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This paper is entitled “Development and Applications of an Cysteine-derived Highly Reactive
Species Model by Taking Advantage of Large Molecular Vacancies”, consisting of a general
introduction and two main topics.

Chapter 1 outlines the importance of cysteine-derived highly reactive species as intermediates
in various biological reactions and describes experimental problems in elucidating the properties
of these intermediates. In addition, the author indicates some findings on cysteine-derived highly
reactive species previously obtained in his group in the past, and describes the purpose and
significance of this study.

In chapter 2, syntheses and reactivities of a cysteine sulfenic acid bearing a large molecular
cavity are described. Focusing on the two mechanisms of direct oxidation of a cysteine thiol and
alkaline hydrolysis of a cysteine sulfenyl iodide, which has been proposed as a mechanism for
producing cysteine sulfenic acids in vivo, synthesis and isolation of a stable cysteine sulfenic acid
was achieved for the first time. The structure of the cysteine sulfenic acid was determined by
X-ray crystallographic analysis and various analytical methods. Furthermore, the author
experimentally demonstrated the redox processes involving cysteine sulfenic acids, including the
biologically important reaction between cysteine sulfenic acids and thiols. This thesis reports the
demonstration of this redox process for the first time with a structurally well-defined cysteine
sulfenic acid. The reactions between the cysteine sulfenic acid and trapping reagents of the species
employed in the biological studies were also investigated under various conditions.

In chapter 3, model studies on a mechanism of action of organic nitrates are described. It was
clarified that an S-nitrothiol can be obtained by the reaction of a cysteine thiol with an organic
nitrate under both acidic and basic conditions. These findings provide a clue for understanding the

biotransformation of organic nitrates mediated by cysteine thiols.
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