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学位論文の要約 
 
題目	 	 Study on Metalated and Cross-Conjugated Expanded Porphyrins 
（環拡張ポルフィリンの金属錯体及び交差共役系環拡張ポルフィリンに関する研究） 
 

氏名	 	 直田	 耕治 
 
Chapter 1. Introduction 
	 In last two decades, expanded porphyrins have attracted considerable attention because of their 
intriguing features that are basically different from those of porphyrins, such as multi-metal 
coordination properties, flexible structures and extended π-conjugation networks. Recent development 

of their synthetic chemistry and elucidation of physical properties have enabled chemists to design and 
synthesize novel functional expanded porphyrins and even to predict their physical properties. With the 
goal of novel expanded porphyrins with remarked functionalities, the author intends to focus on 1) 
metalation chemistry, 2) fusion strategy for π-extension, 3) introduction of cross-conjugation and 4) 
construction of aromaticity switching systems based on expanded porphyrins 
Chapter 2. Selective and Efficient Synthesis of AuIII-Metalated Hexaphyrins and 
Investigation on Reaction of bis-AuIII Hexaphyrin with Phosphines 
 The selective and efficient synthesis of mono- and bis-AuIII complexes of [26]hexaphyrins has been 
established. The author found that mono-AuIII complexes could be obtained up to 68% yield using a 
combination of Na[AuCl4]·2H2O and Ag3PO4 (Protocol A) while bis-AuIII complexes could be isolated 
up to 51% yield with Na[AuCl4]·2H2O and Ag2CO3 (Protocol B). Selective generation of each 
complex made the purification step quite easy. This methodology is expected to provide a new 
synthetic possibility for functionalized AuIII complexes. Furthermore, neucleophilic addition of 
phosphines to the bis-AuIII complex was also examined in this section. As can be seen in the free base, 
the addition of triphenylphosphine occurred regioselectively in the presence of TFA. Treatment of the 
bis-AuIII complex with diphosphine gave rise to phosphine-bridged hexaphyrin dimer. However, the 
expected electronic interaction between two hexaphyrin segments was proved to be negligible. 
Chapter 3. Hexaphyrin Fused to Two Anthracenes 
 The synthesis of anthracene-fused hexaphyrin was achieved through oxidative fusion reaction. Owing 
to the extended π-conjugation, it featured a remarkably red-shifted and intense absorption band in NIR 
region (λmax = 1467 nm, ε = 108,500 mol–1·L·cm–1), seven reversible redox couples and a narrow 
HOMO–LUMO gap of 0.79 eV. These results underscore the importance of π-extension strategy even 
in expanded porphyrins for distinct optical and electrochemical properties.  
Chapter 4. Iridium Complexes of [26]Hexaphyrin and [36]Octaphyrin  
 Mono-iridium complexes of [26]hexaphyrin and [36]octaphyrin and bis-AuIIIIrIII hybrid complex of 
[26]hexaphyrin have been prepared. Electrochemical study revealed that insertion of iridium cation led 
to the decrease of oxidation potentials of the ligands. Through N-fusion reaction, the hybrid complex 
could be converted into a [28]hexaphyrin congener with strong Hückel antiaromaticity yet possessing 



good stability. This study disclosed unique physical properties of iridium complexes of expanded 
porphyrins as a rare case. 
Chapter 5. Cross-Conjugated Hexaphyrin and Its Bis-RhI Complexes  
 Cross-conjugated hexaphyrin free base and its rhodium complexes bearing oxacyclohexadienylidene 
(OCH) groups have been investigated. The combination of redox active hexaphyrin and OCH group 
allows for the hexaphyrin with three neutral and stable oxidation states. Noticeably, the complex that 
has one OCH group and one phenol group displayed 26π aromatic-zwitterionic contribution in addition 
to the quinonoidal resonance. Cross-conjugated expanded porphyrins have been scarcely explored to 
date. This result directed the author to further investigation on this specific species. 
 Chapter 6. Thienylquinonoid-Substituted Porphyrins and Hexaphyrins with Significant 
Singlet Biradical Character  
 The author has found out biradical contribution on thienylquinonoid-substituted hexaphyrins as well 
as porphyrin counterparts depending upon the number of thiophene units attached to them. The 
biradical porphyrin exhibited remarked singlet biradical character (ES–T = –0.13 kcal/mol, y = 0.99) in 
the ground state but it was difficult to manipulate due to its instability. In contrast, the isolated biradical 
hexaphyrin possessed both good stability and non-negligible singlet biradical character (ES–T = –3.69 
kcal/mol, y = 0.85). This observed stability was rationalized by the effective delocalization of two 
unpaired electrons into the π-conjugation of the hexaphyrin backbone, which was enabled by the 

favorable electronic interaction between thienylquinonoidal groups and hexaphyrin. These results 
again demonstrated that utilizing hexaphyrin framework is suitable for stabilizing organic radical 
species. 
 Chapter 7. A Doubly Zwitterionic [28]Hexaphyrin Formed Upon Deprotonation of a 
N-Methyl-4-Pyridinium Substituted [28]Hexaphyrin  
A doubly zwitterionic [28]hexaphyrin was designed and synthesized by the deprotonation of a cationic 
[28]hexaphyrin with N-methyl-4-pyridinium groups. The spectroscopic analysis revealed that the 
quinonoidal resonance is less important than the zwitterionic resonance both in the solid and solution 
states. Unexpectedly, the zwitterionic hexaphyrin adopts a planar dumbbell-shaped structure that is 
stabilized by intramolecular hydrogen bondings involving even N-methyl-4-pyridinium groups, and 
hence it shows Hückel antiaromaticity. Protonation of this hexaphyrin regenerates the cationic Möbius 
aromatic [28]hexaphyrin, indicating an aromaticity switching system. 
 Chapter 8. 2-Pyridyl Substituted [28]Hexaphyrin and Its Structural Changes Upon 
PdII-Metalation and Protonation  
 A 2-pyridyl substituted [28]hexaphyrin and its bis-PdII complexes have been synthesized and 
protonation behavior of the free base was also investigated. As is seen in Chapter 7, the 2-pyridyl 
substituted [28]hexaphyrin takes on a dumbbell-like structure stabilized by intramolecular hydrogen 
bondings among 2-pyridyl groups and amine- and imine-type pyrroles. Palladium metalation yielded 
two structural isomers, one of which featured a significantly distorted structure. Protonation of the free 
base resulted in a dynamic structural change into a Möbius conformation. These results seen in 
Chapters 7 and 8 emphasized structurally flexible nature of [28]hexaphyrin. 




