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ABSTRACT

The Kinetics of oxidation of 1-(4-Chlorobenzyl)-4-
piperidiamine by KMnO, in aqueous alkaline medium was
studied spectrophotometrically at constant ionic strength 0.01
mol/dm®.The reaction exhibits 1:3 stoichiometry. The reaction
is pseudo first order with respect to Oxidant, first order with
respect to reductant and fractional order with respect to
medium. The activation parameters E, (kJ/mol), AH” (kJ/mol),
AS* (J/K/mol) and AG" (ki/mol) for the slow step were
calculated. Effect of ionic strength and dielectric constant of
medium has been studied. Rate constant of rate determining
step was calculated and a suitable mechanism has been

proposed.
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1. INTRODUCTION

Permanganate is a unique, widely used oxidizing agent in neutral, alkaline and acid medium tin
synthetic and analytical chemistry ? due to its several advantages as an analytical reagent e.g.

vividly coloured, strong, serving as its own indicator.

In general potassium permanganate is a powerful oxidant in aqueous alkaline medium. It is
interesting because manganese exhibits variable oxidation state from +2 to +7. In strong alkaline

45,6

medium, the stable reduction product*® is the manganate ion, MnO, 2.

No mechanistic information is available to distinguish between direct one-electron reduction to
Mn (V1) and one in which a hypomanganate is formed in a two-electron step followed by rapid

reaction’.

Permanganates ions oxidize a greater variety of substrates and find extensive applications in

814 especially after the advent of phase transfer catalysis , which permits the use

organic synthesis
of solvents such as methylene chloride and benzene. Kinetic studies constitute an important
source of mechanistic information on the reaction, as demonstrated by results referring to

unsaturated acids in both aqueous and non-aqueous media®>.

The permanganate oxidation of large biological molecule such as nucleic acid®'’, protein®®,
thymine®®, uracil®® and several amino acid®*?® have already been reported. This paper presents
how manganese shows the change of various oxidation states during the course of the reaction.
The product of the reaction have been isolated and characterized. Possible mechanism of the
reaction has been suggested. Solvent effect on such reaction has been studied. The potassium
permanganate in alkaline medium exists as MnO4(OH)? species®*. The active species reacts with

the substrate and forms an intermediate complex and the complex decompose into product.

In the present study the Kkinetics of oxidation of compound 1-(4-Chlorobenzyl)-4-piperidiamine
(Figure(1)) has been studied in alkaline medium. Piperidiamine Drugs used to prevent Nausea or

Vomiting.
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Figure (1): Structure of 1-(4-Chlorobenzyl)-4-piperidiamine

EXPERIMENTAL

2. MATERIALS AND METHODS
2.1. Materials and reagents used

All Chemicals and reagents used were analytical reagent grade and solutions were prepared
using double distilled water, free from dissolved oxygen. Potassium permanganate was prepared
by the requisite amount of salt in doubly distilled water. The solution was standardized by

measuring the absorbance using UV-visible spectrophotometer at 525 nm.

1-(4-Chlorobenzyl)-4-piperidiamine was prepared by dissolving requisite amount of sample in
1ml NaOH and diluted using distilled water. NaOH, KNOz were also prepared in doubly distilled
water and standardized by standard methods Vogel book reference?”. Absorbance was recorded
on Systronic UV-Vis Spectrophotometer at wave length 525 nm.

2.2. Kinetic Studies

The Kkinetics of oxidation of 1-(4-Chlorobenzyl)-4-piperidiamine was  studied
spectrophotometrically under pseudo-first order conditions with [1-(4-Chlorobenzyl)-4-
piperidiamine] : [KMnO4] > 10:1 at constant ionic strength (I = 0.1 mol dm™). The [1-(4-
Chlorobenzyl)-4-piperidiamine] was varied from 5x10™ to 4.5x10° mol dm™ and [OH] was

varied from 2.5x107 to 0.02 mol dm.

The application of Beer’s law for permanganate at 525 nm had earlier been verified®’, giving € =

2389 + 50 dm® mol™ cm™ (Literature10 & = 2400 dm™ mol™ cm™) as a function of time.
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The reaction kinetics was followed by monitoring disappearance of Mn (VII) at Amax = 525nm
using conventional Systronics UV-VIS spectrophotometer equipped with a thermostatic bath for
temperature control with an accuracy of + 0.1°C. The pseudo-first order rate constant (Kops) Were
evaluated from the slope of linear plots of logA versus time(s).

The orders for various species were determined from the slopes of plots of log Kqps Versus
respective log concentration of substrate, permanganate and sodium hydroxide and in turn while

keeping all other concentrations and conditions constant.

3. RESULTS
3.1. Stoichiometry and product analysis

Different sets of the reaction mixture containing different amounts of reactants [MnO,] > [1-(4-
Chlorobenzyl)-4-piperidiamine] at constant [OH] = 0.1mol dm™ and constant ionic strength
(1=0.1mol dm™) were allowed to react for 24hrs. The remaining MnO, was analyzed
spectrophotometrically. The results showed that three moles of MnO, reacted with one mole of
1-(4-Chlorobenzyl)-4-piperidiamine. From the above stoichiometric study it is calculated that the

stoichiometry of the reaction is as shown below.

H, H, OH
+ 3KMnO4 ——> k\_}_& +
H
Cl

In order to get the reaction product 0.0015mol KMnO, and 0.01mol of 1-(4-Chlorobenzyl)-4-

NH,

piperidiamine were mixed in a container and [OH] was kept at 0.01mol dm™. The reaction
mixture was allowed to stand about 24hrs at 298K for completion of the reaction. The product
was identified by LC-MS. The peak at 112 indicates the presence of chlorobenzene and the
peak near to 147 confirms the product as L-Alanine, N-(2-aminomethylethyl)-carboxylic

acid.
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Figure (2): LC-MS for the product analysis. The peak at 112 indicates the presence of
chlorobenzene and the peak near to 147 confirms the product as L-Alanine, N-(2-

aminomethylethyl)-carboxylic acid.
3.2. Reaction Order

The electron transfer reaction between 1-(4-Chlorobenzyl)-4-piperidiamine and alkaline Mn(V11)
has been studied over the range 5x10™ to 4.5x10° mol dm™ and 5x10° to 4.5x10™ mol dm
respectively; [OH7] in the range of 2.5x10° to 0.02 mol dm™; temperature from 298K to 318K
and 1=2.5x10" to 0.03 mol dm™,

The reaction order were determined using the slopes of log Kops versus log[MnOy4] plots by
varying the concentrations of the reductant and OH™ while keeping other factors constant. With
constant concentrations of 1-(4-Chlorobenzyl)-4-piperidiamine 2.5x10 mol dm™ and alkali 0.01
mol dm™ and ionic strength 0.01 mol dm™, the permanganate concentration varied from 5x10° to
45x10* mol dm?®. The linearity of plots of log (absorbance) versus time, for different

concentrations of permanganate indicates that the order in Mn (VII) is unity (Fig:1 ). The 1-(4-
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Chlorobenzyl)-4-piperidiamine concentration was varied from 5x10™ to 4.5x10° mol dm™ at
constant alkali and permanganate concentrations and constant ionic strength of 0.01mol dm™ at
298K. The kops values increased with an increase in 1-(4-Chlorobenzyl)-4-piperidiamine over the

concentration range
3.2.1. Effect of potassium permanganate

The concentration of potassium permanganate was varied from 5x10 to 4.5x10™ mol dm™ at
fixed concentration of other reactants. A plot of initial rates versus concentration of potassium
permanganate showed the first order dependence with the oxidant.(Figure : 3) The constant

values of k (Table 1) indicate the unit order with respect to KMnOs,.
3.2.2. Effect of 1-(4-Chlorobenzyl)-4-piperidiamine

The concentration of 1-(4-Chlorobenzyl)-4-piperidiamine was varied from 5x10* to 4.5x10°
mol dm™ at fixed concentration of other reactants. A plot of initial rates versus concentration of
1-(4-Chorobenzyl)-4-piperidiamine shows the fractional order dependence with substrate.
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Figure (3)
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3.2.3. Effect of NaOH

The concentration of sodium hydroxide was varied from 2.5x10° moldm™ to 0.02 moldm™ by
keeping all other reactant concentrations constant. There was an increase in rate with NaOH
concentration. A plot of initial rates versus concentration of sodium hydroxide shows the

fractional order dependence with sodium hydroxide.

3.2.4. Effect of Temperature

The reaction rates are studied at four different temperatures 298K, 303K, 308K, 313K and 318K
under varying concentrations of KMnQ, and the substrate The rate constants (k) of the slow step
of the reaction mechanism were obtained from the slopes of graph plotted between log A versus

time. Rate of reactions increases with increase of temperature.
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Figure (4): A plot of log k against 1/T (K™) for the calculation of activation parameters.
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3.2.5 Effect of KNO3

The concentration of KNO3 was varied from 2.5x10° moldm™ to 0.03 mol dm™ by keeping all
other reactant concentrations constant. A plot of initial rates versus concentration of KNOj3 has

shown the fractional order dependence with substrate.

Table (1): Effect of 1-(4-Chlorobenzyl)-4-piperidiamine, [KMnQO,], [OH] on reaction rate
at Temperature = 25 £ 0.1°C, p=0.01 mol dm>.

[KMnO4] x 10* | 1-(4-Chloro  benzyl)-4- | [OH] x 10" | [NO*] x 107
(mol dm™) piperidiamine x 107 (mol dm®) | (mol dm™) Kobs Keal
(mol dm™)
0.5 2.5 0.1 0.1 0.0123 | 0.0110
15 2.5 0.1 0.1 0.0134 | 0.0180
2.5 2.5 0.1 0.1 0.0153 | 0.0192
35 2.5 0.1 0.1 0.0263 | 0.0199
45 2.5 0.1 0.1 0.0460 | 0.0399
2.5 0.5 0.1 0.1 0.0333 | 0.005
2.5 15 0.1 0.1 0.0355 | 0.015
2.5 2.5 0.1 0.1 0.0153 |0.023
2.5 35 0.1 0.1 0.0143 | 0.0305
2.5 45 0.1 0.1 0.0115 | 0.0369
2.5 2.5 0.025 0.1 0.0066 | 0.0067
2.5 2.5 0.05 0.1 0.0120 |0.0128
2.5 2.5 0.1 0.1 0.0153 | 0.023
2.5 2.5 0.15 0.1 0.0230 | 0.0322
2.5 2.5 0.2 0.1 0.4318 | 0.0398
2.5 2.5 0.1 0.25 0.0418 | 0.0390
2.5 2.5 0.1 0.5 0.0230 |[0.02
2.5 2.5 0.1 1 0.0153 | 0.0191
2.5 2.5 0.1 2 0.0085 | 0.011
2.5 2.5 0.1 3 0.0080 | 0.009
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Table (11): Rate Constant with respect to Temperature for oxidation of 1-(4-Chlorobenzyl)-

4-piperidiamine by KMnQOy, in aqueous alkaline medium

Temperature | k x 10 (s %)
in (K)

298 1.53

328 1.93

308 2.75

313 3.15

318 5.78

Table (IIl): The Activation Parameters for oxidation of 1-(4-Chlorobenzyl)-4-
piperidiamine by KMnO;, in aqueous alkaline medium

Parameters Values
Ea (kJ/mol) 19.74
AH(kJmol™) 2457.76
AS* (I K mol™) -185.8
AG" (kJmol™) 83.384

Activation parameters (E,, AH", AS” and AG") and thermodynamic quantities for the oxidation of
1-(4-Chlorobenzyl)-4-piperidiamine using potassium permanganate in alkaline medium with

respect to slow step of scheme-1 are listed in Table I11 (Figure: 4).
Scheme-I:

MnOy; + OH Kl MnO,0H)*

Substrate + [MnO0H]* __*2 _ Complex

Complex 4™ _ Products+H,0
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Verification of rate law for oxidation of 1-(4-Chlorobenzyl)-4-piperidiamine by KMnO, in

aqueous alkaline medium.

The rate law was verified by plotting 1/Kobs Versus 1/OH-. From the slopes of graph we

calculated K;K; value. And from the intercept k was found out. Thus by substituting the values

of K;K; and k in the rate equation the rate constant k values are calculated.

Rate = k [Complex]

= kK2 [Substrate] [MnO,OH]*

= kK1K2 [Substrate] [MnO74] [OH]

[MnO.]r = [MnO,]s + K2[Substrate] [MnO,OH]*

= [MnO,)¢ + KIK2[Substrate] [MnO7] [OH']

= [MnO]s {1+K1K2[Substrate] [OH]}

[MnOy4)s = [MnQOg4]+ / 1+K1K2 [Substrate] [OH]

[OH]r = [OHT+ [MnO4OH]* + [Complex]
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= [OH]; + K1[MnO4] [OH] + K2[Substrate] [MnO,OH]*

= [OH]¢ + K1[MnO7] [OH] +K1 K2 [Substrate] [MnO,4] [OH]

= [OH]+{1+K1 [MnO4] + K1 K2 [Substrate] [MnO4]}
[OH]s  =[OH]y/1+K1[MnO4] + K1 K2[Substrate] [MnO4]
[OH]s = [OH7]y since [Substrate] >>[MnO4]
Substituting in equation (1)
Rate = kK1K2 [Substrate] [MnO,] [OH] / 1+ K1 K2 [Substrate] [OH']
This is the rate law
kobs = kK1K2 [Substrate] [MnO,] [OH] / 1+ K1 K2 [Substrate] [OH]
11/kobs =1/ kK1K2 [Substrate] [OH] + 1 /k
DISCUSSIONS

Permanganate ion is powerful oxidizing agent in aqueous alkaline medium. It exhibits many
oxidation states. The PH & stoichiometry of the reaction plays important roles. At PH> 12
reaction product is Mn (VI1)) and it is stable and further reduction of Mn (VI1I) may be stopped.
The reaction between 1-(4-Chlorobenzyl)-4-piperidiamine in alkaline medium has been studied.
The stochiometry of the reaction is found to be 1:3. The oxidant has first order & the substrate &
alkali has fractional order dependence. The added products have no effect on the rate of reaction.
The order less than unity in OH" indicates the formation of alkali permanganate species
MnO4(OH)* from permanganate in a prior equilibrium step?’. Formation of MnO4(OH)? is
further supported by Michaeils Menton plot (Figure (4)) which is linear with positive intercept.
The MnO,(OH)* react with substrate to form intermediate complex which further reacts with
one mole of alkali permanganate species in slow step to form the products. The activation
parameters were calculated. The moderate values favours the electron transfer processes. The

ionic strength has no effect indicates the involvement of neutral species at rate determining step.

Citation: Dr.Vidyavathi shastry et al. Ijppr.Human, 2015; Vol. 5 (1): 30-41.



www.ijppr.humanjournals.com

REFERENCES

1) Day MC, Selbin J(1985) Theoretical Inorganic Chemistry, Reinhold Publishing Corporation, New York. p. 344.
2) Hiremath.G.A, P.L.Timmanagaudar and S.T. Namdibenoor, 1996. Kinetics of oxidation of thalium (I) by
permanganate in aqueous hydrochloric acid medium using the stopped flow technique.Transition Met. Chem., 21:
560.

3) Insauti, M.J., F. Meta-Perez and Alvarez-Machs, 1995. Kinetic study of the oxidation of L- phenylalanine by
potassium permanganate in acidic medium. Int. J. Chem., Kinetic, 27: 507

4) Gardner K A, Kuehnert L L and Mayer J M 1997 Inorg. Chem. 36 2069

5) Simandi L I, Jaky M, Savage C R and Schelly Z A 1985 J. Am. Chem. Soc. 107 4220

6) Nadimpalli S, Rallabandi R and Dikshitulu L S A 1993 Transition Met. Chem. 18 510

7) Panari R G, Chougale R B and Nandibewoor S T 1998 Pol. J. Chem. 72 99

8) Stewart R 1965 In Oxidation in organic chemistry —Part A (eds) K B Wiberg (New  York: Academic Press)
9) Freeman F 1976 Rev. React. Species Chem. React. 1179

10) Lee D G 1980 Oxidations of organic compounds by permanganate ion and hexavalent chromium (LaSalle,
IL: Open Court)

11) Lee D G 1982 In Oxidation in organic chemistry —Part D (ed.) W S Trahanovsky (New York: Academic Press)
p. 147

12) Simandi L | 1983 In The chemistry of functional groups (eds) S Patti and Z Rappoport (Chichester:Wiley),
suppl. ch. 13

13) Lee D G, Lee E J and Brown K C 1987 Phase transfer catalysis, new chemistry, catalysts and applications
ACS symposium series No. 326 (Washington DC: Am. Chem. Soc.) p. 82

14) Fatiadi A J 1987 Synthesis 106 85

15) Perez-Benito J F and Lee D G 1987 J. Org. Chem. 52 3239

16) Simandan T., Sun J., and Dix T.A, Oxidation of DNA bases, deoxy ribonucleosides and homopolymers by
peroxy radicals. Biochem J. 335(pt-2), 1998, 233-240.

17) Terashima Y., Fukuoka M., ohtsuka E., Inoue H., Further studies of KMnO4 oxidation of synthetic DNA’s
containing oxidatively damaged bases. Nucleic Acids Symp. Ser.42, 1999; 35

18) Freeman F. , Fuselier C.O., and Karchetski E. M. , Permanganate ion oxidation of Thymine spectrophotometric
detection of a stable organomanganese intermediate.  Tetrahedron letter, 16, 1975, 2133
http;//dx.doi.org/10.1016/s0040-4039(00)75315-9.

19) Freeman F., Fuselier C.O. , Dalton C.E. , Davidson P.A., Karchetski E. M. , Krochman D.E., Johnson M.N and
Jones N.K., Permanganate ion oxidations , 13, soluble manganese(IV) species in the oxidation of 2,4(1H,2H)-
pyrimidinediones(uracils)J.Am.Chem.Soc.03, 1981, 1154

20) Zahedi M. and Bahrami H. , Kinetics and Mechanism of the Autocatalytic oxidation of L-Asparagine in a
moderately concentrated sulfuric acid medium. Kinetics and Catalysis, 45, 2004, 351-358 Doi :10.1023/B:
KICA.0000032168.35401.3

21) Mudaliar U. D., Chourey V.R., Verma R.S. and Shastry V.R. , J.Indian chem.

Soc. 60, 1983, 561.

22) Andres F. J., Arrizabalaga A. and Martinez J.1. , An. Quim.Ser.A, 80, 1984, 531.

23) VermaR.S., Reddy M. J. and Shastry V.R. , J.Chem Soc., perkin Trans. 2, 1976, 469.

24) Perez Benito J.F. , Mata-Perez F. and Brillas E., Can. J. 65, 1987, 2329.

25) Zammer S., Jaky M.and Germasimov O.V., Int.J.Chem. Kinet, 24, 1992, 145.

26) Kinetics studies of oxidation of niacinamide by alkaline potassium permanganate Sandipsingh Gour, Syyed
Hussain Mazahar Farooqui . Vol 4, No 1 Jan-Mar 2012.

27) A. 1. Vogel, Text Book of Quantitative Chemical Analysis,Longman, Essex, UK, 5th edition, 1989.

Citation: Dr.Vidyavathi shastry et al. Ijppr.Human, 2015; Vol. 5 (1): 30-41.



