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The kinetics of oxidation of L-tyrosine by hexachloroiridate(IV) have been studied at 30+0.1°C spectrophotometrically at

487nm in perchloric acid medium. The reaction exhibits first order dependence on both [IrC162’] and [tyrosine]. The

reaction rate increases with increase in ionic strength and decreases with increase in [H*]. One of the products,

hexachloroiridate(II) has no significant effect on reaction rate. Dityrosine was identified as the main product. A mechanism

consistent with the kinetic data has been proposed. Activation parameters were computed using linear least squares method
and the energy of activation, E_ and the entropy of activation, AS* are found to be 66.54 + 1.52 kJmol~! and —77.38 + 4.56

JK'mol™! respectively.
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1. Introduction

The subject of oxidation of L-tyrosine, one of the
non-essential amino acids, with various oxidants has
received considerable attention in recent years [1-9].
L-tyrosine plays an important role in the production
of neurotransmitters that regulate emotions, and acts
as a precursor of melanin. Human body synthesizes
L-tyrosine from the essential amino acid,
phenylalanine.

Hexachloroiridate (IV) is a one-electron
oxidant. Oxidation of a number of organic and
inorganic substrates by hexachloroiridate (IV) has
been extensively investigated from the mechanistic
view point [10-17]. The title investigation is an
extension of our earlier work on the oxidation of
amino acids using hexachloroiridate (IV) as an
oxidant [18].

2. Experimental

A 0.1 mol dm™ solution of L-tyrosine (Himedia) in
0.25 mol dm~ perchloric acid was prepared afresh
by dissolving it in required volume of perchloric acid.
A 0.01 mol dm™ solution of hexachloroiridate (IV)
was prepared by dissolving the requisite amount of
Na,[IrCl(].6H,O (Sigma Aldrich) in 0.5 mol dm?3
perchloric acid. The solution was standardized by
measuring the absorbance using Milton Roy UV-
Visible 1201 spectrophotometer at 487nm (€ = 4070
dm? mol~' cm™).

Kinetic measurements were carried out at
30+0.1°C in 0.2 mol dm= perchloric acid medium
under the conditions, [H+]>[tyrosine]>[IrC162‘]. The
progress of the reaction was followed by measuring
the absorbance of [IrCl62‘] at487nm (Fig. 1) at which
no other species except hexachloroiridate (IV) has
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any significant absorption. The pseudo-first order rate
constants, k° were obtained from the slopes of the
plots of log (absorbance) versus time and these plots
were found to be linear upto 80% completion of the
reaction. The rate constants were found to be
reproducible within #4%. The temperature is kept
constant using a Siskin Julabo-V constant temperature
liquid circulatory bath.

3. Test for Free Radicals

The test for free radicals was carried out by taking
tyrosine and perchloric acid in a thumberg tube and
acrylonitrile and hexachloroiridate(IV) solution in a
bent tube. After evacuating the system, the solutions
were mixed by tilting the tube. The reaction mixture
was kept aside and even after 24hours no precipitate
was observed indicating the absence of free radical
formation.
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Fig. 1: Spectra of [IrC1,]*~ and tyrosine in 0.2 mol dm= HCIO, at
30°C
Product Analysis

The product analysis was carried out by adopting the
following procedure:
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Fig. 2: Mass spectrum of the product, dityrosine
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A reaction mixture containing 0.02 mol dm
tyrosine, 0.2 mol dm= perchloric acid and 1 x 10~
mol dm™ hexachloroiridate(IV) in a 50 mL solution
was allowed to stand at 30°C. After completion of
the reaction, the reaction mixture was extracted with
ether. The obtained product was analyzed by using
ESI-QTOF mass spectrometer. The mass spectrum
peak m/z 362 a.m.u corresponds to the (m+1) peak
of the product, dityrosine as shown in Fig. 2.

4. Results
Stoichiometry of the Reaction

The reaction mixture containing an excess [IrCl62‘]
over [tyrosine] in 0.2 mol dm™3 perchloric acid at
constant ionic strength was allowed to react and after
24 hours the residual [IrC162‘] was determined
spectrophotometrically at 487nm. It was observed that
2 moles of [IrC16]2‘ react with 2 moles of tyrosine as
given by the equation

2 tyrosine + 2[IrCl, ]* .
dityrosine + 2[IrCl, "

Ionic strength effect was studied by varying the
ionic strength in the range 0.30-0.80 mol dm™ using
sodium perchlorate. The pseudo-first order rate
constants calculated from the slopes of
log(absorbance) versus time plots were recorded in
Table 1 and it was found that the rate of the reaction
was increased with increase in ionic strength.
Hexachloroiridate(III), one of the products was found
to have no effect on the reaction rate.

Reaction Orders

To determine the order with respect to
hexachloroiridate(IV), kinetic runs were carried out
at 30°C varying the concentrations of hexachloroiri-
date(TV) from 0.5-3.0 x 10~ mol dm™, keeping the
concentrations of all other ions constant. The pseudo-
first order rate constants thus obtained were
incorporated in Table 1 and these were fairly constant
indicating that the rate of reaction is first order with
respect to [hexachloroiridate(IV)]. To find out the
dependence of rate on [tyrosine], kinetic runs were
performed varying the initial concentration of

tyrosine from 1.0-6.0x10"2 mol dm™ and keeping the
concentrations of all other species in the reaction
mixture constant. The pseudo-first order rate
constants thus obtained were found to increase with
increase in [tyrosine]. Further, the plot of k’ versus
[tyrosine] was found to be a straight line passing
through origin indicating unit order dependence on
[tyrosine] (Fig. 3).
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Fig. 3: Plot of k’ versus [tyr] (Order with respect to tyrosine)

To study the effect of [H*] on the rate of the
reaction, kinetic runs were carried out keeping the
concentrations of all other reactants constant and
varying the [H*] from 0.06-0.28 mol dm~ with
perchloric acid. The pseudo-first order rate constants
obtained were presented in Table 1 and the rate of
the reaction was found to decrease with increase in
[H*].

Furthur, the plot of 1/k! versus [H*] was found
to be a straight line passing through origin indicating
inverse unit order dependence on [H*] (Fig. 4).

5. Effect of Temperature

The effect of temperature on rate of the reaction was
studied by carrying out the reaction at four different
temperatures, 25, 30, 35 and 40°C. The plot of log k'’
against 1/T was linear indicating that the reaction
obeys Arrhenius temperature dependence. The energy
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Fig. 4: Plot of 1/k’ versus [H*]

of activation, E, and the entropy of activation, AS*
were calculated using linear least squares method
and are found to be 66.54 = 1.52 kJmol~' and —77.38
+ 4.56JK'mol ! respectively.

6. Discussion and Conclusions

Hexachloroirdate(IV) acts as a one electron oxidant
through outer sphere electron transfer. Goldberg and
Heper reported the redox potential of iridium(IV)/
iridium(III) system as 0.921 V[19]. Later, Cecil et
al. also determined the redox potential of IrClGZ* -
IrC163‘ couple potentiometrically in 1 mol dm acid
medium at 22°C and reported as 0.957V [20]. Furthur
it is also known that hexachloroiridate(IV) anion is
known to be substitution inert and stable towards
hydrolysis over a wide range of acidities [21].

+ + -
H3N— (le— COOH HSN_ leH— COO

CH, CH,
-HY -H'
+H" +H'
OH pK;=2.2 OH pK,=09.1
Htyr tyr,

H,N— ClH— COO

The three pK values of tyrosine at 2.2, 9.1 and
10.1 correspond to -COOH, —-H,N* and phenolic
groups respectively [22].

Under the present experimental conditions ([H*]
= 0.2 mol dm~>) though the percentage of dianionic
form (tyrO") of tyrosine is less compared to the other
species still it is presumed to be the reactive form.

Based on these observations, the following
mechanism has been proposed :

tyrO" + H* = tyrOH - (D

tyrO” +[IrCl " ——> tyrO +[IrCl]*
. (2

2 tyfO —= 5 dityrosine .. (3)

Where, tyrOH and tyrO— are the monoanionic
and dianionic forms of tyrosine respectively.

The above mechanism leads to the following
rate law,
rate = k [tyrO] [IrCl,*] (@

But
[tyr], = [tyrO] + [tyrOH] and

[tyr],

[tyrO'] = T+K[H' ] .. (5)

Substituting for [tyrO~] from equation (5) in
equation (4) leads to

H,N— clH— (ele]e]

CH, CH,

N
~H_
——

+H*
OH pK3;=10.1 (0X

tyrOH tyrO~
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_ Kkftyr],[IrCl" ]

rate 1+K[H+] .. (6)

Since the value of ‘K’ is 1.259 x 10 mol-!
dm? the rate equation reduces to

K[tyr],[1rC1,*]

The above equation explains the observed first
order dependence on [tyrosine], [IrC162‘] and inverse
first order dependence on [H*]. Further, the rate
equation predicts the plot of 1/k' versus [H*] to be a
straight line passing through origin and exactly a
similar plot was obtained experimentally (Fig. 4) thus
supporting the proposed mechanism. The value of

rate = . (7
K[H'] (7
R R
+ H* K
OH
tyrO” tyrOH
R R
k
+  [OClr —— +  [ICle*
slow
R
@
[
O- o)
R R R
dimerization
2
H H H
I I I
| R | |
isomerization O O
I R |
OH OH
dityrosine

where R = HZN-ICH-COO'
GH
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Table 1: Effect of ionic strength, [IrCl62'], [tyrosine] and [H*]
on the pseudo-first order rate constant, k! at 30x0.1°C

u [IrC1*] [tyrosine] [H*] k'x10*
(mol x10* x10? (mol (sec?)
dm?) (mol (mol dm?)

dm?) dm?)
0.30 1.00 2.00 0.20 1.07
0.40 1.00 2.00 0.20 1.21
0.50 1.00 2.00 0.20 1.69
0.60 1.00 2.00 0.20 1.98
0.70 1.00 2.00 0.20 2.13
0.80 1.00 2.00 0.20 2.98
0.30 0.50 2.00 0.20 1.27
0.30 1.00 2.00 0.20 1.12
0.30 1.50 2.00 0.20 1.12
0.30 2.00 2.00 0.20 1.10
0.30 2.50 2.00 0.20 1.01
0.30 3.00 2.00 0.20 1.11
0.30 1.00 1.00 0.20 0.79
0.30 1.00 2.00 0.20 1.13
0.30 1.00 3.00 0.20 1.86
0.30 1.00 4.00 0.20 2.30
0.30 1.00 5.00 0.20 2.87
0.30 1.00 6.00 0.20 3.83
0.30 1.00 2.00 0.06 4.09
0.30 1.00 2.00 0.10 2.38
0.30 1.00 2.00 0.15 1.48
0.30 1.00 2.00 0.20 1.10
0.30 1.00 2.00 0.25 0.94
0.30 1.00 2.00 0.28 0.83

‘k’ was calculated from the slope of this plot and was
found to be 1.48 x 107 mol~! dm? sec™!.

Intimate Mechanism

The following arguments are in support of the
proposed intimate mechanism:
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