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Synthesis of Amino Acid-Derived Vinyl Polymers Containing Ser-, His-, and Asp-Residues
and Their Enzyme Activities ('Dept. of Molec. Chem. & Biochem., Doshisha University)
OShiori Ichihara,' Shin-nosuke Nishimura,! Tomoyuki Koga!

Enzyme activity is based on the specific three-dimensional structure of protein. Enzymes are
highly active under specific pH and temperature conditions; however, they are easily
deactivated via denaturation caused by environmental change. Therefore, it is desirable to
develop artificial enzymes with chemical and physical stabilities. In this study, we report an
artificial enzyme composed of amino acid-derived vinyl polymers that show serine protease-
like catalytic activity. Serine protease is capable of hydrolyzing ester and peptide bonds, with
serine, histidine, and aspartic acid in its active site. Gly, Phe, Ser, His, and Asp-derived vinyl
monomers were synthesized. RAFT polymerization of these monomers was carried out at
different feed compositions. Enzyme activity of the polymers was evaluated by hydrolysis of
p-nitrophenyl acetate.

Keywords : Artificial Enzyme, Amino Acid-Derived Vinyl Polymer, RAFT Polymerization,
Serine Protease, Hydrolysis

BB DIEMEIL, Z /X7 B O ZIRGiAEEICEE DS, BERITRE 7 pH S IRESMT
TERIWIEMEZ R T2, BEOZLIZ IV EGIZEMEL TEEMET T 5, 20720,
AWV TIESER S < 2D KO R NTRFRORENEEN TV D, ABFETIE, &
Vo 7us 7 —BEROMBYEYE 2R T 2 BRERDO E =R Y = =2 oW T
35, EU Y (Ser), B AF T (His), 7 A/NT XU (Asp), 7'V v (Gly) B &
N7 =2=/LT7 7= (Phe) HKDE=/LE /) ~v—%2ERLE ), TNHDFE ) ~v—%
FNT, R RO A N-BH 2L E SH R B
(RAFT) A ZITV, BN & B
KMEDNT o ANEIBHRY ~—
(P1,P2) &Rk L7= (Fig. 1), p-=
fa 7= TET— N2 E S
LTHWT, R ~—0DRERIENE
IZOWTHRF L7z, WTIhoRY
~—b, BERIEEEZ T 2 LN
Mmolz, £z, P2 DN, BEETE
PESE < BUKIEDOE WD L
TWbEEZXLND,

Fig. 1 Chemical structures of P1 and P2.

1) T. Yamano, N. Higashi, T Koga, Precisely synthesized sequence-controlled amino acid-derived vinyl
polymers: new insights into thermo-responsive polymer design, Macromol. Rapid Commun., 2020, 41,
1900550.

© The Chemical Society of Japan - [F12501-4am-01 -



[F]12501-4am-02 BAEA B1055FES (2025)

RTIFFEBEIEILREATOREBAILSDLIRS)E—V3 Y
2k 5 DDS#HkE L THOEHEMES T/ AIFDEIR
(% TRBET) ORI - A FHE - a0 E8L

Fabrication of Organic-inorganic DDS Nanocarriers by CaCO3; Mineralization on Peptide Lipid
Micelles.  (Graduate School of Engineering, Nagoya Institute of Technology) O Jun
Morisaki, Shogo Matsubara, Masahiro Higuchi

Cancer is one of the most difficult and complex diseases to treat. Chemotherapy, which is a
treatment for cancer, but it has significant side effects. We focused on peptide lipid micelles
coated by CaCO; that for carriers of drug delivery systems (DDS). The CaCOs shell of the
micelles could be dissolved under the weakly acidic condition neighborhood the cancer tissue,
effectively releasing the encapsulated drugs. We synthesized peptide lipids having VHVEVS
sequence with a single or double palmitoyl group at the N-terminal and with or without PEG
chain at the C-terminal. In this study, we formed the micelles using the obtained peptide lipids,
and the micellar surface was coated by self-supplied CaCO; mineralization. The structure of
the micelles was evaluated using DLS and TEM. We investigated the effect of the mixing ratio
of the peptide lipids on the micelle structure. In particular, we investigated the correlation
between the PEG density on the micellar surface and the CaCO3 mineralization ability.

ITIBRD b N CHEMERIEBR D —DTh D, (LFIEEIL, TOIREEL LT
ib iﬁﬁb\%héz’)\ BIER DK E W, T 1l I_T7F RIEEN BT 5 I rFm
ZERVESM: T CRITA LT 5 CaCOs THE L=/ K12 Wik A7 L(DDS)D
Ty U T ELTHWAREL Lz, Ziut, 2 AR EE 059 MES: T CTHiFE CaCOs
DIEARE L. PNEL L 7= 3 h3 2h L ﬁﬁztljézné EEZTEMNLETHD, XTTF RIEE L
LT VHVEVS IV AENLED N KRG 1 ARET 2 RKEDO/ VI b A VA
C RIIZIT5y 1 5000 O PEG &2 HF9 5 2 A2 Gk L7-, o7 T NIgE
%%:E/UT/ ALmE 2 A, pH 7.4 OFEFEIRIEH CEAE 20 nm FRED 2wV E K
L, D CMC 1% 1.5%10 “mg/mL (1.2X 104 mM)“C“EE)OfCO Bon=IBvLEET
VHVEVS /7 > A9 2 3 e fitfd i CaCO; S x 7 VE—T a3 % 25 HEIT-
72E 2 A, TORPIE 50 nm FTHM L, FEA CaCOs THEBEINT=Z &N h-o
72(Scheme 1), FF£ TliE, I B & X7 F FIFEDIRAHLOFE, X 5121, PEG
ot YN L“Cb‘f£b\/\79" NIEE Z AV, £l PEG BELIXTUVE—Ta VEEED
BN LIETd 2 L & biz, DDS KL L CHIEREICEI L, T 5,

palmltoyl group PEG chain

:« NM\P
—w
micellization

'_W
VHVEVS peptide

Self-supplied
CaCO; mineralization

Scheme 1. Schematic picture for the micellization of peptide lipids, and the self-supplied
CaCOx mineralization on the surface.

Reference 1) K. Murai et. al., Chem. Commun., 49(11), 9947-9949 (2013).
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Chemoenzymatic Synthesis of Cellooligosaccharide-grafted Poly(y-glutamic acid) (' Graduate
School of Science and Engineering, Kagoshima University, *Sanwa Starch Co., Ltd.) O'Mimi
Tokunaga, *Tao Takagaki, 'Masayasu Totani, 'Jun-ichi Kadokawa

The enzymatic approach is useful for the synthesis of well-defined saccharide chains
because enzymatic reactions proceed in high control of regio- and stereoselectivities".
Cellodextrin phosphorylase (CDP) catalyzes enzymatic polymerization using cellobiose as a
primer and o-D-glucose 1-phosphate (Glc-1-P) as a monomer to produce
cellooligosaccharides?. In this study, the cellobiose primer was first modified on poly(y-
glutamic acid) (PGA). The CDP-catalyzed enzymatic polymerization was subsequently carried
out from the product as the polymeric primer (Scheme 1). The 'H NMR measurement supported
the structure of cellooligosaccharide-grafted PGA. The XRD profile of the product showed the
diffraction pattern assigned to cellulose II crystalline structure.

Keywords: Enzymatic polymerization, Cellodextrin phosphorylase, Poly(y-glutamic acid),
Cellooligosaccharide, Grafting
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CDP f¢#EfitE A Z#1THo) 2 T4 I 77 Mk PGA ODEKEIT - T-
(Scheme 1), HEEA R OHNMR HIEIC LV BAOOREE L FF &, XRD HIE DR
Enbid, et IEEN L e — AR O REEZEET D Z L8 0o T,
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J OHg
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- H o /= 0
lo X g
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Scheme 1. Synthesis of cellooligosaccharide-grafted PGA.

1) S. Shoda, H. Uyama, J. Kadokawa, S. Kimura, S. Kobayashi, Chem. Rev., 116,2307-2413 (2016).
2) G. S. Bulmer et al., Carbohydr. Res., 508, 108411 (2021).
3) Y. Hata, T. Serizawa, Adv. Colloid Interface Sci., 336, 103361 (2025).
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Self-Assembly Formed of the Amphiphilic Gradient Peptoid with Thermoresponsibility for
Encapsulating Protaines (‘Fac. of Chem., Mater. and Bioeng., Kansai Univ., *ORDIST, Kansai
Univ., *Fac. of Textile Sci. and Tech., Shinshu Univ.) oAkari Yasuda', Yota Okuno"?, Tomoki
Nishimura®, Yasuhiko Iwasaki'*

The polymerization of N-substituted glycine N-carboxy anhydride (NNCA) is an effective
method for synthesizing poly(N-substituted glycine). In this study, poly(N-methylglycine -co-
N-butylglycine) was synthesized via one-shot polymerization of N-methylglycine - N-carboxy
anhydride (NMG-NCA) and N-butylglycine - N-carboxy anhydride (NBG-NCA) (Scheme).
The resulting polymer was confirmed to have a gradient sequence, likely due to the difference
in the polymerization rates of the monomers. The obtained polymer dissolves in cold water and
exhibits turbidity behavior like a lower critical solution temperature (LCST) as the temperature
increases. Transmittance electron microscope (TEM) revealed spherical structures with a
diameter of approximately 300 nm. Having confirmed the formation of spherical self-
assemblies under mild conditions, we explored the use of this system to encapsulate bovine
serum albumin as a model protein. The encapsulation efficiency was over 15%, which is
significantly higher than that of conventional systems.

Keywords : Peptoid; Gradient Polymer, Vesicle;, Coacervate; Thermally-Indused Transition

N-substituted glycine N-carboxy anhydride (NNCA)E 53X 7F PR Y ~—Th
% poly(N-iE# 7" U 2 NOHF A7 G TIETH 5, ARBFIETIE NNCA O A3 A
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(NMG -co- NBG)D &k & % DRt 217 72 - 72(Scheme), BEA KOk = H LHIE
Mo, Jonlcmm FIEE /) v~ —BAICHERE S D Z LR LN T, BT
R~ —TH KA L, 30 °C FAE & COFIRICHE - T LCST #RBEE b E2 R L
2o ZOFRERIZ. poly(NMG) & polyNBGYD 7 12 v 7 7R U ~— 3 KITIEfR L7202 &
EXRITH 5, S BITARY v —IFIR O A R% 2 Zin A E IS TRl Lo L =
AR 300 nm P2 DO EIR S TG IRDO IR Sv7c, 2 OH A XITERYEHEL
HEIZ L > THIFr SN, ZO LD ITIRMARE T TEAGREIERTE 2 &%
ENWLETNE U RIETHHLFMET VT I ONEAERRT-E 2 A, 15% 5B A
HENETHAMBETH -T2, TOEMNEX X7 ENEIE, AT AN D 7T
Tz MURY ~—O0 THEECEBNTER T 2 rIREEN H 5 728, & OEIZ D
WTbHE

(0] o lo)
8245, T\):o Y\O):o @—:N o
- N - N\)Jj\
NMG-NCA (( @_/NH2 (T/\(IDI’);/—(— mH/©
NBG-NCA poly (NMG -co- NBG)

Scheme. Synthesis of poly (NMG -co- NBG) from NMG-NCA and NBG-NCA
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Inhibition of Amyloid-P Peptide Aggregation by Genetically Engineered Filamentous Viruses
(School of Material and Chemical Technology, Institute of Science Tokyo) (OHaruka Takahashi,
Takeshi Serizawa, Toshiki Sawada

Amyloid-p peptide (AP) is believed to cause Alzheimer's disease by forming aggregates
called amyloid fibrils, which are rich in B-sheet structures. These fibrils are known to be the
main component of senile plaques, a neuropathological feature of Alzheimer's disease. More
recently, oligomers of AP produced during aggregation have been shown to have higher
neurotoxicity than amyloid fibrils. Therefore, inhibiting AP aggregation is one of the most
important approaches to the treatment of Alzheimer's disease. M13 phage, a filamentous virus,
can be easily functionalized by genetic modification. It is beginning to be used as a material,
mainly because of its liquid crystal orientation properties. In this study, we evaluated the effect
of genetically engineered phages displaying dipeptides on their major coat proteins, on
inhibiting AP aggregation. The genetically engineered M13 phage inhibited AP aggregation
depending on the displayed dipeptide sequences. Therefore, we found that the M 13 phage has
the potential to reduce A neurotoxicity.

Keywords : Phage, Filamentous Viruses, Amyloid  Peptide, Aggregation
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HigERETERINSG A I~v—1 T Genome DNA T
e p - o Minor coat protein Major coat protein
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Synthesis of Cardanol-bonded Chitin Derivatives (Graduate School of Science and
Engineering, Kagoshima University) O Tatsuya Kawano, Masayasu Totani, Jun-ichi
Kadokawa

ol

Chitin is mostly unutilized due to its highly crystallinity, caused by strong intra- and
intermolecular hydrogen bonding. Cardanols, which are chemicals found in cash nut shells, are
known to be inedible resources. Mixed cellulose esters with a cardanol-derived substituent was
reported to show good themoplasticity". Although we reported thermoplasticity from mixed
chitin esters, which were obtained by acylation in an ionic liquid (1-allyl-3-methylimidazolium
bromide, AMIMBY), their melting points were low (around 40 °C)?. For better thermoplasticity
from chitin derivatives, in this study, we investigated synthesis of cardanol-bonded chitin
derivatives by acylation of chitin with an activated cardanol ester, which was prepared from 3-
pentadecylphenoxy acetic acid and carbonyl diimidazole, in AMIMBr (Scheme 1). The 'H
NMR spectra of the isolated products supported to produce the desired derivatives.
Keywords: Cardanol-bonded chitin; Activated cardanol ester; lonic liquid; Carbonyl
diimidazole
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o = 0
Ho )K/o 4 Carbon}zlcdll)nlr)ndazole A J\/o 4
>\ OR
3-Pentadecyl phenoxy Activated cardanol ester {%ﬁw
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Scheme 1. Synthesis of cardanol-bonded chitin derivatives

1) S. Tanaka, T. Iwata, M. Iji, Polymer, 99, 307-314 (2016).
2) Y. Shigenobu, A. Nakashima, J. Kadokawa, Biomacromolecules, 24, 5175-5182 (2023).
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Fabrication and Evaluation of Cellulose Hydrogels Using Zwitterionic Polymers (I) -Effect of
Cross-linker (Department of Materials and Life Sciences, Sophia University) O Momoka
Shimomachara, Keito Matsumoto, Yuko Takeoka, Masahiro Rikukawa, Masahiro Yoshizawa-
Fujita

Cellulose, the main component of cell walls, is abundant in the earth and has been
attracting attention as one of the sustainable materials. Zwitterion (ZI) is a molecule with both
cation and anion in one molecule, and their polymers have been applied to hydrogels because
of their high hydrophilicity. In this study, the hydrogels composed of cellulose and ZI polymers
were prepared to investigate the effect of ZI polymers on the mechanical strength and thermal
stability of cellulose hydrogels. Cellulose hydrogels were also prepared by adding a cross-
linker (CL). Photopolymerization was carried out by adding CL in the range 0 - 10 wt% to
aqueous pyrrolidinium hydroxide solutions containing 8 and 10 wt% dissolved ZI and cellulose,
respectively. The cellulose hydrogels were obtained when CL was added to the solutions. The
thermogravimetric measurements and compression tests of the hydrogels were performed. The
thermal stability of the cellulose hydrogels was improved by increasing the CL content. The
maximum compressive strengths were almost the same regardless of the CL content in the
range of 2 and 10 wt%.

Keywords : Cellulose; Zwitterionic polymer; lonic liquids; Photopolymerization
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Development of Cellulose Hydrogels Utilizing Epoxy Derivatives (I) - Effect of Epoxy
Derivatives on Properties - (Department of Materials and Life Sciences, Sophia University) O
Risa Sakai, Arata Matsui, Yuko Takeoka, Masahiro Rikukawa, Masahiro Yoshizawa-Fujita

Cellulose is a biomass material produced and accumulated in abundance on earth. It is
insoluble in common solvents due to strong intra- and intermolecular hydrogen bonds, making
it difficult to apply. We have prepared cellulose hydrogels by dissolving cellulose in aqueous
pyrrolidinium hydroxide solutions, which have excellent cellulose solubility at room
temperature, and adding CO; or epoxy derivatives. In this study, cellulose hydrogels were
prepared by combining CO» and epoxy derivatives, and the effects of crosslinking methods on
various properties of the hydrogels were investigated. The compression tests of the hydrogels
were performed. The results showed that the maximum compressive strength of the hydrogels
prepared by ECH only and those prepared by the ECH—CO; sequence were almost the same.
Keywords : Cellulose; Aqueous pyrrolidinium hydroxide,; Epoxy derivative; Carbon dioxide
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Synthesis and antibacterial properties of cationic cellulose (II) -Effect of pH on antibacterial
properties- (Department of Materials and Life Sciences, Sophia University) OKohei OBUCHI,
Miki SAITO, Tamao SAITO, Yuko TAKEOKA, Masahiro RIKUKAWA, Masahiro
YOSHIZAWA-FUJITA

Cationic polymers have been reported to function as antibacterial agents. We have been
working on the development of environmentally friendly antibacterial agents by introducing
cationic groups into cellulose, a natural polymer. Previous studies have revealed that cationic
cellulose with chloride ion ([TMAC]CI) exhibits antibacterial activity for E. coli and B. subtilis.
In this study, we investigated the effect of pH on the antibacterial activity of [TMAC]CI. Using
the aqueous solutions of [TMAC]Cl-a (pH = 10) and [TMAC]CI-b (pH = 7), we conducted
minimum inhibitory concentration (MIC) tests for E. coli, a Gram-negative bacterium. The
relationship between the concentration of [TMAC]CI and turbidity is investigated. The MIC
value was determined as the concentration at which turbidity decreased to around zero.
Regardless of pH values, the turbidity decreased with increasing the concentration of
[TMAC]CIL. The MIC values of [TMAC]Cl-a and [TMAC]CI-b were 74.7 and 36.7 mmol L,
respectively, indicating that [TMAC]CI-b exhibited a higher antibacterial activity than
[TMAC]Cl-a. These results suggest that [TMAC]CI has antibacterial activity for E. coli
regardless of pH.

Keywords : pyrrolidinium hydroxide, cationic cellulose, antibacterial property
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T PR E RO Z LRI I T, coli.

0.50f

ODGSO
o

© The Chemical Society of Japan - [F12501-4am-09 -



[F]12501-4am-10 A& 1055544 (2025)

RICEEZEILOEREZTDEERE
(RS ABET ) OFTH ZFR ' - itk 21!

Preparation of Photo-Responsive Micelles and Their Response Behavior ('Graduate School of
Engineering, University of Hyogo) OSari Usuda,' Shin-ichi Yusa'

In cancer treatment, chemotherapy requires the development of drug delivery systems (DDS)
that minimize side effects. While various challenges exist in realizing DDS, the controlled
release of encapsulated drugs is one of the most critical issues. This study aims to develop a
system capable of light-triggered controlled release of encapsulated drugs by combining N-
hydroxynaphthalimide triflate (HNT), a hydrophobic photoacid generator (PAG), with pH-
responsive polymer micelles that dissociate in response to acids. We prepared a diblock
copolymer  (MipDys) composed of hydrophilic  poly(2-(methacryloyloxy)ethyl
phosphorylcholine) (PMPC) and pH-responsive poly(2-(diethylamino)ethyl methacrylate)
(PDEAEMA) via a controlled radical polymerization method. HNT was encapsulated the
MiooDos micelles To generate acid, light was irradiated to the MiooDos micelles (Figure 1). UV-
vis absorption spectra indicated decomposition of HNT to generate acids. The size of the
M;0Dos micelles was changed upon light irradiation.

Keywords : Photo-Responsive; Photoacid Generator;, Poly(2-(methacryloyloxy)ethyl
phosphorylcholine);,  Poly(2-(diethylamino)ethyl methacrylate); Reversible Addition-
Fragmentation Chain Transfer Polymerization
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Figure 1. Conceptual illustration of photo-responsive dissociation of pH-responsive MigDos micelle
encapsulating photoacid generator (HNT).
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Inhibition of tumor cell proliferation by bone-affinity polyphosphodiesters
solubilizing anti-cancer drugs (! Graduate School of Science and Engineering, ,

2 Chemical Master Bioengineering , 30ORDIST, Kansai University)

OHitomi Iisakal, Yota Okuno?3, Yasuhiko Iwasaki 23

Recently, patients with bone metastases increases with cancer morbidity. Denosumab and
bisphosphonate are considered as first-line drugs for the treatment of bone metastases but these
do not show direct antitumor effects. Therefore, the development of alternative drug carriers
targeting bone metastases is an urgent issue. The aims of this study are to synthesize
amphiphilic bone-targeted polyphosphodiesters solubilizing the anticancer drugs and deliver
the drugs to bone metastases. Cholesteryl-functionalized polyphosphodiesters were
synthesized and their solution properties were investigated. As the degree of polymerization of
the polymers decreases, the critical micelle concentration decreased and the drug solubilization
capacity of the polymers was improved as shown in Figure. Furthermore, the bone affinity of
the polymers was observed in vivo regardless of the degree of polymerization. The cytotoxicity
effect of anticancer drugs solubilized with the polymers and their pharmacokinetics will be also

presented.
Keywords : Polyphosphoester; Bone metastasis, Drug delivery system, Tumor cell;
Hydrophobic drug
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1) S-H Chen et al, J. Mater. Chem. B.2020, 8 , 3789.
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Preparation and Characterization of Biodegradable Polymers/Hydroxyapatite Composites (I)
-Introduction of Urethane Bond- (Department of Materials and Life Sciences, Sophia
University) O Wang Shengtao, Masahiro Yoshizawa-Fujita, Masahiro Rikukawa, Yuko Takeoka

To alleviate microplastic problems, biodegradable polymers have attracted much attention
for replacing general plastics. It is difficult for them to achieve high toughness by themselves.
In this study, with the aim of producing highly tough composite materials with excellent
environmental compatibility, composite films containing urethane bonds were produced by
reacting fibrous hydroxyapatite (~HAp) and polycaprolactone (PCL) derivatives. Poly
[(phenylisocyanate)-co-formaldehyde] (PMDI) and trimeric hexamethylene diisocyanate
(THDI) were used for urethanation of trifunctional PCL (Triol-PCL). From the FT-IR spectra
of Triol-PCL-based composite membranes, two peaks positioned at 3360 and 1530 cm™
ascribed to the stretching and deformation vibrations for N-H bond were observed. This result
indicates that the urethane bonds were formed in the membranes. The effect of urethane bonds
on the mechanical properties of the composite membranes was also investigated.

Keywords : Biodegradable polymers,; Polycaprolactone,; Hydroxyapatite; Polyurethane.
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Catalytic degradation of polyethylene glycol using MOFs

('Graduate School of Engineering, The University of Tokyo) O Yu Hin Leung,' Ami
Nishijima,' Yuki Kametani,' Takashi Uemura'
Keywords: Polyethylene glycol; Metal-Organic Framework; Polymer degradation; Catalyst

For sustainable uses of synthetic polymers, development of effective methods to degrade
polymers has been extensively explored in these days. Oxidative degradation is one of the
prominent approaches to convert polymers to useful compounds. However, oxidative
degradation using atmospheric oxygen is usually conducted at elevated temperature (> 200 °C)
for long reaction time and does not afford products with high selectivity.! Metal-organic
frameworks (MOFs) have emerged as promising candidates for polymer degradation catalysts.?
Their unigue properties—such as high porosity, tunable pore structures, and reactive metal
centers—offer exciting opportunities for polymer encapsulation and degradation. This study
aims to explore oxidative polymer degradation using MOFs as catalysts in atmospheric
conditions. Here, polyethylene glycol (PEG) was selected as a target polymer due to the
practical importance on controlling its oxidative degradation pathway and the products.*®
[Co.DOBDC], (DOBDC = 2,5-dioxido-1,4-benzenedicarboxylate) and
[M2(BDC)2(DABCO)], (M = Cu?* or Co?*, BDC = 1,4-benzenedicarboxylate, and DABCO =
1,4-diazabicyclo[2.2.2]octane) were used as catalysts. PEG (M, = 20k) and the MOF catalyst
were physically mixed and heated at 100°C in air. After 90 minutes of heating, the degradation
of PEG was confirmed by gel permeation chromatography (GPC), which showed a significant
decrease in the molecular weight (Figure a). This result suggests that the random scission of
polymer chains. H-NMR spectroscopy of the oligomeric products showed the formation of
formate ester moiety at the terminal units, representing the promotion of MOF-catalyzed
oxidative degradation for PEG (Figure b). We elucidated the catalytic behaviors of MOFs that
are strongly dependent on the embedded metal ion and framework topology.
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Figure. (a) GPC traces of PEG 20k before and after degradation. (b) Reaction scheme of the
reaction catalytic degradation of PEG using Co-MOFs.

1) E.E. Stache et al., Chem. Soc. Rev. 2024, 53, 7309. 2) O K. Farha et al., Angew. Chem., Int. Ed. 2022,
61,24.3)YZ. Wang et al., Angew. Chem., Int. Ed. 2024, 63,33. 4) S. M. Grayson et al., Polym. Degrad.
Stab. 2021, 183, 109388. 5) Zhao-Tie et al. Chem. Commun. 2024, 60, 12193.
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Synthesis of a novel benzoxazine monomer containing an epoxy group within the same
molecule and thermal and mechanical properties of its cured product (Graduate School of
Engineering Science, Yokohama National University) O Asumi Shrestha, Hiroyuki Maekawa,
Toshiyuki Oyama

Benzoxazine (Bz) resins have been used in aerospace materials and carbon fiber-reinforced
composites due to their high thermal stability and mechanical properties. However, the storage
modulus of Bz resins decreases significantly above the glass transition temperature (7). This
problem is caused by the low cross-linking density of the resin, and it is necessary to develop
high-performance Bz resins with high cross-linking density. In this study, we synthesized a
novel benzoxazine monomer (Bz-EP) containing an epoxy group within the same molecule and
investigated the thermal and mechanical properties of its cured product (Cured-(Bz-EP)). Bz-
EP was obtained in 43% yield by reacting Bz-OH with an excess of epichlorohydrin at 60 °C
for 24 hours, followed by ring-closing with a base (Scheme). Next, Cured-(Bz-EP) was
obtained by heating Bz-EP in an aluminum cup at 240 °C for 2 hours. The T of the resulting
product was determined by DSC to be 269 °C, which is a remarkable improvement compared
to the commercially available Bz resins. This result suggests that Bz-EP forms a highly
crosslinked network structure after heating, and it is expected to be applied as a high-
performance thermosetting resin.

Keywords : Thermosetting resin, Benzoxazine, Epoxy, High thermal stability, Network
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