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6581-6584.
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Y. Ishigaki,* Y. Hayashi, T. Suzuki,* J. Am. Chem. Soc. 2019, 141, 18293-18300.
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Construction of stimuli-responsive rn-electronic systems with highly
strained C-C covalent bonds

Yusuke Ishigaki*
Department of Chemistry, Faculty of Science, Hokkaido University,
Sapporo 060-0810, Japan

The carbon—carbon covalent bond is one of the most basic concept in organic
chemistry. Bond length and bond angle among carbon atoms are nearly constant on
the basis of the bond order and hybrid orbitals. On the other hand, highly strained
molecules such as sterically congested and/or curved aromatic compounds have
attracted much attention with regard to their characteristic features.

Regarding the C-C single bond, whose standard length is 1.54 A, several
attempts have been made to elongate the C—C single bond to gain new insight into
the chemical bond and understand what happens at the limits of a bond. We
envisaged that such an extreme bond would be endowed with stimuli-responsive
properties. In fact, focusing on redox-active rn-electronic systems with extremely
elongated C—C single bonds, the discovery of flexible C—C bonds as well as control
of HOMO were demonstrated in response to light and heat (Scheme 1a).

In terms of C=C, the standard double bond adopts planar geometry. However, the
overcrowded ethylenes (OCEs) with bulky substituents can adopt syn-, anti-folded
and/or twisted forms due to the steric hindrance around the central C=C double bond,
and thus many OCEs exhibit photo- and thermochromic behavior upon exposure to
external stimuli. By combining such OCEs with redox activity, we demonstrated novel
functions such as completely selective oxidation, thermal equilibrium in closed-
shell/open-shell species, and reversible control of acene structures triggered by light,
heat, and/or electric potential (Scheme 1b-d).

Thus, these =-electronic systems with strained C-C covalent bonds, exhibiting
unique stimuli-responsive behavior, could be promising candidates for the
development of functional materials.
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Mechanochemically Triggered Chemical Reactions for Stress
Sensing and Programmable Polymer Degradation

Chia-Chih Chang
Department of Applied Chemistry, National Yang Ming Chiao Tung University,
Hsinchu, Taiwan
Center for Emergent Functional Matter Science, National Yang Ming Chiao Tung
University, Hsinchu, Taiwan
cchangll3ac@nctu.edu.tw

Covalent polymer mechanochemistry offers many opportunities for constructing
advanced material systems that are capable of stress-sensing, stress-strengthening
and self-healing. Externally applied mechanical force can be exploited to promote
selective force-accelerated reactions in the overstressed region, Molecular
engineering of mechanochemically responsive motifs provides a means for exploiting
organic chemistry in the context of force-responsive materials. In this talk, we will
discuss two material systems that are capable of undergoing retro-Diels-Alder
reaction to unveil a highly fluorescent anthracene derivative or ring-opening reaction
to enable delayed scission. Specifically, mechanically accelerated retro [4 + 2]
cycloaddition of a anthracene-maleimide mechanophore allows for damage
assessment in bulk materials, while the concept for programmable polymer
degradation is demonstrated by utilizing mechanically triggered ring-opening of a
[4.2.0]bicyclooctene mechanophore that sets up a delayed, force-free cascade
lactonization.

References
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Imaging and Function of
Self-sorted Supramolecular Double-network Hydrogels

Ryou Kubota
Department of Synthetic Chemistry and Biological Chemistry, Graduate School of

Engineering, Kyoto University

Cytoskeletons are composed of a few distinct supramolecular fibers made of
proteins such as microtubule and actin filaments. These are self-sorted and
dynamically undergo assembly/disassembly with reversible noncovalent interactions
in the orthogonal manner, which allows to maintain and modulate mechanical
properties of cells in response to external perturbations. Using self-sorting
phenomena, it is expected that distinct functions can be rationally incorporated into
artificial soft materials without any mutual interference. We have succeeded in
construction of supramolecular double network (SDN) hydrogels through self-sorting
of structurally distinct peptide- and lipid-type hydrogelators (Figure).™ SDN hydrogels
can be made to change their mechanical properties and release rates of
encapsulated proteins by adding external stimuli.’>® In this presentation, I will give a
talk about our recent progress: out-of-equilibrium patterning of SDN gels inspired by
biological morphogenesis.”  Such multi-component and out-of-equilibrium
supramolecular hydrogels would be promising for scaffolds of controlled release and
delivery of small-molecule drugs and protein biopharmaceuticals.

O
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Figure: Schematic illustration of formation of an SDN hydrogel by self-sorting.
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The Bio-Applications of Organometallic Compounds
Kien Voon Kong*
Department of Chemistry, National Taiwan University, Taipei, Taiwan 10617

Biomedical research relies heavily on optical imaging. There is a need for
multiplexed detection of disease biomarkers. Presently, these tags are based on
SERS, whose sensitivity is largely dependent on the Raman signal strength of the
Raman reporters, which are typically organic compounds whose signals overlap with
those of cells. In recent years, we have developed a class of imaging tags based on
organometallic compounds, notably transition metal carbonyl compounds. Because
these molecules exhibit strong absorption bands in the mid-IR, between 2000 cm™,
for the CO stretch, they are useful for imaging cells since they do not interfere with
the absorptions of the contents of the cells. The presentation will examine recent
developments in SERS as a biosensing and bioimaging technology. Additionally, we
will discuss the underlying mechanisms of Raman enhancement in addition to
providing a brief overview of SERS. A discussion will be provided concerning
clinically relevant OM-based SERS-active plasmonic nanomaterials in terms of their
design and sensitivity. Later, imaging and biosensing applications will be discussed.
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Figure: An illustration of the optical properties of nanotags, their applications with
biochemistry input, and their use in human samples.
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Co-pyrolysis of Plastics, Biomass, and Petroleum for Chemical
Feedstock Recovery: Potential of Pyrolytic Synergistic Effects

Shogo Kumagai?*
'Graduate School of Environmental Studies, Tohoku University
“Division for the Establishment of Frontier Sciences of Organization for Advanced
Studies, Tohoku University

Pyrolysis, thermal decomposition in the absence of oxygen, is a promising way to
recover chemical feedstock from plastic, biomass, and petroleum by cleaving their
chemical bonds by heat alone. In recent years, co-pyrolysis of them is an emerging
technology to maximize the carbon utilization from those carbon resources toward
carbon neutrality. We have revealed that co-pyrolysis of them under specific
conditions synergistically enhances the production of useful chemicals>™*, we call it
“pyrolytic synergistic effect.” As an example, fast co-pyrolysis of 10:90 w/w cedar
wood (Cryptomeria japonica)/polyethylene at 700 °C produced 2.8 and 1.5 times
higher yields of gas and liquid than those of estimated vyields, respectively®?. In this
presentation, I'll talk about the potential of product control by controlling the pyrolytic
synergistic interactions during co-pyrolysis. We believe that it has a significant
potential to improve the yield and quality of the products, which will contribute to
maximizing the utilization of carbon resources.
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Figure: Schematic illustration of pyrolytic synergistic interactions during co-pyrolysis
of plastic, lignocellulosic biomass, and petroleum.
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The Relationship between Turnover Frequency and Reaction Overp
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The utilization of earth-abundant low-toxicity metal ions in the construction of highly
active and efficient molecular catalysts promoting oxygen reduction and water
oxidation is important for sustainable energy development. However, the kinetic and
thermodynamic properties of the currently available molecular catalysts have not
been comprehensively compared due to variations in the reaction condition. Here,
we show that free energy relationships between the logarithm of the turnover
frequency [log(TOF)] and the overpotential (77) enable systematic comparison of the
catalytic performance of diverse molecular catalysts under a variety of reaction
conditions for these two reactions. The collective analysis shows how different
catalyst systems and performances may be compared under different conditions.
This benchmarking method is recommended as a general strategy for systematically
comparing other (electro)catalysts and catalytic reactions.!*
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Figure 1. Free energy relationships between the [log(TOF)] and the overpotential (7).
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