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研究成果の概要（和文）：この研究により、標準的な鈴木カップリング条件によってボロン酸／エステルと結合
できる新しいブロモビサリチルアルデヒド構成単位が調製されました。金属錯体への結合はまだ行われていない
が、原理的には、生体分子-金属相互作用を利用した水中での生体分子の新しい金属レセプターにつながる可能
性がある。サリチルアルデヒドユニットを用いて、将来的には動的共有結合化学によって受容体の第2配位圏を
変化させ、その選択性をチューニングしようと考えています。サリチルアルデヒドユニットは、従来のアルデヒ
ドユニットに比べて、水系媒体中での酸化に対する安定性が高いという利点があります。

研究成果の概要（英文）：The research led to the preparation of a new bromo-bissalicylaldehyde 
building block, which can be coupled to boronic acids/esters via standard Suzuki coupling 
conditions. Its attachment to metal complexes has not been performed yet, but could in principle 
lead to new metal receptors for biomolecules in water using biomolecule-metal interactions. Using 
the salicylaldehyde units, I plan to vary the second coordination sphere of the receptor in the 
future via dynamic covalent chemistry to tune its selectivity. The advantage of the salicylaldehyde 
units over conventional aldehyde units is their increased stability in aqueous media against 
oxidation. 

研究分野： Supramolecular Chemistry
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研究成果の学術的意義や社会的意義
Artificial bioreceptors are important for the detection of diseases via recognition of 
disease-related biomarkers. Previous receptors required long and difficult synthetic protocols. The 
herein attempted strategy aims to give simple access to a receptor framework whose target can be 
tuned on demand.
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１．研究開始当初の背景 
 
Carbohydrate alterations on cell surfaces and on glycoproteins are associated with various 
cancer processes and the selective recognition of such biomarkers provides an excellent 
opportunity for the detection and treatment of cancer. The structural diversity of 
carbohydrates, including closely related stereoisomers, however, renders the development of 
artificial carbohydrate receptors extremely challenging. Previously developed artificial 
receptors mainly rely on noncovalent interactions or reversibly formed B-O bonds. On the 
other hand, there are only a few reports on artificial receptors that exploit the interaction 
between metal ions and carbohydrate functional groups, despite the promising potential for 
high molecular binding constants and pronounced selectivity due to the inherent 
directionality of coordination bonds. The currently known systems only show limited 
differentiation between the structurally versatile carbohydrate motifs, creating an unmet 
demand for highly selective artificial carbohydrate receptors. 
 
 
２．研究の目的 
 
Development of a highly modular, multimetallic metalloreceptor, whose peptide-based 
binding pocket can be readily optimized via dynamic combinatorial chemistry (DCC) using 
the targeted carbohydrate as the template. This new class of artificial metalloreceptor will 
be specifically employed for the binding of cancer-related carbohydrate motifs. The 
coordinative bonding between the metal ions and the target in combination with the non-
covalent interactions with the peptide residues should result in an unprecedented degree of  
selectivity and binding affinity by mimicking natural protein binding pockets. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
３．研究の方法 
 
The planned research method comprised the synthesis of a monometallic proof-of-principle 
metalloreceptor framework, attachment of the orthogonal aldehyde units, and subsequent 
interactions studies with carbohydrates under variation of the peptide-based second 
coordination sphere through dynamic covalent imine (or acylhydrazone) chemistry. The 
targeted metalloreceptor uses a novel bis-salicylaldehyde unit (please see part 4), whose 
synthesis requires the search for an appropriate synthetic route.    
 
４．研究成果 
 
The novel core ligand for the monometallic proof-of-principle metalloreceptor framework was 
successfully synthesized. Since bioapplications require stability of the receptor in water, the 
design was changed during the course of this study from a salen ligand framework to a water-
stable bipyridine framework. 



 

 

 
 

Attachment of an orthogonal bis-salicylaldehyde required the synthesis of a new bromo-bis-
salicylaldehyde. This kind of building block was not reported before, but after several tries 
the targeted building block was successfully synthesized. 
 

 

 
1H NMR of the bromo-bis-salicylaldehyde in CDCl3. 

 
The coupling of the bromo-bis-salicylaldehyde to the bipyridine framework was not yet 
attempted due to a lack of time. In the future, I plan to attach the bromo-bis-salicylaldehyde 
to the ligand framework and introduce the metal ion after deprotection of phenol groups. 
Then the binding of carbohydrates will be investigated and the possible attachment of peptide 
groups via dynamic covalent chemistry. 
 
The knowledge obtained about artificial receptors was utilized for the preparation of a review 
on aqueous artificial bioreceptors (Catti et. al., Coordination Chemistry Reviews, Volume 460, 
2022, 214460). 
 
In addition, my gained knowledge of carbohydrates was utilized for the synthesis of a 
carbohydrate-coated aqueous polyaromatic micelle (Angew. Chem. Int. Ed. 2021, 60, 12791-
12795). 
 
I believe that the synthesized bromo-bis-salicylaldehyde building block will be useful for not 
only the proposed target, but in general for synthetic chemists, especially those working with 
salen complexes. 
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