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Abstract: Acylation of anisole is an industrially significant reaction in the synthesis of various fine chemicals,
agrochemicals, pharmaceuticals and fragrances. It has been conventionally carried out using the catalysts like
AlCl3, FeCl3, ZnCl3, HF etc which suffer from major drawbacks like large consumption of chemicals, associated
corrosion, safety, disposal and material handling issues besides lower conversions and selectivities. Hence the
conventional catalysts have been replaced with solid acid catalysts like H Beta, H ZSM5 etc to overcome the
above said drawbacks. In this work, liquid phase acylation of anisole has been carried out employing an effective
zeolite H ZSM 5 modified with HPW and NaOH. Macrolevel process standardization has been done with
reference to various critical parameters like temperature, reaction time, molar ratio of reactants, calatyst
amount for both types of the catalysts. It has been found that though both performed well in achieving high
conversions, HPW modified catalyst was relatively better.
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1. Introduction
Acylation of aromatic compounds is one of the vital reactions for producing aromatic acylated ketones
which were used in the manufacture of pharmaceuticals like Ibuprofen, fine chemicals, fragrances and
agrochemicals [1–4]. The use of traditional Lewis acid type catalyst like AlCl3, FeCl3 and anhydrous metal
halides and bronsted acid catalysts like HF, polyphosphoric acid , sulfuric acid etc lead to undesirable products
thereby being environmentally non-benign with serious waste disposal, corrosion and material handling issues.
This conventional route also proved to be economically non-viable due to excess amounts of reactants required
beyond the stoichiometric amounts leading to expensive regeneration and energy intensive downstream
processing. This has led many scientist to explore novel and effective catalysts viz., H-Beta, H ZSM-5, H Y as
they are green and cost effective due to higher conversions, selectivity’s and stabilities with simple regeneration
of the used catalysts [5–11]. Heteropolyacids were also found to be potential catalysts due to their high acidity
and compatibility to various support materials to enhance their activity [12]. Also, the replacement of acid
halides with carboxylic acids and/or anhydrides as acylating agents is crucial from the environmental viewpoint.
Challenges still exist in commercializing this green technology in identifying better and cost effective catalysis
with controllable properties and by overcoming the major impediment of rapid catalyst fouling leading to its
deactivation.
In the present work, acylation of anisole leading to the formation of a mixture of 4- Methoxyacetophenone
(desired) a 4-Methoxyacetophenone (undesired) along with acetic acid was carried out using acetic anhydride as
the acylating agent in the presence of modified H-ZSM 5 catalyst. The catalyst has been modified by two
methods i.e using 0.2M alkali solution (NaOH) and by impregnating with HPW (Tungstophosphoric acid) to see
if there is any synergistic influence on its performance. The process has been standardized with reference to
critical parameters like molar ratio of reactants, temperature, reaction time, catalyst modification protocol and
quantity. Kinetic studies have also been conducted at the optimal conditions to identify the kinetic model and the
relevant parameters.
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2. Experiment
2.1. Chemicals
Anisole and acetic anhydride were commercial samples procured from Merck and were used without further
purification. The catalyst H ZSM–5 zeolite (Si/Al = 80), NaOH and HPW were commercial samples procured
from Sud Chemies India Pvt Ltd.

2.2. Experimental Procedure and Set-up
The liquid phase acylation of anisole was carried in a two necked glass reactor of volume 100ml at
atmospheric pressure. The reaction mixture containing anisole and acetic anhydride together with zeolite catalyst
were taken in the reactor placed on a heating mantle equipped with a magnetic stirrer. A small amount of sample
was withdrawn periodically for further analysis.

2.3. Catalyst Modification
2.3.1 Modification with NaOH
The ZSM 5 catalyst was reacted with 0.2 M NaOH and slurry was prepared for 10 min of reaction. Then the
slurry was put in a centrifuge to obtain back the modified catalyst. Then catalyst was heated for 1 hour in oven
for drying.

2.3.2 Modification with HPW
HPW and ZSM-5 mixture was prepared with 10%, 20% and 30% weight percentage of HPW. The mixture
H-ZSM5 and HPW are mixed and slurry was prepared and passed to mixer where it was uniformly mixed for a
very short time and then it was poured over a filter paper and filtered out. The obtained residue was then heated
in oven where it was dried till powdery form is obtained.

2.4. Analytical
The product samples were analysed using Agilent make Gas Chromatograph (Model 7820), equipped with a
HP-5 column fitted with a Flame Ionization Detector.

3. Results and Discussion
3.1. Effect of Reaction Temperature
The acylation of acylation reaction has been carried out at temperatures ranging from 60-120oC and
conversion are estimated at each of them. The results for two catalysts are shown in Fig 1 and Fig 2.

Fig.1. Effect of Temperature for production 4-methoxy-acetophenone using ZSM-5 modified with 0.2N NaOH (time 120
min, Weight of Catalyst 0.15 grams, Molar Ratio of Anisole to Acetic Anhydride 8:1)
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Fig 2. Effect of Temperature for production 4-methoxy-acetophenone using ZSM-5 impregnated with 30% HPW (time
120 min, Weight of Catalyst 0.15 grams, Molar Ratio of Anisole to Acetic Anhydride 8:1)

The product conversion was found to reach the maximum of 80% and 85% respectively at 100oC for both
the catalysts. This might be due to the inhibiting effect of 4-methoxyacetophenone which could be strongly
adsorbed on catalyst at higher conversions. The results are in agreement with the earlier reported results using
other catalyst [11–14]. There were reports that even for acylation of toluene with acetic anhydride, similar trends
were observed due to strong adsorption of methyl acetophenones [8].

3.2. Effect of Nature of Catalyst
H ZSM-5 was modified by impregnating with HPW at loading levels of 10%, 20% and 30% which have
then been used for carrying out acylation of anisole at 100oC. Fig. 3 below shows the results of the study.
Initially percentage conversion decreased with increased loading, but then increased to a maximum of 84% at
30% which might be due to the some synergetic effect of weight ratio [15]. It has been reported that the HPW
protonates the anhydride molecule generating an adsorbed acylium ion that subsequently attacks the π-electrons
of anisole to form methoxyacetophenone [16,17]. From these figures, it also could be understood that both the
modified catalysts performed well and impregnation of HPW on the catalyst has a relatively better influence on
catalyst performance. when compared to loading with 0.2N NaOH. The positive effect of NaOH could be
attributed to the reduction of acidity of catalyst besides increasing catalyst activity by reducing fouling. Our
results are qualitatively in line with those reported on acylation of anisole using HBeta and Silica catalysts
loaded with HPWs [15–18].

Fig. 3. HPW impregnated ZSM-5 conversion at different loading rate (time 120 min, Weight of Catalyst 0.15g, Molar
Ratio of Anisole to Acetic Anhydride 8:1, Temperature 100oC)
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3.3. Effect of Catalyst Quantity
Experiments have been carried out using various amounts of catalysts from 0.1g to 0.6g to study the
influence of catalyst loading. For both the catalysts modified viz., HZSM-5 modified with 0.2 N NaOH and
HPW, it was found that there was an optimum quantity (0.45g) that gave maximum conversions more than 90%
beyond which they were found to decrease. Fig. 4 and 5 below gives the results of the study.

Fig.4. Effect of Catalysis quantity for production 4-methoxy-acetophenone using ZSM-5 modified with 0.2N NaOH (time
120 min, temperature 100°C, Molar Ratio of Anisole to Acetic Anhydride 8:1.

Fig.5 Effect of Catalysis quantity for production 4-methoxy-acetophenone using ZSM-5 impregnated with HPW (time 120
min, Temperature 100°C, Molar Ratio of Anisole to Acetic Anhydride 8:1, HPW loading percentage 30%)

The increase in conversion with the increase in catalyst amount could be explained due to the increase in the
number of active sites with catalyst amount and hence the increase in conversion. But beyond certain amount,
the additional active sites do not increase the adsorption of reactants at a given concentration. Other factors that
could be attributed for this trend could be catalyst deactivation by coking or reversible adsorption of products on
the active acid sites [18,19]. This fact could be supported by the deactivation studies carried out by D.Rohan, C.
Canaff [20].
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3.4. Effect of Reaction Time
To understand the influence of reaction time on conversion, experiments were conducted for different time
intervals ranging from 30min to 180min. Results were shown in Fig. 6 and Fig. 7 for the two catalyst types viz.
modified with NaOH and HPW.

Fig.6. Effect of Reaction time for production 4-methoxy-acetophenone using ZSM-5 modified with 0.2N NaOH (weight of
catalyst 0.15 g, temperature 100°C, Molar Ratio of Anisole to Acetic Anhydride 8:1).

Fig.7. Effect of Reaction time for production 4-methoxy-acetophenone using ZSM-5 impregnated with HPW (time 120 min,
Temperature 100°C, Molar Ratio of Anisole to Acetic Anhydride 8:1, HPW loading percentage 30.

From the plots, it was evident that though conversion did increase with time, the rate of increase was more
up till 2hours beyond which it got slowed down in both cases. This trend was more obvious in HPW modified
catalyst where there was only marginal increase in conversion of 5% after 2hours. Similar trends were reported
too in the time range upto 3-4hours [11–14]. The reason for this trend could be equilibrium limitations of the
reversible reaction and the catalyst deactivation due to coking or the reversible adsorption of products in the
active sites of the catalyst making them unavailable for the reactants. Cardoso et al., [18] and Sarsani et al., [21]
also reported that beyond 2 hours, the conversion increase in the acylation of anisole was only marginal
employing HPW/Silica catalyst.

3.5. Effect of Reactant Molar Ratio
Experiments have been carried out employing various mole ratios of anisole to acetic anhydride ranging
from 4:1 to 12:1 and the results are shown below in Fig 8 and Fig. 9. Though the conversion was found to
increase with increasing mole ratio in both cases, it almost reached saturation at 8:1 for NaOH modified catalyst
while in the case of the other catalyst modified with HPW, conversion was found to increase even beyond this
mole ratio of 8:1 though at a slow rate. The increasing production of 4-Methoxy Acetophenone could be
attributed to anhanced desorption of acetic acid and 4-methoxyacetophenone formed through the zeolite pores by
excess anisole that acts as a self-solvent which would mean that products diffuse easily through the pores of the
catalyst with effective washing by excess anisole [20].
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Fig.8. Effect of Molar ratio for production 4-methoxy-acetophenone using ZSM-5 modified with 0.2N NaOH (weight of
catalyst 0.15g, temperature 100°C,Time 120 min).

Fig.9. Effect of Molar Ratio for production 4-methoxy-acetophenone using ZSM-5 impregnated with HPW (time 120 min,
Temperature 100°C, Time 120 min, HPW loading percentage 30).

4. Conclusions
The macro level standardization of the liquid phase acylation of anisole was done and the optimum set of
parameters have been identified to be catalyst quantity of 0.15 g, reaction time of 2 h, temperature of 100°C,
molar ratio of anisole to acetic anhydride 8:1 were the optimal set of parameters for both the modifications of the
catalyst. Relatively, HPW modification was found to give better results when compared to the modification with
NaOH.
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