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Short Communication

Catalytic benzylation of isomeric xylenes with benzyl alcohol in the

presence of sulfuric acid
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Department of Applied Chemistry and Chemical Engineering, University of Dhaka, Dhaka-1000, Bangladesh

Abstract 

Benzylation of isomeric xylenes with benzyl alcohol in the presence of sulfuric acid as catalyst was studied and benzyl xylenes obtained in

high yield. The effects of the variation of reaction parameters such as temperature, molar ratio of xylene to benzyl alcohol, amount of sul-

furic acid and time of reactions were investigated. The yield of the products increased with the increase of each of the above-mentioned

parameters.
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Introduction

Benzylation of xylenes has earned much interest of the sci-

entists since alkylated/benzylated hydrocarbons can be used

as grease (Allison and Balack, 1953), transformer oil

(Ashimov et. al., 1969), plasticizers (Vol-Epshtein et. al.,
1964), pour point depressants (Lebedev et. al., 1960) and

lubricating oil (Akhmedov et. al., 1987; Bataafsche de,

1952). Benzylation of aromatic compounds using homoge-

neous acid catalysts is a commercially practiced Friedel-

Craft type reaction in organic synthesis (Olah, 1963). Olah

and co-workers are the pioneers of benzylation on aromatic

hydrocarbons by using various solid or protic acid catalysts

(Olah et. al., 1966). Aromatic hydrocarbons have been ben-

zylated with benzyl alcohol and benzyl chloride in the pres-

ence of ZnCl2, niobic acid treated with phosphoric acid and

TiCl4, Fe2O3 or Fe3O4, HY or HL zeolites and TiCl4
(Davister and Laszlo, 1993; Morais et. al., 1996). Catalytic

alkylations of isomeric xylenes with different alcohols have

been studied by several research groups (Bit et. al., 1986;

Sabu et. al., 1994; Patra and Kumar, 2002). Reports are also

available on the alkylation of isomeric xylenes with olefins

and other alkylating agents in presence of different catalysts

(Hiroshi and Higashimura, 1981; Rafique et. al., 2006; Satek

et. al., 2004; Sharanappa et. al., 2004; Saha et. al., 1997;

Kozorezov and Kuleshova, 1977). But alkylation of xylenes

with aromatic alcohols especially benzyl alcohol was not

studied so much. To the best of our knowledge, no attempt

has so far been made to investigate the reaction of isomeric

xylenes with benzyl alcohol in the presence of sulfuric acid. 

Sulfuric acid is the most effective and inexpensive catalyst

of the process, which has found wide industrial applications.

In the present work, the reactions of ortho-, para- and meta-

xylenes with benzyl alcohol in the presence of sulfuric acid

as catalyst have been investigated and the yield of benzyl

xylenes optimized using a set of input variables that includ-

ed reactant parameters (molar ratio of xylene to benzyl alco-

hol, and amount of catalyst) and processing variables (tem-

perature and reaction time).

Materials and methods 

The reactions were carried out in a three necked round bot-

tomed flask fitted with a condenser, a thermometer, a drop-

ping funnel and a stirrer. Xylene-catalyst mixture was

charged into the flask, heated to the temperature of the

experiment, the benzyl alcohol was introduced into the mix-

ture gradually over a certain period of time (time of addition)

with constant stirring. The reaction mixture was stirred for

another period of time (time of stirring) at the same temper-

ature after the addition of the total amount of benzyl alcohol.

The reaction mixture was then cooled to room temperature

and neutralized with an equivalent amount of 10% KOH

solution. The neutralized reaction mixture was then dis-

solved in diethyl ether, washed with distilled water several

times and dried with anhydrous magnesium sulfate.

Unreacted reactants and solvent were distilled off at atmos-

pheric pressure. The product thus obtained was subjected to

fractionation by distillation and characterized by physico-

chemical and spectral means.
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Results and discussion

Benzylation of o-xylene 

Reaction of o-xylene with benzyl alcohol was investigated in

the presence of sulfuric acid over the temperature range of

80 to 130ºC. The reaction in all cases gave benzyl o-xylene.

The effects of the variation of temperature, molar ratio of o-

xylene to benzyl alcohol, concentration and amount of sulfu-

ric acid and time of reaction on the yield of benzyl o-xylene

have been shown in Table I. 

From Table I, it is clear that the yield of the product

increased with the increase of temperature (Expt. No. 1, 2, 3

& 4) and molar ratio of o-xylene to benzyl alcohol (Expt.

No. 4, 5, 6 & 7). The yield of the product also depended on

the amount of catalyst and reaction time. The yield of benzyl

o-xylene increased with the increase of amount of catalyst

(Expt. No. 4, 8, 9 & 10) and reaction time (Expt. No. 4 &

11).

Therefore, the following conditions may be considered as

optimum (yield = 95.9%) for the production of benzyl o-
xylene: temperature = 130ºC, molar ratio of o-xylene to ben-

zyl alcohol = 8:1, amount of 94% sulfuric acid = 5% by wt.

of o-xylene and total reaction time (time of addition and time

of stirring after the addition of reagent) = 4 h.

The UV spectrum of benzyl o-xylene showed a strong

absorption band at λmax. = 276.80 nm in 0.01 M methanol

solution.

In the IR spectrum, absorption bands at 697 and 722 cm-1

indicated the presence of 1,2,3-trisubstituted benzene ring,

while bands at 831 and 879 cm-1 accounted for the presence

of 1,2,4-trisubstituted benzene ring. Aromatic C...C stretch,

saturated C-- H stretch and aromatic =C-- H were observed at

1602, 2919 and 3060 cm-1 respectively.

The 1H NMR-spectrum of benzyl o-xylene showed signals at

δ = 2.04-2.44 ppm for six protons on the two-- CH3 groups,

while signals for two protons of --  CH2-- on benzyl group 

were observed at δ = 3.81-4.04 ppm. Signals for all the pro-

tons on two aromatic rings were observed at δ = 6.80-7.36

ppm.

Benzyl o-xylene had b.p. 270ºC; d4
20 0.9252 and nD

20 1.5203

(Saha et. al., 2001).

Benzylation of p-xylene 

The results of the reaction of p-xylene with benzyl alcohol in

the presence of sulfuric acid are presented in the Table II. 

The reaction gave 2-benzyl-1,4-dimethylbenzene. The

effects of the variation of temperature, molar ratio of p-

xylene to benzyl alcohol, amount of sulfuric acid, and time

of reaction on the yield of the product were investigated. The

yield of 2-benzyl-1,4-dimethylbenzene increased with the

increase of temperature (Expt. No. 1, 2, 3 & 4), molar ratio

of p-xylene to benzyl alcohol (Expt. No. 4, 5, 6 & 7), amount

of catalyst (Expt. No. 7, 8, 9, 10 &11) and time of reaction

(Expt. No. 7 &12).

Table I. Benzylation of o-xylene with benzyl alcohol in the presence of 94% sulfuric acid.

Expt. No. Reaction Conditions % Yield of 

Temp., ºC Molar ratio of Amount of Addition time Stirring time benzyl 

o-xylene to catalyst, % by of benzyl after addition o-xylene

benzyl alcohol wt. of o-xylene alcohol, h of reagent, h

1 80 8:1 5 2 1 60.5

2 100 8:1 5 2 1 72.5

3 120 8:1 5 2 1 86.7

4 130 8:1 5 2 1 94.8

5 130 4:1 5 2 1 54.7

6 130 5:1 5 2 1 63.6

7 130 6:1 5 2 1 75.8

8 130 8:1 1 2 1 63.9

9 130 8:1 2 2 1 79.4

10 130 8:1 3 2 1 89.1

11 130 8:1 5 2 2 95.9



Rana, Kamruzzaman and Saha 77

Therefore, the maximum yield (92.6%) of 2-benzyl-1,4-

dimethylbenzene was obtained under the following condi-

tions: temperature = 130ºC, molar ratio of p-xylene to ben-

zyl alcohol = 10:1, amount of 94% sulfuric acid = 5% by wt.

of p-xylene and total reaction time (time of addition and time

of stirring after the addition of reagent) = 4 h.

The UV spectrum of 2-benzyl-1,4-dimethylbenzene showed

a strong absorption band at λmax. = 277.80 nm in 0.01 M

methanol solution.

The IR spectrum of 2-benzyl-1,4-dimethylbenzene showed

absorption bands at 809 and 880 cm-1 for the presence of 

1,2,4-trisubstituted aromatic ring and band at 2923 cm-1

accounted for saturated C-- H stretching. The spectrum also

showed absorption bands at 3025 and 1603 cm-1 for aromat-

ic =C-- H stretching and aromatic ring C...C stretching,

respectively.

The 1H NMR-spectrum of 2-benzyl-1,4-dimethylbenzene

showed signals at δ = 2.11-2.34 ppm for all six protons on

the two -CH3 groups, while signals for two protons of -CH2-

on benzyl group were observed at δ = 3.83-4.07 ppm.

Signals for all the protons on two aromatic rings were

observed at δ = 6.7-7.36 ppm.

Table II. Benzylation of p-xylene with benzyl alcohol in the presence of 94% sulfuric acid

Expt. No. Reaction Conditions % 2-ben

Temp., ºC Molar ratio of Amount of Addition time Stirring time zyl-1,4-

p-xylene to catalyst, % by of benzyl after addition dimethyl

benzyl alcohol wt. of p-xylene alcohol, h of reagent, h benzene

1 80 4:1 5 2 1 47.1

2 100 4:1 5 2 1 52.1

3 120 4:1 5 2 1 56.8

4 130 4:1 5 2 1 62.9

5 130 6:1 5 2 1 71.6

6 130 8:1 5 2 1 84.1

7 130 10:1 5 2 1 89.2

8 130 10:1 1 2 1 58.2

9 130 10:1 2 2 1 66.5

10 130 10:1 3 2 1 74.9

11 130 10:1 4 2 1 85.1

12 130 10:1 5 2 2 92.6

Table III. Benzylation of p-xylene with benzyl alcohol in the presence of 94% sulfuric acid

Expt. No. Reaction Conditions % Yield of 

Temp., ºC Molar ratio of Amount of Addition time Stirring time benzyl 

m-xylene to catalyst, % by of benzyl after addition m-xylene

benzyl alcohol wt. of m-xylene alcohol, h of reagent, h

1 100 4:1 5 2 1 61.3

2 110 4:1 5 2 1 64.8

3 120 4:1 5 2 1 65.3

4 130 4:1 5 2 1 69.4

5 130 6:1 5 2 1 77.4

6 130 8:1 5 2 1 85.6

7 130 10:1 5 2 1 92.8

8 130 4:1 1 2 1 59.3

9 130 4:1 2 2 1 63.8

10 130 4:1 3 2 1 66.2

11 130 10:1 5 2 2 94.1
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2-Benzyl-1,4-dimethylbenzene had b.p. 290ºC; d4
20 1.0055

and nD
20 1.5737 (Saha et al., 2001).

Benzylation of m-xylene

The influence of the variation of reaction parameters on the

reaction of m-xylene with benzyl alcohol in presence of 94%

sulfuric acid has been shown in Table III. The reaction of m-

xylene with benzyl alcohol under the conditions studied gave

benzyl m-xylene.

As can be seen from Table III, the yield of benzyl m-xylene

increased with the increase of temperature (Expt. No. 1, 2, 3

and 4), molar ratio of m-xylene to benzyl alcohol (Expt. No.

4, 5, 6, and 7), amount of catalyst (Expt. No. 1, 8, 9, and 10)

and reaction time (Expt. No. 7, 11).

Thus, the reaction conditions so far studied, the best yield

94.1% of benzyl m-xylene was obtained under the following

conditions: temperature = 130ºC, molar ratio of m-xylene to

benzyl alcohol = 10:1, amount of sulfuric acid = 5% by wt.

of m-xylene and total reaction time (time of addition and

time of stirring after the addition of reagent) = 4 h.

The UV spectrum of benzyl m-xylene in 0.01 M methanol

solution showed a strong absorption band at  λmax. = 276.40

nm.

The 1R spectrum of benzyl m-xylene showed the absorption

bands at 697 and 769 cm-1 for 1,2,3-trisubstituted benzene

ring while bands at 832 and 878 cm-1 showed the presence of

1,2,4-trisubstituted benzene ring. Other strong absorption

bands at 3025, 2922 and 1603 cm-1 indicated the presence of

aromatic =C--H stretching, saturated C--H stretching and aro-

matic ring C...C stretching in the aromatic ring respectively.

The 1H NMR-spectrum of benzyl m-xylene showed signals

at δ = 6.7-7.36 ppm for all aromatic ring protons. Signals for

six protons on the methyl groups and two protons of -- CH2-

on benzyl group were observed at δ = 2.08-2.34 ppm and δ
= 3.81-4.05 ppm respectively.

Benzyl m-xylene had b.p. 290ºC; d4
20 1.0035 and nD

20

1.5621 (Saha et al., 2001).

Conclusion

The yield of benzylation of isomeric xylenes with benzyl

alcohol in the presence of sulfuric acid as catalyst was opti-

mized and the benzylated products were characterized.

Results of this study indicated that the effects of temperature,

molar ratio of isomeric xylenes to benzyl alcohol, amount of

catalyst, and time of reaction were significant. The yield of

the products increased with the increase of each of the

above-mentioned parameters.
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