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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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Fig. 1. Hydrolysis of PA by PAP.
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TEEAEER LR Eonb | KREEFIT PA I2FF
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IZ & - THRIEL, 10 pM MnCL RIS X - THEED
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Fig. 2. Synthesis of palmitoyl cellulose (Pal-G).
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LT, AR —VOEREHEBTEO YR 2 %
Hfg L7z (Fig.1) b,
MDH % 1§
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Fig. 1 Cell growth and methanol production induced in
methanotrophs by switching methanol dehydrogenase gene
expression.
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X Y A4 D MDH T» % mxaF Bfn 1% KiA
X/ EEMREWEL 72, T D OB3b mxaF Ein
FRIEKE (OB3bAmxaF ¥£) %. Hlo MDH T&
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A4 v EREEEE—TF (Ci*' 14 v AE, ce
AFvER) PoAX ) —AEEE—TF (Cu*'A
TV EH. CHA A VYARE) ~UIYEZTOB3b
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2 ) — VIR &R HEE L 72,

3. EBHERB LUER
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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
&
b3
o 05
L
0
g 4f
& |
Yo
sl |
&+~
B O

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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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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L 7 dr o 7o, IWEMERAEE 2 V72556, T 7
=V CIRIEEER 36 % T F AT I VIR
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B LT —F, WTFRLO KBTS Ktk D TOC
iz’ 100% X WK F LTk Y, (KIEEDFHKFD 1
DLLT, FEDLIFERLET I VvORET
borzhEZLNDG.

H30© j)kjj\‘o\@

NHz

Figure 1 Possible reaction mechanism for

formation of amines from amino acids"

Table 1 Decarboxylation of amino acids over activated-
carbon catalyst.

Substrate Conversi Amine TOC
on Yield /%
/ % /mol-%
Alanine 36 15 85
Methionine 60 3.8 65
Phenylalanine 44 0.2 49

<15 %,

Reaction conditions: 150 °C, 1 % amino acids
aqueous solution 3 mL, AC 10 mg, 12 h, aluminum
block bath heating.

1) Claes, L., Janssen, M., De Vos, D. E. ChemCatChem,
11, 42974306 (2019).

2) =AM, FBARLE, S, EOE, BRAAR,
#5126 FIfREERERZ (2020) ; [, %5 128 [Alffhi
A (2021).
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1) Suganuma, S et al., ChemSusChem, 12, 1381
(2019).
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AT, A4 JIL/NRHBT 140 °C, 3 B THEEHR
Lt=. RISE®DBEEZE HPLC & GC #AWLTHMHAL
f-. =, Y BE¥AFSA4F, RILEKILHIE
(Amberlyst15), 7K #EEEIL 1 R EREE(K (Sc(OTH)3),
BLUORABHFITHD ) VBT LLEAE L LTH
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3. ERBERBLUEER
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ANEFELEDIZHL, BIEF2 VIFRERHOE D
milE (7FH2—tEH) DEIMGHERENER SN
BDHEoT=. Table 121X, ZITS—ILEBRRIG
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[ZHT2EEEETY. BIEF 2 U1 RERK
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F-BRENSAALELTEY, UUBLEEADRIRE
FELLDBEELHIB0NT= o=, BIEFEZ UREIC
e S nt=/KhHee)L A RBEEIE, ¥ O—RADFEK
RISICH LTHEDTHSY. EBRMEOFL2DOD Y
UBNBAELET S E, BRANEICK > TIREN
FI30%FEERA Lz, ChiFERIEICHESRERED
BTFIZKY, FEYA FENFDLLIE=T=OTHD &
EELTWS. LA THS ) VERIGEIRMENE
W=86, BMEF42 oREICEELEY VEIFEIRG
MEICFELTWVEY. S SICRIEHDP-TIOA(700
°C)%500 CHER L THAAL THLEHDETAA
HNT, BLBIRETIILIS—ILEERT S &
MTEf. Ff=, P-TIOy(700 C)IZYEIEF S A + %
ETHOLEBEMELYEFTVIILIS—ILEREE
~Liz. BEDNTDIIL TS5 —)VIREISESE —fidifLt
(&> THIEITE ST, P-TiOy(700 °C)(FiE M - &
EHEDODBERNS TILITS—IILEKICEWVWTRFLZE
AEREICIE B LD o1

Table 1. Conversion of xylose to furfural

o)
HO O Dehydration ¢
Hﬁtﬁﬁ - O
OH

Xylose Furfural
Catalysts Conv. Yield Selec.
(%) (%) (%)
TiO(RBERK) 100 64 64
P-TiOo(RBERK) 99 79 80
TiO2(700°C) 97 61 63
P-TiO,(700°C) 64 54 84
H-Y zeolite 84 37 44
Amberlystl5 72 38 53
Sc(OTf)s 20 48 53
H3PO4 93 50 54

1) R. Noma, K. Nakajima, M. Kitano, S. Hayashi,
M. Hara, JPC C, 2015, 11, 17117-17125

2) G. Li, E. Pidko, E. Hensen, K. Nakajima,
ChemCatChem, 2018, 10, 4084-4089

3) N. K. Gupta, A. Fukuoka, K. Nakajima, ACS
Catal., 2017, 7, 2430-2436
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- 4H,0) |Z nano-Niz:P % 43 # 1 £ L 7= filt 45 (nano-
NiP/HT)25, IRF7Z2BSSEE T T a— X & @ %)
KIETLL, BRI VE =L a2 5252 L
ZRH LY. £/, Az 7 v a— 2SO
B - TREEOBR IS L CHOAENHERT D Z &R
otz
2. B

nano-NiP X BERICHEVIREL U 7=, ARiESOS I, 7
TarHNERMAT LA — N7 L—T, FTE
Boflpt, JEE, KEMz, KEFEMETINGEREL
TS EAT 2. o EER L OFEEE, HPLC
HWTITo 7=,

3. HERBIUEE

L 7~ nano-Ni,P/HT®OHAADF-STEM{4:45 . ' EDX |2
L DBNiEPDIEE~ » B 75, HT EDnano-NiPI 3 )
53 nmDF JRif-TH Y, KiF-FIINI & PO —IT5H L
TWDZ ER BN E Tp-T-(Figure).

(c) P. (d) Composition overlay image formed from (b) and (c).

20 bar Hz, 100°C, 2hD&EM4ET T, Zva—RiE
JC & K Et L 7= (Table). nano-NiP/HT |34 6 T & b fisk
BEIEMEZ R L, IUR9% T Y L E h— L& %
(Entry 1). —J5, nano-NioP & FHV 7=l 7L a— R4
fERE VIV E P = VR ITENENIB L V3% L 72

HoLwi b HERELL B

T BB+ KA Ik

S 72 (Entry 2). HTIZEE L LIZ@gb= v 7 L%k
It LIZ0fliod = v 7 v ki (NiOMHT) 2 v ¢
b, FEAEYVE b—WTEL 72D 72 (Entry
3. INHDORERMNE, U Ak LI-NifEZHTIZHE?
T 5 Z & THIO TEWABEMERE S BB 5 Z L vb
Nh. BT, THEMRT N a—AETIBWCf
& BRaney NilL, ZORMARSLETTIELEAL
B 2 ffetts S22 0o 7= (Entry 4). — 57, &4 @ il
THDHRUCITTE TS EIEE L=, YILE h—b
IHIE88% ~ LK T L, #EMEETHL~v = —
738% THF 5 AL7= (Entry 5). AHEF: 1%, nano-NiP/HT 23
BB LT B RE A R o Z L R T T,
nano-Ni;P/HT % FI W TR -« WEKEZE FICBIT 57
Na—ZETTERS LI E A, RIy re b
— L& @R Th 2 7~ (Entries 6,7). ZhiE, a4
BB X D HIR - HIEAKAFE T T L a—RExX
i ZARHE L 7= R THIO COBITH D . A,
T a— A LA OHHE(F v — RA)B IO TR (~ v
F—2NZHEATE, BT, ZNHETORET
FISZB W T, 2 ToHELEMEOT TR Y
EWEEESE AR L, OB EETH D 2 L
Nihno -,

Table Hydrogenation of D-glucose to D-sorbitol.

Entry Catalyst Temp. Time D-Glucose D-Sorbitol

Hy
[bar]

[°C] [h] Conv. [%]° Yield [%]°
1 nano-Ni,P/HT 20 100 2 >99 99
2 nano-Ni;P 20 100 2 9 3
3 Ni®/HT 20 100 2 84 <1
4 Raney Ni 20 100 2 4 4
5 Ru/C 20 100 2 >99 88
[} nano-Ni;P/HT 50 25 72 90 90
7e nano-Ni,P/HT 1 100 12 >99 73

2Reaction conditions: catalyst (6.6 mol% Ni or Ru), D-glucose (0.5 mmol), water (3
mL). PConversion of D-glucose and yield of D-sorbitol were determined by HPLC
analysis based on an internal standard method. “Catalyst (13 mol% Ni).

il 2 OREERNTRER DN D, 2 O @O lBEPEGE D%
BlIX, nano-Ni:P L HT & 2%, TN EhAKESFB LY
WED J1 VIR = VI A TEMEAL T B I R0 AL E A Ik
K952 ERbnoi.

1) Fujita, S., Nakajima, K., Yamasaki, J., Mizugaki, T., Jitsukawa, K.,
Mitsudome, T., ACS Catal., 10, 4261 (2020); Mitsudome, T., Sheng, M.,
Nakata, A., Yamasaki, J., Mizugaki, T., Jitsukawa, K., Chem Sci., 11,
6682 (2020); Ishikawa, H., Sheng, M., Nakata, A., Nakajima, K., Yamazoe,
S., Yamasaki, J., Yamaguchi, S., Mizugaki, T., Mitsudome, T., ACS Catal.,
11, 750 (2021); Fujita, S., Yamaguchi, S., Yamasaki, J., Nakajima, K.,
Yamazoe, S., Mizugaki, T., Mitsudome, T., Chem Fur. J., 21, 4439 (2021);
Fujita, S., Imagawa, K., Yamaguchi, S., Yamasaki, J., Yamazoe, S.,
Mizugaki, T., Mitsudome, T., Sci. Rep., 11, 10673 (2021); Sheng, M.,
Fujita, S., Yamaguchi, S., Yamasaki, J., Nakajima, K., Yamazoe, S.,
Mizugaki, T., Mitsudome, T., JACS Ay, 1, 501 (2021); Sheng, M., Yamaguchi,
S., Nakata, A., Yamazoe, S., Nakajima, K., Yamasaki, J., Mizugaki, T.,
Mitsudome, T., ACS Sustain. Chem [ng., 9, 11238 (2021)

2) VYamaguchi, S., Fujita, S., Nakajima, K., Yamazoe, S., Yamasaki, J.,
Mizugaki, T., Mitsudome, T., Green Chem, 23, 2010 (2021); Yamaguchi, S.,
Fujita, S., Nakajima, K., Yamazoe, S., Yamasaki, J., Mizugaki, T.,
Mitsudome, T., ACS Sustain. Chem [ng., 9, 6347 (2021); Yamaguchi, S.,
Mizugaki, T., Mitsudome, T., Zur. J Inorg. Chem, 23, 3227 (2021)
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Transesterification of Bio Based Fatty Acid Esters by Solid Base Catalysts

(BBSERPEER* « F 2 T 1 2 21 K PPCH*)

OSwetha Sudhakaran* * Unruean Palawat** -

Boonyarach Kitiyanan** + Kotohiro Nomura*

1. Introduction

Long chain aliphatic esters derived from plant oil are
promising starting chemicals for their possibility of
applications as biobased polymers' as well as
oleochemicals. Development of efficient catalytic
transesterification process under mild conditions
without excess alkaline reagent has been an important
subject. Recently, efficient conversion of plant oils by
the transesterification with methanol by CaO catalyst
has been demonstrated.> We thus report our results in
the reaction of ethyl 10-undecenoate (1) with
cyclohexanemethanol (2a) in the presence of CaO
(Scheme 1) under various conditions and present the

substrate scope with various alcohols.

100 or 120 °C

\/(’%Troa . /_<:> 4-16 h /_<:>
Cca0
) HO ¢ WO
1 2a
o 3a
Scheme 1

2. Experimental

Reagent grade CaO was activated upon heating in
vacuo and stored under N. Ethyl 10-undecenoate (1,
6.0 mmol), cyclohexanemethanol (2a, 12.0 mmol) and
CaO (25 mg) were charged in the glass reaction tube,
and the mixture was heated at 100 or 120 °C with
stirring. The conversion, yield, selectivity, and TON
were calculated based on gas chromatography using an

internal standard.

3. Results and discussion

It was revealed that the activity was affected by the
activation (pre-baking) temperature employed (120,
200, 300 °C, 6 h). As summarized in Table 1, the
activities (and the yield after 16 h) conducted at 120 °C
were higher than those at 100 °C; the reaction at 120
°C almost completed after 6 h. The activity was
affected by 1:2a molar ratios, and rather excess 2a
favored to proceed the reaction. In most cases, the
reaction proceeded with high selectivity (>95 %) to
afford the ester (3a) in high yield.

The reactions with various mono alcohols (primary,
secondary alcohols) and diols also afforded esters in
moderate to good yield with high selectivity (Scheme
2). More details will be introduced in the symposium.

Table 1. Transesterification of 1 with 2a.

temp time 1:2a conv.’ yield® select® TON®
/°C /h /mmol /% /% ! %

100 6 6:12 87 83 96 11
100 16 6:12 88 86 98 12
120 2 6:12 61 58 95 7.8
120 4 6:12 88 86 97 12
120 6 6:12 95 93 98 12
120 16 6:12 96 94 97 13
120 16 6:9 92 89 96 12
120 16 6:7.5 88 86 98 12
120 16 6:6 67 65 97 8.7

“Conditions: CaO (25 mg) activated at 300 °C. "Based on 1.
°Based on Ca.

DN Ca0 (300 OC) R=0 =
o™ HO—R (25 mg) 15
Ethyl 10-undecenoate + o [e]
1 (4 mmol) 2 (8 mmol) 100°C, 16 h 3
Product: yield, Selectivity o

H300—< %OW @\)0%

3¢: 72%, 96%

OW
8

(0]
3a: 92%, 96%

A i Xy~
0] OW WO/\/S\ /)/\O A N
6
(o}

3f: 92%, 97%

o
3b: 66 %, 94%

3d: 67%, 82%

(o} (o} o)
S SRS IS SV

39: 86%, 93%

(0]
O = (o]
%OL@ O/ W /\H)B‘\o
3j: 81%, 96% 3k: 82%, 967 31: 35%, 83%
(150 °C) (150 °C) (160 °C)

3e: 74%, 91%

3h: 86%, 100% 3i: 65%, 100%

Esters derived from cyclohexanedimethanol (150 °C)

(o}
HO : /\Qéko :
(e} Z Z
1% oyt~
Monoester: 25%, 26% Diester: 68%, 72%
Overall selectivity: 98%

Scheme 2. Alcohol scope in the transesterification.

References

1. K. Nomura, N. W. B. Awang, ACS Sustainable
Chem. Eng., 9, 5486 (2021).

2. U. Palawat, B. Kitiyanan, to be submitted.
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1. #&

AR, ZfliroHEiGEHE Th L 7Y e —L
(Gly) % JFUEF & 3 5 SLER (LA)~ 0D 4R A 25 #a S
DEHSNTWD D LA, &8, ERG, £
DIEVET T AT 7 &, Wz bl s O EE R G
RIFEEFCH S, Gly 705 LA 2855 i3, i
K, KN, BMEALZ DR - BIRICETSE D
VEL3 % 5 (Scheme 1). —F, Gly & Te/NA 4
~ A BEYE OEBSOG TIEE K OA, Ny T
RGP HW LR TEY, 7Y =7 I AR
— OBLED OB RN AR T e — U T
IEABIXONT e —U 77 &0 TR 7 E st
PR D BRI 3K D BTV D . ARAFZETIE, 2
Ff Pt ikl LA 70—V 7 ZIZ K ¥R
K7V —DOFKMFIZBT S Gly 2°6 LA ~D—Ek
B AR Z RS Lz, £ HIAOBMEE 08I
DWW TRRFT L7z,

uji

OH  Oxidation | o Dehydration O
Ho._At_oH —— iHo M _oH! 0
Glycerol \ Dihydroxyacetone i Pyruvaldehyde
(Gly) i (DHA) |
1 ' Hydration
H ! Rearrangement
] ¥
: OH | OH
E HO\)\fo i )\WOH
i Glyceraldehyde i
(GLD) ; Q
””””””””” Lactic acid
(LA)
Qver oxidatio v
_________________ R R R
HO/YOH Hom)LH/OHi *OH )J\fo 1
H o o i o OH |
1 Glycolic acid___Mesoxalic acid_}iAcetic acid _ Pyruvic acid |
Scheme 1. Reaction pathway of conversion of
glycerol to lactic acid.
2. £ KR

JE R EE (b = 7 (L-NbyOs) 1%, BEHICHEVFREL L
72 9. HHE; Pt il HoPtCls 7 Pt & L CHIEEE
ICX VIR L7, PHIREFRIT 05wt% & L7=. Gly
26 LA O#fgeA R,  [EE R 2 s 2 E %
FAWTIT 7=, BSOS, o ettt - E8I1CiE
FID-GC, HPLC, TCD-GC % i 7=.

3. HERLEER

Fig. 1(A)IZFE 2 D& @R L I ZHHER L 7= Pt filfit
Z W OSSO Gly #irfb 28 X KA O
YR LR, AN FETE L7V PYSIO, filtfit <

X, BLEOSDOBBPHET L, EICE(bERY TH
% GLD & DHA 2MERK L7z, —J7, e - LS
AT % & B ALY (L-NbyOs, NbyOs, TiOs, ZrOs,
CeOn) Z IR L L7ZBRIC LA AR L7z, Bk
THET LBz LI ERMEINL TS
NbyOs H=° TiO, ¥ & HHIKIZ FHVVZ BRI, NaOH 72 &
DOIEEZTINT 5 Z L7, EVERMET LA 2
HEonlc. £, Nb0s KD b EEFRERENKE <,

FR B D2\ L-NbyOs 23V LA IR % 5 2 7=

Pt/L-Nb,Os il D @M 2Rl L= & = A, 80 B
MG, &V LA SIREE 70 %) &~ L, LA
SR TSI XSV gl

(A) |<>Conv. HLA OPA BGLD ODHA EOver oxidation Z@CO, |

Conversion & Selectivity (%)
0 20 40 60 80 100

(B) 4Conv. OLA OPA+GLD+DHA AOver oxidation x CO,

100

80 R
£ g
2 60 g
:
D >
o 40 5
« &)

20

Reaction time / h

Fig. 1 Conversion of Gly to LA over various supported Pt
catalysts. (A) Effect of support. Conditions: Catalyst 0.2
g, 0.4 M Gly aq. 0.2 mL min™!, O, (0.5 MPa) 2 mL min™,
1 h, 413 K. (B) Time course of reaction over Pt/L-Nb,Os.
Conditions: Catalyst 0.2 g, 0.4 M Gly aq. 0.2 mL min’!,
02(0.5 MPa) 2 mL min"!, 413 K.

l) S. Feng et al., Fuel Process. Technol. 2020, 197, 106202.
2) T. Murayama et al., Catal. Sci. Technol. 2014, 4, 4250.

3) K. Nakajima et al., J. Am. Chem. Soc. 2011, 133, 4224.
4) K. Nakajima et al., J. Phys. Chem. C. 2013, 117, 16028.
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RWTIO, iz L A 7 U Y VRN T T =2 ~D

A S

(EBNZRBEAR HTER B « #NL KK TG+ -

UK ESICB***)

ks LA Sk L=Ledh HOH VB E LLE Tox
Q%ﬁﬁ% ﬁﬂﬁﬂ* . (EJ {i ﬁé * o :\{ﬁ jﬂ:ﬁ-}****** . 93):. ﬁm******

1. #8

HRILESTHD a7 2/ BOILFEK T vtk
A & LT Strecker )i D3I HILTWS. LaL,
BIEDORNT T AN AT 272 EERH 5.
T, A W2 X0 BREARTODRNT X
BB TENREENTWD 2. KIFETIX, (A4
Y AMKDOANR B THL 7)Y (GLA)
% FHE & L7z a-alanine (Ala) D& fk(Scheme NIZH
NI DR F 21T - 7.

NH; OH
H 0\‘/1\[( OH Ru/support . )\{r OH OH
NH; aq.(15 M),
(0] 1MPaH, 498K, 4h 0] (0]
Glyceric acid c-Alanine Lactic acid
(GLA) (Ala) (LA)
Main product by-product

Scheme 1 Synthesis of a-alanine

2. EE

FHEF Ru fift#iE (Ru/Support) 1E RuCl;nH,O % Ru Ji
ETHEIRIEIZ I - TR L7z, RufaErEIT 3 wi%
L L7z, RISIENRNy FRTITo 2. RIGAR I,
GLA, 7V E=7KEMZ, KFEFRFKTIZTHE
g, EATIT-7. Rs#, AT HPLC I X
> THMrLiz.

3. HRLER

2 DRI TGN R 2 R S L7 HEF Ru
file 2 N2 SOG OFE SR, 74— AR TiO, (TiO»-
A) R L L2 AT BOSI=RAICHEIT L, Ala
S A5V AW N

Scheme 2 ZHEE S35 MR K 27~ 7. RWTiO:-
A TlX, Ala E3EE (LA) PWATLTHER L. £
7=, Ar FHHATY (H: IEfF(EF) TlE, BB U@
(PyA) MAERK L=, H,0 23 E LIZGAIS, LA
DERIICHE SNz, E5IZ, TiO-A DHEHWT
RIGZEAT-T28 2 A, BAKRKIGHET L7, GLA,
PyA ZHEH & LG DIEMHE (b= Rx L ¥ —1F, i
F 56 kJ mol!, 20 kI mol! Th o7z, T b ORER
o, BiAK-EITTH T I /b (Path2) THEITL,
A BT TiO, £ T GLA 25 PyA D i /Kife &
Ez b5, AERLE PYyA IE, Ru &)/ kv L
TORTHT 2 ik > T Ala ~EH# a5, LA
X PyA O—BKFLSNERLIZEEZOLND.
H,O ABEToO GLA OKOIEH L= F—%
RKbizL Z A, 59kImol! & 720, NH; 74E FOHA
ERREDMEE e 7=, —J5C, BERTIL HO0 A

OB EICNHFETF LB L TE LS KEL 2o
72 (Table1). ZAUiE, NH3;{F(E FClE, /LA AEES
WZHEVE & NH DSBS E T2 Z L 2K LT
BEEZOLND. BUKIGIZHT 5 TiO>-A OiEM:%
FEMS 5 726, RwTiOx-A, Ru/L-NbOs (J&iREE L =
F7) ATOWTEEE L7=. NHs f27E T Tl RwTiO,-
ADIBJGEINHEFT LTz, — 75 T, KO IR EED 4 (NH;,
FEFET) TiX RWTiO2-A, Ru/L-NbyOs D i & Thik
FOSIEFT L=, TiO) DERTRE X NbOs & hiis L C
FWEHESHTWD 9. L72 o T RuTIO-A,
Ru/L-Nb,Os @ GLA D i/KIZxFT 2 IEMEDE WL,
FRTREE DIEWNT LD NH; DFLF DR E S & Kk LT
WA EHEE LTz,

Path 1: Hydrogenolysis-dehydrognation-reductive amination

OH
)W,OH
Hydrogenolysis, S
/ LA ‘\\
OH o NI
HO oH OH OH
(0] Denydration Io) Rer{acr{‘-g o
GLA A amination  Ala
E, =56 kI mol! E,=20kJ mol'

Path 2: Dehydration-reductive amination

Scheme 2. Possible reaction path of GLA to Ala

Table 1 E, for dehydration of GLA over Rw/TiO;-A

Condition E,/kJ mol! A/h!
NH; 56 2.5% 103
H,0 59 18.6 % 105

NH, RWTOrA .

RWL-Nb,O;
"""""" RWTIO,-A [ ¢

H0 RWL-Nb,O; .

HAlamLA eConv.0 20 40 60 80 100
Conv. & yield (%)
Fig. 1 Catalytic conversion of GLA
Condition: 0.5 mmol GLA, 1 MPa H,, 498 K. 4 h,
NH; aq. or H,O

1) M. Shibasaki, M. Kanai,
Reactions, 2004, 70, 1-119

2) T. Fukushima, M. Yamauchi, Chem Commun, 2019,
55,5093-5098

3) FERE, Feng, —iH, K7, & 126 RIS RS
P031

4) K. Nakajima, R. Noma, M. Kitano, M. Hara, J.
Phys. Chem. C 2013, 117, 16028—-16033.

T. Mita, Organic
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BEPIMEICKIBRBR-RT I VEEIT AT I/ BEH D
72/ 7ILa—IL~DKFzIE

n < B R A

ERTE=IR-N

THRRESEL HOLxHOL  »EEZRBOS

(BBUR) ONMKHAZE « AR - & 58 - b Wdw] - i il

1. #E

{bRldn, EFEMICHH SN EL2FRLAWITAa M
LEEFRHZ 7 B =7 28 A L CHR S, RiER
BTOZx VX —HEENKE . EWEIR» LR
WEARER T 2 VB AERATENE, ToE=TEA
SOSIDARE THABER~DIKFEE # KB Tx 5. 7
VA2 UERITHE DRI K0 E A e L B X
, MEAATHLEr IV I VARSI ES
5H(AF—241). ZHE TICHEERUfR: 160 °C T2
VA I UBRETIIE a SV I RN SR - B
HNAR= L T2-v' e ) RUNERTHZLE R
LTWAY, ), FREKDS- A%V 7 ) F—L %
KFET D &, EERLFEE R EIZHIHAERT I/
Tha—LThirE 7 NI ) —)VRAERRARET
b5, BEBMECAXY T 40U v AR LD
TEERMT L L INR= VL IEEETE S &
Z HNDD, A2 TIIHEFRU, PHikiEiZMo, Nb,
WHEIRIMLEr 7 vy 2 RO K E R,

o on e [° = °
on The” [P —  X_J oH
EnSLasui 5AFvIoyF—I EndLgs/—L
! ho i .co eH, | om0
i & ¥
o) o)
HO OH
T U 7
TNESE 2-EayF 5-AFJL-2-EOYFw
AF—Ah1 BT I U BOKFEL
2. =B

B+ 7 AL AT HIZERIALOH 5 wit% Pt, Rufil
BE(LI#EPL, Ru& £ E0)I2Mo, Nb, WO HINE730.625
Wt b 725 k9 {Z(NH4)sM07024, NH4[NbO(C204)2],
(NHa)sH2W120407K K % 1%, 110 °C Tz, 500 °C
T3 hERk, 400 °CT3hkFEiE L L TPt-Mo, Pt-Nb,
Pt-W, Ru-MoZiH#l1L 7. Pt, Ru$,400°CC3hkHE
EIEL7-. 300°CTiEIT L7-1%50°CTCOLF I % &
ZHE L, WECO/Metal (Metal = Pt or Ru)E /Lt %
A7, 26 mmoldm3D v u /¥ I UKD cmd
W2 filiE20 mg & il %, H2 1.0 MParf130 "C T2 hi##: L,
R 2 FID-GCTHNT LT-. IV R U RDOET ALY
B L LT L-ERR oin-situ IRMIE TIE, =R T
FEls 2 il B Io s &4, HA/ArR S CHIR S 720
HAFLBRDIRAR Y LA s LT-.

3. BRBLUER

Ru-Mo, Pt-W EoOW35CO/Metal £ /L EIZF L F U
Pt, Run> &84 L7-723, PtMo, Pt-NbTIEPte K x <
EobhhhoT-(K1). vu g I U EEoKFEIC

BWT, Ruivn 7 I /) — a4 LT,
Ru-Mo CIHIEMEAME T L7-. Pt-MolZPtL v Huvwe'
TNHE I ) —)VINRE R LT-. 5, Pt-Nb, Pt-WiZ
EMEA R & 2o 7-. CO/Metaltk> 5, Ru-Mo, Pt-
W T B2 53 AN & 0 TEME 3 s L7z 72 D%
MERMEN o= EZLND.

WElE DK FELIBFE Din-situ IRZ 227 kL (X2 (a))
T, HFFPUAREE ICHERR #30°C CTE AT D &
CH3COOH, CH3;COO, CH;COfE D fipfEiEdE) N RS
IMA LN, KFEEHELAERT DI EREDLE. Zh
5 OFEDS(CHz) /N RO DI+ %30°CTORN
F£ %100% & L T2 (b)I2 7% 7. Pt-NbTlEPt & [AEET
BT, PEMOTIEEA L7z, PUZMOZIRINT 5 &
H VAR = AR B L2, Moz X » Thv
R UBEDOKFAL & AR O EE e S - Z &
REEND.

100 0.25
X
o
80 X y 0.20 @
2 60 | r»| 015 3
3 ! :
] 1 =
s 40 .| 010 E
=
L o
20 H rl 0.05 8
X
0 1 0.00
D 0 &
@ Qp:é\ Q\.@ Q\x‘ X

B: pyroglutaminol [l: 5-methyl-2-pyrrolidone O:others

M1 St v e 7 v 2 3 iR FEIEE
L W % CO/Metal (Metal = Pt or Ru)E /L Lk

B2 (a) W45 WEZiIn-situ
IRA~Z kL, (b)5F
P R FE D 8(CH3) X o
N @ W o EE 28 k(30
"COWEE 2 100% &
T5)

(@) CH;COOfi - (b)
T T T T T T
30°C 3
‘I.OI 1 / \‘ 1, ~B(CHs) &,
0c, P 80 M,
SR e,
i & Sl
s g 60 | T
: g SN
i £ T
P 3 40 f ptM'._;ﬁ:N,&
= L 20 t
o
a ;
8 E 3 0 s s L
o . 30 130 230 330
< ' 1 Pt-Nb Temperature / 'C
/4n \

H : \
CH,COf CH,COOHH
1800 1600 1400 1200
Wavenumber/ cm™

1) Suganuma, S. et al., ChemSusChem 12, 1381 (2019)
2) Mizugaki, T. et al., Green Chem ., 11, 5136 (2015)
3) Pei, Z.-F. et al., Appl Surf. Sci., 103, 171 (1996)
4) Rachmady, W. et al., J Catal., 207, 317 (2002)
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22 vx 2T RIsO I

W} 5N

Ol TR O)ilEF

1. WS
WIZEPESE TIX CO R B AT 2 7= iz, B
BREFCHDNA TV =y MREIORARLEL L 72>
TWhH, NAF V= MREHE, BEMEHEERICEES
JE A FHERF U 72 il A FH O T %7}(71‘\‘{‘2556@;71‘4
BAb-7 7 o X VI HREERM SN TV D,
L75>L, IHENMEL (Fek 33%), B AT 50
BRERS D EVHMERD D [1]. AR, B &
BA LR WEEYM CTh 53— LB SRIENFEE 4
(PFAD) oA AV x w MREHELE T 572 DK
FALPRSE - B - 7 7 o X IR AR TS
BEREAMIE 2585 L, @R AER T 52 L2 iYL
L7z, fE o4 R i@ OB RTEE - Bk
TEMWERH 5 PtSn 2 v, HIRICIZEWT T v x o7
EERH B ZSM-5TIB A4 F 4 & ATz [2], &
£ & D SniPt b Y ZSM-5 @ Si/Al ELA3, PFAD Dk
FACBR S BT B st LT,

T

2. EBRFE

KEVERRIEIZ X W HZSM-5 Z &Rk L7=1% . [RBRE
=95 C PtSn & HHEF L, PtSn(x)/ZSM-5(y) (x : Sn/Pt =
0.5~2,y:Si/Al=30~60) R L7=, Pt OfLEFE
130.3wWt% & U7, i ARHT 121X He-TPR, XPS, XRD,
NHs-TPD # H\ 7z, F 70, fiit o3k 2 [E 2 IR
B ISER CTITo 72, JFEkE LT PFAD K OVET
IMEEWTH DIV F U E RV, SOGTRE 375~
425°C, /KFEJET) 3MPa, 1RZEMIHE (LHSV)5ht D
S CTRFALSIEZ T T, BUSRTZIE, filitosk
FALE LA 400°C / 3 h fﬁoto AR X GC-FID
} O} GC-TCD, GC-MS I[Z THHr&1T-7-

I MREEBE
3.1 Sn/Pt thiZ & 5 PFAD KFILAIR R s~ D2
PFAD % H\W72iEMERER Tld, Cras IRILKFEE
WA SN, BRI TOMBII BV TSR
EOLEFRICHESTERL, SNPt=1,2 2BV TEWN
il (65.8~87.3%) %/ L7z, EMALRILAFEDRER
FIISRE K OSNIPLELIC L DN/ S 7)o
72o Fig. LIZIENNA AV =y MREIE 3 CTH D Crua
IRALIKSE DI 2R~ Uiz, OB & OY Sn/Pt bhod
TS e TICRIZ EA U, RISIEEE 425°C, Sn/Pt
= 2 IZRWTHRKRUNER 28.0% 035 H 72, Ha-TPR X
D PUHIBEZITETIN DN SnITIT & A EDER{LY

AR

K-8 e

H*>§

ELTHEEL TS Z ENRENT,XPS LV ., Sn/Pt
FEASEODE E Sl izxt 4% Sn?t, Sn* O EI &3 m < 7
D EMNRENT, NHe-TPD XK V| Sn/Pt Fb23 @V Z
CERVEE SR L, S9WER SIS 5 2 L AR
STz, RVERSIE ZSM-5 ICHKRT 5 DT Sn
FRC Ko TR E I NI LB %
HALD, FIVEERIL SNOxIZH KT 5 DT Sn fHEF
WZEoTHEMLZEB 25D, Sn B EWIZ L DR
Fe BT ME D) b BROER SO L DB EI e 7 T
X 2 7RG O] 99V EE O L A E /e 7 T v
X TR OIEHENR B L . Sn/Pt=2 (28T Crus
RALKFBINEN R RKIZ -T2 EZ BN D,

3.2 Si/Al HiZ & B PFAD K BILALE R~ DR E
2V T U E O TEIEERBR T, Cris IRILK
FOREICER SN, B ERIIONMRE O EF LKW
SI/Al LR TFIZfE> T EH L7z, Cisae RILKTESE
PFERIISIRE O EF KO SiIAl LK TFIcfE-> T
KR L7z, Cras BRALZKFIRIL SIAl LRI L 5 720
RN o 72, NHe-TPD X 0 | Si/Al EE2MEWVE L
PRENEL 72D Z L RENT, BEOHEMILY
BLER BTG R N T v % TR M BT 203,
ZSM-5 DHFIFLIZ A D 3A A T2 SOSIEAMFLIN IS &
N Ty X ROGNERICEE TLE DI 20
Cru SRALKFZBINRIN FH Liphholz 2 E X %ﬂé

30

{i

Yield (C7414) [Wt"/o]
s

10 -8-375°C
—4-400°C
ST =-425°C
0 1 1 1 1 1 1 L 1
0 0.5 1 1.5 2 2.5
Sn/Pt ratio

Fig. 1 Effect of Sn/Pt ratio on yields of C7.14 hydrocarbon.

[1] L. N. Silva, I. C. P. Fortes et al., Fuel, 164, 329-338 (2016)
[2] N. Chen, Y. Ren, E. W. Qian, J. Catal., 334, 79-88 (2016)
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VR UAE ) — VB RERANTK 40%IHE TARCT 2
EERASILEED. F72, HAP il Ca % Sr 72
EMOTTRITELT D T & THAERDRIENRE
T5HZ L xR LIz, & 2 TARMSTIX, Bk % 72 St/P
D Sr-P 73 % A4 R LN Ca & Sr &l & Te HAP
BARZ KBARR L, ZNH0 1L,6-~FH o o4 —
IV D AR E ORI &2 By & LT

2. EB

A Raxo 7844 & (M-HAP(1.67) : M |34
4B A A, OPNIZ M/P £V EE) 1E, Ca(NOs), and/or
Sr(NOs), % & Te /KR A & HPOs & NaOH % & ek
A B #RILTIRA L, 110°CT 18h KEVLEE A L

TEHE LTz, OGS, &IEEE RGBSR
BAHWT, ISEE 375 °C, Nx AT (40 ml

min), 10mol%® 1,6-~FH% o A4 — &G T L
T —/VESHE 1 mLh! Zodifei A L7z, AERiiE, GC-
FID, GC-MS T/#r L7z,
3. BRBIUEE
KREVERL LTz Ca & St & ERIET "% 4 hO
XRD /34— OfH % Fig. 1 1ZR"T. Ca B L Sr
DFHHETe HAP 1L, TN TN TER L2 L%
ez L7z, = LT, Ca-Sr Dl 5 Z & te[EIRIA T S %
A4 ME, WIhb R EZ S ERW &, ThE
NoEPT e —2 2% Sr-HAP & Ca-HAP OficBiiiz

BT - P

HEAS (B51OEH - AREFHRS)

BN R T

B8R

/?/El
TenED H Sk 9 L@ 9~ Wi b n R BATE H W e
Jﬁk-dwﬂ - A4 Foth - BE AR

Tk, ZTOE—JNLEMN Ca & SrDOIZHBE LT
ZRLEZERRLNTL, 2D LG HAP
WIEDERTEIZZ LD MER ST,

Fig. 2 (2, &k U724 HAP it 2 H\ 7= 1,6-~%
PO NVEBORE R AT EAERDIIONTI
by ruaRX AL ) =L THY, Ca-HAP it
TAR%IZx LT, St DEIENEL DT o0 Th k
L, Sr-HAP T 64% & 72 o 7=, ZulX, Sr DEIGN%
7eBIlToNT, a—F 77 ERIISHINH S
TlzbbBZ b5,

°
" Ca:Sr=1:3

=
=
%‘ Ca:Sr=1:1
5
= Ca:Sr=3:1
_M‘_AA — P,
Ca7 /"% A b

4as fras

30

AA A A AAA AMAA
i e A A

35 40 45 50 55

2 Theta / degree
Fig. 1 KEG K L7-% HAP @ XRD.
@ StT7T/NZADN, : ACaT /8% A K

100

N
75 iz

b—~F k- 1-A—L
P ARV AVl 57/—b

I (%)

L -

100:0 75:25 50:50 25:75 0:100
HAP[EE R O Ca & StDEIE (Ca:Sr)

Fig. 2 Sr-HAP, Ca-HAP }x U HAP [EVA itz £ 5
1,6-~F o VA — VIR~ DR
BOGIREE - 375 °C, ¥ U T HA (Ny) : 40 ml min'!, il 0.2
g(CaHAP ©# 0.35g), 1,6-~FHh I — by ) —LDRE
E (1:9) : 1.0 mlh', @R 5 h.
1) A. Nakagiri, K. Imamura, K. Yanagisawa, A. Onda,
nanomaterials, 11(3), 659 (2021)
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HEEARS (B51EAM - ARILFTRE

BONHEEF Pt-Pd il VD = & ) — L KSR TO
TT AT 23—V DKRFARIE
CAEFRT - ERIF) Ok FokE - Etty Nurlia Kusumawati*!

LA s 0T ¥

OTER  SL5 BED . NESH pYEL 0 Lbb
LR ST & n AT B

1. %E

BUE, AL IO Z IHMbA BRI AL
TW5D, Rt AIRERAFET B8 A DT=DOITARE N
AT ADERITE L O, O Lk
fn JFUEHZ 28 i3~ 5 72 8 O i 1% 14 72 il i B 2% o A
FENIRL IR SN TN D, (LF LD T TKRFEMK
IEEE O AD—D>Th AN, KFIHMLA
BREFN D/ TND, BxIZZNET, A A~ 2D
o —AENLN RS D X — VKRR % K
FFL L T4 T N7 = ) — I OKBCSH
TTH2xmELED,

AT TIE, BEAHEREEAL & =& ) — VKR
BERANWA T T AT a—n 2-A hH 7/ —)L)
DIKFALIHZ DN THET 5,

2. RE

IR AR E TIEIC KL VAR L7, mREE S T
7 74 F(HSAG300(Timrex)) & Hift /R Z 27 A1) F
72T~ 7 o u BeAV)ER S KFI O KIER D
RHAT Y —IKFEARURT NI U AENz, TR
W, YEvE, HoE LoXT U AR (PA/G) . A4
HEE (PYG), HA&/ N7 VU Afillt (PtPd/G) %
B7-, EREORIOR T EE/~rT, 1PtIPA/G
I IWt% D A4 & IwWt%D /8T V0 A a B HE L
o il A R,
KRFALSSIE, AT v L 2B (A6 em®)
ERHOARYFRIZE VTSR D, 7747 32—,
filte, =& 7 — VKRR & N Z T2 S 22 RS
ZIZ XV 300°C THTE DRERINE L 7=, BN L7-5K
IRORFE 2| EH GC-TCD % HW TR LT,
WIRERIZT T Fu 75 2 (THF) 2 FWTE

Fax

oo

X% . GC-FID % H W\ CTodr L7,

3 HREER

TR L 7ol & D ROGHE R &2 3% 1 12”3, 1PA/G
ZRWD & EICRMAERY & L TKHE L —BbRE,
ARy TRLIRENEONTZ, Fh=X UL ME
R U, WMAEMRME LTEIC2-A F o
~F Y ) (NONE) & cis-BI W rans-2-A ¥ v
7 a~FH ) — ) L(NOLs) M G b iz, v 7 m
S vranxt ) — T ) —)b 2-A FF T
A4-TTFNT = ) 12-v ek U — L
HoEARK L7 (unl), 1PYG ZHW 5 & 1PA/G &
E~IKFE DR RN S < A5 B 41725 NONE X° NOLs
FE R ol RRISEMTIE. A4 ETiE=
Z ) —NVDGIRI)STEITT DN T T AT a—1Ld
FEEROKBCSINIBZ 57202>7- (Run 2), /¥
T A E AL EILER LT BREZ OV T O K
B run 3-6 (2”7, 1PA/G (ZHE_REEEZRM L
PtPd/G CIXHAHFF RO E & b IR R &
HEIN U 72, BFZ Ho 3 WM BT A A bz,
AR AR I NONE & NOLs DAY & AN L4
{2 NOLs W& < AR LTZ, AZIRIMETHD &
IPt1Pd/G DFFZ NONE & NOLs D& FHINEN K
Lol

4. BEH

1) Y.Nagasawa, E.N.Kusumawati, H.Nanao, T.Sasaki,
0O.Sato, A.Yamaguchi, and M.Shirai, Chem. Lett.
accepted.

AWFSEIT ISPS B2y 18H03421 DB & 52T 7.

1 HRFEEMEIC L% ) —NVAKBBRF TOTT AT a—VOKRFKE

SAHTEAERY /mmol

WA FEA Y /mmol

Run AR H2 Co CHa4 CO2 NONE NOLs
I IPA/G 0.37 0065 023 0.15 0.020 0.010
2 IPUG 2.1 0.53 0.92 0.61 0 0

3 0.25PtIPd/G 1.0 0.21 0.44 0.35 0.010 0.046
4 0.5PtIPA/G 1.5 0.52 0.93 0.55 0.035 0.12
5 IPtIPA/G 1.9 0.65 1.3 1.0 0.045 0.33
6  2PtIPA/G 2.8 0.88 1.7 1.3 0.062 0.23

BORERPE © BORIREE 300°C, BOGRER 30 4y, & 774 7 =2—/L 0.81 mmol, il 0.1 g, ¥ABE /K 1 mL+
T4 ) —)L2mL,NONE (2-A hF 7 ma~x4 /) NOLs 2-A hFx v 7 unFkd /) —u (Afk+
k7 v ZEK))
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