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Abstract: The mechanistic kinetic studies of oxidation of €-Alanine and ¢-Glycine by 1,3-dichloro-5, 5-
dimethylhydantoin (DCDMH) in aqueous acetic acid medium in presence of H* ions have been performed.
The r ate of reaction is proportional to the first power of concentration of AA and DCDMH. The rate of
reaction is enhanced by the increasing [H*] and percentage of acetic acid. The main product of the oxidation
is corresponding aldehydes. H,O*Cl has been assumed as prime reacting oxidizing species and proposed
mechanism ruled out the involvement of free radicals. The thermodynamic parameters for the oxidation have
been computed in the slow step of mechanism. The derived rate law was in good conformity with the
mechanism.
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1. INTRODUCTION

1,3-dichloro-5,5-dimethylhydantoin (DCDMH) belongs to the class of N-halo compounds and is a
moderate oxidant. The final hydrolysis of this compound leads to the formation of active positive
halogen species like HOCI and H,O*Cl. The H,O*CIl manifests more in non-polar or less polar media,
extensively used as a chlorinating and oxidizing agents in organic substrates. The generated species
are utilized in solution and gaining importance in organic synthesis and also in analytical
determination of organic compounds.*? Since the N-halooxidants exhibit appreciable stability both in
acid and alkaline medium®* hence widely used in kinetic studies. Biological production of
hypochlorous acid (HOCI) is also reported during activation of ecosinophilis. The H,O*Cl and HOCI
thus produced kill the invading pathogens and also play an important role in damaging the tissues. It
was also concluded that alphaaminoacids namely £-Alanine and ¢-Glycine are the major biological
compounds® reacting with the H,O*Cl.

Although a lot of works on the oxidation of amino acids have been reported by N-halo oxidants.
The survey of literature reveal that involving DCDMH a limited application reports***® on oxidation
of chalcones™, D-glucose and D-fructose'” are available. It is to be noted that no systematic kinetic
study was investigated on oxidation of €-Alanine and C-Glycine by 1,3-dichloro-5, 5-dimethyl-
hydantoin.

6-12

2. EXPERIMENTAL

All the reagents used were of A.R. grade and the solutions were prepared in double distilled water.
DCDMH, Acros brand was used. Standard solution of DCDMH was prepared afresh just before the
reactions were carried out. All the reactions were performed in the thermostat and temperature was
maintained at + 0.1° C.

The reaction was initiated under pseudo-first order condition [AA] >> [DCDMH]. The reaction
mixture was homogeneous throughout the course of the reaction. The reaction rate was found
estimating, the amount of the unconsumed DCDMH iodometrically upto 80% complication of the
reaction. The pseudo-first order rate constants [Kqs] Were determined from the slopes of linear plots of
log (a-x) versus time. The replicate runs showed that the velocity constant for the reactions
understudy were reproducible within + 3%.
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3. RESULTS AND DISCUSSION

The stoichiometry of the reaction mixtures containing varying [DCDMH] at different quantities of
AA at constant concentrations of H* ions was determined by several sets of experiments at their
required temperatures. The whole mixture were allowed to react for 24 hours in thermostat and then
analysed the reaction. The unconsumed DCDMH remaining was estimated iodometrically.

After completion of the reaction showed 1:1 (AA: DCDMH) stoichiometry. The oxidation products
were identified as aldehydes and 5,5-dimethylhydantoin, by their spot test. The main products of
oxidation were confirmed by chemical and chromatographic methods and compared with those of the
standard samples. The effect of varying [DCDMH] five-fold was examined by maintaining all other
concentration of the reactants at constant temperature and fixed percentage of acetic acid. The values
of rate constant were found to be constant, indicating first-order dependence of rate on [DCDMH] as
evaluated from the slope of plots (log (a-x) vs. time).

The kinetic study was performed at several initial concentration of the amino acids at constant
[DCDMH], [H*] and fixed percentage of acetic acid and temperature. The first-order rate constants
were found to increase linearly with increase in [AA] (Table 1). The plot (Fig. 1) of k versus [AA]
and 1/k versus 1/ [AA] (Fig.2) are linear passing through the origin with unit slope showing first-order
kinetics with respect to [AA]. The reaction rate measured with various [H*] was found to accelerate
with increasing [H] ion. The order of the reaction with respect to [H™] ion is unity. Overall reaction
was acid catalysed. It was also confirmed from the plot of log k against log [H"]. The rate of oxidation
increases moderately with increase in the percentage of acetic acid, that is, in increasing dielectric
constant of the medium (Table 2). A plot (Fig.3) of log k versus 1/ D is linear with positive slope
indicating a dipole type of interaction.

The addition of primary salts do not affect the rate of oxidation whereas added catalyst of varying
[Cu™] ions shows an accelerating effect in the reaction velocity. The study clearly rules out the
formation of free radicals when reaction mixture was tested with acrylonitrile monomer.*® The rate of
reaction decreases with the addition of various concentration of [DMH], a reductant product of
reaction. The inverse plot of k versus DMH is obtained linear with positive slope. The H,O*Cl have
been postulated as a prime reacting species based on experimental results that participates in
commencing the oxidation reaction.

4, MECHANISM

The f—amino acids form Zwitter ions and halo oxidant 1,3-dichloro-5, 5-dimethyl hydantoin
[DCDMH] on hydrolysis yields finally dimethylhydantoin DMH in agueous solution. The following
equilibrium exists:
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where, R = —H and —CHjs; for corresponding aldehydes.
The relevant rate law based on mechanism is represented by equation (8).
_ k K; K, K5 [S] [H]
% [DCDMH] = teser s (8)

[DMH] + K,

The rate law clearly points out the observed kinetic features. The order of reactivity is found in the
following sequence:

£-Glycine > £-Alanine

The above order of reactivity is due to deamination of an alanine and glycine molecule produces a
stable alkyl free radical CH;COO, which can be induced in a solid or agueous alanine by radiation at
neutral pH. The similar mechanism has also been supported by Mamta et al.*® for the oxidation study
of amino acid by halo- oxidant.

The influence of electrophilic H,OCl in presence of acid, a new bond is formed by a proton. The
electron deficient species is formed at the transition state which is stabilized by inductive effect
pushing driving force towards a bond, sufficient to cleavage and eliminating proton ultimately
resulting the products. The complex formed at the transition states is momentary not rigid being
unstable, intermediate complex immediately decomposes in rate determining step to give the final
products such as acetaldehyde and formaldehyde respectively.

The above order of reactivity was also supported by the Arrhenius parameters controlling the reaction
rate. The nature of the short lived transition state is the same for to the substrates studied by the order
of observed entropy of activation.

5. CONCLUSION

Dichlorodimethylhydantoin (DCDMH) has been found as a moderate oxidant for the oxidation of ¢-
Amino acids. The thermodynamic and activation parameters determined are well in accordance with
for the reactions involving Zwitter ions which supported the rate determining step in the proposed
mechanism.
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Tablel. Effect of varying Amino Acid on the rate of reaction
10° x [DCDMH] (mol dm™) = 2.50 (1, 2); [H"] (mol dm™®) = 0.66 (1), 0.50 (2); HOAc-H,0, % (v/v) = 30 (1),
20 (2) ; Temp. K =303 (1), 308 (2)

S. No.[10*x[Amino acid] (mol dm~) P 107 Kops (57) >
¢-Alanine (CH;CH NH,COOH) (1) [¢-Glycine (NH, CH,COOH) (2)
1. 0.50 1.43 1.95
2. 1.00 3.34 414
3. 1.25 3.92 475
4, 2.00 4.65 7.16
5, 2.50 7.33 8.91

Effect of concentration of substrate on reaction rate

© 1. [-Alanine (CH,CHNH,COOM)
A 2. [-Glydne (CHyNH,COOM)
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Figl. 103[DCDMH] (mol dm-3)=2.50 (1,2); [H+] (mol dm-3) = 0.66 (1), 0.50(2); HOAc-H20, % (V/V) = 30
(1), 20(2); Temp. K=303(1), 308 (2)

Effect of concentration of Substrate on reaction rate
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Fig2. 10’[DCDMH] (mol dm™) = 2.50 (1,2); [H+] (mol dm®)=0.66(1), 0.50 (2); HOAc-H,0, % (V/V) = 30 (1),
20 (2); Temp.K=303(1), 308(2)
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Table2. Effect of Dielectric constant of the medium on the rate of oxidation

10?x[Amino acid] (mol dm®) = 2.0 (1), 1.25 (2) ; 10°x[DCDMH] (mol dm™) =2.50 (1, 2) ; [H'] (mol dm)
= 0.66 (1), 0.50 (2) ; Temp. K = 303 (1), 308 (2)

S. No. HOACH,0, 10° 107 k; (S)H——>
% (V/V) D ¢-Alanine ¢-Glycine
(CHsCH NH,COOH) (NH, CH,COOH)

1) (2)

1. 10 15.50 - 4.28

2. 20 17.17 4.14 4.75

3. 30 19.15 4.65 5.16

4, 40 21.98 4.98 5.49

5, 50 25.64 5.40 -

Effect of Dielectric constant of the medium

H 1. [-Alanine (CH,CHNH,COOM)

A 2. [~Glycne (CHNH,COOH)
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Fig3. 10°[Substrate] (mol dm™) = 2.0 (1), 1.25(2); 10°[DCDMH] (mol dm™) = 2.50 (1,2); [H*] (mol dm?®) =
0.66 (1), 0.50(2); HOAC-H,0, %(V/V) = 30(1), 20(2); Temp K=303 (1) 308 (2)
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