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Borate Esters: Simple Catalysts for the Sustainable Synthesis
of Complex Amides
Sci. Adv. 2017, 3, e1701028
Direct amidation is an extremely important transformation in
organic chemistry that is widely used by researchers through
out academia and industry, perhaps most significantly in the
pharmaceutical industry. As a consequence of the inefficient
stoichiometric methods that are used to achieve direct amida
tion reactions, there has been a renewed interest in the past
10–20 years in the development of catalysts for the reaction.
In theory, an effective catalyst can enable the reaction to be
achieved with only water being generated as a by-product.
Catalytic approaches using boron-based systems or group
IV metals have been particularly successful, but as yet these
reactions suffer from significant drawbacks with high dilu
tion conditions and large quantities of molecular sieves being
required for efficient water removal. The substrate scope of
these reactions is also limited with regard to the functional
ised molecules required for pharmaceutical synthesis (such as
functionalised polar molecules and heterocyclic compounds).
In previous work, the group of Professor Tom Sheppard
at University College London (UK) developed the use of com
mercially available B(OCH2CF3)3 as a stoichiometric reagent for
direct amidation (J. Org. Chem. 2013, 78, 4512) and demon
strated that it is effective for amide formation with a wide
range of highly functionalised amines and carboxylic acids
(Org. Biomol. Chem. 2015, 13, 10888) including, remarkably,
unprotected amino acids (Chem. Commun. 2016, 52, 8846).
“We had hypothesised that borate esters would not be effec
tive for use in catalytic quantities, as the water generated
as the by-product of the amidation reaction should readily

 ydrolyse the borate ester to boric acid, an amidation catalyst
h
with low reactivity,” said Professor Sheppard. He continued:
“By careful choice of reaction solvent, however, we found that
efficient amidation catalysis could be achieved with a range
of borate esters using a Dean–Stark water apparatus for con
tinuous removal of water. The best solvent for the reaction
was found to be tert-amyl methyl ether (TAME), which was
recently identified as a greener ethereal solvent for use in pro
cess chemistry in the pharmaceutical industry (Green Chem.
2016, 18, 288). A plot of the reaction conversion against time
with different catalysts clearly shows that borate esters are
more effective than boric acid, and that tris-(2,2,2-trifluoro
ethyl) borate is more reactive than trimethyl borate.”
Remarkably, this catalytic amidation system proved to
be more reactive than the group’s previous stoichiometric
amidation method, with an unprecedented substrate scope.
“Amides could be prepared from numerous primary/second
ary amines, including poorly nucleophilic examples such as
acyclic secondary amines, hindered anilines and a sulfon
amide,” explained Marco Sabatini, the graduate student who
developed the chemistry. He remarked: “In terms of the car
boxylic acid component, amides derived from natural pro
ducts and amino acids (both with/without protecting groups
on the nitrogen!) were obtained in good to excellent yields.”
The high reactivity of amino acid derivatives enabled a selec
tion of dipeptides to be prepared and the development of a
one-pot direct amidation/condensation of unprotected amino
acids to give imidazolidinones. This latter method enabled the

Scheme 1

© Georg Thieme Verlag Stuttgart • New York – Synform 2018/02, A18–A21 • Published online: January 18, 2017 • DOI: 10.1055/s-0036-1591448

A19

Synform

group to synthesise an organocatalyst, a chiral auxiliary and a
natural product. Mr. Sabatini said: “Due to the importance of
direct amidation in the pharmaceutical industry, we also de
monstrated that the key amidation steps used in the synthesis
of several APIs could be achieved efficiently using our catalytic
method. Many of the amides were synthesised on multigram
scale, and the majority of these amidation products could be
purified using a simple solid-phase workup method which
significantly reduces the solvent requirements of the process.”
Dr. Lee Boulton, an industrial collaborator on the project
at GSK, explained that the concepts of green chemistry and
sustainability have been the focus of the pharmaceutical in
dustry for some time. “As a result, significant effort has been
invested around improvements in efficiency and waste reduc
tion in both research and development and full-scale manu
facturing,” he added. “There are a number of measures to cap
ture the overall sustainability of a process, but the challenge is
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to identify key metrics that drive behaviours in greener, safer,
innovative and more sustainable processes. The pharmaceuti
cal industry, through the ACS Green Chemistry Round Table,
has selected Process Mass Intensity (PMI) as a key benchmark
when comparing such processes (Org. Process Res. Dev. 2011,
15, 912).” The PMI of a process is defined as the total mass of
materials used to produce a specified mass of product. “In the
ideal world this would approach unity. The use of PMI to com
pare our borate-catalysed system against current methods
provides an excellent way to exemplify its green credentials,”
remarked Professor Sheppard. He continued: “Our approach
compares favourably to other recently reported catalytic ami
dation methods, as a consequence of both the reaction setup
(higher concentration, no molecular sieves) and the efficient
workup method (no aqueous workup needed).” He conclud
ed: “Upon scaling the reaction up to 80–100 mmol (20–26 g
of amide) further improvements to the efficiency could be

Scheme 2

© Georg Thieme Verlag Stuttgart • New York – Synform 2018/02, A18–A21 • Published online: January 18, 2017 • DOI: 10.1055/s-0036-1591448

A20

Synform

Literature Coverage

Scheme 3

Scheme 4

made (PMI of 11 using solid-phase workup; PMI of 5 when the
amide could be purified by direct crystallisation from the re
action mixture).” Dr. Boulton added: “This represents a highly
efficient chemical process, especially for an amidation reac

tion, and as a result GSK expect to add this method to their
favoured reagent list for amide formation reactions.”
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