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Abstract Oxidation of aromatic aldehydes by KMnO4 in liquid ammo-

nia gives amides directly. The reaction proceeds satisfactorily when the
aldehydes are activated by electron-withdrawing substituents on the
ring.

Key words aldehydes, amides, aminals, oxidation, liquid ammonia

The amide functionality is ubiquitous, and amides are
also versatile educts in organic synthesis; thus there is continuing interest in their synthesis.1 Of particular interest are
possibilities of direct conversion of simple substrates into
amides which bypass conventional routes, such as reaction
of activated carboxylic acids with ammonia or partial hydrolysis of nitriles. In recent years there have been many reports on direct conversion of aromatic aldehydes and benzylic alcohols into amides via oxidative reactions in the
presence of an ammonia source. Thus treatment of aromatic aldehydes with aqueous ammonia and iodine and hydrogen peroxide gave amides in excellent yields.2 Other ways to
afford this transformation consist of conversion of aldehydes and primary alcohols into amides via reaction with
ammonium carbonate and tert-butyl hydroperoxide with
Et4N+I– catalyst.3 Oxidative conversion of aldehydes and alcohols into amides via reaction with oxygen and various
ammonia sources catalyzed by transition metals is described in a few papers.4 New examples of oxidative amidation of toluenes and styrenes5 and oxidative acylation with
aldehydes6 have been reported recently.
Amongst a plethora of solvents used in organic synthesis and industry, liquid ammonia is of great interest because
of its unique properties. Owing to its basicity and hydrogen-bond-accepting ability, liquid ammonia solvates efficiently inorganic cations such as Li+, Na+, K+; whereas, in
spite of its formal protic character, it does not efficiently
solvate anions.7 As a consequence it behaves as a dipolar
aprotic solvent, dissolving inorganic salts and sodium or
potassium salts of organic anions: alkoxides, enolates, and
carbanions.7 Moreover, in liquid ammonia solution, anions

of these salts exhibit high nucleophilic activity; thus it is
the solvent of choice for many reactions involving carbanions8 and for industrial organic synthesis.9 Additionally, it is
inexpensive, easy to handle under anhydrous conditions,
and easy to remove and recover. Although ammonia can be
oxidized and its oxidation to nitric acid is a major industrial
process, liquid ammonia is resistant to common oxidants
and forms stable solutions of potassium permanganate
even at room temperature under pressure.10 A KMnO4 solution in liquid ammonia has been efficiently applied to oxidation of σH adducts of carbanions and other nucleophiles
to nitroarenes.11
Ammonia is also a moderately active nucleophile capable of forming σH adducts with highly electrophilic arenes,
particularly azines, and so a solution of KMnO4 in liquid
ammonia is an efficient agent for oxidative amination of
such arenes.10 We therefore predicted that treatment of an
aldehyde with such a solution should result in addition of
ammonia to the carbonyl group followed by oxidation of
the adduct to form an amide. Indeed, when solid KMnO4
was added to a solution of benzaldehyde in liquid ammonia
the characteristic color of the solution slowly turned dark
brown and, after evaporation of ammonia, the residue contained benzamide. After experimentation a convenient procedure was found in which the aldehyde was dissolved in
liquid ammonia and, after stirring for one hour, KMnO4 (1.0
or 1.5 equiv) was added and the mixture stirred for another
hour. Excess permanganate was quenched with Na2SO3 (3
equiv), the ammonia was evaporated, the residue treated
with 6 M hydrochloric acid, and the product extracted with
ethyl acetate or filtered, washed with aqueous NaHCO3, and
the product recrystallized. The results of these experiments
are presented in Table 1.12
Aldehydes containing a halide or electron-withdrawing
substituents gave the corresponding amides in good yields
(Table 1, entries 2–8). The yields for nitrobenzaldehydes are
somewhat lower due to side reactions and partial decomposition. Benzaldehyde and 1-naphthylcarboxyaldehyde
gave the corresponding amides in moderate yield, together
with small amounts of carboxylic acids. A careful analysis
of the mass balance for the reaction of 4-cyanobenzalde-
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Table 1 Direct Oxidation of Aromatic Aldehydes to Amides
CHO

KMnO4, NH3(l)
(1.0 equiv)

R

CONH2
R

–33 °C, 1 h
Entry

Aldehyde (R)

Yield (%)

1

H

39

2

4-Cl

75a

3

4-Br

61

4

3-Br

63

5

4-NC

78b

6

4-O2N

50

7

3-O2N

56c

8

4-F3C

54

9

2,3-(CH=CH)2

42c

10

2-F

24

11

3-F

21

12

4-MeO

0d

pathways of oxidation of σH adducts in oxidative nucleophilic substitution of hydrogen in arenes.14 On the other
hand, when the dimethyl acetal of 4-bromobenzaldehyde
was subjected to the reaction conditions, after acidic workup only 4-bromobenzaldehyde was obtained. This result
could be explained by much faster oxidation of the aminal
than the acetal function by KMnO4, or by assuming that the
intermediate leading to an amide is an imine rather than an
aminal.
In conclusion, we have described a simple and practical
synthetic procedure by which aromatic aldehydes can be
directly converted into benzamides. The scope of the reaction is somewhat limited by the concurrent formation of
carboxylic acids, but these side products can be readily removed from the desired amides by simple washing with
aqueous base.
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a

Yield of carboxylic acid: 15%.
Yield of carboxylic acid: 20%.
c
Conditions: 1.5 equiv KMnO4.
d
Yield of carboxylic acid: 85%.
b
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J = 7.8 Hz), 8.08 (1 H, t, J = 1.8 Hz), 8.15 (1 H, br s). 13C NMR (100
MHz): δ = 122.5, 127.5, 131.1, 131.4, 134.9, 137.4, 167.3.
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(7.34 mmol) was added, and the resulting solution (or suspension) was stirred for 1 h. KMnO4 (7.34 mmol, 1.16 g) was added,
the cooling bath was removed, and the reaction mixture was
stirred for another hour with gentle reflux of NH3. Na2SO3 (22.0
mmol, 2.78 g) was added, the reflux condenser was removed,
and the NH3 was allowed to evaporate spontaneously. The darkbrown residue was treated with 6 M HCl (30 mL), and the
resulting precipitate was filtered, washed with H2O (100 mL)
and sat. aq NaHCO3 (20 mL). All products were recrystallized
from EtOH.
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