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ABSTRACT

Objective: Amide is one of the most important functional group presents in the chemicals, pharmaceuticals, and foods. Conventionally, it has been 
synthesized from the carboxylic acid and amines. This conventional reaction is lengthy and involves hazardous chemicals and solvents. Hence, it poses 
waste management, solvent removal, and environmental issues to the industries. To overcome this limitation, we have reported the green chemistry-
based method for the synthesis of amide from carboxylic acid and urea.

Methods: In this reaction, we have used boric acid as a catalyst, it is a simple and readily available compound. It is simple, efficient, and solvent-free 
procedure which involves the trituration of the reactant mixture and subsequent, direct heating of the triturated mixture.

Results: The rate of reaction is very high and can synthesize the amide quickly.

Conclusion: Various amides were prepared in good yield by this technique.
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INTRODUCTION

Amides are a kind of organic compound or functional group 
which is most frequently found in the biological system, natural 
products, agrochemicals, polymers, and of course, in the 
pharmaceuticals [1-3]. Amide is a key intermediate in the synthesis of 
various bioactive molecules [4]. Amide or peptide bond is very much 
important for the drug synthesis and pharmaceutical industries [5]. 
Hence, amide synthesis is much concern in chemistry [6].

In general, amides are synthesized from the acid and amines. This 
reaction requires the activation of the carboxyl group. Activation 
of the carboxylic group can be done by converting the carboxylic 
group into the acyl halide, acyl azide, anhydride, and ester or by 
coupling reagents  [7]. The most preferred process of the amide 
synthesis involves the conversion of acid into the acyl chloride 
and then this acyl chloride will react with the amine to give the 
amide [8] (Scheme 1).

However, this conventional reaction requires some of the hazardous 
and toxic reagents such as thionyl chloride, oxalyl chloride, and 
phosgene  [9]. The various conventional methods have required the 
6–16 h for the synthesis of amide.

Hence, it is a longer, tedious, and costly method. Moreover, at the 
industrial level, this reaction of the amide synthesis has produced 
hazardous waste. Moreover, pose the serious issue of waste 
disposal, waste solvent management, and increase the costs of 
waste disposal.

Therefore, it has required the atom economic, easy, convenient, and 
mild reaction for the amide synthesis [10,11].

Greener approach for the synthesis
The use of toxic and hazardous solvents for the synthesis of chemicals 
arises environmental problems and waste management issues in 
industries. Hence, solvent-free or solid-state reaction is a potential 

alternative. Solvent-free or solid-state reaction are kinds of reaction 
which is occur in the absence of solvent [12].

Solvent-free direct solid-solid reaction is a greener approach for 
synthesis. Moreover, it obeys 1, 2, 3, 4, 5, 6, 8, 9, and 12th principles of 
green chemistry [13].

Number of reactions can be done without the use of solvent [14]. 
Conventional reaction requires the workup and isolation of the solvent 
from the product, but solid-state reaction does not require it. Hence, it 
is economically cheap and easy to handle.

Advantages of solvent-free or solid-state or dry media reaction are as 
follow:
•	 Greener reaction
•	 Eco-friendly
•	 Minimize the waste or effluents
•	 Easy to handle
•	 Cheaper
•	 High rate of reaction
•	 High purity of product.

Herein, we report the solvent-free method for the synthesis of amides by 
direct reaction of acid and urea in the presence of boric acid (Scheme 2).

The scope of boric acid-catalyzed amidation has been discussed by 
various researchers [15]. Many pharmaceutical ingredients and steroid 
derivatives have synthesized by boric acid-catalyzed reactions  [15].

Boric acid is cheap, readily available, and environmentally friendly 
compound. Moreover, urea is a good source of ammonia under solvent-
free conditions [16].

The reported method in this study is a greener technique for the 
synthesis of amides by mixing and trituration of carboxylic acid, urea, 
and boric acid followed by direct reaction of the triturated mixture 
without the solvent.
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METHODS

Experimental
All the chemicals and reagents/solvents were obtained from the 
commercial suppliers with high purity. The chemicals and reagents/
solvents were used as received without further purification.

All the melting points were determined in one end open capillary tubes 
on a liquid paraffin bath and are uncorrected. The 1H spectra were 
recorded in DMSO, using a Bruker 400 MHz FT-NMR Spectrometer 
Avance III, the solvents and reagents were used without further 
purification.

General procedure for the synthesis of the amides
Weigh the carboxylic acid (0.06 mol), urea, and boric acid. The weigh 
amount was thoroughly mixed and triturated the mixture in mortar 
and pestle for 2–5 min. The triturated mixture was transferred into the 
beaker and was directly heated without the solvent at the 160–180°C 
for 10–30 min. During the course of reaction, the reaction mixture was 
completely melted and then reappeared as product (amide). Heating 
was removed and product (amide) was allowed to cool to room 
temperature. The aqueous ammonia solution (50–55 ml) was added 
to the crude product and heated with stirring, so unreacted acid was 
removed. Heating was stopped and filter to give a product. The collected 
product (amide) was successively washed with distilled water (100 ml) 
to remove residual boric acid and dried the product/amide at room 
temperature to give a corresponding amide with high purity.

Proportion ratio of urea and boric acid for any given acid:

g of acid * 1.5 = Quantity of Urea, g of acid * 0.4 = Quantity of Boric acid.

2,2-Diphenylacetamide (C 01): Amorphous white
Diphenylacetic acid (12.67 g, 0.06 mol), urea (19 g), and boric acid 
(5.06 g) were mixed and triturated the mixture for 2–5 min. Then, the 
triturated mixture was directly heated without the solvent at the 160–
180°C for 20–25 mins. During the course of reaction, the reaction mixture 
was completely melted and then reappeared as product. Heating was 
removed and product was allowed to cool to room temperature. The 
aqueous ammonia solution (50–55 ml) was added to the crude product 
and heated with stirring, so unreacted acid was removed. Heating 
was stopped and filter to give a product. The collected product was 
successively washed with distilled water (100 ml) to remove residual 
boric acid and dried the product at room temperature to afford C 01. 
The yield was 83–85 %, m.p. 164–166°C (lit), TLC (eluent:chloroform/
methanol. 90:10 v/v) Rf: 0.83, 1H NMR (400 MHz, DMSO) δH: 7.69–7.09 

(10H, ArH), 6.82 (2H, NH2), 4.92 (1H, CH), MS (EI, 70 eV) m/z: 167, 183, 
212 (M+1), 213 (M+2), 253, 254, 423, 424.

2-(Phenylamino)benzamide (C 02): Purple color
N-Phenyl anthranilic acid (12.73 g, 0.06 mol), urea (19.09 g), and 
boric acid (5.09 g) were mixed and triturated the mixture for 2–5 min. 
Then, the triturated mixture was directly heated without the solvent 
at the 160–180°C for 19–20 mins. During the course of reaction, the 
reaction mixture was completely melted and then reappeared as 
product. Heating was removed and product was allowed to cool to 
room temperature. The aqueous ammonia solution (50–55 ml) was 
added to the crude product and heated with stirring, so unreacted 
acid was removed. Heating was stopped and filter to give a product. 
The collected product was successively washed with distilled water 
(100 ml) to remove residual boric acid and dried the product at room 
temperature to give C 02. The yield was 69–71 %, m.p. 165–169°C (lit), 
TLC (eluent: n-hexane/ethyl acetate. 70:30 v/v) Rf: 0.82, MS (EI, 70 eV) 
m/z: 170, 196, 197, 213 (M+1), 214 (M+2), 239, 240, 266, 280.

2-Phenylacetamide (C 03): Fluffy white
Phenylacetic acid (8.10 g, 0.06 mol), urea (12.15 g), and boric acid 
(3.24 g) were mixed and triturated the mixture for 2–5 min. Then, 
the triturated mixture was directly heated without the solvent at 
the 160–180°C for 29–30 mins. During the course of reaction, the 
reaction mixture was completely melted and then reappeared as 
product. Heating was removed and product was allowed to cool to 
room temperature. The aqueous ammonia solution (50–55 ml) was 
added to the crude product and heated with stirring, so unreacted 
acid was removed. Heating was stopped and filter to give a product. 
The collected product was successively washed with distilled water 
(100 ml) to remove residual boric acid and dried the product at room 
temperature to afford C 03. The yield was 87–89 %, m.p. 155–160°C 
(lit), TLC (eluent: n-hexane/ethyl acetate. 70:30 v/v) Rf: 0.86, 1H NMR 
(400 MHz, DMSO) δH: 7.67–6.68 (5H, ArH), 6.42 (2H, NH2), 5.48 (2H, 
CH2), MS (EI, 70 eV) m/z: 91, 136 (M+1), 137 (M+2), 177, 178, 271, 272.

4-Hydroxybenzamide (C 04): Pale yellow
p-hydroxybenzoic acid (8.22 g, 0.06 mol), urea (12.33 g), and boric 
acid (3.28 g) were mixed and triturated the mixture for 2–5 min. 
Then, the triturated mixture was directly heated without the solvent 
at the 160–180°C for 20–22 mins. During the course of reaction, the 
reaction mixture was completely melted and then reappeared as 
product. Heating was removed and product was allowed to cool to 
room temperature. The aqueous ammonia solution (50–55 ml) was 
added to the crude product and heated with stirring, so unreacted 
acid was removed. Heating was stopped and filter to give a product. 
The collected product was successively washed with distilled water 
(100 ml) to remove residual boric acid and dried the product at room 
temperature to afford C 04. The yield was 74–76%, m.p. 120–124°C 
(lit), TLC (eluent:n-hexane/ethyl acetate. 70:30 v/v) Rf: 0.88, 1H NMR 
(400 MHz, DMSO) δH: 7.49–7.28 (2H, NH2), 7.27–7.19 (4H, ArH), 6.91 
(1H, OH), MS (EI, 70 eV) m/z: 120, 137 (M), 138 (M+1), 161, 179, 234.

4-Nitrobenzamide (C 05): Off white
p-nitro benzoic acid (9.96 g, 0.06 mol), urea (14.94 g), and boric acid 
(3.98 g) were mixed and triturated the mixture for 2–5 min. Then, 
the triturated mixture was directly heated without the solvent at the 
160–180°C for 14–15 mins. During the course of reaction, the reaction 
mixture was completely melted and then reappeared as product. 
Heating was removed and product was allowed to cool to room 

Scheme 1: Conventional method of amide synthesis

Scheme 2: Greener method for amide synthesis (solvent-free 
direct heating)
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temperature. The aqueous ammonia solution (50–55 ml) was added 
to the crude product and heated with stirring, so unreacted acid was 
removed. Heating was stopped and filter to give a product. The collected 
product was successively washed with distilled water (100 ml) to 
remove residual boric acid and dried the product at room temperature 
to afford C 05. The yield was 78–80%, m.p. 180–183°C (lit), TLC (eluent: 
n-hexane/ethyl acetate. 70:30 v/v) Rf: 0.91, MS (EI, 70 eV) m/z: 98, 114, 
124, 166 (M), 167 (M+1), 208.

RESULTS AND DISCUSSION

Our study is focused on the formation of an amide from the carboxylic 
acid and urea, catalyzed by boric acid [17]. It consists of two simple 
steps, (1) mixing and trituration of acid, urea, and boric acid (2) direct 
heating (without the solvent) of the triturated mixture to gives a 
product/amide.

This reaction can be carried out directly in the beaker on the hot plate. 
The first and foremost important step in this technique is the mixing 
and trituration of the reactants. Mixing and trituration cause the 
melting point depression of the reaction components. Hence, they can 
be easily melted at the reaction temperature and formed the product/
amide within 10–30 min. The product or amide not formed or formed 
in a minor amount when the reaction mixture not got melted at the 
reaction temperature.

During the course of reaction, pyrolysis of urea liberates the ammonia. 
Hence, urea is act as a suitable source for in situ generation of ammonia. 
Moreover, the carboxylic acid reacts with the boric acid to forms a 
mixed anhydride (actual acylating agent) [18].

Now, ammonia and mixed anhydride reacted together to forms the 
desired amides and regenerates the catalytically active boric acid. The 
possible mechanism of the reaction has shown in Fig. 1.

The mixed anhydride is an activated form of the acid and it is the actual 
reacting species [19]. In contrast to conventional methods, the mixed 
anhydride is in situ formed and only catalytic amount is present at 
any time during the course of reaction.As the reaction temperature 
is 160–180°C. Hence, the water liberated from the reaction getting 
continuously eliminated by evaporation. Hence, the reaction 
equilibrium got shifted in the direction of the product formation and 
the reaction rate noticeably increases.

We have synthesized the amides from the structurally diverse carboxylic 
acid. The method can tolerate a wide range of function groups (–NO2,-
OH,-X,-OCH3) under given reaction conditions.

The presence of a hydroxyl group on the aromatic ring lowered the yield. 
Moreover, the presence of nitro group (electron-withdrawing groups) 
on the aromatic ring increases the rate of reaction and yields [7].

Our process has several advantages over the other processes are: It 
eliminates byproducts, minimizes impurity, and forms the products in 
good yield and purity [20].

The advantages are as follow:
•	 Greener method
•	 Simple procedure
•	 Short reaction time (6–16 h in other methods)
•	 Solvent-less/solid-state/dry media method.

The reported method can be applied to a wide range of acids. It can 
easily afford the amides in high purity. The main limitation of this 
method is that thermo-labile compounds get decomposed.

CONCLUSION

We have developed a Greener method for the synthesis of amide under 
solvent-free condition. In this method, amide has been formed directly 
from the acid and urea in the presence of boric acid as a catalyst.

The process is quick, convenient, and includes the green catalyst. 
We have synthesized the amides from various types of acids, like 
unsubstituted, substituted, monocyclic, and bicyclic acid. Hence, this 
method can be applied to various amidation reactions. The reaction is 
having a high rate of reaction or shorter reaction time. It is a simple and 
solvent-less method; hence, it follows the principles of green chemistry. 
However, there is a need to evaluate the applicability of this method to 
the aliphatic acids.
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