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Synthesis of caged silsesquioxane copolymers with isobutyl and phenyl groups (Grad. Sch. Sci.
Tech., Kyoto Inst. Tech.) OCashew Nagashima, Yu Tomioka, Ryota Tanaka, Hiroaki Imoto,
Kensuke Naka

Cage silsesquioxane is an organic-inorganic hybrid molecule, and incorporation of POSS
into the side chain can achieve properties that cannot be achieved with commodity polymers.
Although many polymers having POSS in the side chain have been reported, there are few
examples of copolymerization of POSS monomers with different substituents. In addition,
POSS monomers with isobutyl and phenyl groups are known to be incompatible with each
other?. In this study, Methacrylethoxypropyl-substituted heptaisobutyl-POSS monomer(1a)
and heptaphenyl-POSS monomer(1b) was copolymerized to obtain copolymers(2) with
different substituents in the same molecule were synthesized. The composition ratio of each
POSS monomer was varied, and the thermal properties of the polymers and the physical
properties of the cast films were evaluated for each composition.

Keywords : Cage silsesquioxane; Organic-inorganic hybrid; lodine; Copolymerization
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Scheme 1. Copolymerization of 1a and 1b
1) M. Nagao, T. Hayashi, H. Imoto, K. Naka, Langmuir 2021, 37, 14777.
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Formation of supramolecular gels of hydrogen-bonded organic unit-modified dumbbell-shaped

POSS  (Grad. Sch. Sci. Tech, Kyoto Inst. Tech.) O Jinshiro Takeuchi, Ichiyo Tokuami,
Hiroaki Imoto, Kensuke Naka

Supramolecular self-assembled materials have been applied in various fields such as
molecular recognition, separation, adhesion, self-healing, catalysis, energy conversion and
storage, and information recording. Cage-shaped silsesquioxane (POSS) is a promising
molecule as a nanobuilding block for organic-inorganic hybrid materials, which has the ability
to form a unique defined structure due to its huge molecular size and high hydrophobicity.
Although there are many studies on the self-assembly of polymers using POSS", there are no
reports on the self-assembly of small-molecular POSS. In this study, dumbbell-shaped POSS
derivatives (3) linked with urea groups were synthesized by the reaction of aminopropyl-
heptaisobutyl-POSS (1) with several kinds of diisocyanates (2) (Scheme 1). By studying
gelation behavior of (3), we succeeded in forming supramolecular gels under specific
conditions.

Keywords:Supramolecular; Cage-shaped silsesquioxane; Gels; Hydrogen bond
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Scheme 1. Syntheses of dumbbell-shaped molecules
1) T. Kamitani, A. Ishida, H. Imoto and K. Naka, Polym. J. 2022, 54, 161-167
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Synthetic Study of Glycodendrimers (I): Preparation of Glycodendrimers having « -Glycosidic
GlcNAc Moieties (! Graduate School of Science & Engineering, Saitama University,>Advanced
Institute of Innovative Technology, Saitama University, *Strategic Research Center, Saitama

University) O'Aya Tomiyama,'?* Takahiko Matsushita,' Tetsuo Koyama,'?* Ken Hatano,'?
Koji Matsuoka

Organosilicon compounds have numerous superior properties compared to ordinary
organic compounds. Functionalized carbosilane dendrimers can be synthesized by introducing
sugar chains to the surface of these characteristic organosilicon compounds. However, no
synthetic research on the introduction of a-glycosidic GIcNAc into carbosilane dendrimers via
an appropriate linker has been studied, thus, this study attempts to characterize the properties of
the dendrimers and their evaluation. We will describe the synthesis of the carbosilane scaffold
and chemical modification by means of a-glycosidic GIcNAc. Condensation of GlcNAc with
propargyl alcohol gave the desired glycoside in low yield. The known carbosilane dendrimer
having alcoholic terminal ends was modified by using methanesulfonyl chloride, followed by

azidation with sodium azide in DMF to give the tetravalent azide derivative.

B A #bEME., —BOE#ILEY &tk L Tx oBER-HEE BT 5, 20
== AR A FEEMORIENHEHA EAT L Z LIT K VBRI LR T
TR =w—ERRTHZENTEDL, LL, Vo —iZaZ Uz R GleNACc
NIRRT T T v R = —Z2 B AL ANFZEE 2 vE T Th TR 72D | ABFZET
T2 DILEMDOERKR EFHMIZ AR D, SEIL, INVR T FEEDY v —E72 5
aZ VU as R GleNAc DG RFEHIC DWW THE T 5,

GleNac & 7' 7L F LT )va—) )V [OS SET5E, TERITIRWS, BRIOWE
BFohi,

Fl2, T RIFX G- RaXxrrubn) VIl A RNVKR= T Y RTA
VUL EITO, D%, AR LTEWEEZ T oAb bY U AL DMF A CROREE D
LKoo TT Y MMEEITWREG BB OGKREIT - 72,

OH
OH OH o
o /\ HO
HO
HO
HO AcNH
OH AmberlystR15 hydrogen form

AcNH 2 days 65°C 0/
Pyr NaN;
—_— —_—
Si OH MsCl Si OMs, DMF Si Ny
4 0°C 5h 4 80°C 4h 4

© The Chemical Society of Japan -D341-2am-03 -



D341-2am-04 BALZS B1045SF42 (2024)

EKRFEBET 7T BT OHFRER

(GRTK {LAERF ', JST-ERATO 2, JST-S & 235 3) OAKTF P L« #h7 filth 12 - RE
B L2 R B2 . Af ERa 12 - (o AFF 12

Templated synthesis of low-atomic-number platinum clusters

(‘{Lab Chem. Life Sci, Tokyo Institute of Technology, *JST-ERATO, >JST-PRESTO)

OTaira Kinoshita!, Tetsuya Kambe'?, Tatsuya Moriai!?>, Takamasa Tsukamoto'>3, Takane

Imaoka!?, Kimihisa Yamamaoto!>

Metallic ultrafine particles of around 1 nm have attracted much attention in recent years due to
their unique functions. We have reported the precise synthesis of ultrafine particles using phenyl
azomethine dendrimers (DPA) as templates, but it has been difficult to synthesize particles of less
than 12 atoms because the shell effect of the template is not sufficient(Fig. 1). In this study, we
synthesized 4-atom platinum-particles (Pts4) precisely using DPA with alkyl side chains as a template,
and investigated the structures of the Pts particles.

4Pt-C2-DPA G2 complex was synthesized by adding PtBry solution to Ci2-TPM G2 solution.
Direct observation of the complexes by STEM was achieved. The complex was fixed on a carbon
support, and Pt4 particles were synthesized by hydrogen reduction (Fig. 2). Furthermore, the steric
properties of the Pt4 particles were evaluated, and it was suggested that the Pt4 particles synthesized
by this method have a tetrahedral structure.
Keywords : Dendrimer; Metal accumulation, Shell effect; Sub-nano particle
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Design of Degradable Polymers Realized by C-O Bond Cleavage in the Presence of
Photocatalyst (*Graduate School of Engineering, Yamaguchi University) O Yasuyuki Nitta,*
Yusei Nakashima,! Takashi Nishikata!

The development of degradable polymers that can be chemically recycled is an urgent issue
for the realization of a sustainable society. However, they have their own challenges, such as
the use of large amounts of heat, poor shelf life and short lifespan, and the generation of
greenhouse gases, and there are only a few types of polymers available. We have developed a
new polymer with a C(sp®)-O bond as a core block, which can be cleaved by photocatalyst, to
develop a degradable polymer that can be chemically recycled. As a result, when the designed
polymers were reacted in the presence of an organic photocatalyst and radical supplement, a
polymer with a molecular weight of about 10,000 was found to degrade to about 2,000. Since
terephthalic acid is produced as a byproduct of this reaction, chemical recycling is expected to
be realized. In this presentation, reaction conditions and mechanism will be discussed.
Keywords . Photocatalyst, Tertiary alkyl radical, C(sp®)-O bond cleavage, Chemical recycle,
Degradable polymer
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1) The degradation efficiency (Egey) was calculated referring the following a paper. Makino, H.;
Nishikawa, T.; Ouchi, M. Chem. Commun., 2022, 58, 11957.
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Potential acid-catalyzed depolymerization of polyphenylene oxide ('School of materials and
chemical engineering, Tokyo Institute of Technology) OTsuyoshi Takano,' Ryoyu Hifumi,'
Ikuyoshi Tomita!

Polyphenylene oxide (PPO) and its derivatives are important engineering plastics applicable
to various fields. Although the functionalization PPOs would expand further their applicability,
the lack of the synthetic methods for the post-functionalization of PPO limits the applications
of PPOs. In the course of our studies to look into the possibility of functionalization of PPOs,
we found that PPOs degrade in the presence of strong acids such as trifluoromethanesulfonic
acid (TfOH) to produce lower molecular weight oligomers. The degradation of the networked
PPOs will also be described.

Keywords : Polyphenylene oxide (PPO); depolymerization, Cross-linking
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Multi-Objective Bayesian Optimization to Explore and Interpret the Copolymer Synthesis
Process ('Nara Institute of Science and Technology, *Keio University, *JSR Corporation) O
Hiromu Yamada', Shogo Takasuka', Shunto Oikawa!, Yosuke Harashima', Tomoaki
Takayama', Aniruddha Nag', Araki Wakiuchi'?, Tsuyoshi Ando', Tetsunori Sugawara®, Miho
Hata?akaz, Tomoyuki Miyao', Takamitsu Matsubara', Yu-ya Ohnishi®, Hiroharu Ajiro', Mikiya
Fujii

Optimization of process conditions for copolymers has relied on the experience and
knowledge of researchers, resulting in problems such as depending on a particular researcher
and the time required for process development. To solve this problem, we used a machine
learning method to automatically optimize the process conditions to achieve the desired
copolymer composition ratio [1]. In this example, we employed a single objective variable, but
depending on the application of the synthesized copolymer, it may be necessary to optimize
multiple physical properties. Therefore, in this study, we optimized the process conditions
using Multi-objective Bayesian optimization. It was shown that optimization for a single
objective variable can lead to a variety of possible combinations of process variables to obtain
the desired composition ratio, while Multi-objective optimization leads to a unique
combination of process variables. Furthermore, to discuss the relationship between process
conditions and multiple physical properties, visualization and analysis using the Partial
Dependence Plot method also confirmed the conflicting relationship between different
properties. Details of the Multi-objective optimization will be presented on the day.

Keywords : Machine Learning; Materials Informatics, Multi-Objective Bayesian Optimization,
Polymer Science; Flow Synthesis
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[1] S. Takasuka, et.al., “Bayesian optimization of radical polymerization reactions in a
flow synthesis system”(submitted)
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Synthesis and Application of Polymer with Thiophosphino Groups (Graduate School of
Science and Engineering, Ehime University) OEmi Okazaki, Hidetoshi Ohta, Minoru Hayashi

Macromolecules, including organophosphorus moieties, have superior heat-resisting, fire-
resisting and adhesive properties. Most of those phosphorus-containing polymers have their
phosphorus functional groups on the side chains, and they were synthesized by polymerization
of the corresponding phosphorus-containing monomers. Therefore, their structures were quite
limited. We have already reported a Pd-catalyzed P-C cross coupling reaction of phosphine
sulfides with a-oxymethyl group and aromatic halides'. In this study, we have explored the
synthesis of various phosphine sulfides with a styryl groups via our cross-coupling reaction
and their polymerization. Radical polymerization of the styryl phosphine sulfides solely or co-
polymerization with styrene gave the corresponding polymers with thiophosphino groups on
the side chain. Details of the synthesis and polymerization will be presented.

Keywords: polymer, polystyrene, thiophosphino groups, radical polymerizarion

Y VERREE G Lm0 LA, BRI, BEEMEICERL TWD Z &R
MHENTWND, —fRENTBEIZ ) VERERZFET 2L 0ONREL, 20 bi3) VERE
Ete® )~ —DEAICL > TEREND ZOEEDOHIFIN L, — i, HEDLIT o
AXTVAFNEEGTHRAT 4 ANT 4 REFHFHE A a7 A& @ Pd filli
LD P-CoruaRxH ) U TROSEBEICHE L TWD, Al ZOGEHWTA
FINEEHETAHELRARARAT 4V ANVT 4 NMEEMOERRERE LT, £7-. 2D
AFUYNEEERAT LV ANT 4 RE ) 2—DEASICOWVTHRE L0 Tt
T 5,

FEFERAT 4By TV U THIBEKE p-7 B AT LD P-C /RSy T Y
TROSIEHBICEIT L, SIS TDHDAF UK RAT 4 ANVT 4 REEINERTEH 272
(1), BENTEAFUALERAT LV ANT 0 KL, @EOT O HNVELSSMET, B
MEA, HBDOIVIFIAT L EOEANHBICHEITL, AT AETAT 4 ) KE2H
TOHERIVAF LU EGLZ EnTEl (H2),

HETITE ) v —ERIEOFEIIMZ  HEONTER) v —DF A HRAT 4 D
BEHUZ DN T HIRR D,

X
S
5 Pd cat. p
RIPOH + —— R ()
R2 Condition -

Br
Il Polymerization m 2)

R'-P .
R2 *
=

1) M. Hayashi, T. Matsuura, I. Tanaka, H. Ohta, Y. Watanabe, Org. Lett., 2013, 15, 628.
2) H. Ohta, Q. Xue, M. Hayashi, Eur. J. Org. Chem., 2018, 6, 735.
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Synthesis of oxidatively degradable vinyl polymer via the introduction of functionalized group
into the backbone (Graduate School of Science, Kanagawa University) OKouhei Kajiwara,
Nobubhiro kihara

In order to incorporate diacylhydrazine, an oxidatively degradable functional group, into the
main chain of a vinyl polymer, radical copolymerization of a vinyl monomer and a bifunctional
monomer with diacylhydrazine structure (DAH) in the presence of a chain transfer agent to
avoid the crosslinking was investigated. Radical copolymerization with 1, 2 or 3 in the
presence of 10 mol% of DAH using 4 or 5 as a chain transfer agent yielded soluble polymers.
The molecular weight of the resulting polymers considerably decreased when treated with
sodium hypochlorite solution. Therefore, copolymerization of DAH with vinyl monomers in
the presence of a chain transfer agent can be a general method to obtain oxidatively degradable
vinyl polymers.

Keywords: Vinyl polymer,; Oxidative degradability; diacylhydrazine; chain-transfer agent
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Oxidation-Triggered Self-Degradation of Polyurethane (Graduate School of Science,
Kanagawa University) OTsukushi Shibuya, Nobuhiro Kihara

Poly(acylsemicarbazide) can be used as an oxidatively degradable polymer, which degrades
by the treatment of sodium hypochlorite solution, although equimolar amount of oxidizing
agent is necessary to complete the oxidative degradation. Polyurethane 1 that has an
acylsemicarbazide moiety at the terminus is expected to undergo zipper-like degradation
triggered by the oxidation of terminal acylsemicarbazide moiety. Thus, monomer precursor 2
was synthesized from 4. Oxidatively degradable end-cap 3 was synthesized from 6.
Deprotection of the Boc group of 2 followed by the self-polycondensation in the presence of 3
gave polyurethane 1. The oxidative degradation of 1 is in progress.

Keywords : oxidative degradation; acylsemicarbazate; self-degradable polyurethane
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Degradation of Poly(diacylhydrazine) with Using Nitrogen Oxide (Graduate School of Science,
Kanagawa University) OTakahiro Kaneko, Nobuhiro Kihara

Poly(diacylhydrazine) can be used as an oxidatively degradable polymer, although water has
been necessary for the oxidative degradation. Alternative degradation reaction using oxidative
gas will expand the possibility of poly(diacylhydrazine). Diacylhydrazine was inert to ozone.
When diacylhydrazine 1 was treated with nitrogen oxide gas mixture, 1 was quantitatively
converted to carboxylic acid 2 and acyl azide 3. When poly(diacylhydrazine) 4 was treated
with nitrogen oxide gas mixture, too, methanol-insoluble part completely disappeared.
Therefore, oxidative degradation of poly(diacylhydrazine) under dry condition was achieved
using nitrogen oxide.

Keywords:  oxidatively degradable polymer; poly(diacylhydrazine); dry condition;
nitorosoation; nitrogen oxide
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Synthesis and ammonolysis of aliphatic polycarbonate-based network polymers ('Faculty of

Engineering, Chiba University, *Graduate School of Engineering, Chiba University) ORikuto
Niki,' Tatsuo Taniguchi,? Takashi Karatsu,? Daisuke Aoki’

Recently, we have established a novel concept “Plastic to Fertilizer” in which
poly(isosorbide carbonates) (PICs) are used as a source of fertilizer via treatment with ammonia.
PICs can undergo degradation by ammonia to give a mixture of isosorbide and urea, which can
be used directly as fertilizer, leading to innovative chemical recycling systems that provide
solutions to the food-production problem associated with the ever-increasing global population.

In this study, we synthesized aliphatic polycarbonate-based networks and characterized their
mechanical properties and degradation behavior in ammonia water, to establish a polymer
design guideline that can be decomposed along with the generation of urea by ammonia water.
Keywords : Recycle; Polycarbonate; Urea; Fertilizer; cross-linked polymers
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1) T. Abe, R. Takashima, T. Kamiya, C. P. Foong, K. Numata, D. Aoki and H. Otsuka, Green
Chem., 2021, 23, 9030.

© The Chemical Society of Japan -D341-2am-12 -



D341-2am-13 BALZES B104B5SF 2 (2024)

BRBRIGEFALEERER) Hh—Rr— FORE

(TEERT' THEXREEL?Y) Ok Bk A0 mE? FE F2- FAK Kifi 2
Modification of Carbohydrate-based Aliphatic Polycarbonates via Bond Exchange Reactions
(! Faculty of Engineering, Chiba University, *Graduate School of Engineering, Chiba
University) OTomoya Sakagami,' Tatsuo Taniguchi,” Takashi Karatsu,? Daisuke Aoki’

We have demonstrated a polymer recycling system where a polycarbonate made of
isosorbide (PIC), a sugar-derived diol, is decomposed into monomers and urea by ammonia
water, which can be directly used as the fertilizer after use. To establish a guiding principle for
the design of materials based on PICs, modification methods that endow PICs with further
functions and/or tunable properties are needed, because PICs themselves do not exhibit good
mechanical properties and special functions that would surpass those of conventional
petroleum-based PCs.

In this study, the reactions on the carbonate linkages in polymer chains were investigated to
establish the modification method for PIC via bond exchange reaction.

Keywords : recycle, polycarbonate, isosorbide, bond exchange reactions, block copolymers
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Fig. 1. a) Chemical structure of PIC. b) Bond exchange reactions of carbonate linkage.

1) T. Abe, R. Takashima, T. Kamiya, C. P. Foong, K. Numata, D. Aoki and H. Otsuka, Green
Chem., 2021, 23, 9030.
2) T. Abe, T. Kamiya, H. Otsuka and D. Aoki, Polym Chem., 2023, 14, 2469.
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Analysis the effect of side chain effects and thermo-responsive on the side-chain length-variable
polymers by light scattering. (' Faculty of Science and Technology, Hirosaki University)
OSakyo Hiraizumi, ' Takuma Kureha'

Temperature-responsive polymer, poly (oligo ethylene glycol methyl ether methacrylate), (pOEG)
(Figure 1), has a lower critical solution temperature (LCST) that can be adjusted by changing on the
copolymerization ratio with diethylene glycol methyl ether methacrylate (MEO2MA). Thus, pOEGs
have been highly attracted in the biomedical fields [1]. When pOEGs with long side chains are
crosslinked, they exhibit a high volume exclusion effect and steric hindrance due to their long side
chains [2,3]. On the other hand, the long side chain effects of polymers, which are not crosslinked, are
unclear and should be investigated. Therefore, in this study, we focus on pOEGs homopolymer and
copolymer solutions and evaluate their temperature responsive behavior by using light scattering
techniques [4] to compare them with different side chain lengths. As a result, the longer the side chain
length (Figure 2, 3), the larger the apparent polymers size at the same degree of polymerization. In
addition, the polymer becomes spherical by increasing side chain length. It suggested that the polymer
growth process was different because the polymer main chains were covered by long side chain. In
this meeting, we will discuss temperature responsive behavior and other parameters.

Keywords : Lower Critical Solution Temperature; Thermo-Responsive, Light Scattering;
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[1] Lutz, J-F., J. Am. Chem. Soc., 2006, 126, 40, 13046-13047

[2] T. Kureha, M. Ohira, Y. Takahashi, Xiang Li, Elliot P. Gilbert, and M Shibayama, Macromolecules 2022,
55.1844-1854

[3] T. Kureha, K. Takahashi, M. Kino, and H. Kida, Soft Matter, 2023, 19, 2878-2882

[4] Yao, Z.L., K.C. Tam., Polymer 2012, 53, 3446-3453
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Figure 1. Chemical structures
of p(ME-co-OEG).

Figure 2. Plots of R, as a function
of the degree of polymerization.

Figure 3. Plots of R, / R, as a
function of the molecular weight.
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Effects of the terminal functional group of the polymer side chain on the swelling and
mechanical properties of hydrogels. ('Faculty of Science and Technology, Hirosaki University)
OYuka Wakayama,' Takuma Kureha,'

Hydrogels are usually fragile and brittle because of the high-water content and heterogeneity
of cross-linking points. To solve such problem, our group found the strategy of synthesis method
for tough gels, which exhibited high elastic modulus and strength obtained from compression
tests by the long side chains of polymers (Fig. 1a). Therefore, to extend the toughening strategy
of gels, we focused on the terminal functional group of the polymer side chain. In this study, to
clarify the change in gel properties by changing the terminal functional groups, the hydrogels
with different terminal functional group of the polymer side chain were prepared and investigated
by using swelling and compression tests.

In the compression test, the stress was increased from the low strain region changing the
terminal functional group from methoxy to hydroxy groups (Fig. 1b) at the same monomer and
crosslinker concentrations (Fig. 1¢). In addition, the compressive modulus was much higher than
that of pOEGm (Fig. 1d). It suggested that interaction (e.g., hydrogen bonding) originating from
hydroxy groups occurred in the gels. In this presentation, we will discuss the mechanical
properties and swelling behavior of the gels under different synthesis conditions.

Keywords : Hydrogel; Polymer side chain, Terminal functional group, Mechanical property
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Figure 1. Chemical structures of (a) pOEGm and (b) pOLEGh gels. (c) Stress-strain curve of pOEGm and pOEGh gels. (d)
Compressive modulus, G of each gel.

1) T. Kureha, K. Takahashi, M. Kino, H. Kida, T. Hirayama, Soff Matter 2023, 19, 2878
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