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ABSTRACT
A greener improvement to the N-benzoylation of amines, phenols and
alcohols by benzoyl chloride was achieved using ultrasound irradiation
without any solvent and catalyst. This simple, fast and highly efficient
green procedure provided the products in high purity and quantitative
yield within minutes at room temperature. This protocol does not require
any water quenches, solvent separations and purification steps such as
column chromatography or recrystallization.
 2014 Trade Science Inc. - INDIA

INTRODUCTION

Acylation of functional groups is a very useful reac-
tion in the organic synthesis, especially in the synthesis
of natural compounds and polyfunctional molecules such
as nucleosides, carbohydrates, and steroids[1,2].

Amides have been extensively employed in the syn-
thesis of industrial chemicals, drugs, polymers, agro-
chemicals, cosmetics and food additives[3]. Among the
various developed synthetic methods, several reports
are available in the literature for the synthesis of amides
via acylation of amines with acyl donors such as acid
chlorides, anhydrides, esters, acyl azides and carboxy-
lic acids[4,5]. A number of synthetic methods have been
reported in the literature for acylation of amines using
acidic[6,7] or basic[8,9] conditions in organic media.

Earlier reported methods for the acylation of amines
suffer from drawbacks such as the use of expensive
and highly toxic, flammable or explosive reagents and
various acid/basic catalysts which all destroyed and

resulted in undesirable wastes and pollutants, problem
in recovery of the large amount of soluble bases or ac-
ids, the environmental pollution caused by utilization of
organic solvents, low yields, high temperatures, long
reaction times, harsh reaction conditions, use of excess
acylating agents, difficulty in availability or preparing the
starting materials or catalysts, high cost and moisture-
sensitivity of the catalysts, formation of undesirable or
toxic by-products and purification through recrystalli-
zation or column chromatography. Therefore, develop-
ment of mild, highly efficient and environmentally be-
nign method for acylation of amines has been a major
challenge in organic synthesis.

From the standpoint of �green chemistry� and for

reasons of economy and pollution, solvent-free meth-
ods are of great interest to make the classical proce-
dures more clean, safe and easy to perform[10]. A cata-
lyst-free and solvent-free procedure for the acylation
of amines with acetic anhydride was also reported.11,12

However; this procedure requires stirring of the reac-
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tion mixture at relatively high temperature (80-85 °C),

distillation or extraction for the separation of the prod-
ucts and column chromatographic for purification of the
products.

Thus, development of an efficient, mild and conve-
nient synthetic method for acylation of amines without
any solvent, catalyst, bases, acids with high yields and
pure products is an important subject.

Application of the ultrasound irradiation has received
an increased attention in recent years and is able to
activate several organic reactions[13,14]. A large number
of organic synthesis can be carried out in higher yields,
shorter reaction time and milder conditions under ultra-
sound irradiation than that of conventional methods. The
sonication is used as an alternative energy source for
the N-benzoylation of amines and involves high ener-
gies and pressures on an extremely short time scale. In
an irradiated liquid, the collapse of bubbles caused by
cavitation produces intense local heating and high pres-
sures with very short lifetimes. These transient, local-
ized hot spots can cause the reaction to take place rap-
idly. The hot spot has an equivalent temperature of
roughly 5000 °C (9,000 °F), a pressure of about 2000

atmospheres, a lifetime considerably less than a micro-
second and heating and cooling rates above 10 billion
°C per second[13,14].

So, in continuation to our ongoing researches on
the synthesis of nitrogen-containing compounds[15-17],
we hereby report the N-benzoylation of amines by ben-
zoyl chloride under solvent- and catalyst-free condi-
tions using ultrasound irradiation (Scheme 1).

Bruker Avance DRX 90 MHz instrument. The chemi-
cal shifts () are reported in ppm relative to TMS as an
internal standard and J values are given in Hz. 13C NMR
spectra were recorded at 24.5 Hz. FT-IR (KBr) spec-
tra were recorded on a Perkin-Elmer 781 spectropho-
tometer. Melting points were taken in open capillary
tubes with a BUCHI 510 melting point apparatus and
were uncorrected. The elemental analysis was per-
formed using Heraeus CHN-O-Rapid analyzer. TLC
was performed on silica gel polygram SIL G/UV 254
plates. Ultrasonication was performed in a PARSONIC
2600s ultrasound cleaner with a frequency of 28 kHz
and an output power of 50 W (Builtin heating, 20-70
ºC thermo-statically adjustable). The reaction flask was

located at the maximum energy area in the ultrasound
cleaner, and the surface of the reactants was placed
slightly lower than the level of water. The reaction tem-
perature was controlled by addition or removal of wa-
ter from the ultrasonic bath. The temperature of the water
bath was controlled at about 25-30 °C.

Typical procedure for the N-benzoylation of
amines

A mixture of benzoyl chloride (1 mmol) and amine
(1 mmol) was irradiated by ultrasound for the appro-
priate time at room temperature (TABLE 1). During
reaction a white crystalline solid separated out. After
completion of the reaction (as monitored by TLC), the
solid was separated and characterized by NMR, FT-
IR and melting points. The physical data (mp, IR and
NMR) of known compounds were found to be identi-
cal with those reported in the literature.18-28 The forma-
tion of amides was confirmed by IR spectra, which
showed two characteristic peaks (secondary NH and
C=O). The 1H NMR and 13C NMR spectra of the
amides showed one amide NH proton and carbonyl
group signal, respectively.
1H NMR spectra of selected compounds (90 MHz,
acetone-d6)

N-Phenylbenzamide (TABLE 1, entry 1): ä
 
= 8.03-

7.01 (m, 11H).
N-(2-Chlorophenyl) benzamide (TABLE 1, entry

2): ä
 
= 8.99 (s, 1H), 8.25-7.12 (m, 9H).

N-(4-Nitrophenyl) benzamide (TABLE 1, entry 3):
ä

 
= 8.34-6.69 (m, 10H).

r.t, )))))

2-30 min
RR'NH + PhCOCl RR'NCOPh

Scheme 1 : The N-benzoylation of amines under ultrasound
irradiation

EXPERIMENTAL

Apparatus and analysis

All reagents were purchased from the Merck and
Aldrich chemical companies and used without further
purification. Products were characterized by compari-
son of their physical and spectral data with authentic
samples. The NMR spectra were recorded in DMSO
and CDCl

3
. 1H NMR spectra were recorded on a
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N-(2-Hydroxyphenyl)benzamide (TABLE 1, en-
try 4): ä

 
= 9.45 (s, 1H), 9.22 (s, 1H), 8.13-6.83 (m,

9H).
N-(4-Hydroxyphenyl)benzamide (TABLE 1, en-

try 5): ä
 
= 8.83 (s, 1H), 8.01-6.78 (m, 9H), 4.37 (s,

1H).
N-(3-Bromophenyl)benzamide (TABLE 1, entry

6): ä
 
= 9.60 (s, 1H), 8.21-7.27 (m, 9H).

N-(2,6-Dimethylphenyl)benzamide (TABLE 1,
entry 7): ä

 
= 8.99 (s, 1H), 8.12-7.10 (m, 8H), 2.31 (s,

6H).
N-(2,4-Dimethylphenyl)benzamide (TABLE 1,

entry 8): ä
 
= 8.95 (s, 1H), 8.09-6.97 (m, 8H), 2.29 (s,

6H).
N-(4-Methoxyphenyl)benzamide (TABLE 1, en-

try 9): ä
 
= 8.04-6.87 (m, 10H), 3.79 (s, 3H).

N-(2-Cyanophenyl)benzamide (TABLE 1, entry
10): ä

 
= 9.60 (s, 1H), 8.12-7.32 (m, 9H).

N-Naphthalen-2-yl-benzamide (TABLE 1, entry
11): ä

 
= 8.21-7.44 (m, 13H).

N-Benzylbenzamide (TABLE 1, entry 13): ä
 
= 8.25

(s, 1H), 7.92-7.31 (m, 10H), 4.66 (s, 2H).

CAUTION

Although benzoyl chloride is often used as a source
for acylation of functional groups, appropriate safety
precautions should be taken.

RESULTS AND DISCUSSION

The N-benzoylation reactions of amines by ben-
zoyl chloride were investigated under solvent- and cata-
lyst-free conditions using ultrasound irradiation at room
temperature. As the reaction proceeds, the product pre-
cipitates as white crystals and separates at the end of
the reaction. Benzoyl chloride is a very useful and eûcient
reagent for production of peroxides, esters, amides,
dyes, perfumes, pharmaceuticals and resins. It has been
used as an acylating agent in acylation of functional
groups. In most N-benzoylation procedures in the lit-
erature, excess of benzoyl chloride is used which can-
not be easily recovered from the reaction mixture. The
first principle of green chemistry states that it is better
to prevent waste production than to treat waste or clean
it up after it has been created[12]. In our methods, amides

were prepared by application of stoichiometric amounts
of benzoyl chloride (1.0 mmol) and amine (1.0 mmol)
under solvent- and catalyst-free conditions. Waste pro-
duction can be prevented when reagents are stoichio-
metrically treated. So, after completion of the reaction,
there is no benzoyl chloride in the reaction mixture.

Also; no organic or aqueous solvents were used in
the work-up step and the method did not require any
purification steps such as column chromatography or
recrystallization. Compared to the reported methods,
our method is convenient, fast, safe and easy work-up.

To expand the scope of the current green protocol,
a series of N-benzoylation reactions were carried out
between various substituted aromatic, heterocyclic and
aliphatic amines and benzoyl chloride at solvent- and
catalyst-free conditions under ultrasound irradiation at
room temperature (TABLE 1). In all cases, the results

TABLE 1 : Green N-benzoylation of different amines by the
ultrasound irradiation

Entry Substrate Product 
Time 
(min) 

Yielda 

(%) 
1 NH2  NHCOPh  4 98 

2 NH2

Cl

 NHCOPh

Cl

 
5 97 

3 NH2O2N  NHCOPhO2N  30 80 

4 NH2

OH  
NHCOPh

OH  
25 97 

5 NH2HO  NHCOPhHO  7 96 

6 NH2

Br

 NHCOPh

Br

 
20 96 

7 NH2

Me

Me

 
NHCOPh

Me

Me

 

5 95 

8 NH2Me

Me  
NHCOPhMe

Me  
5 96 

9 NH2MeO  NHCOPhMeO  3 95 

10 NH2

CN

 NHCOPh

CN

 
15 94 

11 
NH2

 

NHCOPh

 
5 94 

12 
H
N

 N
COPh  

30 94 

13 CH2NH2  CH2NHCOPh  7 96 

14 N
H  

COPh
N  10 95 

15 O NH  O NCOPh  2 97 

16 HN NPh PhOCN NPh  12 97 

17 NH
 

NCOPh
 3 95 

a Yields are after work-up
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show that the reaction times are reduced and the yields
are increased under sonication condition.

Anilines contain both electron-releasing and elec-
tron-withdrawing groups underwent the conversion in
good yields (TABLE 1, entries 1-12). It was also found
that the nature of the substitution on the aromatic ring of
the aniline had no great influence on the reaction and all
the substrates react with equal rates. In addition, naph-
thylamine (TABLE 1, entry 11) and benzylamine (Table
1, entry 13) were acylated to their N-benzoylated com-
pounds in good yields. Interestingly, this method is ap-
plicable for the N-benzoylation of steric hindered amines
such as diphenyl- and dibenzylamine as well (TABLE
1, entries 12 and 14).

The N-benzoylation of secondary amines need
longer reaction times than primary ones; thus when a
mixture of primary and secondary amines were exposed
to benzoyl chloride (ratio of amine to benzoyl chloride,
1:1), only primary amine was benzoylated which shows
the excellent chemoselectivity (Scheme 2).

 High reaction temperatures and long reaction times
are avoided;

 No side product was observed under the reaction
conditions, thus this method did not require any fur-
ther purification, and

 To the best of our knowledge, this new procedure
provides the first example of an efficient ultrasound-
promoted approach for the synthesis of amides.
Scheme 3 shows a nice comparison between the

literature acylating methods (equations 1-17) with our
proposed procedure (equation 18) to understand the

NH2 NHPh

+

NHCOPh NPh

+

0.0 %

PhOC

r.t., ))))
PhCOCl (1eq)

1 eq. 1 eq.

Scheme 2 : Chemoselective N-benzoylation of amines

With those molecules containing both the hydroxyl
and amino groups, only the N-benzoylated products
were formed. So the o-benzoylation did not take place
and the applied method shows a good chemoselectivity
(TABLE 1, entries 4 and 5).

After a successful attempt with aromatic and ali-
phatic amines we further explored the reaction of ben-
zoyl chloride with secondary heterocyclic amine such
as morpholine (TABLE 1, entry 15), 1-phenylpiperazine
(TABLE 1, entry 16) and pyrrolidine (TABLE 1, entry
17) which the reactions were successful as well.

Compared with the other literature works on the
N-benzoylation of amines, the notable features of our
method are:
 The reaction system is clean and simple;
 Organic solvents are not needed;
 Catalysts are not needed;
 Application of stoichiometric amounts of benzoyl

chloride and amine;
 The yields are very high;

(4)

 )))))

RR'NH+

(10)
r.t., 10-15 min

RR'NH+
Sulphated Zirconia

(7)
MeCN, 1 h

RR'NH+
RuCl3, r.t.

(8)
Neat or MeCN

RR'NH
BiOCl

(9)RR'NH+
ZrOCl2.8H2O

(13)
116 oC, 0.75-5 h

RR'NH+

CH2Cl2, 40 oC, 1-3.5 h
(3)RR'NH+

Zinc dust
(5)

25 oC, 30-45 min
RR'NH+ PhCOCl

K10 or KSF

(18)
r.t., 2-30 min

RR'NH+ PhCOCl RR'NCOPh

Yttria-Zirconia
(14)

110-125 oC, 2-24 h
RR'NH+ RR'NCOR''

(11)
r.t., 1-60 min

RR'NH+
Cp2Ti(OSO2C8F17)2

RR'NH+ R''COOH (6)
Zno nanofluid

FeAc-catalyst

(12)
100 oC, 0.5-4 h

RR'NH+ AcOH

(1)RR'NH+ (PhCO)2O RR'NCOPh

(2)
NaHCO3, <5 min

RR'NH+
H2O, 6N HCl

ZrO(OTf)2, MeCN
50 oC, 1-80 min

(PhCO)2O
MeCN/H2O, 5 min

RR'NCOPh

RR'NCOPh

110 oC or MW

SDS

+ MeCOCl

MeCOCl
Neat or MeCN

PANIn-Fe

AcOH

R''COOH

(16)
Dioxane, 80 oC, 10 h

RR'NH+
PANI-ES, O2

(15)
30 oC, 1-24 h

RR'NH+ Ac2O
[Mn(haacac)Cl], MeNO2

AcOH

(17)
0.5-1 hRR'NH+ RR'NAcAc2O

Ac2O

Ac2O

Ac2O

Ac2O

Ac2O

RR'NAc

RR'NAc

RR'NAc

RR'NAc

RR'NAc

RR'NAc

RR'NAc

RR'NAc

RR'NAc

RR'NAc

RR'NAc

RR'NCOR''

85 oC

Scheme 3 : The N-benzoylation of amines under diffrent re-
action conditions
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advantages of the proposed method.
In most N-acylation procedures in the literature the

following item are observed:
 Use of column chromatography or recrystallization

for purification of the products;
 Use of toxic organic solvents in reaction mixture

and in the extraction and purification steps;
 Use of acidic or basic reagents;
 Harsh reaction conditions (relatively high tempera-

ture, hazards,�..); and

 Use of homogeneous/heterogeneous reagent or
catalysts.
All above items are wasting money and time con-

suming, so our proposed method can be considered as a
green protocol which the reaction will take place in sol-
vent- and catalyst-free conditions at room temperature.

The following disadvantages can be deduced from
the literature about different amines N-acylations:

Disadvantages of equation (1)[18]

Application of volatile organic solvent (MeCN), use
of excess (PhCO)

2
O as acylating agent which cannot

be recovered at the end of reaction, use of catalyst,
difficulties in preparation of the catalyst and availability
of reagents, use of ether and aqueous solution of
NaHCO

3
 for extraction of the products and use of col-

umn chromatography for purification of the products.
Also, this method is only limited to the acylation of pri-
mary amines.

Disadvantages of equation (2)[19]

Use of 6N HCl (hazardous, toxic, extremely cor-
rosive and homogeneous reagent which decomposed
during work-up and cannot easily be recovered and
recycled) and use of sodium bicarbonate and ethyl ac-
etate for extraction of the products. Also, this method
is only limited to the acylation of primary amines.

Disadvantages of equation (3)[20]

Application of catalyst and volatile organic solvent
(CH

2
Cl

2
), use of excess acetic anhydride as acylating

agent which cannot be recovered at the end of reac-
tion, long reaction times (1-3.5 h), harsh reaction con-
ditions (reflux) and use of column chromatography for
purification of the products.

Disadvantages of equation (4)[21]

Application of volatile organic solvent (MeCN), use

of sodium dodecyl sulfate and use of sodium hydrogen
carbonate and ethyl acetate for extraction of the prod-
ucts. This method is only limited to the acylation of pri-
mary amines.

Disadvantages of equation (5)[22]

Application of zinc dust as catalyst, use of excess
benzoyl chloride as acylating agent which cannot be
recovered at the end of reaction, use of ether, saturated
NaHCO

3
 solution and H

2
O for extraction of the prod-

ucts and use of column chromatography for purification
of the products. Also, this method is only limited to the
acylation of primary amines.

Disadvantages of equation (6)[23]

Application of catalyst, difficulties in preparation of
the catalyst and availability of reagents, harsh reaction
conditions (110 °C or microwave irradiation, 475 W),

use of excess carboxylic acid as acylating agent which
cannot be recovered from the resulting reaction mix-
ture and the use of ethyl acetate and aqueous solution
of NaHCO

3
 for extraction of the products. Also, this

method is only limited to the acylation of primary amines
and is not applicable for the N-acylation of secondary
amines such as N-methylaniline or dipropylamine.

Disadvantages of equation (7)[24]

The use of RuCl
3
 which cannot easily be recovered

and reused, application of volatile organic solvent
(MeCN), use of excess acetic anhydride as acylating
agent which cannot be recovered from the resulting re-
action mixture, use of ethyl acetate, saturated NH

4
Cl

solution, aqueous solution of NaHCO
3
 and brine for

extraction of the products and use of column chroma-
tography for purification of the products.

Disadvantages of equation (8)[25]

Application of volatile organic solvent (MeCN) and
BiCl

3
, use of excess acetyl chloride as acylating agent

which cannot be recovered from the resulting reaction
mixture and use of CH

2
Cl

2
, brine, saturated NaHCO

3

solution for extraction of the products and the use of
SiO

2
 or recrystallization for purification of the prod-

ucts. Also, this method is only limited to the acylation of
primary amines.

Disadvantages of equation (9)[26]

The use of ZrOCl
2
.8H

2
O as catalyst which cannot
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easily be recovered and reused, application of volatile
organic solvent (MeCN), use of excess acetyl chloride
as acylating agent which cannot be recovered from the
resulting reaction mixture and use of CH

2
Cl

2
, brine,

saturated NaHCO
3
 solution for extraction of the prod-

ucts and the use of SiO
2
 or recrystallization for purifi-

cation of the products. Also, this method is only limited
to the acylation of primary amines.

Disadvantages of equation (10)[27]

Application of sulphated zirconia as catalyst which
cannot easily be recovered and reused, difficulties in
preparation of the catalyst and availability of reagents
and use of ethyl acetate and saturated bicarbonate so-
lution for extraction of the products.

Disadvantages of equation (11)[28]

Application of catalyst, difficulties in preparation of
the catalyst and availability of reagents, use of petro-
leum ether and brine for extraction of the products and
use of column chromatography for purification of the
products.

Disadvantages of equation (12)[29]

Application of catalyst, difficulties in preparation of
the catalyst and availability of reagents, use of excess
acetic acid as acylating agent and solvent which cannot
be recovered from the resulting reaction mixture, high
temperature requirement (100 °C), long reaction times

(0.5-4 h) and use of column chromatography or re-
crystallization for purification of the products. Also, this
method is only limited to the acylation of primary amines.

Disadvantages of equation (13)[30]

Application of catalyst, difficulties in preparation of
the catalyst and availability of reagents, use of excess
glacial acetic acid as acylating agent and solvent which
cannot be recovered from the resulting reaction mix-
ture, harsh reaction conditions (reflux), long reaction
times (0.75-5 h) and use of ethyl acetate, saturated bi-
carbonate solution and brine for extraction of the prod-
ucts. Also, this method is only limited to the acylation of
primary amines.

Disadvantages of equation (14)[31]

Application of catalyst, difficulties in preparation of
the catalyst and availability of reagents, harsh reaction
conditions (110-125 °C), use of excess carboxylic acid

as acylating agent which cannot be recovered from the
resulting reaction mixture, long reaction times (2-24 h),
use of CH

2
Cl

2
,
 
aqueous solution of NaHCO

3
, brine and

H
2
O for extraction and use of column chromatography

for purification of the products. Also, this method is
only limited to the acylation of primary amines.

Disadvantages of equation (15)[32]

Application of organic solvent (MeNO
2
), use of

manganese(III) bis(2-hydroxyanil)acetylacetonato com-
plex as catalyst which cannot easily be recovered and
reused, difficulties in preparation of the catalyst and
availability of reagents, use of excess acetic anhydride
as acylating agent which cannot be recovered from the
resulting reaction mixture and use of column chroma-
tography for purification of the products.

Disadvantages of equation (16)[33]

Application of catalyst, difficulties in preparation of
the catalyst and availability of reagents, application of
organic solvent (dioxane), harsh reaction conditions (80
°C) and long reaction times (10 h).

Disadvantages of equation (17)[11,12]

Relatively high temperature (85 °C), use of excess

acetic anhydride as acylating agent which cannot be
recovered from the resulting reaction mixture, use of
ether, aqueous sodium bicarbonate solution and brine
for extraction of the products and use of distillation or
column chromatography for purification of the prod-
ucts.

Advantages of equation (18)

None of the above mentioned disadvantages are
observed. Also, application of ultrasound irradiation as
an alternative energy source represents an interesting,
fast and clean synthetic route. Reactions will take place
at room temperature with high yields and easy opera-
tions without application of toxic organic solvents, bases,
acids and expensive reagents or catalysts. This green
procedure does not require any purification steps such
as recrystallization and column chromatography since
no by-product was formed.

CONCLUSIONS

In conclusion, a fast, economically and environmen-
tally benign, highly efficient and safe procedure has been
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developed for the N-benzoylation of amines under sol-
vent- and catalyst-free conditions using ultrasound ir-
radiation at room temperature. The current environmen-
tally benign method is a green protocol since: (i) solvent
(organic or aqueous), catalyst, heat (energy) and puri-
fication steps such as column chromatography or crys-
tallization are not necessary to get the pure compounds;
(ii) having excellent yields and reaction rates and simple
methodology; (iii) cleaner reaction profiles; (iv)
chemoselectivity and (v) easy work-up without any side
products. The methodology can also be used for the
introduction of other amine protecting groups.

This work was originally carried out to simplify the
N-benzoylation process by omitting any solvent, cata-
lyst and base, easier work-up, milder, cleaner and
greener reaction, shorter reaction time, higher purity and
yields, lower cost, and reducing the amount of waste or
pollution which is very important from the economic,
environmental and industrial points of view. This method
proceeds with simple sonication of stoichiometric
amounts of the amine and benzoyl chloride to provide
the pure products in high yields.
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