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Fig. 2. Relationship between PG-PLC
productivity and culture medium.
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Fig. 1. Hydrolysis of phospholipid by PLC.
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HUMZ K LIRS TV D, L L, BEfFRLY LS
WEHLED—y THDHHEAT 7F VUl (PA) &
IIRTEIRNZ EMD, PA BRI TE D
PA R A7 7 % —1E (PAP) DOFHFN IR ke HALT
W5, F7, PAP IZ X% PA OFRERMIT/ NA A
T 4 —EB/VREL (BDF) BUEDRE L 25T v
7 Vtw—/L (DAG) Thd7h, PAP IF#E¥E LA
HeiF vz b (Fig 1), 2O L) ey sod b
ABIFFE CII MO B3k PAP (235 B L, AREE OfFR
&R AT 24T o T2

PAP

Hull

PA DAG
Fig. 1. Hydrolysis of PA by PAP.
2. FIEBXUHR
2.1 PAP &

WREBLADOHMRET A T 7V —D 55 112 %
MBI LT A7 V== 718D, B5%E EIEIC PAP
ZoyUAVEPET D NT-119 BRAZ B L7z, NT-119 #kD
16S rDNA i LB AT O A5 R 20 5 0 AE R IE
(A T~ SO ST
CIFE S AL7o, NT-119 Hk PAP

(PAPNt119) DFFHL TR
T4 =T 44—~ T 7 40— (Pal-G) ZEA
T5Z LITX Y PAPNTie ZESIKEIAIICH — &7
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T DFER, PAPNTo 157 FE & 54kDa DR Y <7
F FHN O R D BERER TH D LHEE LTz,
2.2 RERIEMRAT
FERIEESR Y o 7V % VT PAPNri0 D RERFAERRAT
EAT- T-/ER. PA IZx L C pH6.5, 45°C CRe RIGE
o LTz, FREFFREMRBR OGRS, PA LSO I
TEEAEER LR Eonb | KREEFIT PA I2FF
BENAEH T DB TH D, £72. PAPNmio (XEHT
IZ & - THRIEL, 10 pM MnCL RIS X - THEED
L7 & D, M EREER THDH B2 H
b, 1 mM @BREZROSKIZEIML, &A1 A4
ICE DEBER T2 L 2 A, CaCl B L U NaCl 177E
TCIEMEDK 1.5 51 L7z, BifE, REREERZ2 A
WTE 572 0 s R RAT 2 D TV D
3. WBE
HRRE Amycolatopsis sp. NT-119 H K57 PAP
(PAPNt119) %ﬁi U BRFYERRNT 21T o 72, PAPNTIn0
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u%fﬁkﬁﬁ%mbko
PAP (2B L CIE, ZHE TICEBAEY IR &
B PAP OFRE BN 50 5 — 7 T, WA RSy
W XME— Streptomyces mirabilis A-2313 H 3 PAP
(PAPA213) DEE SN TNDEDHRTH D D, PAPAxs
S FEEIT 15kDa TH Y | Ca¥ERMETH D Z &
7R END | R BRI PAP & LT % PAPNtio
IR HTAVEE SR CRIBEMES E W &R S T2,
1) FFEEEERA S, IR A7 7 F 2 R A
7 7 H—¥ ok, R 50-142780 (1975.11.17).
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JULER LR —R
R = CO(CH,);4CHs

Pyr / Acetone

6h RT

n

Fig. 2. Synthesis of palmitoyl cellulose (Pal-G).
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ARV L CERT 3 2 2 v EME .
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RCTHDLALX)—ATeFasrr—+ (MDH)
D FI % HIFATHE 72 £ & v BCE % 85 7 T
LFRECER L 72, 2 OBIEE TR ih o
EIEA A v oM X Y MDH R Z T 5 2
LT, AR —VOEREHEBTEO YR 2 %
Hfg L7z (Fig.1) b,
MDH % 1§
OFF,

C— oLy
@, €’
ON Rt add
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Fig. 1 Cell growth and methanol production induced in
methanotrophs by switching methanol dehydrogenase gene
expression.

2. bR

A 2 v FEACHIR Methylosinus trichosporium
OB3b (AT OB3b#k) %M. HHIFEMHL 2%
X Y A4 D MDH T» % mxaF Bfn 1% KiA
X/ EEMREWEL 72, T D OB3b mxaF Ein
FRIEKE (OB3bAmxaF ¥£) %. Hlo MDH T&
% XoxF DFRBIGMNTH 5 Ce¥ 4 4 v E&FHRHIC
THi#EL, Y/ LDNADPCR £V =2 RZ VT
Oy T AV T E{To7z, Ibic, Kb oeE
A4 v EREEEE—TF (Ci*' 14 v AE, ce
AFvER) PoAX ) —AEEE—TF (Cu*'A
TV EH. CHA A VYARE) ~UIYEZTOB3b
AmxaF HRZTEZ R E | FROBEHHE & b o 2
2 ) — VIR &R HEE L 72,

3. EBHERB LUER

EZE L 72 OB3b A mxaF B> 5%/ L DNA % i
H U, mxaF 851 O EAE % PCR THIET %
&L HAEOBMBLY BT v 7Y aviiis
. mxaF BT RIBL TV Z LRERTE
7eo PUMxaF A ZH VT Y 22Xy T 0y T4
VRN BT o2 T A, AU TEHLRNALT
D MxaF D RIBZ L L 72,

OB3b A mxaF #RDEEHIAAIC 51T 5 Cu?'B &
R Ce¥ 4 F v oiREic kY, HikEEE—
FeEAR ) —NEFEE—-FDRAL vF v iR
H7- (Fig.2). WREFE— FTHEL 7 OB3b
AmxaF % * % ) — VAEFEE — F ofEicht 2
D77 A, EARKIIZT L, R & 3t
IR 2 2 ) —ARERE LTz, Z DRI
L7z Wik % BEREEE £ — FICEAAR 72
H. DTPICA R 7 —ARER L =28, HiH
FEICHE > T AR ) — 25 X NP DIREE &
[FIFEEE & CRIABNES FE L 72, M EofE R s
5. OB3bAmxaF #D A & 7 — VK iR I
FIHIC X B A XV IA R ) —AEEWRITHIN L 72,

Cuzt =0 uM, Cuz* =10 uM, Cuz* =0 puM,
Ce™ =25 uM Ce*=0uM  Ce™ =25uM
i T % HEHhICHEAREE IR RE
— 4| BEEEEE-F AR/—LEE BEEEEF
£ £—F
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&+~
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Time / day

Fig. 2 OB3b AmxaF mutant switching between cell growth and
methanol production conditions by modulating copper and cerium
concentrations.

1) Ito, H.; Yoshimori, K.; Ishikawa, M.; Hori, K.; Kamachi, T.,

Front. Microbiol., 2021, Mar 22; 12, 639266
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AT SHERNATHAILDKRIEHRED L REMEDERET

1. #%E

Ty MREHAGD COp HEHIFHIERR IR L A2 1
THHERDO—D>THY, ZhaEsz) T, MEERT
2050 FFETIZ CO HEH EZ I ETHI 52 L
ZHELL TR QD 20 AEA R T 57291
X, AV =y MBI OE AR LEAR AR THD,
ZZTARMZETIL, iInFaa )y Y O AERE TOREHE
W ThHa7 7% KER TR CRE LT A A A A
JL(Copra-BO) & /& 5 /3 A A4 = MR B 14
{24 H L7-, Copra-BO (1% Ce-Cis iR AL 7k # (20-
30%) TN %, Ce-Cis WEHEAR /i (40-50%) | 7 ik 55
{EEW(L0%FEE) B LD EDORN ZURYRNE £
TUW5, Copra-BO 2/ A 2 = MREHI 45 7=
DT, NENIBE DR IR IS B R G OKFE
LWL 3 SGH L ORAL K FE D BME(LE s T %
7 RS DIRIRF I Z D 2 M RE A 2R G 13 DA BN
bb, FZTARFERTIE, 7AW HEHE B
ZSM-5 ([ZHHEFL . E5I2 Pt Z4HEF L7 2R REMIEE 2
FHELL . Copra-BO OB &1T-7=,

2. BB
2.1. iR RS
SASBERLI X IR IE IS X CGRBRIL 7=, TV Y
THEA B MR KRR Z ZSM-5 |2 E RS, il
MeO/ZSM-5 filliEAFHHL 7=, 512 Pt 2 fHERFSH
Pt/MgO/ZSM-5 fifli i &-FHHIL 7=,
2.2. B4 R332 & S fil i 14 RE FE A
A=k —712L% Copra-BO OSE %, KFEE
77 0-2 MPa, FUGEE 300-340°C, B H;R#E] 3-6 h
TAiTo7z, Pt 25 Tofi 1% 7K 58 k3% 5T (400°C, 3
hY 21T o7, DI RR AR | AL R D 53
Wra GC Izl TEM R IWERLZ,

L BRELUEER
Copra-BO OUSE SR W T, KRR EL

T, C1-Cs [R{b/AKFE . CO., CO2 M. RIEA ML T,

Cs-Cig JRILK BN AN S 3172, CO2 DFEA, Ce-Cus
BRALKFEDEENN ., JEIEEE DR L0, 7Y L3
& B TORRRAEE D WL IR BE S Z 7 ZE DR
XAz, Fio, Co-Cs RALKFEDER LY ZSM-5 |2
FDKRFMT ToF LTINS T2 2D DNND,

ek L AR P

GREC T A22) O ([0 . ke

Table 1 (243 KO BUGSETD Copra-
BO H1 D JE I i D HiAb 3 (xera) « JIE A B8 100 15 1 2
(Soco)s 7S AT = MIEHE 73 T2 Cr-Caa fRAEIK
FCFENR)Z R U, AT T v Y
AR BRI IZ LD Tl MgO/ZSM-5 @
Spco DI K THoT=M, Yo 1T bIRVMEE /257
(Entry 1-3), SUSSMHIZHOWT, filli & (Entry 1, 4,
5) B L O EER (Entry 4, 8) & MEH7-LZ 5,
Xeras Socos Yie 230 L3 HZEN b7,

KFIESIE 1 MPa OFF, WD/ T A=
EfE&72>7=(Entry 4, 6, 7), Spcolx 1 MPa DIFLY
K< o72, ZhUE, DCO LV HDO 73092
EBREZHND,

WA ZREREfk A FV /- Copra-BO DB %17
ST A, THERERME DL FERI L7 A B R e &
7ol CHEREARIEL DR ATTIE, Spco & YiE N
B Uz, 2, Pt & A2 L2 H o> MgO
A& ZSM-5 OEEH A NEIE O ZER L T,
Pt T SIEBE D2 T, LinL, BUSHIZ
R Sba— RNl L TnbZERnboTe, &
DI PUZE D= — 7 iifil4 R HZ L TET-,

4. $E5R

[i6] AR S S T8 (AR e C oD B e Al Cl%, Copra-BO
HORRRAEE DB IESE . IRFBEHHD KT TvF
TINEIZSTNHZENHER TETZ, £/, Pt OHHEF
IZR o Ca—2 R IMfilEnsZ L birotz,

Table 1 The result of test on diverse reaction condition.

Entry Catalyst ~ Reaction Condition X rea Spco Yie Weoke

(supported Wea Pro  trea  [05] [06] [%] [wi%]
by ZSM-5) [g] [MPa [h]

1 MgO 05 1 3 47.0 63.3 140 1.13
2 Ca0 05 1 3 68.9 62.2 17.4 1.83
3 BaO 05 1 3 58.2 54.8 155 1.05
4 MgO 1 1 3 86.4 575 22.6 1.16
5 MgO 15 1 3 88.9 75.0 31.6 1.79
6 MgO 1 0 3 69.8 55.7 16.5 0.91
7 MgO 1 2 3 74.8 53.1 20.1 0.90
8 MgO 1 1 6 834 68.1 252 3.54
9 Pt MgO 1 1 6 86.5 56.6 21.6 1.84
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Highly efficient

5-hydroxymethylfurfural

Hakodate Conv. of JPI (51st Petroleum-Petrochemical Sympo...

of
by

fructose to
continuous flow

degradation
(HMF)

processing in multiple solvent system
(AIST) OPengru Chen - Aritomo Yamaguchi « Naoki Mimura

The synthesis of bio-based HMF is attractive because of
its valuable market potentials. Here, we achieve the
continuous formation of high selectivity and yield of
HMF from fructose dehydration in a H,O-1,4-dioxane
(D10)-methyl isobutyl ketone (MIBK) ternary solvent
system over Amberlyst 70. The presence of DIO
promotes the fructose conversion, and MIBK prevents
the side reactions by extracting HMF from active
aqueous phase.

Fructose dehydration + HMF - Solvent system
n.mimura@aist.go.jp (Naoki Mimura)

1. Introduction

Bio-based HMF, produced from acid-catalyzed
dehydration of fructose (Fig. 1), has been identified as a
versatile intermediate for clean fuels and degradable
polymers.? Production of HMF with high selectivity is
challenging because of the high reactivity of its
functional groups, causing concomitant side reactions
under the evaluated reaction conditions. Solvents with
high boiling point, such as dimethyl sulfoxide and
gamma-valerolactone, are using to access high yield of
HMF, leading to formidable energy consumption in
downstream separation and distillation. Here, we
perform an economical reaction system by using low
boiling point solvents to continuously synthesize high
selectivity of HMF from fructose dehydration.

[}
HO“ZCQCHZOH " HOH,c O _CHO
+H
OH — 5 U/
HOY OH -3 H0
Fructose HMF

Fig. 1 Production of HMF from fructose dehydration.

2. Experimental method

The dehydration reaction was conducted in a flow
reactor with Amberlyst 70 as the catalyst. The aqueous
feed consisting of fructose and organic solvents were
separately pumped to the reactor at certain flow ratio of
two phases. A back-pressure regulator was installed to
keep the reaction fluid in liquid state. Product sample
was collected after the system reaching steady state and
analyzed by HPLC and GC.

3. Results and Discussion
Fructose was successfully dehydrated to HMF over

Amberlyst 70 owing to its strong Brgnsted acidity.
Organic solvent present in the reaction mixture greatly
affected the reaction performance. In the monophasic
system with water miscible solvents, fructose conversion
was above 90% and DIO gave higher yield of HMF than
other solvents. FTIR analysis revealed the stabilization
of HMF conformers in DIO. In addition, the rate constant
gradually increased with the increase of DIO
concentration. ATR-FTIR analysis of fructose in varying
ratio of H,O to DIO confirmed a blue shift of OH
stretching vibration when increasing the amount of DIO,
suggesting strengthened H-bond interactions which
contributed to the increased dehydration rate.? However,
the humins formation was significant in monophasic
system. In contrast, biphasic system could minimize the
side reactions by continuously extracting HMF from
active aqueous phase. 94% carbon balance was achieved
in H,O/MIBK system ascribed to high partition
coefficient of MIBK to HMF, whereas the fructose
consumption rate was moderate with only 64% fructose
conversion. Therefore, a H,O/DIO/MIBK ternary system
was performed in order to combine both benefits of
monophasic and biphasic system. In this system, HMF
with 93% selectivity was continuously produced at 90%
fructose conversion (Fig. 2). We conclude that the
presence of DIO and MIBK in the system simultaneously
contributes to the facile fructose dehydration and inhibits
the side reactions. In addition, the reaction system
exhibited good stability even after 10 h.

[ | Conversion ®m  Selectivity
l:| HMF vyield ® C balance 100
100 e g T 3 e -
. e . S
) [] e m F80 >~
[ - Q
o 80 | I — §
[} = o}
E\ 60 % 3
5 ]
c 7 B9 90 2
2 B4 l40 ©
2 404 i 0 BO 80 2
g & 72 2
3 oo 8
O 201 20 @
w
0 0

10 73 32 11 12 O
Ratio of DIO to MIBK

Fig. 2 Effect of the solvent system on fructose dehydration.

Conditions: 0.3 M fructose, 0.5 g catalyst, 120 °C, 1:5 volume

ratio of aqueous to organic phase (total 0.18 mL mint).

1) Q. Hou, et al, Green Chem., 23, 119 (2021)
2) T W. Walker, et al, Energy Environ. Sci.,11, 617 (2018)
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e L 22 WERRR A~ 5 4 D GC-FID The
bk %, GC-TCD T CO, COZ/#r L. Enk
BEHEH L2, GV AT AOHBIZEBWTIE, X
g AR DR IRPREE DR E IS & U\}Eiﬁé%"lﬁ it
B EAIT I E R R LT,

IMERLEBR
it D% E B TIE, MgO/SIO: £V & HT Bk
OBRET VI =0 ABEWOFERINEE LT ¢ —8
m”@ﬁﬁ%@ztoé% RO D filiiE D
G oMriEERN D, HT IXRFENTHEN K LD 720
- <‘: DorhnoTz, F£iz HT il M2 0.5 mg-
KOH/g-oil TH V| A AT 4 —E/LD=— Mk
(0.5 LLF) #ii7- LT\ 5, MRER T 3k
T 5 CODERBENE -T2 LD, 2 Ofil
BECIIBUREE SN HE L S HEITLTND Z &M
HOENTHDL, LEORRLY | HAT Y —K
S OfE & U Ci HT i i LTV D &
HIEr L, ATFD Y 2T Atk B ORBFHIEM Lz,

S AT
34

R

v

- HiBD #f*™)

e N (AR S SR

I EFRAE™,

VAT ALBIZBWTIE, £ TRISERDOIEIRE
Mt L, MO N7 7 T&E 5 L9,
W SR L2 A odEH 0 £ To Mz
LT, WICHEH DO FRICGERE 232 E L, &
WS Doy Te iR 1=, S O FEEE
BRI E O b 21T o7, U EOSHEE
& C R R pnEER R 2 1T > 7=, Fig.11Z CO,
CO:2 3 L OVERH O ORI E(L &R~ d, 7z
FERRRBR AT 0 I2H - » TORISEMOMmE %
1To72 2 & CUERDWFHE AR L 0 FEIRFRE C i
DRI ESD VAT AESERSEE, LrL,
FREfER 2 3 2 BRI o FHRERR 1T BV T e
W3 FEA LTz, SOBRER] 3 h & TORM A HE)
%, BSOS O—RER 72t HE OB KO FETH
bo ZOEIERWTHD L, MgO/SIO. filtlit ¢
1% COLAERRENERHITHAD L, TSk L Clg
D LW ERANBE SN, Ziix, BV
5 OPRFESNZ 3T 2 BEHENME T L2 &

ZoRd, ZAUSK LT HT il <id, CO.ARkE
DI FITFEe)HrThH O . BD EFRHE L
MgO/SiO: il X » HIX DI > T, Z O
KD HT it oo J5 2356k D MgO/SiO - fili i L
DHLEFMIELTHDLIZENHLNE ST,

—coErimE - AFORJILY Tk ——cofEpiE -MgO/siOo2
——CO2ERE NAFORILH T~ —— CO24E L& -Mg0/5i02
m AV FOR LR A AV-MgO/sSiO2

S 2
E 40 I."' Y ® 15 -:E,
= | 80
e T e el
=BV I 5 2
Sl === , 8
o 0 i
© 0 5 10 15 20 25 30
FFfEl[h]
Fig.1 CO,CO:A:pk i & Fafili DOFRRFA AL

4 557

WA A Z U — ROt Ofilge & LTl HT s
RHLENLTHWDLEW) Z LR L, BREMRIG
EATO VAT AETERT HI ENTET,

5.5| F3CHR

[1] H. Tani, et al., Catal. Today, 164, 410 (2011).
[2] N. Paweesuda et al., J. Jpn. Inst. Energy, 94,
1393 (2015).

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved. 1B06 -



1BO7

IR C L A NA F T REBBEDLFREAD

AumErs) I8

1. #5

NAF e R FHEARET AL F — O THE—
DABIEM DO R 2ERCTH DL, ZOHTHHE
FE2% . BE A LR WARE R EEANA
A~ Z2OFHIE, BRFICET 2 L HfFI T
w3 (K1), KEAfA=Z2DERD a3 —
ADERTTHbHELu—R 5~6 fEDEDTT
Hir~Iktro—R, ZLTCHEERSDTTHD
V7= vTHb, DI, RLEFREN St
v — ZERGy % R L CHBMRIC AT T,
Bex b Emae Gl T 322 e 8 TcE 5[1,2], L
L. &m—R3KEEE I  GRlE 7k i
(X 2) bbb RN RAEICAAETH O iR
DREECH 5, X HIC, mEim - SEEESAF T Thik
DREZITO &, BT 2 70 3 — ZRDBRIGD
BB ST L CRIERY) % 5 28 IRWE2ME T
%

o

1. "MATREFALF-ixFxBFER

CHoOH
HO

H
H OH
Ho
——  HO —> Ho H
0. oH
Ol H OH
i)

m H OH

OH
" H
H O b
OH [

H,0H

[ (oo

00000

K2 +wIO—RADOEEEMKDEKFILEIZKEY
JLE b—ILER

R Z HV 2 ED v v e — Xk
. BOCEEREE < GBI - i 7 v 2 25 CHER 23
HYRFEN R T v ADME IR I N TRy,
—77 . EARAE R ICHE DY) & DI EED RS
TH Y., 2 ORISFEEOFEHEFH AN L v S ]
HMEDDICOL2DOLT, FLALHRIENTE
rotz, LEOERH O, EARAhLE 2 Hih & 3
BHEITE AN F~ XA BRI L <

HEEARS (B51EAM - ARILFTRE

it

5 7> HoL

[if]

SE.

=

i

et e AT 5 2 LR StER S Lz,

2. [EEMEIC X 2 e u — 2 DK EKEAL

HTa1zFFTero— 2ok fkElIC X
2V 0E b=V DOEBICEY A, RiETIE,
Ao —Z2DNKDETCER L7 Vva—2 %
ISR CEB KR L, (LFICKERET
Aa—n (Y k—n) KBS 270, B
Hom EaffcE 2 (K 2), Ye b=t
TIAF Y ) v —RREANERER L L CHE
WAy e R oL iERC 2 5,

Z DR, AEoNT =7 L & OB E M
B crra — XDHKS K FRAC S D HEST
L., YA =ABEILBOLNEZ L ERWL
72 L 72[3]0 & DG I EARFEE & [ A fik i o iy
RHRBHET, O X BRIGITHETL v e RE
FrohTnisn, TL4lL oE#H%2E L EIIRH
e EREITT 3 2 b AR LT, Z DR IZ.
TG D EEMEIC X 2 e r o — X fRTH B
TELERNATEREED L L HIC, FHT
FIER DI TN D T ol & o7z,

Kic, B ARET R T, 1ERR SR il 237k
FF T TR v — XDMKSMERIE D (B3
22 EERHELICLZ[4], Thic X Y| BERAE
B —RAENKDETE D L EYDOTHIEL 72,
Z Dt 2~ i HR D —o TH BTG TEKIC D
MK EELEDS B 2 & ZRIA L 72[5], 2 ks>
FRTETE & IR ERS, IETER O L TR T
WARHHTH 5,

I HIcR A 1F, B UCRERET LT
TABEDO—DTHLER—=2XF T4 2w,
UKD E 2R E 2L, YA =A% A4
VI NE FICHENICETE L v/
L7z (M3) [6], ’t>T, M2 X3 %ZHETE
na—2AhrbEMELFAMTH LAYV VAL E N E
CREAMEIC X ) —EH L CTEL Z 2R TE -,

OH OH
OH

OH

!
OH

YILER—IL AIYYVILER

K3 VIErF—LOZFRBKIZESAVVILE
0¥ 33

2H,0
—_—

HO™
OH OH

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved. 1B07 -



1BO7

3. 559G R & R0 IR FE T X
7K 57 itk

kv —Z2DNKGEKFZLLTIEY LE b —
NI EDRET v a — AV RAEKT B A, MIKET
KitziEoonniFrra —zxinzgons, 71
a—2REEERLEYOIREE 2y | Fil 2135
BAC X 222 7 — 3R L 7n 5 23, FLEES 5-b
FRFTAFATILT T —=NE N[ FFRY) <v—
DJFERLE 72 B, MK EKFCR)IG TR 72 F R 2
b, FAIIEER M CH I v e — 2 %
MKSRLC o Na— 2 2B TEX 3D TlEk
WHCHERIL 72, IRFEERMIEICT B TER
X, RFERITCEEE OB AL ET L, L
L, Zra—2B8MIE /e P —A 8 ED b
MEICHEL v, 2 2 THRA I, 7 va— 2% EI
KCHMT 5 7-d1Cid, FEA A X E A o
Hefih % = @ TR i S % i Kb 3 2 2 & 23
HETHIEEZ, EMERE o — % —FFIC
=L IV ZHLE R ER L2, 2D
HTLER 2 v 2 2 & X 0, KOs 20 49 Coefhs
L. Zva— UK 88% % ER L 7= (K4) [7],
H Y SNTIEMERIC X 0 BEE IR 2 O 5 R
THKTE 22 Lh 6, EREICHTEER
BNERH Y, L DAT 4TI LT b=,
B F R 2T o 724558, C ORI IC X
fl it & FLE 23 EEGIR IC A X ¢ B 72, FK
IR 13 fFicim L, LAY —R i X

ZEnna—2DN

D HEPIIEEEEmO ONDE Z EBTD o T,
&w o
0.012% HCl aq. 0'&03
Cellulose 1sll °C, 20 min HO. OH
Glucose
oF
g Milling Gt Jisld
]
00 Hydrolysis
Activated bu
carbon
X 4. BEEEFR W -tw/LO—XMNKDfE

RiT, wrm —ROFEER I~ DA B &
WK G FEEFE D> & 75 B SOCKERE % fitil L 7z (X1 5)
(8], FF WA ICB L, WM O B ERT A3 1 v
0—2% CH—n KEM/AHICLVRET L L%
L7, ZORE, KO T2BUKERT 2 & B <
H 2388 T BUK MR AER M@ < 720, = v b
O —23KT 5, 2oz v b v—2{id—k
%&W%&NVWT%D\mF%beka~
ZADOWE AT 5, Kic, MK fEER I
mf\%%f%éﬁwf%/»%ﬁﬁﬁﬁf%o\
7 x /) — VYRR R T 5 & FRICE Wi
ERTLEEALLICLE, THIEF. 72/ —
MKEEE Ao — 2 EKERBEEZTERT 5 C

HEEARS (B51EAM - ARILFTRE

CBEET A AAEFOALER Y 3L N
ﬁ %&ﬁﬁéﬁﬁﬁﬁMTétwf%éo%%
DffEclder o — 2% A TSR RS 2
= DITIIRETEDS LB & S NT W72, BUkE:IC
X 2WE LK EHAGDEN T e — 2 %
MK T & B &\ 5 FEIRY 7n il S 515 8 %
PR L 72,

;e

\%& Cellulose

.‘v

H H O
‘. 5 Sk
O Adsor;m@ue . Active site
Carbon !

X 5. mFRREOMIERICHEE

RIT, KEOKE A A~ X & hFEITKS
fEd 270 DR AR L 72, REANM A< X
i rm — R L OPTER R HE X, Ik
fR RS i Y 7 = v 23RN L MR A
PEEHTE RV & TH D, T IITE AT
‘%@Fﬁ BTH D, £ T, BAITIEER D filiios
%%& o, HETHIREANA A=AV
=V BRI LA A 2 E K L
71 (K6) 9], 2% v, KEZERCUIET 2 &,
RILL CTerw —RDOWFE R TH B HEEIE
BT 5, i, ERFPOMERICHEL S itk
MThLHEBELI G I N, KETIE, /G
WKEC ) 7= R E -2 ThH, ZDREY %
BRICZERME LTI Y 7= v b & Tt
&, MEOIERDRREL 7B, Thld. %
() 70 [E PRl B % P 3 % 72 © I IR A % BR
ELRTINEERSRWZ EEEYTH S,

Milling

Cycle

process Hydrolysis

Catalyst

AO

e
i o}
Residue ”ﬁMoH

OH

AO: air oxidation

X6 KENAATAOPBETOLR

COHCORR - EEM e RIc k) REAN
AF~<ZADXrT —RAEDDLO VT — R % ~
T =L Fra—ZABIEK 75%LL

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved. 1B07 -



1BO7

ECHKT S I L7z, T AUEESRIEICIT
T AINETH B, X HiT, RFEIFHE 2 O35
IROMAE B L LTz, fillilia 2 b3l
Mz, L2dEEMEIZGLALRELRVE
WO E D DO,

INFTlitro—R%E 7 va—XF TRESE
ICHIK G 33 2 OGS DBFE R 1T > TE 7243, KIC
ot ) oA EHEL L, £ —2D
7)) ay NGRSy L THE LN
KEE e A ) IHEIE, METHREYICR LT
NAFZATF 4 325V e LERAL. WEME
PHREEZRETZZEBHMLNTWS, fito T,
BECEOTEECHENOBHERZHS T2 &
BA[HEL 7%, L2 L., EEEZ RS 3~6 Bk
Db DENRINCELT 2 HERR V2D, Th
SITIERICEMT (500~2000 Fl/mg) TH Y. i
MR IZEA T Wi\, 2 2T, A TR FE i
Lo — e wIyEa xR S A iE
DE VKB e A Y I (3~6 8 &I 5
xR AT,
BEICRAER— A IV L7z v e — R /2%
SIEACER B % KR35 &, wut ) af
PDELNDZ LB o Tz, Ny FRDOK
JETIAER L7z a+ ) THERRPICE T D6
J % 720 BR DG IHI L & g, mIEE HERr
L7zZ ¥ rENMEdlEldTs 2 LIdEL v, £
2T, kwuA Y RO R & SR % [F] R
IERT 5720, I 70 —RoORIGEZREREL
7o ZERMUIREME L v L0 — 2B REA I AL
I GE ICFTE L, KEFE X 27205 E
% ERXET WL &, 150 CHE D &K g 23
HBEL, B L v 4 Y THIIKITET S 729
eI RAMCHEE X 7, ZERTEE R G iR
AR ELZZLICXY, ) THEOS T ES
EEzZbN, 6 Bikrv—2Lt 323 3EHUED
ot ) TR 70% CTAKT B LR TE
7= (K 7) [10], ®o4 Y THESEICOWTIL,
TH7o2{bo@ES2r5) YEBICX 3
— AR ED F D HBHET L Tw 3 [11], 2h
b DOFHETH L NKEEA Y THIcowT, B
TE. LRI OBFELBIGRBIC L Y N A R
T4 32TV e LTCOIIZITo T3,

Flow reactor
Cello-oligosaccharides

H7 €t370—RIERIZCELBE/ILOA—AHNS+E0O
AV)IWEDER

HEEARS (B51EAM - ARILFTRE

¥ 7 v OERWRES L GRERLAYOH

4
B
FF oINS AR OFTELET —RITRKL
F_oRFBRBEY, T = oREICKEIC
HEEINTVE . FFVIEINTEFAI ALY IV
(NAG) # B-14-7V av FfEBICK > TEHE
HiEL-maTTchsd (M8), NAG X, &1
— 2 EE R DO, Sra—2D 2 DK
EST 2 T I FREICEZX b7 I 8
THY, ERFTE2ELEBREREMTH 3,
¥F b NAG ZH5CE R4 R BRER
{ba~oZriifEck 5, HIE, AHERL
BYOEHICE T 5 LENREHRRTIZ, KEDOK
FHEHEES == Ry v 2k TEE L 2T
VEZTTH DL, —J7. FFVvERERICTIER
EOERT b, TYESTEEALAW
OEFRHIERATGEL 25 (K1),

o;.<‘ OH o
H 0
HF%&%%i%?‘$¥3§§:§§{}ori Catalyst H956§§:;;ﬁ/0H
H H,0
OH o= n o=
8. FFUMKDERICKD F7EFLIILIYZ
CDER

a-Chitin

Cellulose | stacking with

:  dispersion force

J

9. FFULEILO—RDIEE

L2L. ¥FFVIEDTAH - 2 TFEOEEDKE
ARG 2T iSRG L D Oo720,
o —2PL BicaydrawiEcd s (K9, F7-.
KR L CHBED NAG I35 & 1fi7ic~3
X = VB EFFO7-O . KSR E KBS ICE
T2, ILICxFTFVRFAORED H 2, Zid,
¥Fvhr b NAG ZEKT 5 720 IR fRD 5
thaeEfT 2. 72 ay FiEAZT TR T
I NEAb KSR EZTICLESI L TH D,
T 1 BT SRS AR L. i
b7 0. L NAG ITH~ TR fE AT 3
5, TOXIGERN D ELNEECH 2 Z & H
L, FF VXD 9% BFHETNTICHEEINT
B, IED LRI TWS, & 2 ITHEIC
X2 FF vafRcliB~10 HEE O ERR
BHCThb, XFvornfgke L CEERE AW
FHikd 20, FF VICh L CAREEE (GLE/fh

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved. 1B07 -



1B0O7

W < 0.01) DGR EZ L L § 2 2 LT
B2, {toT, RIGHEREMTRT L, 2ofilil
S CHERE T A IR DRV E TN TV B
DX IRz B, FTHL D OFEIRIN 72 ¥ 7
VORREORFICI D T L e L, FiA I
RN INEHEBEH AR T &) PR
KXV FFvor)ay Va0 Rz ERNIC
Ui+ 5 2 & RBEL -, ERRICFF v IcidE
DWiE# &R LA — N INVUEZITH> . 7 I F
BEE2FRCHREELAZZ 7Y oy VAR YIN
TX23ZLxHEWEL, NAG % 61%ICK THARK
T3 LI L 72[12,13], KE DGR & %
ZHW S THEEDOIGE (32%) # K& ERl-T
Wb RICTHF T VKRR 2 MRt L 720 £ 37,
ARIGFBSIE TR, A A7 Fx &Y v RIC
X250 THBEZEEHLMICL, IHICHFR—L
iw@vﬁn&ﬁﬁ%?b«»(ﬁ)ﬂ/F%
ZIERIICIEEL L, 7 a b v e 5l & e RS
Aﬁﬂ®ﬁﬁ%ﬁﬁ¢5:a%%bt(mlm
[12], THEAH ) F¥ R Y PRV BHRE K
OHFICER L2 EBEAHMATH 5,

(@ é%%f é@

Tension . Tension
llPhysnsorbed
oH H,0 A OH
%uﬁfﬁ%L Huﬁféiﬁ
K10. A D/ Fv R ) ORICKDBXTF DMK EE

OH NHAc HO

OH Dehydration o
Ho/\i/‘f\/ —>-2H2 ) 0
o OH OH H HAc

Retro-aldol  sugar alcohol (ADS) Amidoalcohol (ADI)
HAc hydrogenation OH Oxidation
N-Acetylglucosamine (NAG) H, AcHN” > — AcHN”">NCOOH

N-Acetylethanolamine

NAG N DAEHERIEEMDER

OH Hydrogenation

Fi
Ho 0 ?

N-Acetylglycine

X 11.

FA x5, NAG » b oFEERILAY D
ARRICHLY #AZ (F11), £3. NAG 271
a—)v (ADS) ICERIICEIRTE % il % % %
%Lhﬂ KEICHK - BT 2 HiEZ L L 72,
KNT, BSNHT L3 — e X v
mﬁéu& I oBEAET I N TAra— L
(ADD) % &L 7-[14], < ORIE 7% F5o
L&Y, EWEE & IR 2 Ffo R ) v L
Z2veRY)T I FDOE/ < —HikkE LCHIfs
AN, ¥ NAGOT I FEOETHRME %

HEEARS (B51EAM - ARILFTRE

FIFI L C C—C 56 & RGRITM I UINT < % 5 fil
AR L, 4 OMkEfHoE/ 20—
TIVEEET I JBTH LY vy OFEK
AT B LKL 7=,

5. His

M Eo X Yic, WA IHETREEETH 5 KYE
3lU@¢ﬂ4ﬁVX®ﬂ%kwoﬁﬁ#6%
u—R L X Ty ORI HL Y FH AL (LA
BLD 7= ORI D FHFE . SICHRE DA, X
67 m A0 E X CFEERAERKZERL T
%72, SRIKIE T 20 ERLE HiE L <
TR HED TV E 720,

SCHk

1. H. Kobayashi, A. Fukuoka, Green Chem., 15,
1740-1763 (2013).

2. A. Shrotri, H. Kobayashi, A. Fukuoka, Acc. Chem.
Res., 51, 761-768 (2018).

3. A. Fukuoka, P. L. Dhepe, Angew. Chem. Int. Ed.,
45, 5161-5163 (2006).

4. H. Kobayashi, Y. Ito, T. Komanoya, Y. Hosaka, P.
L. Dhepe, K. Kasai, K. Hara, A. Fukuoka, Green
Chem., 13, 326-333 (2011).

5. H.Kobayashi, T. Komanoya, K. Hara, A. Fukuoka,
ChemSusChem, 3, 440-443 (2010).

6. H.Kobayashi, H. Yokoyama, B. Feng, A. Fukuoka,
Green Chem., 17, 2732-2735 (2015).

7. H. Kobayashi, M. Yabushita, T. Komanoya, K.
Hara, 1. Fujita, A. Fukuoka, ACS Catal., 3, 581-587
(2013).

8. M. Yabushita, H. Kobayashi, J. Hasegawa, K. Hara,
A. Fukuoka, ChemSusChem, 7, 1443-1450 (2014).

9. H. Kobayashi, H. Kaiki, A. Shrotri, K.
Techikawara, A. Fukuoka, Chem. Sci., 7, 692-696
(2016).

10. P. Chen, A. Shrotri, A. Fukuoka, ChemSusChem,
12, 2576-2580 (2019).

11. J. Hirayama, H. Kobayashi, A. Fukuoka, Bull.
Chem. Soc. Jpn., 93, 273-278 (2020).

12. M. Yabushita, H. Kobayashi, K. Kuroki, S. Ito, A.
Fukuoka, ChemSusChem, 8, 3760-3763 (2015).
13. H. Kobayashi, K. Techikawara, A. Fukuoka, Green

Chem., 19, 3350-3356 (2017).

14. T. Sagawa, K. Kobayashi, C. Murata, Y. Shichibu,
K. Konishi, A. Fukuoka, ACS Sustainable Chem.
Eng., 7, 14883-14888 (2019).

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved. 1B07 -



