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Abstract 

Potassium permanganate adsorption on the surface of solid support changes the selectivity and reactivity 

in several reactions leading to environmentally sustainable and greener prospects. Potassium 

permanganate supported alumina acts efficiently in the oxidation of urazoles to triazolinediones, 

dehydrogenation of 2-imidazolines to corresponding imidazoles, conversion of oximes into carbonyl 

compounds under solid-state conditions, chemical cleavage reactions of DNA on silica support, oxidation 

of alcohols to aldehydes and ketones under solvent-free conditions, oxidations of sulfides and thiols to 

sulfoxides and disulfides, and oxidative deprotection of trimethylsilyl and tetrahydropyranyl ethers and of 

ethylene acetals to the corresponding carbonyl compounds. Addition of manganese dioxide accelerates 

the oxidation of alkyl arenes, sulfides and allylic alcohols by potassium permanganate under solvent-free 

and heterogeneous conditions. Almost in all the cases, the reaction times is shorter and yields of the 

product is higher. When used in solution, permanganate reacts rapidly with alkenes, converting them into 

diols, ketols or cleavage products. When permanganate is adsorbed onto an inert solid support and used as 

a heterogeneous oxidant, however, some alkenes are resistant to oxidation and may actually inhibit the 

rate of oxidation of other reductants. 

Keywords: Reaction Mechanism, Functional group transformation, Chemo-selective oxidant, 

Permanganate 

1. Introduction 

It is the focus of modern science to make kinetic experiments sustainable by applying modified 

methodologies for metal mediated oxidation kinetics meanwhile recycling the used reagents and 

catalysts after completion of reactions [1-5]. 

Redox reactions especially oxidation reaction is a very fundamental organic functional group 

transformation reaction in synthetic chemistry and likely plays a vital role in the production of value-



Nat. Volatiles & Essent. Oils, 2021; 8(5): 11209-11225 
 

11210 
 

added chemicals from varied biomass and precursors. The endlessly increased pollution, increased 

petroleum prices as well as its reduced natural availability invoking a growing need for clean energy 

sources. Researchers have already been directed to find an alternate to this global crisis. In 

connection to this, the solid support oxidation has gained tremendous attention in the research area 

over the last few years. The use of solid supported reagents in synthetic chemistry has become 

popular due to their especially able altered reactivity, chemo selectivity and convenient product 

isolation they provide [6-11]. 

One of the most fascinating examples of a change in chemical reactivity and selectivity that has been 

reported to date is with the well-known oxidant, potassium permanganate [12]. Over the last two 

decades, chemistry under solvent free or heterogeneous conditions has become of increasing 

importance because it often produces enhanced reactivity and selectivity as well as facilitating 

product isolation [13]. This kind of reactions is not only important for it benefits from ecological 

point of view, but in most of the cases also offers significant synthetic advantages in terms of yield, 

selectivity and simplicity of the procedure. These factors are especially important in industry. 

Oxidation of organic compounds by permanganate adsorbed on a solid support has two major 

advantages over the corresponding reactions that takes place under homogeneous conditions: (a) the 

product can be easily isolated by filtration, followed by evaporation of the solvent; and (b) 

heterogeneous permanganate oxidation often exhibits better reactivity and selectivity [14]. This 

oxidant is an inexpensive, water-soluble and stable oxidizing reagent that is commercially available 

quite easily [15]. The role of permanganate as a heterogeneous oxidant adsorbed on solid support in 

solvent free condition is thus a very good field of study. 

2. Chemistry of KMnO4:  Preparation and modification 

Potassium permanganate (KMnO4) is one of the most versatile and vigorous oxidizing agent that is 

used to study the oxidation kinetics of several organic substrates. The permanganate (MnO4
-) ion in 

potassium permanganate has a tetrahedral geometry with extensive π-bonding; and manganese in 

permanganate has +7 oxidation state. It is stable in neutral or slightly alkaline pH range but in strong 

alkaline medium, it slowly disproportionate with hydroxide ion to form manganese(V) 

(hypomanganate) or manganese(VI) (manganate). At high pH, it is sometimes difficult to confirm 

whether an oxidation is proceeding via a one- or a two- electron process [16]. 
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Permanganate is produced by the oxidation of manganese dioxide(MnO2) ore in a two-stage 

process. At first MnO2 is oxidized to potassium manganate(VI) by oxygen in a concentrated  solution 

of potassium hydroxide and then to potassium permanganate electrochemically as shown- 

 

 

During organic synthesis reaction by permanganate oxidations, often a co-product manganese 

dioxide is produced. This manganese dioxide can be economically and effectively re-oxidized to 

permanganate by this process [17]. Thus, the use of potassium permanganate as an oxidant must be 

carried out under solvent-free or heterogeneous conditions [18] and the permanganate should be 

activated by using a solid support. But most of the solid supports like alumina [19,20], silica [21], 

zeolite [22], montmorillonite K10 [23], cation exchange resins [24], molecular sieves [25], or copper 

sulfate pentahydrate [26] interfere with the re-oxidation process. 

Later activated manganese dioxide was found to be a good solid support that can be recycled 

[27], but preparation of activated MnO2 is difficult. Hence in order to bypass activated MnO2, a new 

method has been developed for carrying out the reaction on a manganese(II) sulfate support [28]. The 

oxidant consisting of KMnO4 and MnSO4.H2O in a 5:1 ratio (by weight) is believed to be the most 

satisfactory approach. 

 

3. Varied established oxidation kinetics applying solid binded KMnO4 

3.1. Oxidation of Nitrogenous Compounds 

Potassium permanganate supported on solid alumina surface has been used for the oxidation of 

urazoles to triazolinediones. The novelty of the reaction lies on the fact that it is carried out under 

solvent-free conditions. The chemoselectivity of the reaction enhances the rate and yield in the 

reaction with a simple work-up procedure [29]. The modification is sustainable and green due to 

using no harmful solvent as well minimising the time for the completion. 

 

 

 

Scheme 1: Conversion of urazoles to triazolinediones 

In another such reaction, dehydrogenation of 2-imidazolines to their corresponding imidazoles can be 

effectively carried out by potassium permanganate supported on solid alumina with high yields, it 

also happened to shorten the reaction times and made the full organic transformation a easy work-up. 
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The formation of a ring double bond by this process requires very mild reaction condition and has 

excellent chemoselectivity [30]. 

 

 

 

 

Scheme 2: Conversion of 2-imidazolines to imidazoles 

Oximes, a class of nitrogen containing hydroxo compound, can effectively be converted into 

carbonyl compounds by alumina supported potassium permanganate under solid-state conditions 

[31]. 

 

 

Scheme 3: Conversion of oximes into carbonyl compounds 

 

The solvent free reaction condition along with no consumption of external heat energy is a better of 

its kind. The usefulness of the reaction lies in the fact that the genre of a nitrogenous substrate can be 

changed into a carbonyl non-nitrogenous compound and thus is very much useful in modern organic 

synthesis. 

Chemical cleavage reaction of DNA on solid-supported permanganate 

DNA samples to be tested were loaded on to silica beads and the DNA bound to the solid supports 

went chemical modification reactions with potassium permanganate and hydroxylamine in 3M 

tetraethylammonium chloride (TEAC) solution. Piperidine then simultaneously cleaved the modified 

DNA, which was removed from the solid supports to achieve DNA fragments without the 

requirements of DNA purification between reaction steps. Thus time-consuming DNA purification at 

each reaction step could be omitted, resulting a much faster cleavage reaction [32]. 

 

In the case of enamines, the reaction is thought to begin by bond formation between nitrogen 

and manganese, followed by oxidative attack on the contiguous double bond (Scheme 4) [33]. The 

reaction introduces a five-membered chelate-type ring with the olefinic compound and Mn-centre. A 

complete anhydrous condition is maintained throughout the reaction. 
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Scheme 4: Posssible reaction scheme for the oxidative cleavage of enamines 

 

Conversion of semicarbazones and phenylhydrazones to carbonyl compounds 

Wet silica-supported potassium permanganate was used as a cheap and efficient reagent for the 

conversion of semicarbazones 1a-q and phenylhydrazones 1r-y into the consequent carbonyl 

compounds 2a-y under solid-state conditions [34]. This reaction method is simple and easy with 

shorter reaction time (15-45 min) and product isolation is straightforward (Table 1 and Scheme 5). 

The very high amount of yield was recorded for such oxidation reactions. 

 

Table 1: Conversion of semicarbazones 1a–q and phenylhydrazones 1r–y to the carbonyl 

compounds 2a–y using KMnO4/wet SiO2 under solvent-free conditions 

Entry 

 

 R1 R2 Time(min) Yield (%) 

a Ph Me 15 90 

b Ph H 15 85 

c 3-ClC6H4 H 25 80 

d 3-MeOC6H4 H 20 91 

e PhCH=CH H 20 75 
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Scheme 5: Conversion of semicarbazones and phenylhydrazones to carbonyl compounds 

The oxidative cleavage of these derivatives occurs at room temperature in the absence of solvent. 

Also, this oxidation system can convert complicated semicarbazones in the presence of other 

oxidizable functional groups into the parent carbonyl compounds. 

f 4-BrC6H4 Me 25 70 

g 4-PhC6H4 Me 30 75 

h 4-Pyridyl Me 20 80 

i 1-Naphthyl H 15 78 

j 

 

_ 15 90 

k 

 

_ 15 88 

l 

 

H 20 76 

m 

 

_ 25 91 

n 

 

_ 30 80 

o 

 

_ 45 85 

p 

 

H 35 81 

q 
 

H 45 82 

r 3-MeOC6H4 H 40 70 

s 3,4-(MeO)2C6H3 H 25 77 

t Ph H 30 72 

u Ph Me 30 70 

v 2-HOC6H4 H 40 85 

w 2-HO(CH2)2C6H4 Me 45 78 

X 4-HOC6H4 H 20 90 

y 4-NO2C6H4 H 25 90 
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3.2. Oxidation kinetics of Non-Nitrogenous Compounds 

Sulfoxides which play an important role in organic chemistry can be prepared by alumina supported 

potassium permanganate oxidation compared to the older procedures which were expensive and not 

that safer. Solid state permanganate oxidation of sulfides is less expensive, safer with faster reaction 

rates and higher yield [14].  

 
 
 

 
 

Scheme 6: Conversion of sulfides to sulfoxides 
 
Disulfides bond formation is also important in organic synthesis, in biological active molecules and 

for protein stabilization and in peptides [35]. Most of the methods for coupling of thiols uses solvents 

that are toxic in nature. But alumina supported potassium permanganate solid-state oxidation of 

thiols to disulfides eliminates the toxic factor with higher yields and faster reaction time [14]. 

 

 
 

 

 
Scheme 7: Conversion of thiols to disulfides 

 

Most of the oxidation reaction of sulfides under solvent free condition results in the formation of 

sulfoxides. But sulfones can be efficiently produced from the oxidation of sulfides by permanganate 

with added MnO2 under both solvent-free and heterogeneous conditions. The yield is also improved 

in the presence of MnO2 [18]. 

 

 

 

Scheme 8a: Conversion of sulfides to sulfones (with added MnO2) 

 Activated MnO2 is a very good solid support that can be recycled [27], but it is difficult to prepare 

activated MnO2. Hence to bypass activated MnO2, a new method to conduct the oxidation on a 

manganese(II) sulfate support was developed.  KMnO4 and MnSO4 . H2O in a 5:1 ratio (by weight) 
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acts as the oxidant which can successfully convert sulfides into sulfones in good yields and shorter 

reaction times, under solvent-free and heterogeneous conditions [28]. 

 

  

 

Scheme 8b: Conversion of sulfides to sulfones (with added MnSO4) 

Lee et al. proposed a mechanism for the oxidation of thiols and sulfides. The oxidation of 

thiols lead to the formation of disulfides, which could be formed either by the nucleophillic attack on 

the complexed thiol or after it has been oxidized to a sulfenic acid (RSOH) [33]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Scheme 9: Oxidation of thiols and sulfides by solid supported permanganate 

 

Conversion of arenes into carbonyl compounds 

a) Addition of MnO2 accelerates the process of oxidation of alkyl arenes into carbonyl compounds by 

potassium permanganate under solvent-free and heterogeneous conditions [18]. 

 

 

 

(Scheme 10a) 
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b) Arenes can also be rapidly oxidised into carbonyl compounds in high yields by potassium 

permanganate with manganese(II) sulfate as a solid support under solvent-free and heterogeneous 

conditions [28]. 

 

 

(Scheme 10b) 

c) Normally benzoic acid results from the oxidation of Aromatic side-chain derivatives by 

permanganate in solution. But in the presence of a solid support like alumina, the oxidation leads to 

the formation of aromatic alcohols or ketones, depending upon the nature of benzylic carbons, i.e., 

the products are ketones when benzylic carbons are secondary and alcohols when they are tertiary. 

The reaction is very selective in nature and occurs under mild conditions [33]. 

 

 

 

 

 

 

 

(Scheme 10c) 

Scheme 10(a, b & c): Conversion of arenes into carbonyl compounds 

 

The rates of homogeneous hydrocarbon oxidations are usually controlled by the ease of C-H or C-C 

bond cleavage. Heterogeneous oxidations can be dependent upon the adsorption rate of the reactants 

or desorption rate of the product and the need for proper orientation of the adsorbed reactant [36]. 

The oxidation of arenes like cumene whose benzylic position have only one C-H bond, forms tertiary 

alcohols. The proposed mechanism of cumene oxidation is thought to initiate between the electron-

rich benzene ring and the electron-deficient manganese, i.e., electron donation takes place from the 

aromatic HOMOs to the manganese LUMO. Hydride transfer then takes place, resulting a 

carbocation, which reacts with water to give an alcohol [33]. 
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Scheme 11: Mechanism for the oxidation of cumene 

 

One of the cheap process for the oxidative deprotection of trimethylsilyl and tetrahydropyranyl ethers 

and deprotection of ethylene acetals to the corresponding carbonyl compounds in high yields is 

carried out by potassium permanganate under solvent-free conditions. The inexpensive reagents, 

simple work-up, mild reaction conditions, and high yield of the products, make this process a good 

and useful method for the oxidative deprotection of trimethylsilyl and tetrahydropyranyl ethers and 

deprotection of ethylene acetals to achieve the corresponding carbonyl compounds [15]. 

 

 

  

 

 

 

 

 

 

 

 

 

 
Scheme 12: Oxidative deprotection of trimethylsilyl and tetrahydropyranyl ethers and deprotection 

of ethylene acetals 
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3.3. Conversion of alcohols to carbonyl compounds 

a) Oxidations with KMnO4 supported on alumina 

A very fast and simple method for the oxidation of alcohols to carbonyl compounds was 

accomplished in high yields by potassium permanganate oxidation on solid support alumina under 

solvent-free conditions. It may be noted that in a mixture of primary and secondary alcohol, the 

primary one is selectively oxidized. No overoxidation to carboxylic acids or double bond cleavage as 

in the case of allylic alcohols is found [37]. 

 

 

Scheme 13a: Oxidation of alcohol 

b) Oxidations with KMnO4 supported on aluminium silicate 

Again, permanganate adsorbed on solid support aluminium silicate can selectively oxidize primary 

alcohols to aldehydes, also oxidizes secondary alcohols to ketones. Thus, this reagent competes 

successfully over those reagents reported only for oxidizing secondary alcohols [38]. 

 

 

Scheme 13b: Oxidation of alcohol 

Comparing with the supported KMnO4 reagents that oxidizes primary alcohols, this KMnO4-

aluminium silicate has extra advantages of shorter reaction times and higher yields over KMnO4-

kieselgurh. 

c) Oxidations with KMnO4 supported on aluminium silicate and with shaking 

Lou et al. reported a new and efficient method for the selective oxidations of alcohols to the 

corresponding aldehydes and ketones by aluminium silicate supported potassium permanganate 

under solvent-free conditions and with shaking [39].  

 

 

Scheme 13c: Oxidation of alcohol 
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This oxidation method is excellent because it is completed within 60 min time period, with high 

yields of the products and of its applicability to a range of alcohols, as can be seen in Table-2. 

Table 2: Oxidation of alcohols by aluminium silicate supported potassium permanganate and 

with shaking 

 

Substrate Reaction-time 

(min) 

Product Yield (%) 

 
60 

 
81 

 40  93 

 
40  97 

 30  97 

 30  95 

 30  90 

 
40 

 
93 

Cyclohexanol 40 Cyclohexanone 97 

 40  98 

 40  93 

 
50 

 
89 

 
40 

 
93 

Cyclopropylmethanol 50 Cyclopropylformaldehyde 89 

Dicycloproprylmethanol 50 Dicyclopropylketone 90 

 

d) Oxidation of allyl and benzyl alcohols by KMnO4 supported on copper(II) sulfate 

pentahydrate or hydrated alumina 

Potassium permanganate adsorption onto solid supports like copper(II) sulfate pentahydrate or 

hydrated alumina  promotes the oxidation of alcohols, particularly allyl and benzyl alcohols. The 

positioning of the α-H closer to permanganate, resulting in an easy hydride transfer facilitates the 

oxidation of benzyl alcohols as illustriated in the Scheme 13d. Similarly, α-β unsaturated alcohols 

can be oxidized if their double bonds are complexed with manganese in an analogous manner. Other 

unsaturated alcohols with one or more methylene groups between the double bond and carbon 

bearing the hydroxyl group cannot be oxidized due to such α-H positioning [33]. 
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Scheme 13d: Oxidation of alcohol 

e) Oxidation of allylic alcohols (with added MnO2) 

 Addition of manganese dioxide(MnO2) accelerates the oxidation of allylic alcohols by potassium 

permanganate under solvent-free and heterogeneous conditions. The yields of the product greatly 

increased when MnO2 was added under both solvent-free and heterogeneous conditions [18]. 

 

 

 

 

Scheme 13e: Oxidation of alcohol 

4. Future prospect 

Not only the mentioned functional groups but also many other oxidation reactions may be performed 

for having profound effect in solvent free media. Interestingly the reaction can also be performed 

under the catalytic presence of supramolecular nano-reactors, like surfactants or other nanoparticles. 

There are several reactions using Mn or Cr are reported to produce significant important 

improvement in organic functional group transformation reaction in association with micellar 
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catalysis. Solid supported MnO4 might be an option to investigate for further sustainable 

development of this type of reactions in either solvent free or in aqueous media. The proposed 

mechanism may invoke that the active oxidant preferably may get accumulated in the aqueous phase 

in presence of ionic surfactants but partitioned between water and micellar phase in presence of non-

ionic surfactant and thus will have higher chance of faster kinetics superior yield. 

5. Conclusions 

KMnO4 supported on solid alumina or silica has been established for its efficient oxidatising ability 

of urazoles to triazolinediones, dehydrogenation of 2-imidazolines to their corresponding imidazoles, 

oxidation of alcohols to aldehydes and ketones under solvent-free conditions and superior stereo and 

chemo-selectivity. The oxidation of sulfides and thiols to sulfoxides and disulfides, oxidative 

deprotection of trimethylsilyl and tetrahydropyranyl ethers and of ethylene acetals to the 

corresponding carbonyl compounds has also been reported. This method offers several advantages 

including high yields, short reaction times, easy work-up, very mild reaction conditions and excellent 

chemoselectivity, and finally its ‘benign by design’ nature made it an ideal for the use in modern 

organic synthesis. The studies of oxidation of organic compounds by KMnO4 with and without added 

MnO2, under solvent-free and heterogeneous conditions at room temperature provided its utility in 

modern organic synthesis. Solvent free oxidation of primary and secondary alcohols using KMnO4 

supported on aluminium silicate at room temperature by shaking is a new and efficient method for 

the preparation of the corresponding aldehydes and ketones. The oxidation of arenes and sulfides by 

potassium permanganate was accomplished in good yields again under solvent free and 

heterogeneous conditions. 
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