
INTRODUCTION

Imidazole, pyrazole and thiazole are
planar five membered heterocyclic compounds.
Many heterocyclic compounds have wide range of
applications in chemical, pharmaceutical, biological
and material sciences1-4. These compounds are
highly reactive in electophilic substitution reactions.
The halogenation of these heterocycles is of great
interest. The bromination of aromatic and
heteroaromatic compounds is observed to be
important in synthetic organic chemistry5. The bromo
derivatives of these
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ABSTRACT

Kinetics of the bromination of imidazole, pyrazole and thiazole by molecular bromine and
N-bromosuccinimide has been studied in aqueous medium. Since the reactions are rapid special
technique namely, hydrodyanamic voltammetry has been employed to follow the course of the
reactions. These reactions follow second order kinetics. The comparative kinetic data determines
the reactivity order for these heterocycles towards the bromination using two different brominating
reagents. The study justifies the stereochemical principles ascertaining the relative reactivity of
these heterocycles quantitatively using kinetics as an investigational tool.

Keywords: Kinetics, rapid bromination, rotating platinum electrode, steriochemical principles

heterocycles are used as synthetic intermediates
in transition metal catalyzed cross coupling
reactions and in pharmacologically active
compounds6, 7. It therefore seems likely that the
study of kinetics and mechanism of such reactions
would be useful in these applications. The present
work deals with the quantitative assessment of the
relative reactivities of three heterocycles with
respect to two brominating agents, namely
molecular bromine and N-bromosuccinimide
(NBS). Among halogenations bromination is
observed to be the fastest8. The reactions are
observed to be very rapid to study by conventional



2240 WALKE et al., Orient. J. Chem.,  Vol. 31(4), 2239-2245 (2015)

methods. The rapidity of such reactions necessitates
the use of special techniques such as stopped flow
method, temperature jump method and
potentiometric methods9-11. We have herein
employed simple yet useful technique i.e.
hydrodynamic voltammetry12. The rotating platinum
electrode (RPE) is used to monitor the course of
rapid reaction. Kinetics of some rapid halogenations
has been studied by using RPE13-15.  Previously we
have studied the kinetics of base catalyzed
iodination of imidazole and 2-methylimidazole by
molecular iodine and chlorination of imidazole and
its regioisomers by molecular chlorine in aqueous
medium by the RPE technique16, 17. The present study
comprises the bromination of imidazole (I), pyrazole
(II) and thiazole(III) by two different reagents,
molecular bromine and N-bromosuccinimide (NBS)
in aqueous medium using RPE. These electrophilic
substitution reactions follow second order kinetics.
The extent of reaction is monitored by following the
decrease in diffusion current at the rotating platinum
cathode versus saturated calomel electrode (SCE).

The diffusion current measured is a function of
decaying concentration of Br2 or NBS at various
time intervals. Since the reactions follow second
order kinetics their half lives can be extended by
diluting the solutions thus the convenient kinetic
measurements of such rapid reactions are feasible.
The dilute solutions are used due to rapidity of
reactions and the green chemistry principles are
inherent in this study18. The use of large
concentration of the supporting electrolyte, KNO3

ensures linear proportionality of the diffusion limited
current at the RPE due to unreacted Br2 or NBS
concentration in the cell. The kinetics of bromination
of imidazole has also been carried out at various
temperatures using NBS in aqueous medium to
determine the kinetic parameters such as the energy
of activation, frequency factor, enthalpy of activation
and entropy of activation 19.

The reactions under study are shown as
follow:

Scheme 2: Bromination of substrates
by  N-bromosuccinimide
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Scheme 1: Bromination of
substrates by molecular bromine
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EXPERIMENTAL

Materials
Imidazole, pyrazole, thiazole, and N-

bromosuccinimide of analytical grade chemicals
were used in present study to prepare the stock
solutions of required concentrations. All chemicals

were purchased from Sigma–Aldrich. Molecular
bromine is obtained by dissolving the bromine
pellets in double distilled water. The exact
concentration of bromine solution was determined
by iodometric titration method using starch as an
indicator and diluted to required concentrations.
Solution of bromine and NBS each contains
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hundred folds potassium nitrate as supporting
electrolyte. Potassium iodide, sodium thiosulphate
and starch of analytical grade were used in
standardization of Br2 solution.

Calibration of diffusion current
The diffusion current due to bromine was

calibrated in terms of deflection of light spot with
the help of galvanometer and scale arrangement.
The galvanometer deflection was measured on
scale in cm unit which was converted in unit of nA.
The diffusion current values were recorded at
various concentrations of Br2 and NBS in their
required range the data are given in table 1. The
linear plot was obtained for the diffusion current Vs
the concentration of Br2 or NBS.

Kinetic measurements
Equimolar solution of imidazole (I) and

bromine containing 100 folds potassium nitrate
were poured simultaneously in a beaker assembled
with RPE and SCE after attaining the thermostat
temperature.  At the moment of mixing a stopwatch
was started. The extent of reaction was measured
by recording the diffusion current at various time
intervals. The concentration of unreacted bromine
at this time intervals was determined from the
calibration curve observations are summarized in
table 2. The above procedure of calibration and
kinetic measurement was repeated twice for
checking the reproducibility of the galvanometer
measurements, and these were found to be within
the limits ±0.2 cm. The reciprocal of [Br2] versus
time was plotted (figure 1). A straight line was
obtained since the reaction is of second order; the
slope of this plot gives specific reaction rate k2. The
kinetics measurements were repeated for
bromination of pyrazole (II) and thiazole (III) by
molecular bromine and also for bromination of
substrates I, II and III by   N-bromosuccinimide data
is summarized in figure 1and 2.

RESULTS AND DISCUSSION

The second order kinetics was observed
for the bromination of imidazole, pyrazole and
thiazole using molecular bromine and N-
bromosuccinimide in aqueous medium since the
linear plot is obtained for [Br2]

-1 or [NBS]-1Vs time.
The slope of the plot gives the specific reaction

rate.  The results are summarized in Table 3. The
reaction follows electrophilic substitution pathway
and is observed to be rapid. The special technique
hydrodynamic voltammetry is employed to monitor
the progress of the reaction.

The kinetic measurements have an error
of less than + 2.0% in view of the reproducibility of
the diffusion current. The order of the magnitude of
the specific reaction rates as kimidazole >kpyrazole >kthiazole

concludes their relative reactivity towards the
bromination using molecular bromine or NBS in
aqueous medium. The bromination of these
substrates are observed to be faster when Br2 is
used as brominating reagent compared to those
when NBS is used. Principles of stereochemistry
have been quantitatively justified.  Imidazole and

Table 2: Kinetics of bromination
of imidazole by Br2 at 301.6K

Initial concentration of Br2 : 2×10-4 M
Initial concentration of imidazole : 2×10-4 M
Concentration of KNO2 : 0.02 M

Time Diffusion Br2 [Br2]
(sec) current (nA) (10-4M) (10-4M-1)

0 40.0 2.00 5.000
10 33.5 1.67 5.966
20 29.0 1.45 6.901
30 26.5 1.33 7.515
40 23.3 1.15 8.643
50 21.2 1.06 9.398
60 19.2 0.97 10.30
70 18.0 0.88 11.26
80 16.8 0.83 12.00

Table 1: Calibration of the
diffusion current at 301.6 K

[B4] Diffusion [NBS] Diffusion
(10-4 M) current (nA) (10-4M) current (n)

0.4 7.5 1.0 6.3
0.8 16.7 2.0 15.0
1.2 23.5 3.0 20.5
1.6 32.5 4.0 27.6
2.0 40.0 5.0 35.0
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thiazole both are 1, 3 azole, but there is difference
between the heteroatom in rings. The sulphur
substitution for NH dramatically reduces basicity of
thiazole.  Thiazole rings are characterized by larger
Ð electron delocalization and have therefore greater
aromaticity than that of imidazole and pyrazole. Also
in thiazole the nitrogen atom deactivates the ring
towards electrophilic substitution like in pyridine.
Delocalization and stabilization in thiazole being
the greatest among the three substrates, thus the
reactivity towords the electrophilic substitution of
thiazole is observed to be less. Thus the rate
constant for bromination of thiazole is observed to
be less than that of the imidazole and pyrazole.
Comparison between 1,3 azoles and 1,2 azoles

shows that the  1,2 azoles (Pyrazole) are less
reactive  than the 1,3 azoles (Imidazole). Since the
nitrogen atoms at 1, 2 position in pyrazole are
adjacent and they highly attracts “ electron clouds
towards them and observed to be more aromatic
than 1,3 azole (imidazole). The imidazole is much
more basic than pyrazole because of this base
weakening interaction of adjacent N in pyrazole.20

Hence pyrazole are less reactive and rate constant
also observed to be less as compared to imidazole.

The values of specific reaction rates for
the bromination of these substrates using NBS are
found to be lower than those of bromination using
molecular bromine at the same temperature.  The
kinetic data quantitatively justify the relative
nucleophilicity of substrates towards the two
different brominating reagents in the electrophilic
substitution reactions. In bromination using
molecular bromine, the Br2 is the sole brominating
reagent in the reaction in view of the equilibrium
Br2 + H2O ”! HOBr + HBr which in aqueous solution
is predominantly shifted to the left. The hydrolysis
constant is very low and since the hypohalous acid
is known to be very weak electrophile.21 Molecular

Fig. 2: Kinetics of bromination of substrates
by molecular bromine at 301.6 K

Fig. 1: Kinetics of bromination of substrates
by molecular bromine at 301.6 K

Table 3: Kinetics of bromination of substrates
by Br2 and N-bromosuccinimide at 301.6 K

Substrate Specific reaction rate (M-1 s-1)
Bromination Bromination

using Br2 using NBS

Imidzole 88.63 52.19
Pyrazole 75.52 40.47
Thiazole 32.80 18.64

Table 4: Variation of specific reaction rate at
various temperature for bromination of

imidazole using NBS

[T]-1 (10-3 (K-1) K (M-1 S-1) log k

3.483 18.12 1.25
3.428 29.95 1.46
3.362 38.04 1.58
3.615 52.19 1.71
3.265 65.40 1.81

Table 5: Thermodynamic parameters for
bromination of imidazole by N-bromosuccinmide

Parameters Values

Energy of activation E1 (KJ mol-1) 54.781
Frequency factor, A (M-1 s-1) 1.592×10¹¹
Enthalpy of acitivation ΔH+  (KJ mol-1) 49.892
Entropy change ΔS+ (JK mol-1) -47.02



2243WALKE et al., Orient. J. Chem.,  Vol. 31(4), 2239-2245 (2015)

bromine in the presence of water induces a dipole
moment at one end of the bromine molecule. The
induced positive charge of bromine is more
electrophilic as compared to the positive charge
on the bromine of NBS. Hence the bromination is
observed to be faster in the case of molecular
bromine is used.  Comparatively the NBS is a bulkier
group than Br2. When the electrophile is relatively
less bulky the steric hindrance does not affect the
reaction rate markedly. Steric compulsion stems
from the bulkiness of NBS that reacts with the
substrates. This is less marked when Br2 is used
instead of NBS. Thus the observed order of
magnitude of specific reaction rates determined for

the bromination of substrates under study justifies
the predicted relative reactivity of the two
brominating reagents in aqueous solution in
electrophilic aromatic substitution reactions. The
mono-chloro products are formed in each case at
the positions that are stereo chemically less
hindered.

The study of kinetics of bromination of
imidazole by N-bromosuccinimide has also been
subjected to various temperature ranges from
287.1K to 306.2K. The specific reaction rates are
given in table 4. Various activation parameters such
as energy of activation, enthalpy of activation and
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entropy change are evaluated results of which are
summarized in table5.

The mechanism proposed for the
bromination of the substrates by Br2 and N-
bromosuccinimide follows the electrophilic
substitution pathway. The polarization of reagent
takes place in polar solvent to generate the
electrophile Brd+. The pi electron clouds of the
respective double bond in the substrates attack the
Brd+

. The substrate molecule losses its aromaticity
and becomes unstable. The -ve end of the reagent
molecule abstracts the proton in the fast step to
stabilize the product in order to regain the aromaticity.
The mono bromo derivatives are formed in each
case confirmed stochiometrically. Previous workers
have reported that the electrophilic substitution in
imidazole takes place at the 4(5) position and the
C-2 substitution is highly     unfavored.22 In pyrazole
electophilic substitution takes place at position 4.23

While in thiazole the position 5 is more prone to
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Scheme 3: The probable mechanism for the bromination of the substrates under study
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substitution than the 4-position while 2-position is
far less susceptible to electophilic attack.24

CONCLUSION

The kinetics of bromination of the five
membered aromatic heterocycles studied follow
second order kinetics and are too rapid to study by
conventional methods. The special technique,
hydrodynamic voltammetry is employed to follow the
progress of the reactions.  The observed behavior of
rate constant is in accordance with stereochemistry
principles. The highest rate is observed for the
bromination of imdazole compared to the pyrazole
and thiazole. Also the bromination is observed to be
faster for the substrates when molecular bromine is
used as brominating reagent compared to that of
N-bromosuccinimide is used.  The verification of the
quantitative assessment of the relative reactivity of
heterocycles is provided by this study of kinetics of
bromination in aqueous solutions.
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