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The acetylation of aryl ethers using acetic anhydride in the presence of zeolites under modest conditions in a

solvent-free system gave the corresponding para-acetylated products in high yields. The zeolite can be recovered,

regenerated and reused to give almost the same yield as that given when fresh zeolite is used.

Introduction

Acetylation of aromatic compounds is an important tool for

the synthesis of aromatic ketones, some of which are useful

intermediates for the synthesis of valuable industrial and

pharmaceutical compounds. This type of reaction is of interest

in the field of aromatic substitution and displays high regio-

selectivity towards substitution in the para-position. Tradition-

ally, such Friedel–Crafts acylations of aromatic compounds

use acid chlorides or anhydrides in the presence of Lewis acid

activators such as metal halides or Brønsted acids such as

polyphosphoric and sulfuric acids.1–4 Unfortunately, use of

such activators creates a number of environmental limitations.

The activators may be needed in more than stoichiometric

amounts because of complexation to the starting materials and/

or products. Work-up usually involves hydrolysis, which may

lead to loss of the activator and generation of large amounts of

corrosive and toxic waste products. Moreover, reactions are

often not clean and lead to the production of mixtures of

products with low selectivity.

Many efforts have therefore been made to develop a more

environmentally friendly process for acylation reactions. The

use of recoverable and regenerable solid catalysts can overcome

many of the limitations associated with use of metal halide

Lewis acids. Furthermore, use of zeolites can maximise the

selectivity and yield of a single desired product, while minimis-

ing the formation of by-products.5–9 We have had success with

the use of zeolites, which have the added advantage of provid-

ing para-regioselectivity, in nitration,10 bromination,11 chlorin-

ation,12 allylation,13 alkylation 14 and methanesulfonylation 15

reactions.

However, relatively little attention has been paid to the acyl-

ation of aromatic compounds in the presence of zeolites as

catalysts.16 The recent disclosure of the commercial application

of a procedure involving zeolite-catalysed acylation of aromatic

ethers 17 prompted us to report our own initial results in this

area.18 We now report a study of the scope of the acetylation

reactions for substituted aryl ethers. We have been able to

achieve regioselective acetylation of a range of aryl ethers

under modest conditions with acetic anhydride over zeolites.

Results and discussion

We have previously shown that acetylation of anisole using

acetic anhydride over Hβ (0.15 g per 5 mmole of anisole) in the

absence of solvent at 120 �C for 2 h gave exclusively p-methoxy-

† Permanent address: Department of Chemistry, Faculty of Science,
Tanta University, Tanta 31527, Egypt.

acetophenone in 98% yield.18 In order to investigate the scope

of this reaction, we planned to study acetylation of disubsti-

tuted benzene derivatives using acetic anhydride as the acylat-

ing agent over suitable zeolite catalysts. Initial study was carried

out on compounds having substituents with a modest influence

on reactivity (halo and alkyl substituents).

We first examined the acetylation of 2-chloroanisole (1)

with acetic anhydride over large pore zeolites HY (Si : Al 40)

and Hβ (Si : Al 12.5) at 120 �C for various reaction times

(eqn. (1)). The reaction produced 4-acetyl-2-chloroanisole

(2) almost exclusively. The yield of 2 obtained is shown in

Table 1.

It is clear from the results recorded in Table 1 that the reac-

tion successfully produced the acetylated product 2 in very

good yield, which increased slightly as the reaction time

increased. Compound 2 was obtained in 91 and 94% yield when

the reaction was carried out over Hβ for 2 and 6 h, respectively,

while the yield of 2 was 75 and 86% when the reaction was

carried out over HY for 2 and 48 h, respectively.

Similarly, acetylation of 2-methylanisole (3), using acetic

anhydride in the presence of a large pore zeolite (HY or Hβ) at

120 �C for 2 h, was attempted (eqn. (1)). It was found that

(1)

Table 1 Synthesis of 4-acetyl-2-chloroanisole (2) from reaction of 1
with Ac2O over HY (Si : Al 40) and Hβ (Si : Al 12.5) according to
eqn. (1) a

Catalyst b t/h Yield (%) c

Hβ 2 91
Hβ 6 94
HY 2 75
HY 6 81
HY 24 84
HY 48 86

a A mixture of freshly calcined catalyst (0.50 g), Ac2O (1.23 g,
12.0 mmol), 1 (1.42 g, 10.0 mmol) and hexadecane (0.77 g) was stirred
at 120 �C for the stated reaction time. b Zeolites were calcined at 400 �C
prior to use. c Yields were determined by GC analysis in the presence of
hexadecane as added standard. 
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acetylation of 3 (10 mmol) with acetic anhydride (12 mmol)

over HY (0.5 g) at 120 �C for 2 h gave 4-acetyl-2-methylanisole

(4) in 79% yield (eqn. (1)), with no more than trace quantities of

isomeric products. Reaction under similar conditions over Hβ

gave 4 in even better yield (87%). Clearly, both zeolites HY and

Hβ were effective for the reaction.

Attention was turned next to acetylation of 3-methylanisole

(5) under conditions similar to those used to acetylate 3. How-

ever, reaction of 5 with acetic anhydride at 120 �C over HY or

Hβ for various reaction times led always to a mixture of two

acetylated products 6 and 7 (eqn. (2)), the yields of which are

recorded in Table 2.

As can be seen from Table 2, the overall yields were very good

over both Hβ and HY. A high overall yield (92%) of 6 plus 7

was obtained after 4 h over 0.05 g of Hβ per mmol of substrate,

while over HY under similar conditions the combined yield was

also very good (86%).

Samples of zeolites HY and Hβ that were recovered from the

reactions depicted in eqns. (1) and (2) were regenerated by cal-

cination at 400 �C and reused in reactions that were identical to

the ones from which the samples were recovered. In all cases the

yields were virtually the same.

Attention was next turned to investigation of regioselective

acetylation of 2,3-dihydrobenzofuran (8). It was found that

acetylation of 8 (10 mmol) using acetic anhydride (12 mmol)

over Hβ (Si : Al 12.5, 0.5 g) at 120 �C for 1.5 h gave 5-acetyl-2,3-

dihydrobenzofuran (9) in 95% yield (eqn. (3)), with little evi-

dence of isomeric products.

Attention was next turned to the acetylation of a deactivated

aryl ether, ethyl 2-ethoxybenzoate (10). Acetic anhydride was

used as the reagent in the presence of a range of heterogeneous

catalysts including large pore zeolites (Hβ, HY, H-Mordenite

and HX), a medium pore zeolite (HZSM-5), clays (K10, KSF

and ENVIROCAT EPZG) and an amorphous silica–alumina

(Synclyst 25), under reflux conditions for 3 h (eqn. (4)). A mix-

ture of two significant products, characterised as 11 and 12, was

obtained, along with residual 10. The yields are recorded in

Table 3.

(2)

(3)

Table 2 Yields of products 6 and 7 from reaction of 5 with Ac2O over
HY (Si : Al 40) and Hβ (Si : Al 12.5) according to eqn. (2) a

Catalyst b t/h

Yield (%) c

6 7

Hβ 2 61 18
Hβ 4 69 23
HY 2 59 17
HY 4 65 21

a A mixture of freshly calcined catalyst (0.50 g), Ac2O (1.23 g,
12.0 mmol), 5 (1.22 g, 10.0 mmol) and hexadecane (0.77 g) was stirred
at 120 �C for the stated reaction time. b See footnote b to Table 1.
c See footnote c to Table 1 

As the results in Table 3 demonstrate, the acetylation of 10

proceeds only slowly. It is clear that HY is the most effective of

the catalysts tried, and within the series of HY/HX catalysts

tried, the reaction proceeds better as the Si : Al ratio increases,

indicating that strength of the sites is more important than the

number/abundance of acid sites. Compound 11 was obtained in

6 and 21% yields, respectively, when reaction was carried out

over HY with Si : Al ratios 5.2 and 60. Therefore, the yield of

desired product increased as the strength of acid sites increased

(Table 3). Zeolite Hβ and K10 clay were also reactive, but gave

lower yields of the desired product. It appears, therefore, that

acidity and accessibility of sites are both important.

In all cases acetodealkylation of the ether also occurred. No

such reaction had been observed during acetylation of aryl

ethers containing alkyl or halo groups, so presumably the pres-

ence of the ethoxycarbonyl group was important in encour-

aging the process, perhaps by one of the mechanisms shown in

Fig. 1. For some reason, zeolite Hβ particularly favoured this

reaction.

A series of experiments involving zeolites Hβ (Si : Al 12.5)

and HY (Si : Al 40) as catalysts, over different reaction times,

was conducted. The results obtained are recorded in Table 4.

The yield of 11 was 31% when the reaction was carried out over

HY (1.0 g) for 24 h under reflux conditions, while the yield of 11

was only 14% when the reaction was carried out over Hβ (0.5 g)

under similar reaction conditions. Therefore, the yield of the

desired product was only slightly increased as the quantity of

catalyst and reaction time were increased. However, when Hβ

was used as the catalyst, the yield of the by-product 12 was

greatly increased, to 66% for a reaction period of 24 h.

Confirmation of the nature of the by-product, namely ethyl

2-acetoxybenzoate (12), was achieved by reaction between

ethyl salicylate (13) and acetic anhydride over zeolite Hβ (Si : Al

12.5, 0.5 g for 10 mmol of 13) at ambient temperature for 18 h

(eqn. (5)). The reaction was allowed to proceed overnight,

and the product was purified by flash column chromatography

to give 12 in 66% yield. It was identical in all respects to the

product from acetylation of 10.

(4)

Table 3 Products from reaction of 10 with Ac2O over different
catalysts according to eqn. (4) a

Catalyst (Si : Al) b

Yield (%) c

10 11 12

Hβ (12.5) 76 5 14
HY (60) 65 21 5
HY (40) 68 19 4
HY (30) 69 19 4
HY (12) 73 14 4
HY (5.2) 84 6 4
HX (1.5) 96 0 1
H-Mordenite (10) 96 0 2
HZSM-5 (25) 96 0 2
K10 84 6 2
K10/Al3� 87 4 3
KSF 92 1 2
Synclyst 25 98 0 2
ENVIROCAT EPZG 87 3 2

a A mixture of freshly calcined catalyst (0.50 g), Ac2O (1.23 g,
12.0 mmol), 10 (1.94 g, 10.0 mmol) and hexadecane (0.77 g) was stirred
under reflux for 3 h. b Zeolites and Synclyst were calcined at 400 �C and
clays at 110 �C prior to use. c See footnote c to Table 1. 
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Our attention was next turned to acetylation of another

deactivated ether, 2-ethoxybenzaldehyde (14). It was found that

acetylation of 14 over HY (Si : Al 60, 0.5 g) at 120 �C for 24 h

gave the 1,1-diacetate derivative (15) in 10% isolated yield,

along with recovered starting material 14 (eqn. (6)). Com-

pounds such as 15 are generally produced when aldehydes are

treated with anhydrides. It is clear that the presence of an alde-

hyde group has a deactivating influence on the aromatic ring, so

that acetylation on the aromatic ring does not occur. Indeed,

the reaction does not appear to be very useful at all for direct

acetylation of deactivated aryl ethers.

In order to assess the usefulness of the reaction for activated

ethers, acetylation of 1,2-dimethoxybenzene (16) using acetic

Fig. 1 Possible mechanisms for the acetodealkylation of 10.

(5)

(6)

Table 4 Yields of products 11 and 12 from reaction of 10 with Ac2O
over Hβ (Si : Al 12.5) or HY (Si : Al 40) under different reaction
conditions, according to eqn. (4) a

Catalyst (g) b t/h

Yield (%) c

10 11 12

Hβ (0.5) 6 29 14 53
Hβ (0.5) 24 16 14 66
HY (0.5) 6 69 24 4
HY (1.0) 6 65 28 4
HY (0.5) 24 65 27 4
HY (1.0) 24 61 31 5

a A mixture of freshly calcined catalyst, Ac2O (1.23 g, 12.0 mmol),
10 (1.94 g, 10.0 mmol) and hexadecane (0.77 g) was stirred under reflux
for the stated reaction time. b See footnote b to Table 1. c See footnote c
to Table 1. 

anhydride over Hβ (Si : Al 12.5) and HY (Si : Al 60, 0.5 g for

10 mmol of 16) at 40 �C for 45 min was attempted. The

corresponding regioselective para-acetylated product 17 was

obtained in 74 and 91% yields, respectively, over the two

zeolites. Similarly, acetylation of 1,2-diethoxybenzene (18) over

Hβ and HY at 120 �C for 1 h afforded the corresponding

para-acetylated product 19 in 78 and 91% yields, respectively

(eqn. (7)).

It was of interest to determine the major regioisomer

formed in the acetylation reaction of the unsymmetrical ether,

2-ethoxyanisole (20), for which two major regioisomers, 21 and

22, might be expected (eqn. (8)). Indeed, acetylation of 20 using

acetic anhydride over HY (Si : Al 60, 0.5 g for 10 mmol of 20) at

120 �C for 1 h gave two regioisomers 21 and 22 (eqn. (8)) in 90%

overall yield. The overall yield of 21 and 22 was 93% when the

reaction was carried out at 120 �C for 3 h over Hβ (Si : Al 12.5)

(Table 5).

Due to similarities in the chemical nature of the substituent

groups, separation of the two regioisomers proved to be

extremely difficult. However, the NMR spectra of the mixtures

indicated that the ratio of 21 : 22 was approximately 6 : 4 in all

cases.

It is clear from the results recorded in Table 5 that the pres-

ence of an additional functional group in one of the positions

ortho to the alkoxy group, and the relatively large size of the

acetyl group, renders the remaining position ortho to the alkoxy

group hindered to acetylation. Therefore, the position para to

the alkoxy group is the major available site for electrophilic

attack on the aromatic ring. However, in the case of acetylation

of 2-ethoxyaniline (23) with acetic anhydride over HY (Si : Al

60, 0.5 g) at room temperature for 10 min, reaction unsurpris-

ingly occurs preferentially on the amino group ortho to the

ethoxy group, to give N-acetylated product 24 in 92% yield

(eqn. (9)).

Similarly, acetylation of 2-ethoxybenzyl alcohol (25) under

similar reaction conditions gave O-acetylated product (26) in

88% yield (eqn. (10)).

(7)

(8)

Table 5 Yields of products 21 and 22 from reaction of 20 with Ac2O
over HY (Si : Al 40) or Hβ (Si : Al 12.5) according to eqn. (8) a

Catalyst b t/h Yield (%) c of 21 � 22

HY 1 90
Hβ 1 80
Hβ 2 89
Hβ 3 93

a A mixture of freshly calcined catalyst (0.50 g), Ac2O (1.23 g,
12.0 mmol), 20 (1.52 g, 10.0 mmol) and hexadecane (0.77 g) was stirred
at 120 �C for the stated reaction time. b See footnote b to Table 1.
c See footnote c to Table 1. 
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Clearly, acetylation occurs very rapidly at the hydroxyl and

amino groups as opposed to the position on the aromatic ring

para to the alkoxy group. A lone pair of electrons on N or O

attacks the acetylating agent to produce amide or benzyl ester

rather than the archetypical Friedel–Crafts acetylation product,

the aromatic ketone.

Conclusion

Acetylation of aromatic ethers substituted by single groups

with a modest effect on reactivity over zeolite Hβ or HY is a

successful method that is highly selective for the position para

to the alkoxy group. Deactivating groups cause considerable

slowing of the reaction and it is better to use the more open and

more active HY as catalyst. However, in such cases, reaction

can proceed to give modest yields of product, though with some

replacement of OR by OAc. In the presence of activating

groups such as OR, reaction proceeds rapidly and offers quanti-

tative reactions. Some selectivity for acylation para to the bulk-

ier of the two alkoxy groups is apparent over Hβ or HY, but

such selectivity is not great. Aldehyde, hydroxyl and unsubsti-

tuted amino groups are not tolerated, reacting instead to give

1,1-diacetate, O- or N-acetylated products, respectively.

The solid catalysts can be recovered and reused, with the

avoidance of toxic waste generated by traditional Lewis

acid catalysts. This makes the process environmentally and

commercially attractive.

Experimental

Commercially available starting materials (Aldrich) were

used as supplied. Acetic anhydride (Aldrich, 99%) was refluxed

overnight over P2O5 and distilled under dry N2. Commercial

zeolites were purchased from Aldrich Chemical Company or

provided as gifts by Zeolyst International. All solids were

freshly calcined prior to use by heating in air at 400 �C for a

minimum of 6 h and cooled to room temperature in a desic-

cator over silica gel. A PU 4400 Gas Chromatograph (Philips)

fitted with an RTX-1 fused silica capillary column (30 m ×

0.32 mm ID) with dimethylpolysiloxane bonded phase was used

for GC. Hexadecane was added as an internal standard to allow

quantification. 1H and 13C NMR spectra were recorded on

a Bruker AC spectrometer operating at 400 MHz for 1H

and 100 MHz for 13C measurements. Low-resolution mass

spectra were recorded on a VG 12-253 spectrometer, electron

impact (EI) at 70 eV and chemical ionization (CI) by the use of

ammonia as ionization gas.

Typical reaction procedure

Quantities are recorded in the footnotes of the appropriate

tables. All reactions were carried out in a 25 ml round bottomed

flask fitted with a magnetic stirrer. Freshly calcined solid

catalyst, acetic anhydride (1.23 g, 12.0 mmol) and aromatic

substrate (10 mmol) were added. Reaction was stirred at the

appropriate temperature for the appropriate reaction time in a

solvent-free system. The reaction mixture was diluted with

(9)

(10)

ether or CH2Cl2, then filtered under vacuum and the filtrate was

washed with distilled water (2 × 25 ml) and saturated NaHCO3

solution (2 × 25 ml). The organic layer was dried (MgSO4),

filtered and the solvent evaporated under reduced pressure.

Quantitative analysis was achieved for the product mixture

by GC. The product was purified by column chromatography

and further purification was achieved by recrystallisation

when necessary. Confirmation of the identity of product was

achieved from NMR and mass spectral data.
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