Research Paper

Synthesis, Characterization, Molecular Modelling
and Biological Evaluation of Substituted Benzo (h)
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Verma ef al.: Chromene Derivatives as Anti-Hyperlipidemic Agents

Hyperlipidemia is characterized by a rise in high-density lipoproteins and decreases in low-density
lipoproteins and triglyceride level in blood serum. Numerous prescription drugs for hyperlipidemia are
available, but each has significant side effects. Many works were motivated in this area by the significant
pharmacological action of fused chromene. Throughout the present research, new substituted derivatives
were synthesized and tested for the anti-hyperlipidemic activity for benzo[h]chromene-3 carboxylate
derivatives. Molecules docking showed that compound Vf has greater energy affinity binding values
(-12.898 kcal/mol) with 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase enzyme compared with
atorvastatin (-11.8605 kcal/mol). All synthesized compounds (Va-1) were able to decreases total cholesterol,
low-density lipoproteins and triglycerides and increased high-density lipoproteins and very low-density
lipoprotein in hyperlipidemic rats. Compounds Va-l1 have a good affinity towards 3-hydroxy-3-methyl-
glutaryl-coenzyme A reductase enzyme. High yield, good affinity, a nontoxic and low cardiac risk with
potential antihyperlipidemic activity make these compounds the possible lead for future research.

Key words: Anti-hyperlipidemic, benzo (h) chromene-3-carboxylate, 3-hydroxy-3-methyl-glutaryl-
coenzyme-A reductase, low-density lipoproteins/high-density lipoproteins, docking

Higher levels of blood lipids may be a possible
risk factor for Coronary Heart Disease (CHD) and
stroke because they are closely associated with the
atherosclerotic disorder. Types of lipids include
High-Density Lipoprotein (HDL), Triglycerides
(TG), Low-Density Lipoprotein (LDL), cholesterol
esters, insulin, phospholipids and fats!'l, LDL is the
primary transporter for atherogenic cholesterol, while
plasma HDL passes cholesterol from the peripheral
tissues to the liver. Diminished HDL and elevated
LDL and TG are standard features of hyperlipidemia.
Several synthetic medications for hyperlipidemia are
available. However, all of them are seriously affected
by the adverse effects®. Atorvastatin, a pioneering
drug for hyperlipidemia treatment with reduced or
no capacities for HDL cholesterol, which may be
disadvantageous for patients with metabolism disorder
or diabetes (having low HDL-Cholesterol). There was

*Address for correspondence
E-mail: hemantrbadwaik@gmail.com

March-April 2022

considerable exposure to the different pharmacological
behaviors of synthetic coumarins. Such derived
coumarins will also specifically scavenge species of
reactive oxygen and influence the processes of free
radical injury. The incorporation of key structural
elements within the coumarins family is essential for
the production and development of new analogs with
the enhanced operation and for characterizing their
action mechanisms and possible adverse effects'™..

Much research in this field was stimulated by the
critical biological and medicinal activities of fused
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chromene. In fact, functionally substituted chromene
has taken on an uptick in synthetic functions in the
field of medicinal chemistry for pledge compounds
with an antiproliferative!, antibacterial’®, anticancer!®’,
antioxidant”, aldose reductase inhibitor®®, Monoamine
Oxidase (MAO) inhibitor®, antitubercular!!®!, platelet
anti-aggregating!'',  antiinflunza!’”. By keeping
these in mind, we synthesized substituted benzo[h]
chromene-3-carboxylate derivatives as a potential
Antihyperlipidemic agent.

MATERIALS AND METHODS

All chemicals and reagents were purchased from Sigma
Aldrich and Loba Chemie. Atorvastatin was obtained
from Micro labs, Bangalore, India. An open capillary
method has been used to determine the melting
points without correcting them. The Perkins Elmer
infrared-283 Fourier Transform Infrared (FT-IR) was
used for recording FT-IR-spectra with the help of the
Potassium Bromide (KBr) pellet. On the spectrometers
of Varian 300 MHz, 'H and "“C Nuclear Magnetic
Resonance (NMR) (DMSO-d6) were recorded. API
3000 Liquid Chromatography-Mass Spectrometry
(LC-MS) was used to record the mass spectra.

Preparation of
dicarbaldehyde (II):

4-hydroxynaphthalene-1,3-

The procedure reported by Venkatraman et al.!'3! was
adopted for the synthesis of compound 1. About 28.8
£ (0.2 m) of a-naphthol (I) and 28 g of hexamine were
added to 160 ml of trifluoroacetic acid in 500 ml Round-
Bottom (R.B) flask fitted with a reflux condenser. The
reaction mixture was maintained at 100° for 5 h. The
reaction mixture was enriched with 10 % sulphuric
acid after completion of 3 h and the reaction continues.
The reddish-brown 4-hydroxynaphthalene-1,
3-dicarbaldehyde (II) has been isolated from the
reaction mixture by using ether.

Preparation of ethyl-6-formyl-2-oxo-2H-benzo[h]
chromene-3-carboxylate (I1I):

About 20 g of (0.1 m) of 4-hydroxynaphthalene-1,
3-dicarbaldehyde (II) was added to a mixture of 16 ml
of diethyl malonate (0.1 m), 10 ml ethanol and 10 ml
of piperidine in a reaction flask. The whole mixture
was shaken and refluxed for 30-40 min. The yellowish-
orange coumarin, namely ethyl-6-formyl-2-oxo-2H-
benzo (h) chromene-3-carboxylate (III), was isolated
and re-crystallized according to the procedure stated by
Venkatraman et al.['*!
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Preparation of 3-oxo-3-pyrrolidin-1-yl-propionitrile
av):

A compound 3-pyrrolidine-1-yl-propionitrile was
synthesized as per procedure reported by Darla et
al." A required mass of ethyl cyanoacetate (2.72 g,
0.024 mol) was added with stirring to a solution of
pyrrolidine (1.42 g, 0.02 mol) in 100 ml ethanol. The
resulting mixture was then refluxed for the duration
of 5 h. The resulting product was then cooled, filtered
to obtain 3-oxo0-3-pyrrolidine-1-yl propionitrile (IV)).
Alike process was also adopted for the production of
compounds (IV, ).

Preparation of ethyl 6-((Z)-2-cyano-3-oxo-3-
(pyrrolidin-1-yl) prop-1-enyl)-2-oxo-2H-benzo
(h) chromene-3-carboxylate (V) by knoevenagel
condensation:

A catalytic volume of piperidine and ethyl-6-formyl-2-
oxo0-2H-benzo[h]chromene-3-carboxylate (3.8 g, 0.02
mol) was dissolved in ethanol in a round bottom flask,
fitted with a reflux condenser. The 3-oxo-3-pyrrolidin-
1-yl-propionitrile (IV,, 2.78 g, 0.002 mol) compound
was introduced into the reaction mixture and heated for
2 h. The reaction mixture was then cooled to 0°-5° and
separated. The resulting product was crystallized using
solvent dioxane: Ethanol to get ethyl 6-((Z)-2-cyano-3-
ox0-3-(pyrrolidin-1-yl) prop-1-enyl)-2-oxo-2H-benzo
(h) chromene-3-carboxylate (V). For the preparation
of compounds (V, ), a similar procedure was adopted.

Anti-hyperlipidemic studies:

Male albino strains of Wistar rats were randomly divided
into fifteen groups of six animals. The experimental
protocol of the current study was approved by the
Institutional Animal Ethics Committee (1189/PO/a/08/
CPCSEA) of Rungta College of Pharmaceutical
Sciences and Research, Bhilai, India. Animals with ad
libitum food and water were housed in the standard
laboratory conditions (temperature, 22+3°; relative
moisture, 30 %-70 %; time frame of 12:12 h dark-
light). Group I rats are used as normal control. Group II
to XV rats was given 400 mg/kg body weight dose of
cholesterol for 30 d. Group II was served as cholesterol
control. Group III received standard drug atorvastatin
05 mg/kg body weight from 15 d to 30 d. At the same
time, Group IV to XV received test compounds (V, ),
respectively, at a dose of 05 mg/kg body weight from
15dto30d.
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Biochemical analysis:

All of the rats were slaughtered at the end of 30 d,
blood was gathered and serum was permitted to pool
after centrifugation. Serum was tested with standard
protocol procedures for total cholesterol, TG, HDL,
LDL, Very Low-Density Lipoproteins (VLDL) content.

Histopathological evaluation:

Under the influence of anesthetic (ether), animals were
euthanized and their liver was subsequently examined
after dissection and weight were measured. The liver and
adipose tissue are set for histopathological examination
at room temperature in 10 percent formalin. The tissue
was coated in paraffin, split up into 3-4 um size and
then mounted using standard histological techniques
on glass microscopes slides. The pieces were drenched
with hematoxylin-eosin for staining and analyzed at
200X magnitudes using light microscopy. An image
analyzer assessed these light microscopic fields in each
section.

Statistical analysis:

All values have been represented as mean+Standard
Error ofthe Mean (SEM). Results have been evaluated in
one way Analysis of Variance (ANOVA), accompanied
by multiple range tests by Newman keul's. Statistically
significant values were those, which have the p values
<0.05.

Docking studies:

Molecular docking is carried out in order to provide
a binding site with a population of probable ligand
orientations and conformations!'>'®.  3-Hydroxy-3-
Methyl-Glutaryl-Coenzyme A (HMG-CoA) reductase
(IHWK) crystal structure was obtained from the
protein data bank Research Collaboratory for Structural
Bioinformatics (RCSB). The Two Dimensional (2D)
structure of the ligands (i.e., synthesized molecules
(V,) and standard drug (Atorvastatin) was designed
with the help of chem draw professional 16.0 software.
Molecular mechanics optimization of the 2D structures
of ligands was done by converting them into Three
Dimensional (3D) structures with the help of chem
3D 16.0 application of the same software (Chem draw
professional 16.0). Argus Lab 4.0.1 was used for the
docking!!”!. The grid with dimension X=70, Y=90 and
Z=60 A are assigned to cover entire 3-dimensional
active site of HMG-CoA reductase. Upon testing the
docking technique, dynamic molecular docking was
done on the active site of proteins. Finally, the software
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retrieved the result of binding energy. The protein-
ligand interaction was visualized by using discovery
studio 2016 software.

RESULTS AND DISCUSSION

In the present study, we have reported the synthesis
and antihyperlipidemic screening of novel benzo[h]
chromene-3-carboxylate derivatives. The conformation
of synthesis of benzo[h]chromene-3-carboxylate
derivatives (V) was ascertained using Thin Layer
Chromatography (TLC), combustion analysis, FT-IR,
NMR and Mass Spectrometry (MS). The synthetic
method used in the preparation of these derivatives is
shown in fig. 1. Total 12 different benzo (h) chromene-
3-carboxylate derivatives were prepared (fig. 2)
by Knoevenagel condensation of ethyl-6-formyl-
2-0x0-2H-benzo[h]chromene-3-carboxylate (1)
with compounds IV . Chemical structure, melting
point, combustion analysis, and other physical data
of synthesized compounds are mentioned in Table 1.
The conformation of synthesis of different derivatives
ascertained by L.R., 'H NMR and *C NMR and mass
analysis.

Infrared Spectroscopy (IR) spectrum of compound V,
(ethyl  6-((Z)-2-cyano-3-oxo0-3-(pyrrolidin-1-yl)prop-
1-enyl)-2-0x0-2H-benzo (h) chromene-3-carboxylate)
shows strong C=O0 stretching vibration band at 1742.23
cm’!. Vibration band at 1596.84 cm™ and 1645.38 cm’!
is arising due to C=C and cyclic -C-O and stretching,
respectively. The emergence of the peak due to -C-N.
Stretching at 2246.52 cm™! confirmed the attachment of
compound IV, to compound III.

The 'H NMR spectrum of compound V, has shown
the signal at 8.35 due to exocyclic CH=C proton,
multiplate in region 7.68-8.00 and 6.23-7.5 due to 4H
naphthalene ring proton and 3H coumarin ring proton
respectively. The signal at 3.25 and 1.72 is confirmed
the presence of a pyrrolidine ring. While the signal at
45.7 and 25.0 in '3C NMR spectra also confirmed the
presence of pyrrolidine ring in final compound V. The
compound V, mass spectrum revealed the peak at m/z
416.14" in line with molecular formula C H, N.O..
Likewise, spectral results of the remaining derivatives
are represented in Table 2.

In this work, rat fed with cholesterol reported expected
rises in total cholesterol, TG, LDL and Aluminium
(Al) with decreases in HDL and VLDL level after
30 d in the experimental group relative to the usual
control group. In this study, it was observed that all
synthesized compounds (V, ) were able to decreases
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4-hydroxynaphthalene-1,3-dicarbaldehyde (II)

i) Diethyl malonate
ii) Ethanol, piperidine

iii) Reflux 30 mins

ethyl-2-cyanoacetate

R-NH,
Substituted
amine

Ethanol

Reflux

ethyl-6-formyl-2-oxo0-2H-benzo[h]chromene-3-carboxylate
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Fig. 1: Schematic representation of synthesis of novel benzo (h) chromene-3-carboxylate derivatives.

total cholesterol, LDL, Al and TG and increased HDL
and VLDL in hyperlipidemic rats at the dose of 05
mg/kg (Table 3). Compound V, V, and V, showed a
highly significant reduction in total serum cholesterol,
TG, LDL and Al. These compounds also significantly
increase the HDL and VLDL levels with respect to
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the cholesterol control group. Especially compounds
with diphenylmethanamine group (V) show promising
antihyperlipidemic activity as compared to standard
atorvastatin.

Furthermore, the LDL/HDL risk ratios of compound
V, V,and V, were found to be 0.97, 0.99 and 0.94,
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Fig. 2: Structure of synthesized compounds V, to V,

TABLE 1: PHYSIOCHEMICAL CHARACTERIZATION OF SYNTHESIZED COMPOUNDS

Compound Molecular Molecular Melting R %

Elemental Analysis

. .
ID formula  weight point (°) Value Yield Chemical name Theoretical Observed
Ethyl 6-((Z)-2-cyano-3-0x0-3- - "¢ 59 1y ¢ 69.20; H
v CHNO. 4164 225227 0.8 72 (pyrrolidin-1-yhprop-f-enyl)- ,"a/ "\ "¢ 73, 4386; N, 6.70;
a 2477200275 2-0x0-2H-benzo[h]chromene- 0. 19.21 0. 19.24
3-carboxylate ro >
Ethyl (2)-6-(2-cyano-3-ox0- ¢ g 7. 1y ¢ 49.75; H
v CHNO. 4305 215217 0.6 62 > piperidin-i-yprop-1- 545 0" 5t 597N, 6.54;
b 2522725 en-1-yl)-2-oxo-2H-benzo[h] 0. 18.58 0 18.54
chromene-3-carboxylate S >
Ethyl (Z)-6-(2-cyano-3- C,70.26;H, C,70.23; H
v CHNO. 4445 219-221 0.7 59 (cyclohexylamino)-3-oxoprop- g7, "¢ 30. 5.43. N, 6.32;
< 26024275 1-en-1-yl)-2-oxo0-2H-benzo[h] 0. 18.00 0. 18.02
chromene-3-carboxylate T >
s LS bea  ¢ pg Cronn
\' C_H NO 452.5 225-227 0.7 60 Y prop y 4.46; N, 6.19; 4.48; N, 6.21;
d 2777200275 2-0x0-2H-benzo[h]chromene- 0. 17.68 0. 17.67
3-carboxylate T P
Ethyl (Z)-6-(2-cyano-3-((2-
(2-methoxyphenoxy)ethyl) C, 67.96; H, C, 67.94; H,
\A CH,NO, 5125 235237 0.7 62 amino)-3-oxoprop-1-en-1-yl)- 4.72; N, 5.47; 4.74; N, 5.45;
2-0x0-2H-benzo[h]chromene- 0, 21.85 0, 21.87
3-carboxylate
Ethyl (E)-6-(3-
(benzhydrylamino)-2-cyano- C,74.99;H, C,74.97;H,
\A C,;H,N,0, 528.6 222-224 0.7 73 3-oxoprop-1-en-1-yl)-2-oxo-  4.58; N, 5.30; 4.56; N, 5.33;
2H-benzo[h]chromene-3- 0, 15.13 0, 15.14
carboxylate
March-April 2022 Indian Journal of Pharmaceutical Sciences 457
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Ethyl (E)-6-(2-cyano-3-((5-

methylpyridin-3-yl)amino)- C, 68.87; H, C, 68.84; H,
Vv, C,HGN,O,  453.5  228-241 0.7 65  3-oxoprop-1-en-1-yl)-2-oxo-  4.22; N, 9.27; 4.25; N, 9.24;
2H-benzo[h]chromene-3- 0, 17.64 0, 17.67
carboxylate
Ethyl (Z)-6-(2-cyano-3- . .
((2,5-dihydrothiazol-2-yl) 3Cé36,1,'q749’ ;'c;, 3%56’,1“726 ;’;,
A C,H,N,OS 447.1 184-187 0.7 70 amino)-3-oxoprop-1-en-1-yl)- O 17 éB"S ’ 0 17 ’86'.5 ’
2-0x0-2H-benzo[h]chromene- ’ 7'1 ’ A
.16 7.20
3-carboxylate
Ethyl (Z)-6-(2-cyano-3-oxo-3- C. 72.09: H C, 72.05;
((1-phenylethyl)amino)prop- ey o~ H,4.87; N,
Vv, C,H,N,O,  466.5 210-212 0.8 61 1-en-1-yl)-2-0x0-2H-benzo[h] 4.73, 2\17, (;501, 5.98: O,
chromene-3-carboxylate > 17.18
Ethyl (Z)-6-(2-cyano-3-((1-
(4-methoxyphenyl)ethyl) C,70.15;H, C, 70.18; H,
\2 C,H,N,O,  496.5  258-260 0.7 55 amino)-3-oxoprop-1-en-1-yl)- 4.87; N, 5.64; 4.87; N, 5.69;
2-0x0-2H-benzo[h]chromene- 0, 19.33 0, 19.26
3-carboxylate
mtErtth;é?l)"ag"fgﬁg‘_’oio((fo G, 64.60;H, C,64.64; H,
v, C,HNO, 483.4 238240 0.8 54 preny ProP™ 3.54; N, 8.69; 3.52; N, 8.65;
1-en-1-yl)-2-oxo-2H-benzo[h]
0, 23.17 0, 23.19
chromene-3-carboxylate
Ethyl (Z)-6-(2-cyano-3-((3,5-
dimethoxybenzyl)amino)-3- C, 67.96; H, C, 67.97; H,
v, C,H,NO, 5125  247-249 0.7 70 oxoprop-1-en-1-yl)-2-oxo- 4.72; N, 5.47; 4.71; N, 5.46;
2H-benzo[h]chromene-3- 0, 21.80 0, 21.16
carboxylate
TABLE 2: CHARACTERIZATION OF SYNTHESIZED COMPOUNDS BY SPECTRAL ANALYSIS
Compound IR Data 'H NMR Data 3C NMR Data Mass Data
Id (KBr Cm") ppm (DMSO-dé6) ppm (DMSO-dé6) m/z (M*+1)
2246.52 (-CN) 8.29 (s, H, exocyclic d169.8 (-CO), 159.9, (C-2), 156.2 (C-7), 154.4 (C,
1742'23 (-CO)’ CH=C), 7.68-8.00 (m, 4H expcyclic ethylene), 145.8 (C-10), 124.9 (C-5), 126.6
v 1645 '38 (cyclic,- naphthalene ring), 6.19- (2C, of naphthalene ring), 123.5 (2C, of naphthalene 416.14
a CO). 1596.84 7.6 (3H, coumarin), 3.18  ring), 119.1 (C-8), 114.8 (-CN), 113.5 (C-6), 111.9 )
(’-C=C). (t, 4H, pyrrolidine), 1.81 (C-3), 111.4 (C-9), 105.7 (C, ethylene), 46.2 (2C, of
(t, 4H, pyrrolidine) pyrrolidine), 24.9 (2C, of pyrrolidine)
8'(%;:8 Fl, exocyclic d169.2 (CO), 159.4 (C-2), 154.6 (C-7),152.8
1742.34 (-CO), (m, 4H naphthalene (C,ethylene), 151.9 (C-4),145.9 (C-10), 124.7 (C-
2240.35 (-CN), Fin )’ 6 2_7p44 (m, 3H 5), 126.6 (2C, of naphthalene ring), 123.5 (2C, of
A 1648.28 (cyclic cou%nériﬁrin.g) 3 6’8 (rn’ naphthalene ring), 117.5 (C-8), 114.3 (CN), 113.5 430.15
-C0O), 1595.63 4H piperidine)’ 1' 59 (m’ (C-6), 111.8 (C-3), 111.4 (C-9), 105.7 (C, ethylene),
(-C=QC) 2H’, piperidine)y,1..49 (m,’ 46.2 (2C, piperidine), 24.@(1(2C, piperidine), 23.4 (C,
4H, piperidine) piperidine)
8.35 (s, H, exocyclic
3277.34 (-NH CH=C), 8.14 (s,H,- d161.8 (CO), 159.9 (C-2), 149.7 (C-7), 152.8
2230'43 (-CN NH), 7.68-8.00 (m, 4H (C,ethylene), 151.9 (C-4), 145.1 (C-10), 124.7 (C-
1730'48 (-CO)’ naphthalene ring), 6.0 5), 126.6 (2C, of naphthalene ring), 123.5 (2C, of
\2 1674.81 (cycli,c (d,H), 6.5 (d, H), 7.5 (d, naphthalene ring), 117.4 (C-8), 114.9 (CN), 113.6 (C- 44417
-CO). 1546.22 H), 7.8 (d, H), 3.49 (m, 6), 111.8 (C-3), 111.1 (C-9), 105.3 (C,C-CN), 46.5 (C,
(’-C=C) : H), 1.11-1.3 (m, 4H), C-10), 32.7 (2C, C-20, C-60), 25.6 (C, C-40), 23.8 (2C,
1.45-1.53 (m, 2H), 1.62- C-30, C-50)
1.82 (m, 4H)
8.85 (s, H, -NH)), 8.42 (s,
2240.45 (-CN) H exocyclic CH=C), 7.68- d162.7 (C-2),160.3, (-CO), 155.5 (C-7), 153.5 (C,
3276'59 (-NH)’ 8.00 (m, 4H naphthalene ethylene),152.5 (C-4), 146.1 (C-10), 134.1 (C-40),
1729' 24 (-CO’ ring), 7.46 (d, H, 128.5 (C-20,C-60), 126.5 (C-30,C-50), 126 (C-10),
v, cyclic; 1624 47 coumarin ring), 6.72 (d, 124.9 (C-5), 126.6 (2C, of naphthalene ring), 123.5 452.14
(-CO) ’1557 .81 H, coumarin ring), 7.16- (2C, of naphthalene ring), 117.8 (C-7), 114.6 (C, -CN),
(-,C=C-) ’ 7.39 (m, 5H, phenyl), 113.7 (C-6),111.9 (C-3), 111.3 (C-9), 102.6 (C-CN),
6.11 (s, H, endocyclic), 42.5 (C, -CH,))
4.52 (s, 2H, -CH,)
458 Indian Journal of Pharmaceutical Sciences March-April 2022
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8.84 (s, H -NH), 8.46 (s,
H, exocyclic CH=C), 8.49

2257.72 (CN), (d, H), 7.68-8.00 (m, 4H 3 1632 (CC4°” 199.8 (C-2), 198.4 [LO), 1243 (&~
3273.35 (-NH), naphthalene ring), 6.90 /) 192.8 (C, exacyclic ethylene), 151.2 (C-4), 145.
1745.58 (-CO).  (d, 2H), 7.06 (t, 2H), (C-10), 127.8 (C-20, C-60), 126.9 (C-30, C-50), 125.2
1646.62 (cyclic 7.49 (d, M), 7.44'(d, by, (C:10), 124.6 (C-5), 126.5 (2C, of naphthalene ring), 51216
-C0O), 1597.51  6.88 (d, H), 6.26 (s ’H)’ 123.5 (2C, of naphthalene ring), 117.4 (C-8), 115.5
=0y’ 413 (4 20, (-0, (CN), 113.8 (C-6), 111.8 (C-3), 111.2 (C-9), 102.5
3 6.8 (s éH -’OCHZ) 347 (C-exocyclic), 48.2 (-CH-NH), 20.9 (-CH,)
(q, 2H, -NH-CH,
8.35 (s, H, exocyclic 4 446 8 (C.2), 160 (C=0), 158.9 (C-10), 155 (C-7)
2240.34 (CN),  ethylene), 8.0(s, H, 153 4" exocyclic), 153 (C-4), 146 (C-10), 133 (C-
3275.53 NH), 7.68-8.00 (m, 4H : yclic), 153 (C-4), 146 (C-10), 133 (
(-NH).1742.79 naphthaiene ring). 6.23- 40), 126.5 (C-30, C-50), 125.2 (C-5), 126.6 (2C, of
(-CO) ' 1643.87 755 (m, 3H coumarin _naphthalene ring), 123.5 (2C, of naphthalene ring), 528.17
(eyclic -CO).  ring). 7.22-7.44 (m. 10H, 118:2 (C-8), 115 (-CN), 114.0 (C-20, C-60, C-6), 112.5
1584.56 (-C=é) benz,h dril), 6.16 (’s H ? (C-3), 112.0 (C-9), 103 (C- exocyclic), 56.1 (-OCH,),
: Y o 49.0 (C, -CH-NH), 19.5 (-CH, of C-4)
8.00 (d,H), 6.66 (d,H),
3276.11 (-NH), 6.65 (d,H), 8.39 d163.7 (C-2),160.6, (-CO), 153.7 (C-7), 152.4 (C,
2229.18 (-CN),  (s,H,exocyclic,CH=C), ethylene), 151.6 (C-4), 116.3 (C-60),144.7 (C-10),
1729.48 (-CO),  8.09 (s,H,-NH), 7.68- 125.7 (C-40), 141.6 (C-20), 131.7 (C-30), 129.4 (C- 453. 13
1673.65 (cyclic 8.00 (m, 4H naphthalene 50), 126.6 (2C, of naphthalene ring), 123.5 (2C, of :
-C0), 1549.94  ring), 6.26 (s,H), 6.88  naphthalene ring), 114.7 (C-5), 114.2 (C, -CN), 113.1
(-C=C) (d,H), 7.44 (d,H), 2.42 (C-6), 111.3 (C-3), 110.5 (C-9), 107.6 (C-CN)
(s, 3H, -CH,)
2254.54 (-CN),  8.34 (s, Hexocyclic d 168.7 (C-10), 63.56 (C, -CO), 161.1 (C-2),154.3
1741.62 (-CO), ethylene), 7.94 (s, H, (C-7), 154.71 (C, exocyclic ethylene), 153.31 (C-4,
1643 49 (cyclic- -NH), 7.68-8.00 (m, 4H C-50), 145.9 (C-10), 126.6 (2C, of naphthalene ring),
CO), 1593.27 naphthalene ring), 6.16-  123.5 (2C, of naphthalene ring), 126.1 (C-5), 122.8 447.09
(-C=C), 1547.31  7.46 (m, 3H coumarin  (C-30), 119.0 (C-8), 118.1 (C-40), 116.7 (-CN), 115.7
(-C=C), 749.23  ring), 3.75 (t, 2H,-N-  (C-6), 113.6 (C-3), 113.4 (C-9), 105.3 (C-20), 105.2 (C,
(C-S) CH,), 3.19 (t, 2H,-S-CH,) ethylene), 101.3 (C-60), 57.1 (2C, -OCH,)
8.81 (s, H, -NH), 8.49 (s,
3278.15 (-NH), "> €xocyclic CH=C), 7.68- d 161.7 (C-2), 159.9 (C=0), 151.2 (C-10), 156.1 (C-7),
2230'35 (-CN), 8.00 (m, 4H naphthalene 154.6 (C-exocyclic), 154.2 (C-4), 152.5 (C-10), 147.3
1732'47 (-CO) ring), 6.43-7.37 (m, 5H, (C-10), 126.6 (2C, of naphthalene ring), 123.5 (2C, of
1673.42 (cych,c phenyl), 5.91-6.38 (m naphthalene ring), 122.9 (C-40), 121.8 (C-30), 112.2 466.15
CO). 155567 2H> coumarin ring), 6.21  (C-50), 126.1 (C-5), 119.4 (C-8), 114.8 (-CN), 113.9
(,-C=C) : (d, 1H, endocyclic), 4.97 (C-60), 113.1 (C-3), 111.9 (C-9), 104.2 (C-exocyclic),
(g, H, -CH-NH), 1.47 (d,  71.4 (C,-O-CH,-), 57.2 (-OCH,), 38.7 (C, -CH-NH)
H, CH,)
HS'SZO‘S’ c}IIi-cNIC-IIL; 2}497 (gé_ d162.2 (C-2), 161.1 (C, exocyclic ethylene), 160.3
2254.41 (-CN), ‘g’ o0 (my 4H ranhthalene (€0),156.2 (C-7), 154.4 (C-4), 147.1 (C-10), 141.0
1745.62 (-CO), rin ) 6.86-7 31p(m 4H (C-40, C-400), 127.9 (C-50, C-500, C-30,C-300), 130.3
1643.37 (cyclic hin’ l.) 6.13-6.62 (m’ (C-60, C-600, C-20, C-200), 127.4 (C-10,C-100), 126.1 496.16
-C0), 1584.72 2?1 C(}’urﬁar'in fing), 541 (C-5), 126.6 (2C, of naphthalene ring), 123.5 (2C, of .
(-C=C), 1548.12 % > 1 ) 3;9’9’2 (s, naphthalene ring),119.3 (C-8), 116.2 (-CN), 115.4 (C-
(-C=C) 3q}_’| -OCH. 1.61 (& 34, 6), 113.9 (C-3), 113.1 (C-9), 105.1 (C, ethylene), 53.6
’ Hy (C, -CH of benzhydril)
3
327424 (NH) 10'& |£|S)’, "'8’.42“'?5);3'57 d160.8 (C-2),164.5, (-CO), 154.1 (C-7), 153.2
2241.71(-CN),, exocyclic CH=C), 8.31 (C,ethylene), 151.9 (C-4), 147.4 (C-10), 159.2 (C-40),
1730.66 (-CO.  (d, H), 7.8 (t, 2H), 7.67 164.2 (C-20), 146.7 (C-60), 116.1 (C-30), 126.6 (2C,
cyclic), 1625.38 (d. H). 7.44 (d, H), 6.88 of naphthalene ring), 123.5 (2C, of naphthalene ring),  483.11
(CO) 1558.15 (4 H). 6.26 (s, H). 7.68. 1249 (C-5), 123.4 (C-50), 119.1 (C-8), 116.3 (C, -CN),
(-’C=C-) : 8.00 (m, 4H na’pht’hal‘ene 113.9 (C-6), 112.2 (C-3), 111.5 (C-9), 107.8 (C-CN),
: ring) 22.0 (C,-CH, of pyridine)
2254.33 (-CN), ;géizéaé_e'i}:\)'l:ﬁg; (2’5 d 170.2 (CO), 164.4 (-N-C=N), 163.1 (C, exocyclic
1,743.49 (-CO), (d I}II) 7 68-g 00 (n’w H ethylene), 161.3 (C-2), 155 (C-7), 153 (C-4), 146
1643.81 (cyclic- na, htﬁafene r.in ) 6, 14- (C-10),126.6 (2C, of naphthalene ring), 125.2 (C-5), 512.16
CO), 1596.47 7p46 (m, 3H co%r,na;in 123.5 (2C, of naphthalene ring),119.1 (C-8), 116.2 ’
(-C=0), 3272,31 10 6 79 aH), 3.8 (N, 115551(06), 1413.1 (c|:|3), ;13.2( 9|)_,| 105.7
-NH c ; ’ n =N- .
(-NH) (s, 6H of -OCH ) (C,ethylene), 54 (=N-CH,), 25.3 (-5- CH,)
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TABLE 3: IN VIVO ANTIHYPERLIPIDMIC ACTIVITY OF PRAPERED COMPOUNDS AND STANDARD

ATORVASTATIN
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Treatment 108 | Triglycerides (mg/dl)  LDL (mg/dl) VLDL (mg/dl) Al (mg/dl) LDL/ HDL
groups (mg/dl) (mg/dl)

Group-| 51.59:3.12  57.10:2.89  27.38:2.41  15.12¢1.11  32.71:2.21  0.95:0.89 0.5
Group-l  119.35:6.41%@  160.455.68"@  12.27+1.15@  32.78:2.27"® 14.21+1.34"® 9.03:4.56*®  2.67
Group-lll  78.514.31%®)  80.8+3.78"0)  22.47+2.06"0) 22.12:2.13*0) 27.42+1.15%0) 2.60:1.45%®  0.98
Group-IV  94.47:2.87"®)  118.38:4.90%0) 16.78+1.11%0)  26.25:2.21%®) 20.12+1.26"0 2.53:1.12%®)  1.56
Group-V  91.413.21%®)  95.68+3.80"*0)  17.6552.05"0) 21.46+2.48"0) 24.511.24*®) 3.19:2.140 1.2
Group-Vl  87.79+2.94®)  90.10:3.77°*®)  15.3232.08"*0) 21.5252.12°*0) 21.20+1.52%®) 2.99:1.45%®) 1.4
Group-VIl  79.98:3.12%®)  82.8353.77°*0  21.67:2.11%®)  21.122.04®) 22.35:1.26"0) 2.20:2.11%®)  0.97
Group-VIIl  82.93:3.25%®)  85.49+3.07°*0)  19.3412.27°0) 22.94+2.35"0) 24.32+1.52%®) 2.69+2.21%0  1.13
Group-IX  78.89:3.71%®)  79.92:3.92**0)  22.45:2.33*0)  22.25:2.34"*0) 23.14+1.54%) 1.62:3.02%®  0.99
Group-X  92.5742.33%®)  105.94:4.90°0) 19.24+1.28"0) 20.86+2.24"*0) 20.42+1.32*®) 3.38+2.02*®)  1.08
Group-XI  90.84:3.27*®)  93.45:3.07*0)  18.5742.15"0) 30.58+2.57*0) 24.311.73*®) 2.09:2.11%0  1.65
Group-XIl  85.97:2.881*®) 88.84:4.90"*0)  17.58+1.21*0) 21.75:2.34"®) 20.45:1.12"*0 3.18:2.89%®)  1.24
Group-XIll  84.35:3.20%®)  §7.72+3.80"*0)  18.98+2.17°*0)  22.65:2.21**0) 24.28+1.54®) 2.7242.11%®)  1.19
Group-XIV  80.59:3.15%®)  83.26:3.12°*0)  22.8612.41°*0)  21.5612.31**0) 23.74+1.48"0) 2.63:2.21%®)  0.94
Group-XV  89.83:3.24"®)  92.3943.12°*0)  18.14:2.24"0) 24.10£2.22"®) 23.42+1.540) 2.64:2.14%0)  1.33

Note: Values are expressed as Mean+SEM, Values were found out by using one way ANOVA followed by Newman Keul’s multiple range tests,
**@ values were significantly different from normal control at p<0.01, **® values were significantly different from hyperlipidemic control

at p<0.01

respectively, while that of the population treated with
atorvastatin was 0.96. This indicates that the cardiac
risk factor was slightly less in compound V,. None
of the rats displayed some morbidity or mortality
after 15 d of treatment, which also encourages that
all synthesized substances are well handled and are
relatively safe. Histological variability in the liver parts
of the population caused by hyperlipidemia and freshly
synthesized compounds treated rats has been calculated
and subsequent findings were seen in fig. 3 to help us
consider the prevalence and extent of hyperlipidemia.

Some histological differences in the liver tissue of
the cholesterol control and the compounds treated rat
have been identified in contrast to normal controls. In
the hepatocytes of cholesterol control rats (fig. 3b),
enlargement of nucleus and membrane disruption
(necrosis) was observed. This might be due to the
localization of fatty acid. Administration of compound
V and V_showed micro fatty modification in a large
array of lymphoid cells had been shown to suggest
very little necrosis or degeneration (fig. 3¢ and fig. 3d).
Hepatocytes of atorvastatin treated rats and compound
V.V, and V, treated rats showing good fatty infiltration
and granular degeneration.

In this research, the synthesized molecule produced
improved effects, which led us to consider its mechanism
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of action. We have, therefore, chosen the docking
studies as an instrument to support our results. HMG-
GOA reductase inhibition has been the most powerful
method for managing hyperlipidemic disorders to date.
This enzyme catalyzes HMG-CoA transformation
into mevalonic acid, producing cholesterol eventually.
In this analysis, we contrasted the findings with
atorvastatin for the docking of our synthesized
compounds. The binding data obtained from Argus Lab
revealed, synthesized compounds have a good affinity
towards HMG-CoA reductase enzymes with binding
energy ranges in between -9.980 to -12.898 kcal/mol.
Analysis of residual interaction between the inhibitor
and target enzyme at the active binding site revealed
that the atorvastatin and synthesized compounds bind
with HMG-CoA reductase by van der Waals interaction,
conventional hydrogen bond, carbon-hydrogen bond,
Pi-anion interaction, Pi-sigma interaction, alkyl and
pi-alkyl interaction. Atorvastatin bind with chain B,
chain C and chain D of the receptor. It forms three
hydrogen bonds with three residues of HMG-CoA
reductase. The carboxylic group of atorvastatin forms
hydrogen bonds with Arginine (ARG) 1388 residue of
chain C at a distance of 2.991 A. The Hydroxy (OH)
group of 2, 4-dihydroxy pentanoic acid chain interacts
with chain D residue Glutamic Acid (GLU) 1910 (at
a distance of 1.976 A). While residue Alanine (ALA)

March-April 2022
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Fig. 3: Hepatocytes of rats hematoxylin-eosin (200X magnification): a) Normal control; b) Cholesterol control; ¢) group receiving V,
; d) group receiving V ; e) group receiving V ; f) group receiving V_; g) group receiving V, ; h) group receiving standard atrovastatin.

1963 of chain D forms a hydrogen bond with distance
2.378 A with C=0 group of phenyl carbamoyl chain
of atorvastatin (fig. 4). The compound V,  showed
even better binding affinity (-12.898 kcal/mol) energy
values compared with atorvastatin (-11.8605 kcal/mol)
(Table 4). Out of 18 amino acid residue which interacts
with atorvastatin, 13 were found common with

March-April 2022

synthesized compound V. The Amino (NH) group
of diphenylethyl amino chain of compound V_ forms
a hydrogen bond with D chain residue (Methionine
(MET) 1961) of HMG-CoA reductase enzyme at
bond length 2.067 A. These interaction patterns give a
strong impression that synthesized compounds possess
good inhibitory potential against HMG-CoA reductase

(fig. 5).
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Fig. 4: a) 2D representation of residual interaction of atrovastatin with HMG-CoA reductase; b) 3D representation of binding site
residual interaction of atrovastatin with HMG-CoA reductase.

TABLE 4: DOCKING RESULT OF LIGANDS AND ATROVASTATIN AGAINST HMG-COA REDUCTASE (PDB
ID: 1HWK)

Hydrogen Bonds

Binding

Compound T . .
Energy Bond o Enzyme's Binding Site residue
ID . eceptor
() (kcal/mol) Quantity Length o qe,
2.258 627ARG  Chain A: 654 ALA (coil), 826 ALA (coil), 627 ARG (coil),830 ASN
) (coil), 653 ASP (coil), 827 CYS (coil), 652 GLY (coil), 806 GLY (coil),
V. 104733 3 2763 627ARG g3; Gly (coil), 828 LYS (coil), 659 MET (alpha helix), 628 PHE (coil),
2.998 653 ASP 831 PRP (coil), 651 SER (coil), 805 VAL (alpha helix)
Chain A: 529 ASN (coil), 482 GLU (coil), 528 GLU (coil), 480 LYS
) (coil), 523 MET (coil), 477 PRO (coil), 483 THR (coil), 479 TYR (coil)
Vo 9.98073 1 2.938 483THR "1 'i1 B: 958 ALA (alpha helix), 961 ASN (alpha helix), 957 VAL
(alpha helix)
2.219 1527 ASN Chain A: 783 ALA (beta strand), 732 ASN (alpha helix), 734 ASN
(coil), 788 ASN (coil), 726 GLU (alpha helix), 730 GLU (alpha
2.998 1527 ASN helix), 782 GLU (beta strand), 729 ILE (alpha helix), 733 ILE (alpha
v -10.7961 3 helix), 737 LEU (alpha helix), 780 LEU (beta strand), 781 MET (beta

c strand) Chain C: 1527 ASN (coil), 1523 GLU (alpha helix), 1575 GLU
2.697 730GLU (beta strand), 1522 ILE (alpha helix), 1526 ILE (alpha helix), 1574
MET (beta strand), 1531 VAL (alpha helix) Chain D: 1775 ARG (beta

strand)

Chain A: 529 ASN (coil), 482 GLU (coil), 528 GLU (coil), 476 ILE
(coil), 480 LYS (coil), 523 MET (coil), 477 PRO (coil), 483 THR
(coil), 479 TYR (coil) Chain B: 958 ALA (alpha helix), 961 ASN (alpha
helix), 957 VAL (alpha helix)

p -11.578 1 2.888 483 THR

2.996 627 ARG Chain A: 826 ALA (coil), 627 ARG (coil), 830 ASN (coil), 653 ASP
v -11.0592 3 2.827 627 ARG (coil), 827 CYS (coil), 652 GLY (coil), 832 GLY (coil), 828 LYS (coil),
2938 627 ARG 659 MET (alpha helix), 628 PHE (coil), 831 PRO (coil), 626 SER (coil)

Chain A: 595 ARG (beta strand), 641 ARG (coil) Chain B: 1177 ALA

(beta strand),1128 ASN (coil), 1124 GLU (alpha helix), 1176 GLU
(beta strand), 1123 ILE (alpha helix), 1127 ILE (alpha helix), 1175
MET (beta strand), 1132 VAL (alpha helix) Chain D: 1963 ALA (beta
strand), 1912 ASN (aplha helix), 1968 ASN (coil), 1906 GLU (alpha
helix), 1962 GLU (beta strand), 1969 GLU (beta strand), 1090 ILE
(alpha helix), 1913 ILE (alpha helix), 1917 LEU (alpha helix), 1960
LEU (beta strand), 1961 MET (beta strand), 1974 SER (beta strand),

1905 THR (alpha helix), 1959 THR (beta strand), 1972 TYR (beta

strand)

] -12.898 1 2.067 1961 MET

462 Indian Journal of Pharmaceutical Sciences March-April 2022



www.ijpsonline.com

2.617 1451 ASN

2.576 1452 MET Chain C: 1447 ALA (coil), 1420 ARG (coil), 1451 ASN (alpha helix),
_ 1449 GLY (coil), 1599 GLY (coil), 1600 GLY (coil), 1450 MET (alpha
Ve 101287 5 2.468 1451TASN k) 1452 MET (alpha helix), 1417 SER (coil), 1419 SER (coil),
2.071 1419 SER 1418 THR (coil), 1598 VAL (coil)

2.294 1420 ARG
2.283 627 ARG Chain A: 654 ALA (coil), 826 ALA (coil), 627 ARG (coil),653 ASP

v, -10.3897 2 (coil), 827 CYS (coil), 652 GLY (coil), 832 GLY (coil), 659 MET (alpha
2.998 627 ARG helix), 628 PHE (coil), 831 PRP (coil), 826 SER (coil), 651 SER (coil)
2.691  529ASN  (cphain A: 478 ALA (coil), 495 ARG (alpha helix), 496 ARG (alpha
helix), 529 ASN (coil), 475 HIS (coil), 476 ILE (coil), 513 ILE (coil),
v -10.925 2 498 LEU (alpha helix), 499 LEU (alphahelix), 502 LYS (coil), 477 PRO
i : 2.346 965 ARG (coil), 479 TYR (coil), 471 VAL (alpha helix) Chain B: 962 ARG (alpha
helix), 965 ARG (alpha helix), 961 ASN (alpha helix), 946 GLN (beta
strand), 936 GLY (coil), 934 VAL (beta strand)
1.943 479 TYR Chain A: 529 ASN (coil), 528 GLU (coil), 480 LYS (coil), 483 THR
v -11.029 2 (cail), 479 TYR( coil) Chain B: 958 ALA (alpha helix), 965 ARG (alpha
i : 2.999 965 ARG helix), 961 ASN (alpha helix), 1113 GLU (alpha helix), 969 LEU
(coil), 957 VAL (alpha helix), 1114 VAL (alpha helix)
2.815 1451 ASN
2.513 1452 MET Chain C: 1447 ALA (coil), 1619 ALA (coil), 1451 ASN (alpha helix),
1446 ASP (coil), 1620 CYS (coil), 1445 GLY (coil), 1449 GLY (alpha
v 11.3929 6 2.559 1449 GLY  helix), 1599 GLY (coil), 1600 GLY (coil), 1625 GLY (coil), 1621 LYS
k ’ 2.677 1448 MET  (coil), 1448 MET (coil), 1450 MET (alpha helix), 1452 MET (alpha
helix), 1421 PHE (coil), 1624 PRO (coil), 1419 SER (coil), 1444 SER
2.987 1447 ALA (coil), 1418 THR (coil), 1598 VAL (coil)
1.867 1446 ASP
2.9431 627 ARG
Chain A: 654 ALA (coil), 826 ALA (coil), 627 ARG (coil), 830 ASN
v 10.559 4 2.256 627 ARG (coil), 653 ASP (coil), 827 CYS (coil), 652 GLY (coil), 832 GLY (coil),

! 2.853 627 ARG 828 LYS (coil), 659 MET (alpha helix), 628 PHE (coil), 831 PRO
(cail), 651 SER (coil), 805 VAL (alpha helix)
2.906 653 ASP

2.378 1963 ALA Chain B: 1177 ALA (beta strand),1128 ASN (coil), 1182 ASN (coil),
1120 GLU (alpha helix), 1124 GLU (alpha helix), 1176 GLU (beta
1.976 1910 GLU  strand), 1123 ILE (alpha helix), 1127 ILE (alpha helix), 1175 MET
Atrovastatin  -11.8605 3 (beta strand) Chain C: 1388 ARG (beta strand) Chain D: 1963 ALA
2.991 1388 ARG (beta strand), 1914 ASN (coil), 1968 ASN (coil), 1906 GLU (alpha
: helix), 1910 GLU (alphahelix), 1962 GLU (beta strand), 1090 ILE
(alpha helix), 1913 ILE (alpha helix)

a) b)
ARG
Abal
ARG
A TYR
a5 B:1128 Bav
GLU
Bi1124 L SER
01962 D:1574
L
Y ILE B1127 uu’.n'sz
L z 111
D:1963 e
LEU
R s o ASN1182
THR THR
2:1905 106 1959
3.8
i H-Bonds
4
MET Donar
GLY GLL g nlll"fl'i
G ]
1 GLU LEL
a0 01910 B:1176 MET Buisad ASN
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Bil12
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Fig. 5: a) 2D representation of residual interaction of compound V, with HMG-CoA reductase; b) 3D representation of binding site
residual interaction of compound V, with HMG-CoA reductase
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In summary, we have synthesized novel 12 substituted
derivatives of benzo (h) chromene-3-carboxylate
derivatives and screened their antihyperlipidemic
activity. The molecular docking results revealed that
compound V_ has better binding affinity (-12.898
kcal/mol) energy values compared with atorvastatin
(-11.8605 kcal/mol) to HMG-CoA reductase enzyme.
Interestingly, V. also binds to the same binding site as
that of atorvastatin with a similar amino acid binding
residue of enzymes. Most of the synthesized compounds
shown excellent in vivo antihyperlipidemic activity and
found to be nontoxic at a given dose. Further, the values
of LDL/HDL indicating cardiac risk factor was less in
compound V|, as compared to standard atorvastatin.
Interestingly, high yield, good affinity, the nontoxic
and low cardiac risk with potential antihyperlipidemic
activity make these compounds the possible lead for
future research.
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