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ELECTROCHEMICAL INVESTIGATION OF CERTAIN
NOVEL HYDRAZIDES BEARING PYRAZOLINE-5-ONE AND
INDOLE MOIETIES

DASTAGIRI REDDY MALIKI REDDY', RAGHAVENDRA GURU PRASAD
ALURU? SPOORTHY YADATI NARASIMHA®, RAVINDRANATH
LAKSHMANA RAO KRISHNA RAO*

The electrochemical behaviour of [3-methyl-5-0x0-4-(4’-substituted aryl
hydrazono)-4,5-dihydro-pyrazol-1-yl]-aceticacid-(2-oxo-1-piperidine-1-yl-methyl-
1,2-dihydro—indol-3-yl-idene)-hydrazides (a-f) was studied in Britton-Robinson
buffer solutions containing aqueous dimethylformamide 40% (v/v) using DC
polarography and cyclic voltammetry. The Kinetic parameters such as charge
transfer coefficient, heterogeneous rate constant and activation free energy change
were evaluated. Based on the experimental data, the electrochemical process was
reported to be diffusion controlled and irreversible. The results from polarography
and cyclic voltammetry (at hanging mercury drop electrode-HMDE and modified
carbon pasted electrode-MCPE) were compared and a mechanism for the electrode
reduction was proposed in acidic and basic media.

Keywords: polarography; cyclic voltammetry; HMDE; MCPE; mechanism of
electrochemical reaction.

1. Introduction

Medicinal chemists exploit heterocyclic structures as the scaffold to design new
drugs, as they demonstrate distinctive ability to mimic the structure of peptides
and to bind reversibly to proteins [1-2]. Numerous pharmacologically active
compounds such as Vincristine (Anticancer), Delavirdine (Anti-HIV), Arbidol
(Antiviral), Indomethacin (Anti-inflammatory) etc have an indole nucleus. The
diverse pharmacological activities of indole system are evident from the literature
[3-8]. On the other hand, pyrazolon-5-ones also has versatile medicinal
applications and exhibit anti microbial [9,10], anti cancer [11], analgesic [12], anti
covasculant [13], anti viral [14] and anti inflammatory [15] activities. Many such
frameworks, along with their medicinal activity are reported by the authors [9,10].
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Electrochemical techniques are most suitable to investigate the redox properties
i.e metabolic information of a new drug. It is a practice to bring about the analogy
between the electrochemical reactions taking place at the electrode and
biochemical reactions [16]. Many successful efforts have been conducted to
understand the pharmacological activity of a drug in terms of in vivo redox
processes through electrochemical investigations [17, 18].

The versatile medicinal applications of indoles and pyrazolon-5-ones have
inspired the authors to undertake the electrochemical studies of certain
frameworks containing both these moieties. The authors have reported the
electrochemical reduction mechanism of these novel compounds, which reveals
the information about the biochemical reactions and their possible metabolites if
are used as drugs.

2. Materials and Methods
2.1. Chemicals and instruments

The chemicals employed in the studies were of analytical reagent grade obtained
from Merck India Limited. The pH of Britton-Robinson buffer solutions [19] were
measured using pH meter, LI-10, Elico Private Limited, Hyderabad, India. Analar
mercury was further purified according to the procedure described by Vogel [20]
and was vacuum distilled.

A CL-25 Pen Recording Polarograph manufactured by ELICO Private Limited,
Hyderabad, India was used to record current voltage curves. The capillary having
the characteristics 1.80 mg”* % at h = 80 cm was employed in the studies.

The cyclic voltammeter used consists of an X—Y recorder (Model RE 0074), a
PAR 175 Potentiostat and a PAR 175 Universal Programmer. A single
compartment cell model 303 SMDE supplied by PAR with silver wire as
reference electrode and platinum wire as counter electrode was used in the studies.
A stationary mercury drop electrode (SMDE 303) with a drop area 0.0096 cm®
was used as the working electrode. A circulating type thermostat supplied by
Thoshniwal, Bombay, India, was employed to maintain a constant temperature

with the range of + 0.01°C.
2.2.  Procedure for polarographic studies

8.0 mL of the buffer solution of desired pH (1.1 — 10.1), 2 mL of the stock
solution of the substrate (1.0x107 M) in dimethylformamide (DMF), 6 mL of
dimethylformamide (DMF) and 4.0 mL of distilled water were mixed thoroughly
in the polarographic/ cyclic voltammetric cell and the polarograms/ cyclic
voltammograms were recorded after removing the dissolved oxygen by passing
pure and dry nitrogen gas through the solution for about fifteen minutes.
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2.3.  Preparation of chemically modified electrode

Chemically modified carbon paste electrodes were prepared by grinding the
crown — ether crystals with a mortar and pestle. The mixture was ground with
graphite powder, then nujol oil was added and the composition was thoroughly
mixed. The final composition of the mixture was 54:36:10% w/w
graphite/oil/modifier. The paste was packed in one end of a glass tube (3 mm
bore; Imm wall) to make contact with a copper wire inserted in the tube.

3. Results and Discussion

3.1. Polarographic behaviour of [3-methyl-5-0x0-4-(4’-substituted aryl
hydrazono)-4,5-dihydro-pyrazol-1-yl]-acetic ~ acid-(2-oxo-1-piperidine-1-yl-
methyl-1,2-dihydro—indol-3-ylidene)-hydrazides (a-f)

Compound a b c d e f

R H 4-CH; | 4-OCH, 4°-0C,H; 4°-Cl 4°-Br

3.1.1. General polarographic behaviour

The compounds under study ‘a-f” were synthesised according to the procedure
mentioned in the literature [21].
The compounds gave two well defined cathodic waves in the pH range 1.1-7.1
and three cathodic waves in the pH range 8.1-10.1. The model polarograms are
shown in the Fig. 1.

i,

02V A

Bl

Fig. 1. Polarograms of ‘a’; Medium = Dimethyl formamide (40% v/v); (A) pH 4.1, Starting
potential 0.3 V; (B) pH 8.1, Starting potential 0.7 V.
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An inspection of the structure of above compounds reveals that the sites
susceptible for reduction at the dropping mercury electrode are m systems namely
exocylic >C=N, exocyclic >C=0, cyclic >C=N and weak N-N sigma bonds.
Among these bonds (groups) exocyclic azomethine group is most susceptible for
reduction than other groups. The reduction of the exoyclic >C=0 and cyclic
>C=N generally occurs at higher negative potentials at the dropping mercury
electrode. The polarographic behaviour of ([3-methyl-4,5-dioxo-4,5-dihydro-
pyrazol-1-yl]-acetic acid hydrazide) under similar experimental conditions reveals
that the compound does not exhibit any reduction wave under experimental
conditions (pH 1.1-10.1). These observations, therefore, suggest the waves
observed were due to reduction of two exocyclic azomethine groups [22].
Half wave potentials of first and second waves were shifted to more negative
potentials with pH in acidic pH range 1.1-6.1 (Table 1). The values of AE,/ApH
for both the waves lie in the range of 0.089-0.094. The half wave potential of the
wave in alkaline solution was not altered with the change in pH of the solutions.
The typical E;»—pH graphs shown in Fig. 2 consist of two linear portions
intersecting at pH 8.1.

The sigmoid shaped E,,-pH graphs were observed in the pH range 1.1-
10.1. These graphs suggest that both the protonated species (acidic) and the
unprotonated species (basic) of the depolariser were electroactive. As the half
wave potentials were also very close to each other, the polarographic waves of
both forms, therefore, merge with each other resulting in a single wave. The
limiting currents of compounds a-f recorded at different heights of the mercury
column vary linearly with the square root of mercury column height (h”) to
confirm the diffusion controlled nature [23] of the first and second waves (Fig. 3).
This was further confirmed by linear relationship between the limiting current and
concentration of hydrazides under study (Fig. 4).

Eame versus log (i/ig-1) graphs at typical pH value 4.1 are shown in the Fig.
5. The plots were linear and the slopes were in the range 0.066V-0.10V. The on,
values (a is the transfer coefficient and n, is the number of electrons involved)
were calculated and presented in Table 1. The irreversible nature of the two waves
at low pH values was attributed to the bulky group present at the end of >C=N-
NH- linkage [24]. The kinetic parameters, i.e. k’p (heterogeneous rate constant)
and AG* (activation free energy change) of the electrode reaction at typical pH
values evaluated for first and second waves are presented in the Tablel. The
decrease in the value of k’y, and the increase in the value of AG* with increase in
pH further confirms the irreversible nature of the waves [25].
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Table 1
Polarographic characteristics and kinetic parameters of [3-methyl-5-0x0-4-(4’-substituted
aryl hydrazono)-4,5-dihydro-pyrazol-1-yl]-acetic acid (2-oxo-1-piperidine-1-yl-methyl-1,2-
dihydro-indol-3-ylidene)- hydrazide (1 x 10*M); Medium : Aqueous dimethyl formamide
(40% viv)
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Fig. 2. Effect of pH on half-wave potential; [Hydrazide] = 1x10°M; Medium = Dimethylformamide
(40% by volume). 1 and 2 indicate first and second wave respectively of corresponding compound.

3.1.2. Controlled potential electrolysis

The electrochemical reduction of a has been studied by the method of
controlled potential electrolysis at pH 4.1. The controlled potential electrolysis
was carried out in a Lingane H-type cell. The cathode compartment contains 10
mL of a (0.01M), 30 mL of DMF, 20 mL of 1.0 M KCI and 40 mL of the buffer
solution (pH 4.1). A potential of -1.2 V was applied and was kept constant. The
procedure outlined by Lingane [26] was applied to find the number of electrons
per molecule and was found to be 8.
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Fig. 3. Effect of mercury column height on limiting current; [Hydrazide] = 1x10~°M; Medium =
Dimethylformamide (40% by volume). 1 and 2 indicate the first and second wave, respectively,
of the corresponding compound at indicated pH, as shown in figures (A), (B), (C) and (D).

3.1.3. Reduction mechanism in acidic medium

Based on the experimental results, it was proposed that two azomethine
groups were reduced separately each involving four electrons. The reduction
steps manifest as two waves in acidic solutions of pH 1.1-6.1 through a
mechanism which involves the azomethine, imine intermediate and amine via

usual sequence.

Hydrazone —— Imine —— Amine
The azomethine group of ‘a’ was protonated to yield the protonated form II.
Weak >C=N-NH single bond undergoes cleavage [27, 28] with the uptake of
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four electrons and two protons to form unstable imine intermediates IV & V
which further undergo two electron reduction to form VI & VII. It was
reported that the
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Fig. 4. Effect of concentration on limiting current; pH = 4.1; Medium = Dimethylformamide (40%
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shown in the figures (A), (B), (C), (D) and (E).
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Fig. 5. Semi log polts of hydrazides; [Hydrazide] = 1x10°M; pH = 4.1;
Medium=Dimethylformamide (40% by volume). 1 and 2 indicate first and second wave respectively
of corresponding compound as shown in the figures (A), (B), (C) and (D).

above mentioned two steps of reduction occur at the same potential and this fact
substantiates the appearance of two single four electron waves as first and second
waves.

3.1.4. Reduction mechanism in basic medium

In alkaline medium (pH>pKa) ‘a’ exist in azomethine anionic form (II) and the
later was susceptible to chemical cleavage partially in alkaline solutions to
corresponding carbonyl compounds IV and V as shown in the scheme 2. The first
and second waves noticed in alkaline solutions were attributed to two 4 electron
reductions of azomethine anionic form to amine stage. The third wave was
attributed to two 2 electron reductions of heterocyclic carbonyl compounds (IV
and V) obtained during the chemical cleavage of dianion II. The heterocyclic
carbonyl compounds were reduced to carbinols by two electron reduction process.
Decrease in the height of the first and second waves with increase in alkali
concentration was attributed to the partial chemical cleavage of dianion.

3.2.  Cyclic voltammetric studies of a-f at HMDE
The cyclic voltammetric data of a-f in solutions of pH 2.1, 4.1, 6.1, 8.1 and 10.1

are shown in Table 2. The model cyclic voltammograms of ‘a’ in typical pH
media are given in the Fig. 6.



101

Table 2

hydro-indol-3-yl-

-1-yl-methyl-1,2-d

Aqueous di-methyl formamide (40% v/v).

-piperidine

um

Med

dene)- hydrazide at HMDE

CCT | €9 66 S¥I| £9 98T | STT [ €01 CCT | €9 | v8 8T | LOT|L9T | 0060

F6 [ 0¥ | T9 ¥é | 0F POT [ E0T | £670 §6 | 0F [ €F LT [ €977 | €677 [ 00T°0

69 | BT | tF 99 | 8T 00T | 660 | 680 69 | 8T [ 8¢ 99T [ 19T | T€T [ 00T

6f | 0T |53 L 0T 99T | ¢60 [ €80 6 | 0T | L1 COT | LT | LFT | 0500

(T | 60 ¥l 17| 60 8T | L8O | LD | 60| T1 FOT | 60T | 68T | 0100

T'd T8 | 90 | FTT 78 78 801 0T | T80 T P8 | T6 [ LT LT | LVT [ 00670
§¢ £C | L9 |960 £e £e 060 060 |080) 8¢ £C | B¢ | 601 CFT [ S€7 | 00T0
'y 8¢ Ly | L3O 5L §¢ | 0C | 180 980 [9L0] T¥ gt | I'v |OTT WD | TE7 | 0010
67 LT £E |80 LT LT 1980 |TL0 {80 |TL0) 61 LT 6T | 111 LET [ LTT | 0800
£ TT | €1 |990 1 TT | 91 [090 FLO [ #8901 U1 | €7 | 660 60T | 61T [ 0100
g¢ 0T TOT | €60 g¢ LT[ LT | 060 £8°0 | EL0| €9 ETT | 8F1 [ TET ECT [£TT | 0050
9L 9L . 9L 08 | TIT|TLO L0 | 190 ) O L] ve | FlT ITT | 11T | 0000
T £ T S| 6L | €90 90 | LS 8T €| 99 [C01 LTT [LOT | 0010
3T 8¢ 81 0y | o€ [ #60 £9°0 | €80 | 0T 90 | L'y | 9670 ETT [£0°T | 000
80 L1 80 81 | &T |TF0 €0 | S0 | 60 91 | T'T [ F80 CO'T (<60 | 0T0°0

SI61S ST

I'é L81 CET [ €9 | 901 T87 (997 [9¢6T LTI | 6F L PET [ SFT | SET | 0050

§¢ €01 86 | 0v | T9 69T [ PET [ FFT 08 [ TE | ¥ LT [ 6T [ETT [ 00T0

It 101 69 | 8T | tF COT 08T [0FT | TT | TE 89T (60T | 6171 | 0010

6T L9T 6r | 0T |53 19T )91 [ 9¢1 0F | €1 [ FOT | CTT [ ST | 0800

£ 61 (T |60 | 11 ECT | BET [8TT 5T [ L 01 9CT [LTT | LOT | 0100

66 [ 111 FE | 901 [ &€ T [ LY 3 L el STT | 81T | 0050

6f §¢ 09 | Tl 6f EC | L9 [ LTT CET ST OF Fr | 67 | FT1 91T [90°T | 00T0
e 'y | 7 [ F1T e 8L | L 301 TET | ITT | 8T |53 Fe | el CUT [ T0T | 0010
¥ 60 | TE [§0T1 ¥ LT | £¢ [660 LOT[LTT | 0T T [ vT | 960 8077|860 | 0500
1 ET | FT | €60 1 UT | &1 | L§0 61T [60T | 60 T T [FEO 0T [ 60 [ 0100
9¢ L6l | €61 [ 901 CET [ STT | 9¢ 0T | T91 0T CCT ST | At Te | FET|ETT 80T [ 860 | 0050
9L CTI | 86 | 801 ECT [ETT | 9¢ 9L | TOT|T01 ETTJE0T | TR ] ) 96'0 | 98°0 | 00T0
¢ 8 | 69 [660 61T |60T [ €T £ | TL | E60 607 [660 | TT {60 (T80 [00T0
81 79 | 6F | 060 CTT [S0T [ 81 §€ [ TE [¥80 COT |60 | & 8870 | 8L°0 | 0500
50 5T TT | 8.0 LOT [L60) 80 LT €T [TLD LE0 | L8O | L 080 | L 0100

Axoyagy APy

Mo lel@[TTT ] (Do le[@2TT 0 [Te AREE
1 Mg- | My- | My- | Mg | M Mg- | My- | Mg | Mg | M Mg | M7- | M- | ueag

Cyclic voltammetric results of [3-methyl-5-0x0-4-(4’-substituted aryl hydrazono)-4,5-
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It is seen from the data that two cathodic peaks in acidic solutions and
three cathodic peaks in basic solutions at all sweep rates were noticed in the pH
range 2.1-10.1. The peak potentials were shifted to more negative values and there
was an increase in peak height with increase in sweep rates. The number of peaks
was the same as that of waves observed in DC polarographic studies. The
reduction mechanism is therefore assumed to be similar that described in Scheme
1 and 2.
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Scheme 2. Reduction mechanism in basic medium

The peak potentials of the cathodic peaks were shifted to more negative values
and the cathodic peak currents increase with the increase in the scan rate [29]. The
anodic peak was absent in the reverse scan. The diffusion controlled nature of the
reduction process was confirmed by linear iy VS v"2 plots passing through the
origin. The increase in peak currents with increase of the concentration of the
depolarizer further supports this conclusion. The plot of ipc/yl/2 VS y confirms
irreversible nature of reduction process and was similar to the case II of Nicholson
Shain criteria [30]. Cathodic peak potentials (Table 2) were shifted to more
negative values with the rise in pH of the solution. The first and second cathodic
peak currents decrease with increase in pH of solutions from 2.1 to 10.1, while
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that of third cathodic peak noticed in alkaline solutions remain constant. The
results were similar to those obtained in polarographic studies. Voltammograms
recorded at typical pH value 4.1 under repeated cycles reveal that the peak height
diminishes with repetition of cycles. However, no significant change was noticed
in the shape of the voltammogram. This may be ascribed to the adsorption of
depolarizer on the mercury solution interface.
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Fig. 6. Cyclicvoltammograms of ‘a’ at HMDE; Medium = Dimethyl formamide (40% v/v); Sweep
rate: 100 mv/s; (A) pH 4.1, Starting potential 0.5 V; (B) pH 8.1, Starting potential 1.0 V, Sweep
rate: 100 mv/s.

3.3.  Cyclic voltammetric studies of [3-methyl-5-0x0-4-(4’-substituted aryl
hydrazono)-4,5-dihydro-pyrazol-1-yl]-acetic acid-(2-oxo-1-piperidine-1-
ylmethyl-1,2-dihydro—indol-3-yl-idene)-hydrazide (a-f) with crown - ether
modified carbon paste electrode.

Cyclic voltammetric behavior of a-f were carried out at modified carbon
paste electrode in buffer solutions of pH 2.1, 4.1, 6.1, 8.1 and 10.1 at different
scan rates i.e. 10 mVs™, 20 mVs™, and 50 mVs™, 100 mVs™, 200 mVs™, 300
mVs". The model cyclic voltammograms of ‘a’ in typical pH media are given in
the Fig. 7.

The compounds a-f exhibit four well defined cathodic peaks at high scan rates
(100-500 mVs™) in solutions of pH 2.1-6.1 and show six cathodic peaks in
alkaline solutions of pH 8.1-10.1. Peak potentials and peak currents change with
the variation in scan rates. The cathodic peak potentials were shifted to more
negative values with increase in pH. The peak current deceases with increase in
pH. (Table 3 and 4).

The irreversible nature of electrode process was characterized by the dependence
of peak potential on sweep rate, the absence of anodic peak in the reverse scan,
and a plot of i,/ v 2 ys sweep rate which was a straight line parallel to sweep rate
axis. The above mentioned facts clearly rules out the possibility of a fast electron
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transfer which is characteristic of a reversible behaviour. The linear variation of
ipc With v'"? suggests the diffusion controlled nature of the electrode process [30].
The plots of Epc vs pH were similar to E,, vs pH plots and this lends support to
the findings in DC polarography.

3.4.  Comparison between polarographic and cyclic voltammetric studies

Polarographic studies reveal that the compounds a—f exhibit two well defined
waves in solutions of pH of 2.1-6.1 and three waves in solutions of pH 8.1 — 10.1.
Cyclic voltammetric studies reveal that the compounds under study give two
cathodic peaks in acidic solutions of pH 2.1 — 6.1 and three cathodic peaks in
alkaline solutions of pH 8.1-10.1. The number of polarographic waves was same
as that of number of cyclic voltammograms observed at HMDE. However, a quite
different behaviour was noticed in cyclic voltammetric studies at MCPE. The
data presented in the tables indicates that four cathodic peaks were observed at
higher sweep rates (100 mVs™, 200 mVs™”, 300 mVs 'and 500 mVs™) in acidic
solutions of pH 2.1 — 6.1.
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0.05V

o
=
g (E)
5] AN

_

Fotential (W)

Fig. 7. Cyclicvoltammograms of ‘a’ at MCPE; Medium = Dimethyl formamide (40% v/v); Sweep
rate: 100 mv/s; (A) pH 4.1, Starting potential 0.8 V; (B) pH 8.1, Starting potential 1.1 V.

The first polarographic wave manifest itself as two cathodic peaks (-Epe; and —
Eper) in cyclic voltammetric studies (at MCPE) under similar experimental
conditions, whereas the second polarographic wave was split into two cathodic
peaks (-Epcir and —Eperv ). The first and second reduction steps were attributed to
the four electron reduction of azomethine groups (>C=N-NH-) in different
chemical environments. Compounds a-f contain two such groups. The reduction
of each azomethine group was taking place in two steps through imine
intermediate involving four electron transfer.

An inspection of the peak potentials data (Table 3 and 4) suggest that potentials of
the first peak were close to that of second peak. Therefore these two peaks were
attributed to the two reduction steps of hydrazone group to the amine stage via
imine intermediate.
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Table 3

Cyclic voltammetric results of [3-methyl-5-0x0-4-(4’-substituted aryl hydrazono)-4,5-
dihydro-pyrazol-1-yl]-acetic acid (2-oxo-1-piperidine-1-ylmethyl-1,2-dihydro-indol-3-yl-
idene)- hydrazide at MCPE; Medium : Aqueous di-methyl formamide (40% v/v)
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Table 4

Cyclic voltammetric results of [3-methyl-5-0x0-4-(4’-substituted aryl hydrazono)-4,5-
dihydro-pyrazol-1-yl]-acetic acid (2-oxo-1-piperidine-1-ylmethyl-1,2-dihydro-indol-3-yl-

idene)- hydrazide at MCPE; Medium : Aqueous DMF (40% v/v)
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The reason for the appearance of a single wave in polarographic studies may be
due to the fact that the half wave potentials of the two waves on the potential axis
were so close to each other that the two waves merge and they are observed as a
single polarographic wave.

In alkaline medium (pH>pKa) ‘a’ exists in the azomethine anionic form (II) and
the later was susceptible to chemical cleavage partially in alkaline solutions to the
corresponding carbonyl compounds (V and VI). Each of the first and second
waves noticed in the polarographic studies have appeared as two cathodic peaks (-
Eper, -Epent and -Epcnir, -Eperv) in cyclic voltammetric studies at MCPE. Similarly,
the third wave noticed in polarographic studies was a composite wave ascribed to
the two-electron reductions of non equivalent heterocyclic ketones to carbinol
stage. This wave has been separated in two cathodic peaks (-Epcv, -Epevi) in cyclic
voltammetric studies at modified electrode.

4, Conclusion

An electrochemical study of certain novel hydrazides bearing pyrazoline-5-
one and indole moieties were performed by polarography at HMDE, cyclic
voltammetry at HMDE and cyclic voltammetry MCPE. The electrochemical
reduction of these compounds was diffusion controlled, irreversible and pH
dependent. The results from these studies were correlated to propose plausible
electrode reduction mechanism in acidic and basic media.
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