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Kinetics of decarboxylation and deamination of amino acids by N-bromo-N-sodio-
p-toluenesulphonamide bave been investigated in perchloric acid medium. The reaction
followed first order kinetics each in [oxidant] and [substrate] and inverse first order in

[H*].

-toluenesulphonamide had no effect on the rate of reaction.

Variation in ionic strength of the medium and addition of the reaction product,

The effect of variation

n dielectric constant of the medium on the rate has also been investigated. The acti-

vation parameters have been computed from the Arrhenius plots.

A suitable mecha-

nism consistent with observed results has been proposed. Validity of Taft equation

has also been tested.

ECENTLY, the chemistry of N-halosulphonamides
has attracted the attention of many investigators
due to their diverse nature=5. N-Bromo-N-sodio-

p-toluenesulphonamide (bromamine-T, BAT) is an
important member of these reagents®. It is a
source of Br*, hypobromite and N-anion and acts
both as a base and a nucleophile®:2. Tt reacts with
a wide range of functional groups both as a bromi-
nating agent and an oxidising agent in the presence
of acids or bases. It undergoes a two-electron
change in its reactions, the end-products being
p-toluenesulphonamide (PTS) and sodium bromide®.
In the present investigation, the kinetics of oxidative
decarboxylation and deamination of amino acids
by bromamine-T have been studied in perchloric
acid medium.

Experimental

Bromamine-T was prepared by the method
reported elsewhere® and its purity checked by its
ir spectra and by estimating the amount of active
halogen present. Its aqueous stock solution (~0.05
mol dm=2%) was standardised iodometrically and
stored in dark-coloured bottles. Chromatographi-
cally pure L-glycine (Gly), L-alanine (Ala), L-valine
(Val), r-leucine (Leu), L-phenylalanine (Phe) and
L-serine (Ser) (all Sisco) were used. Aqueous stock
solutions of amino acids were standardised by the
usual method. All other reagents were of analy-
tical grade. Preliminary investigations showed that
the ionic strength of the medium has no significant
eﬁ:e‘;:t on the rate of oxidation with all the amino
acids.

The kinetic studies were carried out under
pseudo-first order conditions ([amino acid] ))
[BAT]). The reaction was initiated by the quick
addition of known quantities of BAT solution

(thermally equilibrated at a desired temperature) to
a mixture containing requisite amounts of amino
acid solution, perchloric acid and water in the
boiling tube (pre-equilibrated at the same tempera-
ture). The progress of the reaction was monitored
iodometrically by determining the unreated BAT in
a measured aliquot of the reaction mixture at
regular time intervals at least for two half-lives.
The pseudo-first order rate constants computed by
the method of least-squares were reproducible
within 4 3%.

Stoichiometry and product analysis : The stoi
chiometry of the reactions was determined in the
presence of H* ions (0.01-0.2 mol dm~3) by ther-
mally equilibrating varying ratios of [amino acid]/
[BAT] at 303 K. The products were identified to
be ammonia, carbon dioxide, p-toluenesulphona-
mide and the corresponding aldehyde. The aldehyde
was quantitatively estimated by method reported
elsewhere. The observed stoichiometry may be
represented as

R’'CH(NH,)COOH +(RNBr)-Na*+H,0—
R'CHO+RNH;+NH,+CO,+Na*Br- (1)

where, R=CH,C,H,SO,, R'=H(Gly), CH, (Ala),
(CH,),CH (Val), (CH;),CHCH, (Leu), C,H,CH,
(Phe), HOCH, (Ser). It was further observed that
the parent aldehydes (HCHO, CH,CHO etc.) do
not undergo further reactions with the oxidant
under the present reaction conditions.

Results

The kinetics of oxidative decarboxylation and
deamination of amino acids by BAT in perchloric
acid medium was investigated at several initial
concentrations of the reactants and H*. At constant
[HCIO,] with the [substrate] in excess, plots of log

339



J. INDIAN CHEM. SOC., VOL. LXV, MAY 1988

TaBLE 1—PSRUDO-FIRST ORDER RaTE CoNsTANTS (Fobs) FOR OXIDATION OF AMINO AcIDS (AA) BY
BroMaMINE-T (BAT) 1x Acip MEDIUM AT 303 K

[AA]o [BAT , {HCI0,] Kobs (X 104 g~%)

X10* mol dm™* X10° moldm * X10* mol dm™? Gly Ala Val Leu Phe Ser
5.0 5.0 2.0 13.33 - - —_ 9.68 6.09
5.0 5.0 3.0 7.68 9.78 11.10 4.89 7.85 -
5.0 5.0 4,0 — 6.50 8.23 4.26 5.21 —_—
50 5.0 5.0 5.33 5,45 6.47 3.21 4,06 2.84
5.0 5.0 7.6 3.21 3.99 4.91 2.19 2.67 -
5.0 5.0 10.0 2.03 2.43 4.02 1.60 2 24 147
5.0 5.0 20.0 — 1.71 2.10 0.82 1.16 087
5.0 1.0 5.0 5.24 5.42 6.89 8.18 408 2.88
5.0 2.0 5.0 5.48 5.49 7.02 3.29 4.16 2.69
5.0 4.0 6.0 5.2 5.45 6.93 323 3.98 2.78
5.0 6.0 5.0 5.83 5.45 6.47 3.21 4.06 2.84
5.0 10.0 5.0 5,88 5.38 6.98 8.15 4.12 2.89
0.75 5.0 5.0 - - - 1.10 1.63 -
1.0 5.0 5.0 1,02 0.94 1.88 1.39 2.28 -
2.0 6.0 5.0 207 1.97 2.59 3.21 4.06 1.26
4.0 5.0 5.0 —_ 4.17 — 5.42 8.70 2.21
5.0 5.0 5.0 5.33 5.45 6.47 6.45 10.10 2.84
7.5 5.0 5.0 8.70 9.58 9.05 9.64 14.86 4.45

10.0 5.0 5.0 10.85 12.47 11.44 —_ - -

TABLE 2—EFPRCT OF ADDITION OF REACTION PRODUCT AND VARIATION IN DIELECTRIC CONSTANT OF THE
MEDIUM ON THE RATE OF OXIDATION OF AMINO AciDS BY BROMAMINE-T IN Acip MEDIUM AT 303 K

[AA],=5.0% 10 mol dm™2, [BAT],=5.0%10* mol dm=*, [HCIO,]=5.0% 10 mol dm~*, Temp.=303 K

Fobs (X 10* §~1)

D
Gly Ala Val Lea Phe Ber
72.1 5.63 8.69 5.83 4,64 5.18 2.98
67.6 614 9.97 4.21 4 58 4.48 3.23
63.1 6.91 11.66 3.51 4.60 3.32 3.69
10*[PTS!(mol dm~*)

1.0 5.33 5.38 6.54 3.21 4.16 2.88

2.0 4.42 5.46 6.41 3.18 4.02 2.84

5.0 5.38 589 6.47 3.25 4.21 8.03
10.0 6.35 5.42 652 3.23 4.06 2.98

TABLE 3—ACTIVATION PARAMKTERS FOR OXIDATION OF AMINO ACIDS BY BROMAMINE-T IN ACID MEDIUM

A H# (kJ mol™?) 89.8 54.3 54.9 54.2 781 50.6

AS* (JE* mol™?) 4.31 -120.4 ~117.1 -134.7 -441 -60.2

AG# (kJ mol™?*) 88.5 91.3 91.0 92,6 91.6 68.6
[(BAT],/[BAT] vs time were linear for all the amino (Table 2). The activation parameters have been

acids, showing first order kinetics in [BAT],. The
pseudo-first order rate constants increased with the
increase in [amino acid] (Table 1) in all the cases.
Plots of log ks vs log [amino acid] were linear
with almost unit slopes, establishing first order
kinetics in [amino acid]. But the rate decreased
with the increase in [H*] and the log ~ log plots were
linear with negative unit slopes for all the amino
acid>, showing inverse first order kinetics in [H*].
The rates were unaffected by the variation of jonic
strength of the medium (0.10-1.0 mol dm=2).
Addition of the reaction product, viz. p-toluenesul-
phonamide (~0.01 mol dm~=2) had no effect on
the rate of oxidation. Variation in dielectric cons-
tant of the medium by changing the solvent com-
position with methanol had little effect on the rate
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computed for all the amino acids by measuring
rates at different temperatures and dielectric
constant of the medium (Table 3). The absence
of free radicals in the reaction mixture was confir-
med by adding aqueous acrylamide solution as the
latter did not initiate polymerisation.

Discussion

Mechanism of oxidations : Bromamine-T, like
chloramine-T and bromamine-B? is moderately 2
strong electrolyte in aqueous solutions. N-Bromo-p-
toluenesulphonamide (monobromamine-T, RNHBI)s
dibromamine-T (RNBr,) and HOBr are the probabl¢
reactive species under the present experimentd
conditions ([H*]=0.01 —0.2 mol dm~3). Amino acid$
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also exist in different forms in aqueous solution?.
In strongly acid solutions they exist mostly in the
cationic forms, R’"CH(NH}YCOOH(SH*) which are
resistant to the attack by the oxidant as is evidenced
by the inverse dependence of the rate on [H*].
Thus the neutral species (S) may be controlling the
rate of reaction,

SH* == S+H* (2)
Hence, the observed kinetics of first order each in
[BAT] and [amino acid] and inverse first order in
[H*] and non-influence of the added PTS and
variation in 1onic strength of the medium on the
rate may be explained through Scheme 1.

R'CH(NH$)COOH R'CH(NH,)COOH
(SH*) (slow) (S) +H* (3)
’ k’ —
R'CH(NH,)COOH+RNHBr rorte s

R’CH(NH,)COOBr+RNH, (4)

, ks
R'CH(NH,)COOBr it

R'CH(NH)+CO, +H*Br- (5)

R’CH(NH)+H.O(—£;_)-—> R'CH(OH)NH, (6)

ks P
sy R'CHO+NH, )

Scheme 1

The related rate law is

_d[BAT] _K, ks[BAT][SH*]
dt [H*]

R'CH(OH)NH,

or

K, kg[SH'] _

[ = als] ®)

The plots of kons Vs [S] were linear with no inter-
cept on the ordinate in conformity with rate law (8).
Applicability of Taft equation was tested®:-°. The
following expressions were found to be valid for the
ammo acids (with the exception of glycine and
phenylalanine).

log kops= —0.48 o*+0.74 9)

log kons= —0.074 E,+0.75 (10)

kobl =

JICS—5

A negative value of polar constant (¢*) indicates
that electron-donating centres increase the rate of
reaction. It is evident from equations (9) and (10)
that the steric effects are relatively smaller.

The isokinetic temperature was evaluated from
the linear plots of AH* vs AS* The B value of
282 K is closer to the temperature range employed
in the present investigations (298-313 K). Fairly
negative AS* values indicate the formation of a
more ordered activated complex. The AG* values
are nearly constant (with the exception of serine)
showing the operation of similar mechanisms for
the reaction of these amino acids with BAT.

The detailed mechanism of reaction envisages
the formation of acyl hypobromite derivative of the
respective amino acid which undergoes subsequent
decarboxylation and deamination processes in fast
steps to give the reaction products.
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