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ABSTRACT: Calix[2]naphth[2]arenes make up a new class of phenol—
naphthalene hybrid macrocycles. X-ray studies show that calix[2]naphth[2]arene

1 adopts a 1,2-alternate conformation. Alkali metal cations are complexed by the
calixnaphtharenes in a 1,2-alternate conformation, by cation---7 interactions with

the naphthalene walls, and by RO--M" ion—dipole interactions. In the presence of
Cs", chiral complexes of calixnaphtharenes S and 6 were observed in which the -
cation is nested on one of the two faces of the macrocycle.

M acrocycles play a pivotal role in molecular recognition The synthesis of hybrid macrocycle 1 is outlined in Scheme
phenomena in which they are considered as the ideal 1. The key step is the fragment coupling reaction between 2°
prototype of artificial receptors that can mimic the perform-

ance of natural systems.”” Among the macrocycles studied in Scheme 1. Fragment Coupling Synthesis (FCS) of 1

. : 3 . 4
supramolecular chemistry, calixarenes,” resorcinarenes, and

HO, I
pillararenes’ are obtained via one-pot condensation between o p-TSOH O
monomeric aromatic units (p-tert-butylphenol, resorcinol, and - P— O O O
1,4-dimethoxybenzene, respectively) and paraformaldehyde or o on e oWt Fho
2 3 )

aliphatic aldehydes in the presence of an acid catalyst. The

calix[4]arene macrocycle can adopt, both in the solid state and

in solution, four conformations, named cone, partial cone, 1,3-

alternate, and 1,2-alternate.” Among these, the 1,2-alternate (2] 0 o @)or  ro(@)4 R s )
conformation is considered a rare conformation in calixarene 10re.en

chemistry.® Reinhoudt first observed the existence of the 1,2-

4 (57 %

NaH, RI

dry DMF, RT
alternate conformation in solution and in the solid state for the B . Taan
anti-1,3-diethyl-2,4-dimethyl-calix[4]arene.”” DREHE)
In macrocyclic chemistry, a growing interest has been

devoted to the synthesis of macrocycles starting by and 4. First, derivative 4 was obtained by reaction between
naphthalene or anthracene monomers.® !¢ Very recently, our derivative 2° and an excess of p-tert-butylphenol 3 in the
group reported prism[] arenes,'! based on methylene-bridged presence of p-toluenesulfonic acid as a catalyst, in toluene at
1,5-naphthalene units."'* Naphthol-based macrocycles' such reflux (Supporting Information). Finally, derivative 1 was

obtained by reaction between 4 and 2 in an equimolar ratio, in
the presence of p-toluenesulfonic acid as the catalyst and o-
dichlorobenzene as the solvent, for 6 h (Scheme 1).
Macrocycle 1 was isolated in 26% vyield after column
chromatography. High-resolution FT ICR MALDI mass
spectra (Supporting Information) indicate the presence of a
molecular ion peak at m/z 724.3761 in accord with the

as prismarenes,'’ oxatubarenes,’” naphthotube,'"* naphtho-

15-17 8 .
cage, and zorbarenes® can form complexes with
ammonium guests by cation---7 interactions.

In recent years, different reports have shown that the
fragment coupling strategy is a useful synthetic route for
building macrocycles constituted by different aromatic units.
Following this strategy, Chen reported triptycene-based
macrocycles that showed interesting conformational properties

i iti ilities.®* Received: July 7, 2020 O orsane
and peculiar recognition abilities. y 7, ae

These considerations prompted us to investigate the Published: July 20, 2020 SN
fragment coupling synthesis (FCS) of a hybrid naphthalene—
phenol macrocycle. Our aim is to combine the conformational
features of the calix[4]arene skeleton with the recognition
abilities of naphthalene-based macrocycles.

© 2020 American Chemical Society https://dx.doi.org/10.1021/acs.orglett.0c02247
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molecular formula of 1 (calcd m/z 724.3764 for C,Hg,O4).
We named derivative 1 as calix[n]naphth[m]arene, in which n
and m indicate the number of phenol and naphthalene units,
respectively.

To the best of our knowledge, this is the first example of a
macrocycle bearing methylene-bridged 1,4-naphthalene units.
The calix[2]naphth[2]arene 1 can adopt five possible
conformations: cone, partial-cone-1 (pacol), partial-cone-2
(paco2), 1,3-alternate (1,3-alt), and 1,2-alternate (1,2-alt)
(Figure 1)."” X-ray analysis of a single crystal of 1 obtained by

1,2-Alternate 1,3-Alternate

Figure 1. Five possible conformations for the calix[2]naphth[2]-
arenes.

slow evaporation from a CHCl;/n-hexane solution was
performed using synchrotron radiation. In the solid state,
derivative 1 adopts a 1,2-alternate conformation (Figure 2).

Figure 2. X-ray structure of calix[2]naphth[2]arene 1.

The molecule crystallized in centrosymmetric triclinic space
group P1. The cyclic molecules lie on crystallographic centers
of inversion (C; molecular point symmetry), and the
asymmetric unit contains a half-molecule of 1 and one
CHCl; solvent molecule located outside of the macrocycle
(see the Supporting Information).

Structurally relevant intramolecular hydrogen bonding
interactions are observed between the OH functions as
donor groups and the adjacent methoxy oxygen atoms as
acceptors, with O--O distances of 2.78 A (Figure 2, blue). The
"H NMR spectrum of 1 at 213 K (Figure 3b) shows a broad
ArCH,Ar signal indicative of its conformational mobility due
to the O-through-the-annulus passage.

Interestingly, the '"H NMR spectrum at 193 K (Figure 3c)
clearly shows that calix[2]naphth[2]arene 1 is frozen in the
1,2-alternate conformation. From these studies, an energy
barrier of 9.7 kcal/mol was calculated for the O-through-the-
annulus passage in 1. The presence of a OMe singlet, shielded
at 1.53 ppm (193 K), is in agreement with the solid-state 1,2-
alternate structure of 1 (Figure 2), where one of the two
naphthalene methoxy groups points inside the cavity of 1 with
a OCHj--*" distance of 3.55 A (green dashed lines in
Figure 2).
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Figure 3. "H NMR spectra (600 MHz, CD,CL,) of 1 at (a) 298 K, (b)
213 K, and (c) 193 K, marked with (A and O) the signals of the
aromatic H atoms of naphthalene and phenol rings and (O and <)
the signals of the ArCH,Ar and OMe groups.

Calix[2]naphth[2]arene 1 was alkylated in the presence of
Mel and NaH as the base, in dry DMF, for 24 h (Scheme 1).
The hexamethoxy-calixnaphtharene $ was isolated in 95% yield
after column chromatography. The "H NMR spectrum of § in
CD,Cl, at 298 K (Supporting Information) shows a broad
ArCH,Ar signal at 4.00 ppm, indicative of the conformational
mobility of the macrocycle, due to the OMe-through-the-
annulus passage. Also in this case, variable-temperature 'H
NMR experiments (Supporting Information and Figure 4)
indicate that below 273 K the hexamethoxy-calixnaphtharene §
is frozen in the 1,2-alternate conformation (Supporting
Information).

Figure 4. "H NMR spectra of 5 in CD,Cl, at 600 MHz and (a) 298 K
and (b) 193 K and at 298 K for 1:1 mixtures (5.3 mM) of 5 and (c)
Li[B(Ar),]7, (d) Na[B(Ar"),]7, (e) K[B(Ar"),]7, and (f) Cs[B-
(ArF),]™. The signals of free 5 are marked with asterisks. The signals
of the aromatic H atoms of the naphthalene and phenol rings are
marked with [0 and A, and the signals of the ArCH,Ar and OMe
groups are marked with O and <.

From these data, an energy barrier of 12.3 kcal/mol
(Supporting Information) was calculated for the OMe-
through-the-annulus passage in S. A two-dimensional NOESY
spectrum (Supporting Information) indicates the anti
orientation of the couples of anisole and naphthalene rings,
confirming the 1,2-alternate conformation of $. In fact, at 193
K, the NOESY spectrum shows the presence of a dipolar
coupling between the anisole OMe singlet at 3.33 ppm and the
naphthalene H signal at 8.09 ppm (see Supporting
Information). Density functional theory (DFT) calculations
at the B3LYP/6-31G(d,p) level of theory (see Supporting
Information) indicate 1,2-alt is the most stable conformation of
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5. The cone conformation is predicted to be less stable than
the experimentally observed 1,2-alt conformation by 2.1 kcal/
mol. Analogously, the 1,2-alt is more stable than pacol, paco2,
and 1,3-alt by 2.9, 2.5, and 10.9 kcal/mol, respectively
(Supporting Information). On the basis of these relative
energies, a Boltzmann population at 193 K of 99.4% (1,2-alt),
0.4% (cone), 0.15% (paco2), and 0.05% (pacol) was
calculated, which is in agreement with the '"H NMR spectrum
of 5 (Figure 4b). Interesting cation complexing abilities of §
were clearly evidenced. In fact, when Na[B(Ar"),] {[B(Ar"),]™
tetrakis[3,5-bis(trifluoromethyl)phenyl Jborate}*”*' was
added to the CD,Cl, solution of §, the initial 'H NMR
spectrum changed dramatically (Figure 4). In particular, the
"H NMR spectrum of a 1:1 mixture of § and Na[B(Ar"),]™ at
room temperature (Figure 4d) showed the typical features of
the 1,2-alternate conformation of S, previously seen in Figure
4b. Upon addition of K[B(Ar"),] or Li[B(Ar"),], the '"H NMR
spectrum of § in CD,Cl, undergoes analogous changes (Figure
4b,c,e).

These results clearly indicate that in the presence of Na*, KY,
or Li" cations a conformational templation occurs, which
blocks the 1,2-alt conformation of calix[2]naphth[2]arene §
already at room temperature (with respect to the NMR time
scale). The structure of the Na*C5 complex was investigated
by DFT calculations (see the Supporting Information and
Figure Sa—c).

Figure 5. (a and b) Gradient RDG isosurfaces (0.5) for the
noncovalent interaction regions in the Na*CS complex. DFT-
optimized structures of the (c) Na*C$ and (d) Cs*CS complexes at
the B3LYP/6-31G(d,p) and B3LYP/SDD levels of theory.

Interestingly, the sodium cation is located inside the
macrocycle cavity (Figure Sa—c) and is perfectly sandwiched
between the two oxygenated rings of the naphthalene units, to
give cation---7 interactions (Na*--z°"™ distance of 2.77 A),
while the two anti-oriented anisole rings stabilize the complex
by opposite MeO---Na*---OMe ion—dipole interactions (Na*---
OMe distance of 2.35 A).

Natural bond orbital (NBO)** and noncovalent interaction
(NCI)** (see the Supporting Information and Figure Sab)
analyses were performed on complexes Na*C$ and K*CS$ using
the B3LYP/6-31G(d,p) level of theory to identify the second-
order interactions between the host and guest. Both of these
studies indicate that the sandwiching cation--7 interactions
involving the two oxygenated naphthalene rings play a crucial
role in the stabilization of the complexes. In fact, the cation---7
interactions account for 42% and 33% of the total interaction
energy for the Na*C$ and K*CS complexes, respectively. Lone
pair---cation interactions between the oxygen atoms of the anti-
oriented anisole rings are stronger for K" than for Na*, while a
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minor contribution was given by the OMe groups of 2,3-
dimethoxynaphthalene units. The MeO™°"...cation interac-
tions account for 6.8% and 16.7% of the total energy for the
Na'CS and K'CS complexes, respectively. An association
constant value of (2.2 + 0.2) X 10> M™" was calculated®* for
the Na"CS complex at 298 K in CD,Cl, by integration of the
slowly exchanging '"H NMR signals of the free host and
complex. In a similar way, values of (2.5 + 0.3) X 10° and (2.0
+ 0.3) X 10° M ™" were calculated for the K* and Li* complexes
of §, respectively. The 1,2-alt structure of the calix[2]-
naphth[2]arene macrocycle was blocked by alkylation of the
OH groups of 1 with l-iodopentane, under the conditions
reported in Scheme 1. The corresponding derivative 6 was
obtained in 95% yield. The '"H NMR spectrum of 6 in CD,CI,
at 298 K (Supporting Information) shows the typical features
observed at low temperatures for the 1,2-alt conformation of
calix[2]naphth[2]arenes 1 and S. Interestingly, with an
increase in the temperature of a TCDE solution of 6, no
hint of coalescence or broadening was detected in its '"H NMR
spectrum. Analogously, the '"H NMR spectrum of 6 in TCDE
remained unchanged even after heating at 393 K for 12 h.
These results clearly indicate that derivative 6 adopts a stable
1,2-alt structure in which the two pentyl groups prevent the
OR-through-the-annulus passage. Finally, the formation of the
Litc6"* ™, Na*c6'*™, and K'C6"**" complexes was
ascertained by 'H NMR analysis in CD,Cl, at 298 K
(Supporting Information), with association constants of (1.5
+ 0.3) X 10% (3.7 + 0.3) X 10%, and (5.1 + 0.6) x 10* M},
respectively, calculated by QqNMR.**

Interestingly, when Cs[B(Ar"),] was added to the CD,Cl,
solution of §, then the resulting 'H NMR spectrum of the
mixture in Figure 4f was compatible with formation of a chiral
Cs*C5"™ complex [K,, = (3.0  0.2) x 10°]. In fact, four AX
systems (eight doublets, marked with O in Figure 4f), 12
aromatic signals, and six OMe singlets were present in the 'H
NMR spectrum of the Cs*C5"*™* complex (Figure 4f).
Clearly, the chirality of the Cs*C5"**" complex is compatible
only with the formation of a structure devoid of the inversion
center maintained in the Li*cs"*®, Na*csV*¥ and
Krcshat complexes. DFT calculations at the B3LYP/ SDD*®
level of theory are in agreement with this conclusion. The
optimized structure of the Cs*C5"*™" complex reported in
Figure 5d shows that the Cs* cation is nested on one side of
macrocycle S, therefore establishing cation---7 interactions with
a pair of syn-oriented naphthalene and anisole rings, as well as
MeO---Cs* ion—dipole interactions with the methoxy groups
of the other two oppositely oriented aromatic rings. An
analogous behavior was observed for macrocycle 6 upon
addition of Cs[B(Ar"),]. The formation of the chiral
Cs*C6"* ™ complex was observed, with a K, of (1.7 = 0.2)
X 10°.

In conclusion, here we report a novel class of hybrid
macrocycles named calix[2]naphth[2]arenes. These hybrid
macrocycles combine the conformational features of calix[4]-
arenes with the recognition abilities of the naphthalene-based
macrocycles. In particular, by blocking the 1,2-alternate
conformation, alkali metal cations are complexed by the
calixnaphtharenes. In the presence of Cs*, a chiral complex of
calixnaphtharenes 5 and 6 was observed in which the cation
remains nesting on one of the two equivalent faces of the
macrocycle. The cation---7 interactions between cationic guests
and naphthalene walls play a crucial role in the stabilization of
the complexes.

https://dx.doi.org/10.1021/acs.orglett.0c02247
Org. Lett. 2020, 22, 6166—6170


http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.0c02247/suppl_file/ol0c02247_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.0c02247/suppl_file/ol0c02247_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.0c02247/suppl_file/ol0c02247_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.0c02247/suppl_file/ol0c02247_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.0c02247/suppl_file/ol0c02247_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c02247?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c02247?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c02247?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c02247?fig=fig5&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c02247?ref=pdf

Organic Letters

pubs.acs.org/OrgLett

B ASSOCIATED CONTENT
® Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.0c02247.

Detailed synthetic procedures, one-dimensional—two-
dimensional NMR spectra of calix[2]naphth[2]arenes
and their complexes, HR mass spectra, details of DFT
calculations, X-ray data, and tables of crystal data (PDF)

Accession Codes

CCDC 1991495 contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge
via www.ccdc.cam.ac.uk/data_request/cif, or by emailing
data_request@ccdc.cam.ac.uk, or by contacting The Cam-
bridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

B AUTHOR INFORMATION
Corresponding Author

Carmine Gaeta — Laboratory of Supramolecular Chemistry,
Department of Chemistry and Biology “A. Zambelli”, Universita
of Salerno, Fisciano 1-84084, Italy; ® orcid.org/0000-0002-
2160-8977; Email: cgaeta@unisa.it

Authors

Rocco Del Regno — Laboratory of Supramolecular Chemistry,
Department of Chemistry and Biology “A. Zambelli”, Universita
of Salerno, Fisciano 1-84084, Italy

Paolo Della Sala — Laboratory of Supramolecular Chemistry,
Department of Chemistry and Biology “A. Zambelli’, Universita
of Salerno, Fisciano 1-84084, Italy; © orcid.org/0000-0002-
6379-0332

Aldo Spinella — Laboratory of Supramolecular Chemistry,
Department of Chemistry and Biology “A. Zambelli”, Universita
of Salerno, Fisciano 1-84084, Italy

Carmen Talotta — Laboratory of Supramolecular Chemistry,
Department of Chemistry and Biology “A. Zambelli’, Universita
of Salerno, Fisciano 1-84084, Italy; © orcid.org/0000-0002-
2142-6305

Dalila Iannone — Laboratory of Supramolecular Chemistry,
Department of Chemistry and Biology “A. Zambelli’, Universita
of Salerno, Fisciano 1-84084, Italy

Silvano Geremia — Centro di Eccellenza in Biocristallografia,
Dipartimento di Scienze Chimiche e Farmaceutiche, Universita
di Trieste, 1-34127 Trieste, Italy

Neal Hickey — Centro di Eccellenza in Biocristallografia,
Dipartimento di Scienze Chimiche e Farmaceutiche, Universita
di Trieste, -34127 Trieste, Italy

Placido Neri — Laboratory of Supramolecular Chemistry,
Department of Chemistry and Biology “A. Zambelli”, Universita
of Salerno, Fisciano 1-84084, Italy; © orcid.org/0000-0003-
4319-1727

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.0c02247
Notes

The authors declare no competing financial interest.

B REFERENCES

(1) Pedersen, C. J. Cyclic Polyethers and Their Complexes with
Metal Salts. J. Am. Chem. Soc. 1967, 89, 7017—7036.

6169

(2) Gaeta, C.; Wang, D.-X. Editorial: New Macrocycles and Their
Supramolecular Perspectives. Front. Chem. 2020, 8, 128.

(3) Neri, P., Sessler, J. L., Wang, M. X., Eds. Calixarenes and Beyond;
Springer International Publishing, 2016.

(4) Cram, D. J.; Cram, J. M. In Container Molecules and Their Guests;
Stoddart, J. F., Ed.; Monographs in Supramolecular Chemistry; Royal
Society of Chemistry: Cambridge, UK., 1994.

(5) Ogoshi, T.; Kanai, S.; Fujinami, S.; Yamagishi, T.; Nakamoto, Y.
para-Bridged Symmetrical Pillar[S]arenes: Their Lewis Acid Cata-
lyzed Synthesis and Host—Guest Property. J. Am. Chem. Soc. 2008,
130, 5022—-5023.

(6) Groenen, L. C; van Loon, J.-D.; Verboom, W.; Harkema, S.;
Casnati, A.; Ungaro, R.; Pochini, A,; Ugozzoli, F.; Reinhoudt, D. N.
The 1,2-Alternate Conformation of Calix[4]arenes: A Rare Con-
formation? Dynamic 'H NMR Studies of Flexible Tetraalkylated
Calix[4]arenes. J. Am. Chem. Soc. 1991, 113, 2385—2392.

(7) Fischer, C.; Bombicz, P.; Seichter, W.; Katzsch, F.; Weber, E.
Bridge-Disubstituted Calix[4]arenes in the Rare 1,2-Alternate
Conformation: Control of the Inclusion Behavior Depending on the
Bridge Substituents. Cryst. Growth Des. 2012, 12, 2445—2454.

(8) Tran, A. H; Miller, D. O.; Georghiou, P. E. Synthesis and
Complexation Properties of “Zorbarene”: A New Naphthalene Ring-
Based Molecular Receptor. J. Org. Chem. 2008, 70, 1115—1121.

(9) Jia, F; He, Z; Yang, L.-P.; Pan, Z.-S,; Yi, M.; Jiang, R.-W; Jiang,
W. Oxatub[4]arene: A Smart Macrocyclic Receptor With Multiple
Interconvertible Cavities. Chem. Sci. 2015, 6, 6731—6738.

(10) Han, X.-N.; Han, Y,; Chen, C.-F. Pagoda[4]arene and i-
Pagoda[4]arene. J. Am. Chem. Soc. 2020, 142, 8262—8269.

(11) Della Sala, P.; Del Regno, R; Talotta, C.; Capobianco, A.;
Hickey, N.; Geremia, S.; De Rosa, M.; Spinella, A.; Soriente, A.; Neri,
P.; Gaeta, C. Prismarenes: A New Class of Macrocyclic Hosts
Obtained by Templation in a Thermodynamically Controlled
Synthesis. J. Am. Chem. Soc. 2020, 142, 1752—1756.

(12) Yang, L.-P; Jiang, W. Prismarene: An Emerging Naphthol-
Based Macrocyclic Arene. Angew. Chem., Int. Ed. 2020,
DOI: 10.1002/anie.202003423.

(13) Yao, H.; Jiang, W. Naphthol-Based Macrocycles. In Handbook
of Macrocyclic Supramolecular Assembly; Liu, Y., Chen, Y., Zhang, H.
Y., Eds.; Springer: Singapore, 2019.

(14) Yang, L.-P,; Wang, X; Yao, H.; Jiang, W. Naphthotubes:
Macrocyclic Hosts with a Biomimetic Cavity Feature. Acc. Chem. Res.
2020, 53, 198—208.

(15) Jia, F.; Hupatz, H,; Yang, L.-P.; Schrdder, H. V.; Li, D.-H.; Xin,
S.; Lentz, D.; Witte, F.; Xie, X,; Paulus, B.; Schalley, C. A,; Jiang, W.
Naphthocage: A Flexible yet Extremely Strong Binder for Singly
Charged Organic Cations. J. Am. Chem. Soc. 2019, 141, 4468—4473.

(16) Jia, F.; Schroder, H. V.; Yang, L.-P.; von Essen, C.; Sobottka, S.;
Sarkar, B.; Rissanen, K.; Jiang, W.; Schalley, C. A. Redox-Responsive
Host-Guest Chemistry of a Flexible Cage with Naphthalene Walls. J.
Am. Chem. Soc. 2020, 142, 3306—3310.

(17) Lu, S.-B.; Chai, H.; Ward, J. S.; Quan, M.; Zhang, J.; Rissanen,
K; Luo, R; Yang, L.-P.; Jiang, W. A 2,3-dialkoxynaphthalene-based
naphthocage. Chem. Commun. 2020, 56, 888—891.

(18) (a) Chen, C.-F; Han, Y. Triptycene-Derived Macrocyclic
Arenes: From Calixarenes to Helicarenes. Acc. Chem. Res. 2018, 51,
2093-2106. (b) Bertani, F.; Riboni, N.; Bianchi, F.; Brancatelli, G.;
Sterner, E. S.; Pinalli, R;; Geremia, S.; Swager, T. M.; Dalcanale, E.
Triptycene-roofed quinoxaline cavitands for the supramolecular
detection of BTEX in Air. Chem. - Eur. J. 2016, 22, 3312—3319.

(19) Wang, X; Jia, F; Yang, L.-P; Zhou, H., Jiang, W.
Conformationally adaptive macrocycles with flipping aromatic
sidewalls. Chem. Soc. Rev. 2020, 49, 4176.

(20) Talotta, C.; De Simone, N. A.; Gaeta, C.; Neri, P. Calix[6]arene
threading with weakly interacting tertiary ammonium axles:
Generation of chiral pseudorotaxane architectures. Org. Lett. 2018,
17, 1006—1009.

(21) Gaeta, C.; Talotta, C.; Margarucci, L.; Casapullo, A.; Neri, P.
Through-the-Annulus Threading of the Larger Calix[8]arene Macro-
cycle. J. Org. Chem. 2013, 78, 7627—7638.

https://dx.doi.org/10.1021/acs.orglett.0c02247
Org. Lett. 2020, 22, 6166—6170


https://pubs.acs.org/doi/10.1021/acs.orglett.0c02247?goto=supporting-info
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.0c02247/suppl_file/ol0c02247_si_001.pdf
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:1991495&id=doi:10.1021/acs.orglett.0c02247
http://www.ccdc.cam.ac.uk/data_request/cif
mailto:data_request@ccdc.cam.ac.uk
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Carmine+Gaeta"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0002-2160-8977
http://orcid.org/0000-0002-2160-8977
mailto:cgaeta@unisa.it
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Rocco+Del+Regno"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Paolo+Della+Sala"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0002-6379-0332
http://orcid.org/0000-0002-6379-0332
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Aldo+Spinella"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Carmen+Talotta"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0002-2142-6305
http://orcid.org/0000-0002-2142-6305
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dalila+Iannone"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Silvano+Geremia"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Neal+Hickey"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Placido+Neri"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0003-4319-1727
http://orcid.org/0000-0003-4319-1727
https://pubs.acs.org/doi/10.1021/acs.orglett.0c02247?ref=pdf
https://dx.doi.org/10.1021/ja01002a035
https://dx.doi.org/10.1021/ja01002a035
https://dx.doi.org/10.3389/fchem.2020.00128
https://dx.doi.org/10.3389/fchem.2020.00128
https://dx.doi.org/10.1021/ja711260m
https://dx.doi.org/10.1021/ja711260m
https://dx.doi.org/10.1021/ja00007a006
https://dx.doi.org/10.1021/ja00007a006
https://dx.doi.org/10.1021/ja00007a006
https://dx.doi.org/10.1021/cg3000735
https://dx.doi.org/10.1021/cg3000735
https://dx.doi.org/10.1021/cg3000735
https://dx.doi.org/10.1021/jo0484427
https://dx.doi.org/10.1021/jo0484427
https://dx.doi.org/10.1021/jo0484427
https://dx.doi.org/10.1039/C5SC03251B
https://dx.doi.org/10.1039/C5SC03251B
https://dx.doi.org/10.1021/jacs.0c00624
https://dx.doi.org/10.1021/jacs.0c00624
https://dx.doi.org/10.1021/jacs.9b12216
https://dx.doi.org/10.1021/jacs.9b12216
https://dx.doi.org/10.1021/jacs.9b12216
https://dx.doi.org/10.1002/anie.202003423
https://dx.doi.org/10.1002/anie.202003423
https://dx.doi.org/10.1002/anie.202003423?ref=pdf
https://dx.doi.org/10.1021/acs.accounts.9b00415
https://dx.doi.org/10.1021/acs.accounts.9b00415
https://dx.doi.org/10.1021/jacs.9b00445
https://dx.doi.org/10.1021/jacs.9b00445
https://dx.doi.org/10.1021/jacs.9b11685
https://dx.doi.org/10.1021/jacs.9b11685
https://dx.doi.org/10.1039/C9CC09585C
https://dx.doi.org/10.1039/C9CC09585C
https://dx.doi.org/10.1021/acs.accounts.8b00268
https://dx.doi.org/10.1021/acs.accounts.8b00268
https://dx.doi.org/10.1002/chem.201504229
https://dx.doi.org/10.1002/chem.201504229
https://dx.doi.org/10.1039/D0CS00341G
https://dx.doi.org/10.1039/D0CS00341G
https://dx.doi.org/10.1021/acs.orglett.5b00115
https://dx.doi.org/10.1021/acs.orglett.5b00115
https://dx.doi.org/10.1021/acs.orglett.5b00115
https://dx.doi.org/10.1021/jo401206j
https://dx.doi.org/10.1021/jo401206j
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c02247?ref=pdf

Organic Letters pubs.acs.org/OrgLett

(22) Weinhold, F.; Landis, C. R. Valency and bonding: a natural bond
orbital donor-acceptor perspective; Cambridge University Press: Cam-
bridge, U.K,, 2005.

(23) Johnson, E. R; Keinan, S.; Mori-Sanchez, P.; Contreras-Garcia,
J.; Cohen, A. J.; Yang, W. Revealing Noncovalent Interactions. J. Am.
Chem. Soc. 2010, 132, 6498—6506.

(24) Hirose, K. In Analytical Methods in Supramolecular Chemistry;
Schalley, C. A., Ed.; Wiley-VCH: Weinheim, Germany, 2007; Chapter
2, pp 17—-54.

(25) Pichierri, F. DFT Study of Caesium Ion Complexation by
Cucurbit[n]urils (n = $—7). Dalton Trans. 2013, 42, 6083—6091.

6170 https://dx.doi.org/10.1021/acs.orglett.0c02247
Org. Lett. 2020, 22, 6166—6170


https://dx.doi.org/10.1021/ja100936w
https://dx.doi.org/10.1039/C2DT32180G
https://dx.doi.org/10.1039/C2DT32180G
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c02247?ref=pdf

