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The amide bond is a ubiquitous functional group the
structure of which decisively influences the biological and
material properties of a vast number of compounds created by
man and nature alike.!"! Whereas numerous methods for the
formation of amide bonds have been developed,? it is
noteworthy that amides find only limited use as synthetic
modules. This comes as no surprise considering the typically
high stability and rigidity of the amidic linkage.

It is textbook knowledge that the low reactivity of amides
is a result of resonance stabilization (Figure 1),['! resulting
from the orbital overlap between the nitrogen lone pair and
the anti-bonding orbital (;t*) of the carbonyl group. This
stabilization reduces the susceptibility of amides towards
nucleophilic attack, and simultaneously grants the amidic
carbonyl oxygen atom a pronounced Lewis basicity.
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Figure 1. Resonance stabilization of amides (left) and resulting key
physicochemical properties (right).

Considerable progress has been achieved for the con-
version of amides into functional groups with lower oxidation
states.’! However, the potential for amides to also serve as
intermediates in the preparation of carboxylic acid deriva-
tives has remained untapped. Given that amides, as robust
masked carboxylates, can be taken through conventional
demanding sequences without much concern, the develop-
ment of novel chemoselective and mild methods for their
activation would open up new avenues in retrosynthetic
planning. Very recently, Garg, Houk, and co-workers have
presented a new concept for the selective activation and
conversion of amides into esters in a one-step process (see
below).

Most of the previously reported, synthetically useful
methods for the conversion of amides into esters and
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carboxylic acids involve the controlled generation of an
electrophilic intermediate, such as an imidate or an iminium
ether (Figure 2),” prior to hydrolysis or solvolysis. It is
noteworthy that all of these methods harness the pronounced
Lewis basicity of the amidic carbonyl oxygen atom. Pre-
activation of the amide functional group usually proceeds
readily at low temperatures (< room temperature) and with
very appealing levels of chemoselectivity.

! OR® o OR* | o
! 3 _ 2 3 ' pre-activation
i R‘JQN .B..._"_'_ R‘JJ\N’R R#H R1J\\ﬁ R2 i of amides
i ,'Qz |'Q3 Ile then
(N D j .
ester/carboxylic acid H hydmes'.SI
------- + amine ssssssae SO|VO|y$I$

Figure 2. Traditional strategy for the conversion of amides into esters
and carboxylic acids. R H.

Hanessian’s report on the successful removal of the
N-acetyl groups in acetamido deoxysugars using triethyloxo-
nium tetrafluoroborate marked the first example of the above
strategy (Figure 3A). Despite its high functional-group
tolerance (esters, acetals, and glycosidic linkages were un-
affected) and the mild reaction conditions (1 equiv of
[Et;O]BF,, CH,Cl,, RT), three decades passed before the
general utility of this process was explored in more detail.><!
The narrow product scope ([Et;O]BF,—ethyl ester,
[Me;O]BF,—methyl ester), however, is a significant limita-
tion to these methods.

An alternative process that relies on the same activation
mode as described in Figure 2 was disclosed by Charette and
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Figure 3. A) Seminal work on the two-step amide-to-ester conversion
using a trialkyloxonium tetrafluoroborate salt as reported by Hanessian
in 1967. B) Charette’s two-step procedure for mild and chemoselective
amide-to-ester conversions. R' =alkyl, vinyl, aryl; R*=alkyl, benzyl.
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co-workers in the late 1990s. Based on the electrophilic pre-
activation of amides with trifluoromethanesulfonic anhydride
(Tf,0) and pyridine, a variety of secondary and tertiary
amides could be readily converted into esters (Figure 3B).["*"!
However, the large excess of alcohol nucleophile required
limits its use to the synthesis of simple esters.”

The pre-2015 state of the art of mild, direct amide-to-ester
transformations is shown in Figure 4. In 2012, Booker-
Milburn and Lloyd-Jones jointly reported the direct room-
temperature substitution of tetramethylpiperidine (TMP)
acetamides (Figure 4 A).*¥ The ease with which these sub-
stitutions take place hinges on the ground-state destabiliza-
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Figure 4. Recently described methods for direct and mild amide-to-
ester conversion. A) Substitution of TMP acetamides at room temper-
ature (Booker-Milburn and Lloyd-Jones). R'=H, alkyl, Ph. B) Copper-
mediated solvolysis of bispicolylamine amides (Bannwarth). R?=alkyl,
aryl, alkynyl.

tion of the amidic linkage (by increased allylic 1,3-strain) and
the presence of a strongly electron-withdrawing group in the
a-position of the amide moiety. A year earlier, Bannwarth had
reported the copper-mediated room-temperature methanol-
ysis of bispicolylamine-substituted amides (Figure 4B).""
Whereas both methods are based on intriguing new concepts,
they entail the use of specifically designed substrates.

Figure 5 A outlines the initial reaction design by Garg and
Houk.™ Aware of the ability of nickel(0) to activate strong
carbon-heteroatom bonds,” the authors hypothesized that
following oxidative addition of the amidic C—N bond (a
previously unknown activation mode of Ni’!), a reactive acyl
nickel species would be formed, which could be harnessed to
form new carbon-heteroatom or even new carbon-carbon
bonds.
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Figure 5. Development of the nickel-catalyzed direct amide-to-ester
conversion. cod =1,5-cyclooctadienyl.
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Preliminary density-functional-theory (DFT) calculations
on the nickel-catalyzed methanolysis of various amides
indeed supported the outlined process. The computations
indicated that the use of N-methyl-N-phenylbenzamide (I)
and electron-rich N-heterocyclic carbene nickel complex II
should render the overall process both thermodynamically
and kinetically favorable (Figure 5A). In practice, heating
a mixture of amide I, 10 mol % Ni catalyst II (Ni(cod),/SIPr),
and 1.2 equiv MeOH in toluene for twelve hours at 80°C
afforded the corresponding methyl ester in quantitative yield
(Figure 5B). The reaction can be applied to electron-rich and
electron-poor aryl amides as well as heteroaryl amides.
Primary, secondary, and even sterically hindered tertiary
alcohols are tolerated. Furthermore, N-phenyl substitution is
not a prerequisite to the success of the transformation.
Tertiary benzamides featuring N-tosyl or even N-Boc sub-
stitution can be used as substrates with equal efficiency.
Whereas secondary N-phenyl benzamides may also be used,
their reactions require prolonged reaction times and higher
temperatures. Aliphatic amides, however, fail to take part in
the nickel-catalyzed process. Overall, the reaction produces
the corresponding benzoic acid esters in moderate to
excellent yields (49-99%), and a variety of sensitive func-
tional groups (esters, acetals, oxetanes, indoles) are tolerated.

The reports highlighted herein provide a glimpse of the
intriguing field of amide-to-ester transformations. Whereas
several earlier methods are effective for chemoselective
amide activation, each method features its individual draw-
backs. Garg’s recent work certainly marks a milestone in
direct amide-to-ester conversions, although the current sub-
strate limitations are likely to be the focus of future work.
This report should nevertheless be recognized for its con-
ceptual breakthrough in the nickel-catalyzed activation of
amidic C—N bonds—a previously unknown mode of action of
Ni’. Further selective amide activations are now eagerly
awaited towards broadening the use of amides as versatile and
valuable synthetic intermediates in organic synthesis.
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