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Abstract

The practice of bioisosteres in drug discovery is a well-accepted designing concept that has illustrated utility as an
approach to resolve a broad range of complications that may affect candidate optimization, development and
robustness. In this article, the application of isosteric replacement is explored in a fashion that well defined on the
development of practical solutions to problems that are experience in typical drug optimization and designing. The
role of bioisosteres to affect inherent potency, selectivity, influence conformation and solve troubleshoots
associated with drug feasibility, including P-glycoprotein recognition, modulating basicity, solubility, and
lipophilicity and as well as to address issues associated with metabolism and toxicity are used as the underlying
theme to capture a spectrum of creative applications of structural emulation in the designing of drug candidates.
The imidazole scaffold represents important structural subunits for the discovery of new drug candidates. The
demonstration that any molecule contains the imidazole core scaffold contains three carbon atoms, and two nitrogen
with electronic-rich characteristics responsible for readily binding with a variety of enzymes, proteins, and receptors
compared to the other heterocyclic rings, giving rise to a huge number of biologically active synthetic products,
with a wider range therapeutic activities. Herein, we represent a thorough overview of the current research status of
imidazole-based compounds with a wide variety of biological activities including anti-cancer, anti-microbial, anti-
inflammatory, HMG-CoA reductase inhibitors and their potential mechanisms. This possesses a discourse binding
pocket that is acknowledge by the imidazole scaffold in a common interrelated domain, describe the huge number

of drugs contain imidazole substructure such as etomidate, eprosartan, metronidazole among many others.
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Introduction

Cardiovascular disease (CVDs) hits approximately 17.9 million lives each year. This increase in number shows the
concern related to CVDs. According to most of the reported literature, high plasma level of cholesterol is one of the
severe risk factors for CVDs. Hence it seems necessary to modulate the lipid profile using appropriate strategies. 3-
Hydroxy-3-methylglutaryl coenzyme A (HMG-COA) reductase enzyme act by inhibiting the rate limiting step in
cholesterol biosynthesis i.e. conversion process of HMG-CoA to mevalonate. Therefore, it is recognized as the
efficient target for successful cholesterol-lowering medicines. Statins are similar to natural substrates of the HMG-
CoA reductase, competing with a substrate for the enzyme active site. Thus inhibiting the enzyme with statins
prevents endogenous cholesterol production. As per literature reports, other such secondary mechanism of statins is
through the inhibition of hepatic B100 Apo lipoprotein, which leads to a decrease in the synthesis and secretion of
triglyceride. Hence, statins and its derivatives are the finest and most efficient candidates to inhibit HMG-CoA.
Statins has emerged as the first-line therapy to prevent atherosclerotic cardiovascular disease for their ability to
enhance the clearance of plasma low-density lipoproteins. Due to their broad range of pleiotropic effects, statins
and its derivatives are evident as promising candidates for treatment of other diseases too. Atherosclerosis and
atherosclerosis associated diseases such as cerebrovascular, coronary, and peripheral vascular diseases are
accelerated by the presence of Hyperlipidemia. The main causes hyperlipidemia of unusual rise in cholesterol level,
the consequence of an unhealthy lifestyle such as taking a high-fat diet and other lifestyle factors like being
overweight, smoking, heavy alcohol use, and lack of exercise. Other factors include pregnancy, diabetes, kidney
disease, and an under active thyroid gland. For the treatment of this chiefly involve the use of the drugs mainly
identified as statins. In general, the drugs involved in the management of hyperlipidemia are classified as follows:
Lovastatin, Simvastatin, Rosuvastatin, Atorvastatin, Pravastatin, choletyramine, Colestipol, Fenofibrates,

Gemfibrozil, Nicotinic acid, Ezetimibe, Gugulipid etc.
2. Objectives
2.1 Hypertension

This is a long-term medical state in which the blood pressure in the arteries is constantly raised. Long-term high
blood pressure is a key risk factor for coronary artery disease, heart failure, stroke, vision loss, peripheral vascular
disease, and chronic kidney disease. Hypertension is often called "the silent Kkiller" because it generally has no
symptoms until serious complications developed. Hypertension is classified into primary (essential) and secondary
HT. Around 90-95% of cases are primary HT arising because of nonspecific lifestyle as well as genetic factors.
Lifestyle factors that increase the risk include high salt intake, smoking, excess body weight, and intake of
alcohol. The other 5-10% of cases is regarded as secondary HT, which happens due to an identifiable or known
cause, for instance narrowing of the kidney arteries, chronic kidney disease, the use of birth control pills, or an
endocrine disorder. Blood pressure is articulated by measurement of the systolic and diastolic pressures i.e. the
maximum and minimum pressures, correspondingly. Regular blood pressure at rest is within the range of 100-140
mmHg systolic and 60-90 mmHg diastolic. High blood pressure is evident if the resting blood pressure is
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persistently at or above 140/90 mmHg for most adults.

2.2 Antihypertensive Drugs

As arterial pressure is a product of cardiac output and peripheral vascular resistance, it may be lowered by the
action of the drug on either the peripheral resistance or cardiac output, or both. Drugs may be reduced cardiac
output by either inhibiting myocardial contractility or decreasing ventricular filling pressure. Reduction in
ventricular filling pressure may be achieved by action on the venous tone or on blood volume via renal effect.
Drugs can reduce peripheral resistance by acting on smooth muscle to relaxation of resistance vessel or by
interfering with the activity of systems that produced constriction of resistance vessels (e.g., the sympathetic

nervous system).
2.3 HMG-CoA (HMG-CoA) Reductase Inhibitor (Statins)

These are the major drugs for the treatment or management of Hyperlipidemia, also called as HMG-CoA (HMG-
CoA) Reductase Inhibitors e.g., Atorvastatin, Lovastatin, Fluvastatin, Pravastatin, Simvastatin and Rosuvastatin.
Among the statins group of drugs, simvastatin was selected for the purpose of a new drug delivery formulation
because of the following reasons. Simvastatin is a BCS class-1l drug, and its oral absorption is dissolution rate-
limited. It is employed to alleviate primary dyslipidemia and hypercholesterolemia. It is a specific and potent
competitive inhibitor of HMG-CoA (3-hydroxy-3-methyl-glutarylcoenzymeA) reductase enzyme, which acts as
a rate-limiting step in cholesterol biosynthesis in the liver. It also stimulates the hepatic low-density lipoprotein
(LDL) receptors, hence increases the breakdown of LDL. Simvastatin, at gastric pH, is stable and remains in a
unionized state. However, at intestinal pH, it gets ionized due to which gastrointestinal tract (GIT) absorption is
reduced, resulting in low bioavailability. It also has an extensive hepatic first-pass metabolism (FPM) in the
liver, which results in low oral bioavailability. The absolute oral bioavailability of simvastatin is < 5%. Around
13% is excreted in urine and 60% infection in unabsorbed form. Drug delivery through oral buccal mucosa is an
extremely complicated task, mainly when the drug is poorly soluble in water and has especially low systemic
availability when administered orally. Buccal delivery systems can be utilized for both local as well as systemic
delivery of drugs.

3. Results and Discussion

3.1 Designing consideration

By consideration of the reported literature, the known moiety like atorvastatin and rosuvastatin was strapped to a

substituted imidazole nucleus within hybrid pharmacophore skeleton with the aim of developing multi-targeted

ligands with the ability to inhibit AChE coenzyme-A as shown in figure 1.
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Figure 1. Designing strategy for the target conpounds

3.2 Chemistry

The scaffold 4 and its derivatives, 5a-e, 6a-b & 7a-d were prepared using sequence described in scheme 1. Benzil
(1) is reacted with ethyl 2-amino-2-oxoacetate (2) in the presence of ammonium acetate and ethanol at reflux
temperature to give the 4,5-diphenyl-2H-imidazole ester (3). Then, intermediate (3) refluxed with hydrazine in the
absolute ethanol to afford the hydrazine carboxamide key intermediate (4). The compound (4) reacted with the
various substituted aldehydes generated the Schiff base (5a, 5b, 5¢, 5d). As shown in scheme 2, in another reaction,
intermediate 4 was reacted with various aromatic halides to give compounds (6a, 6b, 6c) in the presence of
anhydrous potassium carbonate (K>COs3) at room temperature for 16 h. Compound 4 was further treated with
benzoic acid in the presence of HATU, DIPEA & DMEF to afford the compound (7a, 7b, 7b, 7d). Preliminary
identification of derivatives was verified by Dragendroff test on TLC (Thin layer chromatography). These final
compounds were purified by column chromatography to get the pure compounds with 60-84% yield. Further, the
synthesized derivatives were established using the state of art spectroscopy. The structures of the compounds were
confirmed by spectroscopy (FT-IR, *H NMR and *C NMR) and elemental analysis.

The 'HNMR spectrum confirmed the formation of compound 2, as evidence by the appearance of a diaryl proton
peak at 7.43 ppm. The diagnostic peaks of the hydrazine (-NHNH.) group of compound 4 appeared at ppm
respectively. Furthermore, the spectra of the hydrazine derivatives (5a, 5b, 5c, 5d, 6a, 6b, 6¢, 7a,7b,7c, 7d)
indicated the presence of amine (-NH2) peak had disappeared. Additionally, the acid protons (-OH) exhibited
singlets between around 11.00 ppm to 12.00 ppm.

In their *C NMR spectra, compounds (5a, 5b, 5c¢, 5d, 6a, 6b, 6¢, 7a,7b,7c, 7d), with amine (-N-CH) and carbonyl (-
NH-CO-NH-) groups, showed signals at approximately 150.12 ppm and 158.1 ppm, respectively.

Ol & &
H.N O _/ _
D NH,OA, /NHO NH,NH,, Ethanol, /N>_2N NH,
O O (o] O—\ Ethanol, Reflux O =N 5 Reflux, 2h <N Y
; S
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Scheme 1 Synthesis of key intermediate 4,5-diphenyl-2H-imidazole-2-carbohydrazide (4).
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Scheme 2. Synthesis of designed compounds from intermediate 4.

4.1 Conclusion
Among all synthesized derivatives, benzyl group bearing compound 7a showed highest docking score. By this
studies we understand the binding pattern of the active compound against enzyme acetyl Co-enzyme A. With this

understanding, efforts are expended in our laboratory for further optimization of in-vitro and in-vivo activity.

4.2 Material and methods

4.2.1 Computational studies
The crystal structure of PA453A: acetyl CoA comples was fetched from the Protein Data Bank (PBD ID-51B0).

The ligands preparations and energy minimizations were done using an MM2 force field with a minimum RMS
gradient of 0.010 using Chem3D Pro 12.0. In-silico docking was performed using FBI reference ligand present in
the raw PDB file and the same 3D-cordinates were used as grid coordinates for further exploration in the Auto
Dock Vina. For the preparation of protein and to analyze the binding interactions Biovia Discovery Studio 2021,
Pymol and Autodock Tools-1.5.6, were used. Missing residues in the protein structure were ignored as they didn’t
belong to the active sites; the binding affinity is remained unaffected. In the protein preparation step, the H.O and
hetero atoms were removed, and only-polar hydrogens were added to the receptor. In terms of charge
neutralization, first Kollman charges were added followed by computing Gasteiger charge then the output file was
saved in pdb format. 120 after the molecular docking all the compounds, the best compound 7a with docking score
-10.3 kcal/mol found suitable and selected for the molecular dynamics simulation studies. Molecular dynamics
simulation is an essential tool for the development of drug discovery. It is frequently used for the interactive studies
and anlysis of the structural changes at the atomic level. A 5 nanoseconds (ns), MD simulation was performed and

the final protein ligand complex trajectories was converted using the periodic boundary condition, which were used
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to examine the conformational changes during the course of MD simulations. The root mean square deviation
(RMSD) were used to examine the confirmational flexibilty in the receptor bind with the ligand. Compound 7a
interacted with all PAS residues through hydrophobic interactions (Tyr E:69, Tyr F:69 and Tyr F:38) and
electrostatic interactions (Asp F:30 and Asp E:64). At the anionic subsite, compound 7a formed hydrophobic
interactions with the Phe F:107 and MetF:60 and electrostatic interactions with the Glu F:29 residue. The N-atom of
compound 7a interacted with the AspF:30 and GluF:29. At the oxyanion site, compound 7a interacted with
ArgE:66, as shown in figure 2.

GLU
F:29 ARG

TYR
F:38

Figure 2. Docking of compound 7a in the AChE enzyme (A) Image of 3D interaction in the ligand binding. (B) 2D

image showing the active site interactions.

5. Experimental
5.1 Docking

Molecular docking studies of designed compounds were carried out using computer aided drug design (CADD)
approach by PyRx which is virtual screening software for computational drug discovery that can be used to screen
libraries of compounds against potential drug targets. The ligand preparations and energy minimizations were done
using an MM2 force field with a minimum RMS gradient of 0.010 on Chem 3D pro 12.0. In-silico docking was
performed using FBI reference ligand present in the raw PDB file and the same 3D-co-ordinates were used as grid
coordinate in the Auto Dock Vina. On the basis of MMPBSA.py which is a python-based script implemented in
AMBER package that’s allowed the individuals to perform quick and efficient calculations of free energy from MD
simulations. The binding free energy can be estimated as follow:

AGping =< Geompr > — < Grecep > — < Gpig >

GcowmpL = free energy corresponding to the final complex;

Grecep = free energy corresponding to the receptor only

Guic = free energy corresponding to the ligand only

The details of all synthesized compound and their binding pattern at the active site of receptor were successfully

visualized with the help of software. Docking score of all the compounds is shown in the Table 1.
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Table 1. Docking score of all synthesized compounds

S No. Compound Structure Docking score
Code
1 5a :>: -9.9
2 5b -9.5
HN NH N=
\ /
3 5c -8.6
0
N
\NéH
4 5d O -10
_N_ O
\N>_H<N N CH
N, |
J O
5 6a O -9.6
_N O
NN
SRS
6 6b O -8.5
\N)\”/N
o
7 6c O -9.2
N O
X
N N
- b
=N
8 7a O -10.3
/N
9 7b -9.9
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10 7c O -9.8
N O
>—< [
O =N HN-NH
o]
Cl
11 7d O -9.8
N O
O =N HN-NH
o] :
H,N

5.2 Chemistry

All solvents and chemicals used in this study were of analytical grade and purchased from Sigma-Aldrich, TCI
chemicals and Avra Synthesis Pvt Ltd., India and were used without further purification. Progress of each reaction
was monitored by TLC. *H NMR (400 MHz) spectra were recorded (Bruker Avance FT-NMR spectrophotometer,
USA) in deuterated solvent (DMSO-dg) using tetramethylsilane (TMS) as an internal standard; the chemical shifts
(6, ppm) and coupling constants (J, Hz) are reported. FT-IR spectra were recorded on an Alpha ECO-ATR
Spectrophotometer (Bruker, USA).

5.2.1 Synthesis of ethyl 4,5-diphenyl-2H-imidazole-2-carboxylate (3)

Benzil 1 (10 g, 47.6 mmol, 1.0 eq) is reacted with ethyl 2-amino-2-oxoacetate 2 (8.35 g, 71.4 mmol, 1.5 eq) in the
presence of ammonium acetate (18.35 g, 238 mmol, 5.0 eq) and ethanol at 80-85°C. The reaction mixture was
stirred and refluxed for 3 h. The reaction mixture monitored by TLC and after completion reaction was evaporated
under vacuum to get a solid material. Crude residue was washed with water and extracted with DCM and brine to
get organic solvent. The combined organic phases were dried with anhydrous sodium sulfate, filtered and
concentrated under vacuum at room temperature (RT) to afford the 4,5-diphenyl-2H-imidazole ester as 9.0 g
(yield-65%) (3).

MS (E1) MZ\value (M+1)- 292

'H NMR (400 MHz, DMSO-d6): 9.50 (s, 1H), 7.42 (m, 3H), 7.34 (d, J=6.2 Hz, 5H), 7.21 (d, J=9.5 Hz, 2H), 7.01 (s,
1H), 4.2 (m, 4H), 1.20 (t, 3H).

5.2.2 Synthesis of 4,5-diphenyl-2H-imidazole-2-carbohydrazide (4)

Compound 3 (9.0, 30.8 mmol, 1.0 eq) was dissolved in absolute ethanol and stirred for 10 min followed by addition
of 85% hydrazine hydrate (2.46 mL, 77.0mmol, 2.5 eq) in it. The reaction mixture was refluxed for 2 h to get white
solid compound than cooled at room temperature. Then the solid was filtered and washed with absolute ethanol and
dried under vacuum to get the 4,5-diphenyl-2H-imidazole-2-carbohydrazide 6.0 g, (yield-70%) (4).

MS (E1) MZ\value (M+1)- 279.3

'H NMR (400 MHz, DMSO-d6): 9.57 (s, 1H), 7.45 (m, 3H), 7.36 (d, J=6.2 Hz, 5H), 7.25 (d, J=9.6 Hz, 2H), 7.01 (s,
1H), 4.7 (d, J=3.2 Hz, 2H).
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5.2.3 The general procedure of synthesis of compounds (5a-d)

Compound 4 (1.0 g, 3.5 mmol, 1.0 eq.) was dissolved in absolute ethanol (30 ml) at refluxing temperature followed
by addition of substituted and substituted aromatic aldehyde (7.0 mmol, 2.0 eq) and 1-2 drop of acetic acid as
catalyst. The reaction mixture was stirred and refluxed for 2 h. The reaction solution was cooled to get the solid
compound then filtered and washed with ethanol. Solid compound was vacuum dried to get compounds (5a-d).
5.2.3.1 (E)-N"-benzylidene-4,5-diphenyl-2H-imidazole-2-carbohydrazide (5a)-

MS (E1) MZ\value (M+1)- 367.12

'H NMR (400 MHz, DMSO-d6): 11.81 (s, 1H), 8.54 (s, 1H), 7.72 (d, J=8.8 Hz, 3H), 7.67 (m, 9H), 7.44 (m, 2H),
7.30 (s, 1H), 4.48 (d, J=5.6 Hz, 1H).

N o
\N>_§N—N
@ O

5.2.3.2 N'-benzyl-4,5-diphenyl-2H-imidazole-2-carbohydrazide (5b)-

MS (E1) MZ\value (M-1)- 368.1

1H NMR (400 MHz, DMSO-de): 11.94 (s, 1H), 9.64 (s, 1H), 8.04 (d, J = 6.9 Hz, 1H) 7.31 (m, 7H), 7.10 (m, 6H)
6.89 (s, 1H) 6.14 (d, J = 8.3 Hz, 2H).

N :
\N>_§N—NH N=
o0

5.2.3.3 N-cyclohexyl-4,5-diphenyl-2H-imidazole-2-carboxamide (5¢)-

MS (E1) MZ\value (M+1)- 346.1

1H NMR (400 MHz, DMSO-d6): 7.91 (d, J=8.4 Hz, 1H), 7.43 (m, 5H), 7.28 (m, 2H), 7.21 (d, J=6.8 Hz, 2H), 3.76
(m, 1H), 2.18 (s, 3H), 1.78 (m, 4H), 1.59 (m, 1H), 1.33 (m, 4H), 1.11 (m, 1H).

IR (v, cm-1): 3279.36 (N-H stretch), 2854.67 (alkane, C-H), 1634.70 (amide, C=0), 1547.84 (alkene, C=C),
1357.67 (C-H bending).

m.p- 240-241°C.

NO

\NHNH
5.2.3.4 (E)-N'-(4-acetylbenzylidene)-4,5-diphenyl-2H-imidazole-2-carbohydrazide (5d)-
MS (E1) MZ\value (M+1)- 409.12
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—

O =N HN-N CHs
: 0

5.2.4 The general procedure of synthesis of compounds (6a-c)

S
—~

Compound 4 (1.0 g, 3.5 mmol, 1.0 eq) was dissolved in the DMF (10 mL) solvent in the presence of various
aromatic halides (5.5 mmol) and anhydrous potassium carbonate (17.5 mmol). Reaction mixture was stirred at
room temperature for 16 h. Monitored reaction by TLC, after starting material (SM) consumed. The reaction
mixture was evaporated under vacuum at 45-50°C to get a crude residue and which was washed with water and
extracted with ethyl acetate and brine to collect the organic phase. The combined organic phases were dried with
anhydrous sodium sulfate, filtered and concentrated in vacuum to give compounds (6a-c).

5.2.4.1 2-amino-1-(4,5-diphenyl-2H-imidazol-2-yl)-2-(phenylamino)ethan-1-one (6a)-

MS (E1) MZ\value (M+1)- 369.12

'H NMR (400 MHz, DMSO-d6): 11.81 (s, 1H), 8.54 (s, 1H), 7.72 (d, J=8.8 Hz, 3H), 7.67 (m, 11H), 7.30 (s, 1H),
4.48 (d, J=5.6 Hz, 1H).

SN
\N>_/<N
s

5.2.4.2 2-amino-2-((4-chlorobenzyl)amino)-1-(4,5-diphenyl-2H-imidazol-2-yl)ethan-1-one (6b)-
MS (E1) MZ\value (M+1)- 403.2

5.2.4.3 N,N'-bis(4-chlorobenzyl)-4,5-diphenyl-2H-imidazole-2-carbohydrazide (6c¢)-

MS (E1) MZ\value (M-1)- 368.2

'H NMR (400 MHz, DMSO-d6): 9.38 (s, 1H), 7.49 (d, J=8.4 Hz, 5H), 7.41 (d, J=4.4 Hz, 37.H), 7.30 (m, 10H),
7.19 (d, J=5.6 Hz, 2H), 6.88 (s, 1H).

Q.

>~

N N
Al
—N

5.2.5 Synthesis of 4,5-diphenyl-N'-(pyridin-2-yImethyl)-1H-imidazole-2-carbohydrazide (7a-7d)-
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Substituted aromatic acid (3.5 mmol) was dissolved in DMF (30 ml) at room temperature followed by addition of
HATU (7.0 mmol), and DIPEA (17.5 mmol). Then compound 4 (3.5 mmol) was added into the reaction and stirred
at room temperature for 16 hrs. Reaction monitored by TLC after reaction completion, reaction solution was filtered
and concentrated in vacuum and purified using the column chromatography to get compounds (7a-7d).

5.2.5.1 N'-benzoyl-1,5-diphenyl-1H-pyrazole-3-carbohydrazide (7a)-

MS (E1) MZ\value (M+1)- 383.1

'H NMR (400 MHz, DMSO-d6): 10.49 (s, 1H), 10.34 (s, 1H), 7.92 (d, J=7.6 Hz, 5H), 7.59 (d, J=6.4 Hz, 1H), 7.52
(m, 5H), 7.46 (d, J=7.2 Hz, 5H), 7.34 (m, 2H), 7.11 (s, 1H).

IR (v, cm-1): 3249.8 (N-H stretch), 3055 (alkane, C-H), 1636.29 (amide, C=0), 1553.76 (alkene, C=C), 1367.31

(C-H bending), 1230.57 (Ar-C-N).
L
X
O N HN-NH :
(0]

m.p- 189-190°C.

5.2.5.2 N'-(4-fluoro-2-iodobenzoyl)-1,5-diphenyl-1H-pyrazole-3-carbohydrazide (7b)-

MS (E1) MZ\value (M+1)- 527.0

'H NMR (400 MHz, DMSO-d6): 10.5 (s, 1H), 10.1 (s, 1H), 7.49 (d, J=8.4 Hz, 5H), 7.41 (d, J=4.4 Hz, 37.H), 7.30
(m, 10H), 7.19 (d, J=5.6 Hz, 2H), 6.88 (s, 1H).

N o
\N>_§N—NH
DR

5.2.5.3 N'-(3-chloro-5-iodobenzoyl)-4,5-diphenyl-2H-imidazole-2-carbohydrazide (7c¢)-
MS (E1) MZ\value (M+1)- 543.1
'H NMR (400 MHz, DMSO-d6): 10.69 (s, 1H), 10.45 (s, 1H), 8.22 (t, J=2.8 Hz, 1H), 8.11 (s, 1H), 7.95 (m, 1H),

7.47 (m, 5H), 7.38 (m, 2H), 7.11 (s, 1H).
: :::N O |
O N HN—NH
(0] ::
Cl

5.2.5.4 (E)-((2-aminobenzoyl)diazenyl)(4,5-diphenyl-2H-imidazol-2-yl)methanone (7d)-

MS (E1) MZ\value (M+1)- 396.12

IR (v, cm-1): 3220.05 (N-H stretch), 1639.07 (amide, C=0), 1528.01 (alkene, C=C), 1368.63 (C-H bending),
1243.95 (Ar-C-N).

m.p- 127-128 °C.
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