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Abstract: Kinetic studies on the oxidation of chalcones byxhbropyrazinamide (NCPZA) investigated in
aqueous acetic acid medium shows a zero order depee on [NCPZA], [H and [CI]. Variation in ionic
strength and pyrazinamide has also been studietteBse in dielectric constant of the medium, ineeeahe
rate. The reactions are studied at different teatpegs and thermodynamic activation parameters hise
been computed. The probable mechanism and ratifatve observed kinetics have been suggested.
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INTRODUCTION

N-halo compounds are being used in kinetics, aicalyt organic structural investigations and in synthiesj
organic substratésThe versatile nature of these compounds is dtieeio ability to act as sources of halonium
ions, hypohalite species and nitrogen anions whithas both bases and nucleophiles. N-halo comgoaired
referred to as positive halogen compounds. N-cpimazinamid® (NCPZA) is a new, mild, stable and
efficient oxidant. Pyrazinamide (PZA) is a drugdise treat tuberculosis. The drug is largely bacgtatic, but
can be bacteriocidal on actively replicating tubésis bacteria. Pyrazinamide in conjuction wiflampin is a
preferred treatment for latent tuberculosis. laipotent antiuricosuric drug and consequently masfilabel
use in the diagnosis of causes of hyperuricemishgpedruricosuria.

Chalcones undergo a variety of chemical reactiond are found useful in the synthesis of variety of
heterocyclic compounds. Chalcones have been usikdeashediate for the preparations of compoundsrgav
therapeutic value. Literature review reveals thhbloone derivatives exhibit diverse pharmacological
activities™*? such as potential cytotoxic agents, antimicrobgénts, antiviral, anti-inflammatory, anesthetics,
mydriatics etc. Hence the study becomes importan the biological point of view.
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An extensive literature survey reveals that theett@s and mechanism of oxidation of chalcones Hzaen
carried out using various oxidants like trichloamganuric acit, pyridinium chlorochromaté acid bromat®,
N-chloronicotinamid®, hexacyanoferrate (Iffy, N-chlorosuccinimid®, chloramine-1°, morpholinium
chlorochromat®, peroxydisulphafé andperiodaté®. The results of kinetics of oxidation of chalconés,
benzylidene acetophenone (BAPBj¢chlorochalcone (PCCnchlorochalcone (MCCp-nitrochalcone (PNC),
menitrochalcone (MNC)p-methoxychalcone (PMeOC) arm@methylchalcone (PMC) with NCPZA in agueous
acetic acid medium has been reported with a viegrdbe the mechanism of oxidation.

EXPERIMENTAL

Chalcones were prepared by condensing aryl ketevids aromatic aldehydes in presence of suitable
condensing agerifs The derivative N-chloropyrazinamide, the oxidanthe present study was prepared by the
chlorination of pyrazinamide using trichloroisocuasic acid (TCICA) (Fig. 1). Standard solution of RZA
was prepared fresh in water and its purity was kdeéodometrically.

N CONH N CONHC
| RN 5 TCICA | ~N I
P CH;COOCH; P
N N
Pyrazinamide (PZA) N-chloropyrazinamide (NCPZA)

Fig. 1 Reaction for the synthesis of N-chloropyrazinamide

Acetic acid (AnalaR, indifferent from chromic acaps used as such. Perchloric acid (AnalaR) wad asex
source of [H]. Sodium chloride (Merck) was used as a sourcd@f. Conducitivity water was used
throughout the study.

KINETIC MEASUREMENTS

The reaction was carried out under pseudo-firserobndition ([chalcone] >> [NCPZA]). The reactioras
followed potentiometrically by setting up a cell aeaup of the reaction mixture into which a smod#tipum
wire and a reference electrode (SCE) were dippkd.emf of the cell was measured periodically usintigital
potentiometer (Equip-tronics dual channel potenéitem EQ-603). The pseudo-first order rate constants
computed from the plots of log (E E;) against time were reproducible withir8%.

Stoichiometry and product analysis

The stoichiometry of the reaction was determined thiking excess of [NCPZA] over [benzylidene
acetophenone]. A mixture of NCPZA (0.04 M), bendghie acetophenone (0.02 M), perchloric acid (0)2 M
and sodium chloride (0.2 M) was made up to 25 nthv80% acetic acid - 20% water mixture (v/v). The
contents of the reaction flask were kept for h24fter the completion of the reaction, the exagdgslant was
determined iodometrically. The stoichiometry wasrfd to be 1:1. Similar stoichiometric experimentsrev
carried out for all the substituted chalcones.lithe cases, the stoichiometry was found to be 1:1

RCH = CHCOGHs + C;H3NL,CONHCI + 2 HO N RCOOH +8#sCH,CHO +
CH3N,CONH, + HCI
where R = Q—|5, p-CI C6H4, m-Cl C6H4, p'N02 C6H4, m-NOZ C6H4, p'OCH3 C6H4, p'CH3 C6H4
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A mixture of chalcone (0.03 M), NCPZA (0.02 M), HG;I(0.20 M) and NaCl (0.20 M) was prepared in 80%
aqueous acetic acid mixture. The mixture was altbteestand for 24 h to ensure the completion ofrdaetion.
The residual mixture was then extracted with etlibe ether layer was separated and dried. The prodhs
found to be the corresponding substituted benzmitand phenyl acetaldehyde.

RESULTSAND DISCUSSION

Under the condition ([chalcone] >> [NCPZA]), thetd of log (E— E-) (where Eis the emf of the cell at time t
and E, the corresponding value at the completion of tlatien) versus time are linear indicating first emd
dependence of rate on [NCPZA]. The pseudo-firsteondite constant does not change with increase in
concentration of the oxidant. Increase in [chal¢dras no significant effect on the rate of oxidatishich is
evident from the constancy in rate values.

The effect of [H] is investigated by varying [HCI at constant [NaCl] (Table 1)he rate increases with
increase in [HCIG). The plots of log k.sversus log [F] are linear with positive unit slope indicatingsti order
dependence on HClOThe effect of [C] is studied by varying [HCI) at constant [F] (Table 1). Increase in
[NaCl] has positive effect on the rate. The pldtsog k.ns versus log [C] are linear with unit slope indicating
first order dependence of rate on [NaCl].

To confirm the order with respect to Hand [CI], the reaction has been investigated at severahlin
concentration of HCI (Table 1). The rate increaséh increase in [HCI] and the plots of log,kversus log
[HCI] are linear with slope around 2.0. This confir that the order with respect to each][&hd [CI] is found

to be one.

An increase in the rate constant is noticed oneadesing the dielectric constant of the medium (Tdble
indicating the formation of less polar activatedhgtex than the reactant molectilé*

Addition of pyrazinamide (PZA) has been studiedlifferent initial concentration of pyrazinamide.dtfound
that the rate has no significant effect with insee@ [PZA]. Addition of NaCIQH,O to the reaction mixture
has negligible effect on the rate. The reactiontuné fails to initiate polymerization of agueousydamide
solution, showing the absence of free radicals.

The oxidation of all the substituted chalconessitelied at different temperatures (313-333 K), kegpther
experimental conditions constant. The Arrheniugsplaf log kys versus 1/T are linear. The Arrhenius and
thermodynamic activation parameters are evaludtall¢ 2).

MECHANISM

Before suggesting a most probable mechanism, ttigeaoxidizing species has to be identified. Unties
experimental conditions, the possible oxidizingcsgé® are C}j, HOCI, HOCI, NCPZAH and NCPZA itself
in aqueous solution. The oxidation of alcohols afighatic ketones by N-chlorosuccinimi@iéNCS) and N-
bromosuccinimid€ (NBS) have been reported to take place throughirtteemediate forms of protonated
species of the oxidant like NCSknd NBSH.

If NCPZAH" is the active oxidant, the reaction must show hgdroion catalysis only. Since both hydrogen and
chloride ions are found to catalyze the reactioth@npresent case, molecular chlorine has beemaskto act

as the effective oxidant. It has been reported ithaiqueous acidic solutions in presence of chéorah, the
oxidant produces a steady, but small, concentrationolecular chlorin@.
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where NCPZA = N-chloropyrazinamide, PZA = pyrazimden S = Chalcone

Derivation of ratelaw
rate = k [Complex]

Applying steady state approximation to the molecatdorine and the complex, the following rate law
is deduced.
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k: [NCPZA] [H'] [CI] = k _1[PZA] [Cl] — k-[CI,] [S] = O

cl] = ki [NCPZA] [H'] [CIT]

k_1[PZA] + k;[S]
k. [Cl;] [S] — k_2[Complex] — k[Complex] = 0

kz[Cl2] [S]

Complex] =
[Complex] otk

Substituting [C]] value in the above equation, we get

ko{k1[NCPZA] [H'] [CI]} [S]
K_2+ kafk _1[PZA] +k,[S]}

[Complex] =

Assuming k; [PZA] << k, [S],

ki ks [NCPZA] [H'] [CI]
K_2+ ks

rate =

The above rate law accounts for the first ordereddpnce of rate on [NCPZA], [H [CIT] and zero order
dependence on [chalcone].

The mechanism is further supported by the valuenefrgy of activation and other thermodynamic atitva
parameters. The high positive values of free enafypctivation AG") and enthalpy of activatiorAd?)
indicates that the transition state is highly steda while the value of negative entropy of acimat(AS")
suggests that the activated complex is cyclic eétur

Tablel: Effect of variation of [BAP], [NCPZA], [HOAC], [HCIO4], [NaCl], [HCI] and [PZA] on therate
of oxidation at 323 K

[BAP] | [NCPZA] | HOAcH,O | [HCIO,)] | [NaCl] [HCI] Kobs
10° (M) 10° (M) % (VIV) (M) (M) (M) 10°(sY)
05 3.0 80-20 0.20 0.20 - 2.28
1.0 3.0 80-20 0.20 0.20 - 2.29
1.5 3.0 80-20 0.20 0.20 - 2.47
2.0 3.0 80-20 0.20 0.20 - 2.37
2.5 3.0 80-20 0.20 0.20 - 2.39
1.0 1.0 80-20 0.20 0.20 - 2.29
1.0 2.0 80-20 0.20 0.20 - 2.21
1.0 3.0 80-20 0.20 0.20 - 2.29
1.0 4.0 80-20 0.20 0.20 - 2.23
1.0 5.0 80-20 0.20 0.20 - 2.26
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1.0 3.0 65-35 0.20 0.20 - 0.52
1.0 3.0 70-30 0.20 0.20 - 0.75
1.0 3.0 75-25 0.20 0.20 - 1.27
1.0 3.0 80-20 0.20 0.20 - 2.29
1.0 3.0 85-15 0.20 0.20 - 4.25
1.0 3.0 80-20 0.10 0.20 - 1.07
1.0 3.0 80-20 0.15 0.20 - 1.56
1.0 3.0 80-20 0.20 0.20 - 2.29
1.0 3.0 80-20 0.25 0.20 - 2.72
1.0 3.0 80-20 0.30 0.20 - 3.24
1.0 3.0 80-20 0.20 0.10 - 1.13
1.0 3.0 80-20 0.20 0.15 - 1.63
1.0 3.0 80-20 0.20 0.20 - 2.29
1.0 3.0 80-20 0.20 0.25 - 2.89
1.0 3.0 80-20 0.20 0.30 - 3.29
1.0 3.0 80-20 - - 0.10 0.58
1.0 3.0 80-20 - - 0.15 1.44
1.0 3.0 80-20 - - 0.20 2.29
1.0 3.0 80-20 - - 0.25 4.01
1.0 3.0 80-20 - - 0.30 5.26
Table 2: Effect of temperature on thereaction rate
[Chalcone] = 1.0x 16M [NCPZA] = 3.0x10GM
[HCIO,] = 20x10'M [NaCl] = 20x10 M
Solvent (v/v) = 80% CHCOOH - 20% HO
Temp Kobs X 10° (s”)
(K) BAP PCC MCC PNC MNC POMeC PMC
313 0.90 0.77 0.89 0.93 0.88 0.84 0.80
318 161 1.50 1.58 1.39 1.46 1.22 1.34
323 2.29 2.16 2.23 2.34 2.52 2.12 2.26
328 3.85 3.30 3.99 3.93 3.67 3.63 3.54
333 5.33 5.30 5.33 5.02 5.24 4.91 5.05
Table 3: Thermodynamic activation parametersfor the oxidation of chalcones
[Chalcone] = 1.0x 16M [NCPZA] = 3.0x10GM
[HCIO,] = 2.0x10'M [NaCl] = 20x10 M
Solvent (viv) = 80% CECOOH - 20% HO
Chalcone E. AH? AG” AS log A
(kJ mol™) (kJ mal™) (kJ mol™) (JK ™ mal™)
BAP 77.1 74.4 83.6 -28.4 13.8
PCC 80.6 77.9 85.6 -24.0 14.3
MCC 78.1 75.5 84.2 -27.1 14.0
PNC 76.5 73.8 83.2 -29.2 15.3
MNC 77.9 75.2 84.1 -274 13.9
POMeC 80.1 77.4 85.4 -24.7 16.9
PMC 80.8 78.1 85.7 -23.6 15.3

13
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