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This thesis described the development of efficient synthetic approaches for amino acid N-carboxy
anhydrides (NCAs), N-methylated peptides, and organophosphates using highly reactive electrophiles
in micro-flow reactors.

In chapter 1 “introduction,” the utility of highly reactive electrophiles was described. Their high
electrophilicity makes control of reactions difficult. Micro-flow reactors have high mixing efficiency
and are advantageous for handling highly reactive compounds. This chapter also indicated the
importance of amino acids NCA, N-methylated peptides, and organophosphates, as well as problems
in their conventional syntheses.

In chapter 2 “efficient synthesis of amino acid NCAs using basic-to-acidic flash pH switching,” 25
NCAs were efficiently synthesized in good to excellent yields. Especially, NCAs with acid labile
functional groups that are difficult to synthesize via conventional approach could be successfully
obtained under developed conditions. No racemization of NCAs was observed. In addition, scaled up
synthesis of NCA was performed by simply extending pumping time.

In chapter 3 “N-methylated peptide synthesis via generation of acyl N-methylimidazolium cation
intermediate,” various N-methylated or N-alkylated peptides were efficiently synthesized in high
yields without severe racemization. The key to success was the addition of a Brensted acid. The first
total synthesis of bulky naturally occurring N-methylated peptides, pterulamides, was achieved using
the developed approach. In addition, the developed approach showed superior performance (higher
yield in shorter reaction time) compared with conventional approaches.

In chapter 4 “selective nucleophilic substitution of alcohol against phosphorus trichloride for
efficient synthesis of organophosphates,” selective nucleophilic substitution of alcohol (1 eq.) against
phosphorus trichloride (1 eq.) was achieved with a micro-flow reactor. In contrast, nucleophilic
substitution of alcohol (1 eq.) into phosphorus dichloride (1 eq.) resulted in insufficient selectivity.
Detailed analysis with precise control of the reaction time in milliseconds revealed the rate constant
ratios of these reactions and clearly explained the obtained results. This is the first kinetic study on
these extremely electrophilic compounds.

In chapter 5 “conclusion,” the results in this thesis study was summarized.
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