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Synthesis and Properties of Polyimides with Fluorine Substituents on the Aromatic Ring and

the Main Chain ('Department of Chemistry, Ochanomizu University *Science Tokyo) ORiho
Shirano,! Tamako Nakamura,' Yuriko Ito,'! Tadashi Kanbara,' Shinji Ando,? Tomoko Yajima!

In addition to the inherent properties of polyimides, fluorinated polyimides have excellent
properties such as low dielectric constant and high transparency. In particular, polyimides
having a flexible perfluoroalkylene skeleton in the main chain are expected to have excellent
processability and dielectric properties. In this study, we attempted to synthesize diamines with
high fluorine contents by introducing a perfluoroalkylene skeleton into fluorinated anilines.
The resulting diamine was used for the synthesis of polyimides, and their physical properties
were investigated.

Keywords : Fluorinated polyimide, Perfluoroalkylation, Radical reaction, Aromatic polymer;
Refractive index
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Perfluoroalkylation of Blsphenols and their Utilization to Polymers

(Department of Chemistry, Ochanomizu University) OYuka Katsuno, Chikako Sato, Tadashi
Kanbara, Tomoko Yajima

Since fluorinated polymers exhibit unique properties derived from the fluorine atom, they
are used in various fields. On the other hand, bisphenols are used as monomers in various
polymer compounds. And so, perfluoroalkylation of bisphenols is expected to lead to the synthesis
of new fluorinated polymers. Here, we report visible-light-induced perfluoroalkylation of
bisphenols by using organic dyes as a catalyst. Also, we report the synthesis of new fluorinated
polymers using the synthesised monomers. Keywords : Perfluoroalkylation, Radical reaction,
Bisphenols, Organocatalyst, Fluorinated polymers
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1) (@) T. Yajima, et al., Eur. J. Org. Chem., 2017, 15,2126-2129. (b) T. Yajima, et al., Org. Lett., 2019, 21, 138-141.
(c¢) T. Yajima, et al., J. Org. Chem., 2022, 87, 14923-14929.
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Synthesis and Conformational Evaluation of Helically Chiral Poly[1,4]diazocines Bearing

Main Chain with Linked Chiral 8-Membered Rings ('Graduate School of Engineering, Kyoto
University) OYukako Yoshinaga,' Ryo Nishimaru,' Michinori Suginome'

Precision synthesis of helical polymer is essential for understanding chiral molecular
functions. Polyisocyanides, synthesized from isocyanide monomers, often adopt helical
conformation. Notably, the cyclopolymerization of diisocyanides allows for the formation of
rigid helical polymer. However, diisocyanide cyclopolymerization is limited to the single
example, in which planar quinoxaline rings are formed with aromatization.” Recently, we
reported axially chiral 2,2'-diisocyano-1,1'-binaphthalenes cyclopolymerized via formation of
saddle-shaped chiral 8-membered rings.? The resulting polymer exhibits circular dichroism,
suggesting a chiral conformation of polymers. We herein report investigation of its helically
chiral structure by calculation along with the influence of optical purity of monomers on it.>)
Keywords : Helical Polymer; Axial Chirality; Cyclopolymerization, Polyisocyanide, Isonitrile
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1) a) Y. Ito, E. Thara, M. Hirai, H. Ohsaki, A. Ohnishi, M. Murakami, J. Chem. Soc., Chem. Commun.
1990, 403. b) Y. Ito, T. Ohara, R. Shima, M. Suginome, J. Am. Chem. Soc. 1996, 118, 9188.

2) R. Nishimaru, Y. Yoshinaga, M. Suginome, The 104" CSJ Annual Meeting 2024, D341-1am-13.

3) Y. Yoshinaga, R. Nishimaru, M. Suginome, Chem. Lett. 2025, Just Accepted. DOI:
10.1093/chemle/upaf002.
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Eight-Membered-Ring Forming Cyclopolymerization of 2,2'-Diisocyano-1,1'-biphenyl
Derivatives for the Synthesis of Chiral Macromolecules (Kyoto University) (OHayato Konishi,
Ryo Nishimaru, Yukako Yoshinaga, Michinori Suginome

Helical polymers such as polyisocyanides” and poly(quinoxaline-2,3-diyl)s? were
synthesized by successive insertion of isocyano groups into carbon—metal bonds. Recently, we
reported the synthesis of helical poly ([1,4]diazocine-2,3 diyl)s through the
cyclopolymerization of axially chiral 2,2'-diisocyano-1,1'-binaphthalene derivatives with the
use of organometal complexes as initiators.® In this study, we examined the polymerization of
2,2'-diisocyano-1,1'-biphenyl derivatives with no axial chirality for development of
enantioselective cyclopolymerization. The polymerization was found to proceed smoothly, and
the resulting polymer with a chiral side chain or chain end exhibited circular dichroism, which
suggested the chiral conformation of the polymer.

Keywords : Polyisocyanide, Biphenyl, Circular Dichroism, Cyclopolymerization, Coordination

Polymerization
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1) a) Y. Yamamoto, N. Hagihara, Bull. Chem. Soc. Jpn. 1966, 39, 1084. b) E. Schwartz, M. Koepf, H. J.
Kitto, R. J. M. Nolte, A. E. Rowan, Polym. Chem. 2011, 2, 33.

2) a) Y. Ito, E. Thara, M. Hirai, H. Ohsaki, A. Ohnishi, M. Murakami, J. Chem. Soc., Chem. Commun.
1990, 403. b) M. Suginome, T. Yamamoto, Y. Nagata, J. Synth. Org. Chem. Jpn. 2015, 73, 1141.

3) Y. Yoshinaga, R. Nishimaru, M. Suginome, Chem. Lett., 2025, Just Accepted.
DOI:10.1093/chemle/upaf002.
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Synthesis and polymerization of an AB,-type monomer by dimerization of cage silsesquioxane
(Grad. Sch. Sci. Tech., Kyoto Inst. Tech) (ONaoki Yamaguchi, Cashew Nagashima, Hiroaki
Imoto, Kensuke Naka

Cage silsesquioxane, denoted as polyhedral oligomeric silsesquioxane (POSS), is an
organic-inorganic hybrid molecule having properties that cannot be achieved with commodity
polymers. In this study, a hyperbranched polymer was synthesized by hydrosilylation
polymerization from AB, dimer with controlled structures, capping two reaction points with
dichlorosilane and linking the remaining one intermoleculaly. Then, hyeperbranched polymer
and cyclic compound were obtained from ABs-type dimer with multiple isomers, and the
hyperbranched polymer showed higher thermal stability than the cyclic compound.

Keywords : Cage silsesquioxane; Organic-inorganic hybrid; Hyperbranch polymer
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Scheme 1. Synthesis and polymerization of an AB»-type monomer.

1) S.Yuasa, H. Imoto, K. Naka, Polym. J. 2018, 50, 879.
2) T.Nakano, H. Imoto, K. Naka, Inorg. Chem. Front. 2024, 11, 1781.
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Surface segregation behavior of octaalkoxy-substituted POSSs  (Grad. Sch. Sci. Tech., Kyoto
Inst. Tech.) (ONanami Okamura, Jinshiro Takeuchi, Hiroaki Imoto, Kensuke Naka

Surface modification of polymers using surface segregation is a low-energy process compared to
other modification methods. Polyhedral oligomeric silsesquioxanes (POSS) are promising
candidates for achieving enhanced surface segregation due to their spherically rigid nature and
entropy advantage. Previously, we reported the hydrophobization as well as hydrophilization of
polymer film surfaces using hydrophobic and hydrophilic-substituted POSS derivatives.
Octaalkoxy-substituted POSS derivatives are of interest because they have reactive groups
consisting of alkoxysilyl groups at their 8 vertices. However, their properties and the structure
and physical properties of the sol-gel products have not been well investigated. In this study, we
investigated the surface segregation behavior of octaethoxy-substituted POSS (1a) and
octaisopropoxy-substituted POSS (1b) by a casting method. Composite films were prepared by
adding 3 wt% of 1a and 1b to poly(methylmethacrylate) (PMMA). The water contact angle
measurement showed that the contact angle of the composite film of 1b was higher than that of
1a. Effective surface segregation of 1b than 1a was supported by XPS analysis.

Keywords: Cage-type silsesquioxane, Organic-inorganic hybrid; Surface segregation

FKHEFIT 2R L@y oRmE X, thodEik L g L TR x L ¥ —7 kAT
HHZEMBIEHESN TS, NI L AFAFH L (POSS)ITar 74 A—2ard
HHEN DR, BRERRIZBWTHAMOEa FHEIV b= brE—m AR EL/MAS
WEEZ LI, R FREFENAE LTHfF SN TWD, ZivE THFFEE TIRBfikiE
POSS #HERIZ 1T T < BUKMEEHIEL 2 H 42 POSS 8K & &m0 BRIt 5 2 & T,
HOMEMmICRERIT S S 2 &2 L2 D, A7 27/ ax UEWL POSS 1320 8 THA
TN ax v YV S 72 B OGER A L TR Y BRI 72TV D08, OFRESS
TR« M e BSOS & DREA R O ECHIEIZ DWW TR TRBIA D 72\ 2, & 2 TARIIE
Tl A7 X FFEH POSS (1a) BXOA 7 ¥ A YV 7 aRx v @E#H POSS (1b) %
W2 v A MEIZ X B R RATZEENZ OV T L 7Z(Figure 1), 1a 3 XUV 1b % 3 wt% & e
BY (AFAAZZY L—) (PMMA)Y 2 2RV AEKATE L, Fv A METaLRY
v MEZER U7, SO EOKEMARNEZIT/Ro7T28 Z A, 1b ZETeEOHEA X
la #5300 HRE <, XPSHENLATEIFEE LV H LV POSS #FEENRERIT L
T2 EMHBNI T,

R
\Si/ORSi/

|

R

R‘“s.'p/oox“sfokl'q

o
O\K‘ ?Lim E)fs{ ia 1b
R//o 070, “Rr 80.9+0.4° 96.4+0.4°

4
Sie_ _—Si a: R = 0OEt
Q
; h bﬁmﬂl.‘ll.-n-‘I’L-
\

Figure 1. Structures of 1 and static water contact angles of PMMA composite films containing 1a and 1b

1) I Tokuami, R. Suzuki, M. Nagao, A. Okada, H. Imoto, K. Naka, ACS Appl. Polym. Mater., 2022,
4, 5413-5421

2) N. Watanabe, H. Imoto, K. Naka, Dalton Trans., 2024, 53, 14986-14994
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Synthesis of supramolecular helical polymers with preferred handedness ('School of Science,
Hiroshima University, *Graduate School of Advanced Science and Engineering, Hiroshima

University, *WPI-SKCM?, Hiroshima University)
OAyako Ema,' Chikara Azuma?, Yuma Nakamura®®, Takehiro Hirao,> Takeharu Haino>"

Our group succeeded in synthesizing the biscavitand-based supramolecular capsule polymers by
the judicious use of dative bonds. The polymer chains were found to be chirally twisted to form the
helical supramolecular polymers poly-1. The supramolecular polymers can capture guest molecules
within the cavities defined by the capsule moieties. To direct the preferred handedness in the helix
equilibria, we studied the chiral guest complexation of the capsule polymers. The addition of the
chiral guest molecules (R or S)-2 to the solution of poly-1 resulted in the guest encapsulated capsule
polymers, resulting in the one-handed helical supramolecular polymers.

Keywords : supramolecular polymer, resorinarene, molecular capsule, host—guest complexes
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Figurel. Molecular structures of biscavitand 1, poly-1, S-, R-2, and poly-(1+2) and their cartoon representation. Inset denotes the
AFM image of poly-(1-S5-2).
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Isolation of heterotelechelic PEGs and their application to rotaxane cross-linked polymers
(‘Faculty of Engineering, Chiba University, *Graduate School of Engineering, Chiba
University) OYuki Sueyoshi,' Toyokazu Tsutsuba,” Tatsuo Taniguchi,” Daisuke Aoki’

Heterotelechelic poly (ethylene glycol) (heterotelechelic PEGs) with different reactive
functional groups are applicable to prepare the various functional materials, exploiting different
reactivity of each end. As ethylene oxide, which is the monomer used to generate PEG, is a
highly toxic gas, synthetic routes to hetero-telechelic PEGs remain limited, especially
nowadays. Therefore, approaches toward heterotelechelic PEGs via post-polymerization
modifications of commercially available PEGs would be attractive.

We have reported the precise separation of heterotelechelic PEGs with number average
molecular weight over 1000 g/mol by using liquid chromatography at critical conditions
(LCCQ)."?

In this study, we aimed to clarify the effect of molecular weight of supramolecular cross-
linkers (VSCs)?, consisting of heterotelechelic PEGs with the methacrylate group and y-CD,
on the mechanical properties of rotaxane cross-linked polymers (RCPs). RCPs were prepared
by the radical polymerization of vinyl monomers in the presence of VSCs and characterized.
Keywords : Liquid chromatography at critical conditions, Heterotelechelic polymers; PEG;
Supramolecular cross-linkers; Rotaxane cross-linked polymers
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1) R. Takashima, M. Ohira, H. Yokochi, D. Aoki, X. Li, H. Otsuka, Soft Matter, 2020, 16, 10869—
10875. 2) T. Sato, R. Takashima, D. Aoki, H. Otsuka, Polym. J. 2022, 54, 1321-1329. 3) K. Jang,
K. Ijjima, Y. Koyama, S. Uchida, S. Asai, T. Takata, Polymer, 2017, 128, 379-385.
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Synthesis and characterization of polymer networks cross-linked by macromolecular [2]
rotaxanes ('Faculty of Engineering, Chiba University, “Graduate School of Engineering, Chiba
University) OSEOKJU HONG', Toyokazu Tsutsuba?, Tatsuo Taniguchi?, Daisuke Aoki’

Rotaxane cross-linked polymers (RCPs) are characterized by the high mobility of the
polymer chains at the cross-link points, which have attracted great interest from both scientific
and practical viewpoints. However, RCPs generally have a complex cross-linked structure due
to the presence of multiple wheel molecules within the polymer chain, and it is not clear how
the components and their mobility affect their macroscopic properties.

In this study, to reveal true nature of RCP, we focus on a macromolecular [2]rotaxane cross-
linker (MRC)' that comprises one wheel and one polymer axle, as a structure definite rotaxane
crosslinker, and "initial position" of the wheel molecule in MRC. Namely, we synthesized RCP
with MRC where initial position of each component was fixed by the electrostatic interaction.
The effect of the cross-linked structure on the physical properties of RCP was evaluated.
Keywords : Rotaxane cross-linked polymers, initial position of the wheel molecule; polymers
[2] rotaxanes
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1) J. Sawada, D. Aoki, S. Uchida, H. Otsuka and T. Takata, ACS Macro Lett. 2015, 4, 598—601.
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Mobility effect of macromolecular [2]rotaxanes on the crystallization behaviors of axle
polymers ('Graduate School of Engineering, Chiba University) OJuri Nakamura,' Toyokazu
Tsutsuba,' Tatsuo Taniguchi,' Daisuke Aoki'

In polyrotaxanes where multiple wheel components are threaded onto a polymer chain,
wheel components in the main chain inhibit the packing and mobility of the axle polymer,
significantly affecting its thermal and physical properties. However, typical polyrotaxanes
contain many wheel components along the main chain and the mobility of them is not clarified.
Therefore, it was difficult to evaluate of their unique dynamic properties. The purpose of this
study is to reveal the effect of the mobility of the wheel components on the properties of axle
polymers, and to clarify the mechanism of unique properties of polyrotaxanes and to control
its function. Specifically, we evaluated the effect of wheel components with different mobility
on the properties of the axle component by using the crystallization behaviors of axle chains in
macromolecular [2]rotaxanes. '

Keywords : Macromolecular [2]rotaxane; Rotaxane; Poly(d-valerolactone); Crystallinity,
Phase transition
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1) D. Aoki, S. Uchida, K. Nakazono, Y. Koyama, T. Takata, ACS. Macro. Lett., 2013, 2, 461. 2) Z. Chen,
D. Aoki, S. Uchida, H. Marubayashi, S. Nojima, T. Takata, Angew. Chem. Int. Ed., 2016, 55, 2778.
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Design of Degradable Polymers Using Photocatalytic Ester C-O bond Cleavage (*Graduate
School of Science and Engineering, Yamaguchi University, 2Nippon Institute of Technology,
SNational Institute of Advanced Industrial Science and Technology) O Yasuyuki Nitta,*
Takashi Koike,? Tsuyoshi Taniguchi,® Takashi Nishikata®

While many chemical recycling methods are being studied, research on the development of
new plastic structures with degradation triggers is attracting attention. In this context, we have
developed polymers with C(sp?)-O bonds that can be cleaved by photocatalysis. As a result, we
confirmed that a polymer with a molecular weight of about 30,000 can be broken down to about
1,000.

Keywords . Photocatalyst, Tertiary alkyl radical, C(sp®)-O bond cleavage, Chemical recycling,
Degradable polymer
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1) Korley, L. T. J.; Epps, T. H.; Helms, B. A.; Ryan, A. J. Science, 2021, 373, 66-69.

© The Chemical Society of Japan - [F12404-1am-11 -



[F]2404-1am-12 AALSa H1055SE2 (2025)

BB THRT DRF—BMERES ZHBAAATZ7 % PEEK O
F

(IARTY OZH Sh L FrH Rzt mE a6t
Development of degradable PEEK incorporating light-driven cleavable C-O bonds.
(*yamaguchi University) OKeisuke Yasuda,! Yasuyuki Nitta,* Takashi Nisshikata®

PEEK, a super engineering plastic, has the difficulty in chemical recycling due to its robust
structure which prevents depolymerization. Therefore, we designed a degradable PEEK with a
photocatalytically cleavable C(sp®)-O bond that can be degraded under irradiation. When the
designed PEEK reacted with an olefin in the presence of an organocatalyst under irradiation,
we confirmed that the polymer with a molecular weight of approximately 7000 were degraded
to approximately 1000.

Keywords . photocatalyst; tertiary alkyl radical; C(sp?)-O bond cleavage; chemical recycling;
degradable PEEK
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1) Minami, Y.; Matsuyama, N.; Takeichi, Y.; Watanabe, R.; Mathew, S.; Nakajima, Y. Commun. Chem.,
2023, 6, 14.

2) Minami, Y.; Inagaki, T.; Tsuyuki, T.; Sato, K.; Nakajima, Y. JACS Au., 2023, 3, 2323-2332.

3) Minami, Y., Honobe, R., Inagaki, Y. et al. Polym J., 2024, 56, 369-377.
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Development of Degradable Polymers Using Photocatalytic C-O Bond Cleavage Induced by
Visible Light (Fuculty of Engineering, Yamaguchi University, > Graduate School of Science
and Engineering, Yamaguchi University) O Shuji Watanabe,! Yasuyuki Nitta,”> Takashi
Nishikata?

Plastics have caused serious environmental problems, and chemical recycling is increasing in
importance . Although various chemical recycling methods have been developed to date, the
robust structure of plastics often requires high temperatures, high pressure, and large amounts
of acid and base for decomposition, and technical solutions are needed to reduce the
environmental burden. We hypothesized that by incorporating a photocatalytically cleavable
carbon—oxygen bond into polymers as a degradable unit, we could develop degradable
polymers that can be degraded under mild conditions. In a subsequent reaction of degradable
polyesters in the presence of organic photocatalysts and diphenylethylene, it was confirmed
that a polymer with a molecular weight of about 30,000 could be degraded to about 1,000.
Keywords : photocatalyst, Tertiary alkyl radical, C(sp3)-O bond cleavage, Chemical recycle,
degradable polymer
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1) Jehanno, C.; Perez-Madrigal, M. M.; Demarteau, J.; Sardon, H.; Dove, A. P. Polym. Chem., 2019,
10, 172-186.
2) Korley, L. T. J.; Epps, T. H.; Helms, B. A.; Ryan, A. J. Science 2021, 373, 66-69.
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Synthesis and ammonolysis of the polymer composites composed of aliphatic polycarbonate
and f-cyclodextrin ('Faculty of Engineering, Chiba University, *Graduate School of

Engineering, Chiba University) O Shuto Uchiumi,' Toyokazu Tsutsuba,? Tatsuo Taniguchi,?
Daisuke Aoki?

To realize a sustainable society, the development of the novel recycling system that not only
improves the degradability but also provides new value to the current recycling system is
required. We have demonstrated a polymer recycling system where polycarbonate is degraded
into corresponding diols andureaby ammoniawater, which can bedirectly used as the fertilizer
after use.!® To expand the scope of this recycling system, we synthesized the polymer
composite consisting of f-cyclodextrin (5-CD) and poly(trimethylene carbonate) (PTMC).
Mechanical properties and degradation behavior in ammonolysis of the resulting polymers
were evaluated. The polymer composite was successfully degraded into 5-CD, diol, and urea
via treatment with ammonia.

Keywords : Polycarbonate; Cyclodextrin; Ammonolysis; Urea, Recycle
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1) T. Abe, R. Takashima, T. Kamiya, C. P. Foong, K. Numata, D. Aoki, H. Otsuka, Green Chem. 2021,
23,9030.2)T. Abe, T. Kamiya, H. Otsuka, D. Aoki, Polym. Chem. 2023, 14, 2469.3) K. Rikiyama, A.
Matsunami, T. Yoshida, T. Taniguchi, T. Karatsu, S. Nishitsuji. D. Aoki, Polym. J.2024, 56,443.
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Effect of the chemical structure around the urethane linkage on the ammonolysis in aqueous
solution (‘Faculty of Engineering, Chiba University, *Graduate School of Engineering, Chiba
University) OKeitaro Ito,' Kazuaki Rikiyama,’ Tatsuo Taniguchi,? Daisuke Aoki?

In recent years, recycling the disposal of polymeric materials has attracted attention. We have
demonstrated a polymer recycling system where polycarbonate is degraded into corresponding
diols and urea by ammonia water, which can be directly used as the fertilizer after use."
Because urethane linkage has a similar structure to carbonate bond, it is expected that
polyurethane with appropriate molecular design, could be degraded by ammonia in aqueous
media.

In this study, we prepared model compounds with urethane linkage to create a guideline for
designing decomposable polyurethane via ammonolysis. We synthesized the urethane
compounds which have various chemical structures and substituents around the urethane
linkage and characterized the degradation behavior of these model compounds in aqueous
ammonia.

Keywords : polyurethane, ammonia, urea, ammonolysis, degradability
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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.
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