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by C02 hydrogenation.

We developed effective catalytic methods for the following reactions (1) to
(8) to selectively synthesize chemicals by reacting carbon resources that can be obtained directly
from natural products and CO2 with easily available light molecules: (1) Alcohol synthesis by
hydrogenation of carboxylic acid, (2) Alkane synthesis by hydrogenation of carboxylic acid (fat),
(3) C-C bond formation using methanol as a methylating agent, (4) Lactam synthesis from levulinic
acid and nitrile, (5) Amide synthesis from fats and oils and NH3, (6) Nitrile synthesis from fats
and oils and NH3, (7) Amine synthesis from fats and oils, NH3, and hydrogen, (8) Methanol synthesis




CO.; renewable

CO;
CO,/H>
Cu (200-300 °C, 5-10 MPa)
CO,/H>
150 °C CO2/H;
150 °C
7 PtzCo Rh7sWas
Pt4,Co
CO,/H> 150°C TiO; Re
(Re(1)/TiO2; Re = 1wt.%) TiO, MoOy Pt

(Pt(3)/M0O«(30)/TiOy; Pt: 3wt%, Mo: 30 wt.%) 2

CO:2

1) ® (1) CO2 (2
CO2+ 3) 4)
(5) (6)
NHs @) NH3 (8) NHs
CO:
Re(1)/TiO2 Re =1wt% NH4ReOs  TiO, (ST-01)
(500 °C) Pt(3)/MoO«(30)/TiO.
M OO3(30)/Ti (O] (N H4)6M 07024 4H0 Ti (0]} (P25)
(Mo: 30 wt.%) Pt Pt(NH3)2(NOs)2

(PtO2(3)/M00O3(30)/TiOy; Pt: 3 wt%) H> 300°C  05h

Pt(3)/MoOy(30)/TiO-

1Re(1)/Ti0;  HAADF-STEM

XRD Re(1)/TiO; TiOz
Re HAADF-STEM TiO;
Re
(1 XANES 500°C Re 4
Re ReO: Re

Re(1)/TiO; Re TiO,



CO;, 1 (500 °C)

(CO2=1MPa,H,=5MPaq) (1,4-dioxane, 1 mL) 150°C
500 rpm Re(1)/TiO,
Re TON 42
00
! Y M MeOH 20
o - co -
R _e WCH, 1533
s {7058
8 40 ! 5 2
0.5
20 J =3
0
0.2 1 5 10 20
Re loading (Wt%)
2Re(X)/TiO2(x=02 1 5 10 20wt% 500 °C ) CO;
100 2.0
B MeOH
» co
80 e CH, i o
£ o 28
3 40 5 2
3 =8
\ 05 X3
20 / ‘ )
J ‘\\
0 0
200 300 500 700 900
H, reduction temperature ("C)
3 Re(1)/TiO; CO;
Re Re(x)/TiO,(x=0.2 5 10 20wt.%) CO;
( 2 (0.2 wt.%) CcO 1
wt.% Re
Re(1)/TiO, Re(1)/TiO;
500 °C
( 3) HAADF-STEM (0.2 wWt.%) (200 °C)
Re(1)/TiO, Re Re (5 20 wt.%) (900 °C)
Re(1D)/TiO; 1 5nmm Re
Re 1nm Re (
Re Re )
Pt(3)/M0oO«(30)/TiO,
Pt(3)/MoOx(30)/TiO; HAADF-STEM EDX Mo
TiO; Pt Mo
2.7nm PtLs XAFS
H> Pt Pt Mo K XANES
MoO; Pt 4 Mo
COz 1 300 °C
(300 mg) (CO2=1MPa, Hz =5 MPa) (1,4-dioxane, 1 mL)
150 °C 500 rpm
MoOx(30)/TiO; Pt(3)/MoO«(30)/TiO; (66 %)
Pt MoOx(30)/TiO;
Pt(3)/M0oO(30)/TiO; COz In situ FT-IR
CO/H;

PY(3)/M0Ox(30)/TiO;



CO2 InsituMoK  XANES

Pt(3)/MoO«(30)/TiO; 150°C CO; XANES
MoOx CO, CO;
Mars-van Krevelen
Mo CO; Pt H>
1.150 °C CO, 2
Catalyst Yield / %

MeOH CO CHa4

Pt(3)/MoOx(30)/TiO2 66 <1 4
Re(3)/MoO«(30)/TiO2 6 <1 1
Ru(3)/MoO«(30)/Ti02 <1 <1 4
Ir(3)/MoOx(30)/TiO2 3 1 19
Rh(3)/MoO«(30)/Ti02 14 1 5
Pd(3)/MoOx(30)/TiO2 <1 <1 4
Ni(3)/MoOx(30)/TiO2 <1 <1 4
MoOx(30)/TiO2 <1 <1 <1
Pt(3)/Carbon <1 <1 <1
Pt(3)/Al203 <1 1 <1
Pt(3)/CeO2 <1 2 <1
Pt(3)/TiO2 <1 6 1
Pt(3)/MoOs 5 4 2
Pt(3)/WOx(30)/TiO2 9 3 3
Pt(3)/VOx(30)/TiO2 <1 7 <1
Pt(3)/MoOx(30)/Al20s 33 1 5
Pt(3)/MoOx(30)/SiO2 4 4 1
Pt(3)/MoOx(30)/C 8 2 8
Pt(3)/MoOx(30)/ZrO2 42 <1 5
Cu/Zn/Al,O3° 20 2 <1
a : Hz (20 mL min'), 300 °C, 0.5 h; : Catalyst (300 mg), 1,4-dioxane (1 mL), CO2 (1 MPa), Hz

(5 MPa), 150 °C, 24 h. "MDC-7 (Clariant; 34 wt% of Cu).



25 25 2 0

Sharmin Sultana Poly, Md. A. R. Jamil, Abeda S. Touchy, Shunsaku Yasumura, S. M. A. Hakim 479

Siddiki, Takashi Toyao, Zen Maeno, Ken-ichi Shimizu

Acetalization of glycerol with ketones and aldehydes catalyzed by high silica HB zeolite 2019

Molecular Catalysis 110608
DOl

10.1016/j .mcat.2019.110608

Takashi Toyao, Kah Wei Ting, S. M. A. Hakim Siddiki, Abeda S. Touchy, Wataru Onodera, Zen

Maeno, Hiroko Ariga-Miwa, Yasuharu Kanda, Kiyotaka Asakura and Ken-ichi Shimizu

Mechanistic study of the selective hydrogenation of carboxylic acid derivatives over supported 2019

rhenium catalysts

Catal. Sci. Technol. 5413-5424
DOl

10.1039/C9CY01404G

Takashi Toyao, Shingo Kayamori, Zen Maeno, S. M. A. Hakim Siddiki, and Ken-ichi Shimizu

Heterogeneous Pt and MoOx Co-Loaded TiO2 Catalysts for Low-Temperature CO2 Hydrogenation To 2019

form CH30H

ACS Catal. 2019 8187-8196
DOl

10.1021/acscatal .9b01225

Md. A.R. Jamil, Abeda Sultana Touchy, Sharmin Sultana Poly, Md. Nurnobi Rashed, S.M.A. Hakim 197

Siddiki, Takashi Toyao, Zen Maeno, Ken-ichi Shimizu

High-silica HB zeolite catalyzed methanolysis of triglycerides to form fatty acid methyl 2020

esters (FAMES)

Fuel Processing Technology 106204

DOl
10.1016/j . fuproc.2019.106204




Md. Nurnobi Rashed, S.M.A.H. Siddiki, Abeda S. Touchy, Md. A. R. Jamil, Sharmin S. Poly, 25
Takashi Toyao, Zen Maeno, Ken-ichi Shimizu
Direct Phenolysis Reactions of Unactivated Amides into Phenolic Esters Promoted by a 2019

Heterogeneous Ce02 Catalyst

Chem. Eur. J.

10594-10605

DOl
10.1002/chem.201901446

Kah Wei Ting, Takashi Toyao, S.M.A.H. Siddiki, Ken-ichi Shimizu 9

Low-Temperature Hydrogenation of CO2 to Methanol over Heterogeneous TiO2-Supported Re Catalysts 2019

ACS Catalysis 3685-3693
DOl

10.1021/acscatal .8b04821

Md. A. R. Jamil, S. M. A. Hakim Siddiki, Abeda Sultana Touchy, Md. Nurnobi Rashed, Sharmin 12

Sultana Poly, Yuan Jing, Kah Wei Ting, Takashi Toyao, Zen Maeno, Ken-ichi Shimizu

Selective Transformations of Triglycerides into Fatty Amines, Amides, and Nitriles by using 2019

Heterogeneous Catalysis

ChemSusChem 3115-3125
DOl

10.1002/cssc.201900365

, S. M. A. Hakim Siddiki, Md. Nurnobi Rashed, Md. A. Ali, Takashi Toyao, Pussana Hirunsit, 11

Masahiro Ehara, Ken-ichi Shimizu

Lewis Acid Catalysis of Nb205 for Reactions of Carboxylic Acid Derivatives in the Presence of 2019

Basic Inhibitors

ChemCatChem 383-396
DOl

10.1002/cctc.201801239




S. S. Poly, SMA H. Siddiki, A. S. Touchy, K. W. Ting, T. Toyao, Z. Maeno, Y. Kanda, K. Shimizu

Acceptorless Dehydrogenative Synthesis of Pyrimidines from Alcohols and Amidines Catalyzed by
Supported Pt Nanoparticles

2018

ACS Catalysis

11330-11341

Dol
10.1021/acscatal .8b04821

S. S. Poly, SMA H. Siddiki, A. S. Touchy, S. Yasumura, T. Toyao, Z. Maeno, K. Shimizu 368

High-silica HB Zeolites for Catalytic Hydration of Hydrophobic Epoxides and Alkynes in Water 2018

J. Catal. 145-154
DOl

10.1016/j . jcat.2018.10.004

T. Kamachi, SMA H. Siddiki, Y. Morita, Md. N. Rashed, K. Kon, T. Toyao, K. Shimizu, K. 303

Yoshizawa

Combined Theoretical and Experimental study on Alcoholysis of Amides on Ce02 Surface: A 2018

Catalytic Interplay between Lewis Acid and Base Sites

Catal. Today 256-262
DOl

10.1016/j .cattod.2017.09.006

SMA H. Siddiki, T. Toyao, K. Shimizu 20

Acceptorless dehydrogenative coupling reactions with alcohols over heterogeneous catalysts 2018

Green Chem. 2933-2952
DOl

10.1039/C8GC00451J




T. Toyao, SMA H. Siddiki, K. Kon, K. Shimizu 18

The Catalytic Reduction of Carboxylic Acid Derivatives and C02 by Metal Nanoparticles on Lewis- 2018

Acidic Supports

The Chemical Record 1374-1393
DOl

10.1002/tcr.201800061

S. M. A. Hakim Siddiki, Md. Nurnobi Rashed, Md. A. Ali, Takashi Toyao, Pussana Hirunsit, 11

Masahiro Ehara, Ken-ichi Shimizu

Lewis Acid Catalysis of Nb205 for Reactions of Carboxylic Acid Derivatives in the Presence of 2019

Basic Inhibitors

ChemCatChem 383-396
DOl

10.1002/cctc.201801239

Md. A. R. Jamil, A. S. Touchy, Md. N. Rashed, K. W. Ting, SMA. H. Siddiki, T. Toyao, Z. Maeno, 371

K. Shimizu

N-Methylation of Amines and Nitroarenes with Methanol Using Heterogeneous Platinum Catalysts 2019

J. Catal. 47-56
DOl

10.1016/j . jcat.2019.01.027

T. Toyao, Md. N. Rashed, Y. Morita, T. Kamachi, SMA H. Siddiki, Md. A. Ali, A. S. Touchy, K. 11

Kon, Z. Maeno, K. Yoshizawa, K. Shimizu

Esterification of Tertiary Amides by Alcohols Through C-N Bond Cleavage over Ce02 2019

ChemCatChem 449-456
DOl

10.1002/cctc.201801098




S. M. A. Hakim Siddiki, Abeda. S. Touchy, Md. A. R. Jamil, Takashi Toyao, Ken-ichi Shimizu 8

C-Methylation of Alcohols, Ketones, and Indoles with Methanol Using Heterogeneous Platinum 2018

Catalysts

ACS Catalysis 3091-3103
DOl

10.1021/acscatal . 7b04442

Takashi Kamachi, S. M. A. Hakim Siddiki, Yoshitsugu Morita, Md. Nurnobi Rashed, Kenichi Kon, 303

Takashi Toyao, Ken-ichi Shimizu, Kazunari Yoshizawa

Combined theoretical and experimental study on alcoholysis of amides on Ce02 surface: A 2018

catalytic interplay between Lewis acid and base sites

Catalysis Today 256-262
DOl

10.1016/j .cattod.2017.09.006

S. M. A. H. Siddiki, Abeda S. Touchy, Ashvini Bhosale, Takashi Toyao, Yuji Mahara, Junya 10

Ohyama, Atsushi Satsuma, Ken-ichi Shimizu

Direct Synthesis of Lactams from Keto Acids, Nitriles, and H2 by Heterogeneous Pt Catalysts 2018

ChemCatChem 789-795
DOl

10.1002/cctc.201701355

Takashi Toyao, SMAH Siddiki, Yoshitsugu Morita, Takashi Kamachi, Abeda. S. Touchy, Wataru 23

Onodera, Kenichi Kon, Shinya Furukawa, Hiroko Ariga, Kiyotaka Asakura, Kazunari Yoshizawa, Ken-

ichi Shimizu

Rhenium-loaded TiO2: A highly versatile and chemoselective catalyst for the hydrogenation of 2017

carboxylic acid derivatives and the N-methylation of amines using H2 and C02

Chemistry A European Journal

14848-14859

DOl
10.1002/chem.201702801




Kenichi Kon, Takashi Toyao, Wataru Onodera, S. M. A. H. Siddiki, Ken-ichi Shimizu 9

Hydrodeoxygenation of Fatty Acids, Triglycerides, and Ketones to Liquid Alkanes by a Pt- 2017

MoOx/Ti02 Catalyst

ChemCatChem 2822-2827
DOl

10.1002/cctc.201700219

S. M. A. Hakim Siddiki, Abeda S. Touchy, Kenichi Kon, Takashi Toyao, Ken-ichi Shimizu 9

Oxidant-free Dehydrogenation of Glycerol to Lactic Acid by Heterogeneous Platinum Catalysts 2017

ChemCatChem 2816-2821
DOl

10.1002/cctc.201700099

Md. N. Rashed, S.M.A.H. Siddiki, Md. A. Ali, Sondomoyee K. Moromi, Abeda S. Touchy, Kenichi 19

Kon, Takashi Toyao, Ken-ichi Shimizu

Heterogeneous catalysts for cyclization of dicarboxylic acids to cyclic anhydrides as monomers 2017

for bioplastics

Green Chemistry 3238-3242
DOl

10.1039/C7GC0O0538E

Kaoru Takeishi, Yutaro Wagatsuma, Hiroko Ariga, Kenichi Kon, Ken-ichi Shimizu 5

Promotional Effect of Water on Direct Dimethyl Ether Synthesis from Carbon Monoxide and 2017

Hydrogen Catalyzed by Cu Zn/A1203

ACS Sustainable Chem. Eng. 3675-3680

DOl
10.1021/acssuschemeng.6b02915




Andrey Lyalin, Ken-ichi Shimizu, Tetsuya Taketsugu 121

Interface Effects in Hydrogen Elimination Reaction from Isopropanol by Nil13 Cluster on 6 - 2017
Al203(010) Surface

J. Phys. Chem. C 3488-3495

DOl
10.1021/acs. jpcc. 7b00839

Heterogeneous catalysis for selective transformations of alcohols, carboxylic acid derivatives and C02

IUPAC 2019, Paris, France

2019

Ceria-catalyzed transformations of amides, esters, and nitriles

ACS Fall 2019 National Meeting, San Diego, USA

2019

48

2018




Heterogeneous Catalysis for Selective Transformations of Carboxylic Acid Derivatives and CO2

International Symposium on Catalysis and Fine Chemicals 2018

2018

121

2018

7 CSJ 2017

2017

Kenichi Shimizu

Reductive Transformations of Carboxylic Acid Derivatives and CO2 by Lewis Acid-Assisted Catalysis of Metal Nanoparticles

TU/Ze-ICAT Joint International Symposium on Catalysis for Sustainable Society

2017




http://www.cat.hokudai .ac.jp/shimizu/index.html
http://www.cat.hokudai .ac.jp/shimizu/

http://www.cat.hokudai .ac.jp/shimizu/

(Shinya Furukawa)

(10634983) (10101)

(Siddiki Hakim)

(60722650) (10101)

(Toyao Takashi)

(80775388) (10101)




