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A convenient and efficient procedure for the Friedel–Crafts acylation of aromatic compounds with car-
boxylic acids in the presence of P2O5/SiO2 is described. Both aromatic and aliphatic carboxylic acids
reacted easily to afford the corresponding aromatic ketones. The use of non-toxic and inexpensive mate-
rials, simple and clean work-up, short reaction times and good yields of the products are the advantages
of this method.

� 2008 Elsevier Ltd. All rights reserved.
 P2O5 / SiO2

Reflux, 1-5 h

R= Aryl, Alkyl, Alkenyl

R-COOH + ArH
R

C
Ar

O

Scheme 1.
Friedel–Crafts acylation is one of the most important methods
to prepare aromatic ketones, which are used in manufacturing fine
and speciality chemicals as well as pharmaceuticals.1 Typical
procedures include the use of acid chlorides or acid anhydrides
as acylating agents and an excess amount of aluminium trichloride
as a Lewis acid, which entails environmental pollution and a
tedious work-up. In order to minimize these problems, several
catalytic Friedel–Crafts acylations have been developed.2 A litera-
ture survey indicates that the use of carboxylic acids as acylating
agents is a superior method with respect to procedures utilizing
acyl chlorides and anhydrides. Zeolites,3 heteropolyacids and their
salts,4 clay,5 alumina/TFAA,6 MeSO3H/graphite7 and Lewis acids8

are reported to catalyze Friedel–Crafts acylations using carboxylic
acids as acylating agents. Recently, the use of catalysts and
reagents on solid supports has been developed because such
reagents not only simplify purification processes but also help to
prevent release of reaction residues into the environment.9

Although there are many reports using phosphorus pentoxide
as a reagent in organic reactions,10 P2O5 is difficult to handle due
to its moisture sensitivity at room temperature. P2O5 on silica gel
(P2O5/SiO2) is easy to prepare and to handle, and can be removed
from the reaction mixture by simple filtration.11 Herein, we report
an efficient and convenient procedure for the conversion of carbox-
ylic acids to the corresponding aryl ketones in the presence of
P2O5/SiO2. These reactions are easily carried out under hetero-
geneous and reflux conditions (Scheme 1).
ll rights reserved.
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The acylation reactions were carried out by heating a stirring
mixture of the carboxylic acid, aromatic compound and P2O5/
SiO2 at reflux.12,13 However, for reagents such as anisole, 1,3-di-
methoxybenzene, 2-methoxynaphthalene, naphthalene, anthra-
cene, 2-methylthiophene, thioanisole and biphenyl, the acylation
reactions were carried out in 1,2-dichloroethane under reflux con-
ditions.14 The products were isolated by simple filtration of the
reaction mixture and then by usual work-up. These reaction condi-
tions were successfully applied for the preparation of different aryl
ketones from electron-rich and electron-poor aromatic com-
pounds. The results of this study are presented in Table 1. The reac-
tions are remarkably clean, convenient and no chromatographic
separation was necessary to obtain spectroscopically pure com-
pounds, except in a few cases (Table 1, entries 26, 29 and 30). Using
this reagent, acylation occurs at the para position with good
selectivity. However, in cases where the para positions are blocked
(Table 1, entries 2 and 16), the acyl group is introduced ortho to the
substituent. This procedure also succeeds for the acylation of thio-
phene and 2-methylthiophene (Table 1, entries 8, 9 and 20), as well
as polycyclic aromatic hydrocarbons (Table 1, entries 7, 11, 26 and
27), producing the corresponding acylated products in good yields.
These reactions are rapid even with higher carboxylic acids.
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Table 1
Direct acylation of aromatic compounds with carboxylic acids in the presence of P2O5/SiO2 under reflux conditions

Entry Carboxylic acid Aromatic hydrocarbon Product Time (h) Yielda (%)

1

COOH

NO2

Toluene CO2N
O

5 68

2 p-Xylene CO2N
O

3 70

3 Cumene CO2N
O

3 52

4 Mesitylene CO2N
O

2 66

5be Anisole CO2N
O

OMe 5 67

6c 1,3-Dimethoxybenzene CO2N
O

OMe

MeO

3 78

7d 2-Methoxynaphthalene

OMe
C O

NO2

2 86

8b 2-Methylthiophene CO2N
O S 3 58

9 Thiophene CO2N
O S 3 52

10b Thioanisole CO2N
O

SMe 5 62

11d,f Naphthalene
C O

NO2

2 88

12d Biphenyl C
O

NO2
3 85

13 Bromobenzene CO2N
O

Br 3 37

14 Nitrobenzene C
O

NO2

O2N

3 0
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Table 1 (continued)

Entry Carboxylic acid Aromatic hydrocarbon Product Time (h) Yielda (%)

15

CH2COOH

NO2

Toluene CH2C
O

O2N 3 80

16 p-Xylene CH2C
O

O2N 3 76

17 Cumene CH2C
O

O2N 3 45

18b Anisole CH2C
O

O2N OMe 5 88

19c 1,3-Dimethoxybenzene CH2C
O

O2N

MeO

OMe 3 90

20b 2-Methylthiophene CH2C
O

O2N
S 3 55

21c Thioanisole CH2C
O

O2N SMe 5 60

22

COOH

m-Xylene
C
O 3 82

23 Mesitylene C
O

2 80

24 Chlorobenzene C
O

Cl 5 28

25c 1,3-Dimethoxybenzene C
O

OMe

MeO

3 84

26d Anthracene C O 3 57

27d 2-Methoxynaphthalene

OMe
C O 3 76

28b

CH2CH2COOH

Anisole CH2CH2C
O

OMe 3 86

29 Toluene

O

3 16

(continued on next page)
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Table 1 (continued)

Entry Carboxylic acid Aromatic hydrocarbon Product Time (h) Yielda (%)

30 m-Xylene

O

3 23

31b

CH CHCOOH

Anisole CHCH C
O

OMe 3 88

32 Cl�CH2COOH m-Xylene C
O

CH2Cl 2 72

33 Mesitylene C
O

CH2Cl 1 70

34b,g Anisole MeO C
O

CH2Cl 3 70

a The yield, based on the starting acid, refers to the isolated pure products which were characterized from their spectral data and were compared with authentic
samples.15,16

b The molar ratio of aromatic compound/carboxylic acid is 5/1.5 and the reaction is carried out in 1,2-dichloroethane under reflux conditions.
c The molar ratio of aromatic compound/carboxylic acid is 3/1.5 and the reaction is carried out in 1,2-dichloroethane under reflux conditions.
d The molar ratio of aromatic compound/ carboxylic acid is 1/1.5 and the reaction is carried out in 1,2-dichloroethane under reflux conditions.
e 15% of the ortho-isomer was detected by 1H NMR spectroscopy.
f 18% of the b-isomer was detected by 1H NMR spectroscopy.
g 12% of the ortho-isomer was detected by 1H NMR spectroscopy.
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However, for deactivated aromatic rings such as bromobenzene
and chlorobenzene (Table 1, entries 13 and 24), the corresponding
4-acylated products were obtained in low yields. With nitrobenz-
ene, no product was obtained (Table 1, entry 14). The reaction be-
tween 3-phenylpropionic acid and anisole in the presence of P2O5/
SiO2 produced the corresponding 4-acylated product in high yield
(Table 1, entry 28); however, the reaction between 3-phenylpropi-
onic acid and toluene or m-xylene produced 2,3-dihydro-30H-
[1,20]biindenyliden-10-one as a major product of a subsequent aldol
condensation (Table 1, entries 29 and 30).

According to our observations, the present method occurs by
in situ generation of a carboxylic anhydride derived from a mixed
carboxylic-phosphoric anhydride.17,18

To evaluate the role of the SiO2, we studied the acylation of ani-
sole with 4-nitrobenzoic acid, 4-nitrophenylacetic acid, 3-phenyl-
propionic, cinnamic acid and 2-chloroacetic acid in the absence
of SiO2. These reactions were carried out in refluxing 1,2-dichloro-
ethane in the presence of P2O5 alone. We found that the yields
using P2O5/SiO2 were greater (average, 20%) than those with P2O5

alone under the same conditions. The effect of SiO2 may be due
to good dispersion of P2O5 on the surface of silica gel leading to sig-
nificant improvements in its reactivity. SiO2 as a support may also
minimize cross contamination between the product and H3PO4

generated during the course of the reaction.9,17

In conclusion, P2O5/SiO2 is an inexpensive, easily available, non-
corrosive and environmentally benign compound. In this work, we
have reported a convenient and efficient procedure for the prepa-
ration of aryl ketones in good yields and short reaction times. The
notable advantages of this methodology are direct use of a wide
variety of carboxylic acids, operational simplicity, generality, good
regioselectivity, availability of reactants and easy work-up.
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