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ABSTRACT

In this work, the electrochemical reduction of some Schiff’s bases contains substituted coumarin moiety and the effects of the substituents have
been studied by polarographic technique. Based on the results obtained and previous literature, a tentative mechanism has been proposed. The
system investigated in this study was a series of substituted (172)-2-(4-methyl-2-oxo0-2H-chromen-7-yloxy)-N'-benzylideneacetohydrazides. The
system possesses two electrophores; (1) Hydrazone group and (2) Carbonyl group. Thus, the electrochemical reduction of the system, studied
with DC polarography, might provide valuable insight into the processes taking place on the surface of the electrode and can be of importance
in fundamental electrochemical research.
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INTRODUCTION

Schiff’s bases are compounds with the azomethine (-C=N-) group formed by the condensation of primary amines and activated carbonyl
compounds. The characteristic feature of the compounds containing the (-C=N-) group illustrate the fundamental properties lies in the
configuration of complexes with metals. These complexes offer some characteristic chain of coordination compounds, shown to exhibit
antibacterial& antifungal [1-6], and antitumour [7,8] activities. These compounds were studied extensively as a ligand that coordinates with
metal ions via azomethine nitrogen [9-11] particularly in metal complexation used as oxygen carriers [12,13]. Recently, coumarins gathered a lot
of research interest owing to their prominence in synthetic and natural organic chemistry. Structural analogues of coumarin have been shown to
exhibit molluscicidal [14], insecticidal properties [15] and as anticoagulants [16]. The system investigated in this study was a series of
substituted (172Z)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy)-N'-benzylideneaceto-hydrazides, whose general structure is and moieties are given
in Table 1.

The system of our interest contains the hydrazones moiety which possesses a varied range of bioactivities in pharmaceutical and agrochemical
field [17-20]. Several of them are considered for their special biological catalyst enzyme activity [21]. Moreover, derivatives of 1, 3, 4-
oxadiazole have been displayed to exhibit bioactivities including insecticidal [22], anti-bacterial [23,24], anticancer [25] and anti-inflammatory
activities [26]. The bio-activity connected with the hydrazones is ascribed to the existence of the active pharmacophore (-CONH-N=C-).

The proposed system consisting of two electrophores, first one is Hydrazone group and later Carbonyl group. In our study, DC polarography
techniques were used to study the electrochemical reduction of the system to acquire the insight about the electrode surface reaction and
importance in basic electrochemical research.
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Table 1: Substituents and the corresponding numerical codes
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H 1
4-OH 2
4-Cl 3
2,5-OMe 4

MATERIALS AND METHODS

Polarographic investigations on metal complexes of Schiff’s bases and on coumarins have been reported earlier [27-33]. In this system, (172Z)-2-(4-methyl-2-oxo-
2H-chromen-7-yloxy) N'benzylideneacetohydrazide essentially a Schiff’s base containing coumarin moiety. These compounds have only been synthesized recently
and characterization of this compound makes an interesting of polarographic study. The aim of this investigation is to study the electrochemical reduction of the
chosen system under polarographic conditions, keeping the effect of pH and substituent’s in view, to propose a possible mechanism for the reduction process.

Applied electrochemical techniques
DC polarography

The techniques employed in this study are DC polarography and differential pulse polarography (DPP). These are, in particular, the former, the
simplest and oldest of all electrochemical techniques. Old, nevertheless, polarography has lost neither its charm nor importance in the analysis,
qualitative and quantitative both of electroactive analytes, organic as well as inorganic in nature.

In DC polarography, the mass transport is controlled by diffusion alone. Under these conditions, Ilkovic equation [34] for maximum diffusion
current is given as, i;=708nCD"*m 23",

Where, i;=diffusion current in pA, m=rate of flow of Hg in mg s, t=drop time inseconds, D=diffusion coefficient of the electroactive species in
cm? s, C=concentration of the electroactive species and n=number of electrons involved in the process. For mean diffusion current,
ig=607nCDY2m 236,

Then, the Ilkovic equation can be rewritten as i;=708 nCD¥?h¥2 and hence, iq will be directly proportional to Vh, provided nCD*? is maintained a
constant. This is in fact, employed as a test for determining whether the process is diffusion controlled or not.

The following relations have been derived by Heyrovsky, llkovic [35] and Kern [36] for the diffusion controlled cathodic reversible and
irreversible processes.

Eime= E1/2 O 0595 (—) (Reversible)
n

Egme= Ej/z 0 0595 (—) (Irreversible)
on

Where, Eg4 . = potential at DME vs SCE in Volts

A plot of —E vs Iog (—) gives a straight line, whose point of intersection with X axis containing —E gives the half wave potential E;,. The
-l

2.303RT

slope (m) of the straight line is used to calculate the ‘Transfer coefficient’ o, using the well-known relation an = (—F)Where R is
m

the universal gas constant, T is the absolute temperature, m is the slope of the Tafel plot and F is the Faraday constant. Diffusion coefficient, D is
calculated as D = 3.32 x 10°/n(Vm)Y® where n is the viscosity of the solution and V,, is the molar volume of the system.

o ., i
The kinetic parameter ‘k’ is computed at each chosen potential for all polarograms using the relation K = (—) (—) where t is the

3t id-i

drop time in seconds. Plots of -E vs —log (k) are linear and show that the polarograms correspond to the rate determining steps. The reversibility

0.0591

of the system is verified using the famous “Tome’s criterion” which is given by E3/4 E3/4 —, where n is the number of electrons
on

involved in the rate determining step. Appreciable deviation from this relation indicates irreversibility.
In irreversible processes, o, can be calculated as
d(E) _ 0.02957
= and

d(logt) o

0.05172

!

The familiar relation E1/4 E3/4

where, E” = Ey)5, the half-wave potential and o’ = a4
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Differential pulse polarography (Dpp)

In this variation of DC polarography, square wave pulses of known constant amplitude are applied over the steadily increasing DC potential
gradient as in DC polarography. The difference in the current before and after the application of the pulse is plotted as a function of the applied
potential at the DME. This shows peaks corresponding to the reduction potentials of the electroactive species. Polarography is used in the
present work where no polarographic, in fact, electrochemical data is available i.e., in the reductions of (17Z)-2-(4-methyl-2-oxo0-2H-chromen-7-
yloxy)-N'-benzylideneacetohydrazides.

Method adopted

The system under investigation was found to be moderately soluble only in dimethyl sulphoxide (DMSO). 10 M stock solutions of the system
were prepared, assisted by sonication, in DMSO. The Analytical grade (purity >99%) dimethylsulphoxide was procured from chemical suppliers
(SD fine Chemicals Pvt., Ltd.) and used without further purification. Each such solution was purged with pure and dry nitrogen (N,) gas for 20
min before every use to remove oxygen (O,) dissolved in the solution.

The pH was maintained using the following five aqueous buffers i) Clark &Lub’s buffer of pH ~1.00, ii) Phosphate buffer of pH ~ 5.00, iii)
Phosphate buffer of pH ~7.00, iv) Alkaline borate buffer of pH ~8.00& v) Alkaline borate buffer of pH 10.00, and these solutions were also
purged with N, gas for 15 min before recording polarograms. From the stock solutions, 10° M solutions of the system were prepared in each
buffer before use. 0.1 mL of a 1% aqueous solution of a non-ionic surfactant, Triton X — 100 was added to all solutions.

The conditions maintained were temperature (291 K), the height of mercury (Hg) reservoir (h=1.21 m), drop time (0.50 s) and sweep rate (12
mV s?). Both DC polarograms and differential pulse polarograms (DPP) were recorded for each solution using an ELICO Polarographic
Analyzer (CL-362, India). A reference electrode (standard calomel electrode) and the auxiliary electrode (platinum wire) were employed. The
polarographic analyzer and the three electrode assembly were calibrated using a standard 102 M solution of Cd?*. From the polarograms, it was
found that the system is reduced in two waves in highly acidic media and in a single wave within highly alkaline media. Diffusion coefficient D
was calculated as D=3.32 x 107/ 1) (V) ® where 1 is the viscosity of the solution and Vy, is the molar volume of the system.

Tafel plots i.e., log (i/ig-i) vs -E were plotted or all polarograms. They were linear from them Ej;, was calculated. Transfer coefficient a was
calculated from the slope of the Tafel plot, using the well-known relation 0,=2.303 RT/mF, where R=universal gas constant, T=absolute
temperature, m=slope of the Tafel plot and F = Faraday constant.

The kinetic parameter ‘k’ was computed at each chosen potential as
7D i
K= (—)"(——), where tis the drop time
3mt id-
A plot of - E vs — log (k) was linear and showed that the polarogram corresponds to the rate determining step. Based on the observations a
plausible mechanism was proposed for the electrochemical reduction of the system under polarographic conditions.

RESULTS AND DISCUSSIONS

The (172)-2-(4-methyl-2-oxo0-2H-chromen-7-yloxy)-N* benzylideneacetohydrazide system (1)

The chosen system and its structural derivatives were studied for their electrochemical reduction at the DME by polarography. The
polarographic behaviour of an unsubstituted compound (1) is discussed here. The system (1) exhibited a two-step irreversible reduction in acidic
media and a single step irreversible reduction in alkaline and neutral media. Typical DC polarograms and differential pulse polarograms for the
compound are shown in Figures 1 and 2 respectively. A typical Tafel plot and a plot of —E vs —log (K) are shown in Figures 3 and 4. The transfer
coefficient multiplied by a number of electrons involved in the process was calculated from the slope of Tafel plot. The half wave potentials
have been calculated from the point of intersection of the Tafel line with the Y (-E) axis. The complete polarographic data and nature of
reduction of (1) in the various pH conditions are presented in Tables 2 and 3 respectively.
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Figure 1: Typical polarograms of compound (1) at pH = 10.00
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Figure 2: Typical differential pulse polarograms of the compound (1) at pH = 10.00
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Figure 3: Typical Tafel plot for system (1)
From this data, is seen that the system is reduced in two irreversible steps under highly acidic conditions and in a single irreversible step in

alkaline media. Based on the observations, a plausible mechanism has been proposed as shown in Scheme 1. Under acidic conditions, the
compound is reduced in two waves.
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Scheme 1: Polarographic reduction of (1)
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Figure 4: Typical plot of -E vs -log (k) for system (1)

Mechanism

The proposed mechanism is elucidated in Scheme 1. After the uptake of a proton and an electron, the radical (1) thus formed may accept either a
proton (route A) or an electron (route B). In route A, the protonated radical (4) accepts an electron, which results in the cleavage of the nitrogen-
nitrogen bond with an amide as the leaving group, which may be further hydrolyzed to an acid. The imine (5) thus formed is protonated and
reduces further. In route B, the protonation in alkaline solution is relatively slow [37] and the radical may be reduced to the carbanion (2),
followed by its protonation. Under alkaline conditions, it proposed that saturation of C=N bond takes place [38-41].

79



Parepalli Y et al.

Der Pharma Chemica, 2018, 10(12): 75-84

(o O

o

Me

Here, and through the rest of this communication, R’ is the coumarin moiety. It has been shown previously that R’ is reduced at potentials ~-1.2
V to -1.6 V, which lies outside the voltage range 0.00 V to -1.00 V used for the present investigation. Therefore, the reduction of the same has

not been considered for all the compounds discussed in this communication.

The same procedure of analysis was applied to all the systems studied.

The polarographic behaviour of (4E)-N'-(4-hydroxybenzylidene)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy) acetohydrazide (2)

The nature of reduction of (2) in various buffered aqueous solutions is listed in Table 3. Compound (2) gets reduced in two irreversible steps
under acidic conditions with relative ease and in a single irreversible step under alkaline conditions. The mechanism proposed Scheme 1 is
similar to the one given for (1).

Table 2: Polarographic data for reduction of (1) in buffered aqueous solutions of varying pH

Polarographic reduction of (1) at pH = 1.30 (Clark &Lub’s buffer)

I Reduction wave of (1 at PH = 1.30) ig = 0.065 pA

S. No. -E vs SCE (V) A) il(ia—1) Log i/(ig — 1) K -Log (k)
1 0.4471 0.0164 0.3385 -0.47038 0.0531 1.2751
2 0.4525 0.025 0.625 -0.20412 0.078 1.0088
3 0.4557 0.0325 1 0 0.1568 0.8047
4 0.4632 0.0493 3.1454 0.4977 0.4931 0.3071
5 0.4675 0.0585 9 0.9542 14111 0.1496

11 Reduction wave of (1) at pH =1.30 ig = 0.03 pA
1 0.7 0.006 0.25 -0.6021 0.0392 1.4067
2 0.7032 0.0078 0.3135 -0.5038 0.0492 1.3085
3 0.7107 0.015 0 0 0.1568 0.8047
4 0.7204 0.028 14 1.1461 2.1951 -0.3415
5 0.73 0.029 20.25 1.3064 3.175 -0.5107
Polarographic reduction of (1) at pH = 5.85 (Phosphate buffer) ig = 0.528 pA
1 0.175 0.00918 0.0177 -1.752 0.00276 2.5591
2 0.215 0.14224 0.3691 -0.4328 0.0579 1.2375
3 0.3 0.26153 0.9829 -0.0075 0.1541 0.8122
4 0.35 0.351 1.9875 0.2983 0.3116 0.5064
5 0.39 0.403 3.2343 0.5098 0.5071 0.2949
Polarographic reduction of (1) at pH = 5.85 (Phosphate buffer) ig = 0.528 pA
1 0.175 0.00918 0.0177 -1.752 0.00276 2.5591
2 0.215 0.14224 0.3691 -0.4328 0.0579 1.2375
3 0.3 0.26153 0.9829 -0.0075 0.1541 0.8122
4 0.35 0.351 1.9875 0.2983 0.3116 0.5064
5 0.39 0.403 3.2343 0.5098 0.5071 0.2949
Polarographic reduction of (1) at pH = pH = 6.86 (Neutral Phosphate buffer)
1 0.1 0.104 0.3161 -0.5002 0.04956 1.3048
2 0.15 0.201 0.8645 -0.0632 0.1356 0.8679
3 0.2 0.251 1.3753 0.1384 0.2156 0.6663
4 0.25 0.322 2.8879 0.4606 0.4528 0.3441
5 0.3 0.344 2.8436 0.5847 0.6026 0.22
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6 0.35 0.367 5.5188 0.7418 0.8653 0.0628
7 0.4 0.371 5.936 0.7735 0.9307 0.0312
Polarographic reduction of (1) at pH = pH = 8.00 (Alkaline Borate buffer)

1 0.24 0.0097 0.1372 -0.8627 0.0215 1.6674
2 0.2643 0.0195 0.3223 -0.4917 0.0505 1.2964
3 0.28 0.028 0.5385 -0.2689 0.0844 1.0735
4 0.3047 0.0405 1.0253 0.0109 0.1608 0.7938
5 0.32 0.05 1.6667 0.2219 0.2613 0.5828
6 0.34 0.0601 3.0242 0.4806 0.4742 0.3241
Polarographic reduction of (1) at pH = pH = 10.00 (Alkaline Borate buffer)

1 0.35 0.01 0.1316 -0.8808 0.0206 1.6855
2 0.45 0.016 0.2286 -0.641 0.0358 1.4457
3 0.4821 0.0225 0.3543 -0.4506 0.0556 1.2553
4 0.55 0.043 1 0 0.1568 1.8047
5 0.6214 0.065 30.952 0.4907 0.4853 0.314
6 0.65 0.07 4.375 0.641 0.7253 0.1395
7 0.7 0.0805 14.636 1.1654 2.2948 -0.3608

Table 3: Summary of polarographic reductions of (1), (2), (3) and (4)

The polarographic reduction of (1)
pH -E1n (V) an (m? s Nature of reduction

1.30 (I reduction) 0.455 4.058 Irreversible
1.30 (11 reduction) 0.71 4.3338 Irreversible
5.85 0.3209 0.5669 Irreversible
6.86 -0.183 0.2603 Irreversible
8 -0.3014 0.813 Irreversible
10.3 0.536 0.3574 Irreversible

The polarographic reduction of (2)
1.30 (I reduction) 1.213 0.598 Irreversible
1.30 (11 reduction) 1.2168 0.791 Irreversible
5.85 (I reduction) 2.8061 0.513 Irreversible
5.85 (Il reduction) 2.3983 0.6168 Irreversible
6.86 0.76 0.2536 Irreversible
8 0.3501 0.6359 Irreversible
10.3 0.5471 0.5268 Irreversible

The polarographic reduction of (3)
1.30 (I reduction) 0.7278 1.699 Irreversible
1.30 (Il reduction) 0.8125 0.9805 Irreversible
5.75 0.479 0.2301 Irreversible
6.86 0.3625 0.2934 Irreversible
10.3 0.3121 0.7105 Irreversible

The polarographic reduction of (4)
1.30 (I reduction) 0.712 2.021 Irreversible
1.30 (11 reduction) 0.7925 2.3362 Irreversible
5.75 0.3082 0.2547 Irreversible
8.61 0.4643 0.2084 Irreversible
10.3 0.4643 0.939 Irreversible

The polarographic Behaviour of (4E)-N'-(4-chlorobenzylidene)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy) acetohydrazide (3)

It is observed that (3) is reduced in two irreversible steps under acidic conditions and in a single irreversible step under alkaline conditions,
which is similar to (1) and (2). Table 3 lists the nature of reduction of (3) under each chosen pH. It is proposed that (3), like (1) and (2),
undergoes an irreversible reduction in two steps under acidic conditions and in a single irreversible step under alkaline conditions. The plausible
mechanism given in Scheme 2 is similar to the ones proposed for earlier systems. The reduction of the chlorobenzene moiety cannot be ignored,
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as has been shown in earlier works [42-55]. This has not been studied in the present investigation as it is out of the scope of the study.
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Scheme 2: The polarographic reduction of (3)

The polarographic Behaviour of (4E)-N'-(2, 5-dimethoxybenzylidene)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy) acetohydrazide (4)

It was found that (4) was, just as (1), (2) and (3), reduced in two irreversible steps in highly acidic conditions and in a single irreversible step
under alkaline conditions. Table 3 lists the nature of reduction of (4) under the chosen values of pH. From the above observations, it is proposed
that the reduction of (4) follows a mechanistic pathway given in Scheme 3.
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Scheme 3: The polarographic reduction of (4)
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Scope for further studies

Further studies on the effect of more substituents are being performed on the same system. The authors are conscious of the limitations of the
present investigation and proposes that further work has to be carried out using techniques like cyclic voltammetry, controlled potential
coulometry and controlled potential stripping along with in-situ vibrational spectroscopic methods in order to enable one to be supremely
confident of the nature of intermediates formed if any, and the number of electrons involved in each step, which would lead to a better
understanding of the mechanism of the reduction process and thus give a good insight into the details of the reduction product.

CONCLUSION

In electrochemical reduction, at the dropping mercury electrode (DME), substituted (17Z)-2-(4-methyl-2-0x0-2H-chromen-7-yloxy)-N'-
benzylideneacetohydrazides were studied using DC polarography and differential pulse polarography. The system in general showed two
irreversible reduction waves in highly acidic conditions and one irreversible reduction wave in alkaline conditions, the exceptions being the 2,5-
dimethoxy, N,N-dimethyl and 3-nitro-substituted systems. A general mechanism has been proposed for the reduction of (1), (2), (3) and (4) in
acid and alkaline media, the former leading to the formation of an amine (ammonium salt) and the latter to the saturation of carbon-nitrogen
double bond in the hydrazone group.
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