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Catalytic performance and physical properties of Pd-immobilized gels prepared via C(sp®)-H
bond activation of polyethylene glycol promoted by semiconductor photocatalyst and water
(‘Grad. Sch. Sci., Nagoya Univ., 2IRCCS, Nagoya Univ., *Grad. Sch. Eng., Nagoya Univ.)
OYuji Sakai,' Shogo Mori,?> Mineto Uchiyama,’ Masami Kamigaito,® Susumu Saito,?

Post-polymerization modification of commodity polymers will contribute to the exploration of
new functional materials. However, in previous gel synthesis methods, the cross-linking
structures are limited, and the cross-linking density is sometimes difficult to control.' In this
work, gels composed of hydrophilic polyethylene glycol (PEG) and hydrophobic poly- or
oligostyrene moieties were synthesized via C(sp*)~H bond activation of PEG using a Pt/TiO»
and water. The gel synthesis methods deployed in this system attempts to broaden the scopes
of cross-linking structures and to control the cross-linking density by tuning the efficiency of
C(sp’)-H bond activation. By introducing coordinative functionalities into the gels, transition
metal (complex)-immobilized gel catalysts were prepared, and the correlation between their
catalytic performance and physical properties was investigated.

Keywords : Titanium dioxide; Metal(complex)-immobilized catalyst; C(sp’)—-H bond
functionalization, Post-polymerization modification; Gel
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Synthesis and applications of functional polymers based on photoexcitable borates ('School of
Materials and Chemical Technology, Institute of Science Tokyo, ’Institute for Chemical
Research, Kyoto University) ONami Jimba!, Ryosei Ishii!, Kosuke Sato', Hirohisa Ohmiya?,
Shinsuke Inagi'

2,2°-(Pyridine-2,6-diyl)diphenol (PDP) borates generate corresponding alkyl radicals by the
cleavage of carbon—boron bonds under blue light irradiation?. These alkyl radicals are useful
for synthetic applications, but the PDP-based by-product cannot be reused. In this study, we
synthesized polymers containing PDP borate moieties in the side chains (Poly(PDP borate))
and investigated their potential as a reusable source of alkyl radical. Poly(PDP borate)
generated the corresponding alkyl radicals under blue light irradiation to react with alkenes
(Giese addition) with a high efficiency. After decomposition, Poly(PDP borate) recovered the
PDP moiety with a recovery rate of 48% and was able to form the complex again. In addition,
network polymers were prepared by cross-linking polymer chains with the PDP borate moiety
for their application as photodegradable organogels that absorb and release organic solvents.

Keywords : Photoexcitable borate; Photo-responsive polymer; Organic radical reaction;
Polymer degradation reaction; Photochemistry

2,2’-(Pyridine-2,6-diyl)diphenol (PDP)7~ 7 37— hMERIT, HFEIECHGHZ L - TRE
THRUREEPRHE LT VXN T ANV ELERLT D Dy RFEICK VAR LT LF
NT AT S E S E A RITIEAARETH D — | Bl ONE R TR 3 23
R EOMEEN D D, A TIL, PDP A UHRT — MEKE &R T+ 252 & T, Bl
BEDRIRS LI L ORI - HRHN AR T AT T P ANRE LTUSHT S Z &%
H¥5 L7, fIEHIC PDP A~ V&7 — FEIAZ AT 5 Poly(PDP borate) & A hk L, AIFL
HEIN R C Giese fIINUGZ T 72 & 2 A K 99%DALFUL R THIE D 7 /L LA
R & 1572, 3% D Poly(PDP borate)ld 48% D /£ 2. T PDP #ir 2 F/E L. FE
PEICR T 5 Z LN T&E T, S HIT, PDP AR VHET — MEREAIZ LD BKERY ~—
%%%LTZyFUM7$)VH%Q&LN%ﬁ%ﬁwﬁwﬁ/ﬁw&Lfﬂﬁbt
Ay BRI LT v s & NI CHRIATRE TH 5 Z L & WL L7e,

o Complex Generation of
[ i formation alkyl radicals je\?
N + +
1 2
O OH HO O ® RzR 04\0 R'OR?
Poly(PDP borate radlcal amon)

Poly(PDP borate)
\ Recycle of Poly(PDP) / Synthetlc applications

(1) (a) Y. Sato, K. Nakamura, Y. Sumida, D. Hashizume, T. Hosoya, H. Ohmiya, J. Am. Chem. Soc. 2020,
142,9938. (b) Y. Miyamoto, Y. Sumida, H. Ohmiya, Org. Lett. 2021, 23, 5865-5870.
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Unique thermo-responsive behavior of amino acid-based random copolymer composed of
LCST/UCST-type units (\Doshisha University) OKazushi Higashiya!, Daisuke Okuyama',
Shinnnosuke Nishimura', Tomoyuki Koga'

Poly(N-acryloylalanine methyl ester) (PNAAMe) and poly (N-acryloyl glycinamide)
(PNAGAm) show LCST-type and UCST-type phase transition behavior in water, respectively.
In this study, amino acid-based random copolymers composed of LCST/UCST-type units were
synthesized by conventional radical copolymerization of NAAMe and NAGAm with various
feed compositions. Unique thermal hysteresis between heating and cooling processes was
observed, that was different from common LCST-type polymers, only under the specific

copolymer compositions.
Keywords : amino acid-based random copolymer / thermo-responsiveness / lower critical
solution temperature (LCST) / upper critical solution temperature (UCST)
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Formation and disintegration of dynamic covalent networks based on phosphoester linkages

(‘Grad. Sch. of Sci. and Eng., Kansai Univ., *Chem. Master. Bioeng., Kansai Univ., *ORDIST,
Kansai Univ.) OKazuho Maeda', Yota Okuno®?, Yasuhiko Iwasaki**

Dynamic covalent bonds have been attractive for the preparation of polymer materials with
recyclability and self-healing properties. Its bond exchange reaction efficiency is increased by
low crosslinked density" and high concentration of the bond exchangeable units® . But these
two strategies compete against each other because the bond exchangeable units are normally
designed in corresponding to crosslinked points. In this study, we prepare crosslinked polymer
films that have bond exchangeable units not only in crosslinked points but also in polymer
chain by using vinyl polymers with hydroxy groups and cyclic phosphoesters. When the
composition of phosphoester linkages was over the density of crosslinked points, the bond
exchange efficiency was significantly improved.

Keywords : Phosphoestere; Dynamic covalent bonds; vitrimer, bond exchange reaction,
biodegradable
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1) M. Hayashi et al., Macromolecules 2020, 53, 1, 182.

2) Y. Liuetal., Eur Polym. J. 2021, 144, 110236.
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Evaluation of the ion recognition properties of polymers with carboxybetaine side chains
(Faculty of Systems Engineering, Wakayama University) O Satsuki Imai, Hideji Osuga,
Hidefumi Sakamoto

There are numerous reports on the effect of salt addition, especially for ionic polymers, as
their properties change easily in the presence of salts in aqueous solutions or at the interface
with aqueous solutions. Similar studies have been carried out on polymers with betaine side
chains, but there are few reports on the interaction with organic ions. It was previously found
in our laboratory that the addition of tetraphenylborate to aqueous solutions of carboxybetaine
polymers (PCB, Fig.1) causes gelation. In this study, the mechanism of the gelation was
investigated by NMR and dynamic viscoelasticity measurements.'HNMR spectra showed that
the peak of the proton around 7 ppm of the phenyl group of NaBPhs almost disappeared at
NaBPhg4:betaine unit = 1:2 as the gel formed (Fig.2). Carboxybetaine polymers containing
crown ether groups as the side chains were also synthesized and the effect of the complexation
of the crown ethers and the alkali metal ions, which were counter ions of tetraphenylborate, on
the gelation of the polymer aqueous solutions was investigated.

Keywords : Carboxybetaine polymer; Gelation; Tetraphenylborate; Crown ether; lonic
interaction
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Fig. 1 Structure of PCB used in this study Fig.2 'H NMR titration of NaBPhs by PCB
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Polymer Networks with Switchable Toughness and Cleavability via Metal
Complexation/Dissociation of Cross-linking Units Composed of Ligands (' Graduate School of
Arts and Sciences, The University of Tokyo,*JST PRESTO) OShun-ichiro Noguchi,! Yudai
Onda,' Hiroshi Masai,'? Jun Terao'

Polymer network materials cross-linked by coordination bonds of metal complexes have
attracted much attention due to their toughness'. However, in the case of material cross-linked
by metal-mediated coordination bonds, removing the metal ions induces the decomposition of
the network structure’. On the other hand, network materials containing ligands at the covalent
cross-linking unit do not change the effective chain density even after removing the metal ions.
Here we synthesized gel with a bipyridine ligand at the covalent crosslinking units. The Young's
modulus of the gel before and after metalation by copper(I) ions was comparable, while the gel
after metalation exhibit a large fracture energy.

Keywords :  Cross-linked Polymer; Toughness Switching, Sacrificial Bond; Coordination
Cross-linking; Metal Complex
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Fig.1 (a, b) Schematic illustration of polymer networks cross-linked by typical coordination bonds
(a) and covalent bonds with coordination site (b) (This work). (¢) Scheme of complexation on gels

with bipyridine ligands. (d) Stress-Strain curve of gels before and after complexation.

1) C.-H. Li, J.-L. Zuo, Adv. Mater. 2019, 32, 1903762. 2) Z. Tong et al., J. Am. Chem. Soc. 2008, 130, 16166-16167.
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