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Newly designed functional compounds help our daily and future lives, and therefore the development is 

continuously desirable. To date, novel design of functional polymer exhibiting dynamic chromism has been 
required, which combines macroscopic and microscopic forces. “Mechanophore” is known as a valuable 
family of molecules showing mechanochromism, whose color drastically changes from one to one with 
mechanical forces. In this collaboration research, we focused on a highly strained compounds, which had 
numbers of semi-stable conformations. Precise molecular preparation based on organic synthesis enabled 
reducing the energetic barrier between both conformers and implemented the de novo formation of 
mechanochromic polymers. 
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図１　メカノフォアの基盤となる高ひずみ化合物群．
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 Newly designed functional compounds help our daily and future lives, and therefore the development 
is continuously desirable. To date, novel design of functional polymer exhibiting dynamic chromism has 
been required, which combines macroscopic and microscopic forces. “Mechanophore” is known as a 
valuable family of molecules showing mechanochromism, whose color drastically changes from one to 
one with mechanical forces. In this collaboration research, we focused on a highly strained compounds, 
which had numbers of semi-stable conformations. Precise molecular preparation based on organic  
synthesis enabled reducing the energetic barrier between both conformers and implemented the de novo 
formation of mechanochromic polymers.
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図２　メカノフォアとしての含窒素AQD分子．

図３　N2AQDを主骨格に含むメカノクロミックポリマーの創成．

図４　新規メカノフォア分子の設計．

　本共同研究メンバーである石垣，小野はこれまでに，新規メカノフォアとして，分子内に4つの窒素原子を有する

N4AQDを開発することに成功している（図2a）2．柔軟な構造を有するこの分子は，折れ曲がり構造（Folded = F型）がね

じれ型構造（Twisted = T型）のエネルギー差がほとんどないた

め，これらの構造変化に基づくメカノクロミック特性を示す．

本研究では，新たに分子内に二つの窒素原子を含むN2AQDを設

計した（図2b）．この分子でも，T型が準安定構造，F型が最安

定構造となり，DFT計算においてそのエネルギー差が7.8 kcal/
molと充分に小さく算出された．この分子を含有するポリマーに

おいて，N2AQD骨格は，緩和状態でF型を，延伸状態でT型を

とると期待される．両構造が異なる発光特性を示すことから，

本分子を「伸張時に特異的な発光性を示すメカノフォア」とし

てポリマー架橋部位に導入することを着想した．
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図５　多様性指向型合成によるペプチドメカノフォアの創出．
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