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ABSTRACT

The kinetics of oxidation of amino acids namely, alanine, glycine, leucine, phenyl alanine and
valine by N-chloropyrazinamide (NCPZA) in aqueous acetic acid medium in the presence of
hydrochloric acid have been investigated. The observed rate of oxidation is first order in [NCPZA],
[H'] and [CI]. The order with respect to [amino acid] is zero. The rate of oxidation increases with
increase in the percentage of acetic acid. The reaction rate increases slightly with increase in ionic
strength, while retards with addition of pyrazinamide. Arrhenius and thermodynamic activation
parameters have been evaluated from Arrhenius plot by studying the reaction at different temperatures.
A most probable reaction mechanism has been proposed and an appropriate rate law is deduced to
account for the observed kinetic data.
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1. INTRODUCTION

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 number of
applications in biochemical research, metabolism, microbiology, nutrition, pharmaceuticals
and fertilization of foods and feeds. Generally only the amino and carboxyl functional groups
in R-CH(NH;)COOH undergo chemical transformations while the hydrocarbon moiety
remains intact. This property is attributed to the higher reactivity of the former compared to R.

The chemistry of reactions of N-halo compounds forms a separate branch, which is of
great synthetic importance’™. N-halo compounds have been extensively employed as
oxidizing agents for organic substrates®®. N-halo compounds are the source of positive
halogen and have been exploited as oxidant for a variety of substrates in both acidic and
alkaline media.
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The nature of active oxidizing species and mechanism depends on the nature of the
halogen atom, the groups attached to the nitrogen and the reaction conditions. Although a lot
of works have been reported on the oxidation of amino acids by N-halo compounds’??, the
Kinetic investigation on the oxidation of amino acids by N-chloropyrazinamide, a newly
synthesized oxidant?®, is not reported so far. Hence, in the present investigation, the kinetics
of oxidation of alanine (Ala), glycine (Gly), leucine (Leu), phenyl alanine (Phe) and valine
(\Val) with N-chloropyrazinamide (NCPZA) in aqueous acetic acid medium in the presence of
perchloric acid has been reported?®.

2. EXPERIMENTAL

All the chemicals used were of AnalaR grade. Conductivity was used throughout the
study. Amino acids were purchased from Merck and used as such. N-chloropyrazinamide®
was prepared by chlorinating pyrazinamide using trichloroisocyanuric acid (TCICA).
Standard solution of NCPZA was prepared afresh. Hydrochloric acid (AnalaR) and sodium
perchlorate (Merck) were used as such.

N CONH;, N CONHCI
~N TCICA N
CH3COOCH;
~ ~
N N
Pyrazinamide (PZA) N-chloropyrazinamide (NCPZA)

Fig 1. Reaction for the synthesis of N-chloropyrazinamide.

2. 1. Kinetic measurements

The kinetic studies were carried out under pseudo-first order condition ([amino acid] >>
[NCPZA]). A thermostated water bath was used to maintain the desired temperature within
+0.1 K. Requisite volumes of all reagents except NCPZA, were introduced into a reaction
vessel and equilibrated at 323 K. A measured volume of NCPZA, equilibrated separately at
the same temperature, was rapidly poured into the reaction vessel. The progress of the
reactions was followed by estimating unconsumed NCPZA iodometrically using starch as the
indicator.

2. 2. Stoichiometry and product analysis

A mixture of NCPZA (0.04 M), glycine (0.02 M), hydrochloric acid (0.5 M) and
NaClO,4. H,O (0.10 M) was made upto 25 ml in 50 % acetic acid — 50 % water mixture. The
reaction mixture was kept for 24 h and the completion of the reaction was determined
iodometrically. The stoichiometry was found to be 1:1. Similarly, the stoichiometry for all the
amino acids was found to 1:1.
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C4H3N,CONHCI + RCH (NH,) COOH + 2H,0 — RCHO + C4H3N,CONH; +
NH; + CO, + HCI

where R = CH3, H, CH3CH (CH3) CHz, PhCHz, CH3CH (CH3)

A mixture of phenyl alanine (0.03 M), NCPZA (0.02 M), HCI (0.5 M) and sodium
perchlorate (0.10 M) was made upto 50 ml in 50 % acetic acid-50 % water mixture (v/v). The
mixture was kept in thermostat for 4 h and the residual mixture was then extracted with
diethyl ether and washed with water. The ether layer was separated and dried over anhydrous
sodium sulphate. The product was confirmed to be phenyl acetaldehyde.

'H NMR (CDCls) & ppm: 3.639-3.649 (d, 2H, ~CH,-), 7.123-7.399 (m, 5H, —~CgHs),
9.651-9.666 (t, 1H, —-CHO).

3. RESULTS AND DISCUSSION

The kinetics of oxidation of amino acids by NCPZA in 50 % acetic acid in presence of
hydrochloric acid is carried out at 323 K under pseudo-first order conditions. The rate studies
have been carried out with different initial concentrations of NCPZA. The Kqs Vvalues are
given in Table 1. It is seen that the pseudo-first order rate constant decreases with increase in
the initial concentration of the oxidant. But in each kinetic run, the reaction shows no
deviation from the first order plot. Therefore, the reaction is first order with respect to
[NCPZA] for all the amino acids.

The constancy of pseudo-first order rate constants at different [substrate] at constant
[NCPZA], indicates that the reaction is zero order in [amino acid] (Table 1). The influence of
variation of acid strength on the reaction rate is studied by varying the concentration of added
HCI. The reaction rate increases with increasing acid strength from 0.3 M to 0.7 M (Table 2).
The plots of log kops versus log [HCI] are linear with positive slope.

The order with respect to [H'] is unity, which is evidenced by varying [HCIO4] from 0.3
M to 0.7 M at constant [NaCl] (0.5 M). The plots of log kqps vVersus log [HCIO,4] are straight
line with positive unit slope. The effect of [NaCl] on the oxidation of amino acids is studied in
the range of 0.3 M to 0.7 M at constant [HCIO4] (0.5 M). The rate of the reaction increases
with increase in [NaCl] and the plots of log kops Versus log [NaCl] are straight line with
positive unit slope (Table 2).

An increase in the rate constant is noticed on decreasing the dielectric constant of the
medium (Table 1). The plot of log kops Versus 1/D, where D is the dielectric constant of the
medium, gives straight line with positive slope.

Added sodium perchlorate has a considerable influence on the rate of oxidation. The
rate increases slightly with increase in the concentration of NaClO4-H,O. This result is an
indication of the participation of charged species in the rate - determining step.

The effect of one of the products of the oxidation has been investigated by adding
various [pyrazinamide], keeping all other reactant concentration as constant. There is a slight
decrease in reactivity with the increase in the initially added concentration of pyrazinamide
(PZA). The retardation of rate on the addition of pyrazinamide suggests a pre-equilibrium step
that involves a process in which pyrazinamide is one of the products (Table 1).

The addition of acrylonitrile, which is a very good trapper of free radical do not initiate
polymerization indicating the absence of free radical species in the reaction sequence.
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Table 1. Effect of [phenyl alanine], [NCPZA], HOAc, [NaClO,4-H,0], [PZA] and the rate constants
for the oxidation of phenyl alanine (Phe) by NCPZA at 323 K.

[Phe] [NCPZA] | CH;COOH - [HCI] [NaClO,.H,0] [PZA] Kops
10% (M) 10° (M) H,0 % (V/V) 10 (M) 10 (M) 10° (M) 10* (s
2.0 2.0 50-50 5.0 1.0 - 6.22
3.0 2.0 50-50 5.0 1.0 - 6.49
4.0 2.0 50-50 5.0 1.0 - 6.14
5.0 2.0 50-50 5.0 1.0 - 6.29
6.0 2.0 50-50 5.0 1.0 - 6.41
2.0 2.0 50-50 5.0 1.0 - 6.22
2.0 3.0 50-50 5.0 1.0 - 5.53
2.0 4.0 50-50 5.0 1.0 - 5.22
2.0 5.0 50-50 5.0 1.0 - 5.02
2.0 6.0 50-50 5.0 1.0 - 4.82
2.0 2.0 30-70 5.0 1.0 - 2.76
2.0 2.0 40-60 5.0 1.0 - 4.30
2.0 2.0 50-50 5.0 1.0 - 6.22
2.0 2.0 60-40 5.0 1.0 - 14.89
2.0 2.0 70-30 5.0 1.0 - 40.76
2.0 2.0 50-50 5.0 0.0 - 6.03
2.0 2.0 50-50 5.0 0.5 - 6.17
2.0 2.0 50-50 5.0 1.0 - 6.22
2.0 2.0 50-50 5.0 15 - 6.29
2.0 2.0 50-50 5.0 2.0 - 6.33
2.0 2.0 50-50 5.0 1.0 0.0 6.22
2.0 2.0 50-50 5.0 1.0 1.0 6.11
2.0 2.0 50-50 5.0 1.0 2.0 5.84
2.0 2.0 50-50 5.0 1.0 3.0 5.72
2.0 2.0 50-50 5.0 1.0 4.0 5.66

Table 2. Effect of [HCI], [HCIO,4] and [NaCl] for the oxidation of phenyl alanine (Phe) by NCPZA®

at 323 K.

[HCI] [HCIO,] [NaCl] Kobs
10 (M) 10 (M) 10 (M) 10* (s
3.0 - - 2.29
4.0 - - 4.03
5.0 - - 6.22
6.0 - - 9.53
7.0 - - 12.70
- 3.0 5.0 3.79
- 4.0 5.0 4.77
- 5.0 5.0 6.22
- 6.0 5.0 7.74
- 7.0 5.0 8.87
- 5.0 3.0 3.87
- 5.0 4.0 5.08
- 5.0 5.0 6.22
- 5.0 6.0 7.61
- 5.0 7.0 9.00
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“General conditions: [Phe] = 2.0 x 10 M; [NCPZA] = 2.0 x 10° M;
[NaCIO,-H,0] = 1.0 x 10°* M; Solvent (v/v) = 80 % CHsCOOH - 20 % H,0

The oxidation of amino acids has been studied at different temperatures (313-333 K).
The temperature dependence on the rates of oxidation is determined by plotting log Kops
versus 1/T and the rate constant values are shown in Table 3. From the plot, the Arrhenius and
thermodynamic activation parameters are evaluated (Table 4).

Table 3. Rate constants for the oxidation of amino acids by NCPZA®.

Kops X 10* (s
Amino acid

313 K 318 K 323 K 328 K 333 K
Ala 2.19 3.88 6.56 11.48 18.04
Gly 2.30 4.22 6.76 11.17 18.23
Leu 2.29 3.72 6.60 10.21 18.61
Phe 2.30 412 6.22 11.34 19.11
Val 2.53 3.92 6.77 12.70 18.92

*General conditions: [Amino acid] = 2.0 x 10% M; [NCPZA] = 2.0 x 10° M;
[HCI] =5.0 x 10" M; [NaCIO,.H,0] = 1.0 x 10" M;
Solvent (v/v) = 80 % CH;COOH - 20 % H,0

Table 4. Evaluation of Arrhenius and thermodynamic activation parameters for the oxidation of amino
acids by NCPZA®.

Amino acid I ol kJAnI:I;rl K3 Sr:ol‘l kJAn("n;;I'l log A
Ala 91.94 89.26 -13.10 93.49 15.67
Gly 88.68 85.99 -17.38 91.61 15.17
Leu 90.09 87.41 - 15.56 92.44 15.38
Phe 90.92 88.23 -14.46 92.97 15,53
val 90.11 87.42 -15.45 92.42 15.42

*General conditions: [Amino acid] = 2.0 x 10% M; [NCPZA] = 2.0 x 10° M;
[HCI]=5.0 x 10 M; [NaClO,.H,0] = 1.0 x 107" M;
Solvent (v/v) = 80 % CH;COOH - 20 % H,0

4. MECHANISM

Before predicting a probable mechanism, the most active oxidizing species has to be
identified. The rate determining step of the reaction between protonated NCPZA and CI™ can
be suggested as follows.
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ki

NCPZA + Hf =——— NCPZAH"
K, .. (1)

kz
PZA +Cl, -2

NCPZAH" + CI -

2

The slow step may consist of two steps as follows:

Ks .. (3)
PZA + HOCI

NCPZA + H,0

3

Ks
HOCI+H'+Cl- =——= H,0+Cl, (slow) - (4)
4

Molecular chlorine thus formed reacts with the corresponding amino acids to give the
products.

R- CH(NH,)COOH + Cl, ——> Intermediate (X) .. (5)

X +H,0 ——> RCHO + CO, + NHs + 2HCI ... (6)

A simultaneous attack by H* and CI~ on the N-haloamide (or HOCI) to release
elemental chlorine has been proposed by several workers.

Assuming kg as small, step (4) being slow, the rate law equation from steps (3), (4), (5)
and (6) has been obtained as:

~d [NCPZA] ks ks [NCPZA] [H] [CI] )
dt [PZA]

The rate law equation (7) would predict all the experimental observations and increase
of rate with increase in percentage of acetic acid content of the medium. A similar mechanism
has been proposed earlier®%.

The amino acids are Zwitter ionic in nature and in acidic solutions exist mainly in the
cationic form. Thus the observed H* ion dependence cannot be linked with the formation of
reactive amino acid species. However, NCPZA can be assumed to form protonated
NCPZAH" species according to equation (1). At high acid concentrations where NCPZA will

mostly be present as NCPZAH", the concentration of unprotonated NCPZA would be given
by
NCPZAH"
[NCPZA] = [—+] .. (8)
ke [H]

Substituting [NCPZA] value in equation (7),
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~d [NCPZA] ks ks [NCPZAH'] [CI']

dt ki [PZA] .. (9)

The postulated establishment of prior equilibrium involving NCPZA and PZA may also
explain the observation that the rate constant for the oxidation of amino acids with NCPZA
decreases linearly with increase in initial concentration of oxidant. It may be pointed out that
the increase in the initial concentration of the oxidant leads to an increase in concentration of
pyrazinamide which has been shown to have a distinct retarding effect on oxidative reaction.

5. CONCLUSION

High positive values of the free energy of activation and the enthalpy of activation
indicate that the transition state is highly solvated, whereas the negative entropy of activation
indicates that the transition state is highly solvated and the activated complex is more rigid.
The activation enthalpies and entropies of oxidation of all the amino acids are linearly related
implying that all the substances undergo oxidation by the same mechanism.

References

[1] Amauri F. Patrocino, Paulo J. S. Moran, J. Organomet. Chem. 603 (2000) 220-224.

[2] Sameer P. Dhuru, Nikhil U. Mohe, Manikrao M. Salunkhe, Synth. Commun. 31(23)
(2001) 3653-3657.

[3] V. Canibano, J. F. Rodriguez, M. Santose, M. A. Sanz-Tejedor, M. C. Carreno,
G. Gonzalez, J. L. Garcia-Ruano, Synthesis 14 (2001) 2175-2179.

[4] B.P.Bandgar, L. S. Uppalla, V. S. Sadavarte, Syn. Lett. 11 (2001) 1715-1718.

[5] Duraisamy Thenraja, Perumal Subramaniam, Chockalingam Srinivasan, J. Chem. Soc.
Perkin Trans. 2 (2002) 2125-2129.

[6] Teruaki Mukaiyama, Jun-ichi Matsuo, Daisuke Lida, Hideo Kitagawa, Chem. Lett. 8
(2001) 846-847.

[7] N. M. I. Alhaji, S. Sofiya Lawrence Mary, E-J Chem. 8(4) (2011) 1728.

[8] Ashok Kumar Singh, Rajesh Kumar Singh, Jaya Srivastava, Shahla Rahmani,
Sarita Yadav, Indian J. Chem. 51A (2012) 681-689.

[9] Hemmige S. Yathirajan, Chapuradoddi R. Raju, Kikkeri N. Mohana, Sheena Shashikanth,
Padmarajaiah Nagaraja, Turk. J. Chem. 27 (2003) 571-580.

[10] N. M. 1. Alhaji, S. Sofiya Lawrence Mary, E-J Chem. 8(4) (2011) 1472-1477.
[11] L. Pushpalatha, K. Vivekanandan, J. Indian Chem. Soc. 86(5) (2009) 475-480.
[12] L. Pushpalatha, K. Vivekanandan, J. Indian Chem. Soc. 85 (2008) 1027-1031.



[13]
[14]
[15]

[16]

International Letters of Chemistry, Physics and Astronomy 11 (2013) 1-8

N. A. Mohamed Farook, R. Prabaharan, S. Rahini, R. Senthil Kumar,
G. Rajamahendran, B. Gopala Krishnan, E-J Chem. 1(2), (2004) 127-131.

Puttaswamy, Nirmala Vaz, Proc. Indian Acad. Sci. (Chem. Sci.) 113(4) (2001)
325-332.

D. S. Mahadevappa, M. Sayeed Ahamed, N. M. Made Gowda, B. Thimme Gowda,
Int. J. Chem. Kinet. 15(8) (1983) 775-793.

D. S. Mahadevappa, K. S. Rangappa, N. M. Made Gowda, B. Thimme Gowda, Int. J.
Chem. Kinet. 14(11) (1982) 1183-1197.

[17] Y. R. Katre, S. K. Solanki, Sangeeta Patil, Ghanat K. Joshi, Asian J. Chem. 17(1) (2005)

[18]

[19]
[20]
[21]

423-428.

D. S. Mahadevappa, Puttaswamy, N. M. Made Gowda, Proc. Indian Acad. Sci. (Chem.
Sci.) 100(4) (1988) 261-274.

M. Puttaswamy, N. Nirmala Vaz, J. Indian Chem. Soc. 81(6) (2004) 479-483.
Mangi Lal Bishnoi, Kalyan K. Banerji, Tetrahedron. 41(24) (1985) 6047-6050.

N. A. Mohamed Farook, G. A. Seyed Dameem, A. Murugesan, M. Kanagaraj, E-J
Chem. 1(2) (2004) 132-136.

[22] A. K. Singh, B. Jain, R. Negi, Y. Katre, S. P. Singh, V. K. Sharma, Synth. React. Inorg.

Metal-Org Nano-Metal Chem. 40(2) (2010) 71-77.

[23] S. Parimala Vaijayanthi, N. Mathiyalagan, Int. J. Res. Org. Chem. 2(3) (2012) 13-15.
[24] Anjali Lal, M. C. Agrawal, Indian J. Chem. 23A (1984) 411-412,

[25]
[26]

K. Vivekanandan, K. Nambi, J. Indian Chem. Soc. 76 (1999) 198-201.

Musa E. Mohamed, Abdelhafeez M. A. Mohammed, International Letters of Chemistry,
Physics and Astronomy 10(1) (2013) 1-17.

( Received 24 June 2013; accepted 27 June 2013 )



