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ABSTRACT: 

An efficient one pot synthesis of amides from toluene through the activation of p-nitro phenolester 

using tetra butyl ammonium iodide (TBAI) and tetra butyl hydrogen peroxide (TBHP) indecane has 

been developed. We have also explored the wide substrate scope. In addition to this we have also 

studied the effect of electronic and steric factors on the yield by selecting appropriate substrates. 

 

GRAPHICAL ABSTRACT 
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INTRODUCTION: 

Polymers, natural products and pharmaceuticals contain amide functional group, which is important in 

synthetic organic chemistry. Therefore many researchers have developed methodologies for the 

synthesis of amides using both classical and modern methods. Amides are produced by a classical 

condensation reaction of carboxylic acids with nucleophilic amines. In addition the condensation 

reaction is in between alcohols and amino acids to obtain esters and peptides respectively.2 

Furthermore, amides have been prepared using acyl chlorides,3 azides,4 mixed anhydride5, activated 

esters6, coupling reagents7 and carbonyl diimidazole (CDI).8iInterestingly, activation of carboxylic 

acids into an activated form followed by nucleophilic acylation takes place in most of the above 

methods.In extend amides have also been synthesized using transition metal catalysis and organo 

catalysis.9The reported methods having drawbacks such as using harsh temperature, expensive 

reagents, produce stoichiometric amount of waste.10Acylation of aldehydes has been recently 

achieved by converting them into activated form through  transition metal catalysis and 

organocatlysis. But, for the synthesis of amides an important activating auxiliary i.e. para nitro 

phenolic esters, has notbeen attempted.11 In this connection our group recently developed amidation 

from aldehydes using para nitro phenol as activating reagent. In continuation to our on-going research 

on amidation and esterification, we wish to demonstrate herein convenient synthesis of amides from 

toluene using TBHP and TBAI under ambient conditions viainsitu formation of aldehydes and esters.    
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Experimental: 

General 

Before using the glassware was dried in an oven and cooled. Unless stated otherwise, all chemicals 

and solvents were used as suppliedwithout any extra purification. Reactions weremonitored by TLC 

onsilica gel plates and components were visualised using combination of UV-light and Iodine. 

Solvents were evaporated under reduced pressure at 50°C. NMR spectrawere recorded on a Bruker 

400 MHz NMR spectrometer. Chemical shifts (d) and coupling constants(J)are given in ppm (parts 

per million) and Hz (Hertz), respectively.  

 

Typical Procedure for Amidation of Toluene: 

The toluene (1 mmol, 1 equiv.) and paranitrophenol (1.5 mmol, 1.5 equiv.) were mixed well with a 

magnetic stirrer. To this mixturen-Bu4NI (20 mol% , 0.2equiv) and tert-butyl hydroperoxide (5.5 M) 

in decane (6.0equiv) were added at room temperature. The reaction mixture was heated at 80°C to 

accelerate the reaction. After completion of the reaction, thereaction mixture was cooled to room 

temperature and then the respective amine (1 equiv.) was added. Thereaction mixture was stirred at 

room temperature for 2 h and it was further diluted with 10 mL EtOAc, washed with 5% 

NaHCO3(3×10 mL). The isolated product was almost pure, though it was recrystallized as per 

necessity. 

 

RESULTS AND DISCUSSION: 

Initially, the optimization of reaction conditions was conducted with toluene as a model substrate with 

various mol % of TBAI and different eq of TBHP at 80 °C. We could observe that the substrate 

proceeded reactions in the presence of TBAI (20 mol %), TBHP (6 eq) and p-nitro phenol (1.5 eq) at 

80 °C to give corresponding ester A(which was observed in TLC) in complete conversion, that, 

gratifyingly reacts with benzyl amine to produce target product 1ain complete conversion (Table 1, 

entry 4). 

Having optimization reaction conditions in our hand, we explored the substrate scope. Benzyl amine 

bearing substituents such as 4-Me, 4-OMe and 4-Cl could produce their respective target products in 

86%, 88% and 74% yields. Other substrates like n-butyl and n-pentyl amines proceeded reactions to 

afford their final products in good yield. We have also tried the reaction with tertiary butyl amine and 

very interestingly it gave target product in moderate yield. In order to extend the substrate scope, the 

reactions were conducted with cyclic amines and ester linkage amines. Both of them gave desired 

products in moderate yield. Finally, toluene possess both electron donating and electron withdrawing 

groups were also performed the reaction under optimized conditions. In this connection, toluene 

having electron donating group like 4-OMe gave desired product in excellent yield (Table 2, entry 

10). Toluene bearing electron withdrawing groups like 4-Cl and 4-NO2 proceeded reactions to provide 

target products in good yield (Table2, entry 11, 12).   
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Table 1: Optimization reaction conditionsa 

CH3 t-Bu4NI (X mol %)

TBHP (Y eq)

p-NO2-C6H5OH (1.5 eq)
O

NO2
O

BnNH2 (1 eq) N
H

O

+

NO2

OH

80 °C, 6 h

A
1a

2 h

 

 Entry t-Bu4NI (X) TBHP (Y) Conversion (1a) 

1 

2 

3 

4 

5 

6 

20 mol % 

20 mol % 

20 mol % 

20 mol % 

10 mol% 

- 

2 eq 

3 eq 

4 eq 

6 eq 

6 eq 

- 

42 

58 

65 

89 

66 

n.d. 
aReaction conditions:Toluene (1 mmol), t-Bu4NI (20 mol %), TBHP (6 eq), p-NO2-C6H5OH  

(1.5 eq), 80 °C, 6 h, BnNH2 (1 eq), 2 h. 

 

CONCLUSION  

An efficient method for the one pot synthesis of amides from toluenes through the activation of p-

nitro phenol ester using cheap catalyst has been developed. All the reactions are neat, general, simple 

and efficient. All the substrates readily underwent optimized reaction conditions to produce target 

products in moderate to excellent yield.  The reaction is simple, carried out on a gram scale and high 

yield making the method a valuable to the existing method. 

Spectral Data 

 

 

 

 

N- Benzylbenzamide: yield 85%, white solid;1H NMR (400 MHz, 

CDCl3) d 7.75-7.72 (m,2H), 7.44-7.32 (m, 4H), 7.36-7.28 (m, 4H), 4.60 (d, J = 4.0 Hz, 2H). 

 

 

 

 

1. N-(4-Methylbenzyl)benzamide: yield 86%, white solid; 1H NMR (400 MHz, 

CDCl3) d 7.797.74(m,2H), 7.49-7.34(m,3H), 7.21-7.02(m,4H),4.52 (d, J=4.0 

Hz,2H),2.23 (s,3H). 

 

 

 

 

2. N-(4-Methoxylbenzyl)benzamide: yield 88%, white solid; 1H NMR (400 

MHz, CDCl3) d7.76-7.72 (m, 2H), 7.47-7.33 (m, 3H), 7.21-7.02 (m, 4H), 4.49 (d, J = 4.0 Hz, 2H), 

3.71 (s, 3H). 
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3. N-(4-Chlorobenzyl)benzamide: yield 74%, white solid; 1H NMR (400 MHz, CDCl3) d7.827.69 (m, 

2H), 7.50-7.39 (m, 3H), 7.18-7.05 (m,  4H), 4.49 (d, J = 4.0 Hz, 2H). 

 

 

 

4. N-Butylbenzamide: yield 85%, white solid; 1H NMR (400 MHz, CDCl3) 

7.76-7.74 (d, J = 8.3 Hz, 2H), 7.37 - 7.51 (m, 3H), 6.35(br, s,  1H,), 3.72-3.42 

(m, J = 12.84, 2H,), 1.62-1.50 (m, 2H,),  1.36-1.48 (m, 2H), 0.99 (t, J = 6.79, 3H). 

 

 

 

5. N-Pentylbenzamide: yield 87%, white solid; 1H NMR (400 MHz, 

CDCl3) 7.79-7.72 (d, J =8.3 Hz, 2H), 7.51 - 7.42 (m, 3H), 6.42 (br, 

1NH,  1H), 3.73-3.45 (m, 2H,), 1.60-1.48 (m, 2H,), 1.42-1.21 (m, 4H), 0.99 (t, J = 6.79, 3H). 

 

 

 

 

 

6. N-t-Butylbenzamide: yield 70%, white solid; 1H NMR (400 MHz, CDCl3) 

7.72-7.70 (d, J = 8.1 Hz, 2H), 7.37 - 7.45 (m, 3H), 5.84 (br, s, 1H,), 1.46 (s, 9H). 

 

 

 

 

7. Phenyl(piperidin-1-yl)methanone: yield 72%, white solid; 1H NMR 

(400 MHz, CDCl3) d 7.79-7.69 (m, 2H), 7.48-7.37 (m, 3H), 3.35-1.25 

(m, 10H). 

 

 

 

8. Methyl 2-benzamidoacetate: yield 68%, white solid; H NMR (400 

MHz, CDCl3) 7.80-7.69 (m, 2H), 7.51-7.47 (m, 3H), 6.98 (br s, 1H, 

1NH), 4.18 (d, 2H, J = 6.8 Hz), 3.67 (s, 3H). 

 

 

 

9. N-Benzyl-4-methoxybenzamide: yield 85%, white solid; H NMR 

(400 MHz, CDCl3) 6.84 - 6.87 (d, 2H, J = 7.5 Hz), 7.26 - 7.30 (m, 

5H), 7.69 - 7.72 (d, 2H, J = 7.5 Hz) 3.72 (s, 3H), 4.54 -4.56 (d, 2H, J = 5.5 Hz). 

 

 

 

10. N-Benzyl-4-chlorobenzamide: yield 86%, white solid; 1H NMR (400 

MHz, CDCl3) d 7.82 7.69 (m, 2H), 7.50-7.39 (m, 3H), 7.18-7.05 (m, 4H), 4.49 (d, J = 4.0 Hz, 2H). 
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N-(4-Chlorobenzyl)benzamide: yield 88%, white solid; 1H NMR (400 MHz, CDCl3) 8.21 8.00 (m, 

2H), 7.91 (d, J = 8.3, 2H), 7.21-711 (m, 5H), 6.25 (br, s, 1H, 1NH).  

Table 2: Substrate scope 
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N
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O
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1a
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4a
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6a

7a

8a

9a

R R

R1

 
aReaction conditions:Substrate (1 mmol), t-Bu4NI (20 mol %), TBHP (6 eq), p-NO2-C6H5OH  

(1.5 eq), 80 °C, 6 h, BnNH2 (1 eq), 2 h. 
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