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Abstract—Alkylation of phenol with fert-butyl alcohol (TBA) in a room temperature ionic liquid, 1-butyl-3-methylimidazo-
liumhexafluorophosphate ([bmim]PF,), has been investigated. The effects of various parameters such as reaction temperature,
reaction time, reactant ratio (mol ratio of phenol to that of TBA), and the amount of the ionic liquid used were studied. The
[bmim]PF ionic liquid was found to catalyze the reaction with high conversion and good selectivity. © 2003 Elsevier Science Ltd.

All rights reserved.

1. Introduction

The alkylation of phenol with zerz-butyl alcohol is of
both industrial importance and academic relevance.
The alkylated phenol products are used as raw materi-
als for the manufacture of a variety of resins, durable
surface coatings, varnishes, wire enamels, printing inks,
surface-active agents, rubber chemicals, antioxidants,
fungicides and petroleum additives." Investigation of
both homogeneous and heterogeneous catalysts for this
typical Friedel-Crafts alkylation reaction resulted in
different selectivities and activities based mainly on the
acidity of the catalysts employed. Catalysts used for
this reaction include Lewis acids, Bronsted acids,’
montmorillonite,” cation-exchange resins,® mesoporous
materials,! zeolites,>* molecular sieves,” as well as
supercritical and near-critical water.* Room tempera-
ture ionic liquids (ILs)? such as [bmim]PF, 1 are finding
growing applications as alternative reaction media for
separations and organic transformations.!®!* The desir-
able advantages of ionic liquids such as lack of vapor
pressure, wide liquid range and thermal stability have
made them exceptional reaction media and environ-
mentally benign solvents. They are especially promising
solvents for catalysis where activity, selectivity, and
stability of catalysts are enhanced (Scheme 1).

The alkylation reaction of phenol with tert-butyl alco-
hol is an acid-catalyzed reaction. The product selectivi-
ties are largely dependent on the acidity and the
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[bmim]PFq1

Scheme 1. [bmim]PF, 1.

temperature of the reaction system. Weakly acidic cata-
lysts lead to mainly oxygen alkylated products (phenyl
alkyl ether, 7-BPE). The presence of the phenolic
hydroxyl group (-OH) on the aromatic ring kinetically
favours o-alkylation (o-isomer, e.g. o-TBP). However,
due to steric hindrance, the thermodynamically unfa-
voured o-isomer (o-TBP) readily isomerizes into the
less hindered, p-isomer (p-TBP), especially under mod-
erate acidic conditions. When strong acidic catalysts are
used, 2,4-DTBP is predominant. Strong acidic catalysts
or high reaction temperatures produce m-TBP, which is
formed by the secondary isomerization of the initially
formed o- and/or p-isomers. It is interesting to note
that [bmim]PF, is an acidic ionic liquid, which is
expected to be advantageous for the chosen reaction.’

In this paper we report an efficient preparation of
tert-butyl phenols through alkylation of phenol with
TBA catalyzed by [bmim]PFg 1 ionic liquid. The effects
of some important variables, like reaction temperature,
reactant ratio and the amount of the ionic liquid used
on the activity and selectivity are investigated. The
present work revealed that ionic liquid [bmim]PF, 1 has
potential applications in the synthesis of terz-butyl phe-
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nols with excellent conversion and good selectivity
towards 2,4-DTBP.

2. Results and discussion

The alkylation experiments were carried out in sealed
tubes at a given temperature. At the end of the reaction
the tubes were cooled, the products were extracted from
the ionic liquid using light petroleum and quantified
(mol%) by gas chromatography (GC, HP-6890).

In the present study, alkylation of phenol with tert-
butyl alcohol in [bmim]PF, gave a mixture of o-TBP,
p-TBP and 2,4-DTBP. No phenyl ethers or m-TBP
were produced even at high phenol conversions. Phenyl
ethers and m-TBP were produced when CCl, was used
as a solvent for this reaction.'* A major advantage for
the use of an ionic liquid for this reaction is that the
phenol conversion was higher than those reported in
the literature.!” In the present study, 2,4-DTBP was
isolated as the major product with selectivity greater
than 75%. The results suggested that the medium for
this reaction is strongly acidic.

Figure 1 shows the relative activity and product selec-
tivity in ionic liquid as a function of reaction time for
the alkylation of phenol with TBA at 60°C with a
molar ratio of phenol to TBA of 1:2 (based on phenol).
Figure 1 also shows clearly that the catalyst activity and
product selectivity reached an equilibrium level after 4
h. Therefore, all the experimental data were obtained
within the initial 4 h of the reaction.

The effect of temperature change on the conversion of
phenol was studied in the temperature range of 40—
80°C. At temperatures lower than 40°C, no products
were observed. As can be seen from Figure 2, the
conversion of phenol increased with an increase in
temperature from 50 to 70°C. In contrast, at reaction
temperatures above 70°C, a decrease in phenol conver-
sion was observed. Therefore, the suitable reaction
temperature range was inferred to be from 50 to 70°C.
As the temperature was raised from 40 to 70°C, a
decrease in the selectivity for the o- and p-TBP was
observed. Interestingly, an increase in the selectivity for
2,4-DTBP was observed. Considering the phenol con-
version and product distribution, the optimum reaction
temperature was inferred to be 60°C. At this reaction
temperature, the selectivity for 2,4-DTBP is the highest
at high phenol conversions.

A series of reactions were carried out to establish the
effect of reactant ratio on the conversion and selectivity
under exactly the same conditions (at 60°C for 4 h
using 0.5 ml of ionic liquid per 10 mmol phenol) except
using variable amounts of TBA (5, 10, 20, 30, 40 mmol)
while keeping the amount of phenol constant at 10
mmol. The results are shown in Figure 3. It was
observed that as the amount of TBA increases, the
conversion of phenol and selectivity for 2,4-DTBP
passed through a maximum, while the selectivity for o-
and p-TBP passed through a minimum. The maximum
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Figure 1. Phenol conversion and product selectivity versus
reaction time. Conditions: phenol:TBA (1:2) mol ratio; 60°C,
0.5 ml ionic liquid (10 mmol phenol).
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Figure 2. Phenol conversion and product selectivity versus
reaction temperature. Conditions: phenol:TBA (1:2) mol ratio;
4 h, 0.5 ml ionic liquid (10 mmol phenol).

phenol conversion was observed when three times the
TBA concentration based on phenol was used. How-
ever, the highest selectivity for 2,4-DTBP was observed
when the mol ratio of phenol:TBA was 1:2. In order to
achieve the highest selectivity for 2,4-DTBP without
compromising the high conversion of phenol, all further
experiments were carried out with the mol ratio of
phenol to TBA being 1:2, i.e. 20 mmol TBA per 10
mmol phenol.

The effect of the amount of ionic liquid on the reaction
was studied by varying the quantity of ionic liquid (0.1,
0.25, 0.5, 0.75, 1.0 1.5 ml/10 mmol phenol). The reac-
tions were carried out under similar reaction conditions
as described previously. As shown in Figure 4, it was
observed that with an increase in the proportion of
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Figure 3. Phenol conversion and product selectivity versus
amount of TBA added. Conditions: 60°C; 4 h, 0.5 ml ionic
liquid (10 mmol phenol).

¢ Conversion of phenol

" Selectivity of o-TBP

»

Selectivity of p-TBP
e Selectivity of 2,4-DTBP

£ 100

= .

= 80}

i} [J

& 60 |

S 40t

C

S ::

@ 20 |

[

g

8 0 " 1 " 1 " 1
0 05 1 15

ionic liquids dosage (ml)

Figure 4. Phenol conversion and product selectivity versus
amount of ionic liquid. Conditions: phenol:TBA mol ratio,
1:2; 60°C; 4 h.

ionic liquid, the conversion of phenol and selectivity for
2,4-DTBP passed through a maximum and then
decreased as the usage of ionic liquid was increased.
However, the selectivity for o-TBP also decreased
slightly. Interestingly, when more than 0.5 ml of ionic
liquid was used, the selectivity for p-TBP increased
rapidly. The highest conversion of phenol and the best
selectivity for 2,4-DTBP were obtained when the
amount of ionic liquid used was 0.5 ml per 10 mmol
phenol.

In conclusion, alkylation of phenol with rerz-butyl alco-
hol in an ionic liquid was successful. The optimum
reaction conditions for this reaction were a molar ratio
of 1:2 of phenol to tert-butyl alcohol, 0.5 mmol ionic
liquid per 10 mmol phenol, 60°C for 4 h. The present
study shows that ionic liquid has a potential application
in the production of tert-butyl phenols with high activ-
ity and 2,4-DTBP selectivity.

It should be noted that the decomposition of [PF¢]™ in
the presence of water produces HF. In this case issues
such as safety and corrosion should be taken into
account.!’® Also, additional efforts and costs should be
considered to avoid the liberation of toxic and corro-
sive HF into the environment.
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