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Straightforward Metal-Free Synthesis of an Azacalix[6]arene 
Forming a Host-Guest Complex with Fullerene C60  
Zhongrui Chen,a Gabriel Canard,*a Cloé Azarias,b Denis Jacquemin*b,c and Olivier Siri*a 

Contrasting with the well mastered azacalix[4]arene, the synthesis and characterization of azacalix[6]arene derivatives 
remains a challenge for chemists. In this framework, bulky n-octylamino groups appended on the 1,3-meta-
diaminobenzene 2b can lead to the concomittant and straightforward one-pot formation of the azacalix[6]arene 4b and of 
the thermodynamically favoured azacalix[4]arene 3b through simple consecutive nucleophlic aromatic substitutions. The 
conformations of 3b and 4b were studied in solution and in the solid state using their molecular structures, their NMR and 
UV-visible spectra combined with first principle TD-DFT calculations. Preliminay solution experiments show that 4b can 
form a 1:1 host-guest complex with C60. 

Introduction 
Since their first complete characterization in the early 1970s, 
calixarenes have become the subject of an intense research 
and have been applied in various fields such as catalysis and 
specific delivery of drugs.1 Among the different ways to tune 
the cavity sizes and shapes of these macrocycles, one can 
focus on the connection between aryl units by heteroatoms 
thereby forming heterocalixarenes.2 Compared to 
thiacalixarenes incorporating sufur-bridging atoms that were 
intensively studied,3 the research devoted to the syntheses 
and applications of an emerging class of heterocalixarenes, 
namely, azacalixarenes is still in its infancy.4 This class of 
calixarenes are of peculiar interest because the connecting 
nitrogen atoms may bring supplementary functionalities to the 
macrocycle. For instance, the nitrogen atoms can form 
supramolecular bonds and their alkylation was used to 
produce derivatives with an improved solubility and/or 
featuring an inherent chirality.5 Moreover, electron rich 
polyazacyclophanes can be used as macrocyclic scaffolds for 
hole- and spin-containing molecular-based electronics.6 

The synthesis of azacalixarenes relies on two principal 
strategies. The first one is the use of successive Buchwald-
Hartwig palladium based aryl aminations that can produce 
azacalixarenes containing from three to more than ten building 
aryl or heteroaryl units.4,7 Another catalyst-free synthetic 
preparation of such azacyclophanes can be achieved using 
successive Nucleophilic Aromatic Substitutions (SNAr).4,8 This 
strategy was show to produce only azacalix[4]arenes when the 
starting reactants are simple aryl units connected through 

their meta-positions.4,8 In this case, the experimental 
conditions are probably responsible of the exclusive formation 
of the thermodynamically favoured meta-linked 
azacalix[4]arenes. Interestingly, the importance of using a 
kinetic vs. thermodynamic control during successive SNAr was 
illustrated for oxacalixarenes when studying the competing 
formation of poly(m-phenylene oxides) vs. m-cyclooligomers 
starting from the condensation of meta-dihydroxy- and meta-
dihalido-aryl units9 which often affords oxacalix[4]arenes 
rather selectively over other larger macrocycles.10  Besides the 
use of non-equilibrating conditions,11 the synthesis of large m-
oxacalix[n]arenes (n > 4) by convenient SNAr strategies can be 
achieved following fragment coupling approaches12 or by 
introducing bulky groups in the core of the cyclophanes.11b,13 
To the best of our knowledge, such metal-free syntheses from 
simple aryl units are not yet described when considering large 
azacalix[n]arenes  (n > 4) where the expansion of the cavity 
could bring, for example, unique recognition properties14 or a 
peculiar interaction with G-quadruplexes.15 

The present work illustrates how two peripheral octyl 
chains appended on a 2,4-positions  in tetraminobenzene can 
lead to the formation of an azacalix[6]arene by following a 
SNAr strategy using simple aryl units. This unprecedented 
azacyclophane is easily separated by chromatography from the 
large amounts of the thermodynamically favoured four 
member macrocycle that is concomitantly produced. A 
structural investigation of their respective conformation is 
conducted in the solid state and in solution using single crystal 
X-ray diffraction, NMR studies in connection with (time-
dependent) density functional theory [(TD)-DFT] calculations. 

 

Scheme 1 Synthesis of azacalix[4]arenes 3a-b and of the azacalix[6]arene 4b. 
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These first-principles calculations are combined with 
preliminary experiments to enlighten the impact of the 
macrocycle expansion towards the complexation of 
[60]fullerene. 

Results and discussion 
 

Concomitant formations of the azacalix[6]arene 4b and the 
azacalix[4]arene 3b. 

 
A few years ago, we reported the synthesis of the tetraamino-
azacalix[4]arene 3a produced by the SNAr between the 
electron-deficient aryl 1 and 1,2,4,5-tetraminobenzene 2a in 
MeCN in the presence of an excess of iPr2NEt acting as a non-
nucleophilic base (Scheme 1).16 This one step strategy can be 
used to prepare N-substituted derivatives such as the tetra-n-
octylamino-azacalix[4]arene 3b starting from the N-substituted 
tetra-aminobenzene 2b even if a two step procedure was 
shown to be more efficient (Scheme 1).17 The condensation of 
1 and 2a affords a single macrocycle 3a irrespective of the 
experimental conditions with a very high yield reaching 92% 
when the reactant concentrations in MeCN is ca. 0.01 M. The 
macrocyclisation of the [2+2] product is probably favoured by 
intramolecular N-H···O2N hydrogen bonding interactions 
involving the NH bridges that pre-organise the intermediate 
oligomers towards the cyclisation.8a  

Assuming that this pre-organisation would be rather 
disfavoured if N-substituents are added to the nucleophile 2 
and knowing that the production of larger macrocycles is 
usually increased in more diluted conditions, a first experiment 
was conducted within the same conditions but using a twice 
diluted concentration of 2b (Table 1, entry 1). If the cyclic 
tetramer 3b appeared to be still the major reaction product, 
we could isolate a significant amount of the hexamer 4b with a 
yield of 3.4% and with a simple chromatographic purification 
facilitated by the quite different polarities of the two 
macrocycles on silica (see the experimental section). The 
highest yield of 4b reached 4.5% when pursuing the dilution of 
the reaction mixture (Table 2, entry 2) while, as expected, 
more concentrated conditions leads to a higher 3b/4b ratio 
(Table 1, entries 3-4). We underline that highly ethanol-
concentrated mixtures produce only linear oligomers and 
polymers because this solvent, by weakening the 
intramolecular hydrogen bonds, prevent the pre-organisation 
of oligomers towards the cyclisation (Table 1, entry 5).  

Table 1 Screening of reaction conditions (using 1 equivalent of 2b). 

Entry 1a Solvent [2b] 

(M) 

iPr2NEtb Temp. 

(°C) 

3b/4b 

Yields (%) 

1 0.95 MeCN 0.02 6 i) O °C (2 h) 

ii) rt. (12 h) 

iii) reflux (5 h) 

32.4/3.4 

2 0.95 MeCN 0.03 6 i) O °C (3 h) 

ii) rt. (120 h) 

44.4/4.5 

3 0.77 MeCN 0.11 10 i) O °C (4 h) 

ii) rt. (72 h) 

60.5/2.6 

iii) reflux (12 h) 

4 0.95 iPr2NEt 0.86 7 i) rt. (15 min) 

ii) 120 °C (72 h) 

38.8/tr 

5 0.90 EtOH 0.92 6 i) O °C (3 h) 

ii) rt (120 h) 

-/- 

a Equivalents of 1. b Equivalents of base. 

 
Solid state conformations of 3b and 4b. 

 
Despite the growth of numerous single crystals from different 
concentrated solutions of 3b and 4b, their molecular 
structures were all suffering from partial disorder affecting the 
long alkyl moieties and the co-crystallized solvent molecules. 
Nevertheless, we are still confident that the corresponding 
structural solutions and data refinements are of high enough 
qualities to allow us a first qualitative examination of their 
respective conformations in the solid state. 

The crystal structure of 3b features a typical 1,3-alternate 
conformation that is commonly observed in the structure of all 
the azacalix[4]arenes built on two equivalents of 1 (Figure 
1).8c,8f,16b This conformation, is also found by DFT as the most 
stable (vide infra), and is resulting from two stabilizing factors. 
The first one is the sp2 character of the nitrogen bridging 
atoms that are conjugated with their adjacent electron-
withdrawing dinitrobenzene rings illustrated by the short 
corresponding NC bon lengths averaging 1.35 Å. The second 
one is the formation of four strong and intramolecular N-
H···O2N hydrogen bonds (average distance of 2.03 Å) that 
involve the acidic and bridging N-H moieties (Figure 1). 
Interestingly, this molecular arrangement induces the location 
of the two aromatic protons Ha of the dinitroaryl units 
(Scheme 1) in the anisotropic shielding cones of the two nearly 
parallel oriented (interplane angle of 4°) tetra-aminobenzene 
separated by 4.74 Å. 

 

Fig 1. Two views of the single-crystal X-ray structure of 3b (N-octyl chains are omitted 
for clarity). The dotted lines show the intramolecular NH···O2N hydrogen bonds. 

Very few examples of single crystal X-ray structures of 
azacalix[6]arenes were reported previously. In 2006, Vale et al. 
described the structure of an aza[6]metacyclophane bearing 
six p-tert-butylphenyl groups in a 1,3,5-alternate conformation 
with an approximate S6 point group of symmetry.7d Two years 
later, an analogous derivative bearing six supplementary 
methoxy groups was shown to adopt, in the solid state, a 
definite 1,2,3-alternate conformation stabilized by intra-
annular hydrogen bonds.18 In 2002 and 2005, Yamamoto et al. 
reported the crystal structure of an azacalix[6]heteroarene 
adopting a triangular shape in which each of the six pyridine 
rings were alternatively inclined upward and downward to the 
macrocyclic plane due to the electrostatic repulsion between 
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the lone pairs of the N-pyridine and of the N-bridging 
atoms.7b,19  

Two molecules featuring the same conformation are 
contained in the asymmetric unit of the crystal structure of 4b 
(Figure 2). At first glance, 4b adopts an 1,2,4,5 alternate 
(u,d,d,u,d,d) conformation1a,20 which no remarkable symmetry 
element. Because of the two different building blocks, each 
kind of fragments is found in the two aryl groups that are 
orientated upward. The molecular cavity is rendered 
inaccessible to solvent molecules by the upward tetra-amino 
benzene unit. This latter aryl group is probably folding inside 
the cavity following two weak CH···N hydrogen bonds that 
cannot be precisely determined regarding the low resolution 
of the structure. As we show below, theoretical calculations 
deliver a very similar conformation as the most stable amongst 
those tested. Interestingly, if this conformation was kept 
frozen in solution, one would expect two different sets of 
signals for each kind of aromatic protons. For example, as in 
the structure of 3b, the aromatic proton Ha (Scheme 1) of the 
upward dinitroaryl moiety is in the anisotropic shielding cones 
of the adjacent downward orientated and nearly parallel tetra-
aminobenzene moieties while the two other equivalent Ha 
protons are only affected by one shielding cone.  

  

 

Fig 2. Two views of the single-crystal X-ray structure of 4b (N-octyl chains and solvent 
molecules are omitted for clarity, the hydrogen atoms locations were not fitted). 

Conformations of 3b and 4b in solution. 

 

A first insight of the conformations of 3b and 4b in solutions is 
given by their 1H NMR spectra recorded in CDCl3 at room 
temperature (Figure 3). The azacalix[4]arene 3b has a single 
and symmetrical 1,3-alternate conformer in which the intra-
annular aromatic protons Ha are located inside the anisotropic 
shielding cone of the two adjacent aryl rings. This particular 
effect is put into evidence by the corresponding singlet at a 
high field chemical shift of = 5.49 ppm. As stated above, this 
conformation is stabilized by four NH···O2N hydrogen bonds 
that are illustrated by the down-field signal of the bridging NH 
signals at  = 8.85 ppm. The assignments of the NMR signals 
of 3b are also consistent with theoretical calculations (see the 
ESI). As for 3b, the 1H HMR spectrum of the larger macrocycle 
4b features only one signal for each aromatic and NH protons 
(Figure 3).   
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Fig 3. Partial 1H NMR spectra of 3b and 4b recorded in CDCl3 at room temperature (asterisks denote residual solvent peaks; the full spectra are given in the SI). 

This result underlines that 4b either adopts a symmetrical 
favourite conformation in solution or that this spectrum is 
resulting from different equivalent or non-equivalent 
structures that are rapidly interconverting on the NMR time 
scale. 

The UV-Visible spectrum of a diluted dichloromethane 
solution of 3b (Figure 4) is characterized by an intense band in 
the UV region (340 nm) together with a shoulder lying at lower 
energy (400 nm). These bands originate from π-π* transitions 
of the electronically independent diamino-dinitro-benzene 
units as shown previously by TD-DFT calculations performed  
on similar derivatives.8h A noticeable consequence of the 
macrocycle’s expansion is evidenced by the corresponding ab- 
sorption spectrum of 4b (Figure 4) displaying two bands, 
though having maxima located at equal energies, that have a 
different intensity ratio. Moreover, the ring expansion induces 
the broadening of the visible band that extends up to 600 nm. 
This effect can be attributed to an effective π-conjugation 
between two consecutive aryl units in 4b which is, in contrast, 
interrupted by the restricted and “frozen” 1,3 alternate 
conformation of 3b.21 

We have searched the conformational space for both 3b 
and 4b using DFT calculations. For the former, DFT predicts 
that the 1,3-alternate conformation is the most stable, the 
following one being at least more than 10 kcal.mol-1 less stable 
(see the ESI for details). Interestingly, despite the fact that a 
greater conformational flexibility would be expected for 4b, 
DFT provides exactly the same conclusion as for 3b: the 
conformer corresponding to the XRD structure is much more 
stable than the others. Together with the experimental NMR 
spectra, this indicates that there is probably an 
interconversion of 4b between equivalent structures alike the 
one displayed in Figure 2. This analysis is also supported by a 
comparison between theoretical and experimental NMR 
chemical shifts (see the ESI). 

 

Fig 4. UV-Visible spectra of diluted dichloromethane solutions of 3b (dashed line) and 
4b (solid line). 

When comparing the experimental and theoretical UV/Vis 
spectra of 3b (Figure S4 in the ESI,) one observes that, despite 
a blue-shift of the bands (of 0.25 eV and 0.27 eV for the short- 
and long-wavelength band, respectively), theory provides a 
shape that matches well the one of Figure 4. Indeed, though 
the relative intensity of the long-wavelength maxima is 
somehow underestimated, the theoretical separation between 
the two bands (0.55 eV) is in excellent agreement with the 
experimental value of 0.58 eV. The orbital composition of each 
relevant electronic transition, as well as the orbital shapes of 
3b can be found in the ESI. One can conclude from these data 
that the excitations responsible for both absorption bands of 
3b mainly imply molecular orbitals centered on the phenyl 
rings bearing the nitro groups, though there is small 
contribution from the phenyl rings bearing the amino groups 
for the longest wavelength band. 
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In Figures S6, we compare the experimental and 
theoretical spectra of 4b. Even though the shape of the 
theoretical convoluted spectra does not perfectly
the experimental curve, theory provides accurate trend
Indeed, when going from 3b to 4b, one notes: i) no important 
changes of the intense absorption at ca.
theoretical and measured spectra; ii) the spectrum of 
extends to larger wavelengths which also fits
observation. Interestingly by analysing, the
additional long-wavelength band specific to 
notices that it corresponds to a charge-transfer band, as the 
key occupied MOs are localized on the amino
(donor) whereas their unoccupied counterparts are c
on the nitro-phenyl moieties (see Table S7 and Figure S
transfer was not possible in 3b, due to the orthogonal nature 
of the phenyl planes in that compound. 

 
Complexation of C60 by 3b and 4b. 

 
Previous works have focused on the recognition properties 

of large azacalix[n]heteroarenes (n=5-10) towards guests such 
as fullerene derivatives.14 Consequently, we ran preliminary 
solution experiments to study if host-guest complexes are 
formed between C60 and the azacalixarenes 
tetrachloroethane solutions at a millimolar scale (0.4 mM), no 
interaction occurs between 3b and increasing amounts of C
as illustrated by the corresponding UV-Visible spectra that 
result from a simple addition of the absorption spectra of each 
component (Figure S8 in the SI). On the contrary, when the 
same experiment was conducted using 4b, a clear modification 
of the shape and intensity of the visible band was detected 
and reveal the probable formation of a 1:1 com
through the presence of two isosbestic points (Figure S

We have performed DFT calculations on the possible 
complexes between C60 and both 3b and 4b. 
detailed in the ESI. For 3b-C60 the most stable aggregate that 
could be identified presents an interaction free energy as small 
as ca. -3 kcal.mol-1. In contrast, for 4b-C60, we could found two 
complexes presenting interaction energies of 
compared to the corresponding 4b free conformer 
5 and S16). In these two compounds, the C
with the nitro-phenyl moieties. Interestingly, we note that this 
interaction takes place with two rings for the most stable 
"free" conformer found in XRD (left-hand-si
three rings for a less stable conformer (right
Figure 5). For this latter case, the gain of interaction energy is 
however too limited to compensate the less stable character 
of the free conformer (10 kcal.mol-1, see Table 
the former is foreseen to be present in solution.

For the most stable 4b-C60 aggregate, we have determined 
the UV/Vis spectra with TD-DFT, using CAM
functional known to provide a sound description of long
charge-transfer excited-states. Compared to the free 
TD-DFT calculations revealed several additional transitions of 
weak intensity in the 450-500 nm domain, which fits the 
experimental findings (Figure S9). Amongst all these TD
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Fig 5. View of the two most stable 4b-C60 complexes identified by DFT calculations.

 
Fig 6. HOMO (left) and LUMO (right) of the most stable 

Experimental 
Materials and methods.  
 
Compound 2b was prepared according to literature 
procedure.17 All reagents and solvents anhydrate were 
purchased from Alfa Aesar or Sigma Aldrich and were used 
without further purification. Column chromatography was 
performed using silica gel (60-120 mesh). Analytica
chromatography (TLC) was performed on precoated silica gel
60 F254 (0.5 mm) aluminium plate. Visualization of the spots 
on TLC plates was achieved by exposure to UV light. 
NMR spectra were recorded on a Bruker AC250
ECS400 NMR spectrometer. Chemical shifts are reported in 
delta (δ) units, expressed in parts per million using the residual 
protonated solvent signal as an internal standard (For proton: 
CDCl3, 7.26 ppm; Acetone-d6, 2.05 ppm. For 
ppm; Acetone-d6, 30.8 ppm. The multiplicity of 
designated by the following abbreviations: s, singulet; br s, 
broad singulet; d, doublet; t, triplet; br t, broad triplet; m, 
multiplet. Coupling constants, J
High-resolution mass spectrometry (HRMS)
performed on a SYNAPT G2 HDMS (Waters). Absorption 
spectra were recorded using 1 mm

 5 

vertical transitions, the most intense takes place at 474 nm 
(f=0.02) and the largest MO contribution to it is an HOMO to 

se orbitals are displayed in Figure 6 and 
it is crystal clear that they imply a charge-transfer from the 

(HOMO) to the C60 (LUMO). 

 
complexes identified by DFT calculations. 

ight) of the most stable 4b-C60 aggregate. 

was prepared according to literature 
All reagents and solvents anhydrate were 

fa Aesar or Sigma Aldrich and were used 
without further purification. Column chromatography was 

120 mesh). Analytical thin layer 
chromatography (TLC) was performed on precoated silica gel-
60 F254 (0.5 mm) aluminium plate. Visualization of the spots 
on TLC plates was achieved by exposure to UV light. 1H and 13C 
NMR spectra were recorded on a Bruker AC250 or on a JEOL 

. Chemical shifts are reported in 
delta (δ) units, expressed in parts per million using the residual 
protonated solvent signal as an internal standard (For proton: 

, 2.05 ppm. For 13C: CDCl3, 77.0 
, 30.8 ppm. The multiplicity of the signals is 

designated by the following abbreviations: s, singulet; br s, 
broad singulet; d, doublet; t, triplet; br t, broad triplet; m, 
multiplet. Coupling constants, J, are reported in Hertz (Hz). 

tion mass spectrometry (HRMS) analysis was 
performed on a SYNAPT G2 HDMS (Waters). Absorption 

1 mm and 10 mm quartz cells in a 
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Varian Cary 50 UV-vis spectrophotometer and spectroscopic 
grade solvents. 
 

Synthesis of compounds 3b and 4b. To a solution of 1,5-
difluoro-2,4-dinitrobenzene 1 (m= 135 mg, 0.66 mmol, 0.95 
equiv.) in anhydrous MeCN (7 mL), was added 2b (m= 300 mg, 
0.69 mmol, 1.0 equiv.). The flask was closed by a septum, and 
cooled in a water-ice bath. The system was degassed 3 times 
by pump-argon cycling. Under argon degassed DIPEA (720 µL, 
4.13 mmol, 6.0 equiv.) was added dropwise by a syringe. After 
stirring at 0 °C for 3 hrs, the solution was stirred at room 
temperature for 5 days. The resulting solid in suspension was 
filtered and rinsed with acetone (100 mL) affording 3b (m= 
127 mg, 121 µmol) as an orange powder. The filtrate was 
concentrated under reduced pressure. The resulting residue 
was purified by column chromatography (silica 60F, 
DCM/cyclohexane, 70/30) to afford an additional quantity of 
3b (25.6 mg, 24.3 µmol, overall yield of 44.4%) and 4b as a 
dark greenish yellow powder (m= 16 mg, 9.9 µmol, 5% yield). 
3b: Rf = 0.29; Other analytical data are consistent with 
literature data.17 Single diffracting crystals of 3b were obtained 
by slow diffusion of n-heptane into a concentrated chloroform 
solution of 3b. 4b: Rf = 0.51; M.p. 253-255°C;  1H NMR (250 
MHz, Acetone-d6): δ 9.58 (br s, 6H), 9.20 (s, 3H), 7.20 (s, 3H), 
6.02 (s, 3H), 5.94 (s, 3H), 4.75 (br t, 3JHH = 5.7 Hz, 6H), 3.15 (dt, 
3JHH = 6.5 Hz, 3JHH = 6.2 Hz, 12H), 1.56 (m, 12H), 1.45-1.22 (m, 
60H), 0.91 (t, 3JHH = 6.8 Hz, 18H) ppm. 1H NMR (250 MHz, 
CDCl3): δ 9.51 (br s, 6H), 9.33 (s, 3H), 7.05 (s, 3H), 5.95 (s, 3H), 
5.74 (s, 3H), 3.68 (br s, 6H), 3.01 (t, 3JHH = 7.0 Hz, 12H), 1.71-
1.17 (m, 72H), 0.88 (t, 3JHH = 6.8 Hz, 18H) ppm. 13C NMR (63 
MHz, CDCl3): δ 146.7, 143.7, 129.5, 125.1, 121.6, 112.4, 95.7, 
95.0, 44.2, 31.8, 29.5, 29.4, 29.2, 27.1, 22.6, 14.0 ppm. HRMS 
(ESI-TOF) m/z: [M+H]+ calcd. for C84H127N18O12

+: 1579.9875, 
found 1579.9867, err. < 1 ppm. Single diffracting crystals of 4b 
were obtained by cooling slowly a hot dimethylsulfoxide 
concentrated solution of 4b. 
 

Crystallography. 

 

For 3b intensity data of single crystal X-ray diffraction were 
collected on a Bruker–Nonius KappaCCD diffractometer using 
MoKα radiation (λ = 0.71073 Å). Data collection was 
performed with COLLECT,22 cell refinement and data reduction 
with DENZO/SCALEPACK.23 For 4b intensity data of single 
crystal X-ray diffraction were collected with a Rigaku Oxford 
Diffraction SperNova diffractometer using Cu-Kα radiation (λ = 
1.54184 Å). The structures of 3b and 4b were solved with 
SIR9224 and SHELXS25 respectively while SHELXL201325 was 
used for full matrix least squares refinement. The hydrogen 
atoms were introduced at geometrical positions and their Uiso 
parameters were fixed to 1.2Ueq (parent atom) for the 
aromatic or CH2 carbon atoms and to 1.5Ueq (parent atom) for 
the methyl groups. CCDC-1525759 (3b) and CCDC-1525760 (4b) 
contain the supplementary crystallographic data. These data 
can be obtained free of charge from The Cambridge 

Crystallographic Data Centre via 
www.ccdc.cam.ac.uk/data_request:cif. 
 
Computational details. 

 
All (TD-)DFT calculations have been performed using the 
Gaussian 09.D01 program.26 We have tightened both the self-
consistent field (10-10 a.u.) and geometry optimization (10-5 
a.u.) convergence thresholds and use an accurate (99,590) 
pruned DFT integration grid. The macrocycles have been 
modeled by replacing the C8H17 alkyl chains with Methyl 
groups. All our (TD-)DFT calculations relied on the PBE0 hybrid 
functional27 using empirical dispersion corrections, as 
described by the so-called D3-BJ model.28 CAM-B3LYP29 was 
used to model the spectrum of the 4b-C60 complex as this 
functional is adequate for long-range charge-transfer 
phenomena. Following a basis set combination approach 
proposed previously,30 we used the 6-31G(d) atomic basis set 
for determining the geometrical and vibrational parameters 
whereas the TD-DFT transition energies have been computed 
with 6-31+G(d,p) [6-31G(d) for the 4b-C60 complex]. In 
computing the conformation and interaction energies, single 
point calculations using the highly extended def2-QZVP basis 
set have been performed as well so to avoid the need of 
correcting for BSSE effects. The nature of all stationary points 
was confirmed by analytical Hessian calculations that returned 
0 (minima) imaginary vibrational modes. These calculations 
gave access to estimates of the free energies (G). The NMR 
spectra were computed using the cc-pVTZ basis set. We note 
that the TMS reference signal was computed with the same 
protocol. Environmental effects [here, (CHCl2)2 for transitions 
and chloroform for NMR] have been accounted for electronic 
transition calculations, using polarizable continuum model 
(PCM),31 as implemented in Gaussian09,26 applying the linear-
response regime for excited-states. During the calculation of 
complexation and conformational energies, the solvent has 
also been introduced for single point calculation on the gas 
phase geometry using the PCM or SMD model.32  

Conclusions 
Successive metal-free nucleophilic aromatic substitutions 
between an activated meta-dihalobenzene and a meta-
diaminobenzene bearing two n-octylamino groups can lead to 
the concomitant and straightforward one-pot formation of the 
azacalix[6]arene 4b and of the thermodynamically favoured 
azacalix[4]arene 3b. Multiple analyses including single crystal 
X-ray diffraction, NMR and UV-Visible spectroscopy were 
combined with by TD-DFT calculations and put into evidence 
that both macrocycles feature a single conformer in solution 
which is the one observed in the crystalline solid state. If the 
corresponding 1,3-alternate conformer of the azacalix[4]arene 
3b was expected, the 1,2,4,5 alternate conformation adopted 
by the larger macrocycle 4b has been rarely observed 
previously. This conformation remains flexible in solution and 
allows the formation of stable host-guest complexes between 
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the azacalix[6]arene 4b and C60 which barely interacts with 
the smaller macrocycle 3b. 
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