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Abstract: A simple method for the oxidation of primary amines to 

the corresponding ketones that proceeds in the presence of both 

moisture and air is described.  Treatment of an amine with benzoyl 

peroxide in the presence of caesium carbonate, followed by warm-

ing of the hydroxylamine product to 50–70 °C leads directly to the 

ketone.  The method is shown to be effective for both benzylic and 

aliphatic substrates. 

Key words: Amine, oxidation, hydroxylamine, benzoyl peroxide, 

ketone. 

The ability of the chemist to manipulate the carbonyl 
group in a chemo-, stereo- and enantioselective manner 
has bestowed upon it a central role in synthetic chemis-
try.1  New methods with which to prepare this function-
ality from readily available precursors are therefore of 
great use to the synthetic chemist. 

Amines represent a significant class of available building 
blocks as well as fundamental synthetic intermediates 
which are readily accessible.  There have been a number 
of reports describing the oxidation of amines to a wide 
variety of functional groups including imines, amides, 
nitriles, aldehydes and ketones.  Early methods reported 
for this transformation include the use of stoichiometric 
transition metal reagents including nickel,2 mercury,3 
lead,4 manganese,5 iron,6 and zinc7 derived species.  
More recently, catalytic methods have been described 
using palladium8 as well as tungsten,9 rhodium10 ruthe-
nium11 and manganese12 salts.  Stoichiometric methods 
avoiding the use of transition metals have also been de-
veloped using iodosobenzene,13 IBX,14 sulfonyl perox-
ides,15 and benzoquinones.16  These methods represent 
important alternatives to perform the overall oxidation of 
primary amines, with varied levels of scope and limita-
tions in substrate tolerance and reaction conditions.  Of 
the transition-metal free methods each optimised method 
requires anhydrous reaction conditions and the use of an 
inert atmosphere.  Circumventing these practical consid-
erations would represent an advance in the methods 
available for the overall transformation.  Within this 
letter we describe a simple method for the oxidation of 
primary amines to the corresponding ketones that pro-
ceeds under mild reaction conditions in the presence of 
both moisture and air, offering a practical alternative to 
existing methodology. 

As part of our investigations into the chemistry of hy-
droxylamines17,18,19,20,21 we reacted N-cyclohexyl-O-
benzoyl hydroxylamine (2) with one equivalent of hep-
tan-4-one (1) and were surprised to observe the -
functionalised cyclohexanone 7 as the major product.  
Rationalising that this could have arisen through decom-

position of the reagent to give the imine 5 followed by 
condensation with a second molecule of hydroxylamine 
2 to give the intermediate enamine 6.  Subsequent [3,3]-
sigmatropic rearrangement followed by hydrolysis of the 
resulting imine then led to the observed product 7.  In-
trigued that if we were able to stop this process at the 
intermediate imine 5  the transformation would represent 
a new method for amine oxidation we sought to examine 
this reaction further. 
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Scheme 1  

Preparation of the substrates for the development of this 
transformation used a robust and convenient method 
reported by Phanstiel for the conversion of amines to O-
benzoyl hydroxylamines.22  Our key transformation was 
optimised with the phenethylamine derived hydroxyla-
mine 8 (Table 1).23  Use of 8.HCl in chloroform at 50 °C 
proved to be inefficient (18%) and resulted in a number 
of unidentified by-products (entry 1).  Heating of the free 
base 8 resulted in recovery of starting material after a 48 
hour reaction period (entry 2).  Addition of DBU (1 
equivalent) significantly accelerated the reaction and 
provided the product in an encouraging 30% yield (entry 
3).  Examination of alternative solvents showed polar 
solvents to be more effective with DMF emerging as the 
optimal reaction medium (entries 3–5).  Changing the 
base to caesium carbonate improved the yield further 
with acetophenone (9) being isolated in an excellent 84% 
yield (entry 7).  It was also found that catalytic quantities 
of caesium carbonate could be used with 0.5 equivalents 
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(entry 8) and 0.1 equivalents (entry 9) giving the product 
in 76 and 71% isolated yield respectively. 

Table 1 Optimisation of key bond formationa 

N
H

Ph
OBz

Ph O

8 9  
Entry Reagent Base Solvent Temp °C % Yielde 

1 8.HCl None CHCl3 50 18 

2 8 None CHCl3 50 0 

3 8 DBU CHCl3 50 30 

4 8 DBU PhMe 50 34 

5 8 DBU DMF 50 66 

6b 8 DBU DMF 70 70 

7 8 Cs2CO3 DMF 50 84 

8c 8 Cs2CO3 DMF 50 76 

9d 8 Cs2CO3 DMF 50 71 

      
a All reactions performed at 0.5 M concentration in the presence of 1 

equivalent of base for 24 hours unless stated. 
b 2 equivalents of base added. 
c 0.5 equivalents of base added. 
d Reaction carried out for 48 hours with 0.1 equivalents of base. 
e Isolated yield. 

 

Having established efficient conditions for the conver-
sion of 8 to acetophenone (9) we examined a series of 
alternative O-benzoyl hydroxylamines to determine 
some of the scope of this transformation (Table 2).  The 
reaction worked efficiently for both benzylic (entries 1–
7) and aliphatic (entries 8–12) amines.  Both electron 
donating (entries 2 and 4) and withdrawing (entry 3) 
substituents were tolerated on the aromatic ring as well 
as increased steric crowding around the reactive nitrogen 
(entries 5 and 6).  The conversion of N-benzyl-O-
benzoyl hydroxylamine to benzaldehyde was particularly 
facile, the reaction proceeding at room temperature, 
however, this was accompanied by significant decompo-
sition leading to a reduced isolated yield of the product 
(41%; entry 7).  It was expected that enolisable alde-
hydes would be inherently unstable to the basic reaction 
conditions required for this transformation, therefore 
these substrates were not examined. The conditions are 
mild enough to be able to carry out the reaction on sub-
strates that lead to enolisable ketones (entries 8–12) with 
all substrates examined effectively leading to the ex-
pected product, suggesting the reaction should have a 
reasonable scope. 

 

 

 

 

 

 

 

 

 

 

Table 2 Scope of conversion 

Entry Hydroxylamine Product % Yield 
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a Reaction performed at 50 °C. 
b Reaction performed at 25 °C. 
c Reaction performed at 70 °C. 
d Product isolated as the 2,4-DNPH derivative. 

 

Finally, having developed effective conditions for the 
conversion of O-benzoyl hydroxylamines to the corre-
sponding ketone we sought to discover if a one-pot 
method for the direct conversion of primary amines to 
ketones could also be established.  The synthesis of O-
benzoyl hydroxylamines from primary amines has been 
shown to be most efficient under basic reaction condi-
tions.  Reported bases for this transformation include 
sodium carbonate,22 sodium hydroxide,24 tert-
butylamine25 and disodium hydrogen phosphate.26  
Pleasingly, caesium carbonate was found to be effective 
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in the reaction of primary amines with benzoyl peroxide 
allowing for the direct conversion of primary amines to 
ketones.  Treatment of a cooled DMF solution of caesi-
um carbonate (1.5 equivalents) and benzoyl peroxide (1 
equivalent) with the primary amine (1.2 equivalents) 
followed by warming of the reaction mixture led directly 
to the corresponding ketone (Table 3).  The reaction was 
effective for both benzylic (entries 1–4) and aliphatic 
(entry 5) primary amines and provides a convenient 
alternative for this overall transformation. 

Table 3 One-pot transformation 
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In summary, we have shown that O-benzoyl hydroxyla-
mines can efficiently be converted into the correspond-
ing ketones by treatment with caesium carbonate.  The 
reactions are simple to perform in the presence of both 
moisture and air and lead to the product in good to excel-
lent yield.  A direct method for the conversion of primary 
amines to ketones was also shown to be possible by 
reaction of a primary amine and benzoyl peroxide under 
basic reaction conditions.  The reactions are effective for 
both benzylic and aliphatic primary amines and a variety 
of substitution patterns on the parent amine. 

Typical procedure for conversion of N-alkyl-O-

benzoyl hydroxylamines to ketones 

N-g-Methyl benzyl-O-benzoyl hydroxylamine (100 mg, 
0.41 mmol) was dissolved in DMF (0.59 mL) at ambient 
temperature. Caesium carbonate (135 mg, 0.41 mmol) 
was added and the resulting reaction mixture was heated 
at 50 °C overnight. The resulting reaction mixture was 
allowed to cool and purified directly by column chroma-
tography, eluting with 20% ethyl acetate/petrol, to give 
acetophenone (42 mg, 84%) as a clear colourless oil; IR 
(thin film): 1683, 1599, 1582, 1449, 1359, 1266, 1180, 

1078, 1025, 955, 760, 690 cm-1. 1H NMR (400MHz, 
CDCl3): h = 7.85 (d, J = 7.15 Hz, 2 H), 7.45 (t, J = 7.34 
Hz, 1 H), 7.4–7.3 (m, 2 H), 2.5 (s, 3 H). 13C NMR (100 
MHz, CDCl3): h = 198.1, 137.1, 133.1, 128.6, 128.3, 
26.6. MS (EI): m/z = 120.06 [M]+. 

Typical procedure for the one-pot conversion of pri-

mary amines to ketones: 

Benzoyl peroxide (326 mg, 1.01 mmol, 75%) was dis-
solved in DMF (2.53 mL) and cooled to 0 °C. Caesium 
carbonate (493 mg, 1.51 mmol) was added with stirring 
followed by cyclohexyl ethylamine (0.18 mL, 1.21 
mmol). The resulting reaction mixture was stirred at 0 °C 
for 2 hours before warming to r.t. Thin layer chromatog-
raphy was used to confirm complete consumption of 
benzoyl peroxide before heating at 50 °C overnight. The 
resulting reaction mixture was purified directly by col-
umn chromatography, eluting with 20% ethyl ace-
tate/petrol, to give cyclohexyl methyl ketone (75 mg, 
59%) as a clear colourless oil; IR (thin film): 2931, 2854, 
1706 cm-1. 1H NMR (400MHz, CDCl3): h = 2.3–2.3 (m, 
1 H), 2.05 (s, 3 H), 1.85–1.8 (m, 2 H), 1.75–1.7 (m, 2 H), 
1.65–1.55 (m, 1 H), 1.3–1.05 (m, 5 H). 13C NMR (100 
MHz, CDCl3): h = 212.2, 51.4, 28.4, 27.8, 25.8, 25.6. 
MS (EI): m/z = 126.22 [M]+. 
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