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Strategic International Collaborative Research Program (SICORP)
Japan—United States Joint Research Program
Executive Summary of Final Report

1. Project title : TDevelopment of the key reaction and the mechanistic studies towards
discovery of new anti-COVID-19 drugs]

2. Research period : May 2021 ~ March 2023

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl NIWAYAMA Professor Muroran Institute of | Supervision of
Satomi Technology the project
Collaborator | HIRAGA, Professor Hiroshima Institute | Mechanistic
Yoshikazu of Technology studies
Collaborator | BARSUKOVA, Postdoctoral | Muroran Institute of | Synthetic
Tatiana fellow Technology studies
Collaborator | TAKAHASHI Graduate Muroran Institute of | Theoretical
Yuuki Student Technology studies
Collaborator | DEBNATH, Postdoctoral | Muroran Institute of | Synthetic
Mithun Kumar fellow Technology studies
Collaborator

Total number of participants throughout the research period: 5

Partner-side

Name Title Affiliation Role in the
research
project
Pl Kendall Houk Professor University of Theoretical
California, Los studies
Angeles
Co-PI
Co-PI
Collaborator | Guochao Xu Visiting University of Theoretical
Researcher, | California, Los studies
Associate Angeles, Jiangnan
Professor University
Collaborator
Collaborator

Total number of participants throughout the research period: 2

4. Summary of the international joint research

The development of new drugs against COVID-19 has been of paramount importance.
Currently available drugs have some side effects. Synthesizing libraries of various
derivatives for screening their anti-COVID activities is anticipated to be effective. In this
research, we studied the key reactions that enable efficient production of libraries of drug
candidates under environmentally benign and practical conditions.

Water is among the most environmentally friendly and least expensive solvents.
Desymmetrization reactions of symmetric compounds are among the most cost-effective
reactions because the starting symmetric compounds are typically easy to obtain on a large
scale from inexpensive sources. Therefore, we studied these water-mediated
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desymmetrization reactions from both the synthetic and mechanistic points of view focusing
on enzymatic asymmetric monohydrolysis of prochiral symmetric diesters and the selective
monohydrolysis reaction of symmetric diesters that the Pl reported previously.

The mechanistic studies of enzymatic asymmetric monohydrolysis reactions were carried
out in collaboration with Professor Kendall N. Houk, who is a computational organic chemist
in the US. Experimental and theoretical studies of the mechanistic studies of the
non-enzymatic selective monohydrolysis of symmetric diesters, the development of new
water-mediated desymmetrizatio reactions, and synthetic studies of potential anti-COVID 19
compounds were carried out by the PI's research gruop.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

Screening various derivatives synthesized under environmentally benign and practical
conditions is effective for the development of new drugs that exhibit higher efficacies and
lower side-effects. This research was therefore primarily aimed at mechanistic studies of
desymmetrization reactions of inexpensively obtained symmetric compounds in mainly
aqueous media as such reactions. In collaboration with Professor Houk in the US, we
conducted theoretical studies for the mechanisms of asymmetric monohydrolysis of a
symmetric diester with pig liver esterase, and found that the factors controlling the
selectivities derive from steric interference between the specific amino acid residues and
one of the two identical ester groups. The PI with the Japan team studied the mechanism
of the non-enzymatic selective monohydrolysis reactions of symmetric diesters in mainly
aqueous media and tried to detect potential reaction intermediates that govern the
selectivities. We also conducted theoretical studies of the said reaction and found that the
energy barrier for the hydrolysis of the second ester group is higher than that of the first
ester group. We also found that the transition state for the second monohydrolysis is very
unstable. We further developed other kinds of water-mediated desymmetrization reactions
based on the mechanism. In addition, by applying the selective nonohydrolysis of
symmetric diesters, we tried synthesizing a library of compounds with a new skeleton which
may serve as new drugs for the treatment of COVID-19.

5-2 Synergistic effects of the joint research

The collaborator in the US is an authority on theoretical organic chemistry, and thus we
were able to obtain useful information about the mechanisms of the monohydrolysis
reactions described above. Furthermore, a young enzymologist visiting in Professor
Houk’s laboratory from China, Professor Guochao Xu, participated in our research, and we
were able to screen the enzymes he prepared for the asymmetric selective monohydrolysis
of symmetric diesters in addition to obtaining the mechanistic insight by the theoretical
studies. The PI also invited Professor Xu to deliver a lecture at an international
symposium.

5-3 Scientific, industrial or societal impacts/effects of the outputs

Some undergraduate and graduate students in addition to postdoctoral fellows
participated in this research, leading to international publications and domestic and
international conference presentations. This research thus provided opportunities to foster
young international scientists problem-solving abilities. This research also studies
environmentally benign and practical reactions and therefore contributed to the protection of
the environment. We will continue the international collaborations among the same
members and therefore additional outcomes are anticipated.
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1. Hiraga, Y.; Chaki, S.; Uyama, Y.; Hoshide, R.; Karaki, T.; Nagata, D.; Yoshimoto, K.;
Niwayama, S. *C NMR Spectroscopic Studies of Intra- and Intermolecular Interactions of
Amino Acid Derivatives and Peptide Derivatives in Solutions. Organics 2022, 3, 38-58. DOI:
doi.org/10.3390/0rg3010003 (Feature Paper, Invited contribution, cover image (2% =
7o)

2. Barsukova, T.; Sato, T.; Takumi, H.; Niwayama, S. Efficient and Practical Synthesis of

Monoalkyl Oxalates under Green Conditions. RSC Adv. 2022, 12, 25669-25674. (2022 RSC
Advances Popular Advances Collection (Z3&H} = #172) DOI: 10.1039/D2RA04419F
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Niwayama, S. “Highly Efficient Selective Monohydrolysis of Symmetric Diesters”
August 2022, Rationally Modified Smart Peptides and Proteins for Fundamental Studies and

Practical Applications: Hokkaido-Germany-Okinawa Trilateral Symposium, Sapporo, Japan

Niwayama, S. “Practical Selective Monohydrolysis of Symmetric Diesters and Applications.”
June 2022, 2022 International Symposium for Advanced Materials Research, Online
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Niwayama, S. "Highly Efficient and Practical Selective Monohydrolysis Reactions of
Symmetric Diesters and Their Applications" Asia Pacific Society for Materials Research
2021 Annual Meeting, Online, 2021/8/21

Barsukova, T.; Sato, T.; Takumi, H.; Niwayama, S."Synthetic Studies of Half-esters of Oxalic
Acid" H A{b 23 kil 358 2021/ E =5t 3 K<, online, 2021/7/17
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1. EHAFA, RIBEK, &iBE4 . EEILER%E "Theoretical Studies for Investigation of the
Mechanisms of the Practical Selective Monohydrolysis of Symmetric Diesters” 2023 4 3 A
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2. Barsukova, T.; lwaki, K.; Niwayama, S. “Synthetic Studies of Sialyl Donor Analogues via a
Novel Buffer-Mediated Rearrangement for Finding Sialyltransferase Inhibitors.”
August 2022, American Chemical Society National Meeting, Online and U. S. A.

3. Barsukova, T. ; Sato, T.; Takumi, H.; Niwayama, S. “Practical Synthesis of Monoalkyl
Oxalates.” March 2022, American Chemical Society National Meeting, Online and U. S. A.

4. Niwayama, S. “Development of Highly Efficient and Practical Selective Monohydrolysis of
Symmetric Diesters and the Career Pathways in the US and Japan behind the Research.”
December 2021, International Chemical Congress of Pacific Basin Societies (PACIFICHEM
2021), Online

5. Barsukova, T.; A4 Eff, EILRE TR T VOREEIE LU ERRIEE 2 0
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6. Osada, K.; Matsushima, S.; Takahashi, Y.; Niwayama, S. “Theoretical Studies on the

Mechanisms of the Highly Efficient Selective Monohydrolysis Reactions of Symmetric
Diesters” August 2021, American Chemical Society National Meeting, Online and U. S. A.
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1. Asia Pacific Society for Materials Research 2022 Annual Meeting
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2. Asia Pacific Society for Materials Research 2021 Annual Meeting
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