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Stimuli-responsive properties of rotaxane-based supramolecular mechanophores with bulky
substituents on the axle (School of Materials and Chemical Technology, Institute of Science
Tokyo) ORiku Yamamoto, Yoshimitsu Sagara

Mechanochromic mechanophores are molecular structures that change absorption and
fluorescence properties in response to mechanical stimuli. Rotaxane-based supramolecular
mechanophores show rapid and reversible changes in fluorescence intensities.! The
polyurethane elastomer films into which the mechanophores are covalently introduced change
their fluorescence intensity when the films are deformed. In this study, we investigated how the
mechanoresponsiveness of the mechanophores can be controlled by introducing bulky
substituents on the axle. The polyurethane elastomer films incorporating a rotaxane with one
butoxy group on the axis exhibited a reversible change in fluorescence intensity upon stretching.
However, closer inspection revealed that fluorescence was still observed on the film even after
the force was released. The observed fluorescence in the force-free states was quenched again
by heating or fuming with THF vapor.

Keywords: Mechanophore, Rotaxane, Supramolecular mechanophore, Mechanoresponsive
luminescent material
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1) Y. Sagara et al., J. Am. Chem. Soc. 2018, 140, 1584.
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Rotaxane-based Supramolecular Mechanophores Exhibiting Only Irreversible Change (School
of Materials and Chemical Technology, Institute of Science Tokyo) O Naoki Shimada,
Yoshimitsu Sagara

Mechanochromic mechanophores are molecular structures that exhibit changes in absorption
and fluorescence properties in response to mechanical stimuli. Rotaxane-based supramolecular
mechanophores featuring a long axle and bulky stoppers display exclusively reversible changes
in fluorescence intensities.” Rotaxane-based supramolecular mechanophores featuring small
stoppers display both reversible and irreversible changes in fluorescence intensities.? In this
study, we demonstrate that rotaxane-based supramolecular mechanophores with a short axle
and small stoppers exhibit solely irreversible responses. The polyurethane elastomer film into
which a rotaxane-based supramolecular mechanophore with a 1,4-diisopropylbenzene stopper
was covalently introduced showed only an irreversible response.

Keywords  :  Supramolecular ~— mechanophore;  Rotaxane;,  Molecular — Assembly;
Mechanoresponsive luminescence
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1) Y. Sagara, M. Karman, E. Verde-Sesto, K. Matsuo, Y. Kim, N. Tamaoki, C. Weder, J. Am. Chem.
Soc. 2018, 140, 1584.
2) T. Muramatsu, Y. Okado, H. Traeger, S. Schrettl, N. Tamaoki, C. Weder, Y. Sagara, J. Am. Chem.
Soc. 2021, 143, 9884.
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Selective Molecular Recognition within a Cofacial Cyclic Metal Porphyrin Dimer Strapped

with an Alkylene Chain ('Graduate School of Science, Osaka University, *ICS -OTRI, Osaka
University) OHaruka Shimomura,' Shohei Saito,! Ken-ichi Yamashita'-

We previously reported a highly efficient synthesis of a cofacial cyclic metal porphyrin dimer
bridged by 2,7-dihydroxynaphthalenes, demonstrating distinctive guest inclusion driven by
axial coordination. However, the guest or solvent molecules coordinated to the metal center
from outside the cavity, which inhibited guest inclusion within the ring. In this study, we have
designed a cofacial cyclic metal porphyrin dimer strapped with an alkylene chain and
investigated its selective molecular recognition within the cavity.

Keywords : Porphyrin, Guest inclusion,; Cyclic compounds, Dinuclear metal complex; Axial
coordination
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1) Yamashita, K.; Furutani, K.; Ogawa, T. Asian J. Org. Chem 2021, 10, 1192-1197.
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Efficient Training Data Collection Us1ng an Inkjet Printer for Image-based Machine Learning
Prediction of Mixing Ratio (lGrad. Sch. Eng., Hokkaido Univ., WPI-ICReDD, Hokkaido Univ.,
3CIREDS, Kyoto Univ., *Institute of Industrial Science, The Univ. of Tokyo,) OTaichi Sano,'
Yuki Ide,? Ichigaku Takigawa,>* Tsuyoshi Minami,* Yasuhide Inokuma'~

We installed an inkjet printer system for efficient acquisition of training data sets for image-
based machine learning for mixture ratio prediction. As a proof of concept, 260 different
mixtures of Alizarin red S and Pyrocatechol violet were printed on filter paper using an inkjet
printer. The mixing ratio of the obtained mixture was predicted with an accuracy of MAE =
3.8%, RMSE = 5.8% and R? = 0.96. This system also predicted the mixing ratios of colorless
compounds such as salicylic acid and acetylsalicylic acid, and achieved efficient data collection.
Keywords : Inkjet Printer, Efficient Data Collection, Image-based Machine Learning; Salicylic
Acid; Acetylsalicylic Acid
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1) Y. Ide et al. Ind. Eng. Chem. Res. 2023, 62, 13790-13798.
2) T. Minami et al. Anal. Chem. 2021, 93, 1179—-1184.
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Metal Ion Content Prediction Using Organic Sensor Molecule and Image-Based Machine
Learning (‘Fac. Eng., Hokkaido Univ., *Grad. Sch. Eng., Hokkaido Univ., *WPI-ICReDD,
Hokkaido Univ., *CIREDS, Kyoto Univ.) (OYuki Terauchi', Taichi Sano?, Hayato Shirakura?,
Yuki Ide®, Ichigaku Takigawa®*, Yasuhide Inokuma**

In this study, we developed a metal ion quantification system using image-based machine learning. A
machine learning model for Zn?* ion content analysis was constructed using 400 images of mixtures of
sensor 1 and Zn(OAc)222H:0 printed on a filter paper at various mixing ratios. With the machine learning
model, Zn*" ion content was predicted from a picture in the range of 1~10 ug, with an accuracy of MAE
=0.54 ng, RMSE = 0.94 ng, and R>=0.92.

Keywords : Image-based Machine Learning; Metal Ion, Sensor
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1) Y. Ide, H. Shirakura, T. Sano, M. Murugavel, Y. Inaba, S. Hu, I. Takigawa, Y. Inokuma, /nd. Eng.
Chem. Res. 2023, 62, 13790-13798.

2) H. Shirakura, Y. Manabe, C. Kasai, Y. Inaba, M. Tsurui, K. Kitagawa, Y, Hasegawa, T. Yoneda, Y. Ide,
Y. Inokuma, Eur. J. Org. Chem. 2021, 4345-4349.
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Synthetic Study of a Cage-Type Molecule that Exhibits Continuous Bond Shifting ('CLS,
Science Tokyo, 2Sch. Mater. Chem. Tech., Science Tokyo, SASMat, Science Tokyo) OHiromichi
Yokoyama'~, Reo Kayama'~, Atsuko Kosaka', Yoshiaki Shoji!**, Takanori Fukushima'-?

Bullvalene exhibits fluid structural changes through a degenerate Cope rearrangement,
embodying the concept of “Shape-Shifting”. We have investigated the synthesis of a new cage-
type molecule consisting of two seven-membered rings, aiming to create a molecular system
that exhibits an unprecedented dynamic behavior in which the constituent chemical bonds are
continuously rearranging while the three-dimensional shape of the molecule is maintained. In
this presentation, we will report our ongoing synthetic study toward the target molecule.
Keywords: Shape-Shifting, Degenerate Cope rearrangement; Bullvalene; Cage-type molecule
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[1] (2) G. Schroder, Angew. Chem. Int. Ed. Engl. 1963, 2, 481. (b) J. F. Teichert, D. Mazunin,
J. W. Bode, J. Am. Chem. Soc. 2013, 135, 11314.

[2] (a) MEILFESE, ZEILtno, /N ﬁ&%&% JET- R, 0, 5 34 E%Eﬁﬁ%%{t%ﬁ
i, 1P152. (b) BAILTEFE, Smltndk, /NRET, BT R, mEFI, AR
5 104 [AIFRZFAEZR, P2-3am-44.
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Host—guest Chemistry Targeting Medium-Sized Molecules in Expanded Hollow Cages
(‘Graduate School of Engineering, The University of Tokyo,*U T Institutes for Advanced Study,
The University of Tokyo, *Institute for Molecular Science) OXenta lizuka,' Hiroki Takezawa,'
Makoto Fujita®”

Medium-sized molecules, which have molecular weights over 500, have distinct
characteristics from small molecules, such as host properties and semi-flexible conformations.
However, there have been scarce examples of reports about the encapsulation of medium-sized
molecules in an artificial host. In this work, we succeeded in the encapsulation of medium-
sized, pharmacologically active compounds in an MoLs expanded cage 1b'? assembled from
the same components as the previously reported MsL4 coordination cage 1a. Encapsulation of
medium-sized molecules 2—4 was verified by NMR and UV-Vis absorption spectroscopy.
Processing the aqueous solution 1b+(2), by NaBF; resulted in nucleophilic substitution on BF4
anion by hydroxyl groups of 2 to give 1b*(2’),. The absolute structure of complex 1b+(2’), was
unambiguously determined by single-crystal X-ray diffractions.

Keywords : Host-Guest Chemistry, Medium-Sized Molecules, Self-Assembled Cages
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1) K. lizuka, H. Takezawa, M. Fujita, J. Am. Chem. Soc. 2024, 146, 32311-32316.
2) K. Tizuka, H. Takezawa, M. Fujita, Angew. Chem. Int. Ed. 2024, ¢202422143.

© The Chemical Society of Japan - [F12106-4am-07 -



[F]21 06-4am-08 The 105th CSJ Annual Meeting

Planar Chirality of Pillar[5]arene Controlled by Dynamic Covalent
Bond

(*Graduate School of Engineering, Kyoto University, ?Nano Life Science Institute, Kanazawa
University) OCheng Peng,! Kenichi Kato, ! Shunsuke Ohtani, ' Tomoki Ogoshi'-
Keywords: Covalent Dynamic Bond; Pillararene; Diastereomeric Selectivity; Planar Chirality

Pillar[5]arene exhibits planar chirality due to its two stable enantiomeric conformations.
However, the free rotation of benzene units makes it challenging to stabilize its chirality, as
racemization can occur easily.! In this work, we proposed a new way to generate diastereomers
selectively and stabilize the conformation through reversible imine formation with a chiral
diamine linker.

A pillar[5]arene-based dialdehyde was synthesized and used as the reactant. By mixing
the dialdehyde and a chiral diamine with low bulkiness in a stoichiometric ratio with a catalytic
amount of trifluoroacetic acid and heating the mixture at 323K in the presence of molecular
sieves, a pair of [1+1] diastereomers were formed exclusively (Figure 1a), proving the high
selectivity of the dynamic covalent method.? No other byproducts were observed in the system
because the [I1+1] diastereomers are the most thermodynamically stable products. In
comparison, when no acid was added to the system, the final products would be a mixture of
kinetic products, consisting of [1+1], [1+2], [2+1] complexes and other oligomers since the
imine formation was not reversible in the absence of acid. Once the [1+1] products were formed,
the rotation of benzene units would be inhibited by the bulky imine unit. No racemization
occurred at room temperature even after a week, demonstrating the effective chirality fixation
by dynamic covalent method.

When we used a diamine with high bulkiness, [2+2] diastereomers were obtained
exclusively (Figure 1b). Thus, this strategy allowed us to easily obtain various pillar[5]arene-
based chiral porous materials with different stoichiometry by changing the bulkiness of the
diamine.® The diastereoselectivity can also be improved as the number of building blocks
increases in the complex.

L o
a) Low bulkiness \ b) High bulkiness a ﬂ ‘ ,l
\J/‘ :—j

4%@% 47%%@&3; S g

\ y

[1+1] complexes Racemic mixture [2+2] complexes

O,

Figure 1. Planar chiral control of pillar[5]arene by reversible imine formation.

1) a) T. Ogoshi et al, J. Org. Chem. 2010, 75, 3268. b) N. L. Strutt et al, J. Am. Chem. Soc. 2012, 134,
17436. 2) H. Qu et al, Chem. Sci. 2018, 9, 8814. 3) M-H. Li et al, Chem. Commun. 2021, 57, 13429.
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Control of the Unit Rotation Behavior of Pillar[5]arene with Phenolic Groups Enabled by
Intermolecular Hydrogen Bonds between Two Pillar[5]arene Wheel Components of
[3]Rotaxane (' Faculty of Engineering, Kyoto University, *Graduate School of Engineering,
Kyoto University, *WPI Nano Life Science Institute, Kanazawa University) ORyuga
Katagiri,! Kiichi Yasuzawa,? Kenichi Kato,?> Shunsuke Ohtani,?> Tomoki Ogoshi*?

Pillar[5]arenes are pillar-shaped macrocyclic molecules consisting of five benzene units. The
benzene rings are connected by methylene bridges at para positions, allowing the units to rotate
in solution. Since this unit rotation leads to the interconversion of planer chiral isomers and
diversity of conformers in pillar[S]arenes, the control of the rotational behavior has been
attempted.?> 2 Especially, in the case of pillar[5]arenes with phenolic groups, the unit rotation
behavior was slowed down by intramolecular hydrogen bonds (Fig.1a)." However, since the
only intramolecular hydrogen bonds were insufficient to completely suppress the rotation,
controlling the rotational behavior remains challenging.

In this study, we synthesized [3]rotaxane with two pillar[S]arenes on the axle (Fig.1b). In the
[3]rotaxane system, in addition to the intramolecular hydrogen bonds, intermolecular hydrogen
bonds can work between two pillar[S]arenes, enabling the suppression of the unit rotation.
These behaviors can also be controlled with the solvent polarity and temperature.

Keywords - Pillar[5]arene; [3]Rotaxane; Intermolecular Hydrogen Bond; Solvent Effect

Pillar[5]arene (£, 5 D2DOX B o=y OB INDHROKRER S+ Th D,
B LT, RUB VBB TMTAFLUVRBENTWS Z LIy, iR T
= FREHET 5, ZAUT KD B REBR RIERDO KRSk a7y~ —% b
5972, =y NEHRZEE)ZHET 570D T TE DY, T, 7
x / —)VI#AEH T 5 Pillar[S]arene & AW 7255 121E, 0 KB REG 2M# < 2 & Clal
HRNELS 70D 2 LR S 7z (Figla) Vo LU b, o FHKERG DA T
EHRDOINHENZ A+ T Y, BHEEEE O BERBHEIIRTERE#ETH - 7,

ZZCARMETIZ, 7=/ —nNEEFT S Pillar[Slarene & 2 4 itk S H -
[3]Rotaxane Z#5 % L 7= (Fig.1b), [3]Rotaxane TiX, 73 FWIZHNZ Thr [ CARFERE
BN Z LT, 2=y MEEERIIHI SN D Z EnbhoTo, £, W X
S>TH, TNHDOEERFEENE(T D Z & bR I N,

(a) Pillar[5]arene with Phenolic Groups (b) [3]Rotaxane

¥ Intermolecular Hydrogen Bonds
OH M, —y OH
il = 2 Ho el CFy

_HO
*HO 2 "o i
FiC

oH " OH ¢

u" ;
on® ¥ Intramolecular OH* v |ntramolecular
o= Hydrogen Bonds cFy "o Hydrogen Bonds
Fast o
Rotation Speed at 25 °C

Fig. 1. Different rotation behavior of (a) pillar[S]arene with phenolic groups and (b) [3]rotaxane.
1) J. Phys. Chem. Lett. 2010, 1, 817-821, 2) J. Org. Chem. 2010, 75, 3268-3273.
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Rotational Behavior in Piano-stool Ru(Il) Complexes Composed of Cyclopentadienyl Ligand
with Bulky Substituents and Tripodal Ligand (!Nara Institute of Science and Technology,
2University of Toulouse) ONaoki Ito,! Toshio Nishino,! Gwénaél Rapenne!'+?

Steric hindrance is one of the major factors affecting the bond rotation. In this study, we
designed and synthesized piano-stool-type Ru(Il) complexes composed of cyclopentadienyl
ligand with bulky substituents and tripodal ligand. 'H NMR measurements revealed that
rotation of the Cp-M bond was restricted at 20 °C. This result indicates that the increase of
steric hindrance between Cp and the tripodal ligands through the introduction of only a single
bulky substituent on the Cp ring had a significant effect on the Cp-M bond rotation.

Keywords : Molecular machine;, Molecular rotor, Cyclopentadienyl complex; Ru complex;
Dynamic NMR;

Sy FREE I T D FE At o @ L R o SRR E L, A A EE © ol
ERIET, 7okl TiEY 7 alrH Do =) (Cp) BT &R O AEE
DOlaliA % H A ElS & A7 508, Cp BL 1 BT tert-7 F VT E O @ W iELIE D
A XD ZOEERIIH S D0, ARAFFETIE Cp BifL 1 & ZHBENL 02572 5
FERIZIWNT Cp B FITEAT 2 EHIL OIS & Cp-4 )& O [RIHRZE#) O FHRIIZ S
WTHBMNZTHZ EZHME LT,

B DVEREE S L CA VTNV A Cp $EIREZ G - Al LT, 20 °C I2BI1T 5
'H NMR JI7E Tl =HREAN, -0 7 v N YT 53 70 2 gl Sz
(), Zauix, Cp-Ru MOFEE#E Y OEEL NMR O X A LA —/L L DEL 2D
Cp BNL 1D Co XIFMED ZHAEL IS K Sz 2 & %/ﬂ*ﬂ LTWb, 2Oz
D Cp BT LD A S F L HE & ZPIELALF & O SRR L, Cp-Ru [ #E A il
O OEFEOIEME(LFEEEOERIZEH G L TnD L& X %héo RETIEAF AR
Tl B x G O EHIEZE A LTz & & O Cp BANL T ORI OIE ML REEE & Bk
OREE DRI OV TR S,

SHt Ets 86 85 84 83 82 81 80 79 78 ppm
400 MHz in toluene-dg at 20 °C

Bl ATFNEEZED Cp $5AD 'HNMR A7 kL
(1) K. G. Orrell et al., J. Organomet. Chem. 1991, 403, 195.

© The Chemical Society of Japan - [F12106-4am-10 -



