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A wide variety of aldehydes were efficiently converted to their corresponding carboxylic acids in high yields 
using H2O2/HCl in the presence of hydroxylamine hydrochloride. In addition, selective oxidation of aldehydes in 
the presence of other functional groups such as hydroxyl group, carbon-carbon double bond and other heteroatoms 
can be considered a noteworthy advantage of this method. 
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Introduction 

Development of clean and environmentally accept-
able oxidative methodologies is extensively important 
for organic synthesis both from environmental and eco-
nomic points of view.1-4 Over the past few years, the 
importance of hydrogen peroxide and its derivatives as 
oxidizing agents has grown considerably. In contrast to 
other oxidizing agents, hydrogen peroxide is the most 
attractive one from an environmental viewpoint. It is an 
ideal waste-avoiding oxidant, since water is the only 
theoretical by-product, and is very attractive as an oxi-
dant for liquid-phase reactions, because of its solubility 
in water and many organic solvents.5 Aldehydes are 
important intermediates in synthetic organic chemistry 
as well as a significant pollutant in the human environ-
ment.6-8 The oxidation of aldehydes to the correspond-
ing carboxylic acids is an important synthetic transfor-
mation and a variety of conventional oxidants, notably 
Mn and Cr based ones,9-11 which produce abundant 
amounts of undesirable wastes are reported in the lit-
erature to accomplish this transformation. Therefore, in 
the recent years various improved methodologies using 
hydrogen peroxide as an oxidant under severe basic 
conditions12 or in combination with other reagents such 
as formic acid, MTO, and other transition metals have 
been reported in the literature.13-18 However, these 
methods are associated with the drawbacks such as us-
ing of toxic and heavy metals, high cost, and lower 
yields of the desired products. 

Herein, we describe the successful use of the 
H2O2/HCl system in the presence of hydroxylamine hy-
drochloride as a method to oxidize aromatic and ali-
phatic aldehydes efficiently to their corresponding car-
boxylic acids in refluxing acetonitrile (Scheme 1). 

Scheme 1 

 

Results and discussion 

To evaluate the solvent effect, the oxidation of 
4-methylbenzaldehyde was carried out under similar 
reaction conditions using various organic solvents such 
as toluene, dichloromethane, methanol, and acetonitrile 
(Table 1). Among the various solvents studied acetoni-
trile was found to be the best solvent for this transfor-
mation. 

Table 1  The solvent effect on the oxidation of p-tolualdehyde 

 

Entry Solventa Time/h Yieldb/% 

1 CH3CN 2 92 

2 CH2Cl2 2 40 

3 PhCH3 2 40 

4 MeOH 2 60 
a V(Aldehyde)∶V(H2O2)∶V(HCl)∶V(NH2OH•HCl)＝1∶5∶
3∶2.5. bIsolated yields. 

It was also observed that the addition of hydrogen 
peroxide in one portion gave a poor yield of the desired 
product while its dropwise addition gave the maximum 
yield of the product in a shorter reaction time. 

It was noted that in the absence of hydroxylamine 
hydrochloride, no carboxylic acid could be formed from 
aldehydes. A volume ratio of 1∶5∶3∶2.5 for alde-
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hyde/H2O2/HCl/NH2OH•HCl was found to be optimum 
for the oxidation of aldehydes and the results are pre-
sented in Table 2. As shown, both aldehydes bearing 
electron-donating (Entries 2 — 6) and electron-    
withdrawing (Entries 7—11) substituents afforded de-
sired benzoic acids in good to excellent yields. 

All the aldehydes were selectively and smoothly 
converted to the corresponding acids in good to excel-
lent yields without any evidence for the formation of 
chlorinated and other products. The presence of other 
functional groups such as hydroxyl group, carbon-car- 
bon double bond and other heteroatoms (Table 2 Entries 

Table 2  Oxidation of aldehydes to their corresponding carboxylic acids using H2O2/HCl in the presence of NH2OH•HCl 

Entry Substrate Producta Yieldb/% t/h m.p.19 

1 
  

95 1.00 120 

2 
  

92 2.00 176 

3 

  

92 1.20 158 

4 
  

80 2.20 241 

5 
  

93 1.20 182 

6 

  

97 1.50 105—107 

7 
  

96 3.00 242 

8 
  

98 1.25 181 

9 

  

95 1.25 152 

10 

  

90 1.00 140 

11 

  

85 1.25 141 

12 
  

80 2.00 130 

13 
  

85 2.00 126—129 

14 
  

95 3.00 183 

15   95 3.50 31 

16   92 2.00 Oil 
a The products were characterized by comparison of their spectroscopic and physical data with those reported in literature. b Yields refer to 
pure isolated products. 
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3, 4; 12, 13) was found to be inert and aldehydes were 
selectively converted into acids without affecting these 
groups. The proposed mechanism for the oxidation of 
aldehydes to their corresponding carboxylic acids is 
shown in Scheme 2. The first step involves the forma-
tion of aldoxime A followed by its reaction with chlo-
rine ion to generate intermediate B that subsequently 
undergoes elimination thermally to produce the nitrile C 
with the liberation of HOCl. Hydrolysis of nitrile leads 
to the formation of the corresponding carboxylic acid. 

Scheme 2  Propesed mechanism for the oxidation of aldehydes 

 

Conclusion 

In conclusion, in this study a new and efficient pro-
cedure for the oxidation of aromatic and aliphatic alde-
hydes to their corresponding carboxylic acids is de-
scribed. The method offers several advantages including 
excellent yields of the products, safe handling and ex-
perimental simplicity, which make it a useful and attrac-
tive process for this transformation. 

Experimental 

General remarks 

The aldehydes were purchased from Merck chemical 
company and used without further purification. All of 
the products were characterized by comparison of their 
spectral and physical data with those of authentic sam-
ples. Yields refer to isolated products. 

General procedure for oxidation of aldehydes to the 
corresponding carboxylic acids with H2O2/HCl in the 
presence of hydroxylamine hydrochloride 

The appropriate aldehyde (1 mmol), hydroxylamine 
hydrochloride (0.175 g, 2.5 mmol), 30% H2O2 (5 mmol), 
37% HCl (3 mmol) and acetonitrile (5 mL) in a 50 mL 
round-bottomed flask equipped with a condenser were  

mixed sufficiently. The reaction mixture was refluxed at 
80 ℃ for the time specified in Table 2. The progress of 
the reaction was monitored by TLC. At the end of the 
reaction, the excess hydrogen peroxide was deactivated 
by the addition of saturated aqueous Na2S2O3 (30 mL). 
The organic layer was extracted with ethyl acetate 
(3×15 mL). After drying the solution and evaporation 
of ethyl acetate, the residue was purified on a silica gel 
column using n-hexane/ethyl acetate (80∶20) as eluent. 
Evaporation of the solvent gave the pure product (Table 
2). 
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