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E5-((3-phenoxyphenyl)diazenyl)quinolin-8-ol (PPDQ) : A
Novel Promising Anticorrosive for Mild Steel in Acid
Media, and a Pharmacologically Potent Antidiabetic,
Antioxidant Azo Dye

Pruthviraj K. ©3, Chethan B. S.¢, Ramesha H.°, Lokanath N. K.¢, Kiran P. C.¢, Devaraju K. S.¢, Narayana
Hebbar N.¢, and Sunil K.@ "

A novel quinoline based azo dye 5-((3-phenoxyphenyl)diazenyl)quinolin-8-ol (PPDQ) was synthesized using
conventional one pot MCR pathway and its structure has been confirmed by multinuclear ("H & '3C) and mass
spectral techniques. PPDQ subjected for remarkable analytical applications like anticorrosion potential for mild
steel in acidic media. Further, the experimental results were compared with that of the theoretical DFT based
calculations and found to be in good agreement with each other. To evaluate the pharmacological activity of the
compound invitro antidiabetic and antioxidant activity were carried out. The corrosion inhibition potential of the
PPDQ was explored using electrochemical method which exhibited maximum corrosion inhibition efficiency up
to 77% on mild steel in 1 M HCI media, further the anticorrosion potential was confirmed by quantum chemical
calculations (DFT, ESP diagrams). Antidiabetic activity and antioxidant potency was evaluated using DPPH, and
ABTS radical scavenging assay. Further, the in-vitro values were compared with insilico molecular docking
studies.
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Low carbon steel, or mild steel, has a carbon content of
only 0.05-0.25%. with an additional prevalent alloying
element manganese [1], which finds extensive application in
diverse fields such as automotive, construction, machinery
building, and other domains, is easily susceptible to
corrosion in acid media [2]. Chemical laboratories and
various industrial processes, including oil wet cleaning, acid
pickling, acid cleaning, and descaling, use a lot of acidic
solutions [3]. One of the most practical ways to prevent
metallic corrosion is to use inhibitors, particularly in acidic
media [4]. The affordability, substrate material inhibition
efficacy, and environmental side effects of an inhibitor all
play a role in the choice of inhibitor. Hence, organic
compounds make up the majority of the best acid inhibitors
for preventing steel from corroding in acidic media [5].
Compounds with polar functional groups, heteroatoms such
as N, O, S, and P either in the side chain or in the ring, and
delocalized m electrons. These features serve as adsorption
sites, enabling molecules to be adsorbed on the metal
surface and creating a barrier that lessens the damaging
effects of the acidic solution on the metal [6-8]. The
interaction of compounds with Pi-bonds with the d-orbital on
the metal surface results in good inhibitory characteristics in
general. Each of the aforementioned traits is combined with
a structure that renders the azomethine and azo dye
compounds, which contain -C=N- and -N=N-bond linking
respectively as potential corrosion inhibitors [9-13]. One of
the most significant, diverse, and expansive classes of
organic compounds are azo dyes, which find application in a
number of fields such as anticorrosion, fabric dyeing, organic
solar cells, OLEDs, and more [14-16]. Regarding their
pharmacological potency, azo dyes fall into the categories of
antibacterial [17], antidiabetic [18], anticancer [19] and
antioxidant agents [20], which are recognized for their ability
to act as lipid peroxidation retardants, can minimize the
health risks associated with ROS, RNS, and lipid peroxidation
by acting as antioxidant agents in the food and drug
industries. They can also reduce or limit the effects of
oxidative damage in biological tissue structures by
scavenging free radicals [21-23].

In the current study, a quinoline bearing a novel azo dye
as a corrosion inhibitor and a potent antioxidant, E5-((3-
phenoxyphenyl) diazenyl) quinolin-8-ol (PPDQ), was
prepared. Its anticorrosive potency in TM HCI media and its
potent antioxidant activity were examined using invitro
DPPH, ABTS, and H20, free radical scavenging assay
method. Comparatively, a compound's efficiency is
determined by its chemical makeup and structure. The data
were confirmed through quantum chemical calculations
such as DFT and ESP. Additionally, the in vitro antioxidant
assay was supported by molecular docking analysis and
electrochemical voltammogram studies.

2. Material and Methods

Analytical grade chemicals and reagents were acquired
from Spectrochem and Sigma Aldrich. Melting points (m.p)
of the compound determined using open capillary tubes and
are uncorrected. Reactions were monitored by Thin Layer
Chromatography (60 F254) aluminum sheets and
visualization was done by UV light. "H NMR and '3C NMR
spectra was recorded on ECX500 Jeol 400 MHz high
resolution multinuclear FT NMR Spectrometer with LN,
cooled probe with internal TMS and chemical shifts were
expressed in parts per million (ppm) using DMSO-ds as
solvent. HRMS was recorded on Maxis Impact (BRUKER)
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high detection mass spectrometry with ESI +ve and -ve
mode.

Corrosion Inhibition

The commercially procured low carbon steel strips with
the elemental composition of 0.05 % C, 0.32 % Mn, 0.019 %
P, 0.041 % S, and the 99. 57 % Fe was used for all the
corrosion experiments. a 1 cm? exposed section of steel
strip has been utilised, with the remaining surface covered by
epoxy resin insulation. Sand paper with silicon carbide was
used to abrade all of the steel strips that were utilised for the
measurements. The strips were then cleaned with deionized
water after being degreased with acetone. PPDQ, also known
as E5-((3-phenoxyphenyl)diazenyl)quinolin-8-ol, was
dissolved in 1M HCI, a corrosive medium. These made
inhibited solutions at various concentrations, examined
using electrochemical techniques, have been employed in all
corrosion investigations. The Tafel polarisation method and
the AC impedance method are electrochemical methods that
are carried out using an Electrochemical Workstation (CH
instrument). The values obtained from the software of the
CHI 660E electrochemical work station (made by CH
Instruments, Austin, USA) at 303 K are reported, and Zsimp
Win software is used to fit the circuit for the AC impedance
plots [24-26]

In-vitro anti-diabetic activity

Alpha amylase inhibition assay; The a-amylase inhibitory
activity of synthesized PPDQ samples was performed
according to the method developed by Vishnupriyan
Varadharaj et al. [27]. using 3, 5-dinitrosalicylic acid reagent.
0.2 mL of PPDQ sample at different concentration (50 pg to
250 pg) in DMSO was incubated with 0.2 mL of a-amylase (2
units / ml) were incubated for10 min at 37°C. Furthermore 1
% of soluble starch (0.2 ml) was added and incubated for 5
min at 37°C. the mixture was boiled for 10 min at 90 °C than
cooled the reaction mixture and add 1.5 ml of distilled water,
finally the absorbance was measurement at 540 nm using
UV-Vis spectrophotometer (UVv-1800 Shimadzu).
Experiments were ftriplicate and plotted the graph ageist the
control (standard control used as acarbose) and The a-
amylase inhibitory activity was calculated as percentage (%)
inhibition, based on followed equestion.

% Inhibition= [(Acontrol - Ablank) '(Asample -Ablank ) / (Acontrol -Ablank
)]x1 00

In-vitro antioxidant activity

DPPH activity; The antioxidant activity of the synthesized
PPDQ samples was determined using the DPPH free radical
assay described by Badiger K B et, al [28]. and
Hanumegowda S et al [29]. with some modifications. The
synthesized PPDQ samples were dissolved in DMSO (1
pg/ul), and different concentration from 50 ug to 250 pg in
different tubes compose volume 860 pl of 50% methanol and
finally 140 pl of DDPH was added. The resulting mixture was
agitated and incubated for 30 minutes at room temperature
in a dark place and was then read by a UV-Vis
spectrophotometer (UV-1800 Shimadzu) at 512 nm.
Experiments were triplicate and plotted the graph against the
control. Ascorbic acid (AC) was used as a control
scavenging effect and was calculated using the following
equation.
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Scavenging (%)
_ Absorbanceofcontrol — absorbanceofsample

x 100
Absorbanceofcontrol

In-vitro ABTS activity

Estimation of radical scavenging activity of synthesized
PPDQ was carried out using the method described by Maarij
Khan et al. [30], Different concentrations of PPDQ and
ascorbic acid (50 to 250 pg/ml), and 1 ml of ABTS* in
Potassium persulfate mixture were incubated for 30 min in a
dark place. Finally, a slightly formed yellow coloured reaction
was observed at 734 nm. The scavenging percentage of
PPDQ was calculated using the following formula.

Scavenging (%)
_ Absorbanceof control — absorbanceofsample % 100
h Absorbanceofcontrol
3. Results and Discussion
Synthesis and Characterization of E5-((3-

phenoxyphenyl)diazenyl)quinolin-8-ol (PPDQ)

The title compound was prepared using normal diazol
coupling reaction as reported, thus obtained compound was
characterized using various spectral techniques (Scheme 1).

[ j 0\©
D ©/0\©/NH2
+ NaNO,
N
N/ _ = N
OH

Conventional
X

P
N

OH
PPDQ

Scheme 1. Synthesis of PPDQ. '"H NMR (400MHz, DMSO0-ds, 5,
ppm): 5.351 (b, TH, Ar-OH), 6.901-7.381 (m, 6H, ArH), 7.470-

8.120 (m, 6H, ArH), 8.21 (d,1H, ArH), 8.58 (d,1H, ArH), 13C NMR
(100MHz,DMSO-de, 8, ppm ):112.8, 109.4, 116.7-116.8 (3C),
116.7,117.7,121.1,122.2,122.4,127.8,129.4,129.7 ,131.7,

136.7,146.8,147.3,149.8,153.4,156.3, 160.1. MS:
Calculated= 341.11 Observed- (M+1)= 342.1.

Evaluation of Corrosion Inhibition Potency
Tafel Polarization measurements

The absolute corrosion rate can measure by the
electrochemical technique of polarization resistance and it
expressed in Milli-inches per year (mpy). Polarization
resistance also called as “linear polarization”. The obtained
Tafel plots are as shown in Figure 1. The electrochemical
corrosion kinetic parameters such as corrosion potential
(Ecorr), corrosion current density (icor) and inhibition
efficiency (np) are reported in Table1.

A potentiodynamic polarization plot, such can yield
important information such as The Tafel extrapolation
method is very accurate which is equal or greater than
conventional weight loss methods. It is possible to measure
extremely low corrosion rates by using potentiodynamic
polarization plots. Tafel plots can provide a direct measure
of the corrosion current [31]. As expected, As the increase in
the concentration of inhibitor, the rate of corrosion was
inhibited. The addition of the inhibitor that reduces the
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anodic reaction and also retards the cathodic reaction.
According to literature the compound can be classified as an
anodic or cathodic inhibitor when the potential displacement
is at least 85 mV with respect to the blank solution.

—&— Blank
—e— 5 ppm
—&— 10 ppm
—— 15 ppm

Blank (1M HCI)

Sppm
s 0pem

log(VA)

07 08 0.5 0.4 0.3
Fotential'V

Fig. 1. Tafel plots for steel in the absence and presence of
different concentrations of PPDQ in 1 M HCl at a 303 K.

Table 1. Electrochemical Tafel polarization parameters for
steel in the absence and presence of various concentrations of
PPDQ in 1 M HCI at a temperature 303K

Inhibitor

conc Ecorr eor(MA Corrosion Rate IE
X Vv cm2 m, %
ooy W ) (mpy) (%)
0.TM HCI -0.492 10.0 1.903 -
5 -0.482 6.5 1.715 35
15 -0.499 5.4 1.404 46
25 -0.497 2.3 1.325 77
AC impedance method

AC impedance Nyquist plots for mild steel in the
presence and absence of inhibitor at a different temperature
as shown in Figure 2. An equivalent circuit model Figure 3
was used to fit the Nyquist plots [32]. The parameters such
as polarization resistance (Rp) and double capacitance
values (cq)) are measured using equivalent circuit are listed in
Table 2. The depressed semicircle shows the characteristics
of solid electrodes Figure 4, and it referred to as frequency
dispersion. This frequency dispersion attributed to
roughness and inhomogeneities. According to literature, two
models have been adopted to describe the EIS spectra for
the inhomogeneous films on the metal surface of rough and
porous electrodes. One is the filmed equivalent circuit model,
and the other is the finite transmission line model. In this
work, the filmed equivalent circuit model is used to describe
the inhibitor-covered = metal/solution/interface.  Figure
4shows the exact agreement between the obtained AC
impedance curve and circuit fitment curve [32, 33].

Table 2. AC impedance results.

Inhibitor conc. Rp Ca IE

(ppm) (Q@cm?) (HF cm?) (%)
0.TM HCI 47 16.3 -

5 147 12.3 68

15 187 10.4 74

25 223 9.5 78
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Fig. 2. Nyquist plots for steel in 1 M HCI in the absence and
presence of different concentrations of PPDQ at a 303.

Orbital: Electron. J. Chem. 2024, 16(3), 198-204

Fig. 3. Circuit for AC impedance plot.
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Fig. 4. Niquist plot and plot after applying the circuit.

The experimental results were corroborated using density
functional theory studies. The synthesis compound was
optimized using B3LYP functional with 6-311G(d,p) bais set.
Further, using the optimized structure the electronic
properties related to the structure such as Epomo, ELumo
associated with the electron donating and electron accepting
ability of the molecule were evaluated.

The ability of the absorption of the inhibitor to the metal
surface increases with increase in the Enomo and decrease in
the Eiumo energies. Further, the HOMO-LUMO energy gap
(AE) indicates the reactivity of the inhibitor molecule towards
the adsorption on the metal surface. The decrease in the AE
leads to the better inhibition effectiveness. The calculated
values of Exomo, ELumo and AE of the compound under study
were evaluated both in gas and aqueous phase and are
tabulated in the Table 3.

The effectiveness of these azo inhibitors was mainly

coordination bond. The inhibition effectiveness will be
higher with increasing Enomo. The order of HOMO is
effectively related to experimental inhibition effectiveness.
The frontier molecular orbital distribution of the HOMO and
LUMO are provided in the Figure 5 and the distribution of the
charges on the molecule is provided in the Figure 6. The
HOMO are found to be distributed over the napthalene group,
whereas the LUMO are distributed over N=N group.

The dipole moment pd is important parameter that
measures the polarity of a covalent bond. The high value of
the dipole moment likely increases the adsorption between
the inhibitor and the metal surface. The energy of the
deformability increases with an increase in the y, making
easier adsorption of the molecule at the metal surface
indication good corrosion inhibition. The molecular
electrostatic potential map revealed the charge distribution
on the synthesized molecule and the red and blue colours

confirmed by the electrons on HOMO because when they ~ indicates the electrophilic and nucleophilic regions
adsorbed on a metallic surface, the inhibitor could provide respectively (Figure 6).
electrons to the d-orbital of metal and then form a
Table 3: Physiochemical Parameters of PPDQ.
Enomo EvLumo Eg | A X M n s w
(eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV) (ev) (eV)
-6.0145 -2.7220 3.2926 6.0145 2.7220 4.3682 -4.3682 1.6463 0.6074 5.7953

I: lonisation energy, A: Electron affinity, x: Electron affinity, u: Chemical potential, n: Chemical hardness, s: Chemical softness, and w:

Electrophilicity.
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AE =3.2926 eV

Enovo
v

Fig. 5. Distribution of the highest occupied and lowest
unoccupied molecular orbitals of the synthesized compound
PPDQ.

Fig. 6. The molecular electrostatic potential map of the
compound revealing the charge distribution.

In-vitro and /n-silico a-amylase inhibitory assay & in-vitro
antioxidant activity

From the in-vitro data obtained it's found to be PPDQ is
showing moderate a-amylase inhibitory activity in
comparison with the standard resveratrol drug as showing in
barchart Figure 7a and from the insilico molecular docking
studies the binding energy is found to be -3.079 KJ/mol
(Figure 7b) on docking with human pancreatic amylase
enzyme (PDBID: 60CN) using Schrodinger which is in
agreement with the invitro value, from the invitro antioxidant
assay as represent below further revealed that PPDQ can be
a potent antioxidant agent in comparison with ascorbic acid
as shown in PPDQ found to be moderant antioxidant agent
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compared to ascorbic acid with the ICsp value of 43 pg/mL
(Figure 8).

100

== PPDQ
EEm ac
__ 80+
X
c 60
2
S 40
=
£
20+
0_
50 100 150 200 250
Concentration (ug/mL)
zz)/ ® v~
Y

\
\

21 398 b

6Ly

:éz’/wa
Fig. 7. a) invtro a-amylase activity b) 2D binding mode of
interaction.
100 =m PPDQ
> R yC
S 80
c
5]
s 60
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=
204
0_.

50 100 150 200
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Fig. 8. Invitro antioxidant assay of PPDQ against a) ABTS
b)DPPH.
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4. Conclusions

A novel quinoline based azo dye 5((3-
phenoxyphenyl)diazenyl)quinolin-8-ol ~ (PPDQ) was
synthesized using eco-friendly one pot MCR pathway and its
structure has been confirmed by multinuclear ("H & '3C) and
mass spectral techniques. PPDQ subjected for remarkable
analytical applications like anticorrosion potential for mild
steel in acidic media, antioxidant activity and antidiabetic
activity. The corrosion inhibition potential of the PPDQ was
explored using electrochemical method which exhibited
maximum corrosion inhibition efficiency up to 77% on mild
steel in 1M HCI, further the anticorrosion potential was
confirmed by quantum chemical calculations (DFT, ESP
diagrams). Antidiabetic through aamylase inhibitory method
& antioxidant potency was evaluated using DPPH and ABTS
assay, obtained invitro values were compared with insilico
molecular docking result and are in good agreement.
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