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RESEARCH LETTER

Aluminum-catalyzed efficient synthesis of anilides by the acylation of aryl

amines under ultrasonic conditions

Muthukur Bhojegowd Madhusudana Reddy, Vaderapura Puttaramegowda

Jayashankara and Mohamed Afzal Pasha*

Department of Studies in Chemistry, Central College Campus, Bangalore University, Bangalore 560 001, India

(Received 26 February 2010; final version received 6 June 2012)

Substituted aryl amines undergo smooth acylation with different acyl chlorides to give anilides under sonic
condition (35 kHz, 258C) in the presence of catalytic amounts of aluminum metal powder in acetonitrile as

solvent. All the reactions go to completion within 4 min and give the products in high yields (85�97%).

Cl

O

R
NH2

X

X = H, OCH3, CH3, F, Cl, Br, NO2 etc.,

R = aryl, alkyl

NHCOR

X

+
)))) / 1 - 4 min

Al (cat.)/CH3CN

85-97%

Keywords: aluminum metal powder; acyl chlorides; aryl amines; anilides; sonic bath; ultrasound

Introduction

Sonochemistry can be defined as a study of chemical
reactions under the influence of ultrasound. In the
year 1927, the acceleration of a conventional reaction
was reported by Richards and Loomis under sonic
condition (1). Increasing interest for sonochemical
reactions is due to the positive chemical and mechan-
ical effects when ultrasound waves propagate in a
liquid medium (2). Compared to traditional methods,
reactions under the influence of ultrasound are more
convenient and hence a large number of organic
reactions have been reported in the past three decades
(3, 4). Ultrasound is beneficial in one or more ways
such as (i) for accelerating a chemical reaction; (ii) to
use less purified or cruder reagents; (iii) for initiating
reactions without any additives or catalysts; (iv) for
avoiding forcing conditions such as high tempera-
tures and high pressures and (v) for simplifying the
reaction by reducing the number of steps. Under
sonic condition, the yields are high and the reactions
occur in shorter reaction durations.

The conversion of aryl amines into anilides is an
important reaction in organic synthesis and the amide
function is widely distributed in organic and biologi-
cal molecules. Amides and anilides are also important

in pharmaceutical, agrochemical industries, and are

used as protecting groups in organic synthesis (5, 6).

Synthetic methods for preparing these compounds

involve direct introduction of acyl group into amino

group of amines and anilines (7�9). The most

common methods include either conversion of car-

boxylic acid to a more reactive functional group such

as an acyl chloride, a mixed anhydride, an acyl azide,

an active ester or via an in situ activation of carboxyl

group. Some reagents which have been used to

convert amines or anilines into amides or anilides,

respectively, are: carbodiimides (10), TiCl4 (11),

Sn[NH(TMS)2]2 (12), ArB(OH)2 (13), activated phos-

phate (14), and triphenylphosphine/trichloroacetoni-

trile (15). Some reports describe the preparation of

primary, secondary, and tertiary amides (16, 17).

Other reactions reported under microwave irradiation

include use of catalysts such as imidazole (18),

Zeolite-HY (19), p-toluenesulfonic acid (20), and

TaCl5-silica gel (21). Yadev et al. have demonstrated

the preparation of amides by the reaction of acid

chlorides with amines in the presence of zinc dust

under normal condition. The reaction generally

requires about 30 min to 3 hr for completion depen-

ding on the nature of the substrates used (22, 23).
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Synthesis of anilides is generally carried out either at
high temperatures or requires longer duration. Other
disadvantages include use of expensive reagents, or
unsatisfactory yield of the products. Hence, we feel
that there is still scope for investigation toward milder
reaction conditions, shorter reaction time and better
yields which can possibly be achieved using ultra-
sound as energy source for acylation of aryl amines.

In continuation of our work on the use of
ultrasound for accelerating the rate of the chemical
reactions (24�29), we wish to report a mild and
efficient acylation of various substituted aryl amines
to provide anilides within 4 min in high yields by
irradiating at 35 kHz in a sonic bath maintained at
258C. Different substituted aroyl or acyl chlorides are
found to react efficiently in the presence of catalytic
amount of aluminum metal powder in MeCN as
shown in Scheme 1.

Results and discussion

Selection of suitable solvent is important for the
successful ultrasound-assisted synthesis. Initially, in
search for an optimal solvent, the reaction of
4-toludine (10 mmol) with benzoyl chloride (10 mmol)
was selected as the model reaction, and the reaction was
studied in ether, EtOH, MeCN and THF under
ultrasonic irradiation using Al powder (5 mmol). The
results of this study are presented in Table 1. As shown
in Table 1, the reactions using MeCN as solvent
resulted in higher yield of the amide 3j and the reaction
went to completion in shorter reaction duration than
that in other solvents. Hence, MeCN was used as the
solvent for all further ultrasound-assisted reactions.

The influence of the amount of aluminum metal
powder was then investigated with regard to the

model reaction, and the results indicate that, the
reaction did not proceed to a great extent even after
30 min without aluminum metal. When 5 mmol of Al
was added, the reaction proceeded rapidly, and the
yield was 93% after 80 sec. There was no obvious
increase in the yield when more or less amount of
aluminum metal was used. The results of this study
are presented in Table 2.

In order to have a meaningful comparison, the
synthesis of 3j was performed under both ultrasound
irradiation and under mechanical stirring at 258C.
The reaction was efficiently promoted by ultrasound
and the reaction time was strikingly shortened to 80
sec from the 30 min required under mechanical
stirring, and the yield was increased from 20 to
93% (Table 3, entry j). Therefore, ultrasound irradia-
tion exhibited advantages over normal stirring by
significantly reducing the reaction time and dramati-
cally improving the product yield.

We found that the ultrasonic reaction to be
simple, as different acyl chlorides including aroyl
chlorides having electron-releasing or electron-with-
drawing groups reacted satisfactorily to give anilides
in high yield within 4 min (Table 3). This reaction
condition did not affect the functional groups such as
nitro, methoxy, and halogen. The protocol has
strengthened the utility of various substituted acid
chlorides in amide formation reaction, which allows
application in peptide and protein synthesis (30). The
anilides prepared, the yields, and time taken for
completion of the reaction are presented in Table 3.

The synthesized anilides were characterized by
FTIR, 1H NMR and GC�MS spectral analysis. The
appearance of single peak at 3227�3350 cm�1 (NH)
and a strong peak at 1624�1657 cm�1 (C�O) for
secondary amide and the disappearance of two peaks at
3180�3390 cm�1 (NH2) in the IR spectra indicated the
formation of the corresponding anilides. In the 1H NMR
spectra, the aromatic protons were observed between
d7 and 8 ppm. The signal of NH of the amide group was
observed at d10.4 ppm. The molecular ion peaks (M�)
were in total agreement with the molecular weight.
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Scheme 1. Synthesis of anilides by the acylation of aryl
amines under ultrasonic condition.

Table 1. Solvent optimization for the synthesis of 3j under

sonic condition at 258C using 5 mmol of aluminum powder.

Entry Solvent Time (sec)
Yield (%)

Normal US

1 ether 330 25 41

2 EtOH 350 20 55
3 MeCN 80 22 93
4 THF 335 21 60

Table 2. Amount of Al optimization for the synthesis of 3j

under ultrasonic irradiation at 258C in 10 mL MeCN.

Entry Amount of Al (mmol) Time (sec) Yield (%)

1 3 80 40

2 4 80 65
3 5 80 93
4 6 80 90

5 7 80 87
6 � 1800 ND

ND, not detected.
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Table 3. Reaction of aryl amines with different acid chlorides.

Entry Aniline (1) Acid chloride (2) Time (sec) ProductA (3) YieldB (%) M. P (8C) Ref (31�33)

a NH2 Cl

O

135 N
H

O

90 159�160

b NH2Cl Cl

O

140 N
H

O
Cl

96 191�192

c NH2
F Cl

O

120 N
H

O
F

95 184�186

d NH2
MeO Cl

O

120 N
H

O
MeO

92 155

e
NH2

F

Cl

O

135
N
H

O

F

86 141�142

f
NH2

Cl

Cl

O

170
N
H

O

Cl

88 116

g
NH2

Br

Cl

O

145
N
H

O

Br

92 133

h
NH2

O2N

Cl

O

150

N
H

O

NO2

94 153

i
NH2

MeO

Cl

O

155
N
H

O

OMe

92 107�109

j NH2 Cl

O

80 N
H

O

93(20)C 134�136

k NH2

O
Cl

O

150
N
H

O

O

86 99

l NH2

Cl

O
140

N
H

O

92 115�117

m NH2Cl
Cl

O
160

N
H

O
Cl

90 162

n
NH2

O2N

Cl

O
135

N
H

O

NO2

87 122�124
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We have compared the present method with the
reported methods, and it is found that the present
method is efficient and simple for the preparation of
anilides from aniline and acid chlorides. The compar-
ison of the results for the preparation of 3j is
presented in Table 4.

The rapid increase in the rate of the reaction
under sonic condition is due to acoustic cavitation.
Acoustic cavitation is the driving force for all the
sonochemical reactions, which is nothing but the
formation of small cavities in a fluid produced by
ultrasound that undergoes highly energetic collapse

(35, 36). More precisely, the dissolved gases present in
liquids on sonication under proper conditions can
undergo a violent collapse, which generates localized
‘‘hot spots’’ with a transient high temperature and
pressures, inducing molecular fragmentation, and
highly reactive species are locally produced, which
are responsible for the chemical effects of ultrasound
in homogeneous as well as heterogeneous conditions.
In some cases, ultrasonic irradiation can probably
provide more efficient stirring (37). All these factors
can cause the present reaction to take place rapidly
and efficiently under sonic condition.

Table 3 (Continued )

Entry Aniline (1) Acid chloride (2) Time (sec) ProductA (3) YieldB (%) M. P (8C) Ref (31�33)

o NH2
Cl

O

O2N

145 N
H

O

NO2

85 211

p NH2
Cl

O

Cl

140 N
H

O

Cl

93(20)D 200

q NH2
Cl

Cl

O
120

N
H

O

Cl 95 122�124

r NH2
MeO Cl

Cl

O
135

N
H

O

Cl

MeO

97 118

s NH2
Cl

Cl

O
125

N
H

O

Cl 91 185

t NH2
Cl Cl

Cl

O
135

N
H

O

Cl

Cl

90 168�170

AAll the product were characterized by physical and spectral (IR, GC�MS and 1HNMR) analysis and found to be in accordance with the

assigned structures
BIsolated yield
CA mixture of benzoyl chloride (1.410 g, 10 mmol), 4-toludine (1.07 g, 10 mmol), aluminum metal powder (0.135g, 5 mmol) in MeCN (10 mL)

were stirred at 258C for 30 min to get 20% product.
DThe yield of the product under mechanical stirring.

Table 4. Comparison of catalytic activity of present method with reported methods.

Entry Solvent system/catalyst Condition Time Yield (%) [refs.]

a poly(4-vinylpyridine/n-hexane/K2CO3 Rt 9 hr 91 (31)
b Et3N/AcOH/Zn 408C 4 hr 64 (32)

c N-Acylbenzotriazoles/CHCl3 MW 10 min 91 (33)
d TEP-4-DMAP/pyridine Reflux 7 hr 76 (34)
e Al atom/MeCN Rt & US 80 sec 93A

APresent method: a mixture of benzoyl chloride (1.410 g, 10 mmol), 4-toludine (1.07 g, 10 mmol), aluminum metal powder (0.135g, 5 mmol) in

MeCN (10 mL) were sonicated (35kHz) at 258C for 80 sec.
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Experimental

All starting materials were commercial products. All
solid amines were used without further purification;
liquid amines were distilled before use. Reactions
were monitored on TLC by comparing with authentic
samples; yields refer to yield of the isolated products.
Melting points were measured on a Raaga, Chennai,
Indian-made melting point apparatus. NMR spectra
were obtained on a 400 MHz Bruker AMX spectro-
meter in CDCl3 using TMS as a standard. GC�Mass
spectra were obtained using a Shimadzu GC�MS QP
5050A instrument. IR spectra were recorded using
Shimadzu FT-IR-8400s spectrophotometer as KBr
pellets. All acyl chlorides were obtained according to
the methods reported in the literature, which were
distilled before use (38�40). All the reactions were
studied using SIDILU, Indian-made sonic bath
functioning at 35 kHz (constant frequency) and
maintained at 258C without mechanical stirring.

General procedure for the synthesis of anilides under
sonic condition at 35 kHz

Benzoyl chloride (1.410 g, 10 mmol), 4-toludine (1.07
g, 10 mmol), aluminum metal powder (0.135 g,
5 mmol) in MeCN (10 mL) were placed in a 50-mL
round bottom flask. The contents were sonicated in a
sonic bath functioning at 35 kHz (constant frequency)
and maintained at 258C by circulating water. At the
end of the reaction (80 s, monitored by TLC, 20%
EtOAc, pet-ether [60�808C]), the reaction mixture
was filtered through a celite pad, washed with diethyl
ether (3�20 mL). The combined ether filterate was
washed successively with sat. NaHCO3, and water
and the ethereal extract were dried over anhydrous
MgSO4 and the solvent distilled out. The product
after drying under vacuum was identified to be
4-methyl-benzanilide (3j, Table 3, 1.96 g, 93%).

Conclusion

We have developed an efficient method for the
synthesis of anilides from aryl amines and acyl
chlorides under sonic condition at 258C. In addition
to efficiency and simplicity, this protocol follows
Green Chemistry norms and provides a very fast
and low-cost procedure for the synthesis of a wide
range of anilides in the presence of catalytic amounts
of aluminum metal powder.
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