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I N T R O D U C T I O N

Oxidation is an important type of reaction for manufac-
turing of various chemicals of industrial significance. Usually,
oxidizing agents like permanganate, dichromate, hypochlorite,
hydrogen peroxide, bromate, ferrate etc. are used for the oxida-
tion of organic compounds [1-5]. But these reactions are very
slow even at high temperature due to the inability of inorganic
oxidants to dissolve in organic solvents where the substrate is
dissolved. Rapid stirring at high temperature and the use of
dipolar aprotic solvents like dimethyl sulphoxide (DMSO) or
dimethylformamide (DMF) were the earlier methods to
conduct such reactions [6-8]. The application of dipolar aprotic
solvents had brought some improvements in such reactions.
But disadvantages like the toxicity and high cost of DMSO
and DMF, requirement of high reaction time and temperature,
difficulty in product separation, lack of purity of products, etc.
adversely affected this method for a wider application.

Phase transfer catalysis (PTC) can easily overcome these
problems in such situations. This technique has been shown
to enhance the reactivity in different types of reactions. The

Benzyl chloride, benzyl bromide and their para substituted derivatives
were selectively oxidized to corresponding benzaldehydes by acidified
monochromate in toluene and ethyl acetate with the help of phase
transfer catalysts like tetrabutylphosphonium bromide (TBPB), tetra-
butylammonium bromide (TBAB), tetrabutylammonium hydrogen
sulphate (TBAHS), cetyltrimethylammonium bromide (CTMAB) and
tricaprylmethylammonium chloride (TCMC). The reaction was
carried out by simple magnetic stirring for about 2 h at 60 ºC. The
products were recrystallized and analyzed by infrared and UV-visible
spectral techniques. Benzaldehyde and substituted benzaldehydes
were formed in good yield (> 90%) on oxidation of benzyl chlorides
and benzyl bromides. The reaction is proved to be highly selective
due to the absence of acids or any other products during the reaction.
All the phase transfer catalysts were highly effective in bringing out
the reaction in both the solvents. This is highly significant as the
oxidation reaction will not occur in non-polar solvents without the
presence of phase transfer catalysts.

A B S T R A C T

https://orcid.org/0000-0002-5294-4842
https://orcid.org/0000-0003-3988-490X


method involves transfer of inorganic anions from the polar
medium into the non-polar organic medium in the form of an
ion-pair with the cationic moiety of the phase transfer catalyst
with appropriate size and lipophilicity. The anions thus trans-
ferred and poorly solvated in the organic media exhibit greater
reactivity. This enables the substrate to react faster in the non-
polar media in the presence of phase transfer catalyst. Phase
transfer catalysis is a powerful tool used in various chemical
industries [9-11]. The reaction can be accomplished in a
biphasic system involving an inexpensive non-polar aprotic
solvent and water without using DMSO or DMF which are
highly polar solvents. A phase transfer catalyst is soluble in
both solvents and hence can carry anions of inorganic salts
into organic solvents as an ion pair and returns them into the
water phase after the reaction is over. Reactions usually progress
smoothly under mild conditions with easy workup procedures.
The scope of PTC technology is most appropriately understood
by considering a range of reactions for which PTC is made
applicable [12,13]. Typical phase-transfer catalysts are
quaternary ammonium salts, crown ethers and phosphonium
compounds, etc. [14-16]. Other compounds like n-alkyl phos-
phoramides (particularly n-dodecyl or n-hexadecyl), methylene
bridged phosphorous and sulphur oxides, tris[2-(2-methoxy-
ethoxy)ethyl]amine (TDA-1) are also used as phase transfer
catalysts. Sufficient reports are available on the selective oxidation
of primary and secondary alcohols to aldehydes by chromate,
hypochlorite, permanganate, etc. in non-polar medium under
PTC [17-22]. But such reports on the selective oxidation of benzyl
halides are scanty and hence the present work is reported [23-25].

The present paper reports the selective oxidation of benzyl
chloride, benzyl bromide and their para substituted derivatives
by acidified monochromate with the aid of various quaternary
ammonium and phosphonium salts as phase transfer catalysts
in ethyl acetate and toluene by stirring using a magnetic stirrer
at 60 °C for about 2 h.

E X P E R I M E N T A L

Potassium dichromate and sodium carbonate (extra pure,
AR, Sisco Research Laboratories Pvt. Ltd., India) were used
as such throughout the experiment and their solutions were
prepared in doubly distilled water. Benzyl chloride and benzyl
bromide (Spectrochem Pvt. Ltd., India) was distilled under
reduced pressure for further purification. 4-Chlorobenzyl
bromide, 4-bromobenzyl chloride, 4-nitrobenzyl chloride, 4-
methoxybenzyl chloride, 4-methoxybenzyl bromide, 4-methyl-
benzyl chloride, 4-methylbenzyl bromide, 4-hydroxybenzyl
chloride, 4-hydroxybenzyl bromide (Sigma-Aldrich Chemicals
Pvt. Ltd., India), 4-bromobenzyl bromide, 4-chlorobenzyl
chloride and 4-nitrobenzyl bromide (Spectrochem Pvt. Ltd.,
India) were of high purity. The phase transfer catalysts, tetra-
butylammonium bromide (TBPB) (Merck KGaA, Germany),
tetrabutylammonium bromide (TBAB), cetyltrimethylammonium
bromide (CTMAB), tetrabutylammonium hydrogen sulphate
(TBAHS) and tricaprylmethylammonium chloride (TCMAC)
(Sisco Research Laboratories Pvt. Ltd., India) were also used
as such. The organic solvents, toluene and ethyl acetate (Sisco
Research Laboratories Pvt. Ltd., India) were used after purifi-
cation according to the standard procedure [26,27].

General procedure: The stoichiometry of the reaction
between benzyl halide and acidified monochromate ions was
determined by taking excess of [monochromate] over [benzyl
halide] and allowing the reaction for completion at 60 °C.
Under this condition, all the benzyl halides taken would be
completely reacted leaving the unreacted monochromate. The
concentration of remaining monochromate was estimated
spectrophotometrically at 365 nm and from this, the stoichio-
metry of the reaction is determined.

Oxidation of benzyl halides were carried out in a hetero-
geneous fashion. Benzyl chloride and benzyl bromide (0.1
mol) were dissolved in 50 mL ethyl acetate and toluene conta-
ining 0.01 mol phase transfer catalyst and were mixed with
50 mL K2Cr2O7 (0.5 mol) containing 2 mol dm-3 H2SO4 and a
pinch of sodium carbonate. These reaction mixtures were stirred
vigorously using a magnetic stirrer for about 2 h at 60 °C. The
organic layers of the reaction mixtures were extracted with
ether three times after the completion of the reaction. These
organic layers were again extracted with 10% sodium bicar-
bonate solution and both organic and aqueous layers were
separated. A saturated solution of 2,4-dinitrophenylhydrazine
in HCl was added to the organic layers and kept overnight in a
refrigerator. The precipitated 2,4-dinitrophenylhydrazone (DNP)
of both the oxidation reactions were filtered off, dried and
weighed. The products after recrystallization from ethanol were
characterized by its melting point in triplicate and other
qualitative analytical techniques like infrared and UV-visible
spectroscopy. The aqueous layers after extraction with sodium
bicarbonate were acidified with conc. HCl. This procedure was
repeated with substituted benzyl chlorides and benzyl bromides
in ethyl acetate and toluene using various phase transfer catalysts.

R E S U L T S A N D   D I S C U S S I O N

The stoichiometry of the reaction was established by equili-
brating known excess concentration of the phase transferred
monochromate with known amount of the benzyl halide. One
mole of monochromate was found to be equivalent to three
moles of benzyl halides.

3PhCH2X + Cr(VI) → 3PhCHO + Cr(IV) + 6HX

3Cr(IV) → Cr(VI) + 2Cr(III)

where X = Cl or Br

The products on oxidation of benzyl halides by acidified
monochromate in non-polar solvents were precipitated in the
form of DNP and have been recrystallized from ethanol. The
recrystallized products after drying were characterized by its
melting point in triplicate. The melting points of 2,4-dinitro-
phenylhydrazone (DNP) of products of benzyl chlorides and
bromides are given in Table-1.

The infrared absorption spectra of the products by taking
benzyl chloride and benzyl bromide as standards on oxidation
by acidified monochromate were recorded from KBr pellets
using Jasco FT-IR 4100 spectrophotometer (Japan). The infrared
spectral data of products formed on the monochromate oxidation
of benzyl halides and substituted benzyl halides are given
below:
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TABLE-1 
MELTING POINTS OF PRODUCTS ON OXIDATION  

OF BENZYL HALIDES AND SUBSTITUTED  
BENZYL HALIDES BY MONOCHROMATE 

Melting point (°C) 
Substrate 

Chloride Bromide 
Benzyl halide 235 ± 2 234 ± 2 
4-Chlorobenzyl halide 252 ± 2 254 ± 2 
4-Bromobenzyl halide 257 ± 2 255 ± 2 
4-Hydroxybenzyl halide 272 ± 2 270 ± 2 
4-Methoxybenzyl halide 251 ± 2 250 ± 2 
4-Methylbenzyl halide 230 ± 2 232 ± 2 
4-Nitrobenzyl halide 320 ± 2 321 ± 2 
Halide = chloride or bromide 

 
2,4-Dinitrophenyl hydrazone of benzaldehyde: Yield

92%; orange solid; m.p.: 235 °C, m.w.: 286.24; IR (KBr, νmax,
cm-1): 3290 (N–H), 3090 (C–H), 1750 (C=N), 1630 (C=C),
1510 (Ar–NO2 asymm), 1330 (Ar–NO2 sym), 1140 (C-NH).
UV-visible (ethanol, λmax, nm): 235 (π-π*), 355 (n-π*).

2,4-Dinitrophenyl hydrazone of 4-chlorobenzaldehyde:
Yield 89%; orange solid; m.p.: 252 ºC, m.w.: 320.69; IR (KBr,
νmax,  cm-1): 3285 (N–H), 3080 (C–H), 1750 (C=N), 1630
(C=C), 1510 (Ar–NO2 asymm), 1330 (Ar–NO2 sym), 1140 (C-
NH), 860 (C-Cl).

2,4-Dinitrophenyl hydrazone of 4-bromobenzaldehyde:
Yield 88%; orange  solid; m.p.: 257 °C, m.w.: 445.04; IR (KBr,
νmax, cm-1): 3285 (N–H), 3080 (C–H), 1750 (C=N), 1630
(C=C), 1510 (Ar–NO2 asymm), 1330 (Ar–NO2 sym), 1140 (C-
NH), 670 (C-Br).

2,4-Dinitrophenyl hydrazone of 4-hydroxybenzalde-
hyde: Yield 91%; orange  solid; m.p.: 272 °C, m.w.: 302.24;
IR (KBr, νmax, cm-1): 3290 (N–H), 3090 (C–H), 1750 (C=N),
1630 (C=C), 1510 (Ar–NO2 asymm), 1330 (Ar–NO2 sym),
1140 (C-NH), 3620 (O-H).

2,4-Dinitrophenyl hydrazone of 4-methoxybenzalde-
hyde: Yield 93%; orange  solid; m.p.: 251 °C, m.w.: 316.27;
IR (KBr, νmax, cm-1): 3295 (N–H), 3110 (C–H), 1750 (C=N),
1630 (C=C), 1510 (Ar–NO2 asymm), 1330 (Ar–NO2 sym),
1140 (C-NH), 2790 (C-H).

2,4-Dinitrophenyl hydrazone of 4-methylbenzaldehyde:
Yield 92%; orange  solid; m.p.: 230 °C, m.w.: 300.27; IR (KBr,
νmax, cm-1): 3295 (N–H), 3110 (C–H), 1750 (C=N), 1630
(C=C), 1510 (Ar–NO2 asymm), 1330 (Ar–NO2 sym), 1140 (C-
NH), 2875 (C-H).

2,4-Dinitrophenyl hydrazone of 4-nitrobenzaldehyde:
Yield 87%; orange  solid; m.p.: 320 °C, m.w.: 331.27; IR (KBr,
νmax, cm-1): 3290 (N–H), 3080 (C–H), 1750 (C=N), 1630 (C=C),
1510 (Ar–NO2 asymm), 1330 (Ar–NO2 sym), 1140 (C-NH),
1540 (Ar-NO2)

All the infrared spectra of products on oxidation with
acidified monochromate were compared with that of available
in literature and ascertained the formation of benzaldehyde
and para substituted benzaldehydes as products on oxidation
of corresponding benzyl halides.

The UV-visible absorption spectra of the products by
taking benzyl chloride and benzyl bromide as standards on
oxidation by acidified monochromate were recorded by Hitachi
U-3000 UV-visible spectrophotometer using 1 cm quartz cell
and spectro grade ethanol (Merck, India) as solvent which is

given in Fig. 1. The UV-visible spectrum of DNP of product
on the oxidation of benzyl chloride showed intense peaks at
235 and 355 nm and were assigned to π-π* and n-π* transitions
of the compound which are characteristics of DNP of benzal-
dehyde. The product absorbs UV radiation due to transition
of electrons from highest occupied molecular orbital (HOMO)
to highest unoccupied molecular orbital (LUMO).
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Fig. 1. UV-visible spectrum of DNP of product on oxidation of benzyl
chloride

Oxidation of benzyl chlorides and benzyl bromides by
acidified monochromate ions in non-polar solvents under phase
transfer catalysis gave corresponding benzaldehydes. This
procedure is found to be highly selective since there is no traces
of acids and benzaldehyde and substituted benzaldehydes were
formed with high yield and purity. All the phase transfer catalysts
performed well in their catalytic activity in oxidation reactions
but the yield and ease of reaction is slightly different and is in
the order TCMAC > TBPB > TBAB > TBAHS > CTMAB.
This is due to changes in combination of alkyl or aryl groups
and also may be due to the difference in the activity of anions
for phase transfer as explained earlier [11]. The primary require-
ment of the cationic part of phase transfer catalyst is that they
collectively should have sufficient organic structure to transfer
the desired anion into the organic phase. It is already establi-
shed that larger alkyl or aryl groups with almost symmetric
structure are most effective both in anion transfer and in reac-
tivity. Therefore, TCMAC with more bulky and symmetrical
alkyl groups has higher reactivity on comparison with other
phase transfer catalyst used. Even though both TBPB and TBAB
have same alkyl moiety, phosphonium is always a better central
onium atom with more reactivity than ammonium and So TBPB
gives higher yield of the product than TBAB. Both TBAHS
and CTMAB are also considered as good phase transfer catalysts
but there is a tendency to form an emulsion in most of the
reactions involving these catalysts. The reaction took place
with ease in both ethyl acetate and toluene but yield of 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 in the nature of
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organic phase. Solubility and partitioning of quaternary salts
are increased by increasing the polarity of the aprotic organic
phase. Ethyl acetate is more polar than toluene and therefore
the former is a better solvent than toluene in terms of ease of
reaction, better yield and on consideration as a green solvent.
Based on the experimental results obtained, a possible Stark’s
phase transfer catalytic cycle is given in Scheme-I for benzyl
chlorides and in Scheme-II for benzyl bromides.

Q+HCrO4
–   +   PhCH2Cl PhCHO   +   Q+X–

Q+HCrO4
–   +   K+X– K+HCrO4

–   +   Q+X–

Scheme-I: Stark’s catalytic cycle for the oxidation of benzyl chloride

Q+HCrO4
–   +   PhCH2Br PhCHO   +   Q+X–

Q+HCrO4
–   +   K+X– K+HCrO4

–   +   Q+X–

Scheme-II: Stark’s catalytic cycle for the oxidation of benzyl bromide

A possible mechanism for the selective oxidation of
benzyl halides and para substituted benzyl halides by acidified
monochromate in non-polar medium can be formulated and
explained as follows. The conversion of benzyl halides and para
substituted benzyl halides to benzaldehydes and corresponding
para substituted benzaldehydes took place in two stages. In
the first stage, benzyl halides were oxidized to corresponding
benzyl alcohols by monochromate and subsequently these
benzyl alcohols were selectively oxidized to corresponding
benzaldehydes. Even though the reaction took place in two
stages, there was no formation of any other byproducts during
the entire course of the reaction. Monochromate ions were
identified as the active oxidant species which is formed in
acidified potassium dichromate solution with a pinch of sodium
carbonate in order to keep the pH in the range 6-8. These
reaction sequences are given in Scheme-III.

K2Cr2O7 Cr2O7
2–  + 2K+

Cr2O7
2–  +  H2O 2HCrO4

–

Na2CO3 +  Cr2O7
2– 2Na+  +  2CrO4

2–  +  CO2

CrO4
2– +  H+ HCrO4

–

Scheme-III: PTC reactions in aqueous phase

Addition of sodium carbonate helps to keep the pH at 6-8
which promotes the formation of monochromate ions in the
aqueous medium. Sodium carbonate reacted with dichromate
ions forming chromate ions which on reaction with sulphuric
acid forms acidified monochromate ion as the predominant
species. The monochromate ion formed in the aqueous phase
is transferred to the organic phase as an ion pair and shown in
Scheme-IV.

(Q+X–)aq +  (HCrO4
–)aq (Q+HCrO4

–)aq +  X–
aq

(Q+HCrO4
–)aq (Q+HCrO4

–)org

Scheme-IV: Phase transfer of active oxidant as an ion-pair

The monochromate ions in the form of ion-pair in the
organic phase is still reactive and oxidised benzyl halides first
to benzyl alcohol and then to benzaldehyde in a selective
manner with ease which is given in Scheme-V.

PhCH2X +  (Q+HCrO4
–)org PhCH2OCrO3H  + (Q+X–)org

PhCH2OCrO3H PhCH2OH + CrO3

PhCH2OH +  (Q+HCrO4
–)org PhCH2OCrO3

–Q+  + H2O

PhCH2OCrO3
–Q+ PhCHO  +  CrO2  + Q+  +  H+

HCrO4
–  +  H+ H2CrO4

(Q+X–)org (Q+X–)aq

Scheme-V: Oxidation of benzyl halides by monochromate in organic medium

Benzyl halides interacts with monochromate ions forming
a chromate ester which enjoys more stability in organic phase
rather than aqueous phase. Chromium(V) and chromium(IV)
are the possible intermediates in these reactions. Benzyl alcohol
formed in situ reacts further with monochromate in the organic
phase forming benzaldehyde. The ion-pair, after the reaction
returns back to the aqueous phase so as to complete the Stark’s
cycle. The same reaction sequence is followed by all para
substituted benzyl halides.

Conclusion

Oxidation of benzyl chlorides and benzyl bromides has
been carried out in toluene and ethyl acetate using acidified
monochromate as oxidant under phase transfer catalytic (PTC)
method. Sodium carbonate is added to the aqueous medium
to keep the pH between 6-8 which felicitates the transfer of
monochromate ions from the aqueous phase to organic phase
as an ion-pair. The phase transferred monochromate first oxidized
benzyl halides to benzyl alcohols and in the second stage it
effects the oxidation of benzyl alcohols to corresponding benzal-
dehydes. The products were identified as benzaldehyde and
substituted benzaldehydes in a selective manner with excellent
yield. The method adopted for oxidation is highly significant
in terms of use of greener solvents, lower reaction time and temp-
erature, high yield of products and no byproduct formation.
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