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Summary of State of WPI Center Project Progress (write within 2 pages)

1. Advancing Research of the Highest Global Level _ _

To achieve sustainable development goals through the realization of Society 5.0, new chemical
reactions are needed to create novel functional molécules and high-performance materials, and even
medical treatments for intractable diseases. However, the design and discovery of new chemical
reactions has relied on serendipity or experlence-gwded intuition, which has been a bottleneck in
innovation for the new society. In the center, the computational research team, which is capable of
smul_atmg various types of chemical reactions, is engaged in the development of practical chemical
reaction design techniques through close cooperation with information and experimental teams. To
address various problems in highly complex chemical processes, the information team, which covers
diverse fields ranging from chemical and materials informatics to combinatorial optimization,
knowledge engineering, and mathematical modeling, was established by bringing together top
information scientists in these fields. The experimental team also consists of top scientists from
diverse backgrounds, such as organic synthesis, materials chemistry, polymer physics, and medical
science. The center is engaged in developing "chemical reaction design and discovery" strategies
for various application Tields through high-level fusion research™ combining computational,
informatics, and experimental techniques owned by these teams. Through these efforts, the center
will revolutionize chemical reaction design and discovery. The achievements for FY2022 are as
follows: 139 papers were published in peer-reviewed journals (36 %pers in journals with an IF >
10). Two papers were published in Nature (IF: 69.5), onein SC/enced% .832), two in Ce//(IF: 66.85),
one in Advanced Mater/a/ng_: 32.086) and five in Nature Communications (IF: 17.694). The center
members have presented their research in 28 invited lectures at international conferences and 17
awards have been granted. The total amount of research funding was 848 million JPY.
Representative grants are JST-ERATO, JST-CREST, AMED-P-PROMOTE, etc.

2. Generating Fused Disciplines ) ) ]

Promotion of Tfusion research: The center was working on several flagship projects and bottom-
up projects. These projects are evaluated yearly, and then, promising ones were expanded or

romoted from _botto_m-ulﬁ) to flagship project. These prOfects_ were carried out under the Center
j |r§ctor’s initiative with the Fusion Research Coordinator leading the project together with project
eader.

Fusion research achievements in FY2022: Maeda-group (computation) together with Dr. Mita
(experimental lab-chief) published multiple papers on the development of new synthetic methods
utilizing quantum chemical reaction path networks (Nat. Synth. 2022, Nat. Commun. 2022). List-
group ?experlr_nent) and Varnek—gzroug (information) achieved an informatics-driven discovery of new
organocatalysis l‘glAn ew. Chem. 2023). Gon -%roup (e?erlment, material), Ito-group (experiment
organic), and Maeda-group (computatlon? eveloped a fluorescence probe™ to rapidly detec
mechanoradicals in hydro-gel materials (J. Am. Chem. Soc. 2023). _

Start-up support for fusion research: In FY2022, start-up support for fusion research to take
on challenging bottom-up fusion projects (10 projects 0(10 million yeng and 1 group project (10
million yen) for a total of 20 million yen) were awarded. These projects led to the acquisition of
Grants-in-Aid_for Scientific Research; PFO]ec:ES (30.6 million yen) were granted. _

Pre-checking system for the grant application: The center conducted a pre-checking system
to review and revise the applications for Grants-in-Aid for Scientific Research, etc. before submission.
41% of the applications for Grants-in-Aid for Scientific Research were granted for FY2023 (university
average 38%). The amounts of Grants-in-Aid for Scientific Research obtained have been increasing
every year. FY2022: 219 million yen, and overseas PIs and Jr-PIs have also succeeded in obtaining
Grants-in-Aid for Scientific Research. .

Realizing an International Research Environment o

Number of researchers: The center conducted an international call for :y)pllcatlons for new
specially a&;))omte_d faculty members and postdoctoral researchers to be hired at the center and
received 190 applications for 16 positions from Japan and abroad in FY2022. As of March 31, 2023,
the number of PIs was 15 including 3 foreign PIs, 45% of all researchers were foreign nationals,
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and 15% were female researchers (total of 80 researchers, including 36 foreign nationals and 12
female researchers, split between the fields of Computation (20 researchers, 25%), Information (15
researchers, 19%), and Experiment (45 researchers, 56%1). ) _ _ o

Symposiums and seminars: The center has held the ICReDD international symﬁosmm, inviting
researchers from Japan and overseas to introduce them to the vision and research of the center.
The 2nd Akira Suzuki awards ceremony & the 5th ICReDD international symposium was held on
January 11, 2023. This symposium had 361 registrations (59 _overseas registrations from 19
countries), 115 live participants (103 domestic and"12 overseas), 36 poster sessions and humerous
on-demand viewers. In FY2022, the center held elght international seminars, which were able to be
held more easn?/ thanks to the online meefing environment. These events include two
interdepartmental symposiums, eight international seminars, two research ethics seminars, two
diversity seminars, and five research seminars. In addition, special lecture with Nobel Laureate
Professor List, the center increased recognition of the center within the university (100 in-person
participants) and among other universities and in industry in Japan and abroad (177 online
participants). The ICReDD Online Salon as lunch & evening seminar was held 30 times in total as
an opportunity for regi;.llar communication. ) ]

Establishing collaborative agreements: In FY2022, an agreement was put in place with the
Max Planck Institute. This will lead to further expansion of reséarch exchanges with MPI, a world-
class research center. (Total number of agreements: 4)

Fostering young researchers b ANABIYA: Researchers were accepted through the
MANABIYA system. "MANABIYA (ACADEMIC)" invited applications from April 2022 and accepted 13
researchers (10 were accepted from domestic and 3 were accepted from abroad) out of 17 applicants,
who were trained in the center’s techniques. With the removal of Covid travel restrictions, the
number of applicants from overseas is expected to increase in FY2023.

Making Organizational Reforms ) _

Evaluation S\{_stem of center faculty members: In FY2022, a new regulation was established
to provide incentives based on the research performance and the discretionary evaluation by annual
interview of center faculty members, for whom no evaluation system was prewouslg{ in place. The
results of the self-performance evaluation, and discretionary performance evaluation by annual
interview with the Center Director are used to determine the salary increase or decrease by one or
two steps from the base annual salary for the following year, which has not yet been done in any
other departments in the University. _ -

Establishment of ICReDD fellow system: The center established a new position called the
ICReDD fellow. The center provides ICReDD fellows with our resources and collaborate with them.
This system is expected to exBan_d the scope of ICReDD's research both inside and outside the
university and serve as an incubation system for new PIs. ]

Establishment of Equipment Management Center: To prevent misconduct and further
accelerate fusion research, a new department will be established to manage experimental data and
to ensure the reliability of the data published in the paper by cross-checking with raw data from
third-party experts. Such a system is expected to lead to a university-wide dévelopment to ensure
the integrity of research. . )

Establishment of Human Resource Development Unit: The center established the "Human
Resource Development Unit" which is in charlge of fos_termg researchers, graduate students, and
industrial researchers using MANABIYA, as well as creating strategies and roadmaps for the center's
graduate and recurrent education. From FY2023, the university aIread¥ hired_a full professor and
Specialized faculty with extensive teaching and research experience for this unit. )

Prevention of research misconduct: To prevent misconduct, in addition to thorough ethics
education within the center fattend_ the center's own research ethics education seminars upon hiring
and once a year on a regular basis), the E(mer_nent Management Center established b}/1 hiring a
researcher holding a PhD with expertise in the field will manage data on equipment at the center
and check all figures for submission against the raw data, and efforts will be made to make the
center can be openly discussed, will prevent misconduct by facilitating an environment in which
research results. .

5. Efforts to Secure the Center’s Future Development over the Mid- to Long-term

The University has strongly supported the center and has secured funds equal to or more than the
WPI grant for its operation (FY2022: 2,657 million yen). The center will be made a permanent
research center that always promotes cutting-edge, world-class research based on a new adaptive
research strategy involving periodically changlnP researchers and research themes. In FY2022, the
center has launched a consortium called the *Clinical Platform for Chemical Reaction Collaboration”
in partnership with the School of Medical Science. The center has just launched the "List-DX Catalyst
Collaboration Research Platform (List-Platform)” and the “MitSui Chemicals-ICReDD Innovative
Chemical Reaction Design Laboratory (Mitsui Chemicals-ICReDD Laboratorp” in FY2023. The
university highly evaluates the center's achievements, such as a management system that clearly
separates research and administrative organization, like a Center Director and Administrative Director,
a careful performance evaluation system, a hospitality system, the assignment of faculty members
specializing in fusion research (Fusion Research Coordinator), and instrument management faculty
t60 prg\'/:%nt research misconduct, and ICReDD fellow system.

. ers

As a result of a Twitter campaign using @ function to mention the recipients’ departments, tweets
about the Akira Suzuki Awards ceremony were retweeted multiple times by prestigious universities
abroad _reachlng_ over 20,000 |mE)reSS|ons_|n total and connecting the center’s brand with a more
international au ience. As a result of focusing on disseminating néw research, 10 E_ngllsh_languaﬁe
press releases were distributed to news platforms, resulting in an estimated 7.75 million views. The
10 English releases plus 15 highlight articles resulted in 5400 unique pageviews, with over 700
people driven directly from Tweets about research.
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* Describe clearly and concisely the progress being made by the WPI center project from the viewpoints below.
- In addressing the below-listed 1-6 viewpoints, place emphasis on the following:
(1) Whether research is being carried out at a top world-level (including whether research advances are being made by fusing
disciplines).
(2) Whether a proactive effort continues to be made to establish itself as a “truly” world premier international research center.
(3) Whether a steadfast effort is being made to secure the center’s future development over the mid- to long-term.

1. Advancing Research of the Highest Global Level

* Among the research results achieved by the center, concretely describe those that are at the world’s highest level. In Appendix
1, list the center’s research papers published in 2022.

* Regarding the criteria used when evaluating the world level of center, note any updated results using your previous evaluation
criteria and methods or any improvements you have made to those criteria and methods.

I. The center’s scientific mission

To achieve sustainable development goals through the realization of Society 5.0, new chemical
reactions are needed to create novel functional molecules and high-performance materials, and even
medical treatments for intractable diseases. However, the design and discovery of new chemical
reactions has relied on serendipity or experience-guided intuition, which has been a bottleneck in
innovation for the new society. The center's mission is to establish "chemical reaction design and
discovery" strategies and to enable humanity to purposefully design chemical reactions without
relying on serendipity or experience-guided intuition. The center combines computational science,
information science, and experimental science to develop new synthetic methods, new materials,
and new applications in all areas of our society. In the center, the computational research team,
which is capable of simulating various types of chemical reactions, is engaged in the development
of practical chemical reaction design techniques through close cooperation with information and
experimental teams. To address various problems in highly complex chemical processes, the
information team, which covers diverse fields ranging from chemical and materials informatics to
combinatorial optimization, knowledge engineering, and mathematical modeling, was established by
bringing together top information scientists in these fields. The experimental team also consists of
top scientists from diverse backgrounds, such as organic synthesis, materials chemistry, polymer
physics, and medical science. In the center, we are engaged in developing "chemical reaction design
and discovery" strategies for various application fields through high-level fusion research combining
computational, informatics, and experimental techniques owned by these teams. Through these
efforts, the center will revolutionize chemical reaction design and discovery.

I1. Overview of the center’s research

We initiated seven flagship projects in FY2020 and have been working on them ever since. These
projects have been instrumental in achieving high-impact research results in line with our Center's

oal of advancing fusion research. At the end of FY2021, to examine the research poIic?/ and strategy
or the second half of the grant period based on the research results of the first half of the grant
period to date, we evaluated these projects to determine their feasibility for further expansion,
continuation, restructuring, or termination. In the second half of the grant period, we will apPIy the
more advanced computational and information processing methods developed in the first half of the
grant period to more complex systems, aiming to demonstrate that our innovative chemical reaction
creation strategy will lead to new developments and innovations in the fields of medicine, drugs,
and materials design. After the evaluation process, we decided to continue six flagship projects.

Among them, Project I is the most important project in ICReDD. It is closely related to all the other
projects and provides computational acceleration tools for them. During monthly meetings, all
computational and informatics groups come together to share successes and failures based on their
contributions to the other flagship projects. This feedback loop allows us to stay abreast of the latest
state-of-the-art computational and informatics tools being used in these projects and helps us to
further develop these tools. The
other projects have a hierarchical FRELI 2l

CompIeXitY' The CompIeXity of sig ms \'/| Cancer diagnosis utilizing new materials
increases in the order of the project : __and measurement technigues

number. In other WordS, the number . / Understanding and controlling polymer property,
of atoms involved in the reaction formation, and degradation

treated in each project increases in v P Reorganization of topics

that order. Working simu|tane0us|y _ 3 |'/ Exploration of mechanochemical synthesis

P Reorganization of topics

on these projects of varying e "% . . :
complexity will allow us to bult 0 [E=Caes B A
(t:)%mgrel‘llieer(;swt% Seat OV'\:IiEjOeOISFatEate Caor‘]__ : || New reaction design and discovery from scratch
]

pr0b|epr$]s in the Chemica|g and ﬁr \i\CDmputatiOHaIandinformaticstoolsdevelopmem
materials sciences. J a1 P The cornerstone of all our projects in ICReDD
The list of these projects is shown below:
Project-I: Computational and informatics tools development. We consistently make
Project I the cornerstone of all our projects. All computational and informatics PIs work with Project
I and provide feedback on the application of their tools to other projects. This feedback loop
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strengthens our foundation and helps accelerate all of our pro?ects. The goal of this project is to
create a set of /n silico reaction design strategies that can be tailored to individual cases. In the first
half of the WPI period, Project I contributed to the development of the QCaRA/AFIR approach, which
combines the AFIR method with a graph-theory-based method for calculating reaction yields, leading
to the first-principle discovery of previously unexplored chemical reactions. In addition, a
cheminformatics-based approach to predicting the enantioselectivity of orﬂanocatalysis has
contributed to the discovery of new catalysis. Two goals for the second half of the WPI period are
the development of a method for designing an appropriate organometallic catalyst for a given
chemical transformation (related to Project II) and the design of a high performance organocatalyst
that achieves asymmetric activation of unfunctionalized molecules (related to Project III).

Project-II: New reaction design and discovery from scratch. We continue to work on a
project to predict new reactions from scratch using reaction path networks based on quantum
chemical calculations (former Project II). So far, we have demonstrated several successful examples
of (non-catalytic) small molecule synthesis. In the future, we will focus our efforts on the discovery
of catalysis. This can be done in part on the basis of the achievements in non-catalytic reactions
made in the first half of the WPI period, but is a much more complex matter requiring the further
development of computational and informatics tools. The goal of this project is to establish a
systematic design framework for discovering an organometallic catalyst that can achieve previously
unexplored chemical transformations.

Project-III: Catalyst design and discovery throurgh screening. ProE]ect III replaces the
Supramolecular Catalytic Reaction Space Design pr?ject (former Project III) that we were working
on. In its current form, the project involves finding the optimal substituents for certain
transformations in molecular catalysts. For example, we aim to improve the enantioselectivity of
List's IDPi catalyst for various chemical transformations by using a computational and informatics
based approach to screen and optimize the substituents of the catalyst. The goal of this project is
to achieve an asymmetric activation of unfunctionalized molecules with the assistance of a
computational and informatics approach. Such a transformation is highly difficult to achieve by an
organocatalyst and is an appropriate target for the second half of the WPI period.

Project-IV: Exploration of mechanochemical s%nthesis. Project 1V is related to the Bridging
Micro- and Macro-World project (former Project IV), but focuses exclusivelfy on mechanochemical
synthesis using ball mills. It is an ideal target for our computational and informatics tools because
of its rapidly growing importance and the large amount of unexplored knowledge that remains. This
synthetic method has proven to be a promising tool in organic synthesis. However, its applicability
and understanding have not yet been sufficiently explored. The goal of this project is to expand its
applicability, elucidate unexpected species unique to this synthesis, and construct a theory for
modeling the effects of mechanical impact. Based on the rational design of mechanochemical
reactions we will investigate target reactions such as the cross-coupling of solid materials, synthesis
of new organometallic reagents like Grignard reagents in the solid state, and the decomposition and
recycling of polymer materials.

Project-V: Understanding and controlling polymer property, formation, and
degradation. Project V is an extension of the Polymer Degradation Project (former Project VI) that
we have been working on. The project, in its current form, involves the design of polymer properties
through simulation, the visualization of polymer mechanoradicals, the exploitation of polymer
mechanoradicals, the design of polymer sequences to maximize desired properties, and more. Two
goals of this project are to improve the performance of muscle-like double network hydrogels and
to utilize plastic materials in the synthesis of useful materials.

Project-VI: Cancer diagnosis utilizing new materials and measurement techniques. We
will continue our work on developing cancer diagnostic methods using new materials and
measurement techniques (former Project VII). In particular, we will further investigate the hydrogel-
activated reprogramming phenomenon (HARP) that was discovered during the first half of the WPI
period. Two goals of this project are to understand HARP properly and to achieve its clinical
applications by a fusion team of materials scientists, information scientists, and medical scientists.

In addition, in partnership with the School of Medical Science, we have launched a consortium
called the Clinical Platform for Chemical Reaction Collaboration. Through this consortium, we aim to
accelerate the use of our chemical products in medical diagnosis and treatment.

Bottom-up project: Furthermore, we have provided opportunities for young researchers to
propose new ideas and launch related bottom-up projects. The launch of each bottom-up project is
supported by an internal budget called Fusion Research Start-up. Based on their results, successful
bottom-lga projects are promoted as flagship projects, while underperforming flagship projects are
evaluated and may be discontinued. This approach allows us to consistently deliver high-impact
results while encouraging the activities of our young researchers.

II1I. Achievements and progress on the center research
Below, preliminary reports and interdisciplinary collaborations are marked as follows.
* Preliminary report (confidential)

t Interdisciplinary collaboration within the center

¥ Interdisciplinary collaboration with groups outside the center

Hokkaido University -4
Institute for Chemical Reaction Design and Discovery (ICReDD)



Below, achievements and progress on the above six flagship projects I-VI and two bottom-up
projects are showcased.

(1) Achievements and progress on the Project-I: Computational and informatics tools
development

The development and integration of fundamental computational and informatics methods are key
issues in developing strategies for computational and informatics driven chemical reaction design
and discovery. In FY2022, the achievements and progress are on three topics: an automated reaction
path search method called quantum chemistry aided retrosynthetic analysis (QCaRA)/artificial force
induced reaction (AFIR) (QCaRA/AFIR) method to trace back the synthesis path and its application
to a natural product (1-1), the development of AFIR method for photo-redox catalyzed radical
reactions (1-2), and the development of highly accurate machine learning potentials to accelerate
AFIR searches (1-3).

1t1-1) Retrosynthetic analysis of a natural product using QCaRA/AFIR

Maeda group proposed the QCaRA/AFIR method which he tical Reaction Database
generates a reaction path network including thousands of e %
elementary steps and predicts hundreds or more chemical
reactions along with their theoretical yields (JACS Au.
2022). Maeda group also proposes QCaRA-based .
theoretical reaction database construction. Seven reaction- :
path networrl]<s containiglg r}3619;’]0 rear(]:ti(r)]ns,la?fd 10%,(:7'&3;]} —_ T
reaction paths were published through the platform \ e 2
(searching chemical action and networks). In addition to HBJaVa¥ KICTEZETTE
well-known reactions, numerous unexplored reactions with high, medium, low, near-zero, or zero
yields have been identified. The QCaRA-based theoretical reaction database will provide information
ggzhggherto unexplored reactivities, especially those that are experimentally inaccessible (submitted

Mita (mix-lab chief) and Maeda group have demonstrated the expanded use of QCaRA/AFIR
in predicting pericyclic reactions with accurate stereoselectivity based solely on information about
the target product molecule. This automated reaction path search method's ability to accurately
predict a molecule's stereochemistry is unprecedented. This study serves as a proof of concept that
the AFIR method has the potential to discover novel reactions with specific stereochemistry.

The AFIR method successfully traced all categories of pericyclic reactions, including cycloadditions,
ene reactions, group-transfer, cheletropic, electrocyclic, and sigmatropic reactions, via concerted
reaction pathways, and obtained starting materials computationally with the correct stereochemistry.
Furthermore, the AFIR was used to predict whether the identified reaction pathway could be
expected to occur in good yield relative to other possible reactions of the identified starting material.
To showcase its practical utility, this state-of-the-art technology was applied to the retrosynthetic
analysis of a natural product with a relatively high number of atoms (52 atoms: endiandric acid C
methyl ester). This compound was first synthesized by Nicolaou in 1982, and the AFIR provided the
Correspondmg sta!’t_lr]g pplyenes Wlth the Automatic exploration for pericyclic reaction pathways:
correct stereos eC|f|C|ty via three perICYC“C cycloadditions, ene reactions, group transfer reactions, cheletropic reactions,
reaction cascades (One Dlels_AIder reaction electrocyclic reactions, and sigmatropic rearrangements

h . Input: Output:
as well as 6n and 8n electrocyclic reactions)  product in perieyciic reactions potential reaction pathways,
(J. Am. Chem. Soc. 2022, selected as the AG#, potential substrates
journal cover). This work was selected as Ny & AFIR 'y
the cover of the journal and has attracted a A o T S P P

lot of attention, being featured in the JACS
Spotlight and Science journal blog.

up to 52 atoms % I |
precise stereochemistry o )_-.g{_‘s\:’ "“]/ =
applicable to multi-step routes |~
t1-2) Developing AFIR Method for photoredox-catalyzed radical reactions
Photoredox catalysts are often used in
radical-based reactions to achieve chemical

Ph Ph

transformations that are challenging for D Ny
typical thermal reactions. However, these LM "“)/ Ox‘danon\ilﬁ\f“
reactions involve competition between e N
bond rearrangement reaction paths and P H-o=H i No, (i
substrate-catalyst electron transfer reaction (=0 AP

pathways, making it difficult to determine
the mechanism of these reactions. Although
quantum chemical calculations can provide
an atomic-level picture of the mechanism,
transition metal photoredox catalysts are generally over 80 atoms in size, which can create a
significant barrier in terms of calculation costs.

Maeda group and Mita (mix-lab chief) developed a method to describe the reaction path of

- Proton-coupled

electron transfer pp H
\\ EN\ et /
A

Ph
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the substrate and the substrate-catalyst electron transfer in a simpler manner. By adjusting the
substrate molecule’s potential energy surface based on the redox potential of the catalyst, the search
for reactions involving single electron transfer by the AFIR method becomes possible without
calculating the large catalyst in the reaction system.

This method clarifies the entire mechanism of Knowles hydroamination and shows that electron
transfer processes and proton transfer processes proceed in a concerted fashion. Calculation
demonstrated that the relative importance of the reaction paths leading forward to the product and
backward to the starting materials is dependent on the redox potential of the catalyst, and therefore
the redox potential may influence the product yield of the reaction. The method is expected to be
especially useful for the screening of photoredox catalysts (Angew. Chem., Int. Ed. 2022, selected
as the journal cover).

*11-3) AFIR search powered by Neural Network Potentials

The AFIR method allows to efficiently explore . <carch of M fast search
reaction path networks for predicting reaction yields
and elucidating reaction mechanisms. Recently, the NNP
kinetic-based navigation method was developed to
?ptimize the rehactiﬁn path”network exploratilg)n, by
ocusing on the Kkinetically important pathways. iy X
Despite these efforts, such exploration still requires 2° " 4t g HHEEE s
in practice a large amount of accurate energy and
gradients calculations. Therefore, the computational cost of the AFIR search is still large, due to
expensive ab initio calculations, which limits the application of the AFIR search to systems with up
to 30 atoms. Furthermore, cheaper but less accurate potentials, such as semiempirical methods, are
not particularly compatible with the kinetic-based navigation method, whose efficiency depends on
accurate reaction barriers predictions during the search.

Recent advances in Neural Network Potentials (NNP) offer many examples of highly accurate
predictions at a significantly lower cost than their corresponding ab initio calculations, provided that
sufficient training data is available. By replacing ab /nitio calculation with fast NNP predictions, an
NNP-powered reaction path search can therefore combine the search efficiency of the AFIR +
kinetic-based navigation with the performance of NNP predictions, enabling the application of the
AFIR method to large systems. .

Varnek group and Maeda group have developed an NNP-AFIR E A-learning
interface and NNP-based models to support AFIR-based reaction path DET
search, where strong exploration forces are involved.

Indeed, typical NNP models are not compatible with the artificial forces
involved during an AFIR search. Therefore, robust NNP-based models
were designed by including xTB predictions through a A-learning
scheme. This was recently illustrated on hydrogenation reactions using
Wilkinson’s catalyst:

A preliminary reaction path search was done at the DFT level, using
the AFIR method with kinetic-based navigation, and NNP models were trained on the resulting
reaction network. All trained NNP models displayed accurate predictions on pre-obtained geometries.
However, typical NNP models performed badly when used to run an AFIR search, with the generation
of broken geometries wrongly capturing the reaction yield (i.e., leaky holes behavior).

Therefore, novel NNP(+xTB) models were designed and implemented by combining NNP
predictions with robust physics-based
semiempirical calculations, using a A-learning H H RhCI(PH3); H'i H
approach. Unlike conventional NNP, these ﬁ Ha MH
NNP(+xTB) models were found sufficiently
robust for powering an AFIR search. In

NNP predictior

xTB

particular, the AFIR search with kinetic-based | potential used | NNP NNP DFT xTB
navigation powered by a sufficiently trained _ (+xTB) only
NNP(+xTB) model was found to reproduce the | Reactionyield | 0" | oo o0 | 10006 | 1.420%
reaction yield obtained at the DFT level (300K)

(submitted).

(2) Achievements and progress on the Project-II: New reaction design and discovery
from scratch

To verify our models and to construct more useful models, we tackled several real-world chemical
problems using AFIR. In FY2022, novel chemical transformations were discovered for CO:2
incorporation reactions (2-1) and for the double functionalization of ethylene and propellane (2-2).

1t2-1) CO: incorporation reactions

Mita (mix-lab chief) and Maeda group have developed an electrochemical dearomative
carboxylation method for stable heteroaromatics such as indole, benzofuran, and benzothiophene
derivatives, using CO2. This method is a powerful tool for producing synthetically useful carboxylic
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acid derivatives. However, these types of transformations are still underdeveloped, and concise
methodologies with high efficiency have _

not been reported. To address this, the " Eectrochemicalapproach ! yreoglorth e
authors developed a new electrochemical [ { S ey
protocol using CO2*~, which produces m + (o m‘:‘”“ e
unprecedented 2-carboxylic acid and Lo

heteroaromatics 00 4

trans-2,3-dicarboxylic acids_from stable ) pnotchemicaiapproacn k@ sl generated

o@ CO; radical anion

heteroaromatic derivatives. They designed Y
substrates for carboxylation based on the ©:> 0 2 ©:)>'°°"f,, —
calculated reduction potentials and the *  ews' Hocs —{uf) EWG
addition step of CO2*~ by the AFIR method. CC[CO "
The mono and dlcarbOXY|ated prOdUCtS heteroaromatics and naphathalenes dearomatized carboxylic acidd’erivaeive:s

thus obtained can be easily derivatized into
Ejgsefulz?))érét)hetic intermediates for biologically active compounds in just a few steps. (J. Am. Chem.

oc. .

Mita (mix-lab chief) and Maeda group have developed a method that uses cooperating
catalysts (hydro%en atom transfer (HAT?/photoredox Ir catalysis) under photochemical conditions.
In this process, highly reactive COz*~ derived from an ineernsive formate salt (HCO2Cs) reacted
with stable heteroaromatics such as benzofuran, benzothiophene, and indole derivatives to produce
synthetically useful a-oxy, a-thio, and a-amino acid derivatives in moderate to high yield, which are
potentially useful in drulg development. In addition, when using electron-deficient naphthalene
derivatives, both single-electron reduction and Giese-type nucleophilic addition occur simultaneously
to produce carboxylated tetrahydronaphthalene deriv-atives in good yield. (ACS Catal. 2023,
selected as the journal cover).

12-2) Double functionalization of ethylene and [1.1.1]propellane to synthesize
electronically unsymmetric 1,2-bisphosphine ligands

Ethylene is an important molecule with
a worldwide production of around 170
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loride, its applicaton for fine © A " Wnite LEDS fi:Q %
chemicals (useful small molecules) has [1.1.1]propellane R/‘ pkp ’\R2
been limited compared to other alkenes.
However, Mita (mix-lab chief) and Maeda group predicted the retrosynthetic pathways of 1,2-
Bis(diphenylphosphino)ethane (DPPE) by the AFIR, revealing ethylene and two phosphinyl radicals.
Through experimental demonstration, they discovered a new double functionalization of ethylene
with various P-radicals generated by a photoredox catalyst under light irradiation. In this synthetic
protocol, two electronically different phosphines could be incorporated on both termini of ethylene,
roducing unsymmetric 1,2-bis(diary phosphino?ethanes that have the potential to be used as novel
B%Iegig;ce phosphine ligands for transition-metal catalysts (NVat. Commun. 2022 & PCT/3P2022/
598).
As an application of this synthetic method, straight-shaped symmetrical and asymmetrical
diphosphine molecules were successfully synthesized by replacing ethylene with [1.1.1]propellane
(Angew. Chem., Int. Ed. 2023).

(3) Achievements and progress on the Project-III: Catalyst design and discovery
through screening

In its current form, the project involves finding the optimal substituents and conditions for the
catalyst through a computational screening process. In FY2022, we made progress in improving the
enantioselectivity of List's IDPi catalyst for a known chemical transformation by using
cheminformatics to screen and optimize the catalyst's substituents and conditions.

13-1) Predicting highly enantioselective catalysts using tunable fragment descriptors

Catalyst optimization processes typicaIIY rely on inductive and qualitative assumptions of chemists
based on screening data. While machine learning models using molecular properties or calculated3D
structures enable quantitative data evaluation, costly quantum chemical calculations are often
required. In contrast, readily available binary fingerprint descriptors are time-and cost-efficient, but
their predictive performance remains insufficient. To help address this challenge, List group, Pavel
group, Varnek group, and Nagata (experimental scientist) have demonstrated a machine
learning method that utilizes advanced yet efficient 2D chemical descriptors to accurately predict
highly selective asymmetric catalysts—without the need for quantum chemical computations.

For a computer to learn chemical information, molecules are usually represented as a collection of
descriptors, which often consist of small parts, or fragments, of those molecules. However,
computationally cheaper 2D descriptors have struggled to accurately represent complex catalyst
structures, leading to inaccurate predictions. To improve this issue, researchers developed
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new CircularSubstructure (CircuS) 2D descriptors that explicitly represent cyclic and branched
hydrocarbon structures, which are common in catalysis. Training data was obtained through
experiments via a streamllned semi-automatic process utilizing a synthesis robot. This experimental
data was then converted into descrlptors and used to train the A.I. model.

Fast and robust predictive models using 2D descriptors particularly suited for asymmetric catalysis.
Highly selective catalysts were predicted and validated using training data with only moderate
electivities. They used the fully trained model to virtually test 190 catalysts not part of the training

data In this set, the model was able to predict highly selective catalysts after only having been
trained on the data of catalysts with moderate selectivity, showing an ability to extrapolate beyond
the training data. The catalyst predicted to have the highest selectivity was then tested
experimentally, exhibiting a selectivity nearly identical to the prediction. Obtaining high selectivity is
especially crucial for the design

of new medicines, and this MA 0_, U

technique provides chemists " = 7 % seem A

with a powerful framework for Md' ructon

optimizing selectivity that is e

efficient in both computational '/ OO
and labor cost (Angew.
Chem., Int. Ed., 2023).

501 @4 = training set
4 = validation s
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%+ Highly selective
catalysts predicted

(4%hAc_hievements and progress on the Project-1V: Exploration of mechanochemical
synthesis

Ball mill mechanochemical synthesis has emerged as a promising tool in organic synthesis. However,
despite its growing importance, little is understood about this new method. In FY2022, we uncovered
novel tools and catalyst design strategies related to ball mill synthesis, including a calcium-based
Grignard reagent formation method, an arylmanganese nucleophiles formation method, and a ligand
design strategy unique to ball mill synthesis.

t4-1) Mechanochemical synthesis with the ball mill technique

Ito-group and Maeda group has addressed Mechanochemically generated
this issue by developing a streamlined way to make g  TeERS
organocalcium reagents so-called "heavy Grignard" : =18 ! :
without the need for a pre-activation step. In the ‘~©f' Ca metal “@/""" Alky—| “@r"‘“"
mechanochemical method developed here, an .-“A-. 1ie (addiive) “ AP
organohalide and commercially available calcium = ball milling ; '
are put inside a ball mill with a small amount of
organic solvent additive. The mechanical impact of the ball provides enough energy to activate the
calcium without the need for harsh conditions, dry organic solvents, or strict temperature control.
With this operationally simple method in hand, researchers successfully demonstrated the first
example of the alkylation of arylcalcium halides with alkyl electrophiles. Importantly, the use of
calcium instead of magnesium for this reaction resulted in a significantly higher yield of the desired
product. This work demonstrates the promise of calcium-based Grignard reagents, showing they
can result in novel reactivity and improved vyield. Additionally, the mechanochemical protocol
reported here provides researchers with a simple, non-toxic method for creating heavy Grignard
reagents, opening the door for further investigation into this largely unexplored field (Angew.
Chem., Int. Ed., 2022).

Ito-group showed that a mechanochemical ball- Wochanochomically gancraied
milling protocol facilitates the generation of various . .
arylmanganese nucleophiles from aryl halides and -._i_x (mioeesy |~ AMX | socrophic A SE
commercially available, unactivated manganese metal E:l’ P @ “oallmiting @1
without the need for complicated pre-activation : ball miling
Brocesses and metal additives. These manganese-  *=&'

aSEd CarbOn nUCleoph”eS Can be used dlrectly fOI’ & no pre-activation & no metal additives  » minimal-solvent conditions
one-pot addition reactions with various electrophiles « shortreaction time » all synthetic operations conducted in air
and palladium-catalyzed cross-coupling reactions under bulk-solvent-free mechanochemical
conditions. Importantly, all experimental operations can be conducted under atmospheric conditions.
They experimentally found that this new method enables solvent-free reactions with unique
selectivity and reactivity (Chem. Sci., 2023).

Ito-group reported a mechanochemical-directed  Mechanochemistry-directed ligand design for efficient catalysis
catalyst design: the polyethylene glycol molecules

ball milling
in air

form a region between the solid materials behaving T o
like a molecular-level fluid phase, where x cat. QO v
mechanochemical ~ Suzuki-Miyaura cross-coupling solid rai )

reactions proceeded much more efficiently and .
without the problematic aggregation of palladium. In base. additive

addition to achieving significantly higher product WO)ZB ball milling

yields, the reaction proceeded effectively near room  solid near room temperature  SCUPINg products
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temperature — the previously best-performing alternative required heating to 120°C. Similar cross-
couplin 3 reactions are widely used in research and the chemical industry. We believe it could be
adapted for many other reactions, and also for catalysts using other elements from the transition
metals of the periodic table. The wider adoption of the process, and others like it, could eventually
bring significant savings in costs and energy consumption in commercial chemical processes while
allowing more environmentally friendly large-scale production of many useful chemicals (J. Am.
Chem. Soc. 2023).

(5) Achievements and progress on the Project-V: Understanding and controlling
polymer property, formation, and degradation

The project includes the design of polymer properties through simulation, the visualization of
polymer mechanoradicals, the use of polymer mechanoradicals, and the design of polymer
sequences to maximize desired properties. In FY2022, we had progress in the design of polymer
sequences using informatics and simulations (5-1) and the visualization of polymer mechanoradicals
using a new mechanoprove and elucidation of the behavior of radicals by AFIR (5-2).

*15-1) Sequence-controlled underwater adhesive hydrogels

Mimicking the primary structure of functional proteins is a
straightforward strategy to design the chemical composition
of polymers for functional material development. To
efficiently develop novel protein-inspired underwater
adhesives, Gong group and Takigawa group propoSed  sec: aern ruroges: coor underwaer ahese srencin
on a strategy that using data-mining and machine-learning.
They have collected 24,707 adhesive proteins of ~200 kinds
of organisms from protein database. Takigawa group ° ¢ ¢ s ¢’
analyzed the consensus sequence of these proteins by data ¢
mining and analyze the pairwise frequencies of adjacent - * :
sub-group residues. 5 most frequently appeared pairs are
identified for 180 species. To design the adhesive hydrogel
materials, Gong group selected 6 acylate monomers with functional fgroups similar to the 6 sub-
groups of amino acids. A total of 180 hydrogel samples with monomer fractions the same as that of
5 top frequencies in the 180 species were fabricated and their underwater adhesiveness were tested.
Takigawa group analyzed the relationship between the measured adhesive strengths of these
hydrogels and their monomer fraction by machine learning and provided some optimized monomer
fractions, which are predicted with better adhesive performance. According to the optimized
monomer fractions, Gong group further fabricated 11 hydrogel samples and measured their
underwater adhesive strengths. It has been found that all of these 11 hydrogels exhibited high
adhesion with the adhesive strength over 80 kPa to negatively charged substrates. Most noteworthy
is the sample of P-008 that has the highest underwater adhesive strength (194.6 kPa) greater than
that of the previous 180 samples. This result demonstrates that the data-driven molecular design of
novel adhesive hydrogels is efficient. More detailed experiments are undergoing (H. Fan, H. Sheng,
et al,, in preparation).

Custom synthesis of copolymer with

ve strength (kPa)

Adesi

required monomer sequences is a central . e sdlpsmeaten o
challenge in polymer chemistry. The . |"* Eul WV e B0 R
sequence is determined by the selective . Lo i
propagation  of = monomers  during .| e 1T S b :,
polymerization, which is governed by the = = 2y ek S

quantity called as reactivity ratios of
monomers (r). Gong group found that the
reactivity ratios of cationic and aromatic

monomers highly depend on the monomer  %-.: hoten | BeRest e agteed | =
concentrations by using free-radical . . i Gy s oo Womogeneces
polymerization, but is independent of  .u |, .

monomer concentration when using the Boodzde dhies e Tos d ixTee SRR d

RAFT method. To understand the underlying e m—_——"e—"
mechanism, Maeda group performed DFT calculation, and has clarified that the energy barriers of
the transition state of each monomer addition to the polymer are similar, indicating that the
monomers have no addition preference chemically. To study the effect of solvation of monomers,
which influence the diffusivity of monomers and thereby polymerization kinetics, Rubinstein group
performed molecular dynamics simulations by utilizing a coarse-grained model, and has clarified that
the solvation difference to different monomers decreases with the increase of monomer
concentration, and hence, the apparent reactivity ratios change with the monomer concentration.
These results clarified that in the free-radical dpolymerization that has a very high reaction kinetics,
the monomer reactivity ratios are dominated by the monomer diffusion kinetics, depending on
monomer concentration. While in the RAFT polymerization that has a slow reaction kinetics, the
monomer reactivity ratios are dominated by chemical reaction energy barrier, independent of
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monomer concentrations. The understanding of reaction mechanism assists Gong group to control
the monomer sequence of copolymerization and to obtain hydrogel materials with required functions.

*15-2) Visualisation of mechanoradicals in hydrogel media

Visualization of mechanochemical damages especially molecular-scale bond scission in polymeric
materials is of great industrial and academic significance. Jin group, Maeda group, Ito group,
and Gong group discovered that the radical-trapBing prefluorescent probe P can efficiently detect
mechanoradicals in DN hydrogels even in air with abundant amounts of oxygen which usually quench
the radicals. Moreover, the hydrophobicity P should be immobilized on polymer network in water and
therefore should have low efficiency on trapping mechanoradicals on the cleavaged polymer strands.

To elucidate the mechanism, they theoretically estimated the reaction of oxygen with the
mechanoradicals. Their calculation suggested that the oxygen reacts with mechanoradical to form
peroxide radical and the peroxide further abstracts the H atom from nearby C-H bond to generate a
new carbon centred radical, which would be trapped by the probe P and initiate luminescence. The
above-mentioned carbon radical which carries the -OOH functional group may undergo further
intramolecular reaction to generate an OH radical and a closed-shell species.

The OH is highly mobile and meanwhile
highly reactive. It may transfer to other parts
of the Folymer network and abstract H atom
there from a C-H bond. Therefore, oxygen
may ampliphier and spread the radical
species to promote the efficient radical
traping of P. To experimentally verify such oxygenrtayed radcabrone courting
effect of oxygen, we performed the = /" o '
mechanoradical probing experiment in —~E W
deoxygenated DN hydrogel. We found that in comld SR e Y
contrast to the DN gel in open air that ‘
showed clear emission change in necking
region where large amount  of
mechanoradicals were generated, the deoxygenated DN gel hardly showed emission change in
necking region. This result is in consistent with theoretical prediction. The results answered the
questions why the hydrophobic P can detect the mechanoradicals efficiently in hydrogels in the
presence of oxygen (J. Am. Chem. Soc., 2023).

b
double network (DN) gels

P RO strong fluorescence

(6) Achievements and progress on the Project-VI: Cancer diagnosis utilizing new
materials and measurement techniques

We have continued to investigate the hydrogel-activated reprogramming phenomenon (HARP),
which was discovered during the first half of the WPI period. Understanding HARP and its potential
clinical applications are pressing issues to be addressed in this project. In FY2022, we had progress
in the investigation on the gel-side factors on the cancer stem cells (CSCs) generation and discovered
that PNaSS gel can induce CSCs efficiently.

*16-1) PNaSS gel induces cancer stem cells (CSCs) with invasiveness

Tanaka group and Gong group previously reported
rapid reprogramming from cancer cells to CSCs usin
hydrogel, named hydrogel activated reprogramming (HARP
phenomenon. In order to elucidate the underlying molecular
mechanisms, we analyzed the gel-side factors and cell-side

nanoLC-MSMS .z i ;=

unbound
bound

a1 | >
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1 membrane

factors on the CSC generation. As gel-side factors, we varied — EEERE
the electric modulus of the hydrogel from 5 to 187 kPain 7+ g EE—— 130,72
steﬂs, and proved that the efficiency of CSC generation was N . o nceoin 11958
highest at 10 kPa, which is almost equal as /7 vivo tumor | SER <~ = P00 et o
tissue stiffness. NanoLC-MS/MS analysis demonstrated that 4 T e e

six kinds of membrane proteins including Desmoplakin
bound to the hydrogel with 10 kPa, sug estinfj to function as candidate mechanoreceptors.
Meanwhile, the optimum electric charge of the gel for CSC generation varied according to the type
of cancer cells. As cell-side factors, activated Ras-transformed cells induced CSCs, whereas activated
Src-transformed cells failed, indicating an influence of oncogenes. Furthermore, we analyzed the
effect of CSCs generation by adding a CSC niche environment to the hydrogel, and found that low-
nutrient environment and direct contact with vascular endothelial cells may promote reprogramming
of cancer cells.

Tanaka group and Gong group recently found that the PNaSS (poly(sodium p- styrene
sulfonate) gel can induce CSCs more efficiently. All cancer cells cultured on the PNaSS gel had
enhanced expression of the stem cell markers and acquired tumorigenicity /7 vivo, suggesting to
acquire the characteristics of CSCs. Of note, the cell membrane on the PNaSS gel was greatly
expanded, and it is expected to enhance the cell motility. Brain tumor cells cultured on the PNaSS
for 1 week revealed that mitochondrial respiration was enhanced, whereas glycolysis was decreased,
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indicating that the cells cultured on the PNaSS gel are Quiescent CSCs with  Prassge
enhanced oxidative phosphorylation. To analyze the characteristics of the CSCs on :

the PNaSS gel, the analyses of cell metabolism and single-cell RNAse(1 (scRNA-seq)

analysis were performed. The gene expression profile of cultured cells on PS dish,

classical neurosphere (NS) culture, DN gel, and PNaSS gel were divided into 11 Ll
clusters, and the cells on PNaSS gel were distributed in clusters 3 and 11. They
include the extracellular matrix collagens, as well as THY1 and SPARC. Thus, PNaSS
gels may induce CSCs with enhanced cell motility, that exist at the invasive front PN
niche for CSCs, which might contribute to the development of treatments that can | ”g%" oJF
overcome the treatment resistance and metastasis / recurrence (Manuscript in f ¥ :
preparation).

Megative charge ~ PS ~ PNaSS

(7) Achievements and progress on Bottom-up projects '

Bottom-up proE]ects are initiatives led by our young researchers, and two outstanding projects from
FY2022 are highlighted below. Inokuma, the youngest PI, collaborated with Hijikata, the former
Fusion Research Coordinator, on the first project, which explored potential applications of
polyketones, the first systematic synthesis of which was achieved by Inokuma. The second project
was led by Tanigawa, a former member of the Tanaka group, in collaboration with the Gong group,
and focused on the use of hydrogels to heal damaged brains.

1t7-1) Discrete polyketones for fundamental understanding of polymer crystallization
and for application to novel macrocyclic compounds

When molecules form a crystal, the way in which they arrange themselves can affect many different
physical properties, including melting point, folding, and light absorption. For crystallization fashion
of molecules, it has been known that small molecules widely change their crystal packing and solid-
state conformations depending on even slight differences of substituents or molecular size (Small
molecular c?stallization). However, polymers often adopt common packing and conformations
regardless of chain length (Macromolecular crystallization). There must be the critical chain length
above which crystallization behavior stays macromolecular for each oligomers/polymers.
Investigating this critical length is key for understanding how material properties change with the
transition from small, individual molecules to large polymer macromolecules. However, it is
challenging to investigate these changes due to the difficulty of synthesizing and crystallizing
samples purely consisting of a discrete chain length.

Inokuma group and Hijikata

o o o o
_(Com_putational . . SCientiSt) W(u\ Discrete poly ketone n-mer
investigated the critical chain length for 0 0 /n2
a p0|y etone CompO_Und based On_ an LN EthE EPENt ENt: LENBths Nt EpeEntient
acety|acet0ne der|Vat|Ve. The beneﬂt Of STITE1 O] ectlaraerystallization)| (MECromolEcularcTystalli Zat on)|

using such a polyketone is that the =

polymer chain can be extended in a : g -;1 * v‘&:‘(;z!r
controlled, selective fashion from only M . - l-gr "
one end of the chain. This enabled to fit X
synthesize pure samples of molecules 3 ':lt(g X \‘Xv&‘k
with a discrete chain length in the range e el

of 2-20 repeating subunits. Utilizing n=2 n=3 n=4 n=5 n=6
single crystal and powder X-ray

diffraction (XRD) data, the team found the critical chain length was a surprisingly short five subunits.
Below this length, distinct crystal packing and chain conformation were observed for each chain
length. At or above the length of 5-mer, similar XRD patterns were observed regardless of chain
length. Single crystal XRD analysis revealed that 5- and 6-mers adopted similar helical conformations
and packing structures. Calculations of an infinitely long chain also showed a helical structure,
supporting the idea that packing structure does not change beyond the critical chain length of five.
This determination aided in explaining melting point behavior. Unpredictable melting point changes
occurred below the critical chain length and were attributed to the different molecular packing
arrangements. As the polymer chain increased above the critical length, the meItingbpoint changes
became more stable, gradually increasing with chain length. This approach could be extended to
other polymers in order to understand

property changes and determine the .

optimal chain length of a material for a Wy g all R S !
given application (Chem. Sci., 2022). L 2, BTIAR
Cyclic  analogues of  discrete Ty Gt
polyketones were utilized to produce {_" D4
novel porphyrin-related macrocyclic = el e Sl h!
compounds. Calixpyrroles are useful o 3 & T e
host compounds that bind various T T ‘*{--v"'}*}-'

molecules and ions. Despite their rich :
host—guest chemistry, inherently chiral Chiral pyrralic macrocyche Ring-expanded calix]12]-type erystal structure
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calixpyrrole analogues that might show chiral molecular recognition or unusual reactivity have not
been synthesized because rapid ring flipping motion of heteroarene units renders the macrocycle
virtually achiral. Inokuma group and Hijikata (Computational scientist), and Jonathan L.
Sessler group at the University of Texas-Austin have synthesized calix[1]furan[1]pyrrole[1]thiophene,
which is a unique, inherently chiral calix[3]pyrrole analogue that features three different heteroarene
subunits. Owing to the proximal arrangement of three aromatic rings, ring flipping motion leading
to racemization was enough slow to allow chiral separation of enantiomers. A-Methylation on the
pyrrole unit resulted in complete supFression of ring flip?ing so that enantiomers could be obtained
as optically pure forms to allow single crystal X-ray analysis. Molecular dynamics (MD) simulations
revealed that flipping of thiophene ring is the rate-determining step. When A-methylation was
performed in the presence of chiral ammonium salt, the reaction proceeded in a enantioselective
fashion, although ee was modest. Interestingly, unusual reactivity of
calix[1]furan[1]pyrrole[1]thiophene provided a new synthetic access to larger calixpyrrole-type
macrocycles: calix[9] and [12]-analogues. When calix[1]furan[1]pyrrole[1]thiophene was treated
with trifluoroacetic acid, strain-induced ring expansion reaction occurred to give its c?/clic oligomers.
The team succeeded to isolate up to calix[12]pyrrole analogue, caIix[4]furan%4]pyrro e[4]thiophene,
and determined its crystal structure. The crystallographic data revealed that the calix[ 12]-analogue
adopted windmill-like conformation. This crystal structure is, to date, the largest calixpyrrole-type
macrocycle to be analyzed by XRD (Angew. Chem., Int. Ed., 2023).

17-2) Healing the brain: hydro?(els enable neuronal tissue growth
ike

While growing brains may sound | _ . I
something out of a science fiction General scheme of stepwise reconstruction of brain tissue

stem cells, to grow new brain tissue.
This is important since, when tissue in

movie, Tanigawa of Tanaka group Zestep:
and Gong _gl'OUp have made d Step in Development of specific hydrogel for wcr‘el\njc&‘ea.mhe m;dmgc‘\él
that direction. They used hydrogel scaffold of neural stem cells

materials, in combination with neural gﬁi Eﬁéﬁ B el —

our brain is damaged, the neuronal s ;;i}'
tissue does not have the same .{;E"—ﬁf"?}; 8
regenerative capacity as other parts of  isisepss o
i transplantation of - -
ou bOdy Such as skin. hydrogels in Reconstruction of brain tissue in transplanted hydrogel

The main reason for difficulty of camagedbran
regeneration of brain tissue is loss of
scaffold for cellular regeneration caused by cerebral hemorrhage, infarction, or brain tumor resection.
General scheme is shown in the right panel. This is the stepwise strategy in which hydrogel was
transplanted in the brain cavity and 3 weeks later, neural stem cells were injected into the hydrogel.
Injected cells were visualized with green fluorescence.

The first step for researchers was to develop a hydrogel material in which neural stem cells could
survive§shown in the right panel, upper left photo).

They found that a neutral gel made with equal parts positively and negatively charged monomers
resulted in the best cell adhesion (designated as C1A1 gel, ratio of cation to anion is 1 to 1).
Researchers then adjusted the ratios of crosslinker molecules to achieve a stiffness similar to that
of brain tissue as several kilo-Pascal; pores were then created in the gel in which cells could be
cultured with several hundred micrometer. The researcher confirmed the neural stem cells could
grow in this soft porous C1A1 hydrogels with some differentiation of neuronal cells and glial cells in
vitro (shown in right panel, upper right photo).

Once the gels were optimized, they were soaked with a vascular endothelial growth factor VEGF
to encourage blood vessel growth, and then implanted in damaged areas of the brain in a mouse
model. After three weeks, researchers found that immune cells and neuronal cells from the
surrounding host brain tissue had entered the hydrogel and that blood
vessels had grown.

At this point, researchers injected neural stem cells into the hydrogel.
After 40 days, stem cell survival rate was high, and some had
differentiated into new astrocyte cells or neuronal cells. It was observed
that host cells infiltrated the hydrogel, while some new neuronal cells from
the hydrogel migrated to the surrounding brain tissue, showing some
degree of integration between the hydrogel and host brain tissue.

The stepwise nature of the process was key, as implanting the hydrogel
and transplanting the neural stem cells at the same time proved
unsuccessful. This study marks an important step toward developing =
therapies involving brain tissue regeneration; the next steps involve
studying the optimal transplant timing and the effect of the inflammatory % &= o
response on transplanted cells leading to the functional recovery (Scr. & ™wiss
Rep. 2023, Altmetric 245 on Mar 28, 2023).

by stepwise injection of neural stem cells
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2. Generating Fused Disciplines

* Describe the content of measures taken by the center to advance research by fusing disciplines. For example, measures that
facilitate doing joint research by researchers in differing fields. If any, describe the interdisciplinary research/fused discipline that
have resulted from your efforts to generate fused disciplines. You may refer to the research results described concretely in “1.
Advancing Research of the Highest Global Level.”

Promotion of fusion research: The center is working on several flagship projects. Each project
involves groups from two or more disciplines. Setting and working on such flagship projects together
has been a strong driving force to promote interdisciplinary fusion in the center. In addition, the
center holds a call for ideas from young researchers in the center and provide them with an
opportunity to lead a bottom-up project. These flagship and bottom-up projects are evaluated yearly.
Then, promising ones are expanded or promoted from bottom-up to flagship project. Conversely,
ones that are not proceeding well are terminated or restarted as a bottom-up project. These projects
are carried out under the Center Director’s initiative. To do that, the center sets a position called
“Fusion Research Coordinator” in 2022. The Fusion Research Coordinator joins periodic meetings of
all these projects and reports their progress to the Center Director. If necessary, the Fusion Research
Coordinator participates in a project themselves and leads the project together with project’s leader.
Moreover, all researchers in the center have an opportunity to report their progress, including
interactive discussions, twice every year to the Center Director, the Administrative Director, and the
Fusion Research Coordinator. The following outputs demonstrate the effectiveness of our strategy
and prove that the strategy works well for achieving our goal of “revolutionizing chemical reaction
design and discovery”.

Fusion research achievements in FY2022: Maeda-group (computation) together with Dr. Mita
(experimental lab-chief) published multiple papers on the development of new synthetic methods
utilizing quantum chemical reaction path networks (Nat. Synth. 2022, Nat. Commun. 2022). List-
group ?experiment) and Varnek-group (information) achieved an informatics-driven discovery of new
organocatalysis (Angew. Chem. 2023). Gong-group (e)iferiment, material), Ito-group (experiment,
organic), and Maeda-group (computation) developed a fluorescence probe to rapidly detect
mechanoradicals in hydro-gel materials (J. Am. Chem. Soc. 2023).

Papers in collaborations: In 2022, the center has achieved outstanding research
achievements. 139 papers including 22 TOP 10% papers (16% of 139 total papers, university
average 9%) and 40 highly cited papers (IF 9 or mores) were published in peer-reviewed journals
which is three times (9 papers per PI) the number of papers published by professors of the University
per year (3 papers). 8 papers in journals with IF > 20, 28 papers in journals with 20 > IF >10.
Two papers were published in Nature (IF: 69.5), one in Science (IF: 63.832), two in Cell (IF:
66.85), one in Advanced Materials (IF: 32.086) and five in Nature Communications (IF: 17.694).
Since the establishment of the center, the center has been actively collaborating with domestic
and international researchers as well as promoting fusion research within the center, leading to
papers in collaboration within Hokkaido University (39), domestic collaborators (56), and with
international collaborators (38; 27% of papers from the center) in 2022.

Interdepartmental joint symposiums: After the joint symposium with Faculty of Science in
Dec. 2020, the joint symposiums were also held with Faculty of Engineering in Apr. 2021, Faculty
of Medicine in Oct. 2021, five attached institutes in Mar. 2022, Faculty of Pharmaceutical Sciences
in Sep. 2022, and Research Faculty of Agriculture in March 2023 to ensure opportunities for regular
and active communication across disciplines, to promote future fusion research, and to invite and
propose new joint research in our university.

Start-up support for new appointments and fusion research: In FY2022, start-up support
for new appointments (15 million yen for 5 new positions) and start-up support for fusion research
to take on challenging bottom-up fusion projects (10 projects (10 million yen) and 1 group project
(10 million yen) for a total of 20 million yen) were awarded. These projects led to the acquisition of
Grants-in-Aid for Scientific Research.

Pre-checking system for the grant application: The center conducted a pre-checking system
to review and revise the applications for Grants-in-Aid for Scientific Research, etc. before submission.
41% of the applications for Grants-in-Aid for Scientific Research, including “Transformative Research
Areas B”, were granted for FY2023 (see below). The amounts of Grants-in-Aid for Scientific Research
obtained have been increasing every year. FY 2018: 78 million yen, FY 2019: 159 million yen, FY
2020: 148 million yen, FY 2021: 182 million yen, FY2022: 219 million yen, and overseas PIs and Jr-
PIs, and young researchers have also succeeded in obtaining Grants-in-Aid for Scientific Research.

Scientific Scientific Scientific Scientific Transformative Transformative  Early- Average of  Average of
Research Research Research Research on  Research Areas Research Areas Career Total adoptions for adoptions for
B C Innovative Areas A B Scientists the center the university
FY2023  number  of
ladoptions / applications 0/0 0/4 0/4 0/0 0/0 4/4 7/15  11/27 40.7% 38.3%
FY2022  number  of
adoptions / applications 0/0 1/4 1/4 0/0 1/3 0/3 4/9 7/23 30.4% 37.1%
FY2021  number  of
adoptions / applications 0/1 2/6 3/5 1/1 - - 6/14  12/27 44.4% 38.0%
FY2020 number  of
adoptions / applications 0/1 1/3 0/1 1/3 - - 3/7 5/15 33.3% 37.1%

Hokkaido University -13
Institute for Chemical Reaction Design and Discovery (ICReDD)



Securing research funding: The center's PIs and other researchers have continued to receive
competitive research fundin? steadily since its inception. The total amount of these funds was 203
million yen in 2018, 668 million yen in 2019, 934 million yen in 2020, 655 million yen in 2021, and
848 million yen in FY2022. Representative competitive research funds in FY2022 are Grants-in-Aid
for Scientific Research "Fund for the Promotion of Joint International Research (International Leading
Researchg" (1) and "Scientific Research S" (1), JST-ERATO (1), JST-CREST (5), JST-START (2), JST-
MIRAI (1), AMED-P-PROMOTE (1) etc.

3. Realizing an International Research Environment

* Describe what's been accomplished in the efforts to raise the center’s recognition as a genuine globally visible research institute,
along with innovative efforts proactively being taken in accordance with the development stage of the center, including the
following points, for example:

- Efforts being developed based on the analysis of number and state of world-leading, frontline researchers (in Appendix 2);
exchanges with overseas entities (in Appendix 4); number and state of visiting researchers (in Appendix 5)

- Proactive efforts to raise the level of the center’s international recognition

- Efforts to make the center into one that attracts excellent young researchers from around the world (such as efforts fostering
young researchers and contributing to advancing their career paths)

(1) Number of researchers: The center conducted an international call for applications for new
specially appointed faculty members and postdoctoral researchers to be hired at the center and
received many applications from Japan and abroad in FY2022 (190 applications for 16 positions).
As of March 31, 2023, the number of PIs was 15 including 3 foreign PIs, 45% of all researchers
were foreign nationals, and 15% were female researchers (total of 80 researchers, including 36
foreign nationals and 12 female researchers, split between the fields of Computation (20
researchers, 25%), Information (15 researchers, 19%), and Experiment (45 researchers, 56%).
The ratio of research fields is 50% each in computational/information and experimental science,
which sufficiently covers all research fields to strengthen the center's mission.

(2) ICReDD International symposium: Since 2021, the center established the Akira Suzuki and
ICReDD Awards, which honor prominent chemists in both experimental chemistry and
computational chemistry or information science. The 2nd awards were given to Professor John
F. Hartwig from University of California, Berkeley and Professor Kendall N. Houk from University
of California, Los Angeles, strengthening the center’s connection with these two prominent
scientists and their institutions. Each fiscal year, the center has held the ICReDD international
symposium, inviting researchers from Japan and overseas to introduce them to the vision and
research of the center. The fifth ICReDD international symposium was held on January 11, 2023.
This symposium had 361 registrations (59 overseas registrations from 19 countries), 115 live
participants (103 domestic and 12 overseas), 36 poster sessions and numerous on-demand
viewers. Speakers were John F. Hartwig (UC Berkeley, Akira Suzuki Award winner), Kendall N.
Houk (UC Los Angeles, ICReDD Award winner), Dean J. Tantillo (UC Davies), Alan Aspuru-Guzik
(Univ. Toronto), Cathleen M. Crudden (Queen’s Univ.), and ICReDD’s Tsuyoshi Mita and Hajime
Ito.

(3) International seminars: In FY2022, the center held eight international seminars, which were
able to be held more easily thanks to the online meeting environment. Speakers for the seminars
were Michael J. Krische (University of Texas at Austin, July 20), Han Hao (University Toronto,
July 22), Matthew J. Fuchter (ImBeriaI College London, September 9), Senmiao Xu (Suzhou
Research Institute of LICP, September 20), Jye-Shane Yang (National Taiwan University, October
27), Bernd M. Schmidt (Heinrich Heine University Diisseldorf, January 18), Igor Larrosa (The
University of Manchester, March 9), and Dmitri Federov (National Institute of Advanced
IEdL%striaI Science and Technology (AIST), March 29). Such seminars will be held regularly in
the future.

(4) Other seminars and symposiums: A number of seminars and symposium were held in order
to ensure opportunities for regular and active communication in a cross-disciplinary manner
among the center's young researchers, to advance future fusion research, and to solicit and
propose new collaborative research. These events include two interdepartmental symposiums
EFacuIty of Pharmaceutical Sciences (September 2022) and Research Faculty of Agriculture

March 2023)), eight international seminars, and nine ICReDD seminars (two research ethics
seminars (Robert J Gellar (July 13) and Jun Fudano (July 28)), two diversity seminars (Heidi
Penning (Equity Advisor, Queen’s University, May 25), Aiko Fukazawa (iCeMS, July 19)), five
research seminars (Ruben Staub (ICReDD, April 22), Wei Li (ICReDD, August 31), Ryota Isshiki
(ICReDD, November 30), Makoto Yamashita (Nagoya University, October 11) and Masahiro
Murakami (Kyoto University, December 7)). In addition, the ICReDD Online Salon as lunch &
evening seminar was held 30 times in total as an opportunity for regular communication.

(5) Support for inviting many excellent researchers and students from abroad: The
center assigned administrative staff who are capable in English and are composed of personnel
with excellent ability and experience in a variety of areas. All the administrative information is
provided in both English and Japanese. Interviews by the International Planning Unit staff with
foreign researchers and PIs were conducted, and a one-stop support system was established.
The administrative department provides a wide range of support daily by staff who can respond
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in both English and Japanese. Many documents related to the daily lives of foreign researchers
and their families and university administrative procedures are translated into English by
center's administrative department. Emphasis is placed on support for foreign researchers at
the time of employment (coming to Japan) and at the time of retirement, and careful
explanations are provided in English about Japanese taxes and social insurance systems. To
create an environment in which foreign researchers can concentrate on their research, The
center provides language support for contracts and necessary living procedures when looking
for private apartments and helps them to settle in Sapporo. Support for child enroliment,
communication support with schools, and Japanese language courses for learning Japanese are
also introduced. For preschool children, assistance is provided in guiding them through nursery
school and kindergarten procedures, contacting the schools with inquiries, and so on. As for
health care support for the individual and his/her family, advice on hospital selection,
explanation and accompaniment to appointments, and support for pregnant women during
childbirth are provided. In response to the new corona virus, the center also checked the
situation in case of fever, contacts the public health center, and provides up-to-date information
on vaccination.

(6) Establishing collaborative agreements: In FY2022, an agreement was put in place with
the Max Planck Institute. In addition, the University of Strasbourg, the University of Tokyo, and
Chubu University. Furthermore, Duke University, Peking University, Stockholm University,
University of Oslo, Queen's University, and ICIQ (Institut Catala d'Investigacié Quimica (Institute
of Chemical Research of Catalonia)) were strong collaborative institutions. The center plans to
continue to collaborate with these research institutions.

(7) Fostering young researchers by MANABIYA: Researchers were accepted through the
MANABIYA system. "MANABIYA(ACADEMIC)" invited applications from April 2022 and accepted
13 researchers (under the COVID-19 situation, 10 were accepted from domestic and 3 were
accepted from abroad) out of 17 applicants, who were trained in the center’s techniques.

4. Making Organizational Reforms

* Describe the system reforms made to the center’s research operation and administrative organization, along with their
background and results.

* If innovated system reforms generated by the center have had a ripple effect on other departments of the host institutions or on
other research institutions, clearly describe in what ways.

* Describe the center’s operation and the host institution’s commitment to the system reforms.

(1) Evaluation system of center faculty members: In FY2022, a new regulation was
established to provide incentives based on the research performance and discretionary

evaluation by annual interview of center faculty members, for whom no evaluation system was
previously in place. The results of the self-performance evaluation, and discretionary
performance evaluation based on annual interview with the Center Director are used to
determine the salary increase or decrease by one or two steps from the base annual salary for
the following year, which has not yet been done in any other departments in the University.
Performance evaluations (S, A, B, C and D) were conducted for 18 of 22 faculty members,
excluding those who arrived and left during FY2022. 3 faculty members received a two-level
salary increase as evaluation value S, 6 faculty members received a one-level salary increase as
evaluation value A, 7 faculty members received no revision salary as evaluation value B and 2
faculty members received a one-level salary decrease as evaluation value C.

(2) Establishment of ICReDD fellow system: In FY2023, the center established a new position
called the ICReDD fellow to expand ICReDD's research activities inside and outside the
university and to serve as an incubation system for new PIs. The center provides ICReDD fellows
with our resources and collaborate with them. When a senior PI is replaced or new
developments in research are needed, the most suitable ICReDD fellow is selected. ICReDD
fellows are potential candidates for future senior PIs. The center will be made a permanent
research center that always promotes cutting-edge, world-class research based on a new
adaptive research strategy involving periodically changing researchers and research themes.

(3) The decision-making system: The mission of the center is communicated to all members
through interviews at hiring and annually with researchers conducted by the center director.
Laboratory chiefs were appointed in mixed laboratories and mixed offices, and laborator
management is conducted so that the Center Director's policies are promptly communicated.
Under the direct supervision of the Center Director, the "Fusion Research Coordinator,"
established since FY2022 and directly connected to the research division, actively promotes and
plans fusion research and advises on the progress of the research. Authority had been delegated
to the Future Plan WG, Equipment Management WG, so that they can manage the center by
the direction of the center director. The regularly scheduled Advisory Board Meetings were
established to obtain advice, recommendations, and evaluations from experts on future
prospects, strategies, and approaches to solving problems in order to realize the center's vision
and create a world-class research center, thereby contributing to the future management of the
center. The Advisory Board online meetings were held on March 22nd (European time) and 30th
(US time). The board members reviewed the progress and follow-up reports from an
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international perspective and made recommendations on the future direction of the center and
provided advice on how to promote research. Specifically, the members suggested that (1) the
major research goals of the center should be clarified, (2) an environment in which research
data can be openly discussed is important for ensuring research transparency and preventing
research misconduct, (3) it is important to ensure independence of young researchers from
senior PIs, (4) the ICReDD fellow system is expected to improve the gender balance of the
center, and (5) it is also important for the PI to be affiliated with both the department and the
center, as is currently the case in the center, to develop research.

(4) Strengthen the research support system: The management organization was reorganized
into the Research Support Division to better clarify research support and administration. The
“Executive Director” was already appointed as the "Administrative Director” to ensure stronger
cooperation with the University Executive Office and to ensure that decisions made by the
University are promptly reflected in the center's projects, which steadily strengthened the

overnance of the center. The Research Support Division was reorganized into the following
our units: the "Administrative Affairs Unit", which is responsible for general affairs and
accounting; the "International Planning Unit", which invites outstanding overseas researchers
and students and conducts international outreach beyond the academic community in
cooperation with the Institute for International Collaboration; the "Research Strategy Unit",
which works with the URA and the Institute for the Promotion of Business-Regional
Collaboration to obtain large-scale funds, promotes collaboration agreements with other
institutions, and establish joint research projects with companies; and the "Human Resource
Development Unit", which is a new unit in charge of fostering researchers, graduate students,
and industrial researchers using MANABIYA, as well as creating strategies and roadmaps for the
center's graduate and recurrent education. The center established this "Human Resource
Development Unit" with an aim to establish a graduate school in the future. "Chemical Reaction
Design and Discovery" and "MANABIYA" will also be firmly rooted in the university’s
organizational structure via the establishment of the "Graduate School of Chemical Reaction
Design and Discovery”. Since the center will have its own graduate school, which is different
from the current graduate school, the ICReDD graduate school will have an influence on the
development of young researchers at other research institutes, etc., and add new and attractive
content such as MANABIYA, which is a laboratory visit in a different field, to the regular graduate
school curriculum. Additionally, the "Fusion Research Coordinator" and "Equipment
Management Center" is directly connected to the research division, so that the Center Director's
policies are managed, and progress is monitored in close concert with researchers.

(5) Prevention of research misconduct: The center recognizes that the center bears a serious
responsibility for managing the research misconduct committed by one of its past researchers.
In the second half of the WPI funding period, in addition to thorough ethics education within
the center (attend the center's own research ethics education seminars upon hiring and once a
year on a regular basis), a new department established by hiring a researcher holding a PhD
with expertise in the field will manage data on equipment at the center and check all figures
for submission against the raw data, and efforts will be made to make the center a global
standard in terms of research transparency. Furthermore, by facilitating an environment in
which research results can be openly discussed, the center will prevent misconduct and further
accelerate fusion research.

5. Efforts to Secure the Center’s Future Development over the Mid- to Long-term

* Address the following items, which are essential to mid- to long-term center development:

- Future prospects with regard to the research plan, research organization and PI composition; prospects for fostering and
securing of next-generation researchers

- Prospects for securing resources such as permanent positions and revenues; plan and/or implementation for defining the
center's role and/or positioning the center within the host institution's institutional structure

- Measures to sustain the center as a world premier international research center after program funding ends

- Host institution’s organizational reforms carried out for the center’s autonomous administration simultaneously with the creation
of the center.

The university highly evaluates the center's achievements and plans to expand it to other
departments of the university, such as a management system that clearly separates research and
administrative organization, like a Center Director and Administrative Director, a careful ﬁerformance
evaluation system that provides incentives to faculty members, a hospitality system that supports
the daily life of foreign researchers, and the assignment of faculty members specializing in fusion
researcg (Fusion Research Coordinator) and instrument management faculty to prevent research
misconduct.

(1) Financial support: Since the establishment of the center, The University has strongly
supported the center and has secured funds equal to or more than the WPI grant for its
operation (FY2018: 358 million yen, FY2019: 1,026 million yen, FY2020: 1,388 million yen,
FY2021: 1,904 million yen, FY2022: 2,657 million yen). The university also provides the center
with full access to its financial infrastructure, i.e., the opportunity to request budget estimates
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(2)

3)

4

©)

and to apply for competitive cross-departmental funding. The University strongly supports new
developments in the center's research and, in 2022, it has accepted an estimated budget
request from the center for "List-Platform" for further development of research and
enhancement of domestic and international research hub functions. This budget was requested
from the government, which was adopted and the platform was launched from FY2023. The
university su;y)orted the formation of consortia that involve companies that collaborate with the
center in order to promote industrial collaborations and established a system to attract
independent funding for the center. Since June 2021, GRRM20 was launched by HPC Systems,
Inc. under a program license agreement with the University, and license income has been
increasing year by year. From FY2023, a five-year large-scale joint research project (250 million
yen in total) with Mitsui chemicals was launched. The center will conduct recurrent education
by using MANABIYA (INDUSTRY) to attract companies in related fields and expand its network
in order to best match the center’s research with these industries. In this way, from FY2023,
the center plans to gradually become independent and secure continuous research activities by
increasing the proportion of the university's voluntary cost burden.
Personnel support: In order to ensure that the center sustainably continues its research
activities independently, the university provided financial support starting for tenure positions
that were offered to outstanding WPI researchers. These were appointed following a rigorous
selection process based on research activities such as high-impact publications and receipt of
competitive funds. Based on this plan, 4 tenure-track associate professors and 1 assistant
professor have already been assigned to the center as of April 2023. Furthermore, two specially
appointed faculty members will be secured in FY2023 with the establishment of the List-Platform.
In the future, one regular associate professors and one post-doctoral researcher will be assignhed
to each senior PI of the center. Six young PIs will be assighed one post-doctoral fellow each.
Taking measures to hire necessary faculty members by utilizing various financial resources such
as budget requests, the university will make a gradual increasing to ten associate professors
assigned to each senior PI, and 6 young PIs from FY2023.
Participation of female researchers: The future vision of the center aims to achieve a
gender balance of 25%. All PI-groups are asked to have at least one female. The university
secured positions for a female assistant professor and a tenure-track associate professor.
Through these positions, a career path system for female researchers from student,
postdoctoral researcher, assistant professor, and associate professor (Jr. PI) to professor (PI)
was established and role models were shown. Finally, they will be established as PIs of the
center and inject a fresh, young perspective into the center’s research direction and leadership.
The center will also actively recruit female students using the University Fellowship System, and
establish a strong, collaborative relationship with the Office of Diversity, Equity, and Inclusion.
Technical support: The university established an integrated technical staff organization, the
Office for Technical Support, to which technical staff members from various departments in the
university were dually appointed, and the consolidation of the centralized administrative system
within its operating structure strengthens the support system for cross-divisional education and
research activities. In refsfponse to a request from the center, the Office for Technical Support
dispatched technical staff, performing duties in cooperation with the equipment management
faculty members to assist in the maintenance and management of the center's equipment
(nuclear magnetic resonance equipment) under the coordination with the Equipment
Management Unit. The university provided the fees required to analyze synthesized samples in
the context of the center, as well as the usage fees for the open facility system, which provides
access to cutting-edge equipment such as high-resolution NMR spectrometers that are managed
by the university (FY2019: 850 thousand yen; FY2020: 1 million yen; FY2021: 2.5 million yen;
FY2022: 2.3 million yen)
Establishment of graduate school: From FY2023, the reorganization and integration of
existing graduate schools in order to establish of the graduate school of "Chemical Reaction
Design and Discovery" will be implemented, with plans to cement "Chemical Reaction Design
and Discovery" and "MANABIYA" as educational organizations of the university. In order to
incorporate the world's most advanced research back into educational programs, the university
Blans to establish a system for cross-disciplinary and interdisciplinary education that is not
ound by the framework of existing research institutes and graduate schools. The center
established the " Human Resource Development Unit" to design a human resource development
framework that will function as a model case for next-generation hi?her education through a
multilateral approach for students and workin% people regardless of national or international
affiliation. From FY2023, the university already hired a full professor and specialized faculty with
extensive teaching and research experience for the Human Resource Development Unit. No
other international research institute in the university has such a human resource development
unit, and this organizational reform will also lead to the center's further development as a
research center to foster young researchers, which would contribute to the reformation of the
entire university. Furthermore, the educational reform of a research institution having its own
graduate school is worthy of attention not only for its impact within the university but also
outside the university, and as an attempt to foster human resources to take responsibility for
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(6)

6.

the world-leading-edge research.
Research space: The university already provided 2,600 m? of ICReDD space in the CRIS
building and pays for the use of the space, mcludmg utilities. The center's research space was
expanded from 2,600m? to 8,100m? in February 2023.The University provided land on the north
side of the campus where the CRIS building and industry-academia collaboration research
facilities are concentrated, and a new research building (4 floors, 5,500
m?) was completed, creatlng an environment where a total of over 100
researchers can conduct research under one roof. This includes an animal
laboratory, an industry-academia collaboration laboratory and a fusion
research office where 90 researchers can research in a single space.
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* Describe what was accomplished in the center’s outreach activities last year and how the activities have contributed to
enhancing the center’s “globally visibility.” In Appendix 6, describe concretely the contents of these outreach activities. In

Appendix 7, describe media reports or coverage, if any, of the activities.
* In addition to the above 1-5 viewpoints, if there is anything else that deserves mention regarding the center project’s progress,
note it.

(1)

(2)

(3)

4

(3

(6)

Each fiscal year, the center has held the ICReDD international symposium, inviting researchers
from Japan and overseas to introduce them to the vision and research of the center. In 2021,
the center established the Akira Suzuki and ICReDD Awards, which honor prominent chemists
in both experimental chemistry and computational chemistry or information science. The 2nd
annual awards were given to Professor Joh F. Hartwig from UC Berkeley and Professor Kendall
N. Houk from UCLA. Despite the U.S. time zone (mid-night in Japan), the 2nd Akira Suzuki
Awards Ceremony & the 5th ICReDD International Symposium had 361 r glstrations (59
overseas registrations from 19 countries), 115 live participants (103 domestic and 12 overseas),
36 poster sessions and numerous on-demand viewers. As a result of a Twitter campaign using
@ function to mention the recipients’ departments, tweets about the Akira Suzuki Award
ceremony were retweeted multiple times by prestigious universities abroad (UCLA, UC-Berkeley),
reaching over 20,000 impressions in total and connecting the center’s brand with a more
international audience. Furthermore, by holding a Special Lecture with Nobel Laureate Professor
List on September 22 at Hokkaido University, the center increased recognition of the center
within the university (100 in- Ferson participants) and among other universities and in industry
in Japan and abroad (177 online participants).

The center has world-class researchers as Principal Investigators (PIs) and has received
outstanding awards such as APS 2023 Polymer Physics Prize (Gong). In FY2022, the center
members have presented their research in 28 invited lectures at international conferences and
17 awards have been granted.

Since 2018, the center has created a number of promotional materials, including an institute
pamphlet and a recruiting brochure targeted at overseas researchers. An English language
Annual Report brochure for FY2022 was created to convey the vision and recent progress of
the center to domestic and international audiences. the center’s goods were created to attract
attention to our booth at events, including pens, Clear files, and notepads, as well as outreach-
focused handouts like our unique “word reactor” and “periodic table pen stand”. These items
have been handed out at many events such as outreach events like the WPI Science Symposium
to inspire high school students.

The center has published a "Monthly Research News Postcard" that provides monthly research
highlights, a "Quarterly News Poster" that presents research content in an easy-to-understand
manner, and an "Annual Report" to provide information on the center's annual research activities.
Information was widely disseminated domestically and internationally. Our monthly research
news postcard series promote our latest research to a mailing list of hundreds of people,
including over 70 international addresses. A unique endeavor at the center is our quarterly news
poster “The CATALYST", which explains concepts of chemistry in an easy-to-understand manner,
while also introducing the center research to a high school level, non-scientist audience via a
mailing list of 220. In FY 2023, 4 issues have been issued, including "How Ilght interacts with
molecules", "The strength and UtI|ItY of polymers", "Chemlstry in medicine", and "Controlling
chemical reactions with temperature”.

The center also promotes itself on social media, including Facebook, Twitter, LinkedIn and
Instagram. A recent effort has been made to more actively promote the center research on the
center website and on Twitter. As a result of focusing on disseminating new research, 10 English
language press releases were distributed to news platforms, resulting in an estimated 7.75
million views. The center HP coverage (10 English releases plus 15 highlight articles) resulted
in 5400 unique pageviews, with over 700 people driven directly from Tweets about research.
In addition to promoting research results on the center's website and SNS, a promotional video
was created to introduce ICReDD’s new building and is shown at our entrance hall. From FY2022,
the center strengthened international public relations in collaboration with the University's Public
Relations Office and launched fundraising activities, including the creation of a mechanism to
obtain external funding.
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7. Center’s Response to Results of Last Year’s Follow-up

* Transcribe the item from the “Actions required and recommendations” section in the site visit report and the Follow-up report,
then note how the center has responded to them.
* If you have already provided this information, indicate where in the report.

1) ICReDD needs to set explicitly its goals and roadmaps for the Flagship Projects and the bottom-
up projects. What has been achieved in the last 5 years and what is expected in the 2nd half of the
funding period should be clearly articulated.

Project I is the most important project in the center because it is closely related to all the other
projects and provides computational acceleration tools for them. All computational and informatics
rougs come together to share successes and failures based on their contributions to the other
lagship projects. This feedback loop allows us to stay abreast of the latest state-of-the-art
trc])mpL’lctatIionaI and informatics tools being used in these projects and helps us to further develop
ese tools.
The other projects have a hierarchical complexity. The complexity increases in the order of the
g]ect number. In the second half of the WPI period, the center will focus more on systems of
hlg er complexity.

Project-II: New reaction design and discovery from scratch. So far, the center has demonstrated
multiple successful examples of (non-catalytic) small molecule syntheS|s Going forward, the center
will be focusing our efforts on discovering organometallic catalysts that can achieve previously
unexplored chemical transformations within this framework.

Project-III: Catalyst design and discovery through screening. The project entails finding the

optimal catalyst’s ligands and substituents through a computation-aided screening process. For
example, the center aims to enhance the enantioselectivity of List's IDPi catalyst for various chemical
transformations by utilizing a computation- and informatics-based approach to screen and optimize
the catalyst's substituents.

Project-IV: Exploration of mechanochemical synthesis. Project IV focuses on mechanochemical
synthesis using ball mills. This synthetic method has emerged as a highly promising tool in organic
synthesis. However, its applicability and understanding have not been sufficiently explored yet. The
goal of this project is to broaden its applicability, elucidate unexpected species unique to this
synthesis, construct a theory for modeling the influences of mechanical impacts, and more.

Project-V: Understanding and controlling polymer properties, formation, and degradation. The
project involves the design of polymer properties through simulation, visualization of polymer
mechanoradicals, utilization of polymer mechanoradicals, the design of polymer sequences to
maximize desired properties, and more. Two specific examples of our goals are to enhance the
performance of muscle-like double-network hydrogels and to utilize plastic materials in the synthesis
of useful materials.

Project-VI: Cancer diagnosis utilizing new materials and measurement techniques. The project
focuses on developing cancer diagnosis methods that utilize new materials and measurement
techniques. Specifically, the center will be conducting further research on the hydrogel-activated
reprogramming phenomenon (HARP), which was discovered during the first half of the WPI period.
Understanding HARP and its potential clinical applications are urgent topics to be addressed in this
project, through a fusion team among materials scientists, informaticians, and medical doctors.

2) To elucidate the nature of the cancer stem cells that ICReDD has derived from their interactions
withdhé/droqels, closer collaborations with experts in fundamental cancer biology and pathology are
needed.

In collaboration with Dr. Mano, Director of the National Cancer Center, the effectiveness of the
rapid cancer stem cell generation method using double network hydrogel (Hydrogel Activated
Reprograming (HARP) phenomenon) was confirmed. The results confirmed that cancer stem cells
obtained by this method have the same profile as those obtained by conventional methods. In order
to further accelerate fusion research between chemistry and clinical medicine, the center has
changed experimental science PIs from Prof. Sawamura to Prof. Ogawa (Chemical Biology) in FY2023
to realize efficient cancer treatment methods based on detailed chemical manipulations. In
partnership with the School of Medical Science, the center has launched a consortium called the
Clinical Platform for Chemical Reaction Collaboration. Through this consortium, the center aims to
accelerate the use of our chemical products in medical diagnosis and treatment.

3) In its support plan, Hokkaido University should make clear whether the 10 senior PI positions
belong to ICReDD.

After the funding period from WPI, the center will be established as a permanent research institute
at Hokkaido University. Unlike conventional research institutes, the center will implement a dynamic
personnel appointment system. This means that senior PIs at the center will have two laboratories:
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one at the center and the other in a different department of Hokkaido University or a top institute
outside of Hokkaido University. The university will provide one associate professor and one
postdoctoral fellow to each senior PI's laboratory and support their activities at the center. Ten senior
PI laboratories will be created in the center, and the budget to hire additional staffs (ten associate
professors and ten postdoctoral fellows in total) will be covered by Hokkaido University. These ten
senior PIs are top-level researchers who undergo annual evaluations and may be replaced based on
their performance to ensure that the center maintains the highest level of excellence. From FY2023,
the center established a new position called the ICReDD fellow as an incubation system for next PIs.
When a senior PI is replaced or new research areas will need to be developed, the most suitable
ICReDD fellow will be selected. In addition, the center plans to establish approximately six junior PI
groups, led by rising stars in related fields. These junior PIs will be recruited from top institutes
abroad and appointed as tenure-track associate professors. After several years, they are expected
to become full professors in the other department of Hokkaido University after obtaining tenure, or
to secure tenured positions at top institutes abroad. The university will provide each junior PI group
with one postdoctoral fellow and a budget for managing their groups. Hokkaido University will cover
the costs required to establish the junior PI groups, including the employment costs of the junior
PIs. With this dynamic personnel circulation system, the center will maintain the highest level of
scientific excellence always.

4) ICReDD needs to provide a clear strategy for balancing academic leadership with responsiveness
to industry and commercialization opportunities. It is important for the Center to show that it has a
strategy for maximizing its impact—both in terms of the academic world and in practical terms.

Since June 2021, “"GRRM20” was launched from HPC Systems, Inc. under a program license
agreement with the University, in which the latest features of the AFIR method are available.
GRRM20 is a "technology needed in society" that companies also need, and selling it is one of the
center's contributions to society. The center already established a system for the use of this program
in MANABIYA (INDUSTRY). In FY2022, the center has launched a consortium called the “Clinical
Platform for Chemical Reaction Collaboration” in partnership with the School of Medical Science.
Through this consortium, the center aims to accelerate the utilization of our chemical products in
medical diagnosis and treatment. Furthermore, the center has just launched the “List-DX Catalyst
Collaboration Research Platform (List-Platform)” and the “Mitsui Chemicals-ICReDD Innovative
Chemical Reaction Design Laboratory (Mitsui Chemicals-ICReDD Laboratory)” in FY2023. These
initiatives will assist quick implementation of our research outputs in social and industrial applications.

The List-Platform will be headed by Professor List, a Nobel laureate, and will promote next
generation organocatalytic chemistry that integrates computational science with digital
transformation (DX) technologies such as robotics, machine learning, and artificial intelligence by
applying the advanced technologies of the center, which combine computational science, information
science, and experimental science. The List-Platform will establish five research groups, starting with
basic theoretical research and extending to catalyst development, evaluation and optimization, drug
discovery and materials development, and synthetic process development, and will mobilize the
collective efforts of top-level researchers inside and outside the university. Furthermore, the center
will invite world-class researchers from Japan and abroad as fellows to provide advice on research
and share research results widely, aiming to become a leading international research exchange
center for sustainable DX or(];anocatalytic chemistry research.

In addition, the center will also strengthen industry-academia collaboration by working to solve
problems in industry and promote demonstration experiments and social implementation. From
FY2023, "Mitsui Chemicals-ICReDD Laboratory" was started for joint research focused on the swift,
high-precision design of new reactions that will contribute to the development of high-performance
materials and the creation of a recycling-oriented society, based on the center's strength in chemical
reaction design and discovery, which integrates the three fields of computational science,
information science, and experimental science, and Mitsui Chemicals' knowledge of materials
development. Additionally, efforts will focus on achieving further advances in chemical reaction
design and discovery via research and development of new computational science and information
science technologies.

5) Hokkaido University is asked to submit an official report to the WPI Program Committee on the
ndings of its investigation on the scientific misconduct that occurred at ICReDD and on the reforms
hat the university will undertake to prevent reoccurrences.

—t|—h

Hokkaido University will submit an official report to the WPI Program Committee on the findings
of its investigation on the scientific misconduct that occurred at the center and on the reforms that
the university will undertake to prevent reoccurrences. Now, this report was reviewed by MEXT, JSPS,
and Japan Science and Technology Agency (JST), and will be open and submit to WPI program
committee after revising around June.
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Appendix 1 FY 2022 List of Center’s Research Results and Main Awards

1. Refereed Papers
- List only the Center’s papers published in 2022. (Note: The list should be for the calendar year, not the fiscal year.)

(1) Divide the papers into two categories, A and B.

A.  WPI papers
List papers whose author(s) can be identified as affiliated with the WPI program (e.g., that state "WPI"” and the name of the WPI center
(WPI-center name)). (Not including papers in which the names of persons affiliated with the WPI program are contained only in
acknowledgements.)

B. WPI-related papers
List papers related to the WPI program but whose authors are not noted in the institutional affiliations as WPI affiliated. (Including
papers whose acknowledgements contain the names of researchers affiliated with the WPI program.)

Note: On 14 December 2011, the Basic Research Promotion Division (the Basic and Generic Research Division at present) in MEXT's
Research Promotion Bureau circulated an instruction requiring paper authors to include the name or abbreviation of their WPI center
among their institutional affiliations. From 2012, the authors’ affiliations must be clearly noted.

(2) Method of listing paper
- List only refereed papers. Divide them into categories (e.g., original articles, reviews, proceedings).
- For each, write the author name(s); year of publication; journal name, volume, page(s) (or DOI number), and article title. Any listing order
may be used as long as format is consistent. (The names of the center researchers do not need to be underlined.)
- If a paper has many authors (say, more than 10), all of their names do not need to be listed.
- Assign a serial number to each paper to be used to identify it throughout the report.
- If the papers are written in languages other than English, underline their serial numbers.
- Order of Listing
A.  WPI papers
1. Original articles
2. Review articles
3. Proceedings
4. Other English articles

B. WPI-related papers
1. Original articles
2. Review articles
3. Proceedings
4. Other English articles

(3) Submission of electronic data
- In addition to the above, provide a .csv file output from the Web of Science (e.g.) or other database giving the paper’s raw data including
Document ID. (Note: the Document ID is assigned by paper database.)
- The papers should be divided into A or B categories on separate sheets, not divided by paper categories.

(4) Use in assessments
- The lists of papers will be used in assessing the state of WPI project’s progress.
- They will be used as reference in analyzing the trends and whole states of research in the said WPI center, not to evaluate individual
researcher performance.
- The special characteristics of each research domain will be considered when conducting assessments.

(5) Additional documents

- After all documents, including these paper listings, showing the state of research progress have been submitted, additional documents may
be requested.

A. WPI papers

1. Original articles
(1) Afonina, V. A.; Mazitov, D. A.; Nurmukhametova, A.; Shevelev, M. D.; Khasanova, D. A.; Nugmanov,

R. L.; Burilov, V. A.; Madzhidov, T. I.; Varnek, A. Prediction of Optimal Conditions of Hydrogenation
Reaction Using the Likelihood Ranking Approach. International Journal of Molecular Sciences 2022,
23 (1), 15, Article. DOI: 10.3390/ijms23010248.

(2) Aizawa, N.; Pu, Y. J.; Harabuchi, Y.; Nihonyanagi, A.; Ibuka, R.; Inuzuka, H.; Dhara, B.; Koyama, Y.;
Nakayama, K. I.; Maeda, S.; et al. Delayed fluorescence from inverted singlet and triplet excited states.
Nature 2022, 609 (7927), 15, Article. DOI: 10.1038/s41586-022-05132-y.

(3) Aoki, Y.; Yoshioka, M.; Suzuki, Y. Data-Augmentation Method for BERT-based Legal Textual
Entailment Systems in COLIEE Statute Law Task. Review of Socionetwork Strategies 2022, 16 (1),
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175-196, Article. DOI: 10.1007/s12626-022-00104-0.

(4) Berger, J.; Schneemann, A.; Hante, I.; Jing, Y.; Evans, J. D.; Hijikata, Y.; Pirillo, J.; Toyao, T.; Shimizu,
K. L.; Noro, S. L.; et al. Designing Adsorptive Gating via Linker Side-Chain Functionalization in a
Honeycomb-MOF. Journal of Physical Chemistry C 2022, 126 (30), 12755-12764, Article. DOI:
10.1021/acs.jpcc.2c01979.

(5) Budzak, S.; Jovaisaite, J.; Huang, C. Y.; Baronas, P.; Tulaite, K.; Jursenas, S.; Jacquemin, D.; Hecht,
S. Mechanistic Insights into the Photoisomerization of N,N '-Disubstituted Indigos. Chemistry-a
European Journal 2022, 28 (26), 9, Article. DOI: 10.1002/chem.202200496.

(6) Chand, S.; Alahmed, O.; Baslyman, W. S.; Dey, A.; Qutub, S.; Saha, R.; Hijikata, Y.; Alaamery, M.;
Khashab, N. M. DNA-Mimicking Metal-Organic Frameworks with Accessible Adenine Faces for
Complementary Base Pairing. Jacs Au 2022, 2 (3), 623-630, Article. DOI: 10.1021/jacsau.1c00516.

(7) Christofi, E.; Chazirakis, A.; Chrysostomou, C.; Nicolaou, M. A.; Li, W.; Doxastakis, M.; Harmandaris,
V. A. Deep convolutional neural networks for generating atomistic configurations of multi-component
macromolecules from coarse-grained models. Journal of Chemical Physics 2022, 157 (18), 18, Article.
DOI: 10.1063/5.0110322.

(8) Cui, K. P.; Yu, C. T.; Ye, Y. N.; Li, X. Y.; Gong, J. P. Mechanism of temperature-induced asymmetric
swelling and shrinking kinetics in self-healing hydrogels. Proceedings of the National Academy of
Sciences of the United States of America 2022, 119 (36), 7, Article. DOI: 10.1073/pnas.220742211.

(9) Cui, W.; Zheng, Y.; Zhuy, R. J.; My, Q. F.; Wang, X. Y.; Wang, Z. S.; Liu, S. Q.; Li, M.; Ran, R. Strong
Tough Conductive Hydrogels via the Synergy of Ion-Induced Cross-Linking and Salting-Out. Advanced
Functional Materials 2022, 32 (39), 12, Article. DOI: 10.1002/adfm.202204823.

(10)da Rosa, P. P. F.; Kitagawa, Y.; Shoji, S.; Oyama, H.; Imaeda, K.; Nakayama, N.; Fushimi, K.; Uekusa,
H.; Ueno, K.; Goto, H.; et al. Preparation of photonic molecular trains via soft-crystal polymerization
of lanthanide complexes. Nature Communications 2022, 13 (1), 8, Article. DOI: 10.1038/s41467-022-
31164-z.

(11)Dong, C. L.; Lu, M. F.; Fan, H. L.; Jin, Z. X. Cooperation of Zr(iv)-N and Zr(iv)-O coordinate bonds of
Zr(iv)-amide ensures the transparent and tough polyacrylamide hydrogels. Journal of Materials
Chemistry B 2022, 10 (44), 9258-9265, Article. DOI: 10.1039/d2tb01496c.

(12) Ebisawa, S.; Hasebe, M.; Tsutsumi, T.; Tsuneda, T.; Taketsugu, T. Natural reaction orbitals for
characterizing electron transfer responsive to nuclear coordinate displacement. Physical Chemistry
Chemical Physics 2022, 24 (6), 3532-3545, Article. DOI: 10.1039/d1cp04491e.

(13)Ebisawa, S.; Tsutsumi, T.; Taketsugu, T. Extension of natural reaction orbital approach to
multiconfigurational wavefunctions. Journal of Chemical Physics 2022, 157 (8), 15, Article. DOI:

10.1063/5.0098230.
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(14) EI-Meligy, A. B.; El-Demerdash, S. H.; Abdel-Rahman, M. A.; Mahmoud, M. A. M.; Taketsugu, T.; El-
Nahas, A. M. Structures, Energetics, and Spectra of (NH) and (OH) Tautomers of 2-(2-
Hydroxyphenyl)-1-azaazulene: A Density Functional Theory/ Time-Dependent Density Functional
Theory Study. Acs Omega 2022, 7 (16), 14222-14238, Article. DOI: 10.1021/acsomega.2c00866.

(15)Fan, H. L.; Guo, H. L.; Kurokawa, T.; Gong, J. P. Quantitative determination of cation-pi interactions
between metal ions and aromatic groups in aqueous media by a hydrogel Donnan potential method.
Physical Chemistry Chemical Physics 2022, 24 (10), 6126-6132, Article. DOI: 10.1039/d1cp05622k.

(16)Feng, C.; Seki, T.; Sakamoto, S.; Sasaki, T.; Takamizawa, S.; Ito, H. Mechanical deformation and
multiple thermal restoration of organic crystals: reversible multi-stage shape-changing effect with
luminescence-color changes. Chemical Science 2022, 13 (33), 9544-9551, Article. DOI:
10.1039/d2sc03414;j.

(17) Ferdous, Z.; Clement, J. E.; Gong, J. P.; Tanaka, S.; Komatsuzaki, T.; Tsuda, M. Geometrical analysis
identified morphological features of hydrogel- induced cancer stem cells in synovial sarcoma model
cells. Biochemical and Biophysical Research Communications 2023, 642, 41-49, Article. DOI:
10.1016/j.bbrc.2022.12.040.

(18) Fujii, T.; Kitagawa, Y.; Hasegawa, Y.; Imoto, H.; Naka, K. Emission Properties of Eu(III) Complexes
Containing Arsine and Phosphine Ligands with Annulated Structures. Inorganic Chemistry 2022, 61
(44), 17662-17672, Article. DOI: 10.1021/acs.inorgchem.2c02757.

(19) Fujimura, A.; Shoji, S.; Kitagawa, Y.; Hasegawa, Y.; Doi, T.; Fushimi, K. Development of a quasi-on-
time ICP-OES for analyzing electrode reaction products. Electrochimica Acta 2022, 433, 11, Article.
DOI: 10.1016/j.electacta.2022.141246.

(20)Gao, P.; Jiang, J. L.; Maeda, S.; Kubota, K.; Ito, H. Mechanochemically Generated Calcium-Based
Heavy Grignard Reagents and Their Application to Carbon-Carbon Bond-Forming Reactions.
Angewandte Chemie-International Edition 2022, 61 (41), 7, Article. DOI: 10.1002/anie.202207118.

(21)Gao, Y. P.; Feng, C.; Seo, T.; Kubota, K.; Ito, H. Efficient access to materials-oriented aromatic alkynes
via the mechanochemical Sonogashira coupling of solid aryl halides with large polycyclic conjugated
systems. Chemical Science 2022, 13 (2), 430-438, Article. DOI: 10.1039/d1sc05257h.

(22) Gimadiev, T.; Nugmanov, R.; Khakimova, A.; Fatykhova, A.; Madzhidov, T.; Sidorov, P.; Varnek, A.
CGRdb2.0: A Python Database Management System for Molecules, Reactions, and Chemical Data.
Journal of Chemical Information and Modeling 2022, 62 (9), 2015-2020, Article. DOI:
10.1021/acs.jcim.1c01105.

(23) Grossmann, O.; Maji, R.; Aukland, M. H.; Lee, S.; List, B. Catalytic Asymmetric Additions of Enol
Silanes to In Situ Generated Cyclic, Aliphatic N-Acyliminium Ions. Angewandte Chemie-International
Edition 2022, 61 (9), 6, Article. DOI: 10.1002/anie.202115036.
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(24) Guo, Y. Z.; Nakajima, T.; Mredha, M. T. I.; Guo, H. L.; Cui, K. P.; Zheng, Y.; Cui, W.; Kurokawa, T.;
Gong, J. P. Facile preparation of cellulose hydrogel with Achilles tendon-like super strength through
aligning hierarchical fibrous structure. Chemical Engineering Journal 2022, 428, 10, Article. DOI:
10.1016/j.cej.2021.132040.

(25)Haque, M. A.; Kurokawa, T.; Nakajima, T.; Kamita, G.; Fatema, Z.; Gong, J. P. Surfactant induced
bilayer-micelle transition for emergence of functions in anisotropic hydrogel. Journal of Materials
Chemistry B 2022, 10 (41), 8386-8397, Article. DOI: 10.1039/d2tb00172a.

(26) Harabuchi, Y.; Hayashi, H.; Takano, H.; Mita, T.; Maeda, S. Oxidation and Reduction Pathways in the
Knowles Hydroamination via a Photoredox-Catalyzed Radical Reaction. Angewandte Chemie-
International Edition 2023, 62 (1), 9, Article. DOI: 10.1002/anie.202211936.

(27)Hasegawa, Y.; Kitagawa, Y. Luminescent lanthanide coordination polymers with transformative
energy transfer processes for physical and chemical sensing applications. Journal of Photochemistry
and Photobiology C-Photochemistry Reviews 2022, 51, 13, Article. DOI:
10.1016/j.jphotochemrev.2022.100485.

(28) Hayakawa, M.; Horike, S.; Hijikata, Y.; Yasui, K.; Yamaguchi, S.; Fukazawa, A. Late-stage modification
of pi-electron systems based on asymmetric oxidation of a medium-sized sulfur-containing ring.
Chemical Communications 2022, 58 (15), 2548-2551, Article. DOI: 10.1039/d1cc06996a.

(29)Hirai, H.; Takano, S.; Nakashima, T.; Iwasa, T.; Taketsugu, T.; Tsukuda, T. Doping-Mediated Energy-
Level Engineering of M@Au-12 Superatoms (M=Pd, Pt, Rh, Ir) for Efficient Photoluminescence and
Photocatalysis. Angewandte Chemie-International Edition 2022, 61 (36), 8, Article. DOI:
10.1002/anie.202207290.

(30) Hirota, A.; Clement, J. E.; Tanikawa, S.; Nonoyama, T.; Komatsuzaki, T.; Gong, J. P.; Tanaka, S.;
Imajo, M. ERK MAP Kinase Signaling Regulates RAR Signaling to Confer Retinoid Resistance on Breast
Cancer Cells. Cancers 2022, 14 (23), 20, Article. DOI: 10.3390/cancers14235890.

(31)Ide, Y.; Manabe, Y.; Inaba, Y.; Kinoshita, Y.; Pirillo, J.; Hijikata, Y.; Yoneda, T.; Shivakumar, K. I.;
Tanaka, S.; Asakawa, H.; et al. Determination of the Critical Chain Length for Macromolecular
Crystallization Using Structurally Flexible Polyketones. Chemical Science 2022, 13 (34), 9848-9854,
Article. DOI: 10.1039/d2sc03083g.

(32) Imai, K.; Nanjo, H.; Shigeeda, W.; Sugai, T.; Ito, T.; Maniwa, Y.; Takashima, S.; Saito, H.; Yanagawa,
N.; Tanaka, Y.; et al. Intraoperative rapid immunohistochemistry with noncontact antibody mixing for
undiagnosed pulmonary tumors. Cancer Science, 10, Article; Early Access. DOI: 10.1111/cas.15616.

(33)Inaba, Y.; Kakibayashi, Y.; Ide, Y.; Pirillo, J.; Hijikata, Y.; Yoneda, T.; Inokuma, Y. Strain-Induced
Ring Expansion Reactions of Calix[3]pyrrole-Related Macrocycles. Chemistry A European Journal 2022,
28 (17), 7, Article. DOI: 10.1002/chem.202200056.
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(34)Ishi, Y.; Yamaguchi, S.; Okamoto, M.; Sawaya, R.; Endo, S.; Motegi, H.; Terasaka, S.; Tanei, Z.;
Hatanaka, K. C.; Tanaka, S.; et al. Clinical and radiological findings of glioblastomas harboring a BRAF
V600E mutation. Brain Tumor Pathology 2022, 39 (3), 162-170, Article. DOI: 10.1007/s10014-022-
00432-7.

(35) Ishigaki, Y.; Tadokoro, T.; Harabuchi, Y.; Hayashi, Y.; Maeda, S.; Suzuki, T. Anthraquinodimethane
Ring-Flip in Sterically Congested Alkenes: Isolation of Isomer and Elucidation of Intermediate through
Experimental and Theoretical Approach. Bulletin of the Chemical Society of Japan 2022, 95 (1), 38-
46, Article. DOI: 10.1246/bcsj.20210355.

(36)Ito, T.; Maeda, S.; Harabuchi, Y. Kinetic Analysis of a Reaction Path Network Including Ambimodal
Transition States: A Case Study of an Intramolecular Diels-Alder Reaction. Journal of Chemical Theory
and Computation 2022, 18 (3), 1663-1671, Article. DOI: 10.1021/acs.jctc.1c01297.
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(38) Jancarik, A.; Holec, J.; Nagata, Y.; Samal, M.; Gourdon, A. Preparative-scale synthesis of nonacene.
Nature Communications 2022, 13 (1), 7, Article. DOI: 10.1038/s41467-021-27809-0.

(39)Jin, M.; Ando, R.; Ito, H. Distinct Fold-Mode Formation of Crystalline Cu(I) Helical Coordination
Polymers with Alternation of the Solid-State Emission Using Shape of the Counter Anions. Inorganic
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(40) Jin, M.; Tto, H. Solid-state luminescence of Au(I) complexes with external stimuli-responsive properties.
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Available Building Blocks for Medicinal Chemistry. Journal of Chemical Information and Modeling
2022, 62 (9), 2171-2185, Article. DOI: 10.1021/acs.jcim.1c00811.

(138) Zhang, Y.; Fukao, K.; Matsuda, T.; Nakajima, T.; Tsunoda, K.; Kurokawa, T.; Gong, J. P. Unique
crack propagation of double network hydrogels under high stretch. Extreme Mechanics Letters 2022,
51, 10, Article. DOI: 10.1016/j.eml.2021.101588.

(139) Zhou, H.; Han, J. T.; Nothling, N.; Lindner, M. M.; Jenniches, J.; Kuhn, C.; Tsuji, N.; Zhang, L.; List,
B. Organocatalytic Asymmetric Synthesis of Si-Stereogenic Silyl Ethers. Journal of the American
Chemical Society 2022, 144 (23), 10156-10161, Article. DOI: 10.1021/jacs.2c04261.

2. Review articles

(140) Cui, K. P.; Gong, J. P. How double dynamics affects the large deformation and fracture behaviors of
soft materials. Journal of Rheology 2022, 66 (6), 1093-1111, Article. DOI: 10.1122/8.0000438.

(141) Hasegawa, Y.; Shoji, S.; Kitagawa, Y. Luminescent Eu(III)-based Coordination Polymers for Photonic
Materials. Chemistry Letters 2022, 51 (2), 185-196, Review. DOI: 10.1246/cl.210650.

(142) Hayashi, 1.; Shoji, S.; Kitagawa, Y.; Hasegawa, Y. Amorphous lanthanide complexes for organic
luminescent materials. Coordination Chemistry Reviews 2022, 467, 9, Review. DOI:
10.1016/j.ccr.2022.214607.

(143) Iwai, T.; Miura, Y.; Sawamura, M. Development of Heterogeneous Transition-Metal Catalysis Based
on Polystyrene-Cross-Linking Phosphines and Their Applications to Flow Reaction Systems. The
Chemical Times, 2022, 263, 12-16.

(144) Nakajima, T. Swelling of a Polymer Gel to Near Its Geometric Limit. Journal of the Society of Materials
Science Japan. 2022, 71(9), 756-760. DOI: 10.2472/jsms.71.756.

(145) Saha, R.; Das, P.; Chattaraj, P. K. Molecular Electrides: An In Silico Perspective. Chemphyschem
2022, 23 (23), 17, Review. DOI: 10.1002/cphc.202200329.

(146) Sawamura, M.; Shimizu, Y. Boron Catalysis in the Transformation of Carboxylic Acids and Carboxylic
Acid Derivatives. European Journal of Organic Chemistry, 25, Review; Early Access. DOI:
10.1002/ejoc.202201249.
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(147) Tanaka, S.; Wang, L.; Tsuda, M.; Gong, J.P.; Suzuka, J, Rapid Induction of Reprogramming Towards
Cancer Cells by Hydrogel as HARP Phenomenon. BIO INDUSTRY, 2022, 39(8), 40-46.

(148) Tsutsumi, T.; Ono, Y.; Taketsugu, T. Reaction Space Projector (ReSPer) for Visualizing Dynamic
Reaction Routes Based on Reduced-Dimension Space. Topics in Current Chemistry 2022, 380 (3),
23, Review. DOI: 10.1007/s41061-022-00377-7.

(149) Yamazaki, T.; Yamamoto, T.; Hirose, T. Micellization: A new principle in the formation of
biomolecular condensates. Frontiers in Molecular Biosciences 2022, 9, 17, Review. DOI:
10.3389/fmolb.2022.974772.

(150) You, Y.; Mita, T. Recent Advances in the Catalytic Umpolung Carboxylation of Allylic Alcohol
Derivatives with Carbon Dioxide. Asian Journal of Organic Chemistry 2022, 11 (5), 12, Review. DOI:
10.1002/ajoc.202200082.

3. Proceedings
(151)Suzuka, J.; Tsuda, M.; Wang, L.; Kumegawa, K.; Maruyama, R.; Tanaka, S. Novel hydrogel
X induces cancer stemness by involving in epigenetic regulation. Cancer Science 2022, 113,
747-747, Meeting Abstract.

(152)Tanaka, S.; Suzuka, J.; Wang, L.; Tsuda, M. Double network hydrogel as novel
microenvironment enhances osteopontin and reprogramming of cancer stem cells. Cancer
Science 2022, 113, 746-746, Meeting Abstract.

(153)Tsuda, M.; Wang, L.; Hirano, S.; Asaka, M.; Tanaka, S. Aberrant expression of MYD88 via
RNA-controlling CNOT4 and EXOSC3 in normal mucosa influences onset of colonic cancer.
Cancer Science 2022, 113, 1, Meeting Abstract.

4. Other English articles
(154)Keshavamurthy, S.; Komatsuzaki, T.; Leitner, D. Richard Stephen Berry (1931-2020).
Resonance-Journal of Science Education 2022, 27 (1), 11-17, Biographical-Item. DOI:
10.1007/s12045-022-1290-9.

(155)Konishi, T.; Takahashi, Y.; Kazui, S.; Yasui, Y.; Saiin, K.; Naito, S.; Takenaka, S.; Mizuguchi,
Y.; Tada, A.; Kobayashi, Y.; et al. Neoatherosclerosis with silent plaque rupture in a
saphenous vein graft causing no re-flow phenomenon assessed by optical coherence
tomography and histopathology. Cardiology Journal 2022, 29 (4), 718-719, Editorial
Material. DOI: 10.5603/cj.2022.0063.

(156)Nagata, Y. Young Career Focus: Professor Yuuya Nagata (Hokkaido University, Sapporo,
Japan). Synlett 2022, 33 (01), A3-A4, Editorial Material. DOI: 10.1055/s-0040-1720546.

(157)Taketsugu, T.; Ootani, Y. “Trajectory on-the-fly Molecular Dynamics Approach to Tunneling
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Splitting in the Electronic Ground and Excited States in “Spectroscopy and Computation of
Hydrogen-Bonded Systems” ed. M.J. Wojcik and Y. Ozaki, chapter 3, pp65-80, Wiley-VCH
GmbH, 2022.

(158)Taketsugu, T.; Tsutsumi, T.; Harabuchi, Y.; Tsuneda, T. On-the-fly excited-state molecular
dynamics study based on spin-flip TDDFT approach: photo-branching reaction of stilbene
and stilbene derivatives in “Time-Dependent Density Functional Theory: Nonadiabatic
Molecular Dynamics” ed. C. Zhu, chapter 2, pp38-72, Jenny Stanford Publishing, Singapore,
2022.

B. WPI-related papers

1. Original article

(159) Bilchak, C.R.; Jhalaria, M.; Adhikari, S; Midya, J.; Huan, Y.; Abbas, Z.; Nikoubashman, A.;
Benicewicz, B.C.; Rubinstein, M.; Kumar, S.K. Understanding Gas Transport in Polymer-Grafted
Nanoparticle Assemblies. Macromolecules, 2022, 55, 3011-3019. DOI:
10.1021/acs.macromol.1c02367

(160) Duan, M.; Diaz-Oviedo, C. D.; Zhou, Y.; Chen, X.; Yu, P.; List, B.; Houk, K. N.; Lan, Y. Chiral
Phosphoric Acid Catalyzed Conversion of Epoxides into Thiiranes: Mechanism, Stereochemical
Model, and New Catalyst Design. Angewandte Chemie International Edition 2022, 61,
€202113204. DOI: 10.1002/anie.202113204

(161) Grest, G.S.; Ge, T.; Plimpton, S.].; Rubinstein, M.; O’Connor, T.C. Entropic Mixing of
Ring/Linear Polymer Blends. ACS Polymers Au, 2023, 3, 209-216. DOI:
10.1021/acspolymersau.2c00050

(162) Ghosh, S.; Erchinger, J. E.; Maji, R.; List, B. Catalytic Asymmetric Spirocyclizing Diels—Alder
Reactions of Enones: Stereoselective Total and Formal Syntheses of a-Chamigrene, -
Chamigrene, Laurencenone C, Colletoic Acid, and Omphalic Acid. Journal of the American
Chemical Society 2022, 144, 6703-6708. DOI: 10.1021/jacs.2c01971

(163) Hill, D.B.; Button, B.; Rubinstein, M.; Boucher, R.C. Physiology and Pathophysiology of Human
airway Mucus. Physiological Reviews, 2022, 102 (4), 1757-1836. DOI:
10.1152/physrev.00004.2021

(164) Kato, T.; Radicioni, G.; Papanikolas, M.].; Stoychev, G.V.; Markovetz, M.R.; Aoki, K.;
Porterfield, M.; Okuda, K.; Barbosa Cardenas, S.M.; Gilmore, R.C.; Morrison, C.B.; Ehre, C.;
Burns, K.A.; White, K.K.; Brennan, T.A.; Goodell, H.P.; Thacker, H.; Loznev, H.T.; Forsberg,
L.J.; Nagase, T.; Rubinstein, M.; Randell, S.H.; Tiemeyer, M.; Hill, D.B.; Kesimer, M.; O'Neal,
W.; Ballard, S.T.; Freeman, R.; Button, B.; Boucher, R. Mucus Concentration-Dependent
Biophysical Abnormalities Unify Submucosal Gland and Superficial Airway Dysfunction in Cystic
Fibrosis. Science Advances, 2022, 8, eabm9718. DOI: 10.1126/sciadv.abm9718

(165) Obradors, C.; Mitschke, B.; Aukland, M. H.; Leutzsch, M.; Grossmann, O.; Brunen,

S.; Schwengers, S. A.; List, B. Direct and Catalytic C-Glycosylation of Arenes: Expeditious
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Synthesis of the Remdesivir Nucleoside. Angewandte Chemie International Edition 2022, 61,
€202114619. DOI:10.1002/anie.202114619

(166) Scharf, M. J.; List, B. A Catalytic Asymmetric Pictet-Spengler Platform as a Biomimetic
Diversification Strategy Toward Naturally Occurring Alkaloids. Journal of the American Chemical
Society 2022, 144, 15451-15456. DOI: 10.1021/jacs.2c06664

(167) Yamaguchi, Y.; Seino, Y.; Suzuki, A.; Kamei, Y.; Yoshino, T.; Kojima, M.; Matsunaga, S.
Intramolecular Hydrogen Atom Transfer Hydroarylation of Alkenes toward delta-Lactams Using
Cobalt-Photoredox Dual Catalysis. Organic Letters 2022, 24 (12), 2441-2445, Article. DOI:
10.1021/acs.orglett.2c00700.

(168) Zzhou, H.; Zhou, Y.;Bae, H. Y.;Leutzsch, M.;Li, Y.;De, C. K. Cheng, G.-].; List,
B. Organocatalytic Stereoselective Cyanosilylation of Small Ketones. Nature 2022, 605, 84-89.
DOI: 10.1038/s41586-022-04531-5

2. Review articles
3. Proceedings
4. Other English articles
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2. Invited Lectures, Plenary Addresses (etc.) at International Conferences and International

Research Meetings
- List up to 10 main presentations during FY 2022 in order from most recent.
- For each, write the date(s), lecturer/presenter’s name, presentation title, and conference name.

Lecturer/Presenter's o
Date(s) Presentation title Conference name
name

Luminescent lanthanide Aggregate webinar series

March
- Yasuchika coordination polymers 'Recent Progress in Developing
20'23 Hasegawa and aggregates for future | Advanced Luminescent
photonic materials Materials'
Conformation and
March Division of Polymer Science &
dynamics of Active and
26-30, M. Rubinstein Engineering, ACS Spring
Passive Associating _ _ _
2023 Meeting, Indianapolis, IN
Polymers
ACS Spring 2023 Symposium
Exploring Practices in
on
March Machine Learning and

Al-Accelerated Scientific
26-30, Ichigaku Takigawa | Machine
Workflow, ACS 2023 Spring
2023 Discovery for
National Meeting,
Heterogeneous Catalysis
Indianapolis, USA

March 7, Toughening hydrogels
Jian Ping Gong APS Annual Meeting
2023 with sacrificial bonds
Division of Polymer Physics,
March 7, Three Faces of Polymer
M. Rubinstein American Physical Society
2023 Entanglements

Meeting, Las Vegas, NV

Understanding of

chemical reaction

Feb. 19 mechanism and 10th Asia Pacific Association of
e . -

dynamics in terms of Theoretical and Computational
23, Tetsuya Taketsugu
5023 natural reaction orbital Chemists Conference (10th

(NRO) and reaction space | APATCC), Qui Nhon, Vietnam
projector (ReSPer)

approaches
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Challenges and
Jan. 26, | _ o
5023 Jian Ping Gong Opportunities of POLY-CHAR 2023
Hydrogels
International Congress on Pure
Nov. 25, Self-Growing Gels & Applied Chemistry (ICPAC)
Tasuku Nakajima
2022 Inspired by Metabolism KK 2022, Sabah, Malaysia,
(Online)
I Calix[3]pyrrole: Twelfth International
Jul. 14,
2022 Yasuhide Inokuma | Synthesis and strain Conference on Porphyrins and
induced reactions Phthalocyanines
Force-triggered growth of
Apr. 23, double network hydrogels | Accounts of Materials
Jian Ping Gong
2022 based on bond cleavage- | Research: Asia-Pacific Summit
induced polymerization
3. Major Awards
- List up to 10 main awards received during FY 2022 in order from the most recent.
- For each, write the date issued, the recipient’s name, and the name of award.
- In case of multiple recipients, underline those affiliated with the center.
Date Recipient's name Name of award
March 6,
Jian Ping Gong APS 2023 Polymer Physics Prize
2023
Jan. 6, The 2023 Thieme Chemistry Journals
Nobuya Tsuji
2023 Award
Dec. 21, The Chemical Society of Japan Award for
Koji Kubota
2022 Young Chemists for 2022
Nov. 29, The 17th round of HPC Innovation
Andrey Lyalin
2022 Excellence Awards
Top reviewer (Top 10%), The 36th
Nov. 28,
5022 Ichigaku Takigawa Conference on Neural Information
Processing Systems (NeurIPS 2022)
Oct. 1, The Hokkaido Medical Association Award
Shinya Tanaka
2022 and Hokkaido Governor’'s Award
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Outstanding reviewer (Top 10%), The

Jul. 17,
5023 Ichigaku Takigawa 39th International Conference on
Machine Learning (ICML 2022).
May 12, The SRJ Young Researcher Award for
Tasuku Nakajima
2022 2021
Highlighted reviewer, ICLR 2022. The
Apr. 25,
5023 Ichigaku Takigawa 10th International Conference on
Learning Representations (ICLR 2022).
Apr. 1, Research Promotion Award of NAGASE
Yasuhide Inokuma
2022 Science Technology Foundation
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Appendix 2 FY 2022 List of Principal Investigators

NOTE:

*Underline names of principal investigators who belong to an overseas research institution.
*In the case of researcher(s) not listed in the latest report, attach a “Biographical Sketch of a New Principal Investigator”’(Appendix 2a).

*Enter the host institution name and the center name in the footer.

<Results at the end of FY2022>

Principal Investigators Total: 15

Name

Age

Affiliation
(Position title, department,
organization)

Academic
degree,
Specialty

Effort (%)*

Starting date of project
participation

Status of project participation
(Describe in concrete terms)

Contributions by PIs from overseas
research institutions

Center Director

Satoshi MAEDA

43

Professor, Institute for Chemical
Reaction Design and Discovery /
Faculty of Science, Hokkaido
University

Ph.D.,
Computational
Chemistry

80

October 2018

Usually stays at the center

Tetsuya
TAKETSUGU

58

Professor, Institute for Chemical
Reaction Design and Discovery /
Faculty of Science, Hokkaido
University

Ph.D.,
Quantum
Chemistry

80

October 2018

Usually stays at the center

Michael

RUBINSTEIN

66

Professor, Duke University

Ph.D.,
Polymer
Physics

20

October 2018

- Primarily stays at Partner
institution
- attends meeting (by online)

- Conducting interdisciplinary
research
- Recruitment of young researchers

Masaharu
YOSHIOKA

54

Professor, Institute for Chemical
Reaction Design and Discovery /
Graduate School of Information
Science and Technology, Hokkaido
University

Doctor of
Engineering,
Knowledge
Engineering

20

January 2020

Usually stays at the center

Alexandre
VARNEK

67

Professor, University of Strasbourg

Ph.D.,
Chemoinform
atics

20

October 2018

- Primarily stays at Partner
institution
- attends meeting (by online)

- Conducting interdisciplinary
research
- Recruitment of young researchers

Ichigaku
TAKIGAWA

46

Specially  Appointed  Professor,
Institute for Chemical Reaction
Design and Discovery, Hokkaido
University

Program-Specific  Professor,Center
for Innovative Research and
Education in Data Science, Institute
for Liberal Arts and Sciences, Kyoto
University

Ph.D.,
Machine
Learning

20

October 2018

- Generally stays at the center once
a month (In FY 2020, due to
COVID-19, participates in mainly by
online)

- attends meeting (by online)

Tamiki

KOMATSUZAKI

58

Professor, Institute for Chemical
Reaction Design and Discovery /
Research Center of Mathematics
for Social Creativity, Research
Institute for Electronic Science,
Hokkaido University

Ph.D.,
Mathematical
Science

80

October 2018

Usually stays at the center

Satoru
IWATA

54

Specially  Appointed  Professor,
Institute for Chemical Reaction
Design and Discovery, Hokkaido
University

Professor, Graduate School of
Information Science and
Technology, The University of
Tokyo

Doctor of
Science,
Mathematical
Engineering

20

November 2020

- Generally stays at the center once
a month (In FY 2020, due to
COVID-19, participates in mainly by
online)

- attends meeting (by online)

Hajime ITO

55

Professor, Institute for Chemical
Reaction Design and Discovery /
Faculty of Engineering, Hokkaido
University

Doctor of
Engineering,
Synthetic
Chemistry

80

October 2018

Usually stays at the center

Masaya
SAWAMURA

61

Professor, Institute for Chemical
Reaction Design and Discovery /
Faculty of Science, Hokkaido
University

Doctor of
Engineering,
Catalysis

80

October 2018

Usually stays at the center

Benjamin LIST 55

Specially  Appointed  Professor,
Institute for Chemical Reaction
Design and Discovery, Hokkaido
University

Professor and Director, Max Planck
Institute for Coal Research

Ph.D.,
Reaction
Design

20

October 2018

- Primarily stays at Partner
institution
- attends meeting (by online)

- Conducting interdisciplinary
research
- Recruitment of young researchers

Yasuchika
HASEGAWA

54

Professor, Institute for Chemical
Reaction Design and Discovery /
Faculty of Engineering, Hokkaido
University

Ph.D.,
Optical
Materials
Science

80

October 2018

Usually stays at the center

Yasuhide
INOKUMA

41

Associate Professor, Institute for
Chemical Reaction Design and
Discovery / Faculty of Engineering,
Hokkaido University

Ph.D.,
Structural
Chemistry

80

October 2018

Usually stays at the center

Jian Ping GONG 61

Professor, Institute for Chemical
Reaction Design and Discovery /
Faculty of Advanced Life Science,
Hokkaido University

Doctor of
Science,
Doctor of
Engineering,
Polymer
Chemistry

80

October 2018

Usually stays at the center

Shinya TANAKA 58

Professor, Institute for Chemical
Reaction Design and Discovery /
Global Institution for Collaborative
Research and Education / Faculty
of Medicine, Hokkaido University

M.D., Ph.D.,
Tumor
Pathology

80

October 2018

Usually stays at the center

*Percentage of time that the principal investigator devotes to his/her work for the center vis-a-vis his/her total working hours.

Principal investigators unable to participate in project in FY 2022

Name

Affiliation
(Position title, department,
organization)

Starting date of project
participation

Reasons

Measures taken
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Appendix 2a Biographical Sketch of a New Principal Investigator
(within 3 pages per person)
Name (Age) Ogawa Mikako (49)

Affiliation and position (Position title, department, organization, etc.)
Professor

Institute for Chemical Reaction Design and Discovery, Hokkaido University, Japan
Graduate School of Pharmaceutical Sciences, Hokkaido University, Japan

Academic degree and specialty
Ph. D (Dr of Pharmaceutical Sciences), Kyoto University
Life sciences / Pharmaceuticals - analytical and physicochemistry

Effort 80 %

* Percentage of time that the principal investigator devote to working for the center vis-a-vis his/her total
working hours.

Research and education history

1998.3 Bachelor of Pharmaceutical Sciences, Faculty of Pharmaceutical Sciences, Kyoto
University

2000.3 Master of Pharmaceutical Sciences, Graduate School of Pharmaceutical Sciences, Kyoto
University

2007.1 Ph. D (Dr of Pharmaceutical Sciences), Kyoto University

2000.4. - 2001.9 Research Assistant, Department of Biofunctional Research, National Institute
for Longevity Sciences

2001.10. - 2002.9 Research Scientist, Department of Investigative Radiology, National Cardio
Vascular Center Research Institute

2002.10. - 2007.8 Assistant Professor, Photon Medical Research Center, Hamamatsu University
School of Medicine

2007.9. - 2009.5 Visiting Fellow, Molecular Imaging Program, NCI/NIH

2009.6. - 2010.2 Assistant Professor, Medical Photonics Research Center, Hamamatsu
University School of Medicine

2010.3. - 2015.3 Associate Professor, Medical Photonics Research Center, Hamamatsu
University School of Medicine

2015.4. — present Professor, Graduate School of Pharmaceutical Sciences, Hokkaido University
2023.4. — present Professor, Principal Investigator, Institute for Chemical Reaction Design and
Discovery, Hokkaido University

Achievements and highlights of past research activities

- She showed that atherosclerotic plaque instability can be quantitatively assessed with
[18F]FDG. She received 2004 and 2006 First Place Award Outstanding Basic Science Investigations,
Alavi-Mandell Award (2004, 2006), and SNM Cardiovascular Council First Place Basic Science Young
Investigators Award (2006) from Society of Nuclear Medicine.

- She developed many activatable fluorescent imaging agents, based on FRET, pai-electron
stacking, pH activation, etc., when she was a postdoc at NIH. She received Fellow award of
research excellence from NIH (2008), Student Travel Award from Society of Molecular Imaging
(2009), and First Place Poster in Molecular Imaging Track from Society of Nuclear Medicine
(2010).

- She discovered a compound that is toxic only to cancer cells when irradiated with near-
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infrared light. Photoimmuno therapy (PIT) using this compound has been investigated by Dr.
Kobayashi at NIH, who is a co-investigator, and was conditionally approved in Japan in 2020,
ahead of any other country in the world.

Achievements
(1) International influence * Describe the kind of attributes listed below.

a) Recipient of international awards
2004 First Place Award Outstanding Basic Science Investigations (Society of Nuclear Medicine), June 2005.
Alavi-Mandell Award (Society of Nuclear Medicine), June 2005.
SNM Cardiovascular Council First Place Basic Science Young Investigators Award (Society of Nuclear
Medicine), June 2006.
2006 First Place Award Outstanding Basic Science Investigations (Society of Nuclear Medicine), June 2007.
Alavi-Mandell Award (Society of Nuclear Medicine), June 2007.
First Place Poster in Molecular Imaging Track (Society of Nuclear Medicine), June 2010.

b) Member of a scholarly academy in a major country
N/A

¢) Guest speaker or chair of related international conference and/or director or honorary member of a
major international academic society in the subject field

Invited speaker:

1. Activation of compounds in vivo using light, OPIC 2023, Yokohama, Apr. 2023.

2. Evaluation of Cancer Immunity and Development of Novel Radiolabeling Method with Astatin-211,

EFMC-ISMC2022 (XXVII EFMC International Symposium on Medicinal Chemistry), Online, Sep. 2022.

3. Cytotoxic mechanism of near-infrared photoimmunotherapy (NIR-PIT), Pacifichem, Online, Dec. 2021.

4. Evaluation of energy metabolism in tumor microenvironment with [18F]FDG, and development of a

new 18F-probe for evaluation of lactate metabolism, Pacifichem, Online, Dec. 2021.

Basics of PET imaging probes for atherosclerosis imaging, IAEA Workshop, Nagoya, Nov. 2021.

6. Evaluation of tumor microenvironment with [18F]FDG after immune checkpoint therapies, and
development of a new 18F-probe for evaluation of lactate metabolism, The 11th China-Japan-Korea
Symposium on Radiopharmaceutical Sciences (CJKSRS 2021), Online, Nov. 2021.

7. Cancer targeted phototherapy, based on photo-chemical reaction, The 7th international ALA and
Porphyrin Symposium, Sapporo, Dec. 2019.

8. New cancer therapy using near infrared light, VI International Symposium Topical problems of
biophotonics, St. Petersburg, Aug. 2017.

9. In vivo molecular imaging with fluorescence and Cerenkov luminescence, XVII International
Symposium on Luminescence Spectrometry, Taipei, Nov. 2016.

L

d) Editor of an international academic journal
American Journal of Nuclear Medicine and Molecular Imaging, Senior Editorial Board

e) Peer reviewer for an overseas competitive research program (etc.)
N/A

(2) Receipt of major large-scale competitive funds (over the past 5 years)
Project for Medical Device and Healthcare, AMED, 22hma322001h0001, 2022.12-2025.3
Grant-in-Aid for Scientific Research (B), JSPS, 22H03009, 2022.4—2026.3.

Grant-in-Aid for Scientific Research (B), JSPS, 19H03593, 2019.4—2022.3.
Grant-in-Aid for Scientific Research (B), JSPS, 16H05382, 2016.4—2019.3.
CREST, JST, JPMICR1902, 2019.10—2025.3.
PREST, JST, JPMJPR15P5, 2015.10—2019.3.

(3) Major publications (Titles of major publications, year of publication, journal

name, number of citations)

1. Kobayashi H, Ogawa M, Alford R, Choyke PL, Urano Y. New strategies for fluorescent probe

design in medical diagnostic imaging. Chem Rev 110(5), 2620-2640 (2009). [2140]
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10.

11.

12.

13.

14.

15.

Appendix 2a

Mitsunaga M, Ogawa M, Kosaka N, Rosenblum LT, Choyke PL, Kobayashi H. Cancer cell-
selective in vivo near infrared photoimmunotherapy targeting specific membrane molecules.
Nat Med 17(12), 1685-1691 (2011). [913]

Urano Y, Sakabe M, Kosaka N, Ogawa M, Mitsunaga M, Asanuma D, Kamiya M, Young MR,
Nagano T, Choyke PL, Kobayashi H. Rapid cancer detection by topically spraying a gamma-
glutamyltranspeptidase-activated fluorescent probe. Sci Transl Med 3(110), 110ra119 (2011).
[432]

Ogawa M, Ishino S, Mukai T, Asano D, Teramoto N, Watabe H, Kudomi N, Shiomi M, Magata
Y, lida H, Saji H. (18)F-FDG accumulation in atherosclerotic plaques: immunohistochemical
and PET imaging study. J Nucl Med 45(7), 1245-1250 (2004). [415]

Asanuma D, Sakabe M, Kamiya M, Yamamoto K, Hiratake J, Ogawa M, Kosaka N, Choyke PL,
Nagano T, Kobayashi H, Urano Y. Sensitive beta-galactosidase-targeting fluorescence probe
for visualizing small peritoneal metastatic tumours in vivo. Nat Commun 6(6463 (2015).
[294]

Kobayashi H, Longmire MR, Ogawa M, Choyke PL. Rational chemical design of the next
generation of molecular imaging probes based on physics and biology: mixing modalities,
colors and signals. Chem Soc Rev 40(9), 4626-4648 (2011). [230]

Longmire MR, Ogawa M, Choyke PL, Kobayashi H. Biologically optimized nanosized molecules
and particles: more than just size. Bioconjug Chem 22(6), 993-1000 (2011). [187]

Ogawa M, Kosaka N, Choyke PL, Kobayashi H. H-type dimer formation of fluorophores: a
mechanism for activatable, in vivo optical molecular imaging. ACS Chem Biol 4(7), 535-546
(2009). [178]

Ogawa M, Tomita Y, Nakamura Y, Lee MJ, Lee S, Tomita S, Nagaya T, Sato K, Yamauchi T,
Iwai H, Kumar A, Haystead T, Shroff H, Choyke PL, Trepel JB, Kobayashi H. Immunogenic
cancer cell death selectively induced by near infrared photoimmunotherapy initiates host
tumor immunity. Oncotarget 8(6), 10425-10436 (2017). [177]

Sato K, Ando K, Okuyama S, Moriguchi S, Ogura T, Totoki S, Hanaoka H, Nagaya T, Kokawa
R, Takakura H, Nishimura M, Hasegawa Y, Choyke PL, Ogawa M, Kobayashi H. Photoinduced
Ligand Release from a Silicon Phthalocyanine Dye Conjugated with Monoclonal Antibodies:
A Mechanism of Cancer Cell Cytotoxicity after Near-Infrared Photoimmunotherapy. ACS Cent
Sci 4(11), 1559-1569 (2018). [160]

Ogawa M, Magata Y, Kato T, Hatano K, Ishino S, Mukai T, Shiomi M, Ito K, Saji H. Application
of 18F-FDG PET for monitoring the therapeutic effect of antiinflammatory drugs on
stabilization of vulnerable atherosclerotic plaques. J Nucl Med 47(11), 1845-1850 (2006).
[155]

Ogawa M, Kosaka N, Longmire MR, Urano Y, Choyke PL, Kobayashi H. Fluorophore-quencher
based activatable targeted optical probes for detecting in vivo cancer metastases. Mol Pharm
6(2), 386-395 (2009). [115]

Ogawa M, Regino CA, Choyke PL, Kobayashi H. In vivo target-specific activatable near-
infrared optical labeling of humanized monoclonal antibodies. Mol Cancer Ther 8(1), 232-
239 (2009). [111]

Ogawa M, Regino CA, Seidel J, Green MV, Xi W, Williams M, Kosaka N, Choyke PL, Kobayashi
H. Dual-modality molecular imaging using antibodies labeled with activatable fluorescence
and a radionuclide for specific and quantitative targeted cancer detection. Bioconjug Chem
20(11), 2177-2184 (2009). [109]

Satomi T, Ogawa M, Mori I, Ishino S, Kubo K, Magata Y, Nishimoto T. Comparison of Contrast
Agents for Atherosclerosis Imaging Using Cultured Macrophages: FDG Versus Ultrasmall
Superparamagnetic Iron Oxide. J Nucl Med 54(6), 999-1004 (2013). [91]

(4) Others (Other achievements indicative of the PI's qualification as a top-world
researcher, if any.)

N/A
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Appendix 3-1 FY 2022 Records of Center Activities

i..lResearchers and center staff, satellites,

artner institutions

Number of researchers in the “core” established within the host institution

- Regarding the number of researchers at the Center, fill in the table in Appendix 3-1a.

Special mention

- Enter matters warranting special mention, such as concrete plans for achieving the Center’s goals, established schedules for

employing main researchers, particularly principal investigators.

- As background to how the Center is working on the global circulation of world’s best brains, give good examples, if any, of how

career paths are being established for the Center’s researchers; that

is, from which top-world research institutions do researchers

come to the Center and to which research institutions do the Center’s researchers go, and how long are their stays at those

institutions.

1-2. Satellites and partner institutions

- List the satellite and partner institutions in the table below.

- Indicate newly added and deleted institutions in the “Notes” column.

- If satellite institutions have been established overseas, describe by satell
researcher exchanges in Appendix 4.

<Satellite institutions>

ite the Center’s achievements in coauthored papers and

Institution name

Principal Investigator(s), if any

Notes

< Partner institutions>

Institution name

Principal Investigator(s), if any | Notes

University of Strasbourg

Alexandre Varnek

Max Planck Institute for Coal Research

Benjamin List

Duke University

Michael Rubinstein

ESPCI

Swiss Federal Institute of Technology in Zurich

Peking University

Kyoto University, Graduate School of Informatics

Chubu University, Molecular Catalyst Research Center

The University of Tokyo, Graduate School

Information Science and Technology

of | Satoru Iwata

Stockholm University

University of Oslo

2. Holding international research meetings

- Indicate the number of international research conferences or symposiums held in FY2022 and give up to three examples of the most

representative ones using the table below.

FY 2022: 1 meeting

Major examples (meeting titles and places held)

Number of participants

ICReDD International Symposium
(Online)
January 11, 2023

The 2nd Akira Suzuki Awarsds Ceremony & the 5th

115 (Online Live*)
*From domestic :103
From overseas :12

Hokkaido University -1
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3. Diagram of management system

- Diagram the center’s management system and its position within the host institution in an easily understood manner.

- If any new changes have been made in the management system from that in the latest “center project” last year, describe them.
Especially describe any important changes made in such as the center director, administrative director, head of host institution, and
officer(s) in charge at the host institution (e.g., executive vice president for research).

Institute for Chemical Reaction Design and Discovery (ICReDD)

Director University-Internal
L F . i
r MAEDA Satoshi Adviser/
Advisory Board

Fusion Research
Coordinator

Executive Director
ISHIMORI Koichiro

Vice-Director Administrative Director

ITO Hajime ISHIMORI Koichiro

Research Administrative
Director
YAMAMOTO Yasunori

Satoshi MAEDA

Tetsuya TAKETSUGU
HichaclIRUBINTIEIN Public relations section |
Masaharu YOSHIOKA

Hospitality section |

Alexandre VARNEK

Ichigaku TAKIGAWA

Tamiki KOMATSUZAKI

Hajime ITO General affairs section |

Masaya SAWAMURA

Accounting section

Benjamin LIST

Yasuchika HASEGAWA

Yasuhide INOKUMA

Jian Ping GONG

INNNNNNNNNNNNNN

J
J
J
J
J
J
J
Satoru IWATA |
J
J
J
J
J
J
J

Shinya TANAKA
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4. Campus Map

- Draw a simple map of the campus showing where the main office and principal investigator(s) are located.
As of March 31, 2023

Faculty of Engineering
Prof. Ito, Prof. Hasegawa, [ _Prevailing wind direction
{ in winter

Faculty of Information Science : :
Prof. Inokuma Faculty of Advanced Life Science | | N

and Technology
Prof. Yoshioka Prof. Gong
Prevailing wind direction in summer

Faculty of Science
Prof. Maeda, Prof. Taketsugu

Prof. Sawamura 3 e e
- : |
Y

5 e N/ 4
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20 - .

' =
a g
z 4 ¢ 5
o e T = T E
i [k =) .
= = \?$ ICReDD Building
1G5 0 .
E || ] @ & Completed in February 2023 >
i Fusion Research Offices accommodating all ICReDD
J : h Off d I
- — researchers from three fields, Chem. Mix Lab, Animal
| —] 5 = -\ i “\ Testing Lab, Analysis Room, Server Room, ICReDD Halls, PI's
| . &\ rooms, Administrative Office, etc.
; El || ||' g

UL A

I Research Institute for

Electronic Science (RIES)
Prof. Komatsuzaki

Faculty of Medicine
Prof. Tanaka

Chem. Mix lah, Bio Mix lab, Research
Offices, Analysis Room, etc.
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5. Securing external research funding*
External research funding secured in FY2022

Total: 596,502,848 yen

- Describe external funding warranting special mention. Include the name and total amount of each grant.
* External research funding includes “KAKENHI,” funding for “commissioned research projects,” “joint research projects,” and for others
(donations, etc.) as listed under “Research projects” in Appendix 3-2, Project Expenditures.

- Name: Strategic Basic Research Programs (ERATO), JST
Total Amount: 295,914,400 JPY (acquired by Satoshi Maeda)

- Name: Grant-in-Aid for Scientific Research (S), JSPS
Total Amount: 46,280,000 JPY (acquired by Jian Ping Gong)

- Name: International Leading Research, JSPS
Total Amount: 38,740,000 JPY (acquired by Jian Ping Gong)

Hokkaido University -4
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Appendix 3-1a FY 2022 Records of Center Activities
Researchers and other center staff

Number of researchers and other center staff

* Fill in the number of researchers and other center staff in the table blow.
* Describe the final goals for achieving these numbers and dates when they will be achieved described in the last "center project."

a) Principal Investigators

(full professors, associate professors or other researchers of comparable standing)

(number of persons)

At the beginning of Final goal
project At the end of FY 2022 (March 2028)
Researchers. frqm thhm the 11 12 12
host institution
Researchers invited from 3 3 3
overseas
Researchers invited from 0 0 0
other Japanese institutions
Total principal investigators 14 15 15
b) Total members
At the beginning of Final goal

At the end of FY 2022

project (March 2028)
Number of persons % | Number of persons % | Number of persons =~ %
Researchers 14 80 85
Overseas 3 21 36 45 38 45
researchers
Female 1 7 12 15 21 25
researchers
Principal investigators 14 15 15
Overseas PIs 3 21 3 20 7 47
Female PIs 1 7 1 7 2 13
Other researchers 0 43 45
Overseas 0 0 14 33 13 29
researchers
Female 0 0 6 14 10 22
researchers
Postdocs 0 22 25
Overseas 0 0 19 86 18 72
postdocs
Female 0 0 5 23 9 36
postdocs
Research support staffs 0 2 4
Administrative staffs 6 17 19
Total number of people Who
form the "core" of the research 20 99 108
center
At the beginning of Final goal

At the end of FY 2022

project (March 2028)
Number of persons % | Number of persons % | Number of persons =~ %
Doctoral students 67 71 80
Employed 17| 254 20 28.2 48 60.0

%b) The number of doctoral students in the lower table can be duplicated in the upper table of overall composition.

Hokkaido University

Appendix 3-1a
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Appendix 3-2 Project Expenditures
1) Overall project funding

* In the “Total costs” column, enter the total amount of funding required to implement the project, without dividing it into funding sources.

* In the “Amount covered by WPI funding” column, enter the amount covered by WPI within the total amount.

Appendix 3-2

* In the “Personnel,” “Project activities,” “Travel,” and “Equipment” blocks, the items of the "Details" culumn may be changed to coincide with the project’s actual content.

(Million yens)
i . ) _Details i . Amount covered
Cost items (For Personnel - Equment please fill in the breakdown of_ fiscal expenditure, and the Total costs by WPI fun ding
income breakdown for Research projects.)
Center Director, Administrative Director, Research Administrative Director 25 11
Principal investigators (no. of persons):9 81 0
Full-time faculty members (no. of persons): 5 39 0
Part-time faculty members (no. of persons): 13 61 0
Specially appointed faculty members (no. of persons): 26 198 198
Personnel Postdoctoral fellows (no. of persons): 18 74 66
Other researchers (no. of persons): 1 5 5
Research support staff (no. of persons): 3 2 2
Administrative staff (no. of persons): 15 71 28
Center allowance 19 19
Subtotal 575 329
Startup research project costs 42 28
Outreach costs 7 7
Center operating costs 7 6
Environmental improvement costs 111 79
Project activities Facility rental fees 47 0
Utility costs 36 0
Puclic equipments usage fees 2 0
Others 69 0
Subtotal 321 120
Domestic travel costs
Overseas travel costs
Travel cost for scientists on transfer
Travel .
(no. of domestic scientists):2
(no. of overseas scientists):1
Subtotal 4 4
Depreciation of buildings 1282 0
Equipment Depreciation of equipment 294 247
Subtotal 1576 247
Project supported by other government subsidies, etc. ™ 247 0
KAKENHI 163 0
Research projects | commissioned research projects, etc. 332 0
(Detail items must be . .
fixed) Joint research projects 42 0
Ohers (donations, etc.) 60 0
Subtotal 844 0
Total 3320 700

Hokkaido University -1

Costs (Million yens)

WPI grant in FY 2022 700
Costs of establishing and maintaining
facilities 0
Establishing new facilities 0
(Number of facilities: , OO0 m?2)
Repairing facilities 0
(Number of facilities: , OO0 m2)
Others 0
Costs of equipment procured 359

Nuclear Magnetic Resonance System 60
(Number of units:2)
Ultra-sensitive Multifunctional
Photoluminescence Spectrometer
(Number of units:1)
Others 158

299

*1. Management Expenses Grants (including Management
Enhancements Promotion Expenses (#gE38 L #2%)), subsidies
including National university reform reinforcement promotion
subsidy (E i KFHEELHEESMBI®) etc., indirect funding,
and allocations from the university’s own resources.

*2 When personnel, travel, equipment (etc.) expenses are
covered by KAKENHI or under commissioned research projects
or joint research projects, the amounts should be entered in the
“Research proiects” block.

¥ EEERTE (HEESREREEZSD) . B KFiERb i
HHMEZ0HPE. HIERE. TOMXEHBEORMEIZLSERAN
JY—RDEHEIZL DR

QLEE. RAMRE HEAREZICI>TARE., RE. &iE
HREBEZIHLTWAIGEL. TOHEEMTHEITODIREIEL
TitL95s2E
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2) Costs of satellites

(Million yens)
. . Amount covered
Cost items Details Total costs |y eI funding
Principal investigators (no. of persons):00
Other researchers (no. of persons):00
Personnel Research support staff (no. of persons):00
Administrative staff (no. of persons):00
Subtotal 0 0
Project activities Subtotal
Travel Subtotal
Equipment Subtotal
Research projects Subtotal
Total 0 0

Hokkaido University -2
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Appendix 4

Appendix 4 FY 2022 Status of Collaboration with Overseas Satellites

1. Coauthored Papers

- List the refereed papers published in FY 2022 that were coauthored between the center’s researcher(s) in domestic institution(s) (include
satellite institutions) and overseas satellite institution(s). List them by overseas satellite institution in the below blocks.

- Transcribe data in same format as in Appendix 1. Italicize the names of authors affiliated with overseas satellite institutions.

- For reference write the Appendix 1 item number in parentheses after the item number in the blocks below. Let it free, if the paper is
published in between Jan.-Mar. 2023 and not described in Appendix 1.

Overseas Satellite 1 Name (Total: OO papers)
1)
2)
3)
4)

Overseas Satellite 2 Name (Total: OO papers)
1)
2)
3)
4)

Hokkaido University -1
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2. Status of Researcher Exchanges
- Using the below tables, indicate the number and length of researcher exchanges in FY 2022. Enter by institution and length of

exchange.

Appendix 4

- Write the number of principal investigator visits in the top of each space and the number of other researchers in the bottom.

Overseas Satellite 1:

<To satellite>

From 1 week

From 1 month

3 months

Under 1 week to 1 month to 3 months or longer Total
FY2022
<From satellite>
From 1 week From 1 month 3 months
Under 1 week to 1 month to 3 months or longer Total
FY2022
Overseas Satellite 2:
<To satellite>
From 1 week From 1 month 3 months
Under 1 week to 1 month to 3 months or longer Total
FY2022
<From satellite>
From 1 week From 1 month 3 months
Under 1 week to 1 month to 3 months or longer Total

FY2022

Hokkaido University -2
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Appendix 5 FY 2022 Visit Records of Researchers from Abroad

* If researchers have visited/ stayed at the Center, provide information on them in the below table.

* Enter the host institution name and the center name in the footer.

Appendix 5

Total: 5
Affiliation _ o Summary of activities
Academlg Record of research activities . . during stay at center
Name Age degree, specialty (Awards record, etc.) Time, duration | (eg., participation as principal investigator; short-
Position title, department, term stay for joint research; participation in
organization Country symposium)
Francesco, PhD cand|_date, In§ titute of PhD candidate, Research internship in Spain, Germany and Croatia 2022/5/2-7/31, Participation in the MANABIYA
1 PUCCETTI 28 Organic Chemistry, Germany Organic Chemist Graduation Award from the University of Florence, Ital 3 th Academi
RWTH Aachen University 9 2 , aly 20227:/22 530 (Academic) program
PhD candidate, Department PhD candidate, -30, e
2 JOII-IS;SSg,ON 28 of Chemistry, Uppsala Sweden Structural Doctoral thesis expected to complete in 2023 2022/11/2-11, Part|C|Apat|§n "f] the MANABIYA
University Chemistry 1 month (Academic) program
PhD candidate, Department PhD candidate, ] e
3 AIESTESREESO’N 32 of Chemistry, Uppsala Sweden Structural Doctoral thesis expected to complete in 2024 20221/ 1y ZtﬁZ/ 7 Part|C|Apat|§n 'f‘ the MANABIYA
University Chemistry mon (Academic) program
I Principal Investigator, PhD, Chemical | The Nobel Prize in Chemistry, Herbert C. Brown Award 2022 . incipal i . .
- n n
4 BeIE]IaSr_Fln, 54 Professor, ICReDD Germany Synthesis and for Creative Research in Synthetic Methods, Member of the 20222/9/ 18k10/ 2 IVItS:It as prISCIpit' ! . vets.tlga?tor, g“,é.l g
Director and Professor, Catalysis German National Academy of Science Leopoldina weeks ectures and participation in meetings
Principal Investigator, . Co-organizer of the biannual French-Japanese Workshop on ] .. .. . .
5 A\If: :SE%E’ 68 Professor, ICReDD France Phc?lle I;Iz:rlcal Computational Methods in Chemistry, 20232(/:]12/ 1-3 Visit as tpr! nc!cpal |.nvest|gt§tor and
Professor, University of Y Invited Professorships in Australia and Israel ays participation in meetings
6
7
8
9
10
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Appendix 6

Appendix 6 FY2022 State of Outreach Activities

* Fill in the numbers of activities and times held during FY2022 by each activity.
* Describe the outreach activities in the 6. Others” of Progress Report, including those stated below that warrant special mention.

Activities FY2022 (number of activities, times held)
PR brochure, pamphlet 3: Monthly post card J/E, Quarterly news poster J/E, Annual report J/E
Lectures, seminars for general public 1: "A Message to the Next Generation” (by Prof. List)
Open houses 1: Online lecture and lab tour (Ito lab., Sakura Science Exchange Program)

3: Japan SciCom Forum 2022 (participation by PR), WPI Science Symposium 2022,

Participating, exhibiting in events Japan-U.S. Science Communication and Policy Fellowship (participation by PR)

Press releases 15: Press releases (research)
Others (Research News Articles on 10
ICReDD Web)
Others (SNS) 5: Twitter, Facebook, YouTube, Instagram, LinkedIn
Others (PR video) 1: Promotional video for ICReDD new building
Others (ICReDD Goods) 2: Pen, Clear file folder

*If there are any rows on activities the center didn't implement, delete that (those) row(s). If you have any activities other than
the items stated above, fill in the space between parentheses after “Others” on the bottom with the name of those activities and
state the numbers of activities and times held in the space on the right. A row of “Others” can be added, if needed.

Outreach Activities and Their Results

List up to three of the Center’s outreach activities carried out in FY 2022 that have contributed to enhancing the brand or recognition
of your Center and/or the brand of the overall WPI program, and describe its concrete contents and effect in narrative style. (Where
possible, indicate the results in concrete numbers.)

-By holding a Special Lecture with Nobel Laureate Professor Ben List, we increased recognition of
ICReDD within the university (100 in-person participants) and among other universities and in
industry in Japan and abroad (177 online participants)

-As a result of a Twitter campaign using @ function to mention the recipients’ departments, tweets
about the Akira Suzuki Award ceremony were retweeted multiple times by prestigious universities
abroad (UCLA, UC-Berkeley), reaching over 20,000 impressions in total and connecting ICReDD'’s
brand with a more international audience.

-As a result of focusing on disseminating new research, 10 English language press releases were
distributed to news platforms, resulting in an estimated 7.75 million views. ICReDD HP coverage
(10 English releases plus 15 highlight articles) resulted in 5400 unique pageviews, with over 700
people driven directly from Tweets about research.

Hokkaido University - 1
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Appendix 7

Appendix 7 FY 2022 List of Project’s Media Coverage

* List and describe media coverage (e.g., articles published, programs aired) in FY2022.

* Enter the host institution name and the center name in the footer.

1) Japan

Types of Media
Date (e.g., newspaper, magazine, Description
television)
1 2022/4/29 Newspaper Article on the research paper retracted for alleged data falsification, Hokkaido Shimbun
2 2022/5/27 Newspaper Article on ICReDD Research press release about "Carbon nanobelt synthesis successfully creates twisted "Mdébius band"", Kagaku Shimbun
. . Article on ICReDD Research press release about "Carbon nanobelt synthesis successfully creates twisted "Mébius band"", Keguan Japan
3 2022/6/13 Online magazine https://www.keguanjp.com/kgjp_keji/kgjp_kj_newtech/pt20220613000002.html
. . Article on ICReDD Research press release about "Carbon nanobelt synthesis successfully creates twisted "Mobius band"", Science Japan
4 2022/6/28 Online magazine https://sj.jst.go.jp/news/202206/n0628-03k.htm
5 2022/7/7 Newspaper Article on the fraud in research papers, Hokkaido Shimbun
6 2022/8/9 Online news Artl.cl-e 0|1’,ICI?\eDI? Research press release about “In silico reaction screening with difluorocarbene for N-difluoroalkylative dearomatization of
pyridines”, Nikkei Press release
7 2022/8/24 Online news Article on the new ICReDD building acquired the "ZEB Ready" certification, Nikkei Press Release
8 2022/8/26 Newspaper Article on the new ICReDD building acquired the "ZEB Ready" certification, Nikkei Shimbun
9 2022/9/14 Newspaper Article on Prof. List's visit to HU after receiving the Nobel Prize, Hokkaido Shimbun
Article on ICReDD Research press release about “In silico reaction screening with difluorocarbene for N-difluoroalkylative dearomatization of
10 2022/9/16 Online news pyridines”, Spotlight Research, Chem-Station
https://www.chem-station.com/blog/2022/08/dfc.html
11 2022/9/22 Newspaper Article on Prof. List's visit to HU after receiving the Nobel Prize, Hokkaido Shimbun
12 2022/9/22 Newspaper Article on the title "University Professor" bestowed to Prof. List, Yomiuri Shimbun
13 2022/9/23 Newspaper Interview article of Prof. List after the lecture for young generations at HU, Hokkaido Shimbun
14 2022/9/29 Newspaper Article on Prof. List's visit to MEXT, Hokkaido Shimbun

Hokkaido University —1 Institute for Chemical Reaction Design and Discovery (ICReDD)
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15 2022/10/27 Newspaper Article on ICReDD Research press release about "Transparent film that promotes plant growth", Nikkan Kogyo Shimbun
16 2022/11/22 Newspaper Article on SDGs' activities at HU, mentioning the new ICReDD building , Hokkaido Shimbun
17 2022/11/24 Online news Article on the agreement between Mitsui Chemicals and ICReDD, Nikkei Press Release
18 2022/12/1 Online news Artlclg on ICReDD Research press release about "Quantum chemical calculations predict starting materials for organic compounds from scratch”,
Nikkei Press Release
Article on ICReDD Research press release about “Plant growth acceleration using a transparent Eu3+-painted UV-to-red conversion film”, Spotlight
19 2022/12/30 Online news Research, Chem-Station
https://www.chem-station.com/bloa/2022/11/eu.html
Article on ICReDD Research press release about "A theory-driven synthesis of symmetric and unsymmetric 1,2-
20 2023/1/10 Online news bis(diphenylphosphino)ethane analogues via radical difunctionalization of ethylene", Spoplight Research, Chem-Station
https://www.chem-station.com/blog/2023/01/dppe.html
21 2023/1/11 Newspaper Article on ICReDP Research press release about "Quantum chemical calculations predict starting materials for organic compounds from scratch”,
Kagaku Kogyo Niipou
22 2023/1/23 Newspaper Article on ICReDD Research press release about "Squid/synthetic polymer double-network gel”, Nikkan Kogyo Shimbun
. Article on ICReDD Research press release about "Squid/synthetic polymer double-network gel”, TECH+
23 2023/1/23 Online news https://news.mynavi.jp/techplus/article/20230123-2572738/
. Article on ICReDD Research press release about "Squid/synthetic polymer double-network gel”, Yahoo! News (Science)
24 2023/1/24 Online news https://news.yahoo.co.jp/articles/d14f132baec7db4ff583db3683abdd2294a98512
25 2023/1/29 Newspaper Article on ICReDD Research press release about "Squid/synthetic polymer double-network gel”, Nikkei Shimbun
Article on ICReDD Research press release about "Organic chemistry with machine learning using new descriptor to predict optimal catalysts",
26 2023/3/9 Online news Chem-Station
https://www.chem-station.com/bloa/2023/03/tfd.html
27 2023/3/13 Newspaper Article on ICReDD Research press release about "Newly developed gel reconstructs the neural tissue of the brain", Hokkaido Iryo Shimbun
Article on ICReDD Research press release about "Photoredox/HAT-Catalyzed Dearomative Nucleophilic Addition of the CO2 RadicalAnion to (Hetero)
28 2023/3/16 Online magazine Aromatics", Keguan Japan
https://www.keguanip.com/kqgip keji/kaip ki smkx/pt20230316000001.html
Article on ICReDD Research press release about "Organic chemistry with machine learning using new descriptor to predict optimal catalysts”,
29 2023/3/28 Online magazine Science Japan

https://siist.do.in/news/202303/n0328-01k.html

2) Overseas

Hokkaido University —2

Institute for Chemical Reaction Design and Discovery (ICReDD)
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