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Amidation is one of the most used organic transformations for 
the synthesis of pharmaceuticals, functional polymers (e.g. 
nylon, Kevlar), and agrochemicals. However, there remains 
much scope for improvement of state-of-the-art amidation 
methodology. Although reagent-driven amidation has been 
well advanced to reliably access a myriad of amide-functional-
ized molecules, this methodology contains an inherent draw-
back, namely the co-production of unwanted reagent-derived 
waste. The development of a catalytic alternative is an obvious 
solution but has witnessed slow progress and suffers from se-
verely limited substrate generality and insufficient catalytic 
activity. An amidation catalyst powered by broad and general 
scope, as well as featuring high catalytic activity, would have 
the potential to be widely adopted in academia and industry.

Recently, a Japanese team led by Professor Masakatsu 
Shibasaki and Dr. Naoya Kumagai at the Institute of Micro bial 
Chemistry (Tokyo, Japan) discovered a non-metallic catal yst 1  
characterized by a six-membered B3NO2 heterocyclic core 
coin ed DATB (1,3-dioxa-5-aza-2,4,6-triborinane), which  
prov ed to be a highly effective catalyst for dehydrative ami - 
da tions (Scheme 1). Dr. Kumagai said: “Originally, we were 
not specifically aiming to develop an amidation catalyst, but 
rather were eager to synthesize a powerful activator for the 
car boxylic acid functional group. It was serendipitous that 
we identified DATB catalyst 1 and got deeply involved in its 
 chemistry, as is the case for a number of fascinating discover-

ies. We envision ed that a compound having two boron atoms 
in a suitable spatial arrangement, as in compound 2, could 
 doubly activate  carboxylic acids via two-fold B–O interactions, 
anticipating that the Michael reaction or facilitated enolization 
could  proceed (Scheme 2). A postdoctoral fellow – Dr. Makoto  
Furutachi –  tackled the synthesis of 2, but the compound 
he managed to isolate was a frustratingly insoluble material  
with a complicated 1H NMR spectrum in DMSO-d6, which 
made it impos sible to elucidate the structure. Being a highly 
dedi cated ex perimentalist who remained devoted to the task,   
Dr.  Furutachi was eventually rewarded with a crystal structure 
revealing the pseudodimeric structure of DATB 1 (Scheme 3).”  
Dr. Kumagai  continued: “However, we were not crafty enough 
to find any utility of this peculiar heterocyclic compound, as 
it is not  soluble in common organic solvents and all attempts 
at opening the B3NO2 ring system to achieve the initial target 
(compound 2) met with failure.”

Dr. Kumagai recalled: “Roughly one and a half years had 
passed since the first identification of 1 before we discovered 
a particular use for the compound. At that time, Dr. Furutachi  
had already left to continue his academic career at a differ-
ent institution. Taking notice of a paper introducing direct  
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Scheme 1 Catalytic dehydrative amidation promoted by DATB 
catalyst 1

Scheme 2 Initial blueprint of the utility of diboronic com-
pound 2

https://doi.org/10.1038/nchem.2708


© Georg Thieme Verlag Stuttgart • New York – Synform 2017/10, A165–A168 • Published online: September 18, 2017 • DOI: 10.1055/s-0036-1590315

Literature CoverageSynform

A166

de hydrative amidation in a cooperative catalytic system led 
us to re-evaluate compound 1, which lay dormant in a freezer.  
Back then we were mainly working in the field of C–C bond- 
forming reactions, thus amidation was a bit out of our focus. 
But we anticipated that a small fraction of 1 might have a 
chance to open up to 2 in the reaction mixture, giving a tem-
plate to strongly activate carboxylic acids for amidation. We 
selected a bulky acid for the initial trial, which was consi der-
ed an intractable substrate for catalytic amidation, and this 
initial trial just worked beautifully.” He remarked: “With this 
finding in hand, a postdoc – Dr. Hidetoshi Noda – and a skilled 
technician – Ms. Yasuko Asada – conducted a series of experi-
ments, which clearly demonstrated that DATB 1 outperformed 
other known amidation catalysts in terms of substrate gener-
ality and high catalytic activity (Scheme 4). True mechanistic 
path way is still under intense investigation; however, we are 
at least sure that the DATB core of 1 does not open during the 
reaction – again, the initial expectation was incorrect.”Scheme 3 Unexpected formation of DATB 1

Scheme 4 Selected examples of direct amidation promoted by DATB 1
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Dr. Kumagai concluded: “We keep actively working on this 
catalytic system. Detailed DFT calculations and kinetic experi-
ments are shedding more light on the distinct mode of action 
operative in DATB catalysis, where multiple boron atoms are 
likely to be involved. Better mechanistic understanding will 
lead us to rationally design a second-generation DATB catal-
yst with enhanced catalytic activity. We envision that these 
continuing studies will lead to practical catalytic alternatives, 
eventually replacing the conventional reagent-driven ami-
dation protocols, covering the synthesis of a wide variety of 
amide-containing compounds including peptides.”
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