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Acceleration of CO; Insertion into Silylamines Using Atmospheric-Pressure Nonthermal
Plasma ('Faculty of Science and Technology, Keio University, *Graduate School of
Engineering, Institute of Science Tokyo, 3JST-CREST) OYuri Fujii,! Takaya Fujie,"* Yoichi
Kitazawa,' Takuya Kochi,! Tomohiro Nozaki,>* Fumitoshi Kakiuchi'-

The application of plasma technology has attracted growing attention as a promising strategy
for CO, utilization.! In gas-liquid organic synthesis, however, the CO, plasma has only been
used for the reactions of dissociated atomic oxygen?, and no examples have been reported for
the CO; incorporation reactions.

Here we present an application of atmospheric nonthermal plasma generated by dielectric
barrier discharge to a CO; insertion reaction. Carbamate formation by CO, insertion into
silylamines, which has been studied due to its potential utility in syntheses of nitrogen-
containing compounds using CO> as a carbon resource’, was significantly accelerated by the
use of CO; plasma compared to the reaction without the plasma.

Keywords : Nonequilibrium CO; plasma,; CO: Insertion; Carbamate Synthesis; Silylamines;
Plasma-Liquid Interactions
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1) Snoeckx, R.; Bogaerts, A. Chem. Soc. Rev. 2017, 46, 5805-5863.

2) (a) Zadok, E.; Rubinraut, S.; Frolow, F.; Mazur, Y. J. Am. Chem. Soc. 1985, 107, 2489-2494. (b)
Xu, H.; Shaban, M.; Wang, S.; Alkayal, A.; Liu, D.; Kong, M. G.; Plasser, F.; Buckley, B. R.; Iza, F.
Chem. Sci. 2021, 12, 13373-13378.

3) (a) Fuchter, M. J.; Smith, C. J.; Tsang, M. W. S_; Boyer, A.; Saubern, S.; Ryan, J. H.; Holmes, A.

B. Chem. Commun. 2008, 2152-2154. (b) Xu, M.; Jupp, A. R.; Stephan, D. W. Angew. Chem. Int.
Ed. 2017, 56, 14277-14281.
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Development of an Efficient N-Methylation using Microwaves and Its Application to
Deuterated Compound ('Sophia University, > Wisdom Pool Research Institute G.K.) OMiki
Takizawa'!, Akinobu Matsumoto?, Takashi Miyazawa?, Satoshi Horikoshi!

N-methylamine functionalities are important functionalities in pharmaceuticals and other
fine chemicals. Various synthetic methods have been reported. Recently, N-methylation
reaction using methanol and metal catalysts has been reported. However, this reaction requires
high temperature and long time. Therefore, in this study, we have developed a mild
environment and highly efficient N-methylation process by combining this reaction with
microwave irradiation. Furthermore, the deuterated imipramine hydrochloride-ds was
synthesized using this process.

N-methylation of various amine compounds was performed using microwave and ruthenium
or cobalt catalysts, and the superiority of microwave reaction was demonstrated. The process
was also used to synthesize butenafine hydrochloride and imipramine hydrochloride, which are
actual pharmaceuticals, and the reaction efficiency was improved by microwave irradiation.

In addition, heavy pharmaceutical oriented studies were conducted. We succeeded in
synthesizing imipramine hydrochloride-d; using methanol-ds, showing the possibility of highly
efficient deuteration by microwave irradiation, which is generally inefficient due to the high
dissociation energy of the C-D and O-D bonds in the deuteride reaction.

Keywords : Microwave, Amine derivatives, N-methylation, Deuterated drug
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Synthesis of Mono- and Sesquiterpenoids via Microwave-Assisted Cyclization Reaction
(" Sophia University, > Wisdom Pool Research Institute G.K.) Ryotaro Kikuchi,' Satoshi
Horikoshi,' Shin-ya Tashita,” Takashi Miyazawa®

Cyclization of chain terpenoids is an important synthetic method for bioactive substances
such as fragrances and pharmaceuticals. However, from the viewpoint of functional group
tolerance and positional and stereocontrol, the selective conversion is challenging in some
cases and prolonged reaction times, and lower yields are problematic. In this study, we
investigated the possibility of applying microwave heating to the cyclization of mono- and
sesquiterpenoids to improve the process efficiency. Microwave irradiation of a cyclohexane
solution of pseudoionone in the presence of a solid acid catalyst for four hours resulted in rapid
consumption of the raw material, yielding a mixture of o and B-ionones in 47 % GC yield.
Compared to the control experiment using heater heating as the heat source, the microwave
heating method was found to improve the conversion rate by 5.3 times and the yield per unit
time by 4.9 times.

In this presentation, we also describe the microwave-heated cyclization reactions using
various solid acids.

Keywords : Microwave; Terpenoid,; Cyclization
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1) Reshna K R, SreeragGopi, Preetha Balakrishnan, Introduction to Flavor and Fragrance in Food
Processing, ACS Symp. Ser. Am. Chem. Soc., 1, 1-19, 2022.
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Rapid synthesis of ruthenium and cobalt bipyridyl complexes under microwave irradiation
(‘Graduate School of Engineering, Kanto Gakuin University, *Minerva Light Lab) OMoka
Yamauchi, ! Sara Fukuda, ' Kie Takahashi, ! Hirokazu lida, ' Takeko Matsumura?

Recently, ruthenium complexes are used in visible light redox catalysts and phototherapy, and also,
cobalt complexes are used as materials for DSSC (dye-sensitized solar cell). Therefore, demand for both
complexes is growing. In the synthesis of platinum group metal complexes, both heating and long reaction
time are required. In order to shorten the reaction time, we performed the reaction under microwave
irradiation.

2,2’-Bipyridyl was added to the solution of ruthenium chloride hydrate in ethylene glycol and the reaction
mixture was irradiate (200W, 175°C, 20 min) to obtain the desired tris(2,2’-bipyridyl) ruthenium (II) bis
(hexafluorophosphate) in 91% yield. Another experiment was performed in the similar way using cobalt
(1) chloride hexahydrate to obtain desired tris(2,2’-bipyridyl) cobalt (II) bis(hexafluorophosphate) in 76%

yield. Finally, we confirmed short time methods to synthesize some Ru and Co complexes.
Keywords: ruthenium complex; cobalt complex; microwave irradiation; bipyridyl;
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Rapid synthesis of some fragrant esters under microwave irradiation and investigation to apply
the microwave-irradiated CSTR (Continuous Stirred Tank Reactor) ('Kanto Gakuin University,
College of Science and Technology, *Graduate School of Computer Science and Systems
Engineering, Okayama Prefectural University, *Makengineering Co.,Ltd., *Minerva Light Lab)
OSara Fukuda,! Moka Yamauchi,' Riko Arai,' Hirokazu Iida,'! Mitsuyoshi Kishihara,? Isao
Kotani,® Takeko Matsumura*

We have previously reported some reactions using microwave irradiation proceeded in a short
time compared with conventional heating methods. One of the examples was esters synthesis
without catalyst and solvent under microwave irradiation. In this time, we focused on solvent
effect. Finally, we constructed a rapid synthetic method of some fragrant esters using xylene
under microwave irradiation.

For example, formic acid and 3-phenyl-1-propanol were reacted in the presence of TsOH in
xylene under microwave irradiation (100W, 100°C) for 30 min. The target product, 3-
phenylpropyl ester of formic acid, was obtained in 99% yield. We are considering to apply
microwave-irradiated CSTR (Continuous Stirred Tank Reactor) for the synthesis of large
quantities of esters.

Keywords : Microwave; Ester synthesis;, Flow method; Continuous Stirred Tank Reactor;
Solvent effect
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Mechanochemical immiscible Fischer glycosylation ('Graduate School of Engineering,
Hokkaido University, ’Department of Chemistry, Graduate School of Science, Osaka University,
3F0refront Research Centre, Graduate School of Science, Osaka University, ‘WPI-ICReDD,
Hokkaido University) O Taiga Takeda!, Yuri Kamakura!, Yoshiyuki Manabe*3, Koichi
Fukase??, Koji Kubota'#, Hajime Ito'*

Organic reactions of water-soluble molecules are generally challenging due to their low
solubility in organic solvent. This challenge becomes even more pronounced when the reaction
partner is a highly lipophilic molecule because of the difficulty of choosing the appropriate
solvents that can dissolve both substrates, resulting in low mixing efficiency. Recently, our
group demonstrated that a mechanochemical protocol using ball milling facilitates the
molecular transformations of poorly soluble molecules such as polycyclic aromatic compounds
and polymers.'? In this study, we demonstrated that a mechanochemical protocol allows highly
efficient immiscible Fischer glycosylation of water-soluble unprotected sugars with highly
lipophilic long-chain aliphatic alcohols. Such an immiscible pair of substrates fails to react
efficiently under conventional neat conditions when using standard glassware setups.

Keywords : mechanochemistry, ball mill; sugar, glycosylation; hydrophilic molecule
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K. Kubota, T. Seo, K. Koide, Y. Hasegawa, H. Ito, Nat. Commun. 2019, 10, 111.
2)T. Seo, N. Toyoshima, K. Kubota, H. Ito, J. Am. Chem. Soc. 2021, 143, 6165.
3)K. Kubota, J. Jiang, Y. Kamakura, R. Hisazumi, T. Endo, D. Miura, S. Kubo, S. Maeda,
H. Ito, J. Am. Chem. Soc. 2024, 146, 1062.
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Development of mechanochemical C—N cross-coupling reactions of ammonium salts and
amides ('Graduate School of Engineering, Hokkaido University, *WPI-ICReDD, Hokkaido
University) OMahiro Takahashi,' Koji Kubota,'* Hajime Ito!*

Buchwald-Hartwig amination is an important transformation for synthesizing arylamine
derivatives commonly found in electronic materials and pharmaceutical compounds.! Recently,
several reports have demonstrated the successful implementation of this amination under
mechanochemical conditions using a ball mill, achieving dramatically improved reaction
efficiency compared to solution-based reactions.”’ However, nitrogen nucleophiles used in
these reactions are limited to primary or secondary amines. In this study, we have newly
discovered palladium-based catalytic systems applicable to other nitrogen nucleophiles, such
as ammonium salts and amides, expanding the scope of nitrogen nucleophiles in
mechanochemical Buchwald-Hartwig amination reactions.

Keywords : Mechanochemistry; Ball mill; Cross-coupling; Amination; Palladium
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1. Ruiz-Castillo, P.; Buchwald, S. L. Chem. Rev. 2016, 116, 12564.

2. Shao, Q.-L.; Jiang, Z.-].; Su, W.-K. Tetrahedron Lett. 2018, 59, 2277.

3. Cao, Q.; Nicholson, W. I.; Jones, A. C.; Browne, D. L. Org. Biomol. Chem. 2019, 17, 1722.

4. Lemesre, Q.; Wiesner, T.; Wiechert, R.; Rodrigo, E.; Triebel, S.; Geneste, H. Green Chem. 2022, 24,
5502.

5. Kubota, K.; Seo, T.; Koide, K.; Hasegawa, Y.; Ito, H. Nat. Commun. 2019, 10, 111.

6. Kubota, K.; Takahashi, R.; Uesugi, M.; Ito, H. ACS Sustainable Chem. Eng. 2020, 8, 16577.

7. Kubota, K.; Endo, T.; Uesugi, M.; Hayashi, Y.; Ito, H. ChemSusChem 2022, 15, €202102132.
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Selective Recovery of Organic Molecules from Amine-Cured Epoxy Resins via C-O and C-N
Bond Cleavage Enabled by Lewis Acid Catalysts

(‘The University of Tokyo) OTakaya Kondo,' Kohei Takahashi,' Kyoko Nozaki'

Degradation of epoxy resin with Lewis acid has been targeted for a long time, but their
purpose was recovery of carbon fibers from CFRP and selective recovery of small molecules
has yet to be achieved. Here we report cleavage of C(sp*)—O bond in 3-amino-2-hydroxypropyl
aryl ether by the use of catalytic amount of Ce(OTf); and TaCls. Moreover, various kinds of
aliphatic/aromatic amine-cured epoxy resins were solubilized and decomposed in NMP with
TaCls, leading to recovery of the monomer unit (BPA). This method is superior to previous
works since no stoichiometric amount of additive is needed.

Keywords : Lewis Acid; Chemical Recycling; Epoxy Resin
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1) (a) Skrydstrup, T. et al. Nature 2023, 617, 730-737. (b) Nozaki, K. et al. J. Am. Chem. Soc. 2024, 146,2419-2425.

2)  (a) Skrydstrup, T. et al. Green Chem. 2024, 26, 815-824. (b) Minami, Y. et al. Polym. Jour. 2024.
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