(d) basis set). 

 

A further analysis of the ArCH2OCH2Ar region of the 1H 

NMR, 2D COSY, and HSQC spectra (Figures 3 and 4) reveals 

the presence of two AB systems at 4.04/4.56 and 4.17/4.94 ppm, 

corresponding to another specie in a 0.35 ratio with respect to 

the most abundant n-BuNH3
+1ccone complex (as determined by 

integration of their respective 1H NMR signals). These AB 

systems correlate in the HSQC spectrum with oxygenated CH2 
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carbons at 67.8 (g and h in Figure 4, bottom) and 69.7 ppm (e 

and f in Figure 4, bottom), respectively. In addition, two ArCH2Ar 

AX systems can be seen at 3.32/4.10 and 3.60/4.28 ppm, which 

are HSQC-correlated with ArCH2Ar carbons at 30.7 and 29.1 

ppm, respectively, typical of syn-oriented aromatic rings, while 

an AB system was presents at 3.79/3.98 ppm, which is HSQC-

correlated with ArCH2Ar carbons at 37.1 ppm, typical of anti-

oriented aromatic rings.  

A more careful analysis of the 2D COSY spectrum 

evidenced the presence of two further, very weak, 

ArCH2OCH2Ar AB systems (indicated by pink and green squares 

in Figure 4) at 4.22/4.57 and 4.20/4.51 ppm, corresponding to a 

third specie in a 0.021 ratio with respect to the most abundant n-

BuNH3
+1ccone complex (as determined by integration of their 

respective 1H NMR signals). On the other hand, the HSQC 

spectrum showed cross-peaks between a 1H resonance at 3.95 

ppm and one pertinent carbon signal at 38.1 ppm, which can be 

assigned to ArCH2Ar groups between anti-oriented aromatic 

rings. 

 

 

 

In conclusion, all the above data clearly evidenced the 

presence of two additional n-BuNH3
+1c complexes in which the 

tetramethoxy-dihomooxacalix[4]arene 1c was in a conformation 

different than the cone one (Figure 5). 

In order to clarify the conformational distribution of n-

BuNH3
+1c complexes, we decided to undertake a DFT study 

on the six possible conformers. Single-point DFT[13] calculations 

on the optimized structures of the complexes (Figure 5) at the 

MPW1PW9[14]/6-31G(d) level of theory indicated the following 

stability order: n-BuNH3
+1ccone > n-BuNH3

+1c1,4-alt > n-

BuNH3
+1cpaco-1> BuNH3

+1cpaco-3 with the relative energies of 

0.00, 0.74, 2.08, and 2.58 kcal/mol, while the two other possible 

alternate conformations, n-BuNH3
+1c1,3-alt and n-BuNH3

+1c1,2-

alt, were found at energies higher than 4.5 kcal/mol. In 

correspondence to the MPW1PW9/6-31G(d) relative energies of 

the n-BuNH3
+1c complexes, a Boltzmann population at 298 K 

of 75.7% and 21.0% for n-BuNH3
+1ccone and n-BuNH3

+1c1,4-alt, 

respectively, can be calculated, in addition to minor conformers 

(Table 1). 

On this basis and by a close inspection of the methylene 

region of the 1H NMR spectrum (Figures 3 and 4), we can assign 

to the n-BuNH3
+1c1,4-alt complex the ArCH2OCH2Ar signals at 

4.94/4.17 and 4.56/4.04 ppm, the ArCH2Ar systems at 3.32/4.10, 

3.79/3.98, and 3.60/4.28 ppm, and the OMe singlets at 2.80, 

3.02, 3.69, and 3.73 ppm, corresponding to the experimentally 

determined 0.35 ratio with respect to the most abundant n-

BuNH3
+1ccone  complex.  

A careful examination of the DFT-optimized structure of the 

n-BuNH3
+1ccone complex (Figure 5) reveals the existence of 

three hydrogen-bonds between the ammonium group of 2a+ and 

the O-atom of the CH2OCH2 bridge of 1c (N+∙∙∙O distance of 2.80 

Å), and the OMe groups of rings B (N+∙∙∙O distance of 2.84 Å) 

and D (N+∙∙∙O distance of 2.89 Å). In addition, the distances 

between the positive N-atom of 2a+ and the centroids of the 

aromatic rings A and C (Figure 5) of 1c were 3.50 and 3.70 Å, 

respectively, compatible with the existence of cation-π 

interactions.[1,3]  

Regarding the n-BuNH3
+1c1,4-alt complex, a distance of 

2.80 Å was measured between the O-atom of the CH2OCH2 

bridge of 1c and the N-atom of 2a+. In addition, two other H-

bonds were present between the ammonium group of 2a+ and 

the O-atoms of the inverted C and D rings (Figure 5). Finally, a 

distance of 3.60 Å was measured between the centroid of the 

aromatic ring B of 1c and ammonium group of 2a+ compatible 

with the existence of a cation-π interaction. 

 

In order to corroborate the 1.00/0.35 cone/1,4-alt 

conformational assignment for the n-BuNH3
+1c complexes, we 

performed DFT based GIAO NMR calculations at the 

MPW1PW91/6-311++(d,p) level of theory with the aim to predict 

the NMR chemical shifts of the two complexes and to compare 

them with the experimental ones, following a protocol already 

reported.[15c-d,16] At this regards, we focused our attention to the 

chemical shift of the host 1H-nuclei which can be considered 

useful conformational probes, such as the ArCH2Ar and OMe 

groups. These calculations were also extended to the endo-

complexed n-BuNH3
+ guest in order to gain additional structural 

informations.  

Regarding the n-BuNH3
+1ccone complex, the calculated 

data reported in Table 2 show an acceptable agreement with the 

experimental ones. In detail, for the ArCH2OCH2Ar H-1/2 atoms 

the calculated 1H  value is 0.52, perfectly matching the 

experimental one (0.52 ppm). Analogously, for the ArCH2Ar H-

3/4 and H-5/6 couples (Table 2) the calculated 1H  values are 

0.82 and 1.37 ppm in acceptable agreement with those 

observed experimentally (0.90 and 0.97 ppm, respectively). 

Clearly, these data are well compatible with the cone 

conformation of the dihomooxacalix[4]arene host in the n-

BuNH3
+1c complex. This agreement also holds for the OMe 

groups (experimental at 3.94 and 4.01 ppm, versus calculated at 

3.95 and 4.19 ppm, respectively). In addition DFT-based GIAO 

NMR chemical shift calculations predict quite well the 1H  

Table 1. MPW1PW9/6-31G(d) Energy Data and Room Temperature 

Boltzmann Populations for the Six n-BuNH3
+1c Complexes in Figure 3. 

 ∆E1 

kcal/mol 

Zi Fractional 

Population 

cone 0.0000 1.000000 0.757 

1,4-alt 0.74 0.28 0.210 

paco-1 2.08 0.029 0.022 

paco-3 2.58 0.013 0.0098 

1,2-alt 4.65 0.00038 0.000287 

1,3-alt 5.03 0.00020 0.000151 

1Obtained by single point calculations starting from optimized structures of the 

complexes at MPW1PW9/6-31G(d) level of the theory. 
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values of the n-BuNH3
+ guest shielded by the aromatic walls of 

host 1c. In fact, the experimental  value of −0.64 ppm of the 

  H-atoms of n-BuNH3
+ was well predict by the DFT one at 

−0.43 ppm. Analogously, the experimentally observed shielding 

order ( >        ) of n-BuNH3
+ guest was also well 

reproduced. All these data clearly indicated that the most 

abundant specie in solution was n-BuNH3
+1c complex with the 

dihomooxacalix[4]arene in a cone conformation.  

Regarding the n-BuNH3
+1c1,4-alt complex, a Monte Carlo 

search (MM3 Force Field, GB/SA CHCl3 model solvent)[17] 

revealed the existence of a second structure (complex b in 

Figure 5) which differs with respect to that already shown in 

Figure 5 (complex a) mainly for the different orientation of ring B 

of 1c. In fact, in the complex a ring B assumes an out inclination 

to facilitate the formation of a H-bond between its O-atom and 

the ammonium group of the guest, with a +N∙∙∙OMe distance of 

2.80 Å. In the complex b, the inclination of ring B is almost 

perpendicular to the mean plane of the ArCH2Ar groups, which 

lengthens the +N∙∙∙OMe distance to a value of 4.22 Å. 

Thus, we decided to perform a MPW1PW9/6-31G(d) 

geometry optimization of both structures (Figure 5). The single 

point energy calculations revealed that confomer a was more 

stable by 0.70 kcal/mol with respect to conformer b, which 

should be very quickly exchanging in solution. Therefore, the 

experimental  values must be compared with the weighted sum 

of the theoretical MPW1PW91/6-311++(d,p)   values of both a 

and b conformers of n-BuNH3
+1c1,4-alt complex (Table 3).  

Another important point to be considered is related to the 

expected number of resonances. In fact, due to the presence of 

the n-BuNH3
+ guest in the slowly exchanging n-BuNH3

+1c1,4-alt  

complex, the C2 symmetry axis is lost with respect to the free 

state. This justifies the presence of four singlets relative to OMe 

groups, three AX systems relative to ArCH2Ar bridges, two 

AX/AB systems relative to ArCH2OCH2Ar groups, and finally the 

presence of diastereotopic protons relative to the guest butyl 

chain (Figures S1 and S2).  

As concerns 1H   values of the ArCH2Ar bridge between 

anti-oriented B and C rings (Table 3), the calculated value of 

0.39 ppm is in agreement with the experimental datum of 0.19 

ppm. Naturally, on the basis of the Gutsche's and de Mendoza's 

rules,[15] this ArCH2Ar  1H   of 0.19 ppm is indicative of an anti-

orientation between the pertinent aryl rings B and C, in 

accordance with the 1,4-alternate conformation of 1c in the 

complex. In a similar way, the ArCH2Ar bridging groups between 

syn oriented A/B and C/D rings, gave calculated 1H   of 0.78 

and 0.71 ppm, respectively, which are very close to the 

experimental ones of 0.78 and 0.68 ppm. In addition, the 

calculated  values of OMe groups at 2.22, 3.73, 3.88, and 3.31 

ppm were also in agreement with the observed ones at 2.80, 

3.69, 3.73, and 3.02 ppm. 

Regarding the resonances of the guest butyl chain in the 

n-BuNH3
+1c1,4-alt complex, a close inspection of the 2D COSY 

spectrum (Figure S1) revealed the presence of a correlation 

between a broad signal at 4.88 ppm relative to the ammonium 

protons and two diastereotopic signals relative to 

−methylene H-atoms at 2.05 ppm and 1.59 ppm (AB system), 

which correlated in the 2D HSQC spectrum with a carbon 

resonance at 40.4 ppm (Figure S2). Interestingly, distereotopic 

resonances relative to − and −methylene groups of the guest 

were found at 1.21/1.00 and 0.82/0.70 ppm, which correlated in 

the HSQC spectrum with carbon resonances at 37.3 and 28.9 

ppm, respectively (Figure S2). As expected, the calculated 

chemical shifts values of the guest butyl chain in the n-

BuNH3
+1c1,4-alt complex were in good agreement with the 

experimental ones (Table 3). It is worth pointing out that these 

values were in the positive region of the spectrum and far away 

from those of the corresponding protons in the n-BuNH3
+1ccone 

complex. Clearly, this lower upfield shift is due to the lower 

number of shielding Ar rings (two) in n-BuNH3
+1c1,4-alt with 

respect to those (four) of n-BuNH3
+1ccone. 

 

 

 

 

 

Table 2. Calculated and Experimental 1H  of the n-BuNH3
+1ccone Complex. 

    

        calctd
1       exp

2      calctd
1                    exp

2 

1 4.45 4.25   

   0.52 0.52 

2 4.97 4.72   

3 3.85 3.44   

   0.82 0.90 

4 4.67 4.34   

5 3.60 3.40   

   1.37 0.97 

6 4.97 4.37   

7 3.95 3.94   

8 4.19 4.01   

 −0.45 −0.64   

 −0.14 −0.43   

 0.52 −0.024   

 0.60 0.30   

+ 4.83 4.24   

1For NMR shift calculations of n-BuNH3
+1ccone complex,  the  indicated 

atoms were treated at the MPW1PW91/6-311++(d,p) level of theory, in 

chloroform as solvent. The structure of the n-BuNH3
+1ccone complex was 

initially minimized with MM3 and successively optimized at MPW1PW9/6-

31G(d) level of theory. 2Experimental 1H NMR chemical shifts were measured 

in CDCl3 and referred to the TMS as internal standard (600 MHz, 298 K).  
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Table 3. Calculated (weighted sum) and Experimental 1H  values of the n-

BuNH3
+1c1,4-alt Complex. 

 

 

   

 calctd
1 exp

1 calctd exp 

1 4.33 4.04   

   0.75 0.52 

2 5.08 4.56   

3 3.59 3.32   

   0.78 0.78 

4 4.37 4.10   

5 3.89 3.79   

   0.39 0.19 

6 4.28 3.98   

7 4.51 4.28   

   0.71 0.68 

8 3.80 3.60   

9 5.25 4.94   

   0.82 0.77 

10 4.43 4.17   

11(OMe)1 2.22 2.80   

12(OMe)1 3.73 3.69   

13(OMe)1 3.88 3.73   

14(OMe)1 3.31 3.02   

+ 5.39 4.88   

 1.87 2.05   

' 1.08 1.59   

 1.56 1.21   

' 1.48 1.00   

 1.14 0.82   

' 1.18 0.70   

 1.06 0.80   

1  Due to the presence of the n-BuNH3
+ guest in the 1,4-alternate conformation 

of 1c, it  loses the C2 symmetry axis with respect to the free state.10c This 

justifies the presence of four singlets relative to OMe groups, three AX systems 

relative to ArCH2Ar bridges, two AX/AB systems relative to ArCH2OCH2Ar 

groups, and finally the presence of diastereotopic protons relative to the guest 

butyl group.   

 

 

In conclusion, the conformationally mobile tetramethoxy-

dihomooxacalix[4]arene 1c host is able to complex n-BuNH3
+ 

guest in the presence of TFPB counter-ion and 1D and 2D NMR 

studies, corroborated by GIAO NMR chemical shift prediction 

and single-point energy calculations, indicates that the most 

abundant species in solution were n-BuNH3
+1c complexes with 

the dihomooxacalix[4]arene in a cone and 1,4-alternate 

conformations. At this point the third specie hardly seen in 

solution at a 0.021 ratio with respect to n-BuNH3
+1ccone 

complex can be serenely assigned to n-BuNH3
+1cpaco-1 

complex, which follows in energy order (Table 1). Of course, its 

complete NMR study is precluded by the very low signal 

intensities, which are very close to the detection limit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Significant portions of the 1H NMR spectra (600 MHz, CDCl3, 298 K) 

of: (bottom) 1:1 mixture of 1a and 2a+ (3 mM); (middle) 1:1:1 mixture of 1a, 1c, 

and 2a+ (3 mM each one); (top) 1:1 mixture of 1c and 2a+ (3 mM). 

Interestingly, a competition experiment (Figure 6) was 

performed by mixing 1 equiv of n-BuNH3
+∙TFPB− 2a+ in CDCl3 

with a mixture of two different hosts, namely cone-shaped 

tetrabenzyloxy-dihomooxacalix[4]arene 1a[5k] and tetramethoxy-

dihomooxacalix[4]arene 1c (1 equiv each). Thus, it was 

evidenced that 2a+⊂1a is preferentially formed over 2a+⊂1ccone 

in a 5:1 ratio (by integration of their n-butyl resonances in the 

upfield negative region of the spectrum). This is probably due to 

the greater preorganization of conformationally blocked 

tetrabenzyloxy-dihomooxacalix[4]arene 1a with respect to mobile 

tetramethoxy 1c. On the basis of the previously reported 

association constant for 2a+⊂ 1a (Kass = 5.5×106 M−1),[5k] a 

significantly lower Kass value of 2.2×105 M−1 was calculated for  

2a+⊂1ccone complex.[18] In a similar way, a Kass of 7.7×104 M−1 

was calculated for the 2a+⊂1c1,4-alt complex.[19] 
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Binding ability of dihomooxacalix[4]arene derivative 1c 

toward branched i-propylammonium guest 2b+. The 

extension of complexation studies to i-propylammonium 2b 

guest revealed a behavior very similar to that of 2a. In fact, a 

close inspection of the methylene region of the 1H NMR 

spectrum of a 1:1 mixture of 1c and i-PrNH3
+∙TFPB−  salt in 

CDCl3 (Figure 3), evidenced the presence of two AX systems 

(COSY spectrum, Figure S3) in a 2:1 ratio at 3.50/4.44 ppm ( 

= 0.94 ppm) and 3.49/4.47 ppm ( = 0.90 ppm), which 

correlated in the HSQC spectrum (Figure S4) with signals at 

30.7 and 30.8 ppm, respectively, relative to carbon atoms 

between syn-oriented aryl rings. In addition, an AB system  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(COSY spectrum) was present at 4.34/4.84 ppm relative to 

ArCH2OCH2Ar group which correlated with a carbon at 71.4 ppm. 

By application of the above mentioned Gutsche's and de 

Mendoza's rules, these data were indicative of a cone 

conformation of  1c in the i-PrNH3
+1ccone complex. In 

accordance, shielded signals relative to i-PrNH3
+ guest inside the 

aromatic cavity of 1c were observed at 0.13 [−CH(CH3)2] and 

−0.82 [−CH(CH3)2] ppm. Analogously to n-BuNH3
+1ccone 

complex, two singlets relative to OMe groups of 1c in the i-

PrNH3
+1ccone  complex were observed at 4.09 and 4.05 ppm.  

Interestingly, additional signals for ArCH2OCH2Ar protons 

were presents at 4.05/4.95 and 4.18/4.59 ppm, which can be 

confidently assigned to i-PrNH3
+1c1,4-alt complex, in which 1c  

 H4,6,8                                                    H1,3,5 

 
 

H2,10                         H1,9 

 

OMe11-14 

tBu15-18 

* 

* 

             

               ' 

* 

 
  ▲= s-BuNH3

+1ccone                                     ● = s-BuNH3
+1c1,4-alt 

 

 

Figure 7. Significant portion of the 1H NMR spectrum (600 MHz, CDCl3, 298 K) of a 1:1 mixture of 1c and 2c+ (3 mM). 
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host is in the 1,4-alternate conformation. This conformation was 

confirmed by three AX/AB ArCH2Ar systems at 3.57/4.28, 

3.32/4.09, and 3.86/3.96 ppm, which correlated in the HSQC 

spectrum with carbon signals at 29.2, 30.5, and 37.2 ppm. 

Finally, the four OMe groups of the i-PrNH3
+1c1,4-alt complex 

resonated at 2.96, 3.01, 3.75, and 3.84 ppm and correlated in 

the HSQC spectrum with carbon signals at 61.3, 60.2, 60.8, and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

60.7 ppm.  

Regarding the resonances of the guest isopropyl chain in 

the i-PrNH3
+1c1,4-alt complex, a close inspection of the 2D 

COSY spectrum (Figure S3) revealed the presence of a 

correlation between a broad signal at 4.95 ppm relative to the 

ammonium protons and a broad signal relative to the 

−hydrogen at 2.05 ppm, which correlated in the 2D HSQC 

  

 
 

Figure 8. Significant portions of COSY [(a) and (b)] HSQC [(c) and (d)] spectra (600 MHz, CDCl3, 298 K) of a 1:1 mixture of 1c and 2c+ (3 mM). 
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spectrum with a carbon resonance at 44.5 ppm (Figure S4). 

Interestingly, the − hydrogen correlated with two signals at 0.28 

and 0.65 ppm relative to  and ' methyl groups of the guest, 

which correlated in the HSQC spectrum with carbon resonances  

at 19.4 and 20.2 ppm (Figure S4). The presence of two 

diastereotopical  and ' methyl groups of the guest in the i-

PrNH3
+1c1,4-alt complex is consistent with what discussed 

above for the corresponding n-BuNH3
+  complex and is justified 

by a close inspection of its energy-minimized structure (Figure 

S11).  In fact, one of the two methyl group (blu in Figure S11) of 

the 2b+ guest is pointing toward two aromatic rings of 1c, while 

the other one (red in Figure S11) is oriented toward the OMe 

groups of the two inverted Ar rings. 

Integration of ArCH2OCH2Ar 1H NMR signals relative to i-

PrNH3
+1ccone and i-PrNH3

+1c1,4-alt revealed that the two 

complexes were presents in a 1:1 ratio. Interestingly, a 

competition experiment (Figure S8) was performed by mixing 1 

equiv of i-PrNH3
+∙TFPB− 2b+ in CDCl3 with the mixture of cone-

shaped tetrabenzyloxy-dihomooxacalix[4]arene 1a[5k] and tetra-

methoxy-dihomooxacalix[4]arene 1c (1 equiv each). Thus, it was 

evidenced that 2b+⊂1a is preferentially formed over 2b+⊂1ccone 

in a 4:1 ratio (by integration of guest methyl resonances in the 

upfield negative region of the spectrum). Therefore, on the basis 

of the known Kass = 7.65×104 M−1 for 2b+⊂1a,[5k] a Kass of 4.1×103 

M−1 was calculated for 2b+⊂1ccone complex, in accordance with 

its lower preorganization. 

 

Binding ability of dihomooxacalix[4]arene derivative 1c 

toward sec-butylammonium guest 2c+.   Previuosly,[5k] we 

have showed that the endo-cavity complexation of racemic s-

BuNH3
+ guest 2c+ by achiral cone-shaped tetrabenzyloxy-

dihomooxacalix[4]arene 1a results in a s-BuNH3
+1a complex 

which is asymmetric on the NMR time-scale, giving rise to a 

chiral s-BuNH3
+1a supramolecule. Interestingly, this transfer of 

chirality[20] from chiral guest to achiral host is rather uncommon 

on the NMR timescale and must be due to a restricted motion of 

the branched s-BuNH3
+ guest inside the narrow oxacalix cavity 

of 1a. On this basis, we extended the complexation study of 

racemic (±)-s-BuNH3
+∙TFPB− 2c+ by conformationally mobile 

tetramethoxy-dihomooxacalix[4]arene 1c. A close inspection of 

the methylene regions of 1D (Figure 7) and 2D (Figure 8) NMR 

spectra (600 MHz, CDCl3, 298 K) of the 1:1 mixture of 1c and 

2c+ revealed the presence of three AX systems in a 1:1:1 ratio 

relative to ArCH2Ar groups at 3.53/4.47, 3.50/4.43, and 

3.48/4.46 ppm (a-c in Figure 8a), which correlate in the HSQC 

spectrum with carbon resonances at 30.5, 30.5, and 31.2 ppm 

(d-f and d'-f' in Figure 8d), respectively. These data, in 

accordance with the Gutsche's and de Mendoza's rules, are 

compatible with a cone conformation of 1c. The presence of 

three ArCH2Ar AX systems for 1c in the s-BuNH3
+1ccone 

complex was consistent with an asymmetric structure of the 

complex in which a chirality transfer took place on the NMR time 

scale from chiral 2c+ guest to achiral 1c host. This was 

confirmed by four t-butyl 1H singlets at 1.25, 1.26, 1.29, and 1.31 

ppm (Figure 7), which correlated in the HSQC spectrum with 

carbon resonances at 31.1, 31.1, 31.2, and 31.18 ppm, 

respectivley. In addition, four 1J correlations were present in the 

HSQC spectrum (Figure 8c) relative to OMe groups at 

4.02/62.28, 4.02/62.31, 4.10/61.4, and 4.17/61.7 ppm (g-i in 

Figure 8c). 

Finally, to corroborate the asymmetric host structure in s-

BuNH3
+1ccone complex, two AB systems relative to 

ArCH2OCH2Ar groups were presents at 4.35/4.86 and 4.35/4.83 

ppm (j-k in Figure 8a), which were HSQC-correlated with carbon 

resonances at 71.5 and 71.0 ppm (Figure 8c, l-o) 

In accordance with the 1H NMR data previously reported5k 

for the s-BuNH3
+1acone complex, shielded s-BuNH3

+ 

resonances were present at negative values of chemical shifts 

(Figure 8b). Thus, −proton at −0.04 ppm showed COSY cross-

peaks (Figure 8b) with  both '-methyl [−0.96 ppm (d, J = 6.8 

Hz)] and diastereotopic -methylene (−0.70 and −0.80 ppm) 

groups. Finally, both -methylene protons were correlated with 

−methyl group at −0.01 ppm (t, J = 8.0 Hz).  

In analogy to the above reported results, a close inspection 

of the methylene region of the HSQC spectrum revealed the 

presence of s-BuNH3
+1c1,4-alt complex in which the host adopts 

a 1,4-alternate conformation. In fact, a 1J correlation (p in Figure 

8d) was present between a broad 1H singlet at 3.90 ppm and a 

carbon resonance at 37.4 ppm relative to ArCH2Ar bridge (C*) 

between anti-oriented aryl rings. In addition, two AX systems 

were present at 3.53/4.29 and 3.56/4.27 ppm (q and r in Figure 

8a) which correlated with carbon resonances at 29.6 and 29.3 

ppm, respectively (s/t and s'/t' in Figure 8d). These data were 

indicative of a syn-orientation between the pertinent Ar rings. 

Four 1J correlations relative to OMe groups of s-BuNH3
+1c1,4-alt 

complex were present in the HSQC spectrum at 2.34/59.8, 

2.85/61.0, 3.09/59.9, and 3.19/61.9 ppm.  

Integration of the 1D and 2D NMR signals relative to the s-

BuNH3
+1ccone and s-BuNH3

+1c1,4-alt complexes revealed that 

the two supramolecules were present in a 2.8:1 ratio. In analogy 

to the above reported results, a competition experiment (Figure 

S9), mixing 1 equiv of s-BuNH3
+∙TFPB− 2c+ in CDCl3 with the 

mixture of cone-shaped tetrabenzyloxy-dihomooxacalix[4]arene 

1a5k and tetramethoxy-dihomooxacalix[4]arene 1c (1 equiv 

each), evidenced the preferential formation of 2c+⊂1a complex 

over 2c+⊂1ccone in a 2.5:1 ratio (by integration of their s-Bu 

resonances in the upfield negative region of the spectrum). Thus, 

a Kass of 3.8×103 M−1 was calculated for 2c+⊂1ccone complex, on 

the basis of the known Kass for 2c+⊂1a (3.6×104 M−1). [5k] 

Conclusions 

In conclusion, we have shown that the conformationally mobile 

tetramethoxy-dihomooxacalix[4]arene 1c is able to recognize 

linear and branched alkylammonium guests through an induced 

fit mechanism. Thus, while free 1c preferentially adopts in 

solution a 1,4-alternate conformation, in the presence of linear n-

BuNH3
+ and branched s-BuNH3

+ and i-PrNH3
+ guests, it 

preferentially forms endo-complexes in cone conformation. In 

addition, 1D and 2D NMR studies evidenced that other 

complexes with 1c in different conformations were also present 

and characterized. Interestingly, a good agreement was found 

between the experimental 1H chemical shift values assigned to 
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n-BuNH3
+1ccone  and n-BuNH3

+1c1,4-alt complexes and those 

predicted by DFT-based GIAO NMR chemical shift calculations, 

that corroborated the conformational assignment. 

 

 

Experimental Section 

General Experimental Method:  ESI(+)-MS measurements were 

performed on a triple quadrupole mass spectrometer equipped with 

electrospray ion source, using CHCl3 as solvent. All chemicals were 

reagent grade and were used without further purification. Anhydrous 

solvents were used as purchased from supplier. When necessary 

compounds were dried in vacuo over CaCl2. Reaction temperatures were 

measured externally. Derivative 2a-c+,5k and 1c9d were synthesized 

according to literature procedures.  NMR spectra were recorded on 400 

or 600 MHz spectrometers (TMS as internal standard). The temperature 

was maintained at 298 K for all NMR spectra. COSY-45 spectra were 

taken using a relaxation delay of 2 s with 30 scans and 170 increments of 

2048 points each. HSQC spectra were performed with gradient selection, 

sensitivity enhancement, and phase-sensitive mode using 

Echo/Antiecho-TPPI procedure. A typical experiment comprised 20 

scans with 113 increments of 2048 points each. Monte Carlo 

conformational searches (10000 steps) were performed with 

MacroModel-9.0/Maestro-4.1 program using CHCl3 as solvent (GB/SA 

model). Kass values were determined by 1H NMR competition 

experiments in accordance to a literature procedure.5k,j  

General procedure for the preparation of alkylammonium 

complexes. Dihomooxacalix[4]arene derivative 1c (1.23×10−3 mmol) and 

the appropriate alkylammonium TFPB salt 2a-c+ (1.23×10−3 mmol) were 

dissolved in CDCl3 (0.4 mL, 3.0×10−3 M solution). The solution was 

sonicated for 15 min at room temperature and transferred into a NMR 

tube for 1D and 2D NMR spectra acquisition. 

Acknowledgements  

We thank the Italian MIUR (PRIN 20109Z2XRJ_006) for 

financial support and the Centro di Tecnologie Integrate per la 

Salute (CITIS, Project PONa3_00138), Università di Salerno, for 

the 600 MHz NMR instrumental time. Thanks are due to Dr. 

Patrizia Iannece and to Dr. Patrizia Oliva (Dipartimento di 

Chimica e Biologia, Università di Salerno) for ESI-MS and NMR 

spectral measurements, respectively. 

Keywords: homooxacalixarene • induced fit • alkylammonium 

guest • superweak anion • DFT calculations 

[1]     (a) X. Xiu, N. L. Puskar, J. A. P. Shanata, H. A. Lester, D. A. Dougherty 

Nature 2009, 458, 534−538; b) P. H. Celie, S. E. Van Rossum-Fikkert, 

W. J. Van Dijk, K. Brejc, A. B. Smit, T. K. Sixma, Neuron 2004, 41, 

907–914; c) X. Tavares Da Silva, A. P. Blum, D. T. Nakamura, N. L. 

Puskar, J. A. P. Shanata, H. A. Lester,  D. A. Dougherty, J. Am. Chem. 

Soc. 2012, 134, 11474−11480. 

[2]          G. A. Jefferey, An Introduction to Hydrogen Bonding; Oxford University 

Press: Oxford 1997. 

[3]       a) D. Dougherty, Acc. Chem. Res. 2013, 46, 885−893; b) J. C. Ma, D. 

Dougherty, Chem. Rev. 1997, 97, 1303−1324. 

[4]           For further examples, see: (a) T. F. Miles, K. S. Bower, H. A. Lester, D. 

A. Dougherty,  ACS Chem. Neurosci. 2012, 3, 753−760; (b) N. H. Duffy, 

H. A. Lester, D. A. Dougherty, ACS Chem. Biol. 2012, 7, 1738−1745. 

[5]     For a comprehensive review on calixarene macrocycles, see: a) C. D. 

Gutsche, Calixarenes, An Introduction; Royal Society of Chemistry: 

Cambridge, UK, 2008. For examples regarding the ammonium guest 

recognition, see: b) F. Arnaud-Neu, S. Fuangswasdi, A. Notti, S. 

Pappalardo, M. F. Parisi, Angew. Chem. Int. Ed. Engl. 1998, 37, 

112−114; c) M. F. Parisi, S. Pappalardo, J. Org. Chem. 1996, 61, 

8724−8725; d) C. Capici, Y. Cohen, A. D’Urso, G. Gattuso, A. Notti, A. 

Pappalardo, S. Pappalardo, M. F. Parisi, R. Purrello, S. Slovak, V. 

Villari, Angew. Chem. Int. Ed. 2011, 50, 11956–11961; e) C. Capici,; G. 

Gattuso, A. Notti, M. F. Parisi, S. Pappalardo, G. Brancatelli, S. 

Geremia, J. Org. Chem. 2012, 77, 9668−9675; f) D. Coquière, A. de la 

Lande, S. Martì, O. Parisel, T. Prangé, O. Reinaud, Proc. Natl. Acad. 

Sci. USA 2009, 106, 10449−10454; g) C. Gaeta, F. Troisi, P. Neri, Org. 

Lett, 2010, 12, 2092−2095; h) T. Pierro, C. Gaeta, C. Talotta, A. 

Casapullo, P. Neri, Org. Lett. 2011, 13, 2650−2653; i) C. Talotta, C. 

Gaeta, T. Pierro, P. Neri, Org. Lett. 2011, 13, 2098−2101; j) C. Talotta, 

C. Gaeta, P. Neri, Org. Lett. 2012, 14, 3104−3107; k) C. Gaeta, C. 

Talotta, F. Farina, F. A. Teixeira, P. A. Marcos, J. R. Ascenso, P. Neri, J. 

Org. Chem. 2012, 77, 10285−10293; l) C. Gaeta, C. Talotta, F. Farina, 

M. Camalli, G. Campi, P. Neri, Chem. Eur. J. 2012, 18, 1219−1230.; 

(m) C. Gaeta, C. Talotta, S. Mirra, L. Margarucci, A. Casapullo, P. Neri, 

Org. Lett. 2013, 15, 116−119; n) C. Talotta, C. Gaeta, Z. Qi, C. A. 

Schalley, P. Neri, Angew. Chem. Int. Ed. 2013, 52, 7437−7441; o) R. 

Ciao, C. Talotta, C. Gaeta, L. Margarucci, A. Casapullo, P. Neri, Org. 

Lett. 2013, 15, 5694−5697; p) R. Ciao, C. Talotta, C. Gaeta, P. Neri, 

Supramol. Chem., 2014, 26, 569−578; q) C. Gaeta, C. Talotta, P. Neri, 

Chem. Commun. 2014, 50, 9917−9920; (r) Talotta, C., Gaeta, C., Neri, 

P. J. Org. Chem. 2014, 79, 9842−9846; (s) C. Talotta, N. A. De Simone, 

C. Gaeta, P.  Neri, Org. Lett. 2015, 17, 1006−1009. 

[6]     a) T. Ogoshi, S. Kanai, S. Fujinami, T. Yamagishi, Y. Nakamoto, J. Am. 

Chem. Soc. 2008, 130, 5022−5023; b) T. Ogoshi, T. Yamagishi, Eur. J. 

Org. Chem. 2013, 15, 2961−2975; c) J. Fan, Y. Chen, D. Cao, Y.-W. 

Yang, X. Jia, C. Li, RSC Adv. 2014, 4, 4330─4333; (d) C. Li, X. Shu, J. 

Li, J. Fan, Z. Chen, L. Weng, X. Jia, Org. Lett. 2012, 14, 4126─4129; e) 

C. Li, Chem. Commun. 2014, 50, 12420−12433. 

[7]  G. W. Gokel, Crown Ethers and Cryptands: Monographs in 

Supramolecular Chemistry; The Royal Society of Chemistry:  

Cambridge, 1991. 

[8]    a) J. Lagona, P. Mukhopadhyay, S. Chakrabarti, L. Isaacs, Angew. Chem. 

Int. Ed. 2005, 44, 4844–4870; b) H. M. Tootoonchi, S. Yi, A. E. Kaifer, J. 

Am. Chem. Soc. 2013, 135, 10804─10809; c) Y. Kim, H. Kim, Y. H. Ko, 

N. Selvapalam, M. V. Rekharsky, Y. Inouew, K. Kim, Chem. Eur. J. 

2009, 15, 6143−6151; d) W. Mock, N. Y. Shih, J. Am. Chem. Soc. 1986, 

51, 4440─4446. 

[9]      H. Chen, J. Fan, X. Hu, J. Ma, S. Wang, J. Li, Y. Yu, X. Jia, C. Li, Chem. 

Sci. 2015, 6, 197−202. 

[10]    (a) B. Masci, S. Levi Mortera, D. Persiani, P. Thuéry, J. Org. Chem. 

2006, 71, 504-511; b) B. Masci, in Calixarenes 2001 (Eds.: Z. Asfari, V. 

Böhmer, J. Harrowfield, J. Vicens), Kluwer, Dordrecht, 2001, pp. 235–

249; c) B. Masci, M. Finelli, M. Varrone, Chem. Eur. J. 1998, 4, 2018-

2030; d) P. M. Marcos, J. R. Ascenso, R. Lamartine,  J. L. C. Pereira, 

Tetrahedron, 1997, 53, 11791-11802; e) M. Perrin, S. Lecocq, P. M. 

Marcos, J. L. C. Pereira, Supramol. Chem. 1998, 9, 137-141. 

[11]   a) S. H. Strauss, Chem Rev. 1993, 93, 927–942; b) H. Nishida, N. 

Takada, M. Yoshimura, T. Sonoda, H. Kobayashi, Bull. Chem. Soc. Jpn. 

1984, 57, 2600–2604. For  recent examples on the use of TFPB 

superweak anion in supramolecular chemistry, see: c) C. Li, X. Shu, J. 

Li, J. Fan, Z. Chen, L. Weng, X. Jia, Org. Lett. 2012, 14, 4126-4129; d) 

B. A. Blight, A. Camara-Campos, S. Djurdjevic, M. Kaller, D. A. Leigh, F. 

M. McMillan, H. McNab, A. M. Slawin, J. Am. Chem. Soc. 2009, 131, 

14116–14122; e) H. Hou, K. C.-F. Leung, D. Lanari, A. Nelson, J. F. 

Stoddart, R. H. Grubbs, J. Am. Chem. Soc. 2006, 128, 13358–13359; 

Ac
ce

pt
ed

 V
er

si
on

: d
oi

:1
0.

10
02

/e
jo

c.
20

15
01

31
9



FULL PAPER    

 

 

 

 

 

For a review on counterion effects in supramolecular chemistry, see: f) 

T. B. Gasa, C. Valente, J. F. Stoddart, Chem. Soc. Rev. 2011, 40, 57–

78.  

[12]   (a) K. Araki, H. Shimizu, S. Shinkai, Chem. Lett. 1993, 205–208; b) T. 

Sawada,  H. Hisada,  M. Fujita, J. Am. Chem. Soc. 2014, 136, 

4449−4451; c) A. Brugnara, L. Fusaro, M. Luhmer, T. Prange, B. 

Colasson, O. Reinaud, Biomol. Chem. 2014, 17, 2754−2760; d) T. 

Pierro, C. Gaeta, P. Neri, Supramol. Chem. 2010, 22, 726−736; e) T. 

Pierro, C. Gaeta, F. Troisi, P. Neri, Tetrahedron Lett. 2009, 50, 350–

353; f) M. Menand, A. Leroy, J. Marrot, M. Luhmer, I. Jabin, Angew. 

Chem. Int. Ed. 2009, 48, 5509−5512; g) S. Le Gac, J. Marrot, O. 

Reinaud, I. Jabin, Angew. Chem., Int. Ed. 2006, 45, 3123−3126; h) A. 

Specht, P. Bernard, M. Goeldner, L. Peng, Angew. Chem., Int. 

Ed. 2002, 24, 4706−4708.  

[13]    Gaussian 09, Revision D.01, M. J. Frisch, G. W. Trucks, H. B. Schlegel, 

G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone, 

B. Mennucci, G. A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H. P. 

Hratchian, A. F. Izmaylov, J. Bloino, G. Zheng, J. L. Sonnenberg, M. 

Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. 

Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J. A. Montgomery, 

Jr., J. E. Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E. Brothers, K. N. 

Kudin, V. N. Staroverov, R. Kobayashi, J. Normand, K. Raghavachari, 

A. Rendell, J. C. Burant, S. S. Iyengar, J. Tomasi, M. Cossi, N. Rega, J. 

M. Millam, M. Klene, J. E. Knox, J. B. Cross, V. Bakken, C. Adamo, J. 

Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R. 

Cammi, C. Pomelli, J. W. Ochterski, R. L. Martin, K. Morokuma, V. G. 

Zakrzewski, G. A. Voth, P. Salvador, J. J. Dannenberg, S. Dapprich, A. 

D. Daniels, Ö. Farkas, J. B. Foresman, J. V. Ortiz, J. Cioslowski, and D. 

J. Fox, Gaussian, Inc., Wallingford CT, 2009. 

[14]     C. Adamo, V. Barone, J. Chem. Phys. 1998, 108, 664–675. 

[15]    Usually, the 1H   and 13C chemical shifts of the ArCH2Ar bridges of the 

calixarene can be considered as probe of the conformation adopted by 

the macrocycle in solution, on the basis of two simple rules: the 

Gutsche’s “1H NMR ” rule and the de Mendoza’s “single 13C NMR” 

rule.15a-d  The first is based on the chemical shift separation of ArCH2Ar 

protons, which may give rise to an AX, AB, or A2 system indicative of a 

cone, out, or 1,3-alternate conformation, respectively. In a similar way, 

the de Mendoza’s rule is related to the 13C NMR chemical shift of the 

ArCH2Ar group ( = 30−33, cone;  = 33-36, out;  =36-39, 1,3-

alternate). See: a) C. D. Gutsche, Calixarenes, Royal Society of 

Chemistry, Cambridge, 1989, pp. 110 –111; b) S. Kanamathareddy, C. 

D. Gutsche, J. Org. Chem. 1992, 57, 3160–3166; c) G. Bifulco, L. 

Gomez-Paloma, R. Riccio, C. Gaeta, F. Troisi, P. Neri, Org. Lett. 2005, 

7, 5757–5760; d) G. Bifulco, R. Riccio, C. Gaeta, P. Neri, Chem. Eur. J.  

2007, 13, 7185–7194; For an example regarding the application of the 

Gutsche's and De Mendoza's rules to alkylammonium complexes of 

calixarene hosts, see: C. Gaeta, C. Talotta, L. Margarucci, A. Casapullo, 

P. Neri, J. Org. Chem. 2013, 78, 7627−7638. 

[16]   (a) D. M. Pawar, E. M. Moody, E. A. Noe, J. Org. Chem. 1999, 64, 4586–

4589; b) J. S. Mugridge, R. G. Bergman, K. N. Raymond, J. Am. Chem. 

Soc. 2011, 133, 11205–11212; c) R. M.; Gomila, D. Quinonero, C. 

Rotger, C. Garau, A. Frontera, P. Ballester, A. Costa, P. M. Deyà, Org. 

Lett. 2002, 4, 399–401; (d) S. G. Smith, J. M. Goodman, J. Org. Chem. 

2009, 74, 4597–4607. 

[17]   Molecular modeling was performed with MacroModel-9.0/Maestro-4.1 

program: F. Mohamadi,  N. G. Richards, W. C. Guida, R. Liskamp, M. 

Lipton, C. Caufield, G. Chang,  T. Hendrickson,  W. C. Still, J. Comput. 

Chem. 1990, 11, 440–467.  

[18]     For a comparative purpose, it can be mentioned here that under similar 

conditions the complexation of n-BuNH3
+∙TFPB− by a conformationally 

fixed cone tetrapropxy-p-t-butylcalix[4]arene gave a similar Kass value of 

2.7×105 M−1.5r This similarity is due to two opposing effects, namely the 

higher host preorganization and the lower number of H-bonds in the 

calix[4]arene complex with respect to 2a+⊂1ccone.  

[19]    The stability difference between 2a+ ⊂ 1ccone and 2a+ ⊂ 1c1,4-alt 

complexes can be mainly attributed to a more favorable complexation 

enthalpy for the cone complex, being the entropy term usually less 

relevant for such kind of host-guest complexation. In accordance, with 

these expectations DFT calculations at the MPW1PW9[14]/6-31G(d) 

level of theory indicated a difference in binding enthalpy (H) 29-times 

higher, with respect to the difference in entropic term (TS) (Table S1), 

thus confirming the enthalpy dominance for the complexation process. 

[20] For reports on the transfer of chirality between chiral guest to achiral 

host, see: (a) A. G. Petrovic, G. Vantomme, Y. L. Negron-Abril, E.  

Lubian, G. Saielli, I. Menegazzo, R. Cordero, G. Proni, K. Nakanishi, T. 

Carofiglio, N. Berova, Chirality 2011, 23, 808–819; (b) N. Berova, G. 

Pecitelli, A. G. Petrovic, G. Proni, Chem. Commun. 2009, 5958–5980; 

(c) A. Shundo, J. Labuta, J. P. Hill, S. Ishihara, K. Ariga, J. Am. Chem. 

Soc. 2009, 131, 9494–9495; (d) R. Katoono, H.  Kawai, K. Fujiwara, T. 

Suzuki, J. Am. Chem. Soc. 2009, 131, 16896–16904. 

 

Ac
ce

pt
ed

 V
er

si
on

: d
oi

:1
0.

10
02

/e
jo

c.
20

15
01

31
9



FULL PAPER    

 

 

 

 

 

 

 

FULL PAPER 

The conformationally mobile 

tetramethoxy-dihomooxacalix[4]arene 

is able to interact with linear and 

branched alkylammonium guests 

through an induced fit process mainly 

driven by H-bonds and cation-π 

interactions. An adaptive transition 

from 1,4-alternate to cone 

conformation is observed upon 

complexation.  
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