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Abstract. Kinetics of oxidation of acidic amino acids (glutamic acid (Glu) and
aspartic acid (Asp)) by sodium N-bromobenzenesulphonamide (bromamine-B or
BAB) has been carried out in aqueous HCIO, medium at 30°C. The rate shows first-
order dependence each on [BAB], and [amino acid], and inverse first-order on [H'].
At [H] > 060 mol dm>, the rate levelled off indicating zero-order dependence on
[H™] and, under these conditions, the rate has fractional order dependence on [amino
acid]. Succinic and malonic acids have been identified as the products. Variation of
ionic strength and addition of the reaction product benzenesulphonamide or halide
ions had no significant effect on the reaction rate. There is positive effect of dielectric
constant of the solvent. Proton inventory studies in H,O0-D,O mixtures showed the
involvement of a single exchangeable proton of the OH™ ion in the transition state.
Kinetic investigations have revealed that the order of reactivity is Asp > Glu. The rate
laws proposed and derived in agreement with experimental results are discussed.

Keywords. Acidic amino acids; bromamine-B; oxidation kinetics, acid
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1. Introduction

The chemistry of aromatic sulphonyl haloamines has evoked considerable interest, as
they are sources of halonium cations, hypohalite species, and N-anions which act both as
bases and nucleophiles. The prominent members of this group are chloramine-T (CAT)
and chloramine-B (CAB) and the mechanistic aspects of many of these reactions have
been documented*®. Bromamine-B (BAB; CgHsSO,NBrNa. 1%6H,0) is gaining
importance as a mild oxidant and is found to be a better oxidizing agent than the chloro
compound. A review of literature shows that kinetic studies using this reagent are
meager “°.

Oxidation of amino acids is of great importance both from a chemical point of view
and its bearing on the mechanism of amino acids metabolism. Amino acids find a humber
of applications in biochemical research, metabolism, microbiology, nutrition,
pharmaceuticals and fortification of foods and feeds. Generaly only the amino and
carboxy! functional groups in RCH(NH,)COOH undergo chemical transformations while
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the hydrocarbon moiety remains intact. This property is attributed to the higher reactivity
of the former compared to R. There are a few reports on the kinetics of oxidation of
amino acids by chloramines”® while, little attention has been focused on BAB's reactions
with amino acids, particularly with respect to the oxidation kinetics of acidic amino acids.
In view of this, we have taken up systematic kinetic study of the oxidation of acidic
amino acids namely glutamic acid and aspartic acid by BAB in acid medium to explain
the mechanistic aspects of these oxidations and also to understand the active form of
BAB in aqueous acidic medium. The results are discussed in this communication.

2. Experimental

Bromamine-B was prepared as reported in the literature®. Its purity was checked by
iodometry and by UV, IR and NMR spectra An aqueous solution of BAB was
standardized iodometrically and stored in brown bottles to arrest photochemical
deterioration.

Chromatographically pure L-glutamic acid (Glu) and L-aspartic acid (Asp) (SRL,
India) were further assayed by acetous perchloric acid method °. Aqueous solutions of
amino acids were prepared. All other chemicals were of Analar grade. lonic strength of
the medium was kept at a high value (I =210 mol dm™), by adding a concentrated
solution of NaClO,. Heavy water (D,O, 99%2%) was supplied by the Bhabha Atomic
Research Centre, Mumbai. Triple-distilled water was used throughout where required.

2.1 Kinetic measurements

The reaction was carried out under pseudo-first-order condition ([amino acid] > [BAB])
in glass-stoppered pyrex boiling tubes whose outer surface was coated black to eliminate
photochemical effects. Appropriate amounts of the amino acid and NaClO, solutions and
enough water to keep the total volume constant for all runs were taken in the tube and
thermostated at 30°C. A measured amount of BAB solution, also thermostated at the
same temperature, was rapidly added to the mixture in the tube. The progress of the
reaction was monitored up to two half-lives by iodometric determination of unreacted
BAB in a measured aliquot (5 ml each) of the reaction mixture at different intervals of
time. Pseudo-first-order rate constants (k¢) calculated from log[BAB] vs time plots were
reproducible to within + 3-5%.

2.2 Soichiometry and product analysis

Varying ratios of BAB to amino acids were equilibrated at 30°C in presence of
020 mol dm™ HCIO, for 24h. Estimation of the unreacted BAB showed a 1:2
stoichiometry for both the amino acids.

RCH(NH,)COOH + 2PhSO,NBrNa + 2H,0 ® RCOOH + NH3 + CO,
+ 2PhSO,NH, + 2Na’ + 2Br~

(1)

Here R = (CH,),COOH- for Glu and CH,COOH-for Asp.
The benzensulphonamide (PhSO,NH;), was recrytallized from dichloromethane/
petroleum ether (m.p. = 149-150°C, lit. m.p. = 150-152°C). An R; vaue of 0586 was
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determined from TLC using CH,Cl, + CHClI;, (7: 3, v/V) as the solvent system and iodine
as the spray reagent. Ammonia was quantitatively estimated by the microkjeldahl
procedure™. Dicarboxylic acids, succinic and malonic acids were detected by spot tests*?
and then by TLC. The liberated CO, was detected by the lime water test. The reaction
mixture failed to initiate polymerization of agueous acrylamide solution, indicating the
absence of free radicals.

3. Results

The kinetics of oxidation of glutamic and aspartic acids by BAB were investigated at
severd initial concentrations of the reactants in HCIO, medium.

Under pseudo-first-order conditions of [substrate], > [BAB], at constant [substrate],,
[HCIO4], [NaClO4] and temperature, plots of log[BAB] vs time were linear (r > 0:0944)
indicating first-order dependence of rate on [BAB],. Furthermore, the rate constant did
not change with change in [BAB],, confirming first-order dependence on [BAB],.
Increase in [substrate], increased the rate (table 1). Plots of logk¢vs log[substrate], were
linear (r >0%9989) with unit slopes, showing first-order dependence of the rate on
[substrate],. Further, plots of k¢ vs [substrate], were passed through the origin
(r > 0%9980), confirming first-order dependence on [substrate], and the complex formed
with oxidant as having transient existence.

The rate decreased with increase in [HCIO,] (table 1) and plots of logk¢vs log[H"]
were found to be linear (r > 009982) with a slope of —1 at [H'] = 055 to 0560 mol dm™
(tablel). Further a plot of k¢ vs 1/[H'] was linear and passed through the origin
(r >0892) indicating that oxidation occurred only through the acid dependent path
under these conditions. At [H*] > 0560 mol dm™, the rate levelled off indicating zero-
order dependence on [H™] (table 1). Under these conditions, the rate was fractional order
in [substrate],, since plots of logk¢ vs log[substrate], were linear (r > 0%8887), with
slopes of 0»88 and 0560 respectively, for Glu and Asp (table 1).

Addition of halide ions in the form of NaCl or NaBr (5~ 10°—-3" 102 mol dm™) or
the reaction product, PhSO,NH, (5~ 10° -5 102 mol dm™), had no effect on the rate.
Similarly variation of ionic strength from 052 to 12 mol dm™ by adding NaClO, did not
affect the rate. Addition of methanol to the reaction mixture (0-40% v/v) increased the
rate, and plots of log k¢vs 1/D, where D is the dielectric constant of the medium were
linear (r > 0°9925) with a positive slope. Blank experiments showed that methanol was
very dlightly oxidized (< 2%) by BAB under the experimental conditions. This was taken
into account in the calculation of net reaction rate constant for the oxidation of amino
acids each time.

The reaction was studied at different temperatures (288-308 K), keeping other
experimental conditions constant. From the Arrhenius plots of logk¢vs /T (r > 09980),
activation energy and other thermodynamic parameters for Glu and Asp were found
to be E,=54%, 419; DH* =521, 358; DG" =924, 88% kImol™ and DS’ =-134,
-176%, JK™ mol™ respectively. Studies on the rate in D,O medium for Glu and Asp
revealed that k&(H,0) is 464  107s™, 720" 10™*s? and k¢(D,0O) is 200" 107*s™,
4%4° 107 s™ respectively. The solvent isotope effect k¢(H,0)/k$(D,0) = 1567 and 1559
for the two amino acids. Proton inventory studies were made in H,O-D,O mixtures for
both the amino acids and the results are shown in table 2. The corresponding proton
inventory plots for the rate constant k¢, in a solvent mixture containing deuterium atom
fraction n are givenin figure 1.
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Tablel. Effect of varying concentrations of substrate and acid on the reaction rate.
[BAB], =89 " 10*mol dm, | = 10 mol dm, temperature = 30°C

ke 10* (s
10°[amino acid]  10[HCI O
(mol dm™®) (mol dm™) Glu Asp
10 20 106 (1>05) 186 (1:22)
2 2 220 (1:85) 368 (1:82)
40 2 4554 (170) 720 (264)
100 20 9%2 (256) 162 (3:85)
16% 2 158 (3%72) 23% (5%60)
4% 0% 176 28%
4% 10 924 14%
40 2% 454 720
4% 30 348 485
4% 4% 280 374
40 5%) 194 2565
4% 60 189 2560
4% 70 140 264
4% 8% 1%8 246
4% 90 168 2:42

Values in parentheses refer to variation of amino acid concentrations at higher
[H'] = 0% mol dm™.

Table 2. Proton inventory studies for the oxidation of glutamic
and aspartic acidsin H,O-D,0 mixtures.

[BAB],=8%" 107 mol dm™; [substrate], = 4%~ 102 mol dm™;
[HCIO,] = 02 mol dm™; | = 150 mol dm™>; temperature = 30°C

k¢,” 10*(s™)

Atom fraction of

deuterium (n) Glu Asp
0000 4%4 720
0248 300 6533
096 326 5%2
0X744 297 480
0092 200 464

4, Discussion

The following rate laws are observed for the oxidation of amino acids (S) by BAB in acid
medium:

—d[BAB]/dt = K[BAB] [S] [H*]™, at low [H'], (2
—d[BAB]/dt = K[BAB] [S]*, at high [H"]. (3)

Here x isless than one.
Amino acids are known to exist as neutral molecules (S), zwitterions (S°), anions (S)

and cations (SH") in agueous solutions and dissociation depends upon the pH of the
medium:



RCH(NH;")COOH. 4

S S SH*
anion dipolar zwitterion cation
(strongly acidic)

It is expected that similar equilibria exist in aqueous solutions of N-metallo-N-
hal oarylsulphonamides™* . In general, BAB undergoes a two-electron change in its
reactions. The possible oxidizing species in acidified BAB solutions are PhSO,NHBr,
PhSO,NBr, and HOBr. If PhSO,NBr, were to be the reactive species, the rate
law predicts second-order dependence of rate on [BAB],, which is contrary
to experimental observations. Further, the hydrolysis of PhSO,NHBr is slight™® and if
HOBr is primarily involved, a retardation of rate by the added benzenesulphonamide
is expected. However, no such effect was noticed. Hardy and Johnston’s™ calculations
on aqueous bromamine-B solutions in the pH range 7-13 have shown that the
concentration of the conjugate acid PhSO,NHBF is higher when compared with the other
species. At pH 7, [PhSO,NHBr] » 44 ~ 10°mol dm™>, while [HOBI] » 60"
10°mol dm™ and [OBr7] » 10 mol dm™. Hence PhSO,NHBr is the likely oxidizing
species which reacts with the substrate. Morris et al ** have determined the pKa of
PhSO,NHCI as 4%6 (at 25°C) and, if the same value is assumed for the bromine
analogue, at the experimental conditions of acidity BAB would be present as the free acid
PhSO,NHBr. Rate law (2) indicates that unprotonated acid molecule participates in the
rate-limiting step (rls). Scheme 1 is proposed to interpret the experimental observations.

From scheme 1, assuming K, to be a small equilibrium and K, [S°] < 1, rate law (5) can
be derived:

—d[BAB]/dt = KiKk BAB]{SH']/[H"]. (5)
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S (i) fast
<+ PhSONHBr "X, (ii) slow
X(Ié}3 X¢ (iii) slowest and rls
X¢+ PhSOzNHBr(ké products. (iv) fast
Scheme 1.
Ks
SH* + PASO,NHBr X2, (i) Sow
X2 g X", (i) dowest and rls

ks
X" + PhSO,NHBr ® products. (i) fast

Scheme 2.

Here [BAB], represents the total BAB concentration. Equation (5) is in agreement with
experimental results, wherein afirst-order dependence of rate on [BAB] and [amino acid]
and inverse first-order on [H'] have been noted.

At higher [H'], the rate levels off and rate law (3) is obeyed. The substrate species SH*
would then directly interact with PhSO,NHBr asin scheme 2:

Scheme 2 leads to rate law (6):

- d[BAB] _ Kks[BAB],[SH"]
d 1+Kg[SH']

(6)

Equation (6) predicts fractional order in [substrate], and first-order in [BAB], as has been
observed experimentally. Equation (6) can be transformed into (7):
1 1 W1

i 1,1 ™
K¢ Kgke[SH™] ke

From slope and intercept of double reciprocal plots (r > 09865), values of Ks and 10° kg
(formation and decomposition constants of X2) determined are 85 (Glu), 774
(Asp) dm®*mol™, and 69 (Glu), 88 (Asp)s™® respectively. Detailed mechanistic
interpretation of schemes 1 and 2 are shown in schemes 3 and 4.

Solvent isotope studies in D,O medium show a retardation of rate as expected, since
D;O" isastronger acid than the hydronium ion*’. Hence, the proposed mechanism is also
supported by the decrease in rate in D,O medium. Proton inventory studies in H,O-D,0O
mixtures could throw light on the nature of the transition state. Dependence of the rate
constant (k¢) on n, the atom fraction of deuterium in a solvent mixture of H,O-D,O is
given®* by aform of Gross-Butler equation asin
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::"i:pTS(l-n+nfi)/pRS(1-n+nfi), (8)
where f; and f; are the isotopic fractionation factors for isotopicaly exchangeable
hydrogen sites in the transition state (TS) and in the ground or reactant state (RS)
respectively. Equation (8) permits the evaluation of f; when the value of f; is known.
However, the curvature of proton inventory plots could reflect the number of
exchangeable protons in the reaction®. Plots of k¢, vs n (figure 1; table 2) are curves in
the present case and these, in comparison with the standard curves®, indicate the
involvement of a single proton or H-D exchange in the reaction sequence. This proton

® ®
 NHs /NHa
R—c{_ + BrNHSO,Ph — R—C
| “coo® [ Ncoo---BrRHS0,Ph
H H 2
(X)
€]
l—PhSOzNH
gHz ®
® © +H N
H '+ Br+C0,* R—CH=RH, «— R —c <
2R «— R—C
leo H ?—o-@ 1 Scoosr
RCHO + NH,
PhSO, NHBr
H20
RCOOH + PhSO,NH, + H 8r°
Scheme 3.
[ ®
NH, O NH; O
Lo [ o o
R—-CI:-—C——O—H + BrNHSO, Ph == R—clz-,--c—cl)f—ar NHSO, Ph
H ‘ H
H (x")
l-NHSOzPh
]
® —H
HNTH
®
R f@ 0B rf“ﬁ
—C —Br —C—C—0—
C<Cr 0By <— R ? C—0—Br
H

v
H's 8% CO,» R—CH=NH, 20 RCHO +NH,
PhSO;NHBr
J]H;O
RCOOH + PhSO,NH,+H' Br®

Scheme 4.
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exchange is indicative of the participation of hydrogen ions in the formation of the
transition state.

The reaction product benzenesulphonamide (PhSO,NH,) does not influence the rate,
showing that it is not involved in pre-equilibrium. Variation of the ionic strength of the
medium does not alter the rate indicating that non-ionic species are involved in the rate-
limiting step. Addition of halide ions has no effect on the rate indicating that no
interhalogen or free bromine is formed and PhSO,NHBr interacts directly with the
substrate species. The dielectric effect is found to be positive, with the rate of reaction
increasing in a solvent mixture of lower polarity than water . Hence, the transition state
formed is less polar and there is charge dispersal under these conditions. All these
observations confirm the proposed mechanism.

The proposed mechanism is also supported by the moderate values of energy of
activation and other thermodynamic parameters. The large negative DS’ values indicate
the formation of the compact activated complex with fewer degrees of freedom. The near
constancy of the free energy of activation points to a common mechanism for the
oxidation of both the amino acids. The presence of an intervening methylene group asin
glutamic acid could lead to a diminution of the +1 effect which may be responsible for
the difference in the rates of oxidation of these two amino acids.
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