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ABSTRACT

The kinetics of oxidation ofacidicamino acids, namely aspartic acid and glutamiadagsing N-lodosuccinimide
(NIS), in acetic acid-water medium in the preseaté@ydrochloric acid at 303 K has been studied. Téection
shows inverse first order with respect to oxidamd §H']. Increase in [amino acid] has a slight positivefezt on
the rate, indicating first order dependence. Additdf salts like KSQ,, N&SQ,, KCI to the reaction medium has no
effect on the rate, Increase in temperature incesathe rate of the reaction. The amino acids wetidized to
corresponding aldehydes, carbon dioxide, and amencorine products obtained were isolated and idexttifiThe
activation parameters have been computed. A meshmoonfirming to the kinetic observations is sutgges

Keywords: oxidation, kinetics, amino acid, N-lodosuccinimidegchanism.

INTRODUCTION

The oxidation of amino acids is of interest dughteir biological importance. Amino acids play arsfigant role in

a number of metabolic reactions. Specific metabales of amino acids include the biosynthesis afpeptides
and proteins and the synthesis of nucleotides. Ttheisnechanism of analogous non-enzymatic chemicalesses
in the oxidation of amino acids is a potential di@antensive investigations [1].

The degradative metabolism of glutamic acid in alfinvolves oxidative deamination or transaminafialowed
by oxidation of the resulting-ketoglutarate in the citric acid cycle [2].

H
| - H,O
R—C—COOH === R—C—COOH =———= R~C—COOH
| 9H | NH;,, -H,0 [
NH NH ©

2

Gowda and co-workers studied the oxidation of ghitaacid by bromamine-T in alkaline media. Gowdal ¢3]
and Naidu et al [4] have also studied the kinetfoglutamic acid oxidation by chloramines-T in HGI®edium.
Oxidation of L-glutatmic acid and L-aspartic acig imanganese (lll) ions in various acidic media waglied by
Sherigara and co-workers [5] and that of L-glutaenivas studied by Rangappa et al [6] Oxidation @fia@mino
acids using various reagents were reported inldetaRefs [7-9].
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An extensive literature survey reveals that kirend mechanism of oxidation of aminoacids havelstedied
using various N-halo compounds [10-25] like N-brameotinamide [19-21],N-chlorobenzamide [22], N-
bromobenzamide [23], N-bromoacetamide [24], N-brsawainimide [25], N-chlorosuccinimide [26].

They have been used in a variety of reactions tikelation, halogenation, etc. N-lodosuccinimidesisch a
compound. It is a mild, efficient, stable and legpensive oxidant[27]. Its chlorine analog has biegastigated by
Ramachandran et al. [26]. There is no significaatacbn the NIS oxidation of aspartic acid and ghitaacid.
Hence, the present investigation proposed to exariif utility as an oxidant by investigating thenddics of
oxidation of amino acids such as aspartic acidglnthmic acid by NIS in aqueous acetic acid medipresence
of hydrochloric acid. Also possible stoichiometpypduct analysis and mechanism has been proposed.

EXPERIMENTAL SECTION

Methods and Materials

All the essential amino acids like aspartic acid glutamic acid (A.R LOBA) were used as purchagzxdant N-
lodosuccinimide (A.R Sigma) with purity 98% wererghased and used. Hydrochloric acid (Merck) usea as
source of hydrogen ions. Conductivity water wasduseoughout the study. Other chemicals used weaaalytical
grade.

Kinetic measurements

The reaction was carried out under pseudo-firstiocdnditions ([amino acid] >> [NIS]). The reactiaas followed
potentiometrically by setting up a cell made uptloé reaction mixture into which the platinum elede and
reference electrode (SCE) were dipped. The electtiwenforce (e.m.f) of the cell was measured pecaity using

an Equip-Tronics (EQ-DGD) potentiometer. The psefickd order rate constants computed from the linea
(r*>0.9990) plots of Igk—E.,) against time. Duplicate kinetic runs showed thatrate constants were reproducible
within £3%. The course of the reaction was studied for rtitaa two half-lives.

Stoichiometry

A mixture of amino acid (0.01 moldf}), NIS (0.001 moldr?) dissolved in methanol and HCI (1.0moldjnwas
made up to 100 ml with water and acetic acid mixi{ir.1). After the reaction was complete, the exe#NIS was
determined iodometrically and indicated 1:1 staahétry. The overall stoichiometry of the oxidati@action may
be represented as follows:

NIS + aminoacid>aldehyde +’1+ CO,+ NHz+ succinimide (1)

Product analysis

In a typical experiment, a mixture of amino acicsGlu 1 moldrt) and NIS (1.56 g, 0.2moldi) was made up
to 50 ml with acetic acid-water mixture (1:1) iretpresence of HCl (1.0 moldfi The mixture was allowed to
stand for 12 h in the dark to ensure completiothefreaction. It was then treated with excess (1p6fra saturated
solution of 2,4-dinitrophenylhydrazine in 2 moldiHCl and set aside for 10 h. The precipitated 2,-
dinitrophenylhydrazone (DNP) was filtered off, dfjgecrystallized from ethanol and weighed. Thetimglpoints

of the derivatives of the products obtained weenigtal with an authentic sample of DNP of formalgde. The
yield was (80%). In similar experiment with othemiao acids the corresponding carbonyl compoundsewer
identified as their DNP derivatives [28]. In alktikases carbon dioxide and ammonia were detectbdrlia water
and the Nessler reagent, respectively. The presehcerresponding aldehydes and ammonium ions \atse
confirmed by chromotropic acid.

RESULTS AND DISCUSSION

The kinetic results for the oxidation of amino abigd NIS can be summarized as follows. The kiniicligs were
carried out under pseudo-first order conditiongwétmino acid]>>[NIS].
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Effect of variation of [oxidant]

The oxidation was carried out with different initieoncentrations of NIS. The pseudo-first ordeerabnstants
decrease with increase in the initial concentratibrthe oxidant. But in each kinetic run, the reattshows no
deviation whatsoever from the first order plot.

(Table 1).

Table 1. Effect of variation of [NIS] on reactionrate
[aminoacid] - 0.01 mol dify [HCI] — 1.0 mol dn?; H,0.CHsCOOH (1:1); Temperature 302 K

Variation kopex 10°(s™)
[NIS] x 16°(mol dm®) [Sub] =0.01 mol dri [HCI] = 1.0 mol dn?®
Asp Glu
1.C 4.71 5.11
2.0 5.42 5.06
3.0 6.62 4.99
4.C 7.81 4.7¢
[Sub] x 16 (moldn®) [NIS] = 0.001 (moldrf)  [HCI] = 1.0 mol dn?
1.0 4.71 5.11
2.C 5.4z 5.97
3.0 6.62 6.94
4.0 7.81 7.94
[HCI] (mol dr®) [Sub] = 0.01 mol d®*  [NIS] = 0.001 (moldn®)
1.0 4.71 5.11
1.1 3.86 4.21
1.2 3.14 3.48
1.3 2.51 2.72

Effect of variation of [amino acid]

At constant [H], with the [aminoacid] in excess, the plot of BHE.,) (WhereE, is the e.m.f. of the cell at timeand
E. - the corresponding value at the completion of tbaction) versus time is linear, indicating atfisder
dependence of rate on [NIS]. Increase in [amind]adtas a slight positive effect on the rate, intlirga fractional
order dependence of rate on [amino acid](Tablé-. (1).

0.9500 f EFFECT OF [S]

0.9000 F

4 +log k

0.8500 F

0.8000 F

0.7500 F

0.7000 F

0.6500 F

0.6000

1.0000 1.3010 1.4771 1.6021
Linear (Asp) Linear (Glu) 3+log [S]
Fig. 1. Plot of 4+log k1 vesus3+log[S]
Effect of variation of [HCI]

The rates decreased with increase in [HCI], atdfif§IS] and [amino acid] (Fig. 2),showing inverseder
dependence in[A (Table 1).
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Fig. 2. Plot of 4+Igk; versus 3+Ig [H]

Effect of variation of dielectric constant of the nedium
An increase in the rate constant is noticed ona#esing the dielectric constant of the medium (T&plé\n increase
in the amount of acetic acid in the solvent resualn increase in the rate of oxidation.

Table 2. Effect of variation of [CHtCOOH:H ;O] on reaction rate
[Sub] - 0.01 mol dr; [HCI] — 1.0 mol dn®; H,0.CH;COOH (1:1); temperature 302 K

CH,COOH HO D kobe X10° ()

(%) (%) Asp  Glu

50 50 3750 471 5.11
55 45 3475 521 551
60 40 3150 5.89 6.30
65 35 2850 6.73 6.85

Effect of addition of succinimide
The rate of reaction decreases on adding succierinfidus added succinimide has a retarding effe¢herrate of

oxidation [19-21].

Effect of added salts and free radical on reactionate

The effect of added salts like p&0O;,, KCI, BaClL and KSQO, on the reaction rate was studied by adding various
concentrations of these salts, keeping the coratiois of amino acid, HCI and NIS constant. It whserved that
the rate of oxidation was not altered by the additf these neutral salts.

The possibility of free radical intervention in theaction was tested as follows: The reaction méxeontaining
acrylonitrile scavenger was kept for 24h in antim@mosphere and then diluted. On dilution formatd precipitate
was not observed indicating the absence of freleahbithtervention in the reaction.

Effect of temperature
Increase in temperature increases the rate ofibaitd and plot of 1i,,s versus reciprocal of temperature is linear.
The oxidation of amino acid was studied at tempeest from 302 to 317K and the activation parameterse

evaluated (Table 3) (Fig.3).
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Table 3. Effect of temperature on reaction rate
[aminoacid] - 0.01 mol dffy [HCI] — 1.0 mol dn; H,O.CH;COOH (1:1); temperature 302 K

Kobe X10* (s7)
Temperature (K)  Asp Glu
302 4.71 5.11
307 5.37 5.60
312 6.15 6.41
317 7.11 7.10
8.8000 Effect of Temp
8.7500 '5
¥
8.7000 | =
8.6500 |
8.6000
8.5500
8.5000
8.4500
8.4000
8.3500
8.3000 4 4 4 4
3.3113 3.2573 3.2051 3.1546r x 10-3
Linear (Asp) Linear (Glu)

Fig. 3.Plot of logk,/T versus 1Tx 10°

Table 4. Activation parameters

Substrate Ea(kJmol) AH" (kJmo™) AS (JK'mol)) AG* (kJ mo?)
Asp -17.37 -19.8¢ -195.17 39.0¢
Glu -17.22 -19.74 -194.42 38.98

Mechanism and rate law
Addition of succinimide decreases the rate of aiha[29-31]. This retarding effect suggests thia¢ tpre-
equilibrium step involves a process in which suicgide is one of the products.

NIS+H,0O ——— N Succinimiti¢{Ol )
N

In acid medium, amino acid exists in its protonaf@un (SH) which is resistant to attack by NIS. It is obsstv

that the rate has inverse dependence &h [Fhus the only species possibly controlling theerof oxidation seems

to be" 0OC- CH(NH) CH,-S-S- CHCH(NH,) 'COO'.

The electrophilic attack of HOI on the dianion ohiao acid results in the formation of an interméeliahich
cleaves in fast steps to give the final productresponding acid.

It may be pointed out that in the present studydation by iodine was completely suppressed asottidative

studies were carried out in presence of mercurétade which combines with iodide ions formed in thaction.
Thus kinetics of only NIS oxidation was followed.
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The first order dependence on [amino acid] and [MéSeals that overall rate may involve the intéitat of HOI
and amino acid in the rate-determining step. Farger in the [amino acid] and a definite intercapthe 1kg,s
versus 1/[sub] plot suggest that the decomposiiifothe complex formed from the substrate and HChés rate-
determining step [21,24] as shown below:

ko

SH' === S+H' )
2
S + HOI [ RCH(NHZ)COO-I] + HZO (4)
-3 Complex
[RCH(NH,)COO-] ——= R-C*H(NH,) + CO, + I ®)
R-C*H(NH2) — > RCH=NH+H' (6)
RCH =NH + HZO —» RCHO + NH3 (7)
where R = H for Gly, Ckifor Ala, CH:CH (CH;) for Val.
The rate law for the above mechanism may be derdgddllows:
rate = -d[NIS]/d
=k, [complex] (8)
_ kKoK NIS][SH'] @
K_lK_ZK_3[SA][H+]
[NIS]y=[NIS] + [HOI] + [Complex] (10)
KINIS] k& Kk, [NIS][SH]
= [NIS] +— P - (11)
k,[SA] K K k5 [SA] [HT]
[NIS],
NIS = (12)

kKK ISATIH'T + KKk J[H'] + k K kK [NIS][SH']

k kK 5 [SA][H]
Substituting [NIS] in equation (9):
) KK, K KoINIS] [SH'] 13
-d[NIS],/dt =
K KK S[SAIIH'T + kK K [H'] + k Kk [SH']

On re-arranging equation (13) we obtain:
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k KK 4[SA] [H] kK 4[H] 1 1 1
+ - + = (14)
Kk KK, KK, [SHT Kk Kobs

The formation of the complex involves the chargaasation which leads to a negative solvent eff€ots has been
confirmed by the increase in rate with decreasiiedpdtric constant of the medium. The involvemehsuabstrate

molecule in the rate-determining step leads toeddifit values ok,ps for different initial concentrations of amino
acid under study, namely, aspartic acid and glutaoid.

The proposed mechanism is well supported by theenadel values of energy of activation and thermodyoa
parameters. The negative entropy of activationciugis the complex formation as suggested in theealmaction
mechanism, and also indicates that the complexoie rardered than reactants [29-32]. High positiski@s of the
free energy of activation and the enthalpy of atton show that the transition state is highly atdd.

CONCLUSION

The rate of the oxidation of amino acids by NISetegs on the first power of concentration dfadd NIS. Increase
in acetic acid proportion increases the rate. Adslectinimide retards the reaction [32]. Additionsafits to the
reaction medium has no effect on the rate. Incrémgemperature increases the rate of reaction. adtiwation
parameters are evaluated from the study of oxidaiodifferent temperatures. The products obtaiirethis case
the corresponding-ketoacid) were isolated and characterized.
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