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Introduction

In our previous reaction system, it was found that target imines could be obtained in good yields by removing water under reduced pressure
conditions.’> We also found that this reaction proceeded rapidly in the initial stage, but its rate decreased with the passage of time. Although this
reaction system gave target products in good yields, the purification of the target product was required, such as the column chromatography using
hexane/ether combination or the recrystallization using dichloromethane/hexane combination. Thus, our previous system was not a complete solvent-
free synthesis system. Therefore, we tried two methods in order to improve this point. One was exactly mixing (1:1, substance ratio) aldehydes and
amines and the other was employing lower pressure (>0.1 mmHg, previous method: 1.0 mmHg) at the pressure reducing technique to remove water
and unreacted materials perfectly. Actually, it was found that pure target imines were obtained in excellent yields without any purification using
organic solvents, when we tried improved reaction methods (Scheme).

3Suzuki S. and Yokoyama Y. et al. Green Sustain. Chem., 2018, 8(2), 167-179.

Typical Experimental Procedure 1

0 N /R (p-Tolualdehyde with o-Toluidine)
. neat To a stirring p-tolualdehyde (1.20 g, 10.0 mmol) was added
)J\ + R'NH solvent-free )J\ + Hy0 dropwise o-toluidine (1.07 g, 10.0 mmol) at 25 °C After 1.5 hours,
R H catalyst-free R H the reaction system was connected to a vacuum pump, the pressure
1 . 1 was reduced to >0.1 mmHg (13.3 Pa) and stirred for 3.0 hours to
' give the desired pure compound as a pale yellow clear oil in 99%
R' yield (2.06 g) without any purification.
7
undervac. (>0.1 mmHg) N . .

Typical Experimental Procedure 2

3.0h (p-Tolualdehyde with Benzylamine)
R H To a stirring p-tolualdehyde (1.20 g, 10.0 mmol) was added

Excellent Yield dropwise benzylamine (1.07 g, 10.0 mmol) at 25 °C. After 2.0
hours, the reaction system was connected to a vacuum pump, the
pressure was reduced to >0.1 mmHg (13.3 Pa) and stirred for 3.0
hours to give the desired pure compound as a white solid in 97%
yield (2.03 g) without any purification.

Scheme. Solvent- and Catalyst-free Syntheses of Imines

Table 1. Solvent- and catalyst-free syntheses of imines Table 2. Effective syntheses of various benzylated imimes
R CH,Ph
0 N7 <
, 1) solvent-free, 1.5 h 0 1) solvent-free, 2.0 h N
)k + RNHy ———————— )k + H0 )]\ + PhCH,;NHy —————— )J\ + H,0
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fEAE Design of Metal Phosphide Nanomaterials for Selective and Durable Catalysis
Currently my research mainly focuses on the development of palladium-based
nanomaterials and their application as heterogeneous catalysts and electro-catalysts.
Amorphous materials have been widely researched in heterogeneous catalysis and
for next-generation batteries. My research partially focuses on the fabrication of high-
quality (e.g., monodisperse and high surface area) amorphous alloy nanomaterials.
I investigate the correlations between the composition and morphology of Pd-M-P
nanoparticles (NPs) to obtain amorphous alloy NPs. The electronic interactions between
metal and phosphorous atoms are studied. The materials can be used as highly selective
heterogeneous catalysts for hydrogenation, reduction, oxidation, and tandem reaction.
With the growing energy crisis related to fossil fuels, many studies have been done
on the evolution of renewable energy such as hydrogen gas. My research also focuses
on the development of efficient and durable electro-catalysts for commercialization of
hydrogen evolution (HER). To accelerate water dissociation and weaken the adsorption
energy of hydrogen on catalyst surface, I am now designing multi-compositional Pd-M-P
nanomaterials for alkaline and neutral HER.

Electro-oxidation of methanol

J. Mater. Chem. A 2019, 5179 (Inside Cover).
Appl. Sur. Sci. 2019, 441
Chem. Mater. 2014, 1056.

Heterogeneous catalysis for

molecule transformations 106pd Heterogencous catalysis for

biomass molecule
transformations

ACS Appl. Mater. Inter. 2017, 34804. Palladium-Based Alloys and
Chem-Asian J. 2016, 461.

Chem-Asian J. 2019, 407.
Synlett 2018, 209.

Phosphides Nanomaterials:
Fabrication and Application

Hydrogen evolution from
Water Electrolysis

Nano 2019, 14, 1950059 (Cover paper).
Int. J. Hydrogen Energ. 2019, 44, 31053.
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