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Anmlnition effect of plainumi V) on the rate ol oxdanon ol
-amino acids (alamne, pheavlalanme and valine) by alkahine

Chloramine-T (CAT) has been observed. The kinetie results miay
he represented by the Tollowing rate law,

d[CAT] RICATT TAA]

i KTAAL+K7 (P

where AA represents g-amino acd and &, K “and K7 represent
constants.

IPC Code: Int CLY COTB33/00

Among the platinum group metals. the catalysis by

palladium(Il) and platinum(IV) (the chemistry of

which have some common features) in various redox-
reactions is well reported'” in literature. In some
cases  palladium(Il) inhibition  has  also  been
observed”. In  preliminary studies, platinum(1V)
showed an inhibition efiect like that of palladium(1l)
on the rate of oxidation of some g-amino acids by
sodium  salt  of  N-chlorotoulene-p-sulphonamide
(chloramine-T. abbreviated as CAT) which acts™"' as
a versatile oxidizing agent in acidic, alkaline or in a
neutral media. The title reaction, therefore, has been

studied in detail in order to observe the role of

platinum(IV) in the reaction.

Experimental
The  reagents were  (DL)-alanine.
(L)—phenylalunine  (Thomas  Buker)  (bL)-valine
(Lobua.  AR).  chloramine-T  (Loba.  AR) and
chloroplatinic acid (Thomas Baker) Other reagents.
viz.. NaOH, NaClO;. NaC'l ete. used were of AR
grade. All solutions were prepared in doubly distilled
walter. I'reshly prepared solution of the substrate was

employed

used in the experiments.  Stock  solution  of
c¢hloramine-T was standardized 1odometrically and
stored in dark coloured bottle.

The stock solution of chloroplatinic acid (9.34 107
mol dm™) was prepared by dissolving the sample in
very dilute HCL (1.0 % 107 mol dm™) and was stored in
black coated bottle to  prevent photochemical
decomposition. The reaction vessels were also coated
with black varnish 1o avoid photochemical effect.

Appropriate quantities of solutions of chloramine-T.
NaOH and H.P(Cl, were taken in a 100 cm’ Jena
alass vessel. The requisite amount of doubly distilled
wiater was added so the total volume of the reaction
mixture was 50 cm’ after adding the substrate. The
reaction mixture was then placed i a thermostatic
bath maintained uat the desired temperature = 0.1°C
and was allowed to attain the bath temperature. The
reaction was then initiated by adding the requisite
amount of amino acid solution. placed separately in
the same bath. The progress of the reaction was
followed by determining CAT iodometrically in
aliquots withdrawn after regular time intervals.

Stoichiometry and reaction products

Different ratios of [Amino acid| to |CAT| were
mixed in the presence of [H-PIClg] and [NuOH]. The
estimation of the unreacted CAT after 24h showed
that one mole of amino acid consumed two moles of
CAT. in accordance with Eq. (a).

R'CH(NH-)COOH+2CH,,C,H,SO-N.NaCl—
R'C=ENA2CHAC HSONH+CO+2NuCH
“:044)

where R represents CHy. CyHs.CH, and (CH;), CH
for alanine, phenylalanine and valine, respectively,

The nitrile as a major product has been reported’
by wvarious workers in chloramine-T oxidation ol
amino acids. The presence of nitrile as the main
product, in absence as well as presence of
platinum(1V) has also been confirmed by the colour
reaction with hydroxylamine in polyethyvlene glycol
and iron(Ill) chloride. The presence of aldehyde has
also been confirmed by Schiff”s reagent.
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Results and discussion

The rate of the reaction has been determined at
several initial concentrations of the reactants. In
alkaline medium. the log [CAT| versus time plots
were always found o be lincar up to 80% ol the
reactions and. the pscudo-first arder ritte constants in
CAT (k) have been evaluated Trom the slopes ol
these plots. The identical value of &, (Table 1) at
various  initial - concentrations  of - CAT Turther
confiemed a first order dependence of rate with
respect to CAT. A plot of &, versus [Amino acid|
deviates from the linearity at higher [Amino acid],
while the plot of 14, versus I/|Amino acid| (Fig. 1)
is lincar with a positive intercept. Thus, itappears thal
the order of reaction in amino acid decreases from
unity o zero at higher [Amino acid|.

The effect of increasing [Platinum(1V)] leads to a
deerease in the observed rate constant. A plot of £,
versus [Platinum(1V)] is linear with a negative slope
(Fig. 2). which clearly indicates an inhibition effect of
platinum(IV) on the rate of the reaction. The effect of
[OH7] on the rate of oxidation was studied at a fixed
ionic strength (p=4.0x10" mol dm™) maintained by
sodium perchlorate. The amount of NaOH already
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present in the catalyst was taken inta account. A
negligible effect of [OH™] on the rate of oxidation has
been observed, Addition of sodium chloride (up to
6.0x10™ mol dm™) and NaClO, (up w0 4010 " mol
dm™) also showed a negligible effect on 4.

The rates were also measured  at
temperatures. viz.. 30. 35, 40, 45°C and the activation
parameters have been evaluated (Table 2,

The wvarious oxidizing species in an alkaline
solution are CAT itself. RNHCT and hypochlorite ion
(OCT).

The kinetics of oxidation of a serics of aminoucids
by chloramine-T in alkaline medium have been
investigated” and the mechanism of the reaction has
been  proposed 1o proceed via formation of an
intermediate between the aminoacid and RNHCLL i.c..
the reactive species of chloramine-T in a fast step.
The intermediate show form. subsequently interacts
with another molecule of RNHC to give the products.
On the basis of the above facts and experimental
results in presence  of  platinum(IV). a  general
mechanism for the oxidation of a-amino acid by CAT
in alkaline medium  (Scheme 1) is proposed as
follows.

various

Tuhle 1 — Effect of [Keactants] on the mte constants 4 35°C [OH )= 2.0 % 10 mol dry?

Loy
(ol din')

0P| Substrate)
(mol dim™)

O CAT)
(mol dm )

10 2.1 w3
1.5 2.0 o3
20 2.0 0.3
3.0 2.0 093
4.0 2.0 .93
20 x 093
puly 0.5 093
ol 1.0 093
240 1.5 003
20 30 0.93
.l 4.0 0.93
A 20 Nil
T.0 20 (046
2.0 20 140
] 20 .86
20 20 280
2.0 2.0 i73

10%,,, (5"

Phenylalanine(B)

Alinine(A) Valine(C)

0.95 1.26 080
0.95 123 (.76
0.95 1.20 0.76
0,05 1.26 0.76
(1.95 1.26 0.76
(0.30) (.38 0.1
0.6l (.65 (.38
080 (.09 (.53
092 118 (.04
.03 142 0.80
1.07 1.45 084
|.15 1 42 o2
1.07 1.34 0.54
(.88 118 0.69
(.50 113 06l
0.65 0.99 046
.49 092 026
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Fig. 2 — Plots ol &, versus [ HsPCl | ae 35°C7
[ICAT] = 2.0x10 lqmnl dm 'y | Subsirate] = 2.0 = 107 mol dm
[OH [=2.0%10 " mol dm ' AL alanine: B. phenylalanine:

C. valine .

Tahle 2 — Activation parameters for the oxidation of amino acids in presence of PV [ [Substrate] = 2.0 107 mol din

[HLPICL] = 0.93% 10 mol dm S [0 | =20 % 10 mol dm S [CAT = 2.0 x 10 mol din'’)

Substrate M log A Vi 8 G
(k] mol") (kJ mal"y UK mol ' (k) mol "y
Alanime (A) §4.20£0.05 11.28 S1.62 %025 20,17 +£0.5 9068 £ 1.0
Phenylulanmine (1) T6.55 £ 0.05 1011 T3I0T 2025 -S100 0.5 BOO8 = 1.0
Valine (C) O1.86+0.05 12,44 8028 +0.25 097 =0.5 Ol 44+ 1.0
CAT + H:O A5 RNHCI+ OH fast  ..(i) d|CAT]
= k> |[RNHCIH[AA+A|RNHCI|[X] ..
et
RNHCI+ AA -9 X fast ...(ii)
= 2k [RNHCI[AA] (2)
1 2 4 J‘. - o ; {11t - . . . - -
RNHCI+X 4y product (slow) ...(0i) Considering the total concentration of CAT as.
W K " j : |[CAT] = [CAT)HRNHCHH X ]+ Y| Ald)
RNHCI+ PO = \ last )
Again. tuking
Scheme 1
[RNHCI] = K |CAT|H.O/[O1T) o)
A complex of CAT with other platinum group X = &, [RNHCI|AA] and {5
metal-ion vize osmium(VILD 1s also reported in the
literature. [Y ] = Ky [RNHCH[PCY (0

According to Scheme 1. the rate of disappearance

of JCAT] may be obtained as.

with the help of Egs (3). (4). (3) and (6). the value of
[RNHCT in terms of [CAT| may be given as.



900 INDIAN | CHEM. SEC A, APRIL 2006

K{[CAT], [H:0]
[RNHCI| = s ()

[OH 1+K, [ HO (k2| AA [+KL PUY )

And. therefore. the rate law (2) becomes.

20K CATL [TLOJAA]
= (8)

dr |OH |[+K, [ HO KL AA [+K 1P )

d|CAT

Neglecting [OH| is the denominator in comparison
to other terms. the rate law (8) is converted to.
d|CAT| 25| CATI [AA]
T < ————— A9
(i k] AA K PY

The above rate law (9) expliins all  the
experimental results i.e. first order dependence of rate
with respect to CAT. negligible effect of [OH™| on the
rate. inhibition effect of [P1"] und a decrease in order
of reaction in amino acid from umity 1o zero at higher
[ Aminoacid].
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