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The carboxyl group (COOH) is a ubiquitous chemical function 
present in a very large number of compounds essential for 
life itself – such as amino acids and fatty acid derivatives – as 
well as in countless bioactive molecules, natural compounds 
and drugs. The development of efficient methods for achiev­
ing the structural modification and homologation of car- 
boxylic acid derivatives without requiring the use of protect­
ing groups continues to attract a great deal of interest in  
organic chemistry. In particular, novel carbon–carbon bond-
forming reactions allowing for a stereocontrolled and direct 
functionalization of carboxylic acids are in great demand.

Recently, the group of Professor Motomu Kanai at The Uni­
versity of Tokyo’s Graduate School of Pharmaceutical Scien­
ces (Japan) has developed a method for generating carboxylic 
acid derived enolates under mild conditions, and extended 
this method to the first carboxylic acid selective catalytic 
Mannich-type reaction. “The carboxyl group is ubiquitous 
in organic molecules, especially in biologically active lead 
drug molecules,” said Professor Kanai. “Its Brønsted acidity is 
among the highest in naturally occurring molecules. There­
fore, carboxyl groups can be chemoselectively recognized 
by a Brønsted base catalyst even in the presence of multiple 
functional groups. However, use of carboxylic acids as carbon  

nucleophiles has been limited due to the difficulty in gene­
rating dianionic enolates.”

Professor Kanai explained: “A reversible acid/base covalent 
interaction between carboxylic acids and a simple boron catal­
yst (precatalyst = BH3·SMe2) acidified the α-protons, so that a 
mild organic base, DBU, was able to deprotonate the activated 
substrate, thus generating the corresponding carboxylic acid 
enolates.” He continued: “The catalytically and chemoselec­
tively generated enolates from carboxylic acids were trapped 
by N-tosyl imines through Mannich-type reaction.”

According to Professor Kanai, there are two main aspects 
worthy of note in this catalysis: (1) chemoselectivity (Scheme 
1), since carboxylic acid enolates were generated even in the 
presence of intrinsically more enolizable ketone, ester, and 
amide functionalities; an impressive entry in this aspect is a 
successful application to side-chain modification at a gluta­
mic acid residue of a tetrapeptide, and (2) enantioselectivity 
(Scheme 2), as shown by the fact that introduction of a BINOL-
derived chiral ligand to the boron catalyst afforded a highly 
enantioselective Mannich-type reaction of carboxylic acids.

Professor Kanai said: “We now know that chemoselective 
(chiral) enolate formation is possible from carboxylic acids 
by action of a boron catalyst and an organic base. Thanks to 
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Figure 1 Plausible catalytic cycle of boron-catalyzed Mannich-type reaction of carboxylic acids
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the wide scope of enolate chemistry, our catalytic method 
can find many extensions.” He continued: “As a future direc­
tion, we are especially interested in the late-stage catalysis to  
diversify complex molecule structures at their carboxyl 
groups, including biologically active peptides and functional 
proteins, by taking advantage of the high chemoselectivity of 
the boron catalysis.”

For many conceivable future directions, however, elucida­
tion of the active enolate structure is the first priority for the 
group. “This will allow us to design more sophisticated catal­
ysts for expansion of potential applications,” explained Pro­
fessor Kanai. “More broadly, we need to develop more com­
prehensive protecting-group-free catalytic processes as well 
as isolation processes.” In Schemes 1 and 2, the Tokyo-based  
researchers isolated the products after protection of the car­
boxylic acids as esters. However, Professor Kanai remarked: 

“We feel uneasy on this point. Our dream is streamlining com­
plex molecule synthesis by minimizing non-productive pro­
tection/deprotection processes by developing new catalysts 
that can recognize and selectively activate each functional 
group. The boron catalysis is the starting point for us,” he con­
cluded.
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Scheme 1 Representative examples of the boron-catalyzed Mannich-type reaction of carboxylic acids. Isolated yields and diastereo-
meric ratios were determined after conversion of the Mannich products into methyl esters. a 20 mol% of BH3·SMe2 was used. b 2.0 
equiv of imine were used. c THF was used as solvent. d 33 mol% of BH3·SMe2 was used.
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Scheme 2 Representative examples of the boron-catalyzed asymmetric Mannich-type reaction of carboxylic acids. Isolated yields, 
diastereomeric ratios, and enantiomeric excess values were determined after conversion of the Mannich products into methyl 
esters. a 1.0 equiv of propionic acid was used.
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