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ABSTRACT: Challenging cyclization of common- to medium-sized rings are promoted by nanoconfinement inside the cavity of a 

self-assembled hexameric resorcinarene capsule. While no cyclization occurs outside the capsule, high to excellent yields of cycloal-

kane-[b]-indoles are obtained inside the capsule irrespective of ring size (5-8 members). Kinetic analysis coupled to NMR investiga-

tion of substrate binding shows that the cyclization step under nanoconfinement is not rate-determining, not even for the formation 

of an 8-membered ring.  

Cyclization reactions have always been key processes in or-

ganic chemistry. In fact, the conformation and the shape of a 

molecule are often defined by the presence of cyclic structures. 

However, in spite of their ubiquity in organic compounds, forg-

ing rings is not always an easy task. For instance, while there is 

a plethora of methods to form common 5- and 6-membered 

rings, closing 7-membered, medium-sized (8-12 terms) or 

larger rings (macrocycles, > 12 terms) remains challenging. A 

combination of enthalpic strain developed at the transition state 

level (due to transannular Prelog interactions) and entropic pen-

alty (due to freezing several single bond rotors in an ordered, 

cyclic conformation) concur to disfavor the closure of linear 

precursors. These effects become apparent and can be quantita-

tively accounted for in the Effective Molarity term.1–6 Conse-

quently, formation of 7-membered, medium- and large rings 

tends to be difficult, and usually requires high dilution condi-

tions to slow down the competing dimerization (or polymeriza-

tion) process. This difficulty is reflected in the paucity of con-

venient methods for the preparation of such cycles. A typical 

example is represented by the synthesis of biologically active 

2,3-cycloalkane-[b]-indole scaffolds present in several FDA-

approved drugs (Figure 1A).7–9 This tricyclic core is mainly 

prepared via cyclization of the central 5-membered pyrrole ring 

with precursors that already contain the lateral ring, especially 

when such cycle is large (>7-membered ones).10–13 In contrast, 

closure of the lateral [b]-cycle has been less explored. Known 

examples rely on some rigidifying element in the precursor, 

which favor cyclization by reducing the entropic penalty.14,15  

Supramolecular encapsulation inside a nanocavity promotes 

cyclization processes.16–25 Nanoconfinement prevents the com-

petition with the dimerization and polymerization reactions. 

Moreover, it can accelerate the cyclization by stabilizing reac-

tive intermediates and related transition states via non-covalent 

interactions with the cavity walls and by pre-organizing the re-

actant in a folded, cyclic-like conformation.16 In fact, encapsu-

lation inside complex cavitands,26–29 molecular grippers30 and 

porous materials31 has been shown to promote challenging mac-

rocyclization processes. Although the use of simpler, self-as-

sembled hosts can improve the utility of this approach, this 

strategy has been less explored. Capsule 1 (Figure 1B) emerged 

as a powerful catalyst 17,32,33 for the (poly)cyclization of  



 

Figure 1. A) Examples of pharmacologically active com-

pounds containing a tricyclic 2,3-cycloalkane-[b]-indole scaf-

fold, together with the outline of the most adopted synthetic 

strategy. B) Self-assembled hexameric capsule 1 and literature 

examples of cyclization processes mediated by capsule 1 lead-

ing to 5-7 membered rings.34,35 C) Capsule 1 (R= C11H23) pro-

motion of the closure of 5-8 membered rings (this work). 

 

terpenes36,37 mostly to common 5- and 6-membered rings, with 

only two examples of 7-membered rings.34 This capsule is con-

veniently obtained by the spontaneous self-assembly of six 

commercial or readily available resorcinarene units in water-

saturated aprotic solvents.38 The wide hydrogen bond network 

confers to the structure a relatively high acidity that can be fur-

ther enhanced by addition of substoichiometric HCl (10-50 

mol%),39–41 while its electron-rich aromatic panels form a large 

cavity (1450 Å3) that stabilizes cationic intermediates.17,32,42,43  

Hence, cyclization processes that involve (carbo)cationic in-

termediates are facilitated by 1.34,35 Moreover, the confined 

space of 1 enforces unusual reaction paths, such as substrate-

selective amidation42 or Friedel-Crafts alkylation and acylation 

of pyrroles at the less reactive β-position.44–47 Herein, we ex-

plored the impact of nanoconfinement inside capsule 1 on the 

cyclization of β-alkyl-indole tertiary alcohols to yield a series 

of common- and medium-sized cycloalkane-[b]-indole rings 

(Figure 1C). 

 At first, inclusion of β-alkyl indoles into the cavity of capsule 

1 (R= C11H23) was investigated by 1H-NMR titration experi-

ments (Figure 2). Homologous substrates 2a-d with lateral 

chains of different length were synthesized adapting literature 

procedures for similar compounds (see SI, pages S5-S12). Ad-

dition of capsule 1 to solutions of substrate 2a-d in H2O- satu-

rated CDCl3 leads to the appearance of an additional set of sig-

nals at higher fields (aromatic signals at δ = 7-6 ppm, aliphatic 

ones up to δ = -1 ppm; see Figure 2B for titration of 2a with 1 

as an example). Such signals arise from encapsulated substrates 

2a-d that lie in the anisotropic shielding cones of the resorcina-

rene aromatic rings, under a slow exchange regime on 1H-NMR 

timescale. The equilibrium can be considered reached after 30 

minutes, in line with the rather slow uptake kinetics of this cap-

sule.48 Direct quantification of these signals is out of reach since 

the encapsulated guests can assume multiple conformations and 

different arrangements in slow exchange, which prevent a reli-

able assignment of their signals. Hence, we quantified the 

amount of encapsulated guest by subtracting free guest concen-

tration (obtained by integration of free guest signals referred to 

CH2Br2, used as an internal standard that is not encapsulated, 

see also pages S22) from total concentration of 2a-d substrates. 

The binding curve shown in Figure 2C was obtained in the ti-

tration of 7.0 mM 2a with capsule 1 in H2O-saturated CDCl3 at 

25 °C (see SI for titrations of 2b-d). The association constants 

obtained applying a 1:1 binding model show a fairly good asso-

ciation (≈102 M-1), with an affinity generally decreasing upon 

increasing substrate-size, with a maximum value of 780 M−1 ob-

tained for 2b, and a minimum value of 125 M-1 for 2d.  

Then, we focused on the cyclization process under nanocon-

finement (Figure 3). In the absence of the capsule, the reaction 

does not occur at all, not even the formation of the common 5- 

and 6-membered rings 3a and 3b, respectively. In fact, stirring 

a wet chloroform solution of 2a or 2b with mineral acid (0.1 

molar equiv. of HCl or TfOH) leaves the substrate unaltered 

(Figure 3 and SI, pages S34-S35) at 40 °C. Nor an increase of 

the acid loading up to 1 equivalent or to a large excess (>100 

eq) changes the scenario. Conversely, when capsule 1 is present 

(40 mol%, see Table S1 at pages S33 for the optimization), ad-

dition of a catalytic amount of HCl (20 mol%) triggers the cy-

clization. 1H-NMR monitoring shows that the signals of 2a-d 

disappear in a few days, along with the concomitant appearance 

of a new set of signals (see SI, pages S23-S32; almost quantita-

tive yields after few days). Removal of capsule 1 via filtration 

and/or chromatography shows that these signals belong to pure 

cyclic products 3a-d that are obtained in high to excellent iso-

lated yields (60-93%). The reaction is remarkably efficient, not 

only in closing common 5- and 6-membered cycles, (87% and 

93% yields, respectively), but also elusive 7-membered ring, 

and medium size 8-membered ring (87% and 60% yields, re-

spectively). 



 

 

Figure 2. A) Inclusion of substrates 2a-d into capsule 1. B) 1H-

NMR spectra (H2O-saturated CDCl3, 25 °C) of (a) 8 mM capsule 

1; (b) a mixture of 2.7 mM 2a and 6.5 mM 1, with enlargements of 

encapsulated guest signals; (c) 7.0 mM 2a. C) Titration of 7.0 mM 

2a with capsule 1 (H2O-saturated CDCl3, 25 °C), and association 

constant values obtained for encapsulation of substrates 2a-d into 

capsule 1. 

 

Eventually, we analyzed the role of the capsule cavity in pro-

moting this cyclization process. As already stated, the reaction 

does not occur in the absence of the capsule, not even the clo-

sure of 5- and 6-membered rings 3a and 3b. Remarkably, the 

reaction does not occur also when the capsule cavity is occupied 

by a better guest such as tetrabutylammonium iodide, Bu4N
+I− 

(pages S36-S43). Addition of an equimolar amount of this salt 

(with respect to the substrate 2a or 2b) fully inhibits its cycliza-

tion. Accordingly, 1H-NMR spectra indicate that the cavity is 

preferentially occupied by the tetrabutylammonium cation over 

the indole substrate 2b.49 Remarkably, the presence of both cap-

sule 1 and HCl is required for the cyclization. HCl alone, or 1 

alone, do not promote any detectable substrate conversion. 

Next, we analyzed the kinetics of the cyclization via 1H-NMR 

monitoring of the consumption of substrate 2a-d signals (Table 

1 and Figure 3B). The reaction is triggered by inclusion of the 

substrate inside the cavity of 1 in the presence of HCl, and pro-

ceeds without formation of any detectable intermediate50 under 

standard conditions (substrate 5.0 mM, capsule 1 2.0 mM, HCl 

1.0 mM, 40 °C, H2O-saturated CHCl3). The observed first-order 

rate constant values (kobs) were obtained with the initial rate 

method by 1H-NMR monitoring of substrate decay up to 10-

20% conversion (pages S45-S49). The kinetic data were ana-

lyzed assuming a fast pre-equilibrium between 1 and 2a-d (as-

sociation constant K) followed by conversion of the active spe-

cies (i.e., the adduct between 2a-d, 1 and HCl) into product 3a-

d (rate constant kcat, see page S50 in the SI). In other words, we 

treated capsule 1•HCl as a supramolecular catalyst according to 

a Michelis-Menten scheme.  

 

Table 1: Kinetic data for the cyclization of 2a-d under nano-

confinement.a 

 

Interestingly, the limited variations found for kcat ((0.54 : 3.9) 

x 10-5 s-1) strongly indicate that cyclization is not the rate- de-

termining step in our system. In fact, cyclization rates typically 

have a strong dependence on ring size (spanning 3-4 orders of 

magnitude from 5- to 8- membered rings)1,2. Hence, this cy-

clization under nanoconfinement is relatively facile and seems 

to be scarcely affected by ring size, in contrast with the typical 

reactivity pattern expected for cyclization of free substrates in 

solution. Consequently, the slow step must be another one (Fig-

ure 3B), i.e., in principle, either substrate binding, or water 

elimination to form the carbocation, or the re- aromatization 

step. Substrate binding is slow on NMR timescale but occurs in 

few minutes after capsule 1 addition in the NMR tube, while the 

reaction takes hours. Hence, a rate-determining substrate bind-

ing can be ruled out. Re-aromatization processes are typically 

very fast. Hence, we are inclined to believe that the slow step 

should be carbocation formation (Figure 3B). As a matter of 

fact, this would be consistent with the almost identical structure 

at the reaction site shared by all substrates2a-d (i.e., the tertiary 

alcohol that undergoes water elimination) and in line with re-

lated carbocationic cyclizations inside capsule 1.51 The small 

differences in kcat values are likely due to the different accom-

modations of the substrate in the cavity of 1•HCl, which can be 

somewhat more (or less) effective in the promotion of carbo-

cation formation. Hence, cyclization under nanoconfinement is 

fast enough to be not rate-determining. 

Substrate K (M-1)b kobs (s-1)c kcat (s-1)d 

2a 640 2.5 x 10-5 3.9 x 10-5 

2b 780 1.7 x 10-5 2.2 x 10-5 

2c 490 0.73 x 10-5 1.5 x 10-5 

2d 125 0.067 x 10-5 0.54 x 10-5 

aReaction conditions: 5.0 mM substrate 2a-d, 2.0 mM capsule 1 

(40 mol%), 1.0 mM HCl (20 mol%), H2O-saturated CDCl3, 40 °C. 
bFrom 1H-NMR titration of substrate 2a-d with capsule 1; see SI 

(pages S13-S21) for details. cObtained by initial rate method 

(pages S45-S49), kobs = vo/[S]. dCalculated as kcat= kobs/(K[C]), with 

[C]= [1•HCl]=1 mM, according to the Michaelis-Menten reaction 

scheme, with 1/KM = K (Scheme S2, page S50).  



 

Figure 3. A) Cyclization of indoles 2a-d catalyzed by capsule 1. n.d. = not detected. aFor isolation of product 3d: T=55 °C, HCl 40 mol%, 

8 d. B) Proposed mechanistic path. 

 

In conclusion, we explored a nanoconfinement strategy inside a 

readily available capsule to unlock the otherwise elusive closure 

of common and medium-sized rings in cycloalkane-[b]-indoles. 

The reaction is highly efficient and occurs under mild condi-

tions. Nanoconfinement is essential for the observed reactivity 

and no products are observed in its absence, or if capsule 1 is 

sequestered by addition of a better guest. Remarkably, nanocon-

finement makes the cyclization step faster than carbocation for-

mation, and even allows for the facile closure of a medium-

sized ring in high yields. 

ASSOCIATED CONTENT  

Data Availability 

The data underlying this study are available in the published article 

and its Supporting Information. 

Supporting Information 

 

The Supporting Information is available free of charge on the ACS 

Publications website. 

 

Experimental procedures, compound characterization, 

and NMR spectra for all compounds (PDF) 

AUTHOR INFORMATION 

Corresponding Author 

* Roberta Cacciapaglia; roberta.cacciapaglia@cnr.it 

* Stefano Di Stefano; stefano.distefano@uniroma1.it 

* Giorgio Olivo; giorgio.olivo@uniroma1.it 

Author Contributions 

The manuscript was written through contributions of all authors.  

ACKNOWLEDGMENT  

G.O. acknowledges Università La Sapienza (SEED Project 

SP12218443A748C6 and Ateneo RG124190BADF16AA to G. 

O.). S.D.S., R.C. and G.O thank the European Union-NextGenera-

tionEU under the Italian Ministry of University and Research 

(MUR), for the PRIN project “Chemically-Driven Autonomous 

Molecular Machines and Other Dissipative Systems” (N° 

2022X779KE).  

REFERENCES 

(1) Kirby, A. J. Effective Molarities for Intramolecular Reac-

tions. Adv. Phys. Org. Chem. 1980, 17, 183–278.  
(2) Mandolini, L. Intramolecular Reactions of Chain Molecules. 

Adv. Phys. Org. Chem. 1986, 22, 1–111.  

(3) Di Stefano, S.; Ercolani, G. Equilibrium Effective Molarity 

As a Key Concept in Ring-Chain Equilibria, Dynamic Combinatorial 

Chemistry, Cooperativity and Self-Assembly. Adv. Phys. Org. Chem. 

2016, 50, 1–76.  

(4) Di Stefano, S.; Mandolini, L. The Canonical Behavior of the 

Entropic Component of Thermodynamic Effective Molarity. An At-

tempt at Unifying Covalent and Noncovalent Cyclizations. Phys. 

Chem. Chem. Phys. 2019, 21, 955–987.  

(5) Di Stefano, S.; Cacciapaglia, R.; Mandolini, L. Supramolec-

ular Control of Reactivity and Catalysis – Effective Molarities of 

Recognition-Mediated Bimolecular Reactions. Eur. J. Org. Chem. 

2014, 2014, 7304–7315.  

(6) Cacciapaglia, R.; Di Stefano, S.; Mandolini, L. Effective 

Molarities in Supramolecular Catalysis of Two-Substrate Reactions. 

Acc. Chem. Res. 2004, 37, 113–122.  

(7) Baxter, B. L.; Gluckman, M. I. Iprindole: An Antidepressant 

Which Does Not Block REM Sleep. Nature 1969, 223, 750–752.  

(8) Ferrari, M. D.; Roon, K. I.; Lipton, R. B.; Goadsby, P. J. Oral 

Triptans (Serotonin 5-HT1B/1D Agonists) in Acute Migraine Treat-

ment: A Meta-Analysis of 53 Trials. The Lancet 2001, 358, 1668–

1675.  

(9) Frederich, M.; Tits, M.; Angenot, L. Potential Antimalarial 

Activity of Indole Alkaloids Trans R Soc Trop Med Hyg 2008, 102, 

11–19.  

mailto:roberta.cacciapaglia@cnr.it
mailto:stefano.distefano@uniroma1.it
mailto:giorgio.olivo@uniroma1.it


 

(10) Haag, B. A.; Zhang, Z.-G.; Li, J.-S.; Knochel, P. Fischer In-

dole Synthesis with Organozinc Reagents. Angew. Chem. Int. Ed. 

2010, 49, 9513–9516.. 

(11) Nazaré, M.; Schneider, C.; Lindenschmidt, A.; Will, D. W. 

A Flexible, Palladium-Catalyzed Indole and Azaindole Synthesis by 

Direct Annulation of Chloroanilines and Chloroaminopyridines with 

Ketones. Angew. Chem. Int. Ed. 2004, 43, 4526–4528.. 

(12) Wang, N.; Xu, H.-J.; Li, T.; Ye, L.-W.; Zhou, B. Copper-

Catalyzed [2 + 2] Cyclization/Ring Expansion of Ene-Ynamides: Con-

struction of Medium- and Large-Sized Rings. Org. Lett. 2024, 26, 

3861–3866.  

(13) Govaerts, S.; Nakamura, K.; Constantin, T.; Leonori, D. A 

Halogen-Atom Transfer (XAT)-Based Approach to Indole Synthesis 

Using Aryl Diazonium Salts and Alkyl Iodides. Org. Lett. 2022, 24, 

7883–7887.. 

(14) Zhu, C.; Zhang, X.; Lian, X.; Ma, S. One-Pot Approach to 

Installing Eight-Membered Rings onto Indoles. Angew. Chem. Int. Ed. 

2012, 51, 7817–7820.  

(15) Tan, T.-D.; Zhu, X.-Q.; Jia, M.; Lin, Y.; Cheng, J.; Xia, Y.; 

Ye, L.-W. Stereospecific Access to Bridged [n.2.1] Skeletons through 

Gold-Catalyzed Tandem Reaction of Indolyl Homopropargyl Amides. 

Chin. Chem. Lett. 2020, 31, 1309–1312.  

(16) Spatola, E.; Frateloreto, F.; Del Giudice, D.; Olivo, G.; Di 

Stefano, S. Cyclization Reactions in Confined Space. Curr. Op. Coll. 

.Int. Sci. 2023, 64, 101680.  

(17) Gaeta, C.; La Manna, P.; De Rosa, M.; Soriente, A.; Talotta, 

C.; Neri, P. Supramolecular Catalysis with Self-Assembled Capsules 

and Cages: What Happens in Confined Spaces. ChemCatChem 2021, 

13, 1638–1658.  

(18) Yu, Y.; Yang, J. M.; Rebek, J. Molecules in Confined 

Spaces: Reactivities and Possibilities in Cavitands. Chem 2020, 6, 

1265–1274.  

(19) Syntrivanis, L.-D.; Tiefenbacher, K. Reactivity Inside Mo-

lecular Flasks: Acceleration Modes and Types of Selectivity Obtaina-

ble. Angew. Chem. Int. Ed. 2024, 63, e202412622.  

(20) Grommet, A. B.; Feller, M.; Klajn, R. Chemical Reactivity 

under Nanoconfinement. Nat. Nanotechnol. 2020, 15, 256–271.  

(21) Morimoto, M.; Bierschenk, S. M.; Xia, K. T.; Bergman, R. 

G.; Raymond, K. N.; Toste, F. D. Advances in Supramolecular Host-

Mediated Reactivity. Nat. Catal. 2020, 3, 969–984.  

(22) Mouarrawis, V.; Plessius, R.; van der Vlugt, J. I.; Reek, J. 

N. H. Confinement Effects in Catalysis Using Well-Defined Materials 

and Cages. Front. Chem. 2018, 623.  

(23) Olivo, G.; Capocasa, G.; Del Giudice, D.; Lanzalunga, O.; 

Di Stefano, S. New Horizons for Catalysis Disclosed by Supramolec-

ular Chemistry. Chem. Soc. Rev. 2021, 50, 7681–7724.  

(24) Raynal, M.; Ballester, P.; Vidal-Ferran, A.; van Leeuwen, P. 

W. N. M. Supramolecular Catalysis. Part 1: Non-Covalent Interactions 

as a Tool for Building and Modifying Homogeneous Catalysts. Chem. 

Soc. Rev. 2014, 43, 1660–1733.  

(25) Raynal, M.; Ballester, P.; Vidal-Ferran, A.; van Leeuwen, P. 

W. N. M. Supramolecular Catalysis. Part 2: Artificial Enzyme Mimics. 

Chem. Soc. Rev. 2014, 43, 1734–1787.  

(26) Wu, N.-W.; Rebek, J. Cavitands as Chaperones for Mono-

functional and Ring-Forming Reactions in Water. J. Am. Chem. Soc. 

2016, 138, 7512–7515.  

(27) Shi, Q.; Masseroni, D.; Rebek, J. Macrocyclization of 

Folded Diamines in Cavitands. J. Am. Chem. Soc. 2016, 138, 10846–

10848.  

(28) Mosca, S.; Yu, Y.; Gavette, J. V; Zhang, K.-D.; Rebek, J. A 

Deep Cavitand Templates Lactam Formation in Water. J. Am. Chem. 

Soc. 2015, 137, 14582–14585. 

(29) Li, Y.; Mirabella, C. F. M.; Aragay, G.; Ballester, P. Accel-

eration and Selectivity of 1,3-Dipolar Cycloaddition Reactions In-

cluded in a Polar [4 + 2] Octa-Imine Bis-Calix[4]Pyrrole Cage. JACS 

Au 2025, 5, 902–912.  

(30) Zheng, T.; Tan, L.; Lee, M.; Li, Y.; Sim, E.; Lee, M. Active 

Molecular Gripper as a Macrocycle Synthesizer. J. Am. Chem. Soc. 

2024, 146, 25451–25455.  

(31) Ziegler, F.; Teske, J.; Elser, I.; Dyballa, M.; Frey, W.; Kraus, 

H.; Hansen, N.; Rybka, J.; Tallarek, U.; Buchmeiser, M. R. Olefin 

Metathesis in Confined Geometries: A Biomimetic Approach toward 

Selective Macrocyclization. J. Am. Chem. Soc. 2019, 141, 19014–

19022.  

(32) Zhang, Q.; Catti, L.; Tiefenbacher, K. Catalysis inside the 

Hexameric Resorcinarene Capsule. Acc. Chem. Res. 2018, 51, 2107–

2114.  

(33) Zhu, Y.; Rebek Jr, J.; Yu, Y. Cyclizations Catalyzed inside 

a Hexameric Resorcinarene Capsule. Chem. Commun. 2019, 55, 3573–

3577.  

(34) Catti, L.; Tiefenbacher, K. Intramolecular Hydroalkoxyla-

tion Catalyzed inside a Self-Assembled Cavity of an Enzyme-like Host 

Structure. Chem. Commun. 2015, 51, 892–894.  

(35) Catti, L.; Pöthig, A.; Tiefenbacher, K. Host-Catalyzed Cy-

clodehydration–Rearrangement Cascade Reaction of Unsaturated Ter-

tiary Alcohols. Adv. Synth. Catal. 2017, 359, 1331–1338.  

(36) Zhang, Q.; Tiefenbacher, K. Terpene Cyclization Catalysed 

inside a Self-Assembled Cavity. Nat. Chem. 2015, 7, 197–202.  

(37) Sokolova, D.; Piccini, G.; Tiefenbacher, K. Enantioselective 

Tail-to-Head Terpene Cyclizations by Optically Active Hexameric 

Resorcin[4]Arene Capsule Derivatives. Angew. Chem. Int. Ed. 2022, 

61, e202203384.  

(38) MacGillivray, L. R.; Atwood, J. L. A Chiral Spherical Mo-

lecular Assembly Held Together by 60 Hydrogen Bonds. Nature 1997, 

389, 469–472.  

(39) Merget, S.; Catti, L.; Piccini, G.; Tiefenbacher, K. Require-

ments for Terpene Cyclizations inside the Supramolecular Resorcina-

rene Capsule: Bound Water and Its Protonation Determine the Cata-

lytic Activity. J. Am. Chem. Soc. 2020, 142, 4400–4410.  

(40) Zhang, Q.; Tiefenbacher, K. Hexameric Resorcinarene Cap-

sule Is a Brønsted Acid: Investigation and Application to Synthesis and 

Catalysis. J. Am. Chem. Soc. 2013, 135, 16213–16219.  

(41) Cornu, I.; Syntrivanis, L.-D.; Tiefenbacher, K. Biomimetic 

Tail-to-Head Terpene Cyclizations Using the Resorcin[4]Arene Cap-

sule Catalyst. Nat. Protoc. 2024, 19, 313–339.  

(42) Giust, S.; La Sorella, G.; Sperni, L.; Strukul, G.; Scarso, A. 

Substrate Selective Amide Coupling Driven by Encapsulation of a 

Coupling Agent within a Self-Assembled Hexameric Capsule. Chem. 

Commun. 2015, 51, 1658–1661.  

(43) Cavarzan, A.; Scarso, A.; Sgarbossa, P.; Strukul, G.; Reek, 

J. N. H. Supramolecular Control on Chemo- and Regioselectivity via 

Encapsulation of (NHC)-Au Catalyst within a Hexameric Self-Assem-

bled Host. J. Am. Chem. Soc. 2011, 133, 2848–2851.  

(44) Iuliano, V.; Talotta, C.; De Rosa, M.; Soriente, A.; Neri, P.; 

Rescifina, A.; Floresta, G.; Gaeta, C. Insights into the Friedel–Crafts 

Benzoylation of N-Methylpyrrole inside the Confined Space of the 

Self-Assembled Resorcinarene Capsule. Org. Lett. 2023, 25, 6464–

6468.  

(45) Gambaro, S.; De Rosa, M.; Soriente, A.; Talotta, C.; 

Floresta, G.; Rescifina, A.; Gaeta, C.; Neri, P. A Hexameric Resorcin-

arene Capsule as a Hydrogen Bonding Catalyst in the Conjugate Addi-

tion of Pyrroles and Indoles to Nitroalkenes. Org. Chem. Front. 2019, 

6, 2339–2347.  

(46) La Manna, P.; Talotta, C.; Floresta, G.; De Rosa, M.; Sori-

ente, A.; Rescifina, A.; Gaeta, C.; Neri, P. Mild Friedel–Crafts Reac-

tions inside a Hexameric Resorcinarene Capsule: C−Cl Bond Activa-

tion through Hydrogen Bonding to Bridging Water Molecules. Angew. 

Chem. Int. Ed. 2018, 57, 5423–5428.  

(47) La Manna, P.; De Rosa, M.; Talotta, C.; Rescifina, A.; 

Floresta, G.; Soriente, A.; Gaeta, C.; Neri, P. Synergic Interplay Be-

tween Halogen Bonding and Hydrogen Bonding in the Activation of a 

Neutral Substrate in a Nanoconfined Space. Angew. Chem. Int. Ed. 

2020, 59, 811–818.  

(48) Slovak, S.; and Cohen, Y. In–out Interactions of Different 

Guests with the Hexameric Capsule of Resorcin[4]Arene. Supramol. 

Chem. 2010, 22, 803–807.  

(49) Shivanyuk, A.; Rebek, J. Reversible Encapsulation by Self-

Assembling Resorcinarene Subunits. Proc. Nat. Acad. Sci. USA 2001, 

98, 7662–7665.  

(50) The only exception is represented by cyclization of 2d under 

slightly harsher conditions (55 °C, 40 mol% HCl). 1H-NMR monitor-

ing showed, only in this case, the build-up and subsequent decay of 



 

small amounts of an olefin intermediate that is not present anymore at 

the end of the reaction (see SI page S32 for the spectra). 

(51) Zhang, Q.; Catti, L.; Pleiss, J.; Tiefenbacher, K. Terpene Cy-

clizations inside a Supramolecular Catalyst: Leaving-Group-

Controlled Product Selectivity and Mechanistic Studies. J. Am. Chem. 

Soc. 2017, 139, 11482–11492.  

 

 


