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Development of New Strategies for Photoresponsive Soft
Materials Based on the Molecular Assembly

(Graduate School of Engineering, Nagoya University)
Takahiro Seki
Keywords: Photoalignment; photo-triggered mass transport; azobenzene polymers

The cooperative interplay between soft materials and photon (light) emerges various
fascinating dynamic functions. Representative processes are the photoalignment of liquid
crystalline (LC) materials and light-driven motion inductions using azobenzene polymers
[1,2].

Molecular orientation control is essential for drawing out the functions of various
organic and polymer materials. The surface-mediated photoalignment of namatic LCs
(NLCs) was first initiated by K. Ichimura et al. more than 30 years ago (in 1988) using an
azobenzene (Az) monolayer, and has currently become a significant process as the
alternative to rubbing in the fabrication of LC display devices [1]. The angular-selective
photoreaction exerted by irradiation with linearly polarized light (LPL) leads to the
molecular alignment induction. We have extended the LC photoalignment strategy to other
directions such as application to polymers, mesostructured materials, polymer bushes and
block copolymers. Further, the free surface-promoted photoalignment has also been
demonstrated [1].

We have also recently shown that the free surface plays a significant role in the mass
migration, which can be plausibly explained by the Marangoni effect [2]. The
photo-triggered mass migration effectively takes place by patterned UV light irradiation
onto a non-photoresponsive film whose surface is covered with an Az molecular layer. The
Marangoni flow should be the major driving mechanism in the surface relief grating (SRG)
formation. Many mechanisms have been proposed for such all optical (development-free)
surface fabrication process. We propose here that such free-surface mediated process can be
one of the key mechanisms in the SRG generation processes [2].

I would like to thank many colleagues and students, in particular Prof. S. Nagano
(Rikkyo Univ.), Profs. Y. Takeoka (Nagoya Univ.) and M. Hara (Nagoya Univ.) for their
strong support for the promotion of research projects.

[1] (Reviews) T. Seki, S. Nagano, M. Hara, Polymer 2013, 54, 6053; T. Seki, Macromol.
Rapid Commun. 2014, 35, 271; T. Seki, Polym. J. 2014, 46, 751; Seki. J. Mater. Chem. C.
2016, 4, 7895; T. Seki, Bull Chem. Soc. Jpn. 2018, 91, 1026; S. Nagano, Langmuir 2019, 35,
5673; RAMEIL, 40 FHECHAEIE, {bFoB ST Y — X 33, 37 AR (2019).

[2] I. Kitamura, et al, Sci. Rep.2019, 9, 2556; I. Kitamura, et al., Sci. Rep. 2020, 10, 12664
(2020); D. Zhang, D. Liu, T. Ubukata, T. Seki, Bull. Chem. Soc. Jpn. (Review) 2022,
d0i:10.1246/bcsj.20210391.
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BUHESREOHIICKIZSHRIRFTHNY I MIFTUZ I DRI

(deXFcimEdn) B RI5E
Creation of Diverse Soft Materials with High Toughness by Sacrificial Bond Principle (Faculty of
Advanced Life Science, Hokkaido University), Jian Ping Gong

In this lecture, we will review the strengthening and toughening of soft materials such as
polymer gels and elastomers based on the molecular design concept of sacrificial bonds established
by the author’s group in recent years. Furthermore, we will demonstrate that this sacrificial bond
principle can be extended to mesoscale and macroscale structures for developing various tough
composite materials.

Keywords : Soft Materials, Sacrificial Bonds, High Strength, High Toughness; Composite Materials
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© The Chemical Society of Japan -B101-2am-02 -



B101-2am-02 AXb2S B1025S52 (2022)
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FI)L[10], BRREENERETDYIO/R DN FIL1REZRIEL. NSO
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AT —)UBE(CIRTE, SHMEMRETOERRIEE U UCHETED ZEZRY,

SEER

1) Gong, J. P. Soft Matter 6, 2583 (2010).

2) Gong, J. P. Science 344, 161(2014).

3) Sun, T. L., Kurokawa, T., Kuroda, S., Ihsan, A. B. Akasaki, T., Sato, K., Haque, M. A,
Nakajima, T., Gong, J. P. Nature Mater., 12, 932 (2013).

4) lhsan, A. B., Sun, T. L., Kurokawa, T., Karobi, S. N., Nakajima, T., Nonoyama, T., Roy, C.
K., Luo, F., Gong, J. P. Macromolecules, 49, 4245(2016).

5) Luo, F., Sun, T. L., Nakajima, T., Kurokawa, T., Zhao, Y., Sato, K., Ihsan, A., B., Li, X. F.,
Guo, H. L., Gong, J. P. Adv. Mater. 27, 2722 (2015).

6) Zhang, H.J., Sun, T. L., Zhang, O. K., Nakajima, T., Nonoyama, T., Kurokawa, T., Ito, O.,
Ishitobi, H., Gong, J. P. Adv. Mater., 28, 4884(2016).

7) Haque, M. A., Kamita, G., Kurokawa, T., Tsujii, K., Gong, J. P. Adv. Mater., 22,
5110(2010).

8) Haque, M. A., Kurokawa, T., Kamita, G., Gong, J. P. Macromolecules 44, 8916 (2011).

9) Yue, Y.F., Kurokawa, T., Haque, M. A., Nakajima, T., Nonoyama, T., Li, X. F., Kajiwara, I.,
Gong, J. P. Nature Commu., 5, 4659 (2014).

10) Sato, K., Nakajima, T., Hisamatsu, T., Nonoyama, T., Kurokawa, T., Gong, J. P. Adv. Mater.,
27, 6990(2015).

11) Takahashi, R.; Sun, T. L.; Saruwatari, Y.; Kurokawa, T.; King, D. R.;Gong, J. P.; Adv. Mater.,
30(16), 1706885 (2018).

12) King, D. R.; Sun, T. L.; Huang, Y.; Kurokawa, T.; Crosby, A. J.; Gong, J. P.; Mater. Horiz.,2,
584-591(2015)

13) Huang, Y.; King, D. R.; Sun, T. L.; Nonoyama, T.; Kurokawa, T.; Nakajima, T.; Gong, J. P.;
Adv Func. Mater., 27, 1605350 (2017)

14) Cui, W.; King, D. R.; Huang, Y.; Chen, L.; Sun, T. L.; Guo, Y. Z.; Saruwatari, Y.; Hui, C. Y,;
Kurokawa, Y.; Gong, J. P.; Adv. Mater., 32(31), 1907180 (2020)
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SR RO —Z2FT L HEREBS FESRORR
(FHARBET) OKE it

Development of n-Stacked Supramolecular Assemblies
with Diverse Topologies (Graduate School of Engineering, Chiba University) OShiki Yagai

For the development of innovative functional organic materials, not only innovative
synthetic methodology but also innovative self-assembly strategy to precisely create
desired materials is important. In this presentation, as an example of such a strategy, |
will introduce the supramolecular polymerization that generates intrinsic curvature,
which was successfully developed by our group. This supramolecular polymerization
method has enabled the creation of a variety of nanoscale topologies (shapes), which
have been shown to exhibit topology-dependent dynamic properties and functions.
Keywords :Supramolecular Polymers, Self-Assembly,; Topology; m-Conjugated
Systems,; Nanostructures

#5rF7A U ~— (supramolecular polymer) [ reversible polymer & & FEIAL, #4557
\ZRFH OFEB OR[WMEZ KB L72@ W) 1 7 AV - BREEISE 2/ LR &y
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JEHHFEAMEOE SNBSS (Figure1a), —J7. 2000 4EIC A5 & FEREME
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GEND LRI, CNLDONFiE - AY v X THAMEH ZRE S & LT
FHZT 5 (Figure1b), B FMD -7 A% v F 2 7 121F T
WIRHPC “RY~w—" LIERL LI REIEFTEAIELIZ LT a b
WEETH D DT, KB ZEAN L CTEAZRET D0 Tk \}

SRV END, ZOXD BT R v — 2 KHH T [ 25 &
JERIRE AR Y ~—]) LIRS, EHEDO L ON R ROREEIC
HR3 240 & 2 OFERE, 1] 2 X hitd = L X — R ) SOEE far Ak | :
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VRIE 72T /Mt E 72 %, S DNAEEIND 2 & TR Z &3 i’
BB —07, TOmMUINEGE LD Z LIZREE 2D, Figure 1

FEHDOHGE T NV—T 1L, KER AWML m-n A2 v
7 DWHFEHEEIC K DB REME AR O B CAES/ A CHAMEHEPZ2 50N, B ORI b
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Figure 2

[1Ja)CSI L > h L E=2—33 [T ARY ~—] (2019); b) E. W. Meijer et al., Chem. Rev. 2009, 109,
5687; ¢) T. Aida, E. W. Meijer, S. 1. Stupp, Science 2012, 335, 814.

[2] KEREAEARICET 2 #5: a) S. Yagai, Bull. Chem. Soc. Jpn., 2015, 88, 28

[3] KRFREEEA BRI B G IR IR 2 #FLE: H. Ouchi, X. Lin, S. Yagai, Chem. Lett. 2019, 48, 1009.
[4] A 717 BN EHZBEIT 273 a) S. Yagai, S. Okamura, H. Tto et al., Nat. Commun. 2014, 5, 4013; b) S.
Yagai, T. Seki, H. Aonuma, H. Ito et al., Chem. Mater. 2016, 28, 234; c) T. Kobayashi, Y. Kitamoto, Y. Hirai, T.
Kajitani, T. Seki, S. Yagai, Comms. Chem. 2018, 1, 58.

[5] ™Y B2 B9 2 #RF0: K. Tashiro, T. Saito, H. Arima, N. Suda, B. Vedhanarayanan, S. Yagai, Chem.
Rec. 2022, DOI:10.1002/tcr.202100252.

[6] ~vey—fgr €y MBI 2330 B. Adhikari, X. Lin, M. Yamauchi, H. Ouchi, K. Aratsu, S. Yagai,
Chem. Commun. 2017, 53, 9663.

[7] ARy R U ~—IZB83 % #5L: a) S. Yagai, Y. Kitamoto, S. Datta, B. Adhikari, A4cc. Chem. Res. 2019,
52, 1325; b) S. Datta, S. Takahashi, S. Yagai, Acc. Mater. Res. 2022, DOI: 10.1021/accountsmr.1c00241.

[8] B CHHALAR Y 7 B3 % S. Datta, Y. Kato, S. Higashiharaguchi, K. Aratsu, A. Isobe, T. Saito,
D. D. Prabhu, Y. Kitamoto, M. J. Hollamby, A. J. Smith, R. Dalgliesh, N. Mahmoudi, L. Pesce, C. Perego, G. M.
Pavan, S. Yagai, Nature, 2020, 583, 400.
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ARICAZER L-&FEENMR 5 F 70 —J DR

RORBE L) (hsfE!
Development of Hyperpolarized NMR Molecular Probes for Biological Applications
(‘Graduate School of Engineering, The University of Tokyo) O Shinsuke Sando'

Techniques for measuring the dynamic behavior of molecules in living organisms, i.c.,
metabolism, are important for understanding the essence of life as molecules, and for
elucidating the causes and results of diseases induced by the aberrant activities. We have been
working on the development of molecular probes using nuclear magnetic resonance (NMR) as
a measurement modality, and especially on the development of hyperpolarized NMR molecular
probes that achieve dramatically higher sensitivity.

On the other hand, hyperpolarized NMR molecular probes have the problem of "polarization
relaxation". Hyperpolarized state quickly decays back to the thermal equilibrium state under
the physiological conditions. Our research group has been addressing this problem from the
viewpoint of molecular design. Specifically, we have revealed the correlation between
molecular structure and nuclear spin relaxation, attempted to design molecular structures that
are less prone to polarization relaxation, and proposed various “C and "N long-lived
hyperpolarized molecular scaffold"”. In addition, we have succeeded in developing several
hyperpolarized molecular probes. In this talk, I would like to preset our efforts toward the
realization of hyperpolarized NMR molecular probes as well as the future prospects.
Keywords : NMR; Molecular Probe; Imaging; Hyperpolarization

BARICBT 25 7Ozl (=G ZFHd 280, 270 oll s s
At DATE OB NS Z DO RE DG S I O FKRRCR R 2 i+ 2 L TH
BCTh D, Wrld, EERICBT 50 FiHllZ B L, BRI (NMR) Z3HHlET
U7 4 =& 2% NMR 0170 —7 OB, FrCBIR @B 2 F2389 5 B i
NMR %37 1 —7 ORI Y fl A TE T,

—J7. B NMR 757" 1 — 7020, iR & 0 FER D B o 72, Wik ig
Doy F 7 —=TIEBRAE T ICB W THRITREM L, BOEHRRBICR > TLE 9,
HHE DO V—TTIiE, BFT VA OBLEND, ARMEICIRY A TS, A
RETIE, 0 THEIE S B A B AR OB 2 BIRELC L. (WAREEA 2N EE Z D I2< Wi
MEDRRITHRE L, B4 72 PC, PN REMEZRGD TERORREZER LD, &
ST, AERISH ATRE R RAR 7+ 7' 0 — 7 OBRFHIZ B L TV %, ARG Tld, B
{@#i NMR 707 0 —7 ORBIZ AT 20 TE & & bIiZ, SROEREIZO>VWTHE
aEL L7z,

1) [Review] Design of Nuclear Magnetic Resonance Molecular Probes for Hyperpolarized Bioimaging.
Y. Kondo, H. Nonaka, Y. Takakusagi, S. Sando, Angew. Chem. Int. Ed. 2021, 60, 2.

AR HNEEZET2ICH2 0 | BIGEEIT R o 1o RFETEE | AL 2 I
Ffiti L CKNIMFEREAR L v 7 A= XD E#H L ET,
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ERERMEZERLEAV LY BEUZEAN) U DILKE
RERKICET 2HE

(B Reet) #0)11 7&

Studies on Stereoselective Synthesis of Helicene and Multiple Helicene Utilizing Transition
Metal Catalyst (Graduate School of Science, Osaka Prefecture University) Ken Kamikawa

Curved polycyclic aromatic hydrocarbons (PAHs), such as helicenes, have attracted much
attention from the viewpoints of structural and synthetic chemistry due to their unique
electronic and optical properties derived from their non-planar m-conjugated structures and
their molecular skeletons with inherent helical chirality. We have achieved stereoselective
syntheses of helicenes and multiple helicenes with novel helical molecular frameworks from
synthetic approaches, and have clarified their unique structures. Specifically, the following
topics will be discussed: (1) Development of efficient synthesis of helicenes by transition
metal-catalyzed C-H bond activation reaction, (2) Stereoselective synthesis of grossly curved
multiple helicenes, and (3) Catalytic enantioselective synthesis of triple helicenes by Pd-
catalyzed [2+2+2] cross-cyclization trimerization.

Keywords : Helicene; Multiple Helicene, Stereoselective Synthesis, Aryne

WA, IR o AR F OBRFEICBR S E £ > T\ D, AR, Vit & ifde o dt
B TITSRREE D L 9 2AAMEEER 28 AT H Z LIl Lo Ca=—7 &%
HI DIEH o 5T 03k x LRI TS, ZOREHLRFIE LT~ BN
HIFoN5D, BHEARFENET LAY BB, FONKBRRBSHKREZ S, Vs
IZRUNTEEZHIE LR T 208 0 RICB W THBEBER 72Tl b, it
TIERICHFIZE M T T 5,

Fxlx, ~VEBroaRkiEE LT, BEBSRMEEEZ VW C-H FaTutEb s
L. BALBEOSIZ RN T LI LIERIRE & 72 D3 - 7Ll T O IR FBE-IR b & Ak & 7]
BEL T D AMNIEE BT CHENL LTz, S B2, a7 U fEM OB A 2 03 L L
WK FEE C-H A TEMEACEOS L, BE A R 22 B AL SUS <2 Scholl SOz Pt
MUt % i b AR 2 T ER TTH DB Y B U ARSI LB o T, £ 2T
R XU RIS UTOFREE SV EEE 1K L ThOFINTH LK
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Scheme 1. Synthesis of S-shaped diaza[10]helicene by double dehydrogenative C-H coupling reactions
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Re<hUhi-#dE, BIOWHEEZPELMNCLTE 7, EHICZNITIA T, 6,7-
TREBINVEUDLFHFEELET 74 UHIBME4 (LT, ~U®=1TF 1) & Pd
FRIEAFAE T . 242 BRALAIIEOR 21T 9 2 &2 D 6 DD[5]I~ U & o MEiEE NIET
HANEAY B 5 DOEMITKTI LTZ (Scheme 2), 2 Z DAREANY ¥ 3855 MK E
FRNT, 10 O T AT LA~ —DERNEZ LD, BBRENZ &2 1
DSLARFENEAR(PM,PPM,P)-5 (HH-1) Z@IRAIHL Z LI P L7z, £7-, HH-1 %
ML TNMEAAT 2 Z L2k, EEMICHKRDETIFEWIZ L E 7 (P.M,PM,P.P)-6
(HH-2) ~& B MHb3 52 L 6N LT,

Scheme 2. Stereoselective synthesis of hexpolehelicene by Pd-catalyzed [2+2+2] cyclottrimerization
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Scheme 3. Catalytic Enantioselective synthesis of triple helicene by I 4 ET7FLYIAIILR
Pd-catalyzed [2+2+2] cyclottrimerization . N
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Isolable Low-coordinate Silicon Compounds Balancing Stability and Reactivity (Graduate
School of Science, Tohoku University) OTakeaki Iwamoto

Low-coordinate silicon compounds such as multiply bonded compounds and divalent
compounds are major reactive species of silicon. As these compounds generally tend to undergo
auto-oligomerization, protecting groups are required for the synthesis of the low-coordinate
silicon compounds as isolable/persistent compounds. We have synthesized various low-
coordinate silicon compounds balancing thermal stability and reactivity. In this presentation, I
would like to share our recent results on these fascinating silicon species.

Keywords : Silicon; Stabilization; Unsaturated Compounds
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