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Our goal is the creation of super molecules, innovative functional molecules with significant 

properties and/or beautiful molecules. To this end, we have focused on catalyst-enabling synthetic 

chemistry with broad directions, including applications in molecular nanocarbons, 

pharmaceuticals, and plant/animal chemical biology, and the development of rapid 

molecule-assembly methods using unique catalysts. In particular, we have pioneered molecular 

nanocarbon science by the bottom-up synthesis of structurally uniform nanocarbons of 

fundamental and practical importance. Representative achievements include: (1) the development 

of single-step aromatic π-extension (APEX) methods for the rapid and programmable synthesis of 

nanocarbon molecules (Nature Chem. 2015, Nature Commun. 2015, Science 2018, Nature 

Commun. 2021); (2) the synthesis of carbon nanorings, nanobelts and pure nanotubes (ACIE 2009, 

Nature Chem. 2013, Science 2017, Nature Commun. 2018, Nature Commun. 2019, Nature Chem. 

2021, Nature Synth. 2022); and (3) the synthesis of topologically unique nanocarbons such as 

warped nanographenes, carbon nanocages, all-benzene catenanes, trefoil knots, and infinitene 

(Nature Chem. 2013, Science 2019, Nature Catal. 2020, JACS 2022). This lecture will highlight 

our 17-year campaign in the synthesis and application of carbon nanorings/nanobelts and our 

programmable, diversity-oriented and growth-from-template synthesis methods for nanographenes 

based on annulative π-extension (APEX) concept as well as our exciting new endeavor trying to 

develop game-changing molecules for nanocarbon-based chemical biology and explore a new 

field of molecular nanocarbon biology. 
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The work of Ken Itami has centered on catalyst-enabling synthetic chemistry with broad 

directions including molecular nanocarbon materials, C-H activation catalysts, medicinal 



chemistry, and chemical biology. The representative achievement is the creation of a range of 

structurally uniform nanocarbons of fundamental and practical importance by bottom-up chemical 

synthesis. Noteworthy achievements include: (1) the development of new reactions and catalysts 

for the rapid and programmable synthesis of nanocarbon molecules (Nature Commun. 2022, 

Nature Commun. 2021, Nature Catal. 2020, Science 2018, Nature Commun. 2015); (2) the 

synthesis of ultra-short carbon nanotubes such as carbon nanobelts and carbon nanorings (Nature 

Commun. 2022, Nature Chem. 2021, Science 2017, Nature Chem. 2013); and (3) the synthesis of 

topologically unique nanocarbons such as warped nanographenes, carbon nanocages, all-benzene 

catenanes, trefoil knots, and infinitene (Nature Synth. 2022, JACS 2022, Science 2019, Nature 

Chem. 2013).  
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Incorporation of main group elements into -conjugated skeletons is a powerful strategy to 

develop new optoelectronic organic materials with unusual properties. A representative 

design strategy is to make best use of orbital interactions between a -conjugated skeleton 

and a main-group moiety. Conformational constraint often plays a crucial role to gain an 

optimal orbital interaction. In addition, this is also useful to gain high chemical stability.
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Based on this strategy, we have so far synthesized various types of functional -electron 

materials. In this presentation, we would like to report recent progress in this chemistry. 

Specifically, we will discuss the utilization of the Lewis acidity of the boron atom for gaining 

stimuli-responsive changes in fluorescence,
2
 and designs of new core skeletons that furnish 

near-infrared emission.
3,4

 We will also discuss the potential utilities of several 

main-group-based -conjugated skeletons, furnishing red-shifted absorption and fluorescence 

properties as well as high photostability, for the advanced fluorescent bioimaging.
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 分子碳是具有确定原子组成和化学结构的分子基纳米碳。从 2006 年开始，

我们研究团队基于独特、多样性的核心稠环结构-莱啉（Rylene）酰亚胺经典单

元，利用边缘串联稠合策略，构建了丰富的酰亚胺功能化的分子碳材料库，包括

一维碳纳米带酰亚胺、二维纳米石墨烯酰亚胺以及跨维度分子碳酰亚胺等。这类

分子基纳米碳家族的新成员，具有合成灵活、结构可定制、性能多样、加工性能

和稳定性优异等特点，对结构的创新、新奇物理化学性质的探索以及新颖材料性

能的挖掘具有重要意义。 
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