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Kinetics of Oxidation of Some Amino Acids by
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The kinetics of oxidation of some amino acids e.g.,
glycine, aanine, aspartic acid, arginine, and histidine, (AA)
by N-chlorosaccharin (NCSA) in aqueous acetic acid medium
inthe presence of perchloric acid have beeninvestigated. The
observed rate of oxidationisfirst order in [AA], [NCSA] and
of inverse fractional order in [H*]. The main product of the
oxidation is the corresponding aldehyde. The ionic strength
on the reaction rate has no significant effect. The effect of
changing the dielectric constant of the medium on the rate
indicates the reaction to be of dipole-dipole type. Hypochlo-
rous acid has been postulated as the reactive oxidizing
species. The reaction constants involved in the mechanism
are derived. The activation parameters are computed with
respect to slow step of the mechanism.
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INTRODUCTION

The chemistry of reactions of N-halo compounds form a separate
branch, which is of great synthetic importance'. N-Halo compounds have
been extensively employed as oxidizing agentsfor organic substrates>®. In
the recent development, N-halo compounds are the source of positive
halogen and have been exploited as oxidant for a variety of substratesin
both acidic and alkaline media. The nature of active oxidizing species and
mechanism depends on the nature of the halogen atom, the groups attached
to the nitrogen and the reaction conditions. Although a quantum of works
have been reported on the oxidation of organic compounds by N-halo
compounds*’, it is to be noted that no systematic kinetic investigation on
the oxidation of amino acids by N-chlorosaccharin has yet been reported
intheliterature. Here the results of the kinetics of the oxidation of glycine,
alanine, aspartic acid, arginine and histidine, (AA) with N-chlorosaccharin
(NCSA) in agueous acetic acid medium in the presence of perchloric acid
are reported.
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EXPERIMENTAL

All the chemicals used were of A.R. grade. Double-distilled water was
used throughout. N-Chlorosaccharin? were prepared using reported proce-
dures. Standard solution of NCSA was prepared afresh. Perchloric acid
(AnaaR) wasused as source of hydrogenions. Sodium perchlorate (Merck)
was used to keep the ionic strength constant.

Thereactionwascarried out under pseudo-first order condition ([AA]
> > [NCSA]). The reaction was followed by potentiometrically by setting
up acell made up of the reaction mixtureinto which the platinum electrode
and reference electrode (SCE) were dipped. The emf of the cell was
measured periodically using an Equip-Tronic potentiometer, while the
reaction mixture was continuously stirred. The pseudo-first order rate
constants computed from the plots of log (E-E.) against time were repro-
ducible within + 3 %.

RESULTSAND DISCUSSION

Soichiometry and reaction products. Different setsof reaction mix-
tures containing different quantities of NCSA and amino acid at constant
concentration of perchloric acid and sodium perchlorate were allowed to
react for 24 h at 30°C and then analyzed. The remaining NCSA was
estimated. The oxidation products were identified as al dehyde and saccha
rin by their spot tests. It was confirmed by noting the mixed melting point,
chemical methods and TL C techniques. The results arein good agreement
with 1:1 stoichiometry.

RCH(NH2)CO,H + CsH4S0, CONCI + H,0 —
RCHO + CgH4SO, CONH + CO; + NH3 + HCl (1)

where R = H, CHs, HOOC—CHs, HN=$—NH—(CH2)3, Ej/cHz

\
NH, N

Reaction order: The kinetics of oxidation of amino acids by NCSA
was investigated at several initial concentrations of the reactants in 50-80
% acetic acid-water mixturein the presence of perchloric acid. At constant
[H*] with [substrate] in excess, the plot of log (E-E-) vs. time is linear,
indicating a first order dependence of rate on [NCSA]. Plots of 1og Kops
vs. log [AA] are linear with a slope of nearly unity for al the substrates
(Fig. 1) and aplot of Kas s. [AA] isaso linear passing through the origin
indicating a first order dependence on [AA] (Fig. 2). The pseudo-first
order rate constants decrease with increasein [H*] in therange 0.5-1.6 mol
dm? (Table-1). The linearity of the plots of log [NCSA] vs. time indicates
the order in [NCSA] as unity.
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Fig. 1. Plotsof log [AA] vs. log k: (A = Glycine; B = Alanine; C = Higtidine;
D = Arginine; E = aspartic acid)

TABLE-1
EFFECT OF VARYING [AMINO ACID], [NCSA] AND [H'] ON THE
RATE OF REACTION AT 30°C?

7 10° ' 10° X Kgps S

1 I[dAA_l [NCSA] Pd 4 e

(mol dm™) (mol dm™®) (moldm®) Gy Ala His Arg A
2.0 10 0.5 2.02 311 341 272 323
4.0 10 0.5 407 619 681 548 646
6.0 10 0.5 6.0/ 929 1023 811 967
8.0 10 0.5 806 1240 1365 10.86 1284
2.0 3.0 0.5 2.05 314 343 274 324
2.0 5.0 0.5 203 307 341 271 326
2.0 7.0 0.5 205 310 338 269 323
2.0 10 0.8 5.26 245 281 211 261
2.0 10 12 537 164 18 146 174
2.0 1.0 1.6 5.38 121 142 098 131

%Genera conditions: [NaClO,] = 0.5 mol dm™, solvent composition: 50 %
acetic acid : 50 % water (V/V).

The rate increases with increase in dielectric constant of the medium.
A plot of log ks vs. [D-1/2D+1], where D is the dielectric constant of the
medium, is linear with positive slope indicating a dipole- dipole type of
interaction. The reaction have been studied in the temperature range 30-
50°C. By the use of Arrhenius equation, the thermodynamic parameters
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have been calculated (Table-2). The oxidation of amino acids by NCSA
under nitrogen atmosphere fails to induce polymerization of added
acrylonitrile, thusruling out radical oxidation. Theretarding effect of added
saccharin suggests that the pre-equilibrium step involves hydrolysis of
NCSA to give saccharin and HOCI (egn. 2).

CsHsSO,CONCl + H,O  _Ki. C4H,SO,CONH + HOCI (2

Of thefour probable oxidizing speciesin thereaction, viz. NCSA, NCSAH",
HOCI and H,OCI*, HOCI isconsidered asthe active oxidizing speciessince
therate is an inverse function of [saccharin] and [H'].
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Fig. 2. Plotsof [AA] vs. ki (A =glycine; B = dlanine; C = histidine;
D = arginine; E = aspartic acid )

TABLE-2

ACTIVATION PARAMETERS FOR THE OXIDATION OF
AMINO ACIDSBY NCSA?*

Parameters  Glycine  Alanine  Histidine  Arginine T
10° Kops (57 2.02 311 341 2.72 323
E. (k Jmol™) 4280 4870 5170 4570  49.80

AH* (k Imol™) 40.30 46.20 49.20 43.20 47.30
AS* (K'mol®) 3850 41.20 43.20 40.20 42.40
AG* (kJmal™) 54.60 62.40 67.20 61.10 65.20
3Genera conditions: [NaClO,] = 0.5 mol dm’>, Solvent composition: 50 % acetic
acid —50% water (v/v) [AA] = 0.02 mol dm®, [NCSA] = 0.001 mol dm*,

Theretarding effect of [H*] on the rate of reaction can be explained by
considering the equilibrium (3) between the substrate (AA) and H*.
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S+H —fe- sH A3)
This effect coupled with the solvent effect does point out that the reac-
tion with unprotonated amino acid should be more predominant.
M echanism
The first order dependence each on [AA] and [NCSA] reveals that
overall rate may involvetheinteraction of HOCI and amino acid intherate
determining step to give amono ester similar to that reported by Reddy &
Sundaram® and Gopalkrishnan and Hogg™ for N-bromoacetamide oxida-
tions. The mono ester involving O-Cl linkage may then undergo a series of
fast steps as shown in Scheme-| to give aldehyde and ammonia.

RCH(NH3)COO™ +HOCI %» [RCH(NH,)COOCI]+H,0  (4)

[RCH(NH,)COOCI] O 1. RCH(NH,)+CO, +Cl" )

RCH(NH,)O RCH =NH+H" (6)

RCH=NH+H,00[ RCHO+NH, ©)
Scheme-|

The rate law based on Scheme-1 isrepresented by eqg. (8)
—-d[NCSA] _  k;k; [NCSA] [SH"]
dt  k,[H'] [C.H,SO,CONH] ()
Equation (8) clearly points out the observed results, i.e. first order in
[NCSA], [AA] andinversefirst order in [H*] negligibleinfluence of changes

inionic strength and the effect of dielectric constant of the medium on the
rate of oxidation.
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