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OXIDATION OF THE DRUG
TRIMETAZIDINE BY N-
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MEDIUM — A KINETIC STUDY
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ABATRACT

The kinetics of oxidation of Trimetazidine by N-bromo succinamide in perchloric acid medium has been studied
at 303K. The products of oxidation were tested and stoichiometry of reaction was determined. The rate of
reaction was observed to show a first order dependence on oxidant, fractional order on substrate and inverse
fractional order on [H*]. The dielectric constant has a slight negative effect. The unchanged rate with ionic
strength indicate involvement of non ionic species in rate determining step. The kinetic runs were performed at
different temperature and thermodynamic parameters were computed. A mechanism consistent with observed
parameters is proposed. Rate law is derived.
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1. INTRODUCTION

N-Halo amides have been successively used to perform a wide range of transformations as they react
with variety of functional groups. With halogen in the +1 state, the N-haloimides are used for bromination and
oxidation of organic compounds™*. One such reagent N-bromo succinamide (NBS) is a potent oxidant and has
been used in the quantitative determination of a verity of organic substrates. Its mild oxidising property due to
source of positive halogen has been exploited for oxidation reactions in both acidic and alkaline medium®".

Trimetazidine (TMZ) is the first cytoprotective anti-ischemic agent and is a drug for angina pectoris®.
It inhibits fatty acid metabolism and thereby improves myocardial glucose utilization. In diabetic patients with
coronary heart disease it found to improves left ventricular function’. Recently, it has been shown to be effective
in patients with heart failure of different etiologies®. Trimetazidine enhances glucose oxidation by inhibiting
béta-oxidation of fatty acids by blocking long-chain 3-ketoacyl-CoA thiolase.

By the survey of literature it is revelled that, oxidation of TMZ by mild oxidants has not been reported.
In the present study we are reporting kinetic and mechanistic aspects of TMZ oxidation by NBS in HCIO,
medium at 303 K.

2. MATERIAL AND METHODS

2.1 Experimental:

A solution of the NBS (E. Merck sample purified®) in distilled water was standardized by the
iodometric method and preserved in brown bottle to prevent any further photochemical deterioration. Solution
of the TMZ (Sigma-Aldrich) of required strength was freshly prepared each time. The other required reagents
used were of analytical grade. Conductivity water was used for the kinetic studies. Concentrated solution of
sodium per chlorate is used to maintain ionic strength. Methanol was added to maintain the dielectric constant.
To keep pseudo first-order conditions excess of TMZ over NBS was maintained.

2.2 Kinetic measurements:

A mixture of solutions of TMZ, NaClO, and acid in required volumes was taken in a glass-stoppered Pyrex
boiling tube. Requisite quantity of water was added to keep the total volume constant for all runs and
thermostated at 303K. Required volume of equilibrated solution of NBS was added to the mixture and shaken
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appropriately. The reaction progress was studied iodometrically by the estimation of unreacted NBS in a
measured aliquot (5 mL) of the reaction mixture with time up to about two half-lives. The calculated pseudo
first-order rate constants from the plots of log [NBS] against time are reproducible within +3%.

2.3 Stoichiometry and product analysis :

The kinetic measurements performed at 303K by keeping excess of TMZ over NBS in HCIO, confirm the
following stoichiometry that one mole of TMZ consumed two moles of NBS.

C14H2,N,03 + 2C4H,0,NBr+ 2H,0 > C4H1oN; + C1oH1,0, + C4HsO, NH+ HBr (1)

The reaction products were extracted with ether. The oxidation products of substrate substituted
benzoic acid and piperazine from the ether layer are taken in to queous sodium hydroxide and hydrochloric acid
solutions respectively and identified by TLC and GC-MS analysis.. The reduction product of NBS, succinamide
was extracted with ethyl acetate and confirmed by TLC.

3. RESULTS AND DISCUSSION

3.1 Effect of concentration of reactants on the rate:

Kinetic trails were carried out in pseudo-first order conditions ([TMZ] >> [NBS] ) by varied [NBS],
at constant [TMZ], [HCIO,4], and temperature. The linear plots of log [NBS] versus time are indicating a first-
order dependence of reaction rate on [NBS],. From the slopes the pseudo first-order rate constants (k') were
calculated (table 1). The k' values were unchanged on varying oxidant concentration further confirm the first-
order dependence of the rate on [NBS],. Reactions were studied under similar experimental conditions by
varying the concentration of [TMZ]. The k' values increased with increase in [TMZ], (table-1). The plot of log
k' versus log [TMZ]q is linear (figure-1) with a slope of 0.58 indicate fractional-order dependence on [TMZ],.

3.2 Effect of [H'] on the rate:

With increase in [H'] using HCIO, decrease in rate was observed (table 1). Inverse fractional-order
dependence of rate on [H*] was indicated by linear plot of log k' versus log [H'] (figure 1) with a negative slope
of 0.43.

3.3 Effect of halide ions on the rate:
Added Br unchanged the rate (1x103-10x10"° mol dm™) indicate that they do not have significant effect
on the rate of reaction.

3.4 Effect of ionic strength on the rate:
The varied ionic strength of the medium by the addition of NaClO,4 (0.1 — 1.0 mol dm-3) unchanged rate of
reaction confirming the involvement of non ionic species in the rate limiting step.

3.5 Effect of dielectric constant on the rate:
Methanol was added (0 - 40 %, v/v) to vary dielectric constant of the medium. dielectric permittivity (D) of the
medium decreased the rate of reaction as indicated by kinetic results (table-2). The plot of log k' versus 1/D is
linear with a negative slope (figure-2). Methanol was ionized to very slight extent (< 1%) as confirmed by the
blank experiments under the experimental conditions.

3.6 Effect of Succinamide concentration on the rate:
Succinamide (1x10°-10x10 mol dm™®), the reduced product of oxidant NBS when added shows no
significant effect on the rate indicating its non involvement in pre-equilibrium step.

3.7 Test for free radicals:

The reaction mixture when added to aqueous acrylamide fails to initiate polymerization indicating absence
of any free radical species in the course of reaction.
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Table-1 Effect of oxidant, substrate and acid concentration on rate
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10* [NBS] 10* [TMZ] 10* [HCIO,]
mol dm’ mol dm’ mol dm’ K' 10*s!
2 4 4 6.23
4 4 4 6.31
6 4 4 6.35
8 4 4 6.26
4 2 4 4.25
4 4 4 6.31
4 6 4 8.44
4 8 4 10.50
4 4 2 7.55
4 4 4 6.31
4 4 6 5.18
4 4 6 3.89
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Fig -1 Effect substrate and acid concentration on rate

3.8 Effect of Succinamide concentration on the rate:
Succinamide (1x10°-10x10 mol dm™), the reduced product of oxidant NBS when added shows no
significant effect on the rate indicating its non involvement in pre-equilibrium step.

3.9 Test for free radicals:
The reaction mixture when added to aqueous acrylamide fails to initiate polymerization indicating absence
of any free radical species in the course of reaction.
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Table-2 Effect of dielectric constant on rate

MeOH % viv D 10°/D K'10*s "
0 76.7 1.30 6.31
10 72.4 1.39 6.15
20 67.4 1.47 5.98
30 62.7 1.60 5.84
40 58.1 1.72 5.68

[NBS] = 4 x 10 *mol dm?, [TMZ] = 4 x 10°mol dm-3, [H"] =4 x 10° mol dm™, p = 0.5 mol/dm.
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Fig -2 Effect of dielectric constant on rate
3.10 Effect of temperature on the rate:

The kinetic runs were done at different temperature (303-323 K) keeping other experimental conditions
constant (table-3). The activation parameters were computed from the linear Arrhenius plot of log k' versus 1/T
(figure-3).

Table-3  Effect of temperature and activation parameters on rate

Temperature (K) K' 10%S") | Thermodynamic parameter
298 5.02 E,= 15.15kJ mol
303 6.31 AH 7= 13.06kJ mol™
308 7.65 AS7 =-212) K" mol’
313 9.02 AG 7 = 75.62kJ mol”
318 10.35 -
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103/T

Fig -3 Effect of temperature on rate

4. DEDUCTION OF RATE LAW AND MECHANIAM

NBS behaves as a source of positive halogen in aqueous solution and this reagent has been exploited as an
oxidant for a variety of substrates in both acid and alkali solutions. It gets reduced to succinamide thereby acts
as mild oxidant with a two electron change*?. It produces different ionic species with following equilibria in
aqueous acidic solution.

-NBr + H,0 NH + HOBr (2)
-NBr + H* N'BrH @)
-NBr + H* =——— .NH + Br" 4)
Br' + H,0 =—————— (H,0Bn)" )

In the present study the negative effect of [H*] on the reaction rate observed allows us to assume the
effect of [H*] on the reaction rate. This allows us to assume either protonated NBS, Br* or (H,OBr)", or HOBr
as active oxidizing species and restricts us to take Br' as the oxidizing species due to negative effect of the
initially added product, succinimide. On the basis of observed kinetic data and above discussions, a probable
mechanism (Scheme -I) is proposed for the oxidation. In scheme -2 the detailed plausible mechanism of reaction
is picturized.

Let NBS represent the active oxidant, TMZ represent the substrate and X and X' represent the
intermediate complex species. The oxidation reaction is initiated by NBS through the attack of substrate to give
an intermediate complex X. This complex eliminates a proton in the rate determining step to give the complex
X' which further reacts to give products.

Ky
NBS + H,0

NH + HOBr (i) fast

kz

HOBr + S

X (ii) fast
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ks
X X' (iii) slow & rds
Ky
X' Produts (iv) fast
Scheme 1.

For slow and rate determining step of scheme-1 the differential rate equation is

d[NBS] _
ac

ks [X] (6)
Let [NBS]; be the effective total concentration of NBS, then

[NBS]t = [HOBr] + [H,0Br] + [X] )

[NBS]t = ([HOBr][H*])/ky + mir + [X] (8)

On solving for X,

k1 Kk [NBS] [TMZ]

[X]: [ H+] kl( 1+ kz [TMZ] (9)
d[CAT] _ _ kiKzks [NBS]; [TMZ] (10)
dt [ HY] + k1(1 + kp) [TMZ]

The rate law derived agrees with the experimental results that a first, fractional and inverse fractional
order dependence of reaction rate on [NBS],, [AP], and [H] respectively.
Since rate = k' [NBS],, from equation (9) we have,

I _ k1 kz k3 [TMZ]
k' = [ H¥] + k1 (1 + kp) [TMZ] 11
1_ 1 ([u*] 1
k! * kyp ks [TMZ] { Ky + 1} +k3 (12)

From equations (11) and (12), plots of 1/k' versus 1/ [TMZ] and 1/ k' versus [H'] were linear Figure 2). The
values of ki, k, and ks were calculated from the slopes and intercepts.

Methanol in different proportions (0 - 40 %, v/v) is added to vary dielectric constant of the medium.
The dielectric effect is negligible?®. The reduction product succinamide when added fails to change the rate
indicating its non involvement in pre-equilibrium. The rate remains same on varying ionic strength of the
medium indicating the involvement of non-ionic species in the rate determining step. Bromide ions have no
significant effect on the rate of reaction. Further the proposed mechanism is supported by the thermodynamic
parameters computed from the experimental results. Formation of a properly ordered compact transition state
complex with lesser degrees of freedom is supported by large negative value of entropy of activation and
moderate positive values of free energy of activation and enthalpy of activation.
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5. CONCLUSION
The redox reaction between NBS-TMZ has been carried out in aqueous medium. The reaction
stoichiometry of 1:2 (eq.1) involving the TMZ oxidation by NBS has been observed. substituted benzoic acid
and piperazine are the products of oxidation. The effect of dielectric constant and halide ions on reaction rate
was studied. The thermodynamic parameters, Ea, AH”, AG”, and AS™ have been computed From the Arrhenius
plots. For the observed parameters a consistent mechanism has been proposed and rate law was derived
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