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Phosphonylation of Poly(9,9-dioctylfluorene) via Direct Electron
Transfer at Anode

(School of Materials and Chemical Technology, Institute of Science Tokyo)

(OXKohei Taniguchi, Kosuke Sato, Shinsuke Inagi

Keywords: C—H post-functionalization, electrochemical reaction, anodic phosphonylation,
electrode electron transfer, diffusion coefficient

Electrochemical polymer reactions are promising methods for the functionalization of
polymers, allowing precise control through electrochemical parameters such as the amount
of charge passed and current density. To date, electrochemical reactions of m-conjugated
polymers in the film state have been explored.!'” However, the range of applicable polymer
derivatives is limited to those stable in the film state on the electrode surface without
detaching during electrolysis. Given these challenges, electrolysis of polymer solutions has
significant potential to improve the versatility of electrochemical polymer functionalization.
In this study, we investigated the anodic phosphonylation of n-conjugated polymers such as
poly(9,9-dioctylfluorene) (PFO) in solution.

First, we conducted the anodic phosphonylation of PFO, resulting in a high degree of
substitution (0.91) at a low current density (Figure 1 (a)). The diffusion coefficient of PFO
was 2.5 x 1077 while that of 2,7-bis[4-(1,1-dimethylethyl)phenyl]-9,9-dimethyl-9H-fluorene
was 6.5 x 107, indicating that a low current density is required for efficient electron transfer
between the polymer and the electrode. Additionally, the degree of substitution could be
controlled by tuning the amount of charge passed (Figure 1 (b)). In this presentation, the
more detailed results and discussion will be explained.
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Figure 1. Anodic phosphonylation of PFO. (a) the plot of the degree of substitution vs.
current density and (b) the trace of the degree of substitution with various amounts of passed

charge.
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Synthesis of Cyclic[n]spirobifluorenylene Derivatives and
Intramolecular Electron Transfer in One-Electron Oxidized
Species

(‘Graduate School of Science, Nagoya City University, >Graduate School of Science, Osaka
Metropolitan University) OTomoya Imai,! Daisuke Sakamaki,> Shinobu Aoyagi,! Toru
Amaya,'
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The study of electron delocalization in organic molecules with multiple redox-active
units is essential for the development of organic electronics. Organic mixed-valence
compounds represent a class of molecules comprising multiple redox units in different
valence states. Electron transfer in organic mixed-valence compounds is highly dependent
on the molecular structure. A key question in studying electron transfer in molecules with
multiple redox units is: “To what extent can electrons delocalize across these units?”

Recently, we reported the synthesis and characterization of macrocyclic compounds
1-[n] (n = 3-5) featuring spirobifluorene as a building block (Figure 1la).!
Cyclic[n]spirobifluorene showed small orbital splitting of frontier molecular orbitals due to
spiro-conjugation. ~ While orthogonal conformations are generally considered
disadvantageous for electron transfer, we hypothesized that, contrary to intuition, electron
transfer in their radical cation species could occur due to spatial electronic coupling through
spiro-conjugation and the small HOMO-SOMO gap. In this study, we synthesized
cyclic[n]spirobifluorene derivative 2-[n] with bulky alkyl groups at the terminal positions of
each unit. In this presentation, we report the extent of hole delocalization in 2-[n] " (n = 3—
5) through electron transfer (Figure 1b).
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Figure 1: (a) Previous work on cyclic[n]spirobifluorenylenes 1-[n]. (b) This work on
intramolecular electron transfer in the radical cation of 2-[n]
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Electrochemical Synthesis of Sultams via Sulfonamidyl Radical
Generated by Anodic Oxidation of Hydrogen Bonding Complexes

(*Okayama University) O Yasuyuki Okumura,! Koichi Mitsudo,' Seiji Suga!
Keywords: sulfonamidyl radical, electrochemical oxidation, hydrogen bonding complex,
proton coupled electron transfer, sultam

Amidyl radicals and sulfonamidyl radicals are widely used in the field of organic
synthesis.! In particular, electrochemical oxidation of amides in the presence of bases is one of
the most practical methods for generating amidyl radicals. However, it is often difficult to
observe “true” radical precursor, such as an amide or a hydrogen bonding complex with an
amide and a base.>?

We reveal that the sulfonamides and BusNOAc form the 1:1 hydrogen bonding complex
by several spectroscopic experiments. Cyclic voltammetry suggests that the complexes would
be oxidized more easily than sulfonamides and BusNOAc, and sulfonamidyl radical would be
generated via proton-coupled electron transfer process (PCET) by the electrochemical
oxidation of the complexes. Thus-generated sulfonamidyl radicals could be applied for the
electrochemical synthesis of a variety of sultams.
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Electrochemical peptide synthesis applicable to sterically hindered amino acids using electron-
rich phosphines ('Graduate School of Agricultutre, Tokyo University of Agriculture and
Technology) Shingo Shinjo-Nagahara, Yohei Okada, Goki Hiratsuka, Yoshikazu Kitano,
Kazuhiro Chiba

While peptides have been regarded as one of the candidates for medium molecular medicine,
a problem that the large amount of waste is produced in the conventional peptide synthesis
have been unresolved. One of the causes is use of coupling reagents. In every peptide bond
formation, these reagents are used stoichiometrically, and byproducts accumulate as waste.

In this context, we have developed electrochemical peptide synthesis using
triphenylphosphine as a recyclable coupling reagent. We confirmed that this reaction is
applicable to all canonical amino acids, and demonstrated that producing waste from the
coupling reagent can be avoided.

Yet, there was room for improvement in the viewpoint of reaction efficiency, especially when
sterically hindered amino acids were employed. In this work, we found that tris(4-
methoxyphenyl)phosphine improves the reaction efficiency. We also succeeded in synthesizing
oligopeptides difficult for our previous method.

Keywords : electrochemical synthesis, peptide synthesis, phosphine
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