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Advances in the Design, Synthesis, and Applications of Molecular
Bottlebrushes via Click Chemistry

DUAN Cheng-bof, ZENG Shang-huif, WANG Hui", CHEN Yong-ming"
(College of Chemistry and Molecular Sciences, Henan University, Kaifeng 475001)

Abstract: Molecular bottlebrushes are a class of densely grafted, unimolecular nanomaterials characterized
by unique molecular conformations and precisely tunable dimensions and topologies. These materials
have garnered significant attention in biomedicine, elastomers, and surfactants. Click chemistry, a highly
efficient, rapid, and mild conjugation technique, has emerged as a powerful tool for the precise construction
of molecular bottlebrushes with complex architectures. This review focuses on recent advances in the
structural design, precision synthesis, and applications of molecular bottlebrushes enabled by click
chemistry. This review systematically summarizes the application strategies of copper-catalyzed azide-
alkyne cycloaddition and metal-free click reactions for tailoring the topology of molecular bottlebrushes.
The regulatory mechanisms governing grafting efficiency and grafting density in click-mediated molecular
bottlebrush synthesis were analyzed, and the structure-property relationships of molecular bottlebrushes
were elucidated. Furthermore, the progress of molecular bottlebrush applications in biomedical and
functional materials is reviewed, and future directions in this rapidly evolving field are discussed.
Keywords: Molecular bottlebrushes; Click chemistry; Grafting density; Conjugation; Molecular design
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Figure 1 Structure design and synthesis strategy of MBBs
(Reprinted with permission from Ref. [6]; Copyright (2023)
Wiley)
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Figure 2 Synthesis of MBBs by copper-catalyzed azide-alkyne cycloaddition (CuAAC) click reaction: (a) Synthesis of MBBs

PHEMA-alkyne

using CuAAC reaction combined with grafting-onto strategy (Reprinted with permission from Ref. [20]; Copyright (2007) American
Chemical Society); (b) Synthesis of core/shell worm like MBBs using CuAAC reaction (Reprinted with permission from Ref. [35];
Copyright (2012) Wiley)
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Figure 3 Synthesis of high graft density MBBs based on CuAAC click reaction: (a) Synthesis of MBBs with two/three grafting
sites per main chain structural unit (Reprinted with permission from Ref. [24]; Copyright (2017) American Chemical Society);
(b) Synthesis of linear-alt-bottlebrush alternating multiblock MBBs (Reprinted with permission from Ref. [40]; Copyright
(2025) American Chemical Society); (c) Programmable grafting density MBBs (Reprinted with permission from Ref. [41];
Copyright (2025) American Chemical Society); (d) Synthesis of MBBs with brush-on-brush structure (Reprinted with permission
from Ref. [42]; Copyright (2019) American Chemical Society)
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Figure 4 Metal-free click reaction synthesis MBBs: (a) Synthetic MBBs by triazolinedione (TAD)-diene Diels-Alder
cycloaddition reaction (Reprinted with permission from Ref. [26]; Copyright (2016) American Chemical Society); (b) Synthetic
MBBs by norbornadiene (NBD)-maleimide (Mal) click reaction (Reprinted with permission from Ref. [30]; Copyright
(2021) American Chemical Society)
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