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ABSTRACT

Flavonoids are the natural phytoconstituents wide-
ly distributed in plants originate in fruits, vegetables,
grains, bark, roots, stems, flowers, tea and wine. Flavo-
noids have been recognized as secondary metabolites
of plant, with marked biological significance such as
Anti-inflammatory, Antioxidant, Anticancer and Antimi-
crobial activity. Hence, flavonoids are considered as an
indispensable component in a variety of nutraceutical,
pharmaceutical, medicinal and cosmetic applications
with versatile health benefits.

Research on flavonoids received an added impulse
with the discovery on Anti-inflammatory by sever-
al mechanisms, but the most important mechanism
is the inhibition of eicosanoids generating enzyme. In
present research a novel series of synthetic flavones
(1a-1) have been synthesized after Molecular Docking
studies. Synthesis of novel flavones was carried out
using 2, 4-dihydroxyacetophenone as starting material
through Baker-Venkataraman Reaction and then finally
condensed with substituted acyl chloride. All the syn-

INTRODUCTION

Medicinal chemistry concerns with the discovery, development,
identification and interpretation of the mode of action of biologic-
ally active compounds at the molecular level. It is also concerned
with the study, identification, and synthesis of the metabolic prod-
ucts of drugs and related compounds (Narayana KR, et al., 2001).
Flavonoids (from the Latin word flavus meaning yellow colour in
nature) are a group of polyphenolic compounds having benzo-
pyrone heterocyclic ring system, with a group of low molecular
weight compounds (Singh M, et al., 2014). It is a class of plant sec-
ondary metabolite. Flavonoids were referred to as Vitamin P from
the mid-1930s to early 50s (Yao LH, et al., 2004). Flavone is a class
of flavonoids based on the backbone of 2-phenyl-4H-chromen-
4-one (2-phenyl-1-benzopyran-4-one) (Verma AK and Pratap R,
2012). The molecular formula of flavone molecule is C .H, O,. It
has a three-ring skeletons, C6-C3-C6, and the rings are referred
to as A, C, and B rings, respectively (Harborne JB and Williams
CA, 2000). They are found in seeds, citrus fruits, olive oil, tea and
red wine, vegetables, nuts, stems and flowers, honey and are com-
monly consumed with the human diet (Chacko BK, et al., 2005).

Synthesis of novel flavones are carried out using 2, 4-dihydroxy-
acetophenone as starting material through Baker-Venkataraman
Reaction and then finally condensed with substituted acyl chlor-
ide. All the synthesized compounds was confirmed by their
physicochemical properties and spectral studies (Cushnie TT and
Lamb AJ, 2011). Flavonoids exhibit a broad spectrum of biological
activities, such as antibacterial, antiviral, antioxidant, anti-inflam-
matory, antiallergic, antitumor, antihypertensive, antidiabetic ac-
tivies (Agrawal AD, 2011). Novel flavone derivatives were assessed
for anti-inflammatory activity by using carrageenan induced rat
paw edema method. The molecular docking tool, V-Life MDS
(Molecular Design Suit) 4.3 software was used for ligand docking
studies into the COX-2 enzyme, with PDB (Protein Data Bank)
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thesized compounds was confirmed by their physico-
chemical properties and spectral studies. Novel flavone
derivatives were assessed for anti-inflammmatory activity
by using Carrageenan induced rat paw edema method.
Novel flavone derivatives were performed to establish
correlation between biological activity and molecular
properties. Among the synthesized compounds (1b,
1g. 1i, 1j 11) showed good anti-inflammatory activity,
whereas compounds (1c, 1e, 1f, 1h, 1k) showed mod-
erate anti-inflammatory activity comparable to the ref-
erence drug Indomethacin. Thus, the conclusion can
be made that the flavone moiety may exhibit a good
anti-inflammatory activity.
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code (3LN1) (Lemmen C and Lengauer T, 2000).
MATERIAL AND METHODS

Melting points was determined using a Veego make microproces-
sor based melting point apparatus having silicone oil bath and are
uncorrected. IR spectra (wave numbers in cm™) were recorded
on a Bruker Alpha FT-IR (Fourier Transform Infrared Spectros-
copy) spectrophotometer using Potassium bromide discs. NMR
(Nuclear Magnetic Resonance) spectra were recorded on Bruk-
Bruker Avance IT 400 MHz instrument in CDCI, with TMS (Tet-
ramethylsilane) as internal standard for 'H NMR. Chemical shift
values are mentioned in §, ppm. Mass spectra were recorded on
Advion Expression, CMS (Compact Mass Spectrometer), USA
at SynZeal Research Solutions, Gandhinagar. Chromatographic
separations were performed on columns using silica gel 100-200
mesh. The progress of all reactions was monitored by TLC on 2
cm x 5 cm pre-coated silica gel 60 F,, (Merck) plates of thickness
ness of 0.25 mm. The chromatograms were visualized under UV
254 nm and/or exposure to iodine vapours. All reagents used were
of analytical grade, obtained from Loba chemicals, SD fine chem-
ical limited and Spectrochem. Chemicals and solvents were puri-
fied by general laboratory techniques before use. All moisture free
operations were performed in oven dried glasswares and under
nitrogen atmosphere.

EXPERIMENTAL WORK
Molecular docking

Molecular docking studies and conformational analysis of all
compound were performed using the molecular design suite
(V-Life MDS software package, version 4.3; from V-Life Sciences,
Pune, India). Structures of compounds were sketched using the
2D structure draw application, (V-life 2D draw) and converted
into 3D structures. Structures of compounds were minimized and
optimized with the MMFF (Merck Molecular Force Field) meth-
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od taking the Root Mean Square gradient (RMS) of 0.01 kcal/mol A° and
the iteration limit to 10,000. Conformers for each structure were generated
using Monte Carlo by applying MM force field method and least energy
conformer was selected for further study. The molecules chosen from
docking studies were used for synthesis purpose. Eleven compounds (1a-
11) showed significant dock score. Structures of the 2-phenyl-1-benzopyr-
an-4-one ligands or ester derivatives of 7-hydroxy 2-phenyl-1-benzopyr-
an-4-one ligands were sketch using chem sketch 2D draw and converted
into 3D structure taken in .mol format. The 3D structure in .mol format
are then optimized and saved in .mol2 format. MMFF force field with de-
fault settings were used for the ligand optimization. The PDB structure
[3LN1] were downloaded from protein data bank. All the bound water
molecules, ligands and other moieties were removed from the proteins and
saved in PDB format. Cavity #1 selected for COX-2 receptor.

Chemistry

Synthesis  7-hydroxy-2-phenyl-4H-chromen-4-one:  2,4-dihydroxy-
acetophenone was allowed to react with benzoyl chloride in the presence of
anhydrous pyridine, and subsequent heating the mixture in the presence of
KOH yielded 2,4-dihydroxydibenzoylmethane. 2, 4-dihydroxydibenzoyl-
methanewas further cyclized in the presence of glacial acetic acid and con-
centrated H,SO, at 100°C to afford the flavone. Synthesized flavone was
recrystallized from large volume of petroleum ether (60°C-80°C) (Kabalka
GW and Mereddy AR, 2005).

Synthesis of substituted benzoyl chloride: The various substituted
benzoic acids were heated with excess of thionyl chloride for two hours
in the presence of dry Dimethylformamide on a water bath and then the
excess of thionyl chloride was distilled off. Formation of acyl chloride was
monitored by converting into esters with methanol using TLC (Thin Layer
Chropmatography) technique. This prepared acyl chlorides were used as
such without further purification for preparation of ester derivatives of fla-
vone (Maitera ON, et al., 2018).

Reaction of acyl chloride with flavone: The various substituted acyl
chloride were condensed with 7-hydroxyflavone in basic media to afford
various substituted flavone derivatives. Flavone (0.5 g) and a freshly pre-
pared substituted benzoyl chloride was dissolved in dry pyridine (2.5 ml)
with stirring. Reaction mixture was heated on water bath at 50°C in dry
condition using calcium chloride guard tube for more than 22 hrs. The

progress of reaction was monitored by TLC. After completion of reac-
tion, reaction mixture was cooled to room temperature and poured into
ice crushed water (50 ml). The crude product precipated out was obtained
by filtration, dried at room temperature. Various substituted Benzoic acid
2-phenyl-4-oxo-4H-1-benzopyran-7-yl ester (la-1) was recrystallized
from ethanol, Where, R shown in Table I and Figure 1 (Vh ES, et al., 2012).
Biological activity

Anti-inflammatory activity of all synthesized compounds were quantified,
in vivo by Carrageenan induced rat paw edema method using Plethys-
mometer. All the test compounds were suspended in 0.5% of CMC and
administered orally. The albino sprague dowly rats were treated orally
with the newly synthesized derivatives (10 mg/kg) and standard drug In-
domethacin (10 mg/kg), 1 hr prior to the 1% (w/v) solution injection of 0.1
ml Carrageenan into plantar region of right hind paw (subcutaneously).
The relative paw volume was measured at an interval of O h, 1 h, 2 h, and 3
h in the individual animal of the control, test and the standard group (Bano
S, et al., 2013; Do TH, et al., 2009; Gomes A, et al., 2012; Garcia-Lafuente
A, et al., 2009). The percent inhibition of paw edema was calculated using
following formula,

%Inhibition (%I)=[1-(V,/V)] x 100

Where,

V=Mean increase in paw volume of test.

V =Mean increase in paw volume of control.
RESULT AND DISCUSSION

Molecular docking was performed by V-Life MDS 4.3 software was
used for ligand docking studies into the COX-2 enzyme, with PDB code
(3LN1). Standard drug used for docking is selective COX-2 inhibitor i.e.
Celecoxib. The PDB used for docking was 3NL1 which is Celecoxib bound
COX-2 receptor. The more negative value of Dock score indicated that the
compound may be more potent and indicated the good binding potential,
synthesized compounds were docked with 3LN1 (COX-2 enzyme). The
docking score of Celecoxib and synthesized compounds were shown in
Tables 2 and 3 Vander walls interactions of the Celecoxib and synthesized
compound 1d, 1k at cavity 1 of COX-2 [3LN1] receptor is shown in Figures
2and 3.

Table 1: Compounds and their radicals

Compounds Radical (R)
la H
1b p-chloro
lc m-chloro
1d m-amino
le p-nitro
1f m-nitro
1g m-hydroxy
1h p-hydroxy
1i 3,5-dinitro
1j 2-chloro, 5-nitro
1k p-bromomethyl
11 p-amino
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Figure 1: Various substituted Benzoic acid 2-phenyl-4-oxo-4H-1-benzopyran-7-yl ester (1a-1) was recrystal-

lized from ethanol

Table 2: Result of the docking study

SN Conformer R Dock score
1 la -H -4.268206
2 1b p-chloro -4.724953
3 Ic m-chloro -4.255926
4 1d m-amino -4.482858
5 le p-nitro -4.762733
6 1f m-nitro -4.87621
7 g m-hydroxy -4.435845
8 1h p-hydroxy -4.764583
9 1i 3,5-dinitro -3.854839
10 1j 2-chloro,5-nitro -4.134919
11 1k p-bromo methyl -3.958826
12 11 p-fluoro -4.630565
13 Celecoxib - -4.585231
Table 3: Result of anti-inflammatory activity by carrageenan induced rat paw edema method
SN Group Dose (mg/kg) % Inhibition of paw edema
Oh 1h 2h 3h
1. Indomethacin 10 - 33.34 32.15 50.91
2. la 10 - 15.79 17.86 16.37
3. 1b 10 - 36.85 39.29 41.82
4. 1c 10 - 28.08 26.79 38.19
5. 1d 10 - 17.55 17.86 18.19
6. le 10 - 35.09 35.72 36.37
7. 1f 10 - 24.57 25 27.28
8. 1g 10 - 42.11 46.43 45.46
9. 1h 10 - 24.57 25 25.46
10. 1i 10 - 40.36 46.43 43.64
11. 1j 10 - 36.85 46.43 63.64
12. 1k 10 - 19.3 25 27.28
13. 11 10 - 24.57 32.15 45.46
3819 Systematic Review Pharmacy Vol 12, Issue 12, Nov Dec, 2021




Prafulla S: Design, Synthesis and Pharmacological Screening of Novel Flavone Derivatives

Figure 3: Vander wall interaction 1k with #1 cavity of 3LN1 receptor

On the basis of result of molecular docking compound 1b, e, 1f, 1h showed
significant interaction with COX-2 receptor compared to Celecoxib which
is a known selective COX-2 inhibitor, from the result it is found that elec-
tron accepting groups are more strongly interact with receptor active
site. It means that binding affinity with receptor site increases with elec-
tronegativity. Top rank compounds were synthesized as per the designed
scheme (Figure 1) which has been started from 2, 4-dihydroxyacetophe-
none and substituted acyl chloride condensed with 7-hydroxyflavone in
basic media to afford various substituted flavone derivatives. Flavone (0.5
g) and a freshly prepared substituted benzoyl chloride was dissolved in dry
pyridine (2.5 ml) with stirring. Reaction mixture was heated on water bath
at 50°C in dry condition using calcium chloride guard tube for more than
22 hrs. The progress of reaction was monitored by TLC. After completion
of reaction, reaction mixture was cooled to room temperature and poured
into ice crushed water (50 ml). The crude product precipated out was ob-
tained by filtration, dried d by physicochemical and spectral study and
evaluated for anti-inflammatory activity by Carrageenan induced rat paw
edema method by taking a standard drug Celecoxib.

Physicochemical and spectral characterization
« Benzoic acid 2-phenyl-4-oxo-4H-1-benzopyran-7-yl-ester (1a)

Yield (%): 74.85, MP (Melting Point) (°C): 120-128, Rf (Retention factor):
0.55 (Chloroform: Hexane, 8:2), A max (nm): 227, IR (KBr, cm™): 1621.83,
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1451.44, 1289.70, 931.67, 705.71.

« 4-chloro benzoic acid 2-phenyl-4-oxo-4H-1-benzopyran-7-yl-ester (1b)
Yield (%): 71.5, MP (°C): 200-205, Rf: 0.77 (Chloroform: Hexane, 8:2), A
max (nm): 235, IR (KBr, cm™):2914.95, 1738.49, 1678.85, 1589.68, 1127.37,
1089.73, 923.78, 758.75, 699.64.

« 3-chloro benzoic acid 2-phenyl-4-oxo-4H-1-benzopyran-7-yl-ester (1c)
Yield (%): 40.75, MP (°C): 130-138, Rf: 0.82 (Chloroform: Hexane, 8:2),
A max (nm): 230, IR (KBr, cm™): 2931.03, 1692.60, 1551.63, 1502.67,
1261.88, 1057.26, 932.87, 702.67, 663.93.

« 3-amino benzoic acid 2-phenyl-4-oxo-4H-1-benzopyran-7-yl-ester (1d)
Yield (%): 80.39, MP (°C): 81-89, Rf: 0.34 (Chloroform: Hexane, 8:2),
A max (nm): 251, IR (KBr, cm): 3067.87, 1600.85, 1566.12, 1492.47,
1463.75, 1127.63, 849.34, 766.00, 699.80.

« 4-nitro benzoic acid 2-phenyl-4-oxo0-4H-1-benzopyran-7-yl-ester (1e)
Yield (%): 51.62, MP (°C): 100-102, Rf: 0.77 (Chloroform: Hexane, 8:2),
A max (nm): 255, IR (KBr, cm™): 2847.73, 1736.33, 1635.66, 1601.54,
1493.56, 1227.83, 714.35, 697.11.

« 3-nitro benzoic acid 2-phenyl-4-oxo-4H-1-benzopyran-7-yl-ester (1f)
Yield (%): 89.25, MP (°C): 100-110, Rf: 0.8 (Chloroform: Hexane, 8:2),
A max (nm): 253, IR (KBr, cm™): 3085.74, 2916.56, 1722.61, 1612.57,
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1523.73,1233.49, 714.48, 680.55, NMR (8, ppm) 6.7916 (s,1H;-CH), 7.729
(m,5H;-Ar-H), 8.0728 (s,1H;-Ar-H), 8.317 (d, 2H;-Ar-H), 8.53 (d,2H;-
Ar-H), 8.61 (d,2H;-Ar-H).

o 3-hydroxy benzoic acid 2-phenyl-4-oxo-4H-1-benzopyran-7-yl-ester
(1g)
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