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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, 
development of a wide variety of the heterogeneous aqua-
catalytic systems, continuous flow catalytic systems, and super 
active catalysts working at ppm-ppb loading levels, have been 
achieved. Furthermore, we have recently been developing a 
novel photocatalysis where, for example, the electrophilic 
substitution of carbonyl groups took place under visible-light 
irradiation (Figure 1).

Figure 1.  The outlined concept of photocatalytic reductive activation 
of substrate (e.g. carbonyls).
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1.  Photocatalytic Carbinol Cation/Anion 
Umpolung: Direct Addition of Aromatic 
Aldehydes and Ketones to Carbon Dioxide1)

We have developed a new photocatalytic umpolung reac-
tion of carbonyl compounds to generate anionic carbinol 
synthons. Aromatic aldehydes or ketones reacted with carbon 
dioxide in the presence of an iridium photocatalyst and 1,3- 
dimethyl-2-phenyl-2,3-dihydro-1H-benzimidazole (DMBI) as 
a reductant under visible-light irradiation to furnish the corre-
sponding α-hydroxycarboxylic acids through nucleophilic 
addition of the resulting carbinol anions to electrophilic 
carbon dioxide.

Figure 2.  Photocatalytic Eelectrophilic Substitution of Carbonyls 
with Carbon Dioxide via Carbinol Anion Species.

2.  Palladium-Catalyzed 
Aminocarbonylation of Aryl Halides with 
N,N-Dialkylformamide Acetals2)

We developed a protocol for the palladium-catalyzed 
amino carbonyl ation of aryl halides using less-toxic formamide 
acetals as bench-stable aminocarbonyl sources under neutral 
conditions. Various aryl (including heteroaryl) halides reacted 
with N,N-dialkylformamide acetals in the presence of a cata-
lytic amount of Pd2(dba)3 and xantphos to give the corre-
sponding aromatic carboxamides at 90–140 °C without any 
activating agents or bases in up to quantitative chemical yield. 
This protocol was applied to aryl bromides, aryl iodides, and 
trifluoromethanesulfonic acid, as well as to relatively less-
reactive aryl chlorides. A wide range of functionalities on the 
aromatic ring of the substrates were tolerated under the amino-

carbonylation conditions. The catalytic aminocarbonylation 
was used to prepare the insect repellent N,N-diethyl-3-methyl-
benzamide as well as a synthetic intermediate of the dihydro-
folate reductase inhibitor triazinate.

Figure 3.  Palladium-Catalyzed Aminocarbonylation with N,N-Dialkyl-
formamide Diacetals.

3.  Cyanide-Free Cyanation of Aryl Iodides 
with Nitromethane by Using an Amphiphilic 
Polymer-Supported Palladium Catalyst3)

A cyanide-free aromatic cyanation was developed using 
nitromethane as a cyanide source in water with an amphiphilic 
polystyrene–poly(ethylene glycol) (PS–PEG) resin-supported 
palladium catalyst and an alkyl halide (i.e., 1-iodobutane). The 
cyanation proceeded through the palladium-catalyzed cross-
coupling of aryl halides and nitromethane, followed by trans-
formation of the resultant nitromethylarene intermediates into 
nitriles by 1-iodobutane.

Figure 4.  Cyanation of Aryl Iodides with Nitromethane by Using an 
Amphiphilic PS-PEG resin-Supported Palladium Catalyst in Water.
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