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Abstract: 1,3-Alternate calix[4]arenes were prepared, having bulky adamantyl groups in the p-positions
of all four aromatic units of the macrocycles and pairs of propargyl or 2-azidoethyl groups alter-
nating with n-propyl groups at the phenol oxygen atoms. The step-wise syntheses were carried
out through a selective distal alkylation of the parent p-adamantylcalix[4]arene with propargyl bro-
mide or 1,2-dibromoethane, resulting in calix[4]arenes bearing pairs of propargyl or 2-bromoethyl
groups at their narrow rims. The bromine atoms were replaced by azide groups, and then both
calix[4]arene diethers were exhaustively alkylated at the remaining OH-groups with 1-iodopropane
under stereoselective conditions to fix the macrocycles in an 1,3-alternate shape. The structures
of the prepared p-adamantylcalix[4]arenes were confirmed by NMR and HRMS data, and, for the
1,3-alternate dipropargyl ether, the X-ray diffraction data were also collected. Preliminary data on
the reactivity of the prepared calixarenes under the CuAAC conditions suggested a strong steric
hampering created by the adamantane units nearby the reacting alkyne or azide groups that affected
the outcome of the two-fold cycloaddition involving the calixarene bis(azides) or bis(alkynes) as
complementary partners.

Keywords: calixarenes; adamantanes; macrocycles; azides; alkynes

1. Introduction

The adamantane structure is well recognized as a molecular core for biomedical
and pharmaceutical applications, which is due to its specific shape, size and lipophilicity,
empowered by functionalization capabilities [1,2]. Since their introduction into calixarene
chemistry three decades ago [3,4], adamantane-containing groups have been demonstrated
to be useful building blocks capable of bringing receptor functionalities to the macrocycles
or/and tuning their receptor properties. Indeed, several unsubstituted adamantyl units
arranged directly at the wide rim of the calixarene skeleton, or those connected to the narrow
rim of the cores through spacers, are responsible for intermolecular interactions between
calixarene metal complexes in crystals [5] and may affect the cation extraction processes [6];
these groups alter the mechanical properties of calixarene-containing polymers [7] or can
anchor calixarenes onto pre-functionalized surfaces through host–guest interactions [8].
The wide-rim-located adamantyl units regulate penetration of charged guests into/through
the aromatic cavity of calixarene macrorings [9], or they may contain additional groups and
serve as linkers to insert receptor or/and reporter functionalities into the (multi)calixarene
structures [10]. Also, when attached directly to the calixarene receptor sites, adamantyl
groups affect the efficiency and selectivity of their supramolecular interactions due to steric
reasons [11–14].

Since its discovery [15,16] and first implementation in calixarene chemistry [17], the
copper(I)-catalyzed azide–alkyne cycloaddition (CuAAC) [18,19] has rapidly become a
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useful tool for the preparation of calixarene conjugates bearing sophisticated functional
units, e.g., sugars and amino acids/peptides [20–22]. Even more importantly, the enrich-
ment of calixarene chemistry with the CuAAC approach has made available macrocycles
having several 1,4-disubstituted 1,2,3-triazole groups attached to a common platform,
which appeared to be efficient multidentate ligands for binding and sensing transition
metal cations [23–27]. Most of these triazolated calixarenes contain pairs of the receptor
groups attached through short linkers to the distal phenol oxygen atoms of the calix[4]arene
macrocycle having the cone or 1,3-alternate shape. In the latter case, the inverted calixarene
aromatic units form a common pocket with the functional groups, thus drastically affecting
the receptor capabilities of the whole site. Taking into account the above features of the
adamantane units, their attachment to the p-positions of 1,3-alternate calix[4]arenes may
provide additional shielding of the functional groups residing at the oxygen atoms of the
macrocycle, which in turn must affect the accessibility of these groups for supramolecular
interactions, thus improving selectivity of the triazole-containing receptor sites. In line with
this, herein we report the synthesis of the 1,3-alternate-shaped p-adamantylcalix[4]arenes
bearing pairs of propargyl or 2-azidoethyl groups at distal phenol oxygen atoms of the
macrocycles, which can be further converted into the respective 1-R-4-triazolylmethylated
or 4-R-1-triazolylethylated receptor macrocycles upon reacting with azides or alkynes
under the CuAAC conditions.

2. Results and Discussion

The readily available p-adamantylcalix[4]arene 1 (in the form of a stable 1:1 complex
with p-xylene) [4] was used as the starting compound. First, calixarene 1 was reacted with
propargyl bromide in acetone using sodium carbonate as a base, which was crucial for
alkylation of only two of four phenol OH-groups of the calixarene macrocycle (Scheme 1).
The resulting dipropargyl ether 2, which was thus prepared in good yield, appeared to be
substituted in distal aromatic units of the macrocycle as it followed from the signal count in
the NMR spectra. Though formally flexible due to inversion of the unsubstituted calixarene
aromatic units, calixarene 2 adopted a cone conformation in a CDCl3 solution because of
intramolecular hydrogen bonds between the OH and OR groups, as it followed from the
characteristic patterns [28] observed for the signals of the calixarene methylene groups in 1H
and 13C NMR spectra (see Section 3 and Figures S1 and S2 in the Supplementary Materials).
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Scheme 1. Synthesis of adamantylated calix[4]arene 3 bearing pairs of n-propyl and propargyl groups
at the opposed sides of the 1,3-alternate macrocycle.

Next, the remaining phenol hydroxyl groups in calixarene 2 were alkylated with
1-iodopropane to block the inversion of the aromatic units and fix the macrocycle in an
1,3-alternate shape. In this case, Cs2CO3 was selected as a base because the template effect
from the Cs+ cation was well-documented as being responsible for the formation of the
1,3-alternate calix[4]arene macrocycles during alkylation [29]. The targeted 1,3-alternate
calix[4]arene 3 was expected to be not the only product of the alkylation due to competing
formation of a partial cone isomer. Still, the yield of compound 3 was surprisingly high,
which might be explained by steric repulsions between bulky adamantane units stabilizing
the 1,3-alternate shape of the macrocycle during the reaction. For the NMR spectra of
compound 3 see Section 3 and Figures S3 and S4.



Molbank 2024, 2024, M1821 3 of 8

Upon slow evaporation of a dichloromethane/methanol solution of calixarene 3,
single crystals were collected and subjected to X-ray diffraction analysis. The obtained
data confirmed unambiguously the structure of this compound having the 1,3-alternate
shape and bearing pairs of the alternating n-propyl and propargyl groups attached to the
adamantylated macrocycle (Figure 1).
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Figure 1. Molecular structure of the calixarene 3 in two projections; thermal ellipsoids are drawn at a
50% probability level.

For the preparation of the adamantylated bis(azide) 6, the parent adamantylated
calixarene 1 was first alkylated with 1,2-dibromoethane (Scheme 2). In contrast to the
synthesis of the dipropargyl ether, a stronger base (K2CO3) was required to complete
the process, and a huge excess of the alkylating reactant had to be used to suppress the
undesired alkylation of calixarene 1 by the just-formed dibromide 4. Next, the obtained
calixarene 4 (see Section 3 and Figures S5 and S6 for the NMR spectra) was reacted with
sodium azide to replace the bromine atoms with the azide groups, and the resulting
bis(azide) 5 (see Section 3 and Figures S7 and S8 for the NMR spectra) was subjected
to alkylation with 1-iodopropane in the presence of Cs2CO3 as a base. Similar to the
synthesis of compound 3, the desired 1,3-alternate calix[4]arene bearing pairs of n-propyl
and 2-azidoethyl groups at the opposed sides of the macrocycle was obtained in relatively
high yield, which could result from the intramolecular repulsions between bulky groups
during the reaction.
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Scheme 2. Synthesis of adamantylated calix[4]arene 6 bearing pairs of n-propyl and 2-
azidoethyl groups.

The structure of bis(azide) 6 was concluded from the NMR data (see Section 3 and
Figures S9 and S10). In particular, the 13C NMR spectrum of this compound contains a
single resonance from the methylene groups of the calixarene macroring at ~39 ppm, which
is characteristic for the 1,3-alternate shape of the molecule [28]. Also, for all the prepared
compounds, HRMS data were obtained to confirm their structures.

We have recently shown that the 1,3-alternate calix[4]arene bis(alkyne) 7 and bis(azide) 8,
both having no substituents in the p-positions of the calixarene macrocycles, can be read-
ily assembled under the Cu+-catalysis into a semi-tubular biscalixarene 9 (Scheme 3).
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This compound, in which two triazole groups played both the linker and the receptor
functions simultaneously, has been prepared in relatively high yield for such a two-fold
reaction using CuI/Et3N or, better, CuSO4·5H2O/sodium ascorbate catalytic systems. Poly-
meric/oligomeric substances were the only by-products detected in the reaction mixtures,
thus indicating a complete conversion of the starting calixarenes 7 and 8 [30].
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To assess the effect of the bulky adamantane units surrounding the propargyl or
2-azidoethyl groups in compounds 3 and 6 on their reactivity under the CuAAC condi-
tions, similar experiments involving these compounds were carried out. It was found
that neither CuI/Et3N nor CuSO4·5H2O/sodium ascorbate could efficiently catalyze the
desired two-fold CuAAC between calixarenes 3 and 6, and only the signals from the
starting compounds were detected in the 1H NMR spectra of the reaction mixtures after
removal of the copper salts, though a conversion of a small part of the starting materials
into a polymeric/oligomeric substance was detected in the CuI/Et3N-catalyzed reaction.
Reasonably, the adamantane-shielded azide groups of calixarene 6 can hardly reach the
dicopper-acetylide intermediate formed inside the adamantylated pocket of calixarene
3 during the CuAAC, so neither the desired semi-tube formation nor the less hindered
polymerization/oligomerization took place.

In line with this, under the CuI/Et3N-catalysis (toluene, 60 ◦C, 24 h), bis(alkyne) 3
and bis(azide) 6 reacted completely with their less hindered CuAAC-partners 8 and 7,
respectively, though only polymeric/oligomeric products were detected in the reaction
mixtures. On the other hand, in the CuSO4·5H2O/sodium ascorbate-catalyzed reactions
conducted in a more polar media (THF/water (5:1), 60 ◦C, 24 h), calixarenes 3 and 6
behaved differently. In these cases, a complete conversion of the starting materials into
polymeric/oligomeric products was observed for the 6/7 bis(azide)/bis(alkyne) pair but
not for the 8/3 one. Tentatively, the steric hindrance provided by the bulky adamantane
units in the 1,3-alternate calix[4]arenes affects more drastically the CuAAC-reactivity of
bis(alkyne) 3 rather than bis(azide) 6.

3. Materials and Methods

Column chromatography was performed on silica gel 60 (0.063–0.200 mm). Commer-
cial reagents were used as received. Compounds 1 [4], 7 and 8 [30] were synthesized by the
reported procedures.

1H and 13C (APT) NMR spectra were acquired on a Bruker Avance 400 spectrometer
(Bruker, Billerica, MA, USA) at room temperature. High resolution ESI mass spectra were
obtained from a Sciex TripleTOF 5600+ spectrometer (AB Sciex, Singapore). FT-IR spectra
were registered on a Nicolet iS 5 (Thermo Fisher Scientific, Waltham, MA, USA) with iD3
ATR accessory (ZnSe).
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Crystallographic data were collected on a Bruker D8 Venture diffractometer using
graphite monochromatized Mo–Kα radiation (λ = 0.71073 Å) using an ω-scan mode. Ab-
sorption correction based on measurements of equivalent reflections was applied [31]. The
structure was solved by direct methods and refined by full matrix least-squares on F2 with
anisotropic thermal parameters for all non-hydrogen atoms [32–34]. Some components
of the disordered groups were refined isotropically. The hydrogen atoms were placed in
calculated positions and refined using a riding model.

CCDC 2348304 contains crystallographic data for compound 3. The data can be
obtained free of charge from the Cambridge Crystallographic Data Centre via www.ccdc.
cam.ac.uk/structures (accessed on 20 April 2024).

3.1. 5,11,17,23-Tetra(1-adamantyl)-25,27-dihydroxy-26,28-di(2-propynyloxy)calix[4]arene 2

A mixture of p-(1-adamantyl)calix[4]arene 1 (1:1 complex with p-xylene, 1.07 g, 1.00 mmol),
anhydrous Na2CO3 (1.27 g, 12.0 mmol), propargyl bromide (80% solution in toluene,
1.00 mL, 9.0 mmol) and dry acetone (40 mL) was stirred at reflux for 50 h. After cool-
ing to room temperature, the mixture was filtered, the solid was collected, washed with
acetone, and the acetone filtrate was discarded. The solid was washed repeatedly with
dichloromethane; the combined dichloromethane solution was concentrated under re-
duced pressure and methanol was added. The solid formed was collected, washed with
methanol and dried. Yield 0.87 g (84%, white solid). M.p. 239–241 ◦C (decomp.). 1H
NMR (CDCl3, 400 MHz): δ = 7.04 (s, 4H; ArH), 6.70 (s, 4H; ArH), 6.45 (s, 2H; OH),
4.73 (d, 4H, 4JHH = 2.4 Hz; OCH2), 4.35 (d, 4H, 2JHH = 13.3 Hz; ArCH2Ar), 3.33 (d, 4H,
2JHH = 13.3 Hz; ArCH2Ar), 2.52 (t, 2H, 4JHH = 2.4 Hz; CH), 2.12–2.05 (m, 6H; CHAd),
1.93–1.89 (m, 12H; CH2,Ad), 1.88–1.83 (m, 6H; CHAd), 1.82–1.70 (m, 12H; CH2,Ad), 1.67–1.59
(m, 6H; CH2,Ad), 1.54–1.47 (m, 6H; CH2,Ad), 1.46–1.41 (m, 12H; CH2,Ad) ppm. 13C NMR
(CDCl3, 100 MHz): δ = 150.29, 149.22, 147.26, 141.86, 132.51, 127.93 (CAr), 125.08, 124.47
(CHAr), 78.73 (CCH), 76.25 (CCH), 63.19 (OCH2), 43.69, 42.78, 36.91, 36.63 (CH2,Ad), 35.35,
35.30 (CAd), 31.89 (ArCH2Ar), 29.09, 28.77 (CHAd) ppm. HRMS ESI-MS: m/z: 1054.6701
[M + NH4]+ for C74H88NO4 (1054.6708).

3.2. 5,11,17,23-Tetra(1-adamantyl)-25,27-di(1-propyloxy)-26,28-di(2-propynyloxy)calix[4]arene
(1,3-alternate) 3

A mixture of calixarene 2 (0.414 g, 0.40 mmol) and anhydrous Cs2CO3 (0.520 g,
1.60 mmol) in dry DMF (40 mL) was stirred at room temperature for 2 h. 1-Iodopropane
(0.160 mL, 1.60 mmol) was added, and the mixture was stirred at room temperature for 48 h.
The solvent was removed under reduced pressure with heating below 50 ◦C, and the residue
was parted between dichloromethane and aqueous HCl (2 M). The organic layer was sepa-
rated, washed with water, dried with MgSO4 and concentrated to dryness. The product was
isolated by crystallization from a dichloromethane/methanol mixture. Yield 0.28 g (63%,
white solid). M.p. > 300 ◦C. 1H NMR (CDCl3, 400 MHz): δ = 7.08 (s, 4H; ArH), 6.94 (s, 4H;
ArH), 3.86 (d, 4H, 2JHH = 15.4 Hz; ArCH2Ar), 3.73 (d, 4H, 2JHH = 15.4 Hz; ArCH2Ar), 3.71
(d, 4H, 4JHH = 2.4 Hz; OCH2CCH), 3.36–3.28 (m, 4H; OCH2CH2), 2.30 (t, 2H, 4JHH = 2.4 Hz;
CH), 2.08–2.01 (m, 12H; CHAd), 1.95–1.89 (m, 12H; CH2,Ad), 1.87–1.82 (m, 12H; CH2,Ad),
1.80–1.66 (m, 24H; CH2,Ad), 1.35–1.23 (m, 4H; CH2CH3), 0.76 (t, 6H, 3JHH = 7.5 Hz; CH3)
ppm. 13C NMR (CDCl3, 100 MHz): δ = 154.42, 153.34, 144.52, 144.39, 133.92, 133.32 (CAr),
126.60, 126.12 (CHAr), 81.73 (CCH), 73.94 (CCH), 72.47 (OCH2CH2), 58.24 (OCH2CCH),
43.26, 43.19 (CH2,Ad), 38.82 (ArCH2Ar), 36.98, 36.95 (CH2,Ad), 35.43, 35.41 (CAd), 29.11, 29.09
(CHAd), 23.02 (CH2CH3), 10.37 (CH3) ppm. HRMS ESI-MS: m/z: 1138.7648 [M + NH4]+

for C80H100NO4 (1138.7647). Crystal data (CCDC 2348304): temp. (K) = 150 (2); cryst. sys-
tem: triclinic; space group: P-1; a (Å) = 11.6732 (5); b (Å) = 16.7232 (7); c (Å) = 17.6214 (8);
α (◦) = 98.9870 (10); β (◦) = 96.472 (2); γ (◦) = 109.4080 (10); V (Å3) = 3154.2 (2); Z = 2; θ
range (deg): 1.87 < θ < 26.42; collected/unique reflections: 30026/12821; completeness to
θ (%) = 99.1; data/restraints/parameters: 12821/41/801; goodness of fit on F2 = 1.057; final
R indices (I > 2σ(I)): R1 = 0.0846, wR2 = 0.1933; largest diff peak/hole (e/Å3): 0.43/−0.40.

www.ccdc.cam.ac.uk/structures
www.ccdc.cam.ac.uk/structures
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3.3. 5,11,17,23-Tetra(1-adamantyl)-25,27-di(2-bromoethyloxy)-26,28-dihydroxycalix[4]arene 4

A mixture of p-(1-adamantyl)calix[4]arene 1 (1:1 complex with p-xylene, 0.926 g,
0.87 mmol), anhydrous K2CO3 (0.264 g, 1.91 mmol) and dry acetonitrile (25 mL) was
stirred at reflux for 1 h and then cooled to room temperature. 1,2-Dibromoethane (3.0 mL,
34.8 mmol) was added, and the mixture was stirred at reflux for 30 h. After cooling, the pre-
cipitate was collected, washed with acetonitrile, and the acetonitrile filtrate was discarded.
The solid was washed repeatedly with dichloromethane; the combined dichloromethane
solution was washed with aqueous HCl (2 M), then with water and dried with MgSO4.
After removal of the solvent under reduced pressure, the product was purified by column
chromatography (silica, gradient from hexane to hexane/dichloromethane, 1:3) followed
by re-crystallization from a dichloromethane/methanol solvent mixture. Yield 0.375 g
(37%, white solid). M.p. > 300 ◦C. 1H NMR (CDCl3, 400 MHz): δ = 7.05 (s, 4H; ArH),
6.82 (s, 2H; OH), 6.76 (s, 4H; ArH), 4.35–4.25 (m, 8H; CH2Br, ArCH2Ar), 3.87–3.78 (m, 4H;
OCH2), 3.33 (d, 4H, 2JHH = 13.1 Hz; ArCH2Ar), 2.16–2.04 (m, 6H; CHAd), 1.95–1.86 (m, 18H;
CHAd, CH2,Ad), 1.84–1.71 (m, 12H; CH2,Ad), 1.70–1.63 (m, 6H; CH2,Ad), 1.58–1.51 (m, 6H;
CH2,Ad), 1.51–1.45 (m, 12H; CH2,Ad) ppm. 13C NMR (CDCl3, 100 MHz): δ = 150.44, 149.11,
147.28, 141.94, 132.28, 127.75 (CAr), 125.21, 124.61 (CHAr), 75.29 (OCH2), 43.72, 42.83, 36.93,
36.66 (CH2,Ad), 35.43, 35.35 (CAd), 31.51 (ArCH2Ar), 29.32 (CH2Br), 29.10, 28.81 (CHAd)
ppm. HRMS ESI-MS: m/z: 1213.4513 [M + K]+ for C72H86Br2KO4 (1213.4504).

3.4. 5,11,17,23-Tetra(1-adamantyl)-25,27-di(2-azidoethyloxy)-26,28-dihydroxycalix[4]arene 5

A mixture of calixarene 4 (0.590 g, 0.50 mmol) and NaN3 (0.130 g, 2.0 mmol) in dry
DMF (25 mL) was stirred at 60 ◦C for 6 h. The solvent was removed under reduced pressure,
and the residue was parted between dichloromethane and aqueous HCl (2 M). The organic
layer was separated, washed with water, dried with MgSO4 and then evaporated. The
residue was dissolved in a minimum volume of dichloromethane; methanol was added
and the solid formed was collected, washed with methanol and dried. Yield 0.485 g (88%,
white solid). M.p. 279–281 ◦C (decomp.). 1H NMR (CDCl3, 400 MHz): δ = 7.06 (s, 4H; ArH),
6.85 (s, 2H; OH), 6.76 (s, 4H; ArH), 4.32 (d, 4H, 2JHH = 13.1 Hz; ArCH2Ar), 4.12–4.02 (m, 4H;
CH2N3), 3.86–3.77 (m, 4H; OCH2), 3.33 (d, 4H, 2JHH = 13.1 Hz; ArCH2Ar), 2.17–2.07 (m, 6H;
CHAd), 1.97–1.92 (m, 12H; CH2,Ad), 1.91–1.86 (m, 6H; CHAd), 1.85–1.72 (m, 12H; CH2,Ad),
1.71–1.62 (m, 6H; CH2,Ad), 1.57–1.50 (m, 6H; CH2,Ad), 1.50–1.43 (m, 12H; CH2 Ad) ppm. 13C
NMR (CDCl3, 100 MHz): δ = 150.60, 149.20, 147.20, 141.80, 132.32, 127.80 (CAr), 125.17,
124.53 (CHAr), 73.99 (OCH2), 51.06 (CH2N3), 43.77, 42.86, 36.97, 36.68 (CH2,Ad), 35.43, 35.36
(CAd), 31.29 (ArCH2Ar), 29.14, 28.83 (CHAd) ppm. HRMS ESI-MS: m/z: 1137.6345 [M + K]+

for C72H86KN6O4 (1137.6342). IR (neat): υ = 2105 (N3) cm–1.

3.5. 5,11,17,23-Tetra(1-adamantyl)-25,27-di(2-azidoethyloxy)-26,28-di(1-propyloxy)calix[4]arene
(1,3-alternate) 6

A mixture of calixarene 5 (0.220 g, 0.20 mmol) and anhydrous Cs2CO3 (0.260 g,
0.80 mmol) in dry DMF (20 mL) was stirred at room temperature for 2 h. 1-Iodopropane
(0.080 mL, 0.80 mmol) was added, and the mixture was stirred at room temperature for
48 h. The solvent was removed under reduced pressure, and the residue was parted be-
tween dichloromethane and aqueous HCl (2 M). The organic layer was separated, washed
with water, dried with MgSO4 and concentrated to dryness. The product was isolated
by crystallization from a dichloromethane/methanol mixture. Yield 0.14 g (59%, white
solid). M.p. > 300 ◦C. 1H NMR (CDCl3, 400 MHz): δ = 6.98 (s, 4H; ArH), 6.93 (s, 4H; ArH),
3.87 (d, 4H, 2JHH = 16.7 Hz; ArCH2Ar), 3.81 (d, 4H, 2JHH = 16.7 Hz; ArCH2Ar), 3.37–3.31
(m, 4H; CH2N3), 3.31–3.25 (m, 4H; OCH2), 2.61–2.53 (m, 4H; OCH2), 2.13–2.03 (m, 12H;
CHAd), 1.94–1.88 (m, 12H; CH2,Ad), 1.87–1.83 (m, 12H; CH2,Ad), 1.80–1.68 (m, 24H; CH2,Ad),
0.95–0.83 (m, 4H; CH2CH3), 0.58 (t, 6H, 3JHH = 7.5 Hz; CH3) ppm. 13C NMR (CDCl3,
100 MHz): δ = 154.90, 153.43, 145.00, 144.84, 133.30, 132.85 (CAr), 125.19, 124.75 (CHAr), 71.26,
66.28 (OCH2), 48.98 (CH2N3), 43.54, 43.39 (CH2,Ad), 39.14 (ArCH2Ar), 36.88, 36.78 (CH2,Ad),
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35.51, 35.44 (CAd), 29.05, 28.99 (CHAd), 22.19 (CH2CH3), 10.06 (CH3) ppm. HRMS ESI-MS:
m/z: 1200.7989 [M + NH4]+ for C78H102N7O4 (1200.7988). IR (neat): υ = 2090 (N3) cm–1.

4. Conclusions

We have shown that the 1,3-alternate calix[4]arenes bearing 1-adamantyl groups in
p-positions of all four aromatic units and pairs of propargyl or 2-azidoethyl groups at distal
phenol oxygen atoms can be readily prepared in a multistep synthesis starting from p-(1-
adamantyl)calix[4]arene. Though the bulky adamantane units seem to assist the formation
of the targeted 1,3-alternate-shaped macrocycles during the synthesis of the bis(alkyne)
and bis(azide), they can also hamper their participation in the CuAAC reactions. Thus,
tuning of the reaction conditions may be required to achieve a complete conversion of
the adamantylated calixarene bis(alkyne) and bis(azides) into the respective triazolated
products using the CuAAC approach.

Supplementary Materials: Figure S1: 1H NMR spectrum of compound 2; Figure S2: 13C NMR
spectrum (APT) of compound 2; Figure S3: 1H NMR spectrum of compound 3; Figure S4: 13C NMR
spectrum (APT) of compound 3; Figure S5: 1H NMR spectrum of compound 4; Figure S6: 13C NMR
spectrum (APT) of compound 4; Figure S7: 1H NMR spectrum of compound 5; Figure S8: 13C NMR
spectrum (APT) of compound 5; Figure S9: 1H NMR spectrum of compound 6; Figure S10: 13C NMR
spectrum (APT) of compound 6.
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