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Synthesis of sulfur-containing polymers by polycondensation and evaluation of their
mechanical properties at different sulfur numbers ('Faculty of Science, Osaka University,
*Graduate School of Science, Osaka University) ORyunosuke Kamioka,! Shun Hashimoto,?
Ryuto Nishimura,? Akiyoshi Horiguchi,? Yuichiro Kobayashi,? Hiroyasu Yamaguchi?

This study aimed to explore the relationship between the number of sulfur atoms in polymers
and their mechanical properties, shedding light on the impact of sulfur atoms on polymers. In
this investigation, PE-S, polymers with varying sulfur numbers were synthesized by
manipulating the equivalents of CS and base (Na,S-5H»O). Notably, high sulfur numbers
resulted in the formation of rubbery polymers. All synthesized PE-S, polymers exhibited low
solubility to major organic solvents. The sulfur number of PE-S, was determined through
elemental analysis, and each property was assessed after monitoring changes in the sulfur
number. The study revealed that thermal properties of PE-S, exhibited variations based on the
sulfur number. Furthermore, tensile testing of the rubbery polymers showed that the breaking
strain increased and Young's modulus decreased as the sulfur number increased.

Keywords : Sulfur; Sulfur-containing polymer, Polycondensation
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Isocyanate-free Polyurethane Synthesis by BiCls-catalyzed Polycondensation of Various
Bishydroxyurethanes (Graduate School of Science and Engineering, Yamagata University) O
Yuriko Kobayashi, Bungo Ochiai

Transurethanation polycondensation of bishydroxyurethanes is a phosgene- and isocyanate-
free method for polyurethane synthesis. However, typical catalysts are highly toxic tin
compounds, and it is desirable to develop less toxic catalysts. We have previously reported that
bismuth compounds, which are less toxic than conventional Sn-based catalysts, act as catalysts
in the self-polycondensation of bishydroxyurethanes derived from hexanediamine and ethylene
carbonate, and that BiCl; exhibits the highest activity. The polyurethanes obtained by this
method can introduce various structures into polyurethanes by the choice of diamine. In this
work, polyurethanes were synthesized by self-polycondensation of various
bishydroxyurethanes derived from diamines with different linear alkyl chains and alicyclic
structures.

Keywords : Polyurethane; Isocyanate-free; Bismuth; Polycondensation
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1) L. Maisonneuve, et al., Chem. Rev., 2015, 115, 12407-12439.
2) B. Ochiai, et al., J. Polym. Sci., Part A: Polym. Chem., 2013, 51, 525-533. etc.
3) Y. Kobayashi, et al., JACI/GSC Symposium, 2022, 11, 11-6-04.
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Introducing Oxidatively Degradable to Vinyl Polymer by Olefin Metathesis
Reaction(Graduate School of Sience, Kanagawa University) O Hodaka Saito, Nobuhiro
Kihara

Diacylhydrazine is chemically stable, although it readily decomposes to carboxylic acid and
nitrogen gas by the treatment with oxidants such as sodium hypochlorite. Therefore, polymers
bearing diacylhydrazine moiety on the main chain can be oxidatively degradable polymers. To
incorporate diacylhydrazine moiety into the main chain of vinyl polymers, olefin metathesis
reaction of unsaturated poly(diacylhydrazine) with vinyl polymers with C=C double bond in
the main chain was investigated. Polycondensation of unsaturated bishydrazide 1 with
terephthaloyl dichloride 2 gave poly(diacylhydrazine) 3 of M, 30,000, M./M, 610 (GPC, PSt
standards, DMF) in 53% yield. Olefin metathesis reaction of 3 with unsaturated polymers 4
and 5, and the oxidative degradation of resulting polymer were investigated.

Keywords : oxidative degradation; oxidatively degradable polymer; diacylhydrazine; olefin
metathesis reaction, vinyl polymer
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Synthesis and Application of Oxidatively Degradable Polyesters Based on Oxidation of
Sulfides ('Kanagawa University) (OMio Mochizuki,' Nobuhiro Kihara,'

2-Thioethyl ester can be used as an oxidatively degradable functional group because of its
rapid B-elimination even under mild basic conditions after oxidation to sulfone.! In this study,
the synthesis and oxidative degradation of polyesters 3 prepared from 2,2’-thiodiethanol 1 as
a diol component were investigated. Polycondensation of 1 and 2 yielded the desired polyester
3 in 78% yield with a peak molecular weight of 24,000 (GPC, PSt standards, CHCl3). 3 was
oxidized with mCPBA in chloroform, and the sulfide moiety was quantitatively converted to
sulfone to obtain polyester 4 in 95% yield. Polyester 4 underwent rapid degradation by the
treatment with sodium carbonate solution via p-elimination. Therefore, the polyester with 2-
thioethyl ester moiety can be an oxidatively degradable polymer.
Keywords : oxidative degradation, diacylhydrazine, sulfone, sulfoxide, sulfide, sodium
carborate
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1) (a) P. M. Hardy, H. N. Rydon, R. C. Thompson, Tetrahedron Lett. 1968 9, 2525. (b) S. Inoue , K.
Okada, H. Tanino, K. Hashizume, H. Kakoi, Tetrahedron Lett. 1994, 50, 2729.
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Development of Oxidatively Degradable Elastomers (Graduate School of Science, Kanagawa
University) OShunsuke Tsuyuki, Nobuhiro Kihara

Diacylhydrazine is an oxidatively degradable functional group, and is a strong hydrogen-
bonding unit. Therefore, oxidatively degradable elastomer is expected by using diacylhydra-
zine as a hard segment. The termini of poly(THF) were oxidized with sodium chlorite in the
presence of TEMPO and sodium hypochlorite as catalysts to obtain dicarboxylic acid 1. After
esterification and hydrazination, dihydrazide 3 (M, 2,000) was obtained. In every reaction, the
functionalization ratio was 100 %. Poly(diacylhydrazine) 4 (M, 15,300, M./M, 2.24) was
synthesized by polycondensation of 3 with terephthaloyl chloride. 4 exhibited elastic nature.
The oxidative coupling polymerization of 3 by Oxone® also yielded poly(diacylhydrazine) 5
(M, 22,700, My/M, 2.41). 1 was recovered by the oxidative degradation of 4 or 5 with sodium
hypochlorite solution.

Keywords : oxidative degradation; elastomer, diacylhydrazine,; poly(THF); Hydrogen bonding
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Development of a Novel Oxidatively Degradable Phenolic Epoxy Resin Curing Agent
(Graduate School of Science, Kanagawa University) OKouta Hashizume, Nobuhiro Kihara

Diacylhydrazine is an oxidatively degradable functional group, and diphenol with
diacylhydrazine moiety can be used as an oxidatively degradable curing agent for epoxy resin.!
Acetalization of catechol 1 with an ester group and reductive ring-opening of the acetal ring
gave 3 regioselectively. Diphenolic diacylhydrazine 4 with long alkyl chain was synthesized
by the hydrazination of 4 and oxidative coupling. Epoxy resin 5 was cured by 4 by heating in
the presence of imidazole, and cured resin exhibited oxidative degradability by the treatment
with sodium hypochlorite solution.

Keywords: diacylhydrazine; oxidatively degradable polymer; epoxy resin curing agent;
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1) T. Oguri, A. Kawahara, N. Kihara, Polymer, 2016, 99, 83-89.
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Photo-induced Perfluoroalkylation of p-Phenylenediamine and Synthesis of Polyimides
(Graduate School of Humanities and Sciences, Ochanomizu university) ONatsu Kakumoto,
Tadashi Kanbara, Tomoko Yajima

Fluorinated polyimides have excellent properties such as high transparency and low
dielectric constant. However, their structures are limited, so the development of new fluorine-
containing polyimides is demanded. We have developed the visible-light-induced
perfluoroalkylation of anilines. In this study, we applied the condition of photo-induced
perfluoroalkylation to p-phenylenediamine to synthesize diamine monomers. Furthermore, we
achieved synthesis of novel fluorinated polyimides by polymerizing the synthesized diamine
monomers with acid dianhydride.

Keywords : Photo-induced radical reactions; Visible-light-induced perfluoroalkylation;
Fluorinated polyimide; Aromatic polymer; p-Phenylenediamine
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Synthesis of new fluorinated polyimides with perfluoroether groups in the main chain

(Ochanomizu University) ORiho Shirano, Tamako Nakamura, Tadashi Kanbara, Tomoko
Yajima

Fluorinated polyimides have excellent properties such as low dielectric constant, high
transparency, and low water absorption. In particular, polyimides having a perfluoroalkylene
skeleton in the main chain are expected to have excellent processability and dielectric
properties. In this study, we synthesized diamine monomers with perfluoroether groups in the
main chain and polymerized them with acid dianhydride to synthesize novel fluorinated
polyimides.

Keywords : Fluorinated polyimide; Perfluoroalkylation; Perfluoroether, Radical reaction;
Aromatic polymer
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Malonate ester synthesis-type polymerization method toward synthesis of sequence-controlled
carbon chain polymers ('School of Science, Hokkaido University, *Graduate School of
Chemical Sciences and Engineering, Hokkaido University, *Faculty of Science, Hokkaido
University) OTaichi Meno!, Shunsuke Tsuchiya?, Keitaro Matsuoka?®, Kazuki Sada*?

Carbon chain polymers whose main chains consist of sp* carbon-carbon bonds have been
synthesized mainly by polymerization of vinyl monomers or ring-opening metathesis
polymerization of cyclic olefins with the precise control of the degree of polymerization and
end groups. However, sequence control, particularly the distances between the side chain
functional groups, remains difficult since the chain length in the unit structure is uniquely
regulated by each polymerization method. In this study, we developed a malonic ester
synthesis-type polymerization method to synthesize sequence-controlled carbon chain
polymers. Polymerization of a monomer containing diethyl malonate structures and a
dibromide monomer in DMF at 80°C proceeded to afford sequence-controlled polymers. The
distance of side chains could be regulated by changing the length of the methylene unit in the
monomer structure.

Keywords: Carbon-chain polymers; sp® carbon-carbon bonds; Sequence control; Malonic
ester synthesis, Polymerization
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1) Nishimori, K.; Ouchi, M. Chem.
Commun. 2020, 56, 3473.
2) Sn2 polymerization has been reported.
Shen, Y.; Cong, H.; Yu, B.; Gao, L.; Jiao, C.
RSC Adv. 2019, 9, 40455
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Synthesis and Application of New Phosphine Sulfide Polymers (Graduate School of Science
and Engineering, Ehime University) OKota Ozawa, Hidetoshi Ohta, Minoru Hayashi

Polymers containing phosphorus atoms are used as functional materials such as flame
retardants, polymer immobilizing ligands, and high refractive index materials. In addition,
those polymers are expected to exhibit various functions based on the coordination of
phosphorus atoms and the molecular structure in the main chain. However, preparable
structures around the phosphine units are quite limited due to poor synthetic methods for
phosphines. We have already reported Pd-catalyzed P-C cross-coupling reactions and
synthesized various bifunctional phosphine sulfide compounds by using these reactions. Herin,
we wish to report the polymerization of bifunctional phosphine sulfide monomers with hydroxy
groups at both ends and various bifunctional monomers. Application of the obtained new
phosphine sulfide polymers will also be reported.

Keywords : Cross-coupling reaction; Phosphine Sulfide Polymer

Y UEREEZ G E S I, BRAL &0 TEECEAL . EEITEREM R &
BEREMEMELE LTHWHNRTWD, 2O TFHIC) VIR -2 550 1. 18
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RS TUW =, A DIX, PAFMEP-C 7 a2l v 7Y o Z RO D& BRICHE L TR
D 2O EDFELZ D EREMERAT VAV T 4 FMEEME SR TE L2 &%
ARLTWD,

A, ZO BRI AT 4V ANVT 4 R v — LA EREET ) ~—DES
ATV, FTHIR AT 4 VALV T 4 REAEDTTOERIZKRI LD T, ZDIH & 0F
HTCHET D,

P-C 7uaAhy Y TRIGICED 200 p-T7 = HoEATH A F AL
K. F71E2900 pb Faxy AF L7 2= LHEOEAIC LY | WRIC KR
EHTAEXT BRI AT 4 VAN T 4 RE ) v—%8 LT, T, Boh
7o)~ — L& ERIET ) v —DEAICELY ., ENENETDHHRAT 4 AL
T4 REAEGFPINERELEONDZEE R LIz, BERTIE, KA T 4 ALT
4 RE ) ~— LM ERMET ) ~—DESHMHHERIONZ . GONT-HHE AT 4
VANT 4 RERES T ORI ONW TR,

ﬁ Polymerization ﬁ
Ar Ar

FG' = OH, CH,OH Bifunctional monomer New phosphine sulfide polymer

1) Hayashi, M.; Matsuura, T.; Tanaka, I.; Ohta, H.; Watanabe, Y. Org. Lett., 2013, 15, 628.
2) Ohta, H.; Xue, Q.; Hayashi, M. Eur. J. Org. Chem., 2018, 6, 735.
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Polyethylenes Bearing In-chain Amide Groups via Beckmann Rearrangement:
Synthesis and Their Physical Properties

('Graduate School of Engineering, The University of Tokyo, *Institute of Industrial Science,
The University of Tokyo) OYipu Lu', Kohei Takahashi', Jian Zhou?, Shintaro Nakagawa?,
Naoko Yoshie?, Kyoko Nozaki'

Keywords: Polyethylene; Beckmann Rearrangement; Polyamide; Main Chain Editing

The post-polymerization modification of polymer is a useful method to improve properties
of commodity plastics. Insertion of atoms into polymer main chain is rather attractive, which
would allow the significant change of physical properties of polymer. However, relatively less
examples are known utilizing Schimidt rearrangement, Baeyer-Villiger oxidation, Claisen
rearrangement, etc. Recently, Mecking et al and our group reported the polymerization of high
density polyethylene (HDPE) bearing isolated in-chain carbonyls from ethylene and CO or
Fe>(CO)o as a CO source (Figure 1a)."* Furthermore, Mecking et al also reported the Baeyer-
Villiger oxidation of polyethylene bearing in-chain carbonyls to polyethylene-ester, which
demonstrates the potential of polyethylene-ketone as a substrate for main chain editing.’

In this work, polyethylenes bearing in-chain amide groups were synthesized by oxime-
formation and Beckmann rearrangement of polyethylenes bearing in-chain carbonyl groups
(Figure 1b). Despite the low solubility of the polymers, the use of DAST as a highly reactive
promoter of Beckmann rearrangement allowed high conversion to amide functional group at
room temperature with no remarkable decrease of molecular weight.* The new polymer showed
similar thermal stability and melt property with polyethylene, however, the tensile test of the
polymer revealed significantly increased strength compared to an unfunctionalized
polyethylene bearing similar molecular weight, probably due to the hydrogen-bonding of
amide groups.

R R
@) Yield 0.205 g B Me
[Pd] (10 umol) o M, = 4400 o
# + FeyCO) > M, /M, = 1.65 ;N
m n i

Toluene (10 mL)

3.0 MPa 0.25 mmol o

¢ ) ¢ ) 80°C, 3 hrs poly(ethylene/ketone) VA 97 3 O[Pd
(b) R = 2- OMeC6H4

o OH DAST
NH,OH+HCI N (c.a. 50 equiv. to OX|me
m n pyridine/toluene 1:4 m n THF, 20°C, 1 h
ly(ethylenelket ) 100°C, 17 h then H,O

poly(ethylene/ketone)  (oneated 2 times poly(ethylene/oxime) poly(ethylenelamlde)
ketone 2.0%, M, = 5900 oxime 2.0%, M,, = 6000 amide 1.6%, M, = 5800

Figure 1. Post-polymerization modification of polyethylene bearing in-chain carbonyls

Reference: 1. S. Tang, F. W. Seidel, K. Nozaki, Angew. Chem. Int. Ed. 2021, 60, 26506. 2. M.
Baur, F. Lin, T. O. Morgen, L. Odenwald, S. Mecking, Science 2021, 374, 604. 3. M. Baur, N.
K. Mast, J. P. Brahm, R. Hab¢, T. O. Morgen, S. Mecking, Angew. Chem. Int. Ed. 2023, 62,
€202310990. 4. Y. Lu, A. Kasahara, T. Hyodo, K. Ohara, K. Yamaguchi, Y. Otani, T. Ohwada,
Org. Lett. 2023, 25, 3482.
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Synthesis and Properties of Aromatic Poly(ether)s with High Content of Phosphine Sulfide
Groups (!Department of Chemical Science and Engineering, School of Materials and Chemical
Technology, Tokyo Institute of Technology)(ONaoyoshi Seki!, Ryoyu Hifumi,' Ikuyoshi Tomita'

Phosphine sulfide has some unique properties, such as high stability to heat, air, and moisture,
high molar refractivity, low polarity, and so on. We have previously reported the synthesis and
high refractive index properties of aromatic poly(ether)s with triphenylphosphine sulfide groups
in the main chain.VIn this study, polymers with high content of phosphine sulfide groups were
prepared toward high refractive index materials. That is, the polymers were synthesized by the
nucleophilic aromatic substitution reaction of bisphenol A with monomers having two (p-
fluorophenyl)methylphosphine sulfide moieties linked by m-xylylene or ethylene groups in the
presence of potassium carbonate as a base. Properties of the resulting polymers including thermal

stability and refractive indices will also be described.

RAT 4 AZNT ¢ REIEE O FIRIT-OEMNE, @ WBZEMER EORREEZRT 5
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TOHEEHERY =—T VOB E BT REELZ#RE L TWD D, AR T, E672

JEITERAL 2 BRI, 0 K UBALFIZAR A T ¢ U ANVT ¢ REEE@EEICHET 5 R
U~—%&al - G L7z(Scheme 1), 720 H, Z2oD (p-7 /AR T x=)L) AFILK
AT ALY ANT 4 FEEE m-F T ) LB =F L o —TRWEE ) ~—% 5
L, EX7x/ =/ A LDOFFBEREEBREICIZ XK > TERENECEE) 557 &
M,=4900, M, =28000 5 L O° M,=890, M\,=2900 DRV =—F V%G, ZNHDRY ~—
DB FRIBIE « HERMEZE OBRHE, B X OEITREORZRHEIC OV THLHET 5,

HO. OH choa ﬁ ﬁ

— } { - UL P-r-b—( o 0

180 C Me Me O O

14.5h
R L oA

Scheme 1. Synthesis of aromatic poly(ether)s with high content of phosphine sulfide groups.
1) Hifumi, R.; Tomita, I. Polymer 2020, 186, 121855.
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Dithioacetal-containing High Refractive Index Polymers (Dept. of Applied Chem., Waseda
University) OTomoya Yano, Zexin An, Seigo Watanabe, Kenichi Oyaizu

Poly(dithioacetal)s can be regarded as a sulfur-containing polymer with a methine spacer,
which would be a promising candidate for transparent yet high refractive index polymers. Here,
we synthesized the dithioacetal-containing polymers (PDTA) and elucidated their structure-
property relationships. A series of PDTA were synthesized via the polycondensation of 4,4’-
thiobisbenzenethiol and the benzaldehyde derivatives, yielding high-molecular-weight
polymers (M, ~ 10% with efficient solubility and amorphous propertics. PDTA were
subsequently fabricated as optical thin films via wet-processing, and based on their high sulfur
content, PDTA exhibited outstanding optical properties including visible transparency (ca.
95 %T7) and high refractive indices (np ~ 1.76).

Keywords : Dithioacetal, Sulfur, High Refractive Index

RV(TCTFAT X —WFMEEGEEERELS D, AF A= —%2FT
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Scheme

1) S. Watanabe, T. Takayama, K. Oyaizu, ACS Polym. Au 2022, 2, 6, 458-466.
2) S. Watanabe, K. Oyaizu, BCSJ 2023, 96, 10, 1108-1128.

© The Chemical Society of Japan -D342-1pm-13 -



D342-1pm-14 BALEA H104EFES (2024)

AR ARV -BRILESICKDSITVRERAR)(ZFTZLUVRILT 1
FYDE R

(RRET) OFH A« =i mE - I 15 - /Wi bF—

Synthesis of Fluorinated Poly(phenylene sulfide)s Enabled by Superacid-catalyzed

Oxidative Polymerization (Dept. of Applied Chem., Waseda University)
OYuki Yoshida, Shuma Miura, Seigo Watanabe, Kenichi Oyaizu

Poly(phenylene sulfide) (PPS) derivatives are functional polymers with excellent
thermal and optical properties, originated from their high sulfur and aromatic content.
Oxidative polymerization of aromatic disulfides is one synthetic route towards PPS
derivatives, despite its substrate scope has been limited only for the electron-donating
substituents due to its mechanism regarding the electrophilic substation reaction. Here,
we succeeded in preparing fluorinated PPS via the superacid-catalyzed oxidative
polymerization. The resulting polymers showed amorphous properties, excellent
solubility, and their thin films represented high visible-transparent features. Dielectric
properties of the polymers will also be discussed.

Keywords : Oxidative Polymerization, Poly(phenylene sulfide), Fluorine, Dielectric Properties
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1) S. Watanabe, T. Takayama, K. Oyaizu, ACS Polym. Au 2022, 2, 458-466.
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Synthesis of Dimethyl-Substituted Poly(phenylene sulfide)-Poly(phenylene oxide) Copolymers

via Oxidative Polymerization and Their Properties (Dept. of Applied Chem., Waseda Univ.) O
Yuto Nakamura, Shuma Miura, Seigo Watanabe, Kenichi Oyaizu

Oxidative polymerization of diaryl disulfide is a facile and promising synthetic route
for preparing poly(phenylene sulfide) (PPS) derivatives, exhibiting tunable properties in
accordance with the side chain structures. In this study, we prepared the PPS derivatives
having poly(2,6-dimethyl-1,4-phenylene oxide) (PPO) linkages towards minimizing
dielectric loss of PPS/PPO-based polymers (Figure 1). Two kinds of PPS-PPO
copolymers, P1 and P2, were synthesized via oxidative polymerization, which resulted
in high yield and high molecular weight (Mw ~ 1.7x10%). Notably, the synthesis of P1
resulted in adjustable copolymerization ratio, leading to their tunable thermal and optical
properties. P1 and P2 represented suitable properties for optical and dielectric polymers,
such as amorphous nature, high solubility, and thermostability (7, > 185 °C). Dielectric
properties of the polymers will also be discussed.

Keywords : Oxidative Polymerization, Poly(phenylene sulfide), Poly(phenylene oxide), Low
Dielectric Properties
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Figure 1 Chemical structures of the PPS derivatives in this study

1) S. Watanabe, T. Takayama, K. Oyaizu, ACS Polym. Au 2022, 2, 458-466.
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