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Synthesis of valuable compounds through biocatalysis in expanded liquid with
dissolved carbon dioxide
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Organic synthesis reactions are essential for the production of
pharmaceuticals, agrochemicals, and various other products. These reactions often rely on catalysts
to increase efficiency and selectivity. In our study, we aimed to develop an environmentally
friendly approach to organic synthesis. We specifically utilized enzymes as catalysts, due to their
high selectivity and ability to minimize the formation of byproducts (impurities). To further
enhance the sustainability, we employed carbon dioxide-expanded liquids as the reaction solvents.
These innovative solvents are created by dissolving carbon dioxide in liquids. This choice of
solvent not only supports our environmental objectives but also contributes to the efficiency and
effectiveness of the reaction process. In summary, our study successfully developed an organic
synthesis reaction that integrates enzymes as catalysts and carbon dioxide-expanded liquids as

solvents.



B X C—19, F—19—1 Gm)

1. WFEBGEE IO =

ARG RITZ < OB CRAI R 2B T 273, BUEDHIE T, MigOBN1 & 2 IR
1BROIEREDN S 2 WE 2N 25600 %, FHICHEEZR EOSCERIIE, THITRII %
ELBRRICEEBEZ G20 ) A7 B 5, £DI0 | LaETLRLNORNRERAFEE R D B 5
BRDOHND,

LRI ORI RS BRBOS Ot & U TIIBER N ER STV 5, BERIL, FEFR ITmW
SR, ALE, BRAERIWEL R OO, RIEMOERZIZ b D, o, BEROGITERRNR
FIFCET L. HODRE S LELRWEDNR L, BRIIKRGEL 20 RERIUC L VRS
WAEPETE, SbIT, EEkd 52 LIck D LEttalm ET& BARRARMEE L 225, Ll
EIPEEERRD L 5 I NTHZRBORICIB W T, BER UGS Z i LT 5 72 0I2id, & OB
ETHLNEW D BIVTEIRE LTRIBRTH 5,

2. WEDBH)

ARFIECTIX, BERLOGORBEE T L, Kbz fomibd 5, BRI, B TIIKER
P T B0, FEKROEEFTHEZELH WD Z EICED ., AfRRE AL H D, Hlx X, VoS
— B, KPP THNDS & IERSTH DT 2T IVOMKSREIE DT o 5 75, K RIS H T
T AT R b T VAT AT AL OfRE L 72 (X 1), ABFFETIE, /S A~ ZAHRDOIAEBEIC
TR B A IRE T [ RAUIRBIZRRIA] 2 1A L T AMEMSE R L, B2 THREY A H
KW bRFEE AR T 2 EMARSOEZBIR TS 2 L2 B E T 5, [ B bRERE
RIR] P COBERIISZ OV THREIL S et L, 2O rHeM: L RR % R 5,

0] Forward reaction in aqueous solvent

)J\ OH O
0" R" + HO Lipase )\ )J\ .

R™ 'R" HO" R

R R' Backrward reaction in non-aqueous solvent
1 U N—BOIERGE L OWRIG

3. WHEDTTIE

W BB E/L &2 Candida antarctica lipase B T A HiK D Novozyma35 Z fift. [ —
Fi (b bk 32 BRI AR (CO2-expanded liquid) ] #EME, 72 I KT L a— Lz HE L LT vinyl
acetate &£ O 7 U AT AT NALKIGE LTV, Gas chromatography (Z L ¥ UG DULEFS LN
RIERPE AR E LT, £7o, HEEA 7 — VL TCORIGEIT ST,

4. WFIEERS

xR IROA)V NEW1-7 ==L F ) —)VEPUAD Novozymd35 12 L5 F T A=
AT A% TR FBIZIRE MeTHF 35 KON (LR BRZIE~FH | 722 5 QNS HEE 7R MeTHF <o~
XV R TIT o, AREOSIE., BE OSMEF Tl AV MEHOSRREEIC LY | Ko ERIZ
<, FER L LT, T bRFEIE MeTHF 868 L O B LR BIZE~ P TOMIGIE, F1U
5O RALIRFEIC L VIR L TR WA TORG & i LT ICRABEEF IS Em - 72 (K 2),

Novozym 435 . .
R OH » Low conversion when R is bulky

Neat solvents (MeTHF or Hexane)
R OAc
N 4 -
ovozym 435 @/\ up to ee >99%

R =F, Cl, Br, CHs OCHj CF,4 CO,-expanded liquids

X 2 Novozym435 |Z & 5 “ELRFBIZIERIKF TO T & I KO AL - EH
-7z B ) —)v®D bT AT AT UL

S BIT, JAEME R BT R T o — VT EEREEPEATH S0, ZEIKDT FTm
— N EIEE LT D Novozymd3s (2 & DM R EISIE~D " FRACIK EAZHRIEBE DB R % et L7z



(4 3), EOFER., ZBUIRFEORIL, CEEEFEORE W 1-7 b7 02— /LORISIZIBV T
EZECTholz, IHIZ, HEEfASr—NT, IR I-T I —nBILUO2-7 T a— VDK
XY, TR -TEZ— FBLOWS)-T L a— L& EIERNSBENT- =T o F 8RR

(ee >99%) THDHZ LN T,

Novozym 435
OH Vinyl acetate “OAc OH
- .
CO,-expanded liquid
(R) (S)

OH OAc

Novozym 435 {H
X Vinyl acetate X X
’
CO,-expanded liquid
(R) )

X = H, F, Cl, Br, CHs, OCHj

3 Novozym435 |2 L % ALK FERKEF TCOTEIED 2-7 F 7 — LB LW
-7 ho7a—L®O hT7 AT AT UL




10 10 2 0

T.sriwong Kotchakorn Ogura Kazuki Hawari Muhammad Arisyi Matsuda Tomoko

150

Geotrichum candidum aldehyde dehydrogenase-inorganic nanocrystal with enhanced activity

2021

Enzyme and Microbial Technology

109866 109866

DOl
10.1016/j -enzmictec.2021.109866

T.sriwong Kotchakorn Kamogawa Ramma Castro Issasi Cinthya Soreli Sasaki Mitsuru Matsuda 177
Tomoko
Geotrichum candidum acetophenone reductase immobilization on reduced graphene oxide: A 2022

promising biocatalyst for green asymmetric reduction of ketones

Biochemical Engineering Journal

108263 108263

DOl
10.1016/j .bej .2021.108263

Takagi Michio T.sriwong Kotchakorn Masuda Ayaka Kawaguchi Nozomi Fukui Shusuke Le Viet Lan 44

Huong Kato Dai-ichiro Kitayama Takashi Fujii Mikio Koesoema Afifa Ayu Matsuda Tomoko

Immobilization of Baeyer-Villiger monooxygenase from acetone grown Fusarium sp. 2022

Biotechnology Letters 461 471
DOl

10.1007/s10529-022-03224-3

T.sriwong Kotchakorn Matsuda Tomoko 7

Facile mussel-inspired polydopamine-coated 3D-printed bioreactors for continuous flow 2022

biocatalysis

Reaction Chemistry & Engineering 1053 1060

DOl
10.1039/D2RE00040G




Suzuki Yuichi Taniguchi Kosuke Nam Hoang Hai Tamura Mayumi Matsuda Tomoko 99

Rate enhancement of lipase-catalyzed reaction using C02-expanded liquids as solvents for chiral 2022

tetralol synthesis

Tetrahedron Letters 153837
DOl

10.1016/j . tetlet.2022.153837

T.sriwong Kotchakorn Matsuda Tomoko 26

Recent Advances in Enzyme Immobilization Utilizing Nanotechnology for Biocatalysis 2022

Organic Process Research & Development 1857-1877
DOl

10.1021/acs.oprd.1c00404

Are Kristian Ray Angelo Ohshima Shusuke Koike Yusuke Asanuma Yoshihisa Kashikura Shogo 171

Tamura Mayumi Matsuda Tomoko

Enzymatic direct carboxylation under supercritical C02 2021

Biochemical Engineering Journal

108004 108004

DOl
10.1016/j .bej.2021.108004

Otsu Moeko Suzuki Yuichi Koesoema Afifa Ayu Hoang Hai Nam Tamura Mayumi Matsuda Tomoko

61

CO2-expanded liquids as solvents to enhance activity of Pseudozyma antarctica lipase B towards
ortho-substituted 1-phenylethanols

2020

Tetrahedron Letters

152424 152424

DOl
10.1016/j . tetlet.2020.152424




T.sriwong Kotchakorn Koesoema Afifa Ayu Matsuda Tomoko

10

Organic-inorganic nanocrystal reductase to promote green asymmetric synthesis

2020

RSC Advances

30953 30960

DOl
10.1039/d0ra03160g

Hoshino Tomoyasu Yamabe Emi Hawari Muhammad Arisyi Tamura Mayumi Kanamaru Shuji Yoshida 76
Keisuke Koesoema Afifa Ayu Matsuda Tomoko
Oxidation of aromatic and aliphatic aldehydes to carboxylic acids by Geotrichum candidum 2020

aldehyde dehydrogenase

Tetrahedron

131387 131387

DOl
10.1016/j . tet.2020.131387

17 2 7

Hai Hoang

Candida antarctica Lipase B co2

12 CSJ

2022

Kotchakorn T.sriwong, Tomoko Matsuda

Mussel-inspired polydopamine-coated 3D-printed bioreactor - a promising platform for continuous flow biocatalysis

Biocat2022

2022




Kotchakorn T.sriwong, Afifa Ayu Koesoema, Ramma Kamogawa, Cinthya Soreli Castro Issasi, Mitsuru Sasaki, Tomoko Matsuda

Applications of nanotechnology in an alcohol dehydrogenase immobilization for asymmetric reduction of ketones

Biocatalysis Gordon Research Conference

2022

Kotchakorn T.sriwong, Afifa Ayu Koesoema, Ramma Kamogawa, Cinthya Soreli Castro Issasi, Mitsuru Sasaki, Tomoko Matsuda

Applications of nanotechnology in an alcohol dehydrogenase immobilization for asymmetric reduction of ketones

Biocatalysis Gordon Research Seminar

2022

Kotchakorn T.sriwong, Tomoko Matsuda

Designable 3D-printed bioreactor for green asymmetric reduction of ketones

Pacifichem 2021

2021

Kotchakorn T.sriwong, Afifa Ayu Koesoema, Ramma Kamogawa, Mitsuru Sasaki, Tomoko Matsuda

Immobilization of Geotrichum candidum alcohol dehydrogenase on novel support materials

Biotrans2021

2021




Fahmi lhza Alghiffary, Ryudai Uike, Kazuki Hayashi, Tomoko Matsuda

Pressurized Carbon Dioxide and its Role in Peracid Formation for Chemoenzymatic Epoxidation of Styrene using Immobilized
Candida antarctica Lipase B

102 (2022)

2022

Zhongyao Tang, Yuuki Takagi, Shusuke Ohshima, Kotchakorn T. Sriwong, Afifa Ayu Koesoema, Tomoko Matsuda

Enzyme Engineering of Alcohol Dehydrogenase from Geotrichum candidum NBRC 4597 (GCAPRD) with enhanced activity and
enantioselectivity

102 (2022)
2022
co2 Candida antarctica Lipase B
11 CSJ 2021
2021

Kotchakorn T. sriwong, Ramma Kamogawa, Mitsuru Sasaki, Tomoko Matsuda

Geotrichum candidum acetophenone reductase immobilization on reduced graphene oxide: an approach for sustainable green
asymmetric synthesis

52

2021




Tomoko Matsuda

Biocatalysis for sustainable organic synthesis

University of Neyshabur Research Week

2020

Kotchakorn T.sriwong, Afifa Ayu Koesoema, Tomoko Matsuda

Geotrichum candidum acetophenone reductase-inorganic nanocrystal for green asymmetric ketone reduction

22
2020
Le Viet Lan Huong Kotchakorn T.sriwong
Fusarium sp. Baeyer-Villiger
10 CSJ 2020
2020
Ray Angelo Gonzales Are Kristian
Thermoplasma acidophilum NADPH
10 CSJ 2020

2020




Le Viet Lan Huong, Hiroumi Nemoto, Haruka Maeda, Michio Takagi, Mayumi Tamura, Afifa Ayu Koesoema, Tomoko Matsuda

The asymmetric synthesis of alkylaryl sulfoxides by oxidation of sulfide with a novel Baeyer-Villiger monooxygenases from
Fusarium sp. NBRC 109816

100

2020

Suryadinata Henry Hoang Nam Hai

100

2020

Tomoko Matsuda

Enzymatic reaction using pressurized carbon dioxide for green sustainable organic synthesis

8th ELSI Symposium: “ Extending Views of Catalysis”

2020

(Yamanaka Rio)

(40454764) (34521)







