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1. Introduction

The conversion of alcohols to aldehydes and ketones is one of 
the most important and challenging functional group 
transformations in organic synthesis. Carbonyl compounds are 
precursors of a wide range of agrochemicals, pharmaceuticals, 
fine chemicals, vitamins, and fragrances [1]. Therefore, 
development of a catalytic system that is selective for the 
oxidation of alcohols to aldehydes, or ketones while avoiding 
over-oxidation to carboxylic acids, esters or other by-products is 
of scientific interest both in academia and industry [2]. A large 
number of synthetic methodologies have been reported for the 
oxidation of alcohols, among which transition metal-catalysed 
approaches (Pd, Ru, Fe, Cu, Pt, Au, Ir, Rh, etc.) have been 
extensively studied [3]. However, several limitations and safety 
concerns are associated with these methods, such as the use of 
toxic heavy metal salts, or expensive transition metals [4-6]. 
Besides, the complex reaction workup makes these methods less 
useful. The conventional non-catalytic oxidation procedures are 
considered superior for the oxidation of alcohols [1,7]. 
Chromium or manganese-based species (e.g., MnO2, KMnO4, 
CrO3) [8], hypervalent iodine reagents [9], and activated 
sulfoxides [10,13], have been successfully utilized for such 
conversions. Alcohols can also be oxidised by non-metal-based 
catalytic systems such as Swern oxidation [10-12], Moffatt 
oxidation [13,14], Corey- Kim oxidation [15] etc. Even though a 
plethora of procedures are available at our disposal, yet there is a 
necessity for the development of a better methodology that 
obviates the use of copious amounts of heavy metal oxidants and 
environmentally inauspicious halogenated solvents [16].

Recently, o-iodoxybenzoic acid (IBX, 1-hydroxy-1,2-
benziodoxol-3(1H)-one 1-oxide) [17] has emerged as a popular 

oxidant as it works under mild reaction conditions, and affords 
excellent yields of the products. Frigerio and Santagostino 
primarily demonstrated the synthetic use of IBX for the selective 
transformation of alcohols to carbonyl compounds [18]. 
However, it has few limitations, such as poor solubility in 
common organic solvents, explosive nature at high temperature, 
and shock sensitivity [19]. To overcome these limitations, 
numerous modified IBXs (mIBXs) [20], IBX on solid support 
[21], tetrafluoro-IBX (FIBX) [21], 2-iodoxybenzoic acid 
organosulfonates (IBX-OTs) [22], and 2-iodoxybenzoic acid 
ditriflate (IBX-ditriflate) [23] were reported with improved 
solubility in common organic solvents [24]. These mIBXs are 
neither explosive at elevated temperatures nor shock sensitive 
[25]. Dess and Martin have reported the oxidation of alcohols 
using Dess Martin Periodinane (DMP) with excellent yields [26]. 
DMP was also found to be a mild and chemoselective reagent, as 
primary alcohols and amino alcohols can be oxidized to 
aldehydes and amino carbonyls respectively, without over-
oxidation, and avoiding the protection of the amino group. 
Similarly, 1,2-diols can be converted to α-ketols or α-diketones 
without oxidative cleavage. Additionally, β-hydroxy ketones 
have been successfully oxidised to 1,3-diketones at elevated 
temperatures in ethylacetate [27]. To avoid the structural 
modification of IBX, few additives like oxone [28], acetic acid 
[29], trifluoroacetic acid [30], β-cyclodextrin in water/acetone 
mixture [31] etc., are used with pleasant efficiency. Several 
reports suggest that IBX is a powerful oxidant when used in ionic 
liquids [32], or solvents like ethyl acetate/acetone (2:1) [33], 1,2-
DCE [33], acetone or acetonitrile [33], DMSO [34], and DMF 
[35] (Fig. 1).

While synthesizing biologically important molecules [36,37], 
we required few aldehyde and ketone substrates. However, the 
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An efficient, practical and facile procedure has been developed for the oxidation of primary and 
secondary alcohols using IBX-TfOH catalytic system in 1,4-dioxane at ambient temperature. 
The reaction affords quantitative yields of the corresponding carbonyl compounds without the 
formation of over oxidized products. The present synthetic protocol is compatible with a variety 
of substrates having arene, heteroarene and alkene functionalities. The developed synthetic 
protocol can be used for higher scale reactions as evident by the oxidation of alcohol at 1 gm 
scale in higher yields by a simple filtration process.
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alcohols, which we considered were awkward to oxidise 

efficiently. Thus, we developed a facile and mild reaction 
protocol for the oxidation of alcohols to carbonyl compounds, 
using a catalytic amount of TfOH in 1,4-dioxane containing a 
stoichiometric amount of IBX at room temperature.
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Figure 1: IBX mediated oxidation of alcohols

2. Results and discussion

To optimize the reaction conditions without modifying the 
structure of o-iodoxybenzoic acid, we screened a few additives, 
and we used 4-nitrobenzyl alcohol as a model substrate for the 
oxidation reaction. The different additives such triflic acid, p-
toluenesulfonic acid, trifluoroacetic acid, trifluoroacetic 
anhydride, and triflic anhydride were employed in catalytic 
amounts (1 to 10 mol%). The best results were obtained when 5 
mol% TfOH was used with 1.1 equiv. IBX in DCM at room 
temperature (Table 1; entry 5). Further, to improve the efficiency 
of reaction, we screened various polar protic and aprotic solvents: 
water, acetonitrile, toluene, 1,4-dioxane, dimethylformamide, 
dimethylsulfoxide, acetone and ethyl acetate (Table 1; entries 1-
4, 6-9). It was observed that the reaction in 1,4-dioxane 
containing IBX-TfOH completed in 15 minutes (as indicated by 
TLC), and yielded 4-nitrobenzaldehyde in 98% yield (Table 1; 
entry 4). Next, progress of reaction was studied by varying the 
mol% of TfOH and it was found that 2-5 mol% of TfOH with 1.1 
equiv. IBX in 1,4-dioxane is the best condition to oxidized 4-
nitrobenzyl alcohol to 4-nitrobenzaldehyde at room temperature.

Table 1. Optimization of the oxidation condition.

OH IBX (1.1 equiv.), solvent

TfOH (5 mol %), rtO2N

O

O2N

Entry IBX 
(equiv.) Solvent Time (min) Yield 

(%)

1. 2.5 Water 630 32

2. 2.0 Acetonitrile 150 57

3. 2.1 Toluene 235 60

4. 1.1 Dioxane 15 98

5. 1.5 DCM 20 96

6. 2.0 DMF 40 67

7. 1.7 DMSO 45 70

8. 2.0 Acetone 130 65

9. 1.5 Ethyl acetate 170 78

    The 1H NMR studies revealed that the oxidation of 4-
nitrobenzyl alcohol using IBX-TfOH in 1,4-dioxane was much 
faster than that of IBX alone under identical reaction conditions 
(Fig. S1 & S2). The 1H NMR which was recorded at different 
time intervals, clearly showed the disappearance of the benzylic 
protons signal (at δ 4.69 ppm), and the appearance of a new 
signal (at δ 10.06 ppm), confirms the oxidation of alcohol. The 
newly developed oxidative system was very efficient and 92% 
conversion was observed in 15 min, whereas in the absence of 
TfOH, the oxidation was found to be sluggish and only 22.9% 
consumption of starting material was observed after 15 minutes.

The addition of TfOH to the reaction mixture caused a rapid 
downfield shift of the benzylic proton signal in 1H NMR. This 
may be due to the protonation of oxygen atom (I=O of IBX) by 
TfOH, which makes the iodine centre highly electron-deficient, 
and hastens the nucleophilic attack of alcohol, followed by the 
loss of water molecule, as suggested by Goddard et al. [38], and 
subsequently regeneration of TfOH. Ultimately there is a 
formation of IBX-alcohol intermediate, which yields the carbonyl 
compound via an intramolecular cleavage mechanism (Fig. 2). 
Unfortunately, all our efforts to trap the reactive intermediate 
were unsuccessful, due to the high reactivity of present catalytic 
system.

Figure 2. Plausible mechanism of acid catalysed oxidation of 
alcohol with IBX.
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After optimizing the reaction conditions, we established the 
versatility of the IBX-TfOH system by oxidizing a wide array of 
alcohols. It was noted that primary aliphatic and aromatic 
alcohols were oxidized to their corresponding carbonyl 
compounds, and no over-oxidized side products were observed. 
Indanone-1 was obtained in excellent yield by the oxidation of 1-
Indenol, within 15 minutes (Table 2, entry 1). 
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Table 2. Oxidation of alcohols with IBX-TfOH in 1,4-dioxane 

S. No. Substrate Product Time (minutes) Yield (%) Melting 
Point (⁰C)

1
OH O

15 96 39-40

2

OH O

20 98 55-58

3
OH

NO2

O

NO2
25 90 39-40

4
OH

O2N
O

O2N
17 98 105-106

5
O

O

OH O

O

O 10 92 35-36

6 S
OH

S
O

12 95 -

7
N

OH

N

O 12 89 -

8 OH O 8 99 -

9 OH O 28 93 -

10 OH O 15 98 -

11 OH O 15 97 223-225

12
HO O

6 98 -

13 OH O 15 87 -

14 OH O 9 96 -

15 Ph OH Ph O 20 94 -

16 Ph OH Ph O 26 85 -

17

OH

OH

O

O

20 92 129-132

18

OH

OH

O

O

5 96 123-124

19
N
H

EtOOC OH

N
H

EtOOC O
15 88 164-166
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20
N
H

OH
Br

N
H

O
Br

23 91 204-206

21
OH O

45 75

The oxidation of (E)-1,3-diphenylprop-2-en-1-ol (Table 2, 
entry 2) in 1.1 equiv. IBX and 3 mol% TfOH, afforded (E)-
chalcone in 98% isolated yield in 20 minutes. The o- and p- nitro 
benzyl alcohols on oxidation yielded the corresponding 
aldehydes in 90% and 98% isolated yields, respectively (Table 2, 
entry 3 and 4). Heterocycle-substituted primary and secondary 
alcohols were oxidized smoothly, and provided the 
corresponding carbonyl compounds in 88-95% yields, without 
forming any side product (Table 2; entry 6, 7, 19, 20). The 
oxidation of 1-cyclopropylethanol yields cyclopropylmethyl 
ketone in 98% yield (Table 2, entry 10) without forming the 
rearranged product as reported in previous report [39]. The 
oxidation of piperonyl alcohol required 2.5 equiv. of IBX to yield 
78% of piperonal but addition of 2 mol% of TfOH increased the 
yield of piperonal to 92% in 10 minutes. Adamantan-2-ol (Table 
2, entry 11) was oxidized to adamantan-2-one by 4 equiv. of IBX 
with 37% yield in 14 hours but when reaction was carried out in 
the presence of 5 mol% TfOH and 1.3 equiv. IBX, the isolated 
yield of corresponding ketone was 97% in 15 minutes. Trans-
menthol was successfully oxidized to trans-menthone in 75% 
yield (Table 2, entry 21) and no racemization was observed as 
evident by 1H NMR, specific rotation and CD experiments 
(please see SI) [40]. 

Conclusion

In conclusion, we have developed an efficient IBX-TfOH 
mediated method for the oxidation of a wide range of 
functionalized alcohols to carbonyl compounds in 1,4-dioxane at 
room temperature. Notably, the present method is readily 
accessible, has a broad substrate scope and good functional group 
tolerance under mild reaction conditions.
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Highlights:

 IBX-TfOH mediated oxidation of primary and 
secondary alcohols to carbonyls is reported. 

 The catalytic system is compatible with a 
variety of substrates having arene, heteroarene 
and alkene functionalities. 

 The developed synthetic protocol can be used 
for the oxidation of alcohols at 1 gm scale. 


