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Efficient oxidation of sugars using polyoxometalate catalysts and microwave irradiation

('School of Agriculture, Kyushu University, >Kochi University, 3Faculty of Agriculture, Kyushu
University, *IPCNER, Kyushu University)oNobuki Banda', Tadaharu Ueda?, Noriyuki Igura?,
Ibrahim Maamoun?, Shuntaro Tsubaki 3*

Carbohydrates in biomass like cellulose are an important chemical material that replaces
petroleum. Cellulose can be converted to formic acid (FA), which is available as a hydrogen
carrier. In previous studies, H3+xPViMo012xO40 (x = 0-4) (PViMo2x), a type of polyoxometalate
(POM) catalyst, is effective as the oxidation catalyst. However, the rigid crystalline structure of
cellulose requires severe reaction conditions at high temperatures and for a long time. This work
presents enhanced FA generation by oxidation of carbohydrates using PV<Mo>.x and microwaves.
We performed glucose oxidation in water solvent as the model reaction. FA yield improved by
2.4 times as the substitution level of V increased. Moreover, FA yield was improved by the
introduction of air. We have also found that the addition of 20 vol% acetonitrile in the solvent is
effective in stabilizing the POM structure and has resulted in higher FA selectivity.

Keywords : Cellulose; Glucose,; Formic Acid; Polyoxometalate

TABR—REIT U LT HEE ML NA A~ A, AR L 22 o bR E LT
Wrrsid, B —2DA LTI, KFEXF ¥ V7 & LTRIHTRER RSG5 2
EMTED, ZNETIZ. RIAF I AZ L — 1 (POM) O—FETH 2 H3PViMo0125040
(x=0-4) (PV.\Moisx) 23, ARBUSIZH RN Zefiliff & L TIE SN TWAD[L], L, ke
— A DIRE 2R G X, SWVIRE CORBRORISZNELT D, £ T, AW T
X~ 7 v nEE WS Z Lk 0, POM fili 2 F W 7= B O B b iR S £ 5 .
XA O LA KRG LTz, BT VR & L TKEBEE PViMonx & FIV T 2.45GHz O~
A7 ERF T T/ a—2%2@{bT 5 L, VEBEOHEIMIZ LY FEINEEDK 2.4 5
M L7z, 2 21250 mL/min T2 ZE AT D & KU FERULEE) A - L7 (Table 1, Entry
1,2), 5T, POM OLED IO, TWHIZ 20vol% DT =V VEZEASED
L LD XEEEIRENN ET 5 2 L EB 522 Lz (Table 1, Entry 3, 4),

Table 1 Oxidative conversion of glucose to FA by PViMo2«.*

Bubblin FA-selectivit FA-yield
Entry Catalyst Solvent (mL /ming) %) Y ( (y}; )
1 PVzMO]o water - 5.68 0.92
2 PV:Moio water 50 9.99 3.08
3 PVsMog water 50 16.5 6.55
4 PViMog 20 vol% acetonitrile 50 269 6.44

*Reaction time: 2 h, Temperature: 363 K, Microwave: 2.45 GHz
[1]J. Zhang, M. Sun, X. Liu, Y. Han, Catal. Today, 2014, 233, 77-82.
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Cobalt Complex Catalysts for the Reductive Decomposition of PFAS (Department of Science
and Engineering, Doshisha University) (OManami Nagaosa, Yutaka Hitomi

PFAS (Per- and Polyfluoroalkyl Substances) are known as persistent environmental pollutants
due to their extremely stable C—F bonds, making them resistant to degradation. Various
methods for PFAS degradation have been studied, including thermal decomposition at
temperatures exceeding 700°C, photodegradation using photocatalysts, and reactions with
calcium oxide or calcium hydroxide at intermediate temperatures (200-900°C). While these
methods require high energy, J. Sun et al. recently reported that the reductive defluorination of
branched PFASs (Branched Perfluorooctane Sulfonate, Branched Perfluorooctanoic Acid, and
3,7-Perfluorodecanoic Acid) could be effectively promoted at room temperature using cationic
cobalt porphyrin complexes in combination with zero-valent zinc nanoparticles (nZn°) [1].

In this study, we aimed to achieve more efficient reductive defluorination of PFASs and
improve catalyst reusability. We developed novel catalyst particles by immobilizing cationic
cobalt porphyrin complexes and evaluated their PFAS degradation performance in combination
with nZn° as the reductant. The findings are reported herein.

Keywords : Cobalt; PFAS; Porphyrin

PFAS (Per- and Polyfluoroalkyl Substances) (%, 16 CTZE L7z C-F fEA &2 FfF2>720
SIRDINEECTH Y | RARBIREGEE L L THbLALTWD, PFAS O fRIEE L
TIE, 700°CLLEDO R TIT 5 B\, Sl 2 Fv 253 fF, sk (200~900°C)
TEAL VDD DKL IV D A EFOR SE D FIER EPIFESN TN D, ZH
SOFETEMTFNFT =2 50, T, 1.Sun 1%, BFA MDAV FRv
7 4 U R E R a ot ki (nZn°) LHAEDE D Z LT, IR PFAS
(Branched Perfluorooctane Sulfonate. Branched Perfluorooctanoic Acid. 3 X TV 3,7-
Perfluorodecanoic Acid) DiEITLAIML Y v FlLZ# BB CTEMRTEX D EHE L T[],

AWFZETIL, PFAS @ XV R Z2EThI 7 » F b L o BFI N4 B L, &
FA AT NV T ¢ U R A R U T IO A B T ISR L R Al & L
T nZn® & MAE D PFAS O fiEMEREZ 7l L 72 D THET 5,

1) J. Sun, T. T. Yu, M. Mirabediny, M. Lee, A. Jones, D. M. O'Carroll, M. J. Manefield, P. V. Kumar,
R. Pickford, Z. R. Ramadhan, S. K. Bhattacharyya, B. Akermark, B. Das, N. Kumar, Water Research,
2024, 258, 121803.
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Photodegradation of Dyes with Fluorapatite Modified by Ti Compounds as a Catalyst in Water
(‘Department of Liberal Arts, Saitama Medical University, *Research and Development
Division, Taihei Chemical Industrial Co., Ltd.) OTakeshi Moriguchi,1 Takumi Matsumoto®

Ti-treated apatite, FAP-Ti, which is a fluorapatite surface-modified by titanium compounds,
CaTis(PO4)s-TiO2-M,P207 (M = Ca, Ti), and can indicate the highest photo-catalytic ability in
the case of FAP-Ti containing 4.1 mmol Ti/g. Photodegradation of a dye compound, alizarin
red S (ARS), was investigated at 25°C for 24 h by using FAP-Ti under black light irradiation.
As a result, the substate consumption rate reached 100%. In addition, the mineralization rate
reached 90%, being superior to the case of TiO» (64%). The further photodegradation of ARS
by recycling use of FAP-Ti was investigated under the same condition, resulting in preservation
of 100% ARS consumption even in the 3rd round photodegradation. However, as shown in
Fig.-1, it was found that ARS mineralization rate declined as recycling number increased,
probably due to catalyst deterioration involving masking active sites by degraded products.
Keywords : Fluorapatite,; Titanium,; Photocatalyst; Dye
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Syhote, SBIZ, FAP-TI #FAIALCARS 24"
WofREAT->7 & 2 A, Fig-1 IR T L 912, 3EHOFMIZEN TS BB HEFEN
100% ZAEFFT 2 Z L 3o Tz, Lav L, BEE(ERIC OV TR, Fig-1 (RT8 D |
FMT 2 TR T T2 2 &E3minoiz, BEGROIK TIE, 2RAERY ORI A
WZFED TR RO~ AF 7 (fie) (2 X2t (b ? BNEKE Bbh s,

) RO fth, 5533 MR ) ALTERRR R S, p.47 (2024).
2) Charles G. Hill, An Introduction To Chemical Engine Design, John Wiley & Sons Inc., p.464 (1977).
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Reduction Reaction of Nitrate lon to Nitrite lon Using Manganese Ion as Photocatalyst
(Faculty of Environmental and Urban Engineering, Kansai University) ORyosuke Ueda,
Kojiro Fuku, Naohide Tsuji

Photocatalytic reaction has been known as one of methods treating nitrate ion (NO;3"). In this
study, we focused on manganese ion (Mn?*) as a new photocatalyst for NO;  reduction reaction.
The two-electron reduction of NO;™ to nitrite ion (NO>) was achieved under irradiation of
visible-light in an aqueous solution containing Mn?**, NO;  and organic compounds. The
generated amount of NO, depended on the reaction temperature (5 °C to 60 °C), suggesting
that Mn?" might act as a thermal- and photo-catalyst for the NO;  reduction to NO» .
Keywords : Photocatalytic Reaction; Manganese lon,; Nitrate lon; Nitrite lon; Thermalcatalyst

[#E] TEKPICEENDMEEA A (NOy) ZAEET S I53EE LT, St
PRIBITBUGCHNER SN TWDH, ARISTIE, NOs 22 LA 4> (NOy) ~DiETT
(1) ZRT. NOy ZZBBZROT VE=TICEHBT RPN ME S TW5,

NO; +2H"+2¢” — NO, +H,0 (1)

—J . SHRETIX, v A4y (Mn¥) BDEELEYOIFIE N T Fenton X
JIEDT DN L UCHET 2 Z L 2 R LTS D, ARIFFETIZ, NOs 2> 5 NO2
OBTERE A AREICT BRI L LT, M LT, ARLAOET )
BIZIE7 =/ — v & @R L, Mn* 22 v 72 NOs 7B NOy ~ D T U 2 K&
ET ISR OB ZTAE LT,

[EER] ABREIZ 1.0MMn(NOs), aq. 3mL (Mn? =3 mmol), #fi/k27mL, 7=/ —/
20umol Mz, FHIEE T LN S, Xe 7 7 TR (W >420nm) % 3h IR
$ U7z, NO, OAERGEIL UV-Vis 53 LR 2 AW T LYy < U Bk CllE LT,

[(#R] Mn* & W7ot (A > 420 nm) 35 ;

B T NOs 5> 5 NOy ~DIR IR KIE 30 t , . °

TROSIRE D% Fig. 1 ITRT, 5°C Ckin 5 25 } :

T) 6 30°C £ T, SSRED EFictEn, 5, | * |

NO; ZERR AN L7z, FUSIREE 30°C izl | |

TORERH LA2WREO, 7=/ —L &M 4| i

LRWEE CRRORUGERF L7z e 25, g 5

NOy DARITIE L A CTER S e hr o712, [ | AL
ZIBORERN S M2 & IV AR, 7 0 10 20 a0 0 0 oo

= /= (FHLEY) 2Bt 54 FEFIH) RRRE [°C]

ELTHRIHT %, EiHREEWERISTH D Z Fig.1 Effect of reaction temperature

IR EIND, on the reduction of NO;™ to NO,~

1) 5.5 1208 CSI{L%¥: 7 = 2 4 2022,P3-007.  using Mn*" as a photocatalyst
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Fischer Glycosylation by Microwave Heating for Synthesis of Methyl D-Glucofuranoside

(1. School of Agriculture, Kyushu Univ., 2. Graduate School of Science, Osaka Univ., 3.
Graduate School of Agriculture, Kyushu Univ., 4. I2CNER, Kyushu Univ.) oKanoko Hayashi',
Atsushi Shimoyama®, Koichi Fukase’, Maamoun Ibrahim®, Noriyuki Igura’, Shuntaro
Tsubaki**

Furanosides are important sugars that are widely used in pharmaceuticals. Furanosides are
generally obtained as kinetic products of the Fischer glycosylation, but their difficulty in
controlling the reaction conditions needs to be improved". Efficient synthesis of furanosides
has been achieved using flow reactions and solid acid catalysts ?. However, the reaction
requires severe pressurized conditions. In this work, we achieved an efficient synthesis of
methyl-D-glucofuranoside under mild conditions by using a microwave flow reaction system?,
which allows selective and efficient heating of the solid catalyst bed. We obtained 97% of
methyl-D-glucofuranoside yield by sulfonated silica catalyst at a contact time of 2.92 X 10° g
h/mol and reaction temperature of 50°C, which was about 2.3 times higher than that of
conventional heating.

Keywords: microwave, Fischer glycosylation, solid acid catalyst, flow synthesis

MEBEOWMN D TH LT T /¥ FEKZAET ML BEREL R IR FHEN
TWo, —RINIZZZ 7 ¥ RiE7 4 vy v v —27 U a v bR ERRINERY & L THE
BV, BOLDOHIEH O L S5 6 2R B IE DN EA T WD, Zihvk
TIC7 o =R L BEMBEANTZT7 T 7 o e e S
U RERNER SN TS 2, —K, Butic T e
IIESLRMETFTO 80 COME L L WWSE .
ERRD B D, AWFFETIL, AlEEERDEIN
INEAFTRE 72~ A 7 i & [E A fib 5 2 v 72
7u—nE HWT D RISER OB RN
BSOS ORGE 72 BT K0 FEFn e ST
D-7/Va—A L AL ) — L) AF)L-D-7
NaTZ )y RELGDNRIE R Z EZRK L o 1 > ;( ' /; 5 7
7o ANTR AT Y T il AW T2 54 : ot o) :
50, %ﬁiﬁ%éﬁ 2.92% 1ﬁ06%-h/?j101 a:iwm v Tig. 1 Methyl D-glucofuranoside
0T% D A FIL-D- T 2T T ) S UL DS yield l.ay COIIVGIltIOI.lal heating (CH)
BAL. AEIIEDR) 2.3 (517K L7 and microwave heating (MW).

1) D. A. Argunov, U.S. Aladysheva, V.B. Krylov, N.E. Nifantiev, Org. Lett. 2024, 26, 38, 8090—
8094. 2) S. Masui, Y. Manabe, K. Hirao, A. Shimoyama, T. Fukuyama, I. Ryu, K. Fukase,
Synlett, 2019, 30(04), 397-400. 3) S. Tsubaki, K. Senda, A. Onda, S. Fujii, ACS Sustainable

Chem. Eng. 2024, 12, 52, 18657-18665
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Enhanced Ribose Production in the Formose Reaction Catalyzed by Oxometalates (' Graduate
School of Engineering Science, Osaka University, *Organization for Interdisciplinary Research
Project, the University of Tokyo, *School of Science and Engineering, Tokyo Denki University,
“Toyota Central R&D Labs., Inc.) OTaizo Ikuta', Hiroaki Nishijima', Taisei Fujimoto', Hiro
Tabata'”, Yoshiharu Mukoyama1’3, Yoko Hase*, Shuji Nakanishi!

When an aqueous solution of formaldehyde is heated under basic conditions, a mixture
containing sugars is produced (so called the formose reaction). The formose reaction has
attracted much attention as an abiotic synthesis of sugars. However, selective synthesis of
desired compounds is challenging due to the complex reaction network structure (Fig. 1).
Additionally, the yield of sugar is low under basic conditions due to side reactions. Recently,
we succeeded in suppressing the side reactions by using sodium tungstate (Na;WO4) as a
catalyst, which facilitates the reactions under neutral conditions'. In this study, GC-MS analysis
was performed on the products obtained using Na,WO; as a catalyst. The results revealed an
enhanced formation of ribose compared to reactions under basic conditions (Fig. 2).
Keywords: Ribose Production, Artificial Sugar Synthesis; Formose Reaction

BWHMESME T CHRA LT VT b RAKERZ NG 5 & HEEZ S 0RIRAM DA T
5 (RNE—ARR) s RIVE— AR SIIIEED I HESR O TE L L CTHEAZED
TEED, RE—IREMEE., BARIEPEHEIEEVES > ZLICERLE D, BHW
LT AMBERINCED Z E RN TH S, S HIC, WML TIT, SRR
BISOLNHEITT 2 2 & D HEEHOINEK FTORK E RS, 29 LEEROF, Fxlx
WA, PO E AR T 2 v AT U R U A (NaWo,) ZHWAZ &
TRIBGEOME, OWTIIHE O ER NS L7z |y ABFZETIE NaWo, 2 vz
BRIZHS D D AW % GC-MS TR IZ/HT LTS R, MG L i LT A — X
DAESRMEES NS Z EEZRHL (X 2), ZOERNY R—ADOERIBIRICH S Z
& B EBRIZHIH ST LT,

0. cat.
Cc6 HJ\H *UX0H —80 - products
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B Ribose O Arabinose, Lyxose O Xylose

Production ratio of
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P
% TNa,WO, NaOH _ Ca(OH),
Nel:tral Bavsic
1 BNVE— ARG TIEEKT 5 2 BRE—ARISICTE T %
(RS % D — 2 D TRy = ADARES

1) H. Tabata, et al., Chem Sci., 2023, 14, 13475-13484.
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Simultaneous Removal of Heavy Metals and Radionuclides from
Aqueous Solutions using Bi-/tri-Metallic Iron Nanoparticles

(*Faculty of Agriculture, Kyushu University, 2Advanced Science Research Center, Japan
Atomic Energy Agency, *Collaborative Laboratories for Advanced Decommissioning Science,
Japan Atomic Energy Agency, “Interdisciplinary Graduate School of Engineering Sciences,
Kyushu University) Olbrahim Maamoun?, Kazuya Tanaka? Terumi Dohi®, Osama Eljamal*,
Shuntaro Tsubaki', Noriyuki Igura’

Keywords: Iron nanoparticles; Bi-/tri-metallic; Radionuclides; Heavy metals; Redox potential

The co-occurrence of high contamination levels of heavy metals and radionuclides in
water bodies causes major consequences on health and ecosystems, producing short- and long-
term harmful effects.! Meanwhile, Bi-/tri-metallic iron nanoparticles can be good candidates
for the simultaneous removal of heavy metals and radionuclides from contaminated water.
They provide high redox potential, enhanced reaction rates towards reducible contaminants,
and the involvement of different mechanisms for contaminants removal.? In this work, the
potential of bi-metallic (Ni/Fe and Zr/Fe), and tri-metallic (Ni-Zr/Fe) iron nanoparticles was
investigated for the simultaneous removal of chromium, arsenic, uranium, and thorium from
aqueous solutions.

Bi-/tri-metallic iron nanoparticles were synthesized using the chemical reduction of Fe,
Ni/Fe, Zr/Fe, and Ni-Zr/Fe precursor solutions by borohydride reductant. Scanning electron
microscopy (SEM) and X-ray diffraction (XRD) were considered for the characterization of
the synthesized nanoparticles. Ni-Zr/Fe simultaneously achieved Cr(VI), As(V), U(VI), and
Th(IV) final removal efficiencies of 97.4%, 93.6%, 96.4%, and 82.3%, respectively;
considering 20 mg/L initial concentration of each contaminant, 5.5 initial pH, 0.5 g/L
nanoparticles dosage, and 120 min reaction time. The enhancement in removal rate by tri-
metallic Fe nanoparticles can be attributed to the induced electron transfer rate from the iron
core through the mixed Ni-Zr deposits on the Fe surface.

Reaction time: 120 min. initial pH: 5.5 + 0.2, dosage: 0.5 g/L. and initial
Cr(VI), As(V). U(VI), and Th(IV) concentration: 20 + 0.50 mg/L.

| mFe

= O Ni/Fe

2 Z1/Fe

% ONi-Zi/Fe
~

Cr(VI) As(V) U(VI) Th(IV)
1) K. Tanaka, Appl. Clay Sci. 2019, 182, 105282. 2) I. Maamoun, Front. Nucl. Eng. 2023, 2, 1142823.
Acknowledgments: This research was funded by the Japan Society for the Promotion of Science (JSPS)
KAKENHI grant number JP23K17055.
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From optimized synthesis to controlled degradation — alkyl esters
of glycine betaine as low-cost and environmentally friendly
alternatives of conventional disinfectants

(! Faculty of Chemical Technology, Poznan University of Technology, Berdychowo 4, 60-965,
Poznan, Poland) O Tomasz Rzemieniecki,! Damian K. Kaczmarek,! Witold Stachowiak,!
Adriana Olejniczak,! Michat Niemczak!

Keywords: Alkylation, Synthesis optimization, Green chemistry, Surface activity, Degradation

Quaternary ammonium salts (QASs) are widely recognized for their effectiveness in
controlling a broad spectrum of pathogenic microorganisms, making them a critical class of
disinfectants. However, the high ecotoxicity of commonly used QASs, such as benzalkonium
chloride, coupled with their extensive use, necessitates the exploration of more
environmentally friendly alternatives. Through the development and optimization of a novel
one-step method for the O-alkylation of glycine betaine, a common waste of the sugar industry,
a new class of glycine betaine-based QASs was efficiently synthesized. These compounds
exhibit favorable surface activity and are readily hydrolyzable to low-toxicity by-products
(glycine betaine and linear alcohols), due to the presence of an ester bond in their structure.t

X@ x@
H
H C®E ’ R H C®Eﬁ
3 N + H0 o 3 | OH + R—OH
CHj; CH;

R = straight alkyl chain, X = ClI, Br

Since glycine betaine-based QASs readily degrade in aqueous environments without the
involvement of microorganisms (unlike most currently used QASs), formulating a chemically
stable aqueous disinfectant poses a significant challenge. However, it was discovered that
selecting a sufficiently high concentration of the active ingredient (>15%) and maintaining a
low pH effectively stabilizes esterified glycine betaine solutions for up to three months,
irrespectively of the alkyl substituent length in the QAS structure. These findings, combined
with the optimized synthesis method and the favorable physicochemical properties of glycine
betaine ester derivatives, highlight their potential as eco-friendly and effective alternatives to
conventional QASs.

The research was financed by the National Centre for Research and Development (Poland)
as part of the LIDER XIII project (grant no. LIDER13/0029/2022)

1) W. Stachowiak, A. Olejniczak, T. Rzemieniecki, M. Smolibowski, M. Wysokowski, T. Jesionowski,
A. Mezzetta, L. Guazzelli, M. Niemczak, ACS Sustainable Chem. Eng. 2024, 12, 50, 18187.
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Esterquats synthesized by O-alkylation of glycine betaine as eco-
friendly disinfecting and cleaning agents

(! Faculty of Chemical Technology, Poznan University of Technology, Berdychowo 4, 60-965,
Poznan, Poland) oWitold Stachowiak,! Adriana Olejniczak!, Tomasz Rzemieniecki,! Damian
K. Kaczmarek,* Michat Niemczak,*

Keywords: Esterquats; Quaternary Ammonium Salts; Aquatic Toxicity; Cationic Surfactants;
Glycine Betaine

The following research investigates the aquatic toxicity of esterquats, namely alkyl betainate
bromides and their degradation products. Glycine betaine, a naturally occurring quaternary
ammonium compound, is a by-product of sugar production from sugar beets and acts as an
osmoprotectant in plants, animals, and microorganisms. Its exceptional water solubility,
stability, and non-toxicity make it an ideal raw material for applications in pharmaceuticals,
cosmetics, and agriculture. The tested salts were synthesized through the O-alkylation of
glycine betaine with alkyl bromides® and undergo hydrolysis in aqueous environments? to yield
glycine betaine hydrobromide and straight-chain alkyl alcohols.

The discussion addresses the aquatic toxicity of the tested compounds on crustaceans (D.
magna, A. salina), green algae (R. subcapitata), and higher aquatic plants (S. polyrhiza),
highlighting their relative safety compared to traditional quaternary ammonium salts (QASS).
Only some of the tested esterquats exhibited toxicity, with toxicity increasing as the alkyl chain
lengthened, reaching the "highly toxic" category (according to the Fish and Wildlife Service
scale') for tetradecyl betainate bromide. Further elongation of the alkyl chain resulted in a
decrease in toxicity due to the "cut-off" effect.® Notably, the observed toxicity results align with
previously reported toxicities of the hydrolysis products of the tested salts - straight-chain alkyl
alcohols.

To evaluate the sustainability of the tested esterquats, their toxicological and surface
properties, as well as the green chemistry metrics, were compared with those of currently used
QASs and esterquats. This study highlights the sustainable valorization of sugar production by-
products through the application of green chemistry principles. Thus, esters of betaine can to
serve as novel, efficient and eco-friendly disinfecting and cleaning agents.

| 0
~. - ~
Chemical structure of: ® N \Ir R [316
Alkyl betamate bromides | @)

R = alkyl chain (C, - C;g)

The research was financed by the National Centre for Research and Development (Poland)
as part of the LIDER XIII project (grant no. LIDER13/0029/2022)

1) W. Stachowiak et al., ACS Sustainable Chem. Eng. 2024, 12, 50, 18187. 2) M. El-Harbawi, Procedia
Chem. 2014, 9, 40-52. 3) P. Balgavy, F. Devinsky, Adv. Colloid Interface Sci. 1996, 66, 23-63.
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Generation of novel structures using derivatives of naturally abundant, highly reactive
biomass-derived compound zerumbone and proposal of a biosynthetic pathway for
Neomangicol (‘Major in Advanced Bioscience, Graduate School of Agriculture, Kindai
University, “Faculty of Bioscience, Nagahama Institute of Bio-Science and Technology,
*Faculty of Medicine, Saitama Medical University) OAoi Nakamura,' Gengo Kashiwazaki,'
Yasushi Kawai,” Noriko Tsuchida,’ Takashi Kitayama'

Access to unique and previously inaccessible chemical scaffolds is crucial for an effective drug
discovery library, and diversity-oriented synthesis (DOS) is among the most effective
approaches for achieving this. Here, we have focused on zerumbone, a highly reactive
sesquiterpene from Zingiber zerumbet Smith, using its chemical potential to create novel
structures with diverse applications. By subjecting zerumbone and its derivative allene-
zerumbone to acidic conditions, we achieved the formation of unique skeletons, distinct from
zerumbone’s own, offering valuable insights into the biosynthetic pathway of Neomangicol.
Keywords : Zerumbone, Zingiber zerumbet Smith, DOS; Allene-zerumbone;, Neomangicol

BNRRIHT A7 F7 ) —%HET DI2IE, Zh
FTIZT 7B ATE Do T BESCHHIL &Y~
DIERNRT 7 B ANEELFETH Y, SR
FeIHA A R (DOS: Diversity-Oriented Synthesis) '
SHRNEICE AL A M ST DI b A 4h72 ik  allene-zerumbone
D—>TdH %, DOS ZHNEHT DITITHEWE OBEN i b BERKE 75:?5 ) “C
WD, T ITLAATE O HBEWE & L THRED S FEE b ORISR KI5
R, £OHF TEHAE foﬁ/\ﬂ‘ > a U (Zingiber zerumbet Smith) (235 H LKO
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D FUHERE D — 1% Neomangicol D AA Bk 2 mie 9~ 2 HE /R HIRL & 7 o 72,

1. Schreiber, S. L. Science 2000, 287, 1964—1969.
2. Y. Utaka, G. Kashiwazaki, and T. Kitayama, et al. J. Org. Chem., 2020, 85, 8371-8386.
3. G. Kashiwazaki, et al. Org. Biomol. Chem. 2021, 19, 10444-10454.
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Evaluation of CO, absorption efficiency using amine / ionic liquid mixed absorbents for
combustion flue gas

(Department of Chemistry and Biochemistry, Waseda University) (OHyunyoung Jung,
Nobuhiro Kanomata

Carbon capture and storage (CCS) technology is a key countermeasure for mitigating global warming.
To advance CCS technology, we have designed an efficient CO, capture system using diethylenetriamine
1 mixed with hydroxyl-functionalized ionic liquids HEMIMBF, or HEMIMTEFSI. In particular, the 1:1
mixed absorbent of 1 and HEMIMTFSI exhibited a CO, absorption of 0.633 mol-CO,/mol-amine,
exceeding that of the neat amine (0.449 mol-CO,/mol-amine). Furthermore, at a 1:5 ratio of 1 to
HEMIMTFSI, the CO; absorption reached 1.03 mol-CO,/mol-amine. This enhancement is attributed to
(1) the moderate increase in solution viscosity during CO, absorption in the ionic liquid, assisting gas—
liquid mass transfer, (2) the carbonate formation of CO, with the hydroxyl group in the ionic liquid, and
(3) the effective solvation of the CO, adducts, suppressing association of the carbamate generated with
unreacted amine 1. These factors contribute to the superior CO, absorption efficiency of amine 1.
Keywords :CO; absorption and desorption; amine-based absorbent; diethylenetriamines, ionic
liquid; phase separation behavior

HIERIEIZ L O —Bg & LT, BREEVET AT D CO, Z 45 - BN 2 e bR E e
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1) MEEE « FEXEIL, BAREFEE 104 FHFES, 2024, A1455-1vn-03.
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Evaluation of CO; absorption and desorption performance of paracyclophane-oligoamine in
ethylene glycol solution

(Department of Chemistry and Biochemistry, Waseda University) Nao Senga, (ONobuhiro
Kanomata

Carbon dioxide capture and storage (CCS) is widely recognized as an essential strategy to mitigate
global warming in the 21st century. Our previous studies have shown that amine-ethylene glycol (EG)
solutions exhibited excellent CO2 absorption performance attributable to EG’s abilities both to form
carbonates and to enhance carbamate formation in those amines."

In this study, we synthesized a cyclophane-amine 1? bearing eight secondary amine moieties in its
bridging chains as a promising candidate for CO2 capture. Under simulated flue gas conditions (13%
CO2 in N2), we investigated the CO2 absorption and desorption properties of 1 in an EG solution.
Consequently, approximately 80% of its amino groups participated in CO2 chemisorption, achieving a
COz absorption capacity of 3.12 mol-COz/mol-amine surpassing those of DETA (1.27 mol-COz/mol-
amine) and TETA (1.74 mol-COz/mol-amine), thereby highlighting its remarkably high absorption
capabilities.

Keywords : paracyclophane-oligoamine; amine-ethylene glycol mixture; CO; absorption and
desorption; chemisorption, oligoethyleneamine; CCS
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1) YEFTHEAE - FEXELL, HARMFESE 103 HFES, 2023 4, K207-2am-03.
2) Marek, P.; Rafal, G. Chem. Ber. 1990, 123, 405-406.
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Effect of sulfolane addition on amine-ethylene glycol absorbents for enhancing CO, recovery
efficiency from combustion exhaust gas

(Department of Chemistry and Biochemistry, Waseda University) (OYui Akutsu, Nobuhiro
Kanomata

Carbon dioxide capture and storage (CCS) technology is obviously a key countermeasure against
global warming. Previous studies have shown that amine-ethylene glycol (EG) solutions outperform
pure liquid amines in CO, absorption due to EG’s abilities both to form carbonates and to enhance
carbamate formation in those amines.

In this study, we investigated the effect of adding sulfolane, a less viscous, polar solvent, to amine-
EG solutions. Under simulated flue gas conditions (13% CO, in N»), the addition of sulfolane
significantly enhanced the initial rates of absorption and desorption, enabling faster and repeated CO»
absorption-desorption cycles. For the amine 1e-EG solution, the net CO; loading increased from 1.30
mol CO»/ mol amine under conventional conditions (180-min absorption and 60-min desorption) to 3.59
mol CO, / mol amine in four repeated cycles of 30 min each, achieving a 2.76-fold improvement. These
results highlight the substantial effect of sulfolane in enhancing CO, capture efficiency.

Keywords : carbon dioxide capture and storage; CO: absorption and desorption; amine-
ethylene glycol mixture; oligoethyleneamine; sulfolane
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1) EFTHAE - AL, HAL AL 103 HFHES, K207-2am-03, BFH, 2023 43 H.
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Theoretical analysis and experimental verification of CO> reduction reaction over
silicon surfaces (Sch. Sci. Eng., Waseda University) ORei Kouda, Katsunori Yamaguchi,
Nilson Kunioshi

CO; is one of the greenhouse gases and is considered a cause of global warming. To
control global warming, technologies to reduce CO, and convert it into a resource are attracting
attention. Today, catalysts for CO, reduction are being explored, but there are cost issues, such
as the use of noble metals. Therefore, we focused on high purity silicon, which is generated
from single-crystal silicon production and waste solar panels, as a new catalyst. To evaluate the
catalytic performance of silicon, we analyzed the CO, reduction reaction on clean Si(100)
surfaces and oxidized silicon surfaces using Gaussian16. As a result, it was confirmed that H»
reacts with CO, to produce CO and HCOOH. In addition, experiments were conducted in which
CO; and H» were poured onto actual Si(100) wafers and silicon sludge in an electric furnace to
verify the reactions confirmed by quantum chemical calculations.

Keywords : Quantum chemical calculation; carbon recycle; reaction dynamics
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