Vol. 143, No. 7

YAKUGAKU ZASSHI 143, 559-563 (2023) 559

—Review for award —

TR RICE T 22 F —IMEEYICIDE L TREERB T 5 I /LR EHBEMEHEZL
SV SEVN

Structural Transitions of Micellar Systems in Response to Diol Compounds Accompanied
by Changes in Viscoelastic Properties to Yield Novel Functional Materials

Ryotaro Miki
Faculty of Pharmacy and Pharmaceutical Sciences, Josai University, 1—1 Keyakidai, Sakado, Saitama 350-0295, Japan.

(Received April 5, 2023)

External-stimuli-responsive smart viscoelastic systems have the potential for diverse applications. Worm-like micelles

(WLMs) are distinct viscoelastic systems. Several stimuli-responsive WLMs have been reported thus far, in which modifica-

tions are triggered by pH variations, redox reactions, temperature shifts, and light. However, sugar-responsive WLMs have not

been reported. Phenylboronic acid (PBA) reversibly forms cyclic ester with cis-diol compounds; therefore, it serves as a cis-

diol sensor for compounds such as glucose (Glc) and fructose (Fru). Adding PBA to cetyltrimethylammonium bromide (CTAB)

in a basic medium induces the transition of spherical micelles to WLMs. This is accompanied by a substantial increase in the
viscosity of the CTAB/PBA system. Notably, the addition of Glc to the CTAB/PBA system induces the transformation of the
WLMs into spherical micelles or short rod-like micelles. In this review, we describe diol-responsive micellar systems based on

PBA and their rheological properties.
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Fig. 1. Reaction Scheme of PBA and Materials of Typical
Wormlike Micelles
(a) Acid-base equilibrium of PBA and formation of cyclic boronate ester
with cis-diol compounds. Chemical structures of (b) CTAB and (c) NaSal.
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Fig. 2. Appearance and Dynamic Viscoelastic Properties of
CTAB/PBA System

(a) Visual appearance of the CTAB/PBA system without Glc at different
pH values, 10 s after the vials were inverted. (b) Variations in storage modulus
(G") and loss modulus (G") as functions of frequency () obtained by oscilla-
tion frequency sweep measurements in the CTAB/PBA system. (c¢) Cole—cole
plot of storage modulus (G’) and loss modulus (G") in the CTAB/PBA system.
Reprinted with permission from Ref. 18. Copyright 2021 American Chemical
Society.
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Fig. 3. Effect of Glc on CTAB/PBA System

(a) Visual appearance of the CTAB/PBA system containing the indicated
concentrations of Gle, 10 s after the vials were inverted. (b) Variation in 7, as a
function of Glc or DEG concentration in the CTAB/PBA system. Reprinted with
permission from Ref. 18. Copyright 2021 American Chemical Society.
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Fig. 4. Multinuclear NMR Spectrum of CTAB/3FPBA System

(a)—(d): "B NMR Spectra of 10 mM 3FPBA in 10% (v/v) aqueous D,O solution at pH 7.4. (a) without CTAB or Gle, (b) with 200 mM Glc, (c) with 10 mM CTAB, and (d)
with 10 mM CTAB and 200 mM Glec. (e)—(h): '’F NMR spectra of 10 mM 3FPBA in 10% (v/v) aqueous D,O solution at pH 7.4. (e) without CTAB or Gle, (f) with 200 mM
Glc, (g) with 10 mM CTAB, and (h) with 10 mM CTAB and 200 mM Glc. Reprinted with permission from Ref. 22. Copyright 2021 American Chemical Society.
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Fig. 5. Schematic of the Formation of Worm-like Micelles
(WLMs) in the CTAB/3FPBA System (a), and the Deformation
of WLMs by Adding Gle (b)

Reprinted with permission from Ref. 22. Copyright 2021 American

Chemical Society.
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Fig. 6. Effects of 3FPBA and Diol Compounds on Micellar
Systems
(a) Relationship between 7, and 3FPBA concentration in system A.
(b) Relationship between 7, and diol concentration in system B. Reproduced from
Ref. 26 under terms of the CC-BY license.
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