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Chemoselective Hydrolysis of Amides in the Presence of Esters by Copper(Il)/Glyoxal: Metal
Complexation as the Core Motif for Selective Amide Activation
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Summary: A general method for selective hydrolysis of
amides in the presence of esters with Cu(Il)/glyoxal in
aqueous medium is reported.

The hydrolyses of carboxamides and carboxylic esters
are classical reactions of fundamental importance in
chemistry and biology. Due to the large difference in the
reactivities, the more reactive ester group can be selectively
hydrolyzed in the presence of the less reactive amide group
under controlled alkaline! or acidic? conditions or by
enzyme reagents.> However, the “opposite selectivity”,
that is, the single-step hydrolysis of the amides to
carboxylic acids without disturbing the esters, has not
been realized under mild conditions despite long-standing
concern.* Even most of the proteases hydrolyze the esters
much faster than the corresponding amides.® In fact, the
selective modification of a less reactive group in the
presence of a similar but more reactive group, superseding
the traditional, synthetically equivalent three-step pro-
tection—deprotection methodology, is one of the most
cherished but challenging goals in organic synthesis.6 Most
of the few reported reactions of this kind involve the
opposite selectivity between aldehyde and/or keto groups
and are invariably based on some ingenious way of in situ
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protection of the more reactive carbonyl group.6a? We
wish to report a different approach that involves selective
activation of the less reactive amide group for its selective
hydrolysis in the presence of the ester group.

There is intensive interest in metal-ion-catalyzed/
promoted hydrolysis of esters, amides and other functional
groups due to its biochemical implications.” It appears
that, in order to be catalytically active, the metal ion must
be chelated prior to" or during™+ the reaction by using
some suitable ligand or ligating sites suitably located in
the substrate respectively, often involving the group to be
hydrolyzed in the chelate ring. Thus, simple monodentate
esters or amides are not hydrolyzed by nonchelated metal
ions. However, when the hydrolysis occurs, the esters are
still hydrolyzed faster than the amides.”8 The require-
ment of chelation for efficient metal-ion-catalysis has now
been exploited by us in designing a protocol for selective
activation of primary and secondary amides followed by
hydrolysis. It involves in situ introduction of the addi-
tional ligating group at the nitrogen of the amide by using
the reactivity of the N-H bond, a structural feature not
present in the esters, toward aldehydes to give methylol-
type derivatives.® We chose glyoxal for this purpose and
embarked upon the possibility of its reaction with the
amide at one of the aldehyde groups followed by chelation
of Cu(Il) ion through the other aldehyde group (or its
hydrated form!® ) and the nitrogen of the amide group.
Although the dichotomy of O vs N coordination in amides
has been considered to be settled in favor of the more
basic carbonyl oxygen,!! emerging evidence!2led us to feel
that the nitrogen might be coaxed to form the chelate if
it was better positioned than the carbonyl oxygen to do
so. This would activate the amide carbonyl as well as the
leaving group. This doubly-activated amide is expected
to rival acid chlorides in electrophilic reactivity.!2 We
were gratified to observe this probable behavior when a
mixture of the amide and copper(II) chloride in aqueous
30% glyoxal was heated under gentle reflux at pH 3.5,
affording the carboxylic acids in high yields!® (Scheme 1).
The results are shown in the Table 1.

Although the method is applicable to primary as well
as secondary amides, our attention was focused on the
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Table 1. Reaction of Amides and Esters with Copper(II)

Chloride/Glyoxal
reflux
entry substrate time (h) isolated yield (%)
amide acid
1  PhCONH; 8 80
2 PhCONHMe 11 82
3 p-MePhCONHMe 15 i
4 p-OMePhCONHMe 24 86
5 p-NO;PhCONHMe 24 50
6 PhCH=CHCONHMe 12 92
7 PhCONHEt 24 70
8 PhCONMe; 15 88s
9 Me(CHy)1sCONHMe 24 93
ester recovered ester
10 PhCO;Me 11 80
11~ p-MePhCO;Me 15 85
12 p-NO;PhCO:Me 24 84
13 PhCH=CHCO;Me 12 99
14 PhCO.Et 24 78

15 Me(CH3)16C0O:Me 24 95

amide + ester

16 [PhCONHMe + 24 PhCO:H (80) +
-NO,PhCO:Me p-NO2-PhCOzMe (99)
17 [Me(CHz)mCONHMe + 32 Me(CH3)16COzH (90) 4]
Me(CH3)16CO:Me Me(CHj3)14COsMe (98)

s Recovered starting amide.

hydrolysis of secondary amides, which is of considerable
synthetic and degradative value but, nevertheless, the most
problematic!4 of the three classes of amides. The method
works well with N-methyl- and N-ethylbenzamide, but
other N-monosubstituted (n-Pr, i-Pr, n-Bu, Ph, benzyl,
cyclohexyl) benzamides were quantitatively recovered
unchanged probably due to the steric effect. Thus,
selective hydrolysis of N-methyl- and N-ethylamides can
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pH, precipitation of copper species occurs. The mixture was heated at
gentle reflux. The progress of the reaction was monitored by TLC. Water-
soluble carboxylic acids were isolated by filtration of the blue insoluble
solid (a complex of copper(II) with glycollic acid) and extraction of the
filtrate with ether. The water-insoluble acids were separated from the
insoluble copper complex by treatment with organic solvents. The addition
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(12 mL) at pH 3.5.
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be done in the presence of other secondary amides. As
expected, the esters, either alone or in competition with
the amides (Table 1, entries 16 and 17), and tertiary amides
(N,N-dimethylbenzamide) are mostly recovered un-
changed. However, activated esters, such as p-nitrophenyl
and p-carboxyphenyl acetates, do not survive. The C-H
bonds o to a keto group appear to remain unaffected under
the experimental conditions. That the reaction is hy-
drolytic was revealed by the usual tests for amines
responded to by the reaction medium on basification,
following the isolation of the acid.

Taking N-methylbenzamide as the test case, it was
shown that proton-catalyzed hydrolysis is insignificant
under the reaction conditions as 290% recovery of the
unchanged amide was observed on reaction in dilute HC1
even at higher acid concentrations (up to pH 2). Further,
noreaction occurred in the absence of either of the reagents.
Thus, Cu(Il) appears to also catalyze the otherwise not
generally successful condensation of secondary amides with
glyoxal in contrast to that with formaldehyde.! The
catalysis of the condensation step may be explained by
chelation of Cu(Il) with glyoxal which in turn is indicated
by the blue shifts of UV absorption maxima of glyoxal and
copper(II) chloride from 275 to 250 nm and from 830 to
815 nm, respectively, observed on mixing the tworeagents
in an equimolar ratio. It appears that the reactants and
the amine product are only loosely bound to the metal, as
the hydrolysis occurs even with a catalytic amount (20
mol %) of Cu(Il), though longer reaction time (28 h for
N-methylbenzamide) is required for the complete hy-
drolysis.

That both the reaction of the amide with glyoxal and
chelation are important for the reaction is shown by the
failure of 30% aqueous solutions of oxalic acid, glycolic
acid, ethylene glycol, and formalin to be used in place of
glyoxal under similar conditions, whereas 30% aqueous
glyoxylicacid cansuccessfully replace glyoxal at the natural
pH of the mixture. However, at this lower pH, the esters
donotsurvive. When the pH was raised to the usual value
of 3.5, the hydrolysis did not proceed, presumably due to
deactivation of the aldehyde group because of ionization
of the carboxyl group of glyoxylic acid. The bis-adduct
1, prepared separately by the reaction of benzamide with
glyoxal,'%2 does not undergo hydrolysis under similar
conditions probably due to very weak chelation of Cu(Il)
involving the two amide nitrogens in the same (2) or both
(3) the rings.16

The protection of the carboxylic acids as amides has
seldom been used in synthesis in contrast to esters,!?
despite the fact that amides are more resistant to hydrolytic
and nucleophilic conditions and have operationally more
convenient physical properties than the esters. The
underutilization of the amides in this respect is primarily
due to the nonavailability of mild and selective methods
for the deprotection step. The present methodology may
develop into a selective method for the deprotection of
acids from their N-methyl- and N-ethylamides.
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