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Development of Novel Catalytic Organic 
Transformations
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Our research interests lie in the development of catalytic 
reaction systems toward ideal (highly efficient, selective, green, 
safe, simple, etc.) organic transformations. In particular, devel
opment of a wide variety of the heterogeneous aquacatalytic sys
tems, continuous flow catalytic systems, and super active cata
lysts working at ppm-ppb loading levels, have been achieved. 
Furthermore, we have recently been developing a novel photo
catalysis where, for example, the carbonyl groups underwent 
two successive one-electron reduction to generate carbinol anion 
species achieving electrophilic carbonyl substitution. Along this 
line, in 2024, we have developed a series of novel diaza
benzacenaphthenium photocatalysts, denoted as N-BAPs, which 

promoted the unprecedented 4-electron photoreduction of esters 
to form the corresponding alcohols with visible LED light 
irradiation under aqueous conditions.

Figure 1.  The outlined concept of photocatalytic reductive activation 
of substrate through two successive one-electron transfer process (e.g. 
carbonyl reduction to carbinol anion).
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1.  Novel Diazabenzacenaphthenium 
Photocatalysts1)

1-1.  Design and Preparation of N-BAP
A novel diazabenzacenaphthenium photocatalyst N-BAP 

was designed and identified on the basis of an extensive in 
silico screening, with a view to its use as a photocatalyst under 
visible-light irradiation in photoinduced multielectron-transfer 
reactions. The photocatalyst was prepared by a rhodium-
catalyzed oxidative annulation of 2-phenyl-4,5-dihydro-1H-
imidazole with hex-3-yne in one step. Single-crystal X-ray 
analysis of N-BAPOTf clearly confirmed the presence of a 
planar π-conjugated diazabenzacenaphthenium structure.

Scheme 1.  Preparation of N-BAP.

1-2.  Multielectron-Reduction of Esters
Under visible-light irradiation, N-BAP promoted the four-

electron reduction of esters in the presence of ammonium 
oxalate as a “traceless reductant” to generate carbinol anion 
intermediates that underwent protonation with water to give 
the corresponding alcohols. The resulting carbinol anions also 
exhibited nucleophilic reactivity under the photocatalytic 
conditions to undergo a 1,2-addition to a second carbonyl 
compound, affording unsymmetric 1,2-diols.

N-BAP reduces ester I through SET to give the acetal 
radical II and oxidized N-BAP. Oxidized N-BAP oxidizes 
oxalate anion to afford CO2 and a CO2 radical anion, with 

regeneration of N-BAP. The acetal radical II undergoes a 
second SET from excited N-BAP (or a CO2 radical anion) to 
form the acetal carbanion III; this is followed by protonation 
with water to give the aldehyde IV. A second two-electron 
reduction of IV then generates the carbinol anion V. The four-
electron-reduction process proceeds almost simultaneously to 
suppress radical side reactions. Lastly, the resulting carbinol 
anion V reacts with water or a carbonyl electrophile to furnish 
the final product VI.

Figure 2.   Proposed mechanism.

2.  Tetrahydroxydiboron as a Green 
Reducing Agent Serving in Water2,3)

We have developed a transfer hydrogenation of aldehydes 
and ketones, as well as a transfer hydrogenolysis of O–C and 
N–C bonds of O-, and N-benzyl groups with B2(OH)4 as a 
reductant and amphiphilic resin-dispersed palladium nano
particles as a catalyst system in an aqueous medium, where 
water also serves as a hydrogen donor. A variety of aldehydes 
and ketones, including aliphatic carbonyl compounds, reacted 
to give the corresponding primary and secondary alcohols, 
respectively. Benzyl groups of a variety of benzylic ethers, 
esters, carbamates, and amines, including benzyl-protected 
carbohydrates and amino acids, were reductively removed in 
high yields. The catalyst was recovered by filtration and 
reused nine times without a significant loss of its catalytic 
active.
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