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ABSTRACT 
Kinetics of oxidation of benzyl phenyl ethers [C6H5CH2 O C6H4 - X] ;{X = H,  o-Me,  m-Me, p- Me, o-Cl 
and p-NO2, } by N-chlorosuccinimide (NCS) in aqueous acetic acid medium in the presence of 
hydrochloric acid and sodium perchlorate have been investigated by iodometric  method.  The observed 
rate of oxidation is first order in both [NCS] and [HCl] and zero order in [benzyl phenyl ethers].  An 
increase in the dielectric constant of the medium decreases the rate.  Addition of succinimide,  the 
reduction product of NCS, has a slight retarding effect on the rate of oxidation.  The reaction rate 
remains constant with the increase in [NaClO4].  The stoichiometry of the reaction is found to be 1:1.  It  
fails  to  induce  polymerization  of  acrylonitrile  under  the  experimental  conditions  employed.  The 
kinetic parameters Ea,  ∆H≠, ∆G≠ and ∆S≠ have been calculated. The corresponding ester has been 
identified as the product of oxidation.  A  suitable  reaction  scheme  is  proposed  and  an  appropriate  
rate  law  is  deduced  to  account  for  the  observed  kinetic  data. 
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INTRODUCTION 
 
Ethers are widely used as additives, herbicides, pharmaceuticals, pesticides, and solvents in 
agriculture, in the production of cosmetics and foods, in petroleum industries, and in polymer 
syntheses. Because the ether bond has a high dissociation energy (about 360 kJ mol−1), ether 
compounds are considered recalcitrant. Halogenated alkyl ethers are also used in anesthetics and 
polymer syntheses [1].  Functionalization at the  α C – H bonds of ethers is one of the most 
useful reactions in organic synthesis, because it provides for the efficient preparation of various 
organic compounds [2].  Ruthenium tetraoxide [3], chromium trioxide [4], PhCN2 N

+Et3 MnO4 

[5]  and trichloroisocyanuric acid [6] oxidize ethers to esters.  Reactions of aryl ethers with ozone 
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[7] and hydrogen peroxide [8] lead to oxidative cleavage of the ether and formation of carboxylic 
acids.  Benzyl alcohol has been manufactured industrially by hydrolysis of benzyl chloride with 
sodium carbonate [9].  This process gives 10-12 % of dibenzyl ether as an unavoidable 
byproduct.  It is possible to convert this dibenzyl ether to benzaldehyde which is a value added 
product.  It has been reported that oxidation of dibenzyl ether to benzaldehyde with dilute nitric 
acid becomes economically viable route for the manufacture of benzaldehyde.    Kinetic 
investigations involving oxidation of benzyl ethers by N-bromonicotinamide [10], N-
chloronicotinamide [11], N-bromosuccinimide [12,13], cobaltic salts [14],  nitric acid [15],  
permanganate [16], 2,3 dichloro-5,6 dicyanobenzo quinone (DDQ) [17], dimethyl dioxirane [18] 
and pyridinium fluorochromate [19] have been reported.   
 
Some specific features of N-halo succinimides determine their wide application in organic 
synthesis. N-halo succinimides are sources of positive halogens and these reagents have been 
exploited as oxidants for a variety of substrate [20]. This is due to the high lability of the N-X 
bond and various modes of its splitting. Depending on the conditions, a number of highly 
reactive intermediates can be formed: halogen radicals, halogen cations, halogen anions, N-
radicals, N-cations, N-anions, etc. As a result , N-halo succinimides promote very important 
reactions, such as halogenations, solvolytic halogenations, imidation, oxidation, as well as other 
processes resulting in the formation of compounds with C-X, C-O, C=O, S-X, P-X, C-N, P-N, S-
N, S=N, etc.,  
 
N-Chlorosuccinimide (NCS) is a versatile reagent and its significance is not limited to 
chlorination and oxidation [21]. It is used as a source for chlorine in radical reactions and various 
electrophilic additions. It mediates or catalyzes many chemical reactions, including 
halocyclizations, formation of heterocyclic systems, formation of new carbon-carbon bonds, 
rearrangements and functional group transformations. It can be used as pharmaceutical 
intermediates, organic synthesis chlorinating agent. It can also be used to prepare rubber 
additives, antibiotic drug intermediates. N-Chlorosuccinimide is also used as an intermediate or a 
chlorinating agent in the synthesis of pharmaceuticals, especially tetracycline antibiotics. NCS is 
a source of positive halogen and the reagent has been exploited as oxidant for a variety of 
substrates.  Kinetics and mechanism of oxidation of benzylamines [22], dimethylsullphoxide 
[23], allyl alcohol [24], amino acids [25], primary alcohols [26], aromatic aldehydes [27] and 
ethylenediaminetetra acetic acid [28] by NCS have been reported. 
 

EXPERIMENTAL SECTION 
 
Methods and materials 
Benzyl ethers, viz. Benzyl phenyl ether, Benzyl o-methylphenyl ether, Benzyl m-methylphenyl 
ether, Benzyl p-methylphenyl ether, Benzyl o-chlorophenyl ether were prepared from the 
corresponding alcohols and benzyl chloride by Williamson’s synthesis. Benzyl p-nitrophenyl 
ether was prepared by the conventional reflux of p-nitrophenol, sodium hydroxide and benzyl 
chloride [29].  Benzyl phenyl ethers were characterized by IR spectral studies; IR (KBr, cm-1): 
3045, 1540, 1500, 1490, 1090. 
 
Commercial sample of  NCS was used as such. Standard solution of NCS was prepared in water 
and its purity was checked iodometrically.   Acetic acid (Analar, BDH) was purified by standard 
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method.  The solutions of the benzyl ethers were prepared in acetic acid.  Hydrochloric acid 
(AnalaR) was used as a source of [H+].  Conductivity water was used throughout the studies. 
 
Kinetic measurements: 
The kinetic runs were carried out under pseudo first order conditions ([benzyl phenyl 
ethers]>>[NCS]).  Rate studies were carried out at a constant temperature.  All the solutions were 
thermo stated for 30 minutes before mixing.  Requisite amounts of NCS, benzyl ether solution, 
hydrochloric acid, sodium perchlorate and aqueous acetic acid were taken in  the jena glass 
reaction vessel and placed in a water thermostat, maintained at the desired temperature .  The 
course of the reaction was followed by pipetting out 3 ml aliquot of the reaction mixture at 
various intervals of time and analyzing the oxidant concentration iodometrically. 
 
Stoichiometry and product analysis: 
 The reaction mixture containing excess of NCS over benzyl phenyl ether in the presence of HCl 
and NaClO4 was kept at room temperature for 36 hours.  Estimation of unreacted NCS showed 
that one mole of benzyl ether reacted with one mole of NCS. 
 
For product study, the substrate was taken in excess compared to that of NCS.  The reaction was 
allowed to proceed to completion by keeping it in a thermostat at 45oC for about 3-4 h.  After 
that, the solution was cooled and shaken with ether.  The two layers were separated.  The ether 
layer was washed with water several times.  It was dried with anhydrous sodium sulphate.  The 
corresponding ester has been identified as the major product of oxidation by spot tests and IR.   
 

RESULTS AND DISCUSSION 
 
At constant [HCl] and [NaClO4] with the [benzyl ether] in excess, the plot of log kobsVs time is 
linear, indicating first order dependence of rate on [NCS].  The rate of the reaction remains 
constant with the increase in [benzyl ether], indicating zero order dependence on substrate 
concentration (Table 1).   
 
The pseudo-first order rate constant increases with increase in HCl in the range 0.05 – 0.20 M 
(Table 1) and  the plot of log kobs Vs log [HCl]  is linear with slope unity (r = 0.99).  The effect of 
H+ is investigated in the range 0.05 – 0.20 M of HClO4 at constant [NaCl] and the rate increases 
proportionately with increase in [H+].  The plot of log kobs Vs log [H+] is linear with unit slope.  
The effect of Cl- on the rate of the reaction is also studied by increasing the [NaCl] in the range 
0.05 – 0.20 M at constant [HClO4].  It has been observed that the order with [Cl-] is also one, as 
evident from the linear plot of log kobs Vs log [NaCl] with a unit slope.   
 
The effect of ionic strength on the rate of the reaction is studied by increasing [NaClO4] at 
constant [HCl].  It has been observed that the reaction rate remains constant (Table 1) with 
increase in [NaClO4] .  Hence NaClO4 act as inert salt, maintaining constant ionic strength. 
 
An increase in the rate constant is noticed on decreasing the dielectric constant of the medium 
(Table 1).  Plot of log kobs Vs 1/D, where D is the dielectric constant of the medium, gives 
straight line (r = 0.99) with positive slope for different benzyl ethers. 
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Effect of added succinimide (SH) is studied at different initial concentrations of succinimide. It 
has a slight retarding effect on the rate of oxidation.   
 
The oxidation of all the benzyl ethers has been studied at different temperatures (323-338 K).  
The Arrhenius plot of log kobsVs 1/T is linear.  From the plot,  the Arrhenius  and thermodynamic 
activation parameters are evaluated (Table 2). 
 
Mechanism: 
The active oxidizing species has to be identified, before suggesting a most probable mechanism.  
The nature of the active oxidizing species and the mechanism depend on the nature of the 
halogen atom, the groups attached to the nitrogen and the reaction condition.  The species 
responsible for such oxidizing character may be different depending on the pH of the medium.  
Under the experimental conditions studied Cl2, HOCl, H2OCl+ NCSH+ and NCS itself in aqueous 
solution can be the possible oxidizing species.  It has been reported in the case of N-halo 
oxidants that, HOCl is the reactive oxidant species [30,31].  The participation of hypohalous 
acidium ion [32] in many electrophilic substitution  and oxidation reactions is well observed. If 
NCSH+ is the active oxidant, the reaction must show hydrogen ion catalysis only.  Since both 
hydrogen and chloride ions are found to catalyse the reaction in the present case, molecular 
chlorine has been assumed to act as the effective oxidant.  It has been reported that in aqueous 
acidic solutions in presence of chloride ion, NCS produces a steady, but small, concentration of 
molecular chlorine [33-37]. 
 
Mechanism: 
                                                       k1 
NCS   +    H+  +   Cl-                                           SH   +   Cl2

             -----   (1) 
                                                      k-1 

 

                                                      k2  
       Cl2  +   substrate                           Complex                  ------     (2)             
                                                      k-2  
                                                        
                                                     k3 
       Complex                                          Products                   -------   (3)slow 
 
Rate = k3[Complex]                                                                          --------     (4) 
 
Applying steady-state approximation to the molecular chlorine and the complex, the following 
rate law is deduced.  
 
Rate    =       k1k2k3 [Substrate] [NCS] [H+] [Cl -] 
                       k-2 + k3 {k -1[SH] + k2[substrate]}                             --------      (5) 
 
Assuming  k-1[SH] << k2[substrate] 
 
           Rate    =     k1k3 [NCS] [H+] [Cl -]                                     ---------         (6) 
                                       k-2 + k3  
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Equation (6) accounts for the first order dependence of rate on [NCS], [HCl] and zero order 
dependence on [substrate]. 
 

Table-1:  Rate constants for the oxidation of benzyl phenyl ether by NCS at 318 K: 
  

[Benzyl phenyl  
ether] 

x102 M 

[NCS] 
x103 M 

CH3COOH –
H2O 

%(v/v) 

[HCl] x 
10 M 

[NaClO4] 
x 10 M 

kobsx104 s-1 

2.0 
3.0 
4.0 
5.0 
6.0 

3.0 
3.0 
3.0 
3.0 
3.0 

80-20 
80-20 
80-20 
80-20 
80-20 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

11.43 
11.51 
11.20 
11.43 
12.08 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

80-20 
80-20 
80-20 
80-20 
80-20 
80-20 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

0.25 
0.50 
0.75 
1.00 
1.25 
1.50 

12.13 
11.96 
11.84 
11.51 
12.02 
11.66 

2.0 
2.0 
2.0 
2.0 
2.0 

3.0 
3.0 
3.0 
3.0 
3.0 

70-30 
75-25 
80-20 
85-15 
90-10 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

6.53 
8.48 
11.51 
17.79 
30.79 

2.0 
2.0 
2.0 
2.0 

3.0 
3.0 
3.0 
3.0 

80-20 
80-20 
80-20 
80-20 

0.5 
1.0 
1.5 
2.0 

1.0 
1.0 
1.0 
1.0 

4.75 
11.51 
15.85 
25.70 

 
The structure of the complex and the formation of the products from it are given below: 
 
C6H5CH - O - C6H4 – X                                    
                
  H                 Cl                                C6H5CH      O+ C6H4 – X                                    
                                                                          
                Cl                                                    
 
A similar complex is given by Deno and Potter [38] in the study of oxidative cleavage of ethers 
by aqueous bromine.  The synchronous electron pair loss and H+ loss has been proposed by 
Westheimer [39] for the oxidation of alcohols by chromic acid.                                                                  

 
{X = H, o-Me,  m-Me, p- Me, o-Cl and p-NO2, } 



V. Priya et al                                                               J. Chem. Pharm. Res., 2011, 3(1):522-528 
______________________________________________________________________________ 

527 
 

In the presence of water, this intermediate is converted in to the corresponding benzoates.  A 
similar type of hydrolysis is reported in the electrochemical oxidation [40] of benzyl ethers to 
benzoates and in the oxidation of benzyl ethers with sodium hypochlorite mediated by N-
Oxoammonium salt [41].   

 
Table-2: Rate constants for the oxidation of benzyl phenyl ethers by NCS and Activation Parameters 

 
[Substrate] = 2.0x10-2 M                     [NCS]            = 3.0x10-3 M  
[NaClO4]   = 1.0x10-1 M                     Solvent (v/v) = 80% CH3COOH -20% H2O 
[HCl]         = 1.0x10-1 M 
 

 
 

Substrate 

 
kobs x104  s-1 

 
 313 K        318 K        323 K       328 K 

 
Ea 

kJ mol-1 

 
∆H# 

kJ mol-1 

 
∆S# 

JK-1 mol-1 

 
∆G# 

kJ  mol-1 

 
Benzyl phenyl 
ether 
 
Benzyl o-
methylphenyl 
ether 
 
Benzyl m-
methylphenyl 
ether 
 
Benzyl p-
methylphenyl 
ether 
 
Benzyl o-
chlorophenyl 
ether 
 
Benzyl p-
nitrophenyl 
ether 

 
9.82 

 
 

9.32 
 
 
 

10.02 
 
 
 

8.10 
 
 
 

9.32 
 
 
 

9.89 

 
11.51 

 
 

11.63 
 
 
 

12.05 
 
 
 

10.17 
 
 
 

11.39 
 
 
 

11.89 

 
15.03 

 
 

14.01 
 
 
 

14.43 
 
 
 

12.98 
 
 
 

14.77 
 
 
 

14.28 

 
18.56 

 
 

17.28 
 
 
 

17.72 
 
 
 

16.12 
 
 
 

18.04 
 
 
 

17.97 

 
35.53 

 
 

33.89 
 
 
 

30.65 
 
 
 

38.39 
 
 
 

37.26 
 
 
 

34.73 

 
32.89 

 
 

31.25 
 
 
 

28.01 
 
 
 

35.75 
 
 
 

34.62 
 
 
 

32.09 

 
-86.19 

 
 

-88.32 
 
 
 

-92.62 
 
 
 

-82.66 
 
 
 

-83.79 
 
 
 

-87.09 

 
60.30 

 
 

59.33 
 
 
 

57.46 
 
 
 

62.03 
 
 
 

61.26 
 
 
 

59.78 
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