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In supramolecular chemistry [1], macrocycles have long occu-
pied a central position because of their ability to emulate the
fundamental characteristics of biological receptors. Their well-
defined cavities, reminiscent of enzymatic active sites, provide
an ideal environment for multiple noncovalent interactions with
guest molecules, thereby enhancing binding affinity and recog-
nition selectivity [1-4].

Between 1980 and 2000, calixarenes [5,6], resorcinarenes [7],
and cucurbiturils [8] emerged as some of the most extensively
investigated classes of macrocyclic hosts. Their widespread
popularity was driven by their straightforward functionalization
and unique structural properties. In contrast to first-generation
receptors, such as crown ethers [2], cryptands [3], and
spherands [4], calixarenes and resorcinarenes feature aromatic
cavities that accommodate a wide variety of neutral and charged

organic guests.
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A major advance in the field occurred in 2008, with the
introduction of pillararenes by Ogoshi and co-workers [9].
Composed of 1,4-dialkoxybenzene units connected through
methylene bridges, pillararenes are generally regarded as
representatives of a third generation of macrocyclic hosts.
Unlike the cone-shaped architecture typically adopted by
calix[4]arenes, pillararenes display a rigid pillar-like geometry
with a preorganized cavity. Their distinctive structural features
and supramolecular behavior stimulated the development of nu-
merous related macrocycles, including biphenarenes [10],
oxatubarenes [11], saucerarenes [12], pagodarenes [13],
calix[2]naphth[2]arenes [14], naphthotubes [15], and finally
prismarenes [16], all of which are characterized by deep,
biomimetic cavities capable of efficient guest encapsulation.

Macrocycles have evolved well beyond academic model

studies and are now involved in a broad range of appli-
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cations spanning environmental remediation [17], biomedicine
[18,19], sensing [20-22], catalysis [23-25], and molecular
separation [26-28]. Their practical relevance is further
highlighted by their incorporation into commercial prod-
ucts and technologies, including the household deodor-
izer Febreze [29], novel cyclodextrin-based adsorbent
DEXSORB [30], diagnostic devices [31], and drug-delivery
platforms [32].

A major driving force in the field is the effort to combine syn-
thetic versatility of macrocycles with practical supramolecular
performance. This expanding structural diversity has, in turn,
enabled increasingly sophisticated supramolecular functions.
Precise functionalization strategies allow researchers to tune
binding properties, guest inclusion kinetics, and physical behav-
ior. As a result, modern macrocyclic host—guest systems now
operate at the interface of materials science and chemical
biology. Given the rapid development of this research area, we
organized this thematic issue entitled “Novel macrocycles: from
synthesis to supramolecular function”. The aim of this collec-
tion is to highlight recent advances in the design, synthesis, and
functional applications of macrocyclic supramolecular recep-

tors.

The issue opens with the work of Isaacs and co-workers [33],
who report the synthesis of a new cucurbit[n]uril-like receptor
functionalized with alkyl sulfate groups. The study compares
the new host with a previously reported sulfonate-bearing
analogue to evaluate how subtle modifications of the
solubilizing ionic groups influence host—guest behavior. Al-
though the introduction of sulfate groups decreases overall
water solubility, it significantly enhances binding toward
quaternary ammonium guests relative to primary ammonium
ions. Detailed calorimetric and crystallographic data confirm
that modifying the outer ionic environment is an effective tool
to balance cation—dipole interactions against hydrophobic
effects.

Complementing this focus on ionic interactions, the thematic
issue proceeds with a study by Qi-Qiang Wang, De-Xian Wang,
and coworkers [34] that addresses the long-standing challenge
of recognizing organic dicarboxylate anions in solution. Using a
one-pot synthetic strategy based on oxacalix[2]arene[2]triazine
macrocyclic units, the authors prepared a family of functionali-
zed ultracycle hosts. Encapsulation of flexible dicarboxylate
guests arises from the combined action of hydrogen bonding
and anion—r interactions, the latter of which is enhanced by the
electron-deficient triazine rings. Importantly, the study demon-
strates a pronounced size-matching effect, showing how cavity
dimensions can be tuned to selectively recognize specific dicar-

boxylate chain lengths.
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Subsequently, Kato, Ogoshi, and colleagues [35] report the
selective monoformylation of naphthalene-fused propellanes.
The observed regioselectivity originates from through-space
electronic communication between the naphthalene units, which
suppresses multiple substitution pathways across the remaining
framework. Owing to their defined three-dimensional shape and
moderate conformational flexibility, the resulting desym-
metrized building blocks avoid the dense packing commonly
observed in rigid planar systems. As a proof of concept, these
precursors were converted into methylene-alternating copoly-
mers that exhibit high solubility and measurable carbon dioxide
adsorption, highlighting their potential for the development of
functional soft materials.

Asymmetric frameworks are also central to the research
reported by Niemeyer and co-workers [36], who focused
on the synthesis of crown ethers bearing one or two BINOL
units. Their paper outlines highly practical synthetic routes to
open a diverse library of chiral architectures with modular ring
sizes and peripheral groups. Incorporating either one or two
BINOL units, these molecules represent highly versatile,
nonsymmetric building blocks as promising candidates for
further application in enantioselective chemosensing or
organocatalysis.

Providing a comprehensive biomedical perspective, Yang,
Wang, Yao, and co-workers [37] discuss recent progress in
smart supramolecular drug delivery systems. Their Review
article highlights the utility of calixarenes and pillararenes as
platforms for controlled-release applications due to their hydro-
phobic cavities, straightforward functionalization, and selective
host—guest recognition properties. By organizing recent exam-
ples by internal and external stimuli, the authors outline how
macrocyclic systems can regulate cargo release via supramolec-
ular recognition and nanovalve mechanisms. The Review also
discusses current challenges and future directions for the clini-
cal translation of these materials.

Moving from broad biomedical overviews to therapeutic appli-
cations, Consoli and co-workers [38] exploit the synthetic
versatility of calix[4]arenes to develop selective anticancer
systems. By clustering bioactive isothiouronium groups
on an amphiphilic calixarene scaffold bearing long alkyl chains,
the authors obtained a derivative that spontaneously self-
assembles into stable nanoscale aggregates in water. Biolog-
ical studies revealed a potent antiproliferative effect against
human renal carcinoma cells, with limited toxicity toward
healthy cells. In addition to its intrinsic biological activity,
the nanoassembled platform may also serve as a carrier for
combination therapies by encapsulating additional therapeutic

agents.
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Macrocyclic chemistry is proving equally vital for environ-
mental sustainability and separation science. For instance,
Sindelét and co-worker [39] designed a functionalized silica gel
embedded with covalently immobilized bambusuril macro-
cycles. This material was engineered for the selective sorption
of dicyanoaurate(I), an anion highly relevant to gold mining
waste streams. The solid-supported system retains its high ex-
traction efficiency even when flooded with competing anions.
Furthermore, by evaluating the recyclability and solvent
stability of covalent versus noncovalent immobilization, the
study offers key design rules for building durable separation
materials.

While solid-supported systems demonstrate the application
potential of macrocyclic chemistry, their further development
relies on access to versatile and selectively functionalizable
scaffolds. In this context, Vatsouro and co-workers [40] report
efficient methodologies for accessing heteromultifunctional
calix[4]arene derivatives. Through carefully designed protec-
tion and functionalization sequences, the authors introduced or-
thogonal reactive groups at opposite rims of the macrocycle.
The synthetic versatility of these systems was demonstrated by
copper-catalyzed “click” reactions and amine-based transfor-
mations, yielding highly functionalized derivatives that
assemble into homo- and heterodimeric supramolecular
capsules. This work establishes adaptable synthetic platforms
for the preparation of increasingly complex supramolecular

architectures.

The development of such multifunctional systems can also
help address major environmental challenges. Danjou and
colleagues [41] explored the use of macrocyclic scaffolds for
environmental remediation, particularly in the extraction of
radioactive contaminants. The authors synthesized a phenoxy-
calix[4]pyrrole framework functionalized with multiple hydrox-
amic acid groups for the selective removal of uranyl(VI) ions
from acidic aqueous media. Solid-liquid extraction experi-
ments demonstrated efficient sequestration of the targeted
species, highlighting the potential of preorganized macrocyclic
receptors in the development of high-performance materials for

nuclear waste treatment.

A novel class of peptide-functionalized supramolecular
tweezers was developed by Schrader and Vetter [42] to target
survivin, a key component of the chromosomal passenger com-
plex (CPC). These receptors were designed to interfere with the
recognition of phosphorylated histone H3 by the survivin BIR
domain, displaying high binding affinity and selectivity that
depended on the presence of Lys121. Structural investigations
revealed an unexpected binding mode in which, in addition to

the peptide-mediated recognition of the BIR domain, the
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tweezer scaffold established supplementary interactions with
the protein surface. These findings provided valuable insights
into the molecular basis of survivin recognition and guided the
design of second-generation peptide tweezers capable of simul-
taneously engaging multiple binding regions of the protein. The
study highlights the potential of peptide-modified supramolecu-
lar tweezers as versatile tools for the selective modulation of bi-

ologically relevant protein—protein interactions.

The contributions collected in this thematic issue highlight the
breadth and continued evolution of contemporary macrocyclic
chemistry. From new ultracycle receptors to functional materi-
als for carbon dioxide adsorption, separation science, environ-
mental remediation, and biomedical applications, these studies
demonstrate how advances in synthetic design continue to
expand supramolecular function. As macrocyclic systems
become increasingly integrated into materials science and
chemical biology, their impact across multiple research areas

will continue to grow.
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