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Kinetic analysis of domino-type dehydration-cyclization reaction of alkynols based on
quantum chemical calculations (‘Faculty of Pharmaceutical Sciences, Toho University,
2Faculty of Pharmaceutical Sciences, University of Toyama, 3Faculty of Pharmaceutical
Sciences, Kobe Pharmaceutical University) oTakeshi Yoshikawa', Takashi Okitsu?, Momoka
Ito!, Manabu Hatano®, Ken Sakata!

Aiming to utilize inexpensive boron-based Lewis acids, we have developed a domino-type
dehydration-electrophilic cyclization reaction of silylalkynols. Our developed reaction affords
2,3-fused tricyclic benzofulvenes in high yields with high Z-selectivity. In this study, we
performed quantum chemical calculations to clarify the reaction mechanism and
stereoselectivity depending on the alkyne substituents. Furthermore, we will report the results
of a comprehensive evaluation of the reaction mechanism obtained through kinetic analysis.
Keywords : Density functional theory, Boron Lewis acid, Dehydration-electrophilic cyclization
reaction, Kinetic analysis
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1) J. Hu, H. Hirao, Y. Li, J. Zhou, Angew. Chem. Int. Ed. 52, 8676 (2013).

2) N. Su, T. Deng, D. J. Wink, T. G. Driver, Org. Lett. 19, 3990 (2017).

3) T. Okitsu, T. Yoshikawa, M. Morohashi, K. Aoki, T. Yakura, K. Sakata, M. Hatano, Org. Lett., 26,
1652 (2024).
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Theoretical Study of Nitrogen Fixation Catalyzed by Molybdenum Complex (' Fukui Institute
for Fundamental Chemistry, Kyoto University, *Institute for Materials Chemistry and
Engineering and IRCCS, Kyushu University, 3School of Liberal Arts and Sciences, Daido
University, *Department of Applied Chemistry, School of Engineering, The University of Tokyo)
O Taiji Nakamura,' Akihito Egi,> Hiromasa Tanaka,> Kazuya Arashiba,* Asuka Konomi,?
Yoshiaki Nishibayashi,* Kazunari Yoshizawa'

Homogeneous catalytic reactions using Mo complexes allow nitrogen fixation to proceed under
mild conditions. Nishibayashi and coworkers have reported an effective catalytic cycle using
H,O/Sml; as a proton/electron source.! In this study, we theoretically designed PCP-type pincer
ligands based on N-heterocyclic carbenes in order to improve the catalytic activity of Mo complexes
in nitrogen fixation reactions. DFT calculations have demonstrated the possibility of controlling the
catalytic activity by introducing substituents into the PCP ligands. In particular, focusing on the
rate-limiting step of the catalytic reaction, the conversion of the Mo-nitride complex to the Mo-
ammonia complex, the introduction of a strong electron-withdrawing substituent to the PCP-type
pincer ligand has a significant effect on the bond dissociation enthalpy of the N-H bond formed in
the rate-limiting step.

Keywords : Computational Chemistry; Nitrogen Fixation, Molybdenum Complex
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Figure 1. Expected catalytic reaction mechanism.
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1) Y. Ashida, K. Arashiba, K. Nakajima, Y. Nishibayashi, Nature, 2019, 568, 536.

2) Y. Ashida, T. Mizushima, K. Arashiba, A. Egi, H. Tanaka, K. Yoshizawa, Y. Nishibayashi, Nat. Synth. 2023, 2, 635.

3) A. Egi, H. Tanaka, T. Nakamura, K. Arashiba, Y. Nishibayashi, K. Yoshizawa, Bull. Chem. Soc. Jpn. 2024, 97, uoac041.
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Molecular mechanism of long-term proton transport in polymer electrolyte for fuel cells (*
Graduate School of Science and Engineering, Kansai University; > ORDIST, Kansai
University; * Faculty of Science, Fukuoka University; * Faculty of Chemistry, Materials and
Bioengineering, Kansai University ) OTaketoshi Kitagawa', Yusuke Yasuda®, Tetsuro Nagai®,
Kazushi Fujimoto*

Proton exchange membrane fuel cells (PEFCs) are lightweight, compact, and highly efficient in
power generation, making them increasingly applied in fuel cell vehicles. Previous studies using
highly accurate simulations based on the emprical valence bond model have reported diffusion
coefficients for the Grotthuss and vehicular mechanisms separately. However, the proton
dynamics reflecting the mesoscale morphology of PEFCs remain unclear.In this study, we
performed all-atom molecular dynamics (aa-MD) simulations to investigate the long-term
dynamics of H3O" on sub-microsecond and tens-of-nanometer scales. Simulations were conducted
at hydration levels of A = 6, 10, and 14. Fig. 1 shows a snapshot of the system. The results
revealed that H;O" in Nafion® undergoes dynamic changes on the order of tens of nanoseconds,
transitioning from anomalous diffusion to simple diffusion. Furthermore, some H;O" ions were
found to be trapped for extended periods due to the structural effects of SO3™ groups and the
Nafion® matrix.

Keywords : Molecular Dynamics, Fuel Cell; Proton Dynamics
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Fig. 1 Snapshot of
the structure at A = 14

1) T. Mabuchi, et al., Relationship between Proton Transport and Morphology of Perfluorosulfonic Acid
Membranes: A Reactive Molecular Dynamics Approach. J. Phys. Chem. B 122, 5922-5932 (2018).
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Theoretical Analysis of the Effect of Aqueous Solvent in the Passerini Reaction Using the

RISM-SCF-cSED Method ('Faculty of Engineering, Kyoto University, >Graduate School of

Engineering, Kyoto University, *Fukui Institute for Fundamental Chemistry, Kyoto University)

OShoji Notake,' Yudai Ichikawa,? Sara Suzuki,” Kanami Sugiyama,” Hirofumi Sato*”

While aprotic solvents are usually used for the Passerini reaction, it is reported that the
reactivity is significantly accelerated in water. Ramozzi et al. computed two pathways (A and
B), but it remains unclear how solvent structure affects the overall energy profile, prompting
us to model the system with explicit solvent molecules. We employed RISM-SCF-cSED and
examined the pathways (A) the three-molecule mechanism and (B) the four-molecule, acid-
catalyzed mechanism in dichloromethane, methanol, and water solvents. The association of
formaldehyde and methyl isocyanide was analyzed using the HNC and GF formulas. Compared
to dichloromethane, the reaction in methanol is higher in free energy by 5.1 kcal/mol (HNC)
or 5.8 kcal/mol (GF). In water, the free energy is 2.1 kcal/mol higher (HNC) than in methanol
but 6.9 kcal/mol lower in the GF evaluation. These results suggest the need for precise solvation
assessments to understand the reaction mechanism properly.

Keywords : Passerini reaction; RISM-SCF-cSED method; Multicomponent reaction;, PCM
method
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1) M. C. Pirrung, K. D. Sarma, J. Am. Chem. Soc. 2004, 126, 444-445.
2) R. Ramozzi, K. Morokuma, J. Org. Chem. 2015, 80, 5652-5657.
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Analysis of Adhesion Mechanism between Cathode Material and Aluminum Foil in Lithium-
Ton Batteries Using Computational Chemistry (' Graduate School of Environmental Resources
Engineering, Waseda University) Kaori Nagazumi,' Katsunori Yamaguchi,' Nilson Kunioshi,'

Improving lithium-ion battery (LiB) performance necessitates understanding and controlling
the adhesion between cathode materials and aluminum (Al) foil. This study utilized
computational chemistry to investigate the interactions and reaction mechanisms among Al foil,
cathode materials, and polyvinylidene fluoride (PVDF). Specifically, first-principles
calculations and molecular dynamics simulations were used to assess the chemical reactions
and energy barriers influencing adhesion.

Simulations involving the placement of cathode material (LisCoNiMnOs) on Al foil and
subsequent interfacial structure optimization revealed a tendency to form aluminum oxides and
composite oxides. Additionally, simulations indicated that PVDF decomposes under heating,
producing byproducts (HF and F-) that react to form a fluoride layer (AlFs) on the Al foil
surface. Furthermore, modeling of complex interactions and reaction pathway analysis
suggested that the fluoride layer formation might affect interactions with the cathode material.

This study provides insights into enhancing interfacial stability in LiBs, paving the way for
advanced material design strategies.

Keywords: Lithium-lon Battery; Adhesion; Aluminum Foil, Computational Chemistry;
Fluoride Layer
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Analysis of the Epitaxial Crystal Growth Mechanism of the Si(110) Surface via Quantum
Chemical Calculations (Waseda University)

oRyoga Nishiyama, Wataru Norimatsu, Nilson Kunioshi

Currently, silicon (Si) is widely utilized as a primary material in electronic devices such as computers and
smartphones. Among its various crystallographic orientations, the Si(100) surface has been extensively
commercialized and plays a central role in the semiconductor industry. However, silicon possesses other
crystallographic planes as well, and among them, the Si(110) plane exhibits unique electrical properties,
presenting promising potential for new device applications. In particular, the Si(110) plane is characterized
by high carrier mobility and distinct oxidation properties, making it a candidate for next-generation
semiconductor materials. While the growth mechanism of the Si(100) surface has been extensively studied
and thoroughly analyzed, it still remains poorly understood. Therefore, elucidating the fundamental
mechanisms of crystal growth on the Si(110) surface could contribute significantly to advancements in
materials science and semiconductor processing.

In this study, we analyzed the crystal growth mechanism of the Si(110) surface through theoretical
calculations using Gaussian16. Specifically, molecular orbital methods were employed to investigate the
reaction pathways involved in the growth process. [164words]

Keywords : Chemical Vapor Deposition, Reaction Dynamics
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Quantum chemical calculations of the mineralization reactions of phospholipids

(!School of Science and Engineering, Waseda University, *Graduate School of Medicine,

Dentistry and Pharmaceutical Sciences, Okayama University) oShibata Keisuke, ! Hara Emilio
Satoshi,” Wataru Norimatsu, ' Kunioshi Nilson !

Apatite, the main inorganic component of bone, can be originated by the mineralization of
phospholipids, but this mechanism is not fully understood. This study employed Gaussian16 to
investigate phospholipid mineralization via optimizing structures before, after, and during
reactions at the B3LYP/6-31G(d,p) level, refining activation energies with APFD/6-
311+G(2d,p). Phosphatidylcholine (PC) and phosphatidylserine (PS) were studied for
hydrolysis in calcium-phospholipid aggregates. Multiple hydrolysable bonds and proton
transfer dynamics were analyzed, identifying reaction pathways and differences in PC and PS

behavior.

Keywords: Phosphatidylcholine;  phosphatidylserine;  hydrolysis;  proton transfer;
reaction dynamics
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Theoretical Study of Substituent Effects on Excited State Reaction Paths of Pyrimidines (‘Grad.

School Chem. Sci. Eng., Hokkaido Univ., ’Fac. Sci., Hokkaido Univ., *WPI-ICReDD, Hokkaido
Univ.) OYuto Kobayashi,' Yusuke Minegishi,' Kenichiro Saita,? Tetsuya Taketsugu®?

Photostability of DNA is attributed to ultrafast internal conversion pathways from
photoexcited to ground states in nucleic acid bases.” This study explores the excited-state
reaction pathways of uracil and its derivatives, examining how substituent types and positions
affect potential energy surfaces and conical intersections (CI). Using the spin-flip TDDFT
method, we analyzed Si/Sy Cls critical for internal conversion. For Uracil, the steepest descent
pathway from the 'nn* state passes diathermally through a 'nm* crossing, reaching the S1/Sp-
CI barrierlessly as the C5-C6 bond twists. In thymine, methylation at C5 alters the pathway,
leading to trapping at a Inn* minimum via the S»/S;-CI, followed by structural distortion of the
six-membered ring en route to the Si/So-CI. Similar substituent effects were observed in other
derivatives.

Keywords : Pyrimidines, Excited-State; Quantum Chemical Calculation; Reaction P
ath Search; Spin-Flip TDDFT
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1) N. Orimo, Y. Yamamoto, S. Karashima, A. Boyer, T. Suzuki, J. Phys. Chem. Lett. 2023, 14,2758.
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