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ABSTRACT 
The reported study deals with the selective synthesis of benzaldehyde and substituted benzaldehydes by the 
permanganate oxidation of benzyl alcohols under phase transfer catalysis in non-polar solvents. This selective 
oxidation of benzyl alcohols with phase transferred permanganate was studied in a two-phase system at 30 º C. The 
phase transfer catalysts used were quaternary ammonium and phosphonium salts with ethyl acetate and toluene as 
the solvents.  Permanganate ion was transferred into the organic phase with the help of phase transfer catalysts and 
able to oxidize benzyl alcohols to corresponding benzaldehydes even in the absence of mineral acids. The reaction 
was found to be highly selective since no formation of benzoic acid or substituted benzoic acids were detected and 
the yield of corresponding benzaldehydes was found to be more than 90%. The products obtained were precipitated 
as 2,4-dinitrophenylhydrazone and the recrystallized products were analyzed by melting point and by spectroscopic 
techniques like infra-red and UV-visible analyses. The stoichiometry of the oxidation was established as two moles 
of permanganate were found to be equivalent to three moles of benzyl alcohols. A suitable reaction path according 
to the observations is proposed with Stark’s phase transfer catalytic cycle. 
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INTRODUCTION 
Different oxidizing agents were employed in various oxidation reactions and have great significance in 
the synthesis of organic compounds of industrial importance.1,2 Various oxidants like permanganate, 
chromate, hypochlorite, hydrogen peroxide etc. were used commonly in many oxidation transformations. 
Permanganate is a strong, inexpensive oxidant that is widely used in organic synthesis.3-6 Since most of 
the organic compounds are soluble only in non-polar solvents, the application of permanganate ion as an 
oxidant is limited in organic synthesis. This is the case in most of the common oxidants used nowadays. 
The introduction of phase transfer catalysis (PTC) has brought dramatic changes in organic synthesis by 
enhancing the solubility of anions in non-polar solvents with their ability to catalyze the reaction.  PTC is 
one of the most efficient methods that can be used to carry out various chemical reactions under mild 
conditions with improved results. Application of PTC in organic synthesis provides cost reduction and 
pollution prevention which is highly significant in the era of green chemistry.7-9 Phase transfer catalysts 
(PT catalysts) transfer the reactive permanganate ions from the aqueous phase to the organic phase and 
effecting the reaction in the organic medium with ease. PTC method involves the transfer of inorganic 
anions from the aqueous medium into the non-polar organic medium in the form of an ion-pair with the 
cationic moiety of PT catalyst having appropriate size and lipophilicity. The anions thus transferred and 
poorly solvated in the organic medium is found to exhibit greater reactivity. This enables the substrate to 
react faster in the non-polar medium in the presence of a PT catalyst. The reaction can be carried out in a 
biphasic system involving an inexpensive non-polar aprotic solvent and water without using highly polar 
solvents. The commonly used PT catalysts used are crown ethers and quaternary onium salts in which the 
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quaternary onium salts are more suitable in selectivity, ease of use and low cost.10,11 Even a small quantity 
of PT catalyst can transfer inorganic oxidant from the aqueous phase to the organic phase in the form of 
an ion pair. The active oxidant as ion pair in the organic phase interacts with the substrate forming the 
product with the enhanced rate at optimum conditions. There are reports on using permanganate, 
chromate, hypochlorite etc. as an oxidizing agent in organic synthesis under PTC for the oxidation of 
various organic compounds.12-19 But reports on the selective oxidation of benzyl alcohols to 
corresponding benzaldehydes using permanganate under PTC is scanty and hence the present work is 
reported. Even though there are reports on similar work, the PT catalysts used were crown ethers which 
are inferior to quaternary onium salts in terms of selectivity, availability, purity, cost and reactivity.20,21 
Permanganate ion is considered a strong oxidizing agent and it is very difficult to give selectivity in 
product formation since further oxidation cannot be prevented in normal conditions. The uniqueness of 
the reported work is that benzyl alcohols were selectively oxidized to corresponding benzaldehydes and 
no traces of benzoic acid were detected at the reported experimental conditions. This shows the 
selectiveness and mildness of permanganate ion under PTC which can be considered as a unique 
character of permanganate in oxidation reactions. 
This paper reports the selective oxidation of benzyl alcohol and its para-substituted derivatives using 
various quaternary phosphonium and ammonium salts as PT catalysts in various organic solvents namely 
ethyl acetate and toluene by permanganate. These reactions were carried out at 30 ºC by simple stirring on 
a magnetic stirrer for half an hour carried in greener solvents like ethyl acetate and toluene. The 
substituted benzyl alcohols used were 4-hydroxy benzyl alcohol, 3-hydroxy benzyl alcohol, 4-
chlorobenzyl alcohol, 3-chlorobenzyl alcohol, 4-methoxybenzyl alcohol, 3-methoxybenzyl alcohol, 4-
nitrobenzyl alcohol, 3-nitrobenzyl alcohol and 4-methylbenzyl alcohol. The PT catalysts used were 
tetrabutylammonium bromide (TBAB), tetrabutylphosphonium bromide (TBPB), tetrabutylammonium 
hydrogen sulphate (TBAHS) and cetyltrimethylammonium bromide (CTMAB). 
 

EXPERIMENTAL 
Material and Methods 
Analar grade potassium permanganate (Merck, India) was used and its solution was prepared in doubly 
distilled water. Benzyl alcohol (Merck, India, AR) was further purified by distillation under reduced 
pressure. The substituted benzyl alcohols, 4-hydroxybenzyl alcohol, 3-hydroxybenzyl alcohol,                
4-chlorobenzyl alcohol, 3-chlorobenzyl alcohol, 4-methoxybenzyl alcohol, 3-methoxybenzyl alcohol, 4-
nitrobenzyl alcohol, 3-nitrobenzyl alcohol and 4-methylbenzyl alcohol (Spectrochem, India Ltd. Mumbai 
and Merck KGaA, Germany) were used as such. Tetrabutylammonium bromide (TBAB), 
tetrabutylammonium hydrogen sulphate (TBAHS) and cetyltrimethylammonium bromide (CTMAB) 
(Spectrochem India Ltd. Mumbai) and tetrbutylphosphonium bromide (Merck KGaA, Germany) were 
used as PT catalyst.  The organic solvents toluene and ethyl acetate were purified according to the 
standard procedure.22,23 The purified solvents were refluxed for 1-2 hours with a mixture of PT catalyst 
and potassium permanganate and then distilled.  
 
General Procedure 
Synthetic analysis was carried out in a heterogeneous fashion under room temperature of 30°C.  Benzyl 
alcohol and substituted benzyl alcohols (0.1 mol) were dissolved in 50 mL toluene or ethyl acetate which 
contains 0.01 mol PT catalyst was mixed with 50 mL (0.5 mol) potassium permanganate. The mixture 
was stirred vigorously using a magnetic stirrer for about thirty minutes at 30º C. The organic layer was 
extracted with ether three times.  This organic layer was again extracted with 10% sodium bicarbonate 
and both organic and aqueous layers were separated. A saturated solution of 2,4-dinitrophenylhydrazine 
in HCl was added to the organic layer and kept overnight in a refrigerator. The precipitated                   
2,4-dinitrophenylhydrazone (DNP) was filtered off, recrystallized from ethanol, dried and weighed. The 
same procedure was repeated for all the substrates in both solvents. The products were analyzed with their 
melting point and other qualitative spectral techniques like UV-visible spectroscopy and infra-red 
spectroscopy. The aqueous layer after extraction with sodium bicarbonate was acidified with concentrated 
HCl to detect the presence of acid. The stoichiometry of the reaction was determined by mixing a known 
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quantity of benzyl alcohol with a known excess quantity of phase transferred permanganate and by 
estimating the [permanganate] remaining after completion of the reaction. 
 

RESULTS AND DISCUSSION 
The stoichiometry of the oxidation was established by the equilibrating known excess concentration of the 
phase transferred permanganate with a known amount of the corresponding alcohol.  Two moles of 
permanganate were found to be equivalent to three moles of benzyl alcohols. 
 

3PhCH2OH + 2Q+MnO4
-  → 3PhCHO + 2Q+(OH)- +2H2O 

 

All the substrates (benzyl alcohol and substituted benzyl alcohols) on oxidation with permanganate under 
PTC in non-polar solvents at room temperature gave corresponding aldehydes as the product. The yield 
was found to be very high (above 90%) and under the experimental conditions and there is no further 
oxidation of the aldehyde to acid even after stirring for three hours. This is evident from the absence of 
benzoic acid or substituted benzoic acids in the reaction mixture. The recrystallized sample of products in 
the form of 2,4-dinitrophenylhydrazone was characterized by its melting point and is given in Table-1. 

 
Table-1: Melting Point of Products in the form of 2,4-DNP on oxidation of Benzyl Alcohol and substituted Benzyl 

Alcohols 
 

 
S. No. 

 

 
Substrate 

 

Melting point of DNP 
of product (0C) 

 1 Benzyl alcohol 239 + 2 

2 4-chlorobenzyl alcohol 255 + 1 

3 3-chlorobenzyl alcohol 255 + 1 

4 4-nitrobenzyl alcohol 320 + 2 

5 3-nitrobenzyl alcohol 290 + 1 

6 4-hydroxybenzyl alcohol 272 + 2 

7 3-hydroxybenzyl alcohol 255 + 2 

8 4-methylbenzyl alcohol 233 + 2 

9 4-methoxybenzyl alcohol 252 + 1 

10 3-methoxybenzyl alcohol 253 + 1 

 
The above results were compared with the reported values of authentic samples and found to show 
excellent similarity proving the formation of corresponding aldehydes. This was further confirmed by 
infra-red and UV- visible spectral techniques by taking benzyl alcohol as the typical substrate. The infra-
red absorption spectrum of the 2,4-DNP of the obtained product was recorded from KBr pellets using 
Jasco FT-IR 4100 spectrophotometer (Japan) and is shown in Fig.-1. The infra-red spectrum showed 
peaks at 3065 cm-1 (aromatic C-H stretching), 2820 cm-1 (aldehydic C-H stretching, asymmetric),       
2740 cm-1 (aldehydic C-H stretching, symmetric), 1700 cm-1 (C=O stretching), 3065 cm-1 (aromatic  C-H 
stretching), 1490 cm-1 and 1600 cm-1 (C=C stretching in aromatic ring). The presence of these specified 
peaks leads to the conclusion that the product formed may be benzaldehyde. Furthermore, this spectrum 
was compared with that of pure benzaldehyde and found to have excellent similarities. 
UV-Visible absorption of the product in the form of 2,4-DNP on the oxidation of benzyl alcohol was 
recorded by Hitachi U-3000 UV-Visible spectrophotometer using 1 cm quartz cell and Spectro grade 
ethanol (Merck, India) as a solvent and is given in Fig.-2. The UV-Visible spectrum of 2,4-DNP of the 
product showed intense peaks at 235 nm and 353 nm which were assigned to -* and n-* transition of 
the aromatic compound. The UV-Visible spectrum of the obtained product was compared with that of 
2,4-DNP of pure benzaldehyde and gave excellent similarities. 
The selective oxidation process of benzyl alcohols by phase transferred permanganate was followed by 
spectrophotometrically to find out the reaction pathway. The presence of isosbestic points at 498 nm and 
582 nm in the sequential scan of the absorption spectrum of the reaction mixture proved the formation of 
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a single product with a similar reaction path and rules out a complicated sequence of events during the 
reaction.24,25 

 
Fig.-1: Infra-red Spectrum of 2,4-dinitrophenylhydrazone of Product 

 
Fig.-2: UV-Visible Spectrum of 2,4-dinitrophenylhydrazone of pure benzaldehyde(A)  
and   2, 4- dinitrophenylhydrazone of product on the oxidation of benzyl alcohol (B) 

 

Selective oxidation of benzyl alcohol and its para-substituted derivatives by permanganate ions in non-
polar solvents under phase transfer catalysis gave corresponding benzaldehydes. This simple process is 
found to be highly selective since there are no traces of acids and benzaldehyde and substituted 
benzaldehydes were formed with high yield and purity. All the PT catalysts used in the oxidation 
functioned well in their catalytic activity, but the yield and ease of reaction are slightly different as in the 
order TCMAC > TBPB > TBAB > TBAHS > CTMAB. This is on account of changes in the combination 
of alkyl or aryl groups and also may be due to the differences in the activity of anions for phase transfer. 
The cationic part of PT catalyst requires that they collectively should have sufficient organic structure to 
transfer the desired anion into the organic phase. Thus, PT catalysts having larger alkyl or aryl groups 
with an almost symmetric structure are most effective both in anion transfer and in reactivity. Therefore, 
TCMAC with more bulky and symmetrical alkyl groups has higher reactivity in comparison with other 
PT catalysts used. Even though both TBPB and TBAB have the same alkyl part, phosphonium ion is 
always a better central onium atom with more reactivity than ammonium and hence TBPB gives a higher 
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yield than TBAB. Both TBAHS and CTMAB also function as good PT catalysts but there is a tendency to 
form an emulsion in most of the reactions involving these catalysts.  The reaction is very simple and fast 
in both ethyl acetate and toluene, but the yield of the product is found to be slightly more in ethyl acetate 
than that in toluene. The solubility and partitioning behaviour of the quaternary salts are markedly 
affected by slight changes like the organic phase. Solubility and partitioning of quaternary onium salts are 
increased by increasing the polarity of the aprotic organic phase. Ethyl acetate is more polar than toluene 
and hence ethyl acetate is a better solvent than toluene in terms of ease of reaction, better yield and 
consideration as a green solvent. Based on the experimental results obtained, a possible Stark’s phase 
transfer catalytic cycle for the oxidation of benzyl alcohols by permanganate ions is given in Scheme-1 
and a possible reaction path is given in Scheme-2. 
 

 
Scheme-1: Stark’s Catalytic Cycle for the Oxidation of Benzyl Alcohol by Permanganate 

 

 
Scheme-2: Reaction Path for the Oxidation of Benzyl Alcohols by Permanganate 

 

CONCLUSION 
In summary, a simple, efficient, selective green method for the conversion of benzyl alcohols to 
corresponding benzaldehydes under PTC was reported. Permanganate ions were used as the oxidant and 
the reaction was found to be highly selective and smooth with excellent yield. Greener solvents were used 
for this conversion and there was no formation of by-products. The method reported hereunder PTC is 
found to be very unique in selectivity, mildness, yield and ease of reaction especially permanganate ion is 
used as oxidant. This method can also be adapted to other reaction systems by which all the above 
mentioned qualities can be achieved and can be incorporated in chemical industries with the motto of cost 
reduction and pollution prevention. 
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