
Title X線によるアゾ結合の還元的開裂を鍵反応とするケージド化合物の開発に向けた検討

Author(s) 小河原, 浩輝

Degree Grantor 北海道大学

Degree Name 博士(薬科学)

Dissertation Number 甲第16786号

Issue Date 2026-03-25

DOI https://doi.org/10.14943/doctoral.k16786

Doc URL https://hdl.handle.net/2115/99631

Type doctoral thesis

File Information Koki_Ogawara.pdf, 全文

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP



  
博士学位論文 

 

 

X 線によるアゾ結合の還元的開裂を鍵反応とする 

ケージド化合物の開発に向けた検討 

 

 

小河原 浩輝 

 

 

 

北海道大学大学院生命科学院 

生命科学専攻 生命医薬科学コース 

生体分析化学研究室 

 

 

2026 年 3 月 

  



 











5 

 

  





































































































































71 

 

 

 

  













77 

 

correction) and cc-pVDZ basis set. The solvent effect of water was considered by using the 

integral equation formalism variant of the polarizable continuum model (IEFPCM). For each 

Azo-Rho derivative, equilibrium structures were systematically searched by the single-

component artificial force induced reaction (SC-AFIR) method implemented in GRRM17 

software, and then the lowest energy structure was employed for the vertical electron affinity 

(VEA) calculation. The VEA is calculated as the energy gap between non-reduced (NR) and one-

electron-reduced (OER) states at equilibrium. 
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Table S5 continued    

H -6.45092500 2.25830300 1.62185300 

H -6.38089800 4.00241700 1.97998000 

H -7.76862500 3.33298900 1.08443100 

H -3.26404500 -5.39567600 0.89702500 

H -3.22160000 -4.38878900 -3.28774000 

H -3.75491900 -6.00110700 -1.46219400 

H -2.28179500 -3.72010000 3.57784100 

C 5.92812600 0.63824000 0.00494300 

C 6.81988300 -0.44907000 -0.03199900 

C 6.43186100 1.93956200 0.10828500 

C 8.18257300 -0.23024800 0.03353000 

C 7.80008000 2.16759500 0.17444300 

C 8.68223600 1.08061200 0.13736200 

H 6.42211500 -1.46040800 -0.11253100 

H 5.72788600 2.77268000 0.13583000 

H 8.88912500 -1.06060100 0.00648300 

H 8.18704000 3.18541800 0.25491800 

O 10.01979600 1.22267700 0.19742900 

H 10.24602300 2.15979100 0.26622000 
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Table S6 continued    

H 7.16385100 -1.17237500 1.55584900 

H 7.50346000 -2.88476100 1.91341500 

H 8.68639500 -1.91505500 0.99866700 

H 2.36761700 5.55228300 0.87621200 

H 2.39213200 4.54326000 -3.30794500 

H 2.62470400 6.24087900 -1.49664200 

H 1.88946200 3.70826300 3.58579000 

C -5.92669200 -0.71223900 -0.00704500 

C -6.97748200 0.21837200 -0.18473600 

C -6.23516300 -2.06090000 0.26146500 

C -8.30620200 -0.19773400 -0.09317000 

C -7.54368200 -2.47653600 0.35299100 

C -8.58481300 -1.53704800 0.17515700 

H -5.41276300 -2.76340600 0.39556000 

H -9.10581700 0.53148400 -0.23247800 

H -7.80073500 -3.51489400 0.56102900 

O -9.84010000 -2.00546000 0.27901100 

H -10.47220900 -1.28632500 0.14532200 

O -6.71779300 1.50640500 -0.44243500 

H -5.74803300 1.59254200 -0.46649600 
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Table S7 continued    

H 7.463877000 -0.944897000 1.847810000 

H 7.845824000 -2.634985000 2.263785000 

H 9.036327000 -1.645170000 1.381416000 

H 2.298683000 5.593885000 0.623585000 

H 2.870095000 4.414757000 -3.476577000 

H 2.790104000 6.197860000 -1.735697000 

H 1.597091000 3.839269000 3.344475000 

C -5.540828000 -1.024835000 -0.099328000 

C -6.628560000 -0.201467000 0.271814000 

C -5.770715000 -2.359273000 -0.461304000 

C -7.911502000 -0.734914000 0.267961000 

C -7.050803000 -2.882017000 -0.459004000 

C -8.133912000 -2.067472000 -0.093694000 

H -4.921054000 -2.978008000 -0.746921000 

H -8.752817000 -0.104179000 0.551346000 

H -7.218294000 -3.923097000 -0.742063000 

O -9.403257000 -2.506225000 -0.072226000 

H -9.438147000 -3.434030000 -0.341374000 

C -6.523344000 1.253576000 0.687167000 

O -7.511506000 1.903718000 0.947044000 

O -5.315363000 1.796607000 0.769082000 

H -4.643001000 1.119079000 0.502536000 
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