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Friedel-Crafts acylation of three aromatic compounds with acetyl chloride catalyzed by two kinds of ionic liquids was investigated. The
imidazolium-based ionic liquids showed both high activity and high selectivity for this reaction. In particular, the catalytic effect of
imidazolium-based ionic liquids was dramatically enhanced for ionic liquids containing the BF, and Br™ anions. The effects of various

that ionic liquids can be used as both catalyst and solvent.

| types of anion, ionic liquid dosage, reaction temperature and time were explored using [Bmim]BF, or [Bmim]Br as catalyst. Results show |
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INTRODUCTION

Friedel-Crafts acylations are among the most important
reactions because of their applications in organic syntheses in
the industrial manufacture of aryl ketones. These acylation
reactions are extensively used to produce pharmaceuticals,
such as the nonsteroidal antiinflammatory drugs ibuprofen and
naproxen. Conventionally, these reactions are catalyzed by
aluminum trichloride using an acylating agent such as an acid
chloride in a volatile organic solvent'. Given the complexation
of the ketone product with aluminum trichloride, a stoichio-
metric excess must be used, which is then destroyed in the
hydrolysis step required for product isolation®. Furthermore,
the use of such homogeneous acid catalysts has some major
limitations including no possible reuse, air and moisture
sensitivity and low product selectivity’. As a result, one of the
challenges in the field of catalysis is to replace this commonly
used Lewis acid with a non-toxic, noncorrosive, easy to handle
and environmentally friendly catalyst®. Considerable research
efforts are being made to develop alternative suitable catalysts
to overcome these drawbacks. Zeolites, clays and ionic
resins and other matters are potential solid acid materials for
developing catalysts to overcome above-mentioned limi-
tations™"'. In recent years, a growing number of organic
reactions, especially catalytic ones, have been studied in
different solvent systems, such as ionic liquids'?. The advan-
tages of using ionic liquids are that they are non-volatile, can
dissolve a variety of compounds, can be tailor-made and can
be reused".

Tonic liquids are good solvents for many inorganic and
organic compounds'*'®. This property may be related to their
ability to modify their chemical affinity toward a specific
material simply by changing ionic nature, leading to the
containment of the reaction volume.

Before they can be used commercially on an industrial
scale, the process variables need to be optimized in the labo-
ratory, not only for batch and continuous reactor systems, but
also product yield and catalyst selective ability for maximum
reactant conversion.

We report the alkylation of three aromatic compounds
including anisole, toluene and ferrocene with acetyl chloride
in the presence of dialkylimidazolium-based ionic liquids
(Fig. 1). For comparison, AICl; was also used to catalyze the
reaction.
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Fig. 1. Structures of the alkylimidazolium-based ionic liquids



5982 Cai et al.

Asian J. Chem.

EXPERIMENTAL

The experiments were conducted using analytical grade
chemicals without further purification. The component and
distribution of the products were checked by gas chromato-
graphy/mass spectrometry (GC, Agilent 6890; MS, Hewlett-
Packard 5973). The infrared spectra (IR) of the catalysts were
detected by an infrared spectrometer (Brucher Co., Germany).

Synthesis of ionic liquid: Synthesis of ionic liquids was
performed based on a modified procedure as previously
described'"".

General acylation procedure: Given amounts of mixtures
of aromatic compounds and ionic liquids in ethyl acetate were
placed in a 100 mL three-neck flask equipped with a stirrer, a
reflux condenser with a drying pipe and a thermometer. An
appropriate amount of a mixture of ethyl acetate and acetyl
chloride was then added dropwise to the flask for 10-15 min
with stirring. The acylation reaction was typically carried out
for 20 min to 120 min at the desired temperature and ambient
atmosphere with vigorous stirring. At the end of the reaction,
the reaction mixtures were cooled to room temperature. The
mixtures included two liquid phases (organic phase and ionic
liquid phase). The organic layer can be easily decanted from
the catalyst-ionic liquids system. Any organic residues were
removed after extracting the organic phase with diethyl ether
and ionic liquid can then be reused. Qualitative and quantitative
analysis were conducted with GC and Fourier transform infrared
spectroscopy (FT-IR). The contents of the various components
were determined using the normalization method. GC-MS
analyses were performed using a Hewlett Packard GC-MS
5973 with a RTX-5MS column (length = 30 m, inner diameter
= 0.25 mm and film thickness = 0.5 pm).

RESULTS AND DISCUSSION

The utility of ionic liquids was investigated in the acyla-
tion reactions using acetyl chloride and aromatic compounds

(Scheme-I).
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Scheme-I: Acylation reaction between aromatic compounds and acetyl
chloride

Effects of the type of catalysts on reaction results: The
yields and the selectivity of the acylation of aromatic comp-
ounds with acetyl chloride catalyzed by ionic liquids containing
1-butyl-3-methylimidazolium-based cations are listed in
Table-1. Ionic liquids such as 1-butyl-3-methylimidazolium
tetrafluoroborate ([Bmim]BF,), 1-butyl-3-methylimidazolium
hexafluorophosphate ([Bmim]PFs) resulted in greater activity

than three other ionic liquids when they were used as catalysts
for compounds 1 and 2 (Table-1, entries 3, 4, 8, 9). In particular,
[Bmim]BF, (Table-1, entries 4, 9) exhibited excellent perfor-
mance for acetylation of aromatic compounds. However, when
we utilized 1-butyl-3-methylimidazolium bromide ([Bmim]Br)
as the catalyst for compound 3, we found its catalytic activity
was the most effective of all the ionic liquids. Moreover, it
can be seen that the same cation and different anions of the
ionic liquids have significant effects on acetylation of aromatic
compounds.

TABLE-1
ACETYLATION OF AROMATIC COMPOUNDS WITH ACETYL
CHLORIDE UNDER DIFFERENT TYPES OF CATALYSTS

Entry c?rfplgzﬁccis Acetyl chloride ~ Catalyst gzeliagia:(eliﬁ;)
1 1 CH,COBr a 23.2
2 1 CH,COBr b 254
3 1 CH,COBr c 59.4
4 1 CH,COBr d 62.6
5 1 CH,COBr e 40.7
6 2 CH,COBr a 20.6
7 2 CH,COBr b 21.2
8 2 CH,COBr c 56.5
9 2 CH,COBr d 58.3
10 2 CH,COBr e 334
11 3 CH,COBr a 332
12 3 CH,COBr b 41.5
13 3 CH,COBr c 39.8
14 3 CH,COBr d 28.1
15 3 CH,COBr e 252

Reaction conditions: molar ratio aromatic compounds/acetyl chloride =
1:1.1; W, =20 %; T = reflux temp; t = 1 h. a. Overall Yield is the sum
of p- and o-isomer

To acquire more information on the reaction performances
of ionic liquids as catalysts, aluminum chloride was used for
comparison. The results are summarized in Table-2. Comparing
Tables-1 and 2, it is observed that better results are obtained
with ionic liquids instead of aluminum chloride (Table-1,
entries 3,4, 8,9, Table-2, entries 1, 7). In addition, better results
were obtained with ionic liquids in the presence of aluminum
chloride (Table-2, entries 4, 5, 10, 11, 14, 15). Therefore, the
performance of mixed catalyst is better than that of single
aluminum chloride catalyst, with some exceptions (Table-2,
entries 2, 3, 6, 8, 9, 12, 16-18). Nevertheless, it can still be
concluded that the catalytic activity of mixed catalyst conta-
ining [Bmim]BF, is superior to that of any other combined
catalyst in the acetylation of compounds 1 and 2.

Effects of the dosage of catalysts on reaction results:
We also evaluated the effect of [Bmim]|BF, and [Bmim]Br
ionic liquids in different amounts at the same temperatures.
The initial experiments were carried out with 10 % (wt %) of
ionic liquids using aromatic compounds and acetyl chloride
at reflux temperature. Fig. 2 shows the result for experimental
investigations under the specified conditions. The activation
began almost from the start of addition of the catalyst. As
expected, a slight conversion to the corresponding acylation
was observed in the ionic liquid, even with a small amount of
catalyst. Furthermore, the yield was raised by increasing the
amount of catalyst. When the content of ionic liquid reached
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TABLE-2
ACETYLATION OF AROMATIC COMPOUNDS WITH ACETYL
CHLORIDE UNDER MIXED CATALYSTS

Aromatic Acetyl Overall Yield
Entry compound chlori}éle Catalyst of alkylate (%)
1 1 CH;COBr AlCI, 51.8
2 1 CH;COBr  a-AlCl, 35.2
3 1 CH;COBr  b-AlCl, 38.8
4 1 CH;COBr  c¢-AlCl, 62.3
5 1 CH;COBr  d-AlCl, 66.2
6 1 CH;COBr  e-AlCl, 49.6
7 2 CH;COBr AlCI, 47.1
8 2 CH;COBr  a-AlCl, 342
9 2 CH;COBr  b-AlCl, 36.2
10 2 CH;COBr  c¢-AlCl, 56.3
11 2 CH;COBr  d-AlCl, 59.6
12 2 CH;COBr  e-AlCl, 44.8
13 3 CH;COBr AlCl, 42.9
14 3 CH;COBr  a-AlCl, 45.1
15 3 CH;COBr  b-AlCl, 48.4
16 3 CH;COBr  ¢-AlCl, 42.3
17 3 CH;COBr  d-AlCl, 32.6
18 3 CH;COBr  e-AlCl, 30.9

Reaction conditions: molar ratio aromatic compound/acetyl chloride =
1:1.1; W, =20 %; T = reflux temp; t=2 h

20 to 30 %, the yield reached its maximum levels, which were
65.6 % (anisole, wt %) and 42.1 % (ferrocene, wt %). After
that, the yield remained unchanged or decreased with the
increase in the content of catalyst.

According to the mechanism of Friedel-Crafts acylation,
increasing the catalyst increases the concentration of acyl
cations, hastening the reaction. The conversion of aromatic
compound would therefore increase. Unexpectedly, a series
of side reactions also took place simultaneously and a decrease
in the yield occurred when the catalyst was more than 30 % of
the total mass of reactants. It can be readily seen that W, is
crucial for the acylation reaction. Taking all of these factors
into account, the value of 20 to 30 % W, was suitable.

Effect of catalyst on selectivity of the production:
Results of acylation of aromatic compound with acetyl chloride
in ionic liquid system are shown in Table-3. Scheme-I shows
that o-and p-position isomer products (Scheme-I, 1-2f, 1-2g)
were obtained in these acylations. We expected p-substituted
aromatic compounds to be the major products because of steric
hindrance. As expected, the p-isomer is the major product when
ionic liquids were used as catalysts for acylation. In addition

TABLE 3
FRIEDEL-CRAFTS ACYLATION OF AROMATIC
COMPOUNDS WITH ACETYL CHLORIDE

Major Selectivity
Entry Reactant Catalyst product® e
yield (%)  product (%)°
Anisole + acetyl .
! chloride [Bmim]BE,  65.3 90.5
Toluene + acetyl .
2 chloride [Bmim[BF,  62.5 923
Ferrocene + .
acetyl chloride [Bmim]Br 42.8 100

Reaction conditions: molar ratio aromatic compound/acetyl chloride =
1:1.1; W, = 20 %; T = reflux temp; t = 2 h. b. Major product is p-
isomer; c. refer to the molar ratio of p- to o- isomer
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Fig. 2. Acetylation of aromatic compounds with acetyl chloride under
different dosages of catalysts. Reaction conditions: molar ratio
aromatic compound/acetyl chloride = 1:1.1; Temp. = reflux temp;
Time=2h

to the steric hindrance, there may be other factors causing the
phenomenon, which is the next step.

Effect of reaction temperature and time on acylation
reaction results: Reaction temperature has an important effect
on reaction dynamics and thermodynamics. Therefore, the
effect of reaction temperature on the results of acylation reac-
tion catalyzed by [Bmim]BF, or [Bmim]Br was investigated.
The influence of reaction temperature on the overall yield is
shown in Fig. 3. A dramatic effect on the yield of acylated
products was observed. Raising the reaction temperature
accelerated the molecular thermal agitation and the molecular
collision probability between acylium cation and aromatic ring.
Therefore, the acylation reaction was hastened and high yields
of 65.9 % (anisole), 51.3 % (ferrocene) and 62.5 % (toluene)
for aromatic compounds at 40 to 70 °C were achieved. If the
reaction temperature was raised further, the conversion of
aromatic compounds would have decreased. In light of optimum
conversion and energy consumption, 40 °C (ferrocene), 50 °C
(anisole) and 60 °C (toluene) are the optimal reaction
temperatures for acylation of aromatic compounds.
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Fig. 3. Effect of reaction temperatures on the acylation reactions of aromatic

compounds with acetyl chloride. Reaction conditions: molar ratio

aromatic compound/acetyl chloride = 1:1.1; Wy = 20 %; time = 1 h
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The effect of reaction time was studied at a range of 20 to
120 min. The results show that increasing the reaction time
from 20 to 40 min caused a noticeable increase in the yield of
5-benzoylacenaphthene. Further increase in reaction time from
40 to 120 min no longer had an effect on the yield (Fig. 4).
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Fig. 4. Effect of reaction time on the acylation reactions of aromatic
compounds with acetyl chloride. Reaction conditions: molar ratio
aromatic compound/acetyl chloride = 1:1.1; Wy =20 %; T = reflux
temperature

Reuse of the ionic liquid: As one of the most active Lewis
acidic ionic liquid catalysts in our work, [Bmim]BF, was selec-
ted to investigate reusability. After the reaction, the mixture
separated into two liquid phases, namely, the organic phase
(unreacted reactants and products phase) and the [Bmim]BF,
ionic liquid phase. [Bmim]BF, was reused after extracting the
organic phase with diethylether. The notation Rn indicates that
the ionic liquid has been used n times. As shown in Fig. 5,
there is a slow decrease in the major product yield with the
increase of frequency of use. The quality and yield of acylation
varied slowly in the four runs and then dropped dramatically
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Fig. 5. Reuse of the ionic liquid. Reaction conditions: molar ratio aromatic

compound/acetyl chloride = 1:1.1; W, = 20 %; Temp. = reflux
temp; Time =2 h

after the fifth run. The color of the catalyst changed from light
yellow into brown because of the accumulation of color
materials. Furthermore, the volume of the catalyst was reduced
as the number of use is increased, which may be due to the
vaporization of catalyst or its dissolution in the alkylate during
the post-treatment operation.

Conclusion

The acylations of aromatic compounds with acetyl chloride
were carried out in a series of imidazolium ionic liquids,
including its mixture with AICls. The ionic liquids [Bmim]BF,
and [Bmim]Br are the most suitable media for Friedel-Crafts
acylation of aromatic compounds. In addition, the selectivity
of target products increased. The effects of various parameters
such as temperature, type of catalyst, catalyst loading and other
factors on aromatic compound conversion and on product
selectivity were studied. Although the mechanism of acylation
reaction catalyzed by [Bmim]BF, and [Bmim]Br ionic liquids
is not clear. This research indicates that [Bmim]|BF, and
[Bmim]Br can be used as a novel environmentally friendly
catalyst and solvent for anisole, toluene and ferrocene acylation
reactions. Applications of the imidazolium-based ionic liquids
as solvents or catalysts for other reactions are under investi-
gation.
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