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Abstract: Glycoluril-based macrocycles, particularly cucurbit[ n]urils C(CCB[n]), represent a milestone class

of supramolecular host compounds following crown ethers, cyclodextrins, and calixarenes. They exhibit sig-

nificant application potential in molecular recognition, molecular machines, drug delivery, and catalysis, ow-
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ing to their rigid hydrophobic cavities and electron-rich carbonyl portals. This review systematically summa-
rizes recent advances in the synthetic strategies and structural evolution of glycoluril-based macrocycles. Clas-
sical synthesis primarily relies on the acid-catalyzed condensation of glycoluril with formaldehyde, which ini-
tially yielded predominantly the thermodynamically favored CB[6] under limited conditions. With the devel-
opment of synthetic methodologies, efficient preparation and separation of homologues ranging from CB[5]
to CB[14] have been achieved through precise control of reaction parameters, including temperature and acid-
ity, as well as the use of templating guests. More recently, efforts to address the poor solubility and limited
functionalization of native cucurbiturils have driven the development of targeted derivatization strategies.
Structurally, glycoluril-based macrocycles have evolved from rigid, closed, and highly symmetric architec-
tures to more diverse and topologically complex systems. Novel condensation pathways have enabled the for-
mation of “inverted cucurbiturils, ” featuring reversed glycoluril units that impart distinct cavity environ-
ments. In parallel, the emergence of acyclic glycoluril oligomers, bambusurils, and related architectures has
enhanced molecular flexibility and stimuli responsiveness. These structural innovations not only improve solu-
bility but also enable the encapsulation of larger and more complex guest species. Overall, the synthesis of
glycoluril-based macrocycles is transitioning from conventional condensation approaches toward more pre-
cise, modular, and controllable strategies. Their continuous structural diversification is significantly expand-
ing the scope of host-guest chemistry, providing a robust molecular foundation for the development of ad-
vanced supramolecular materials and targeted theranostic systems.

Keywords: supramolecular chemistry; cucurbiturils; acyclic cucurbiturils; bambusurils; glycoluril-based

macrocycles
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Fig.1 Key milestones in the development of glycoluril-based macrocyclic chemistry (1905—2026)
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