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ABSTRACT:

A novel compound 5, 7-dihydroxy-3’- prenyl flavanone was synthesized by introducing prenyl
moiety at 3 position of flavanone nucleus. The structures of synthesized compounds were
confirmed by H NMR and mass spectral data. The anti-inflammatory screening of the
synthesized compound was performed by in vivo using carragenan induced paw oedema
method. In silico prediction of molecular and drug-likeness properties of target compound was
found to be promising. The results are obtained from anti-inflammatory activity and molecular
docking suggested that test compound could be considered as drug candidate for anti-
inflammatory activity.
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INTRODUCTION:

Inflammation is the immune response of the body to irradiation, infection or foreign substances.
It is defense mechanism of body in order to eliminate necrosed cells or limit the spread of
injurious agent'. Non-steroidal anti-inflammatory drugs (NSAIDs) were identified as an
essential class of biological agents that relieve pain and reduce inflammation. Many side
effects such as gastrointestinal mucosal damage, bleeding, intolerance, renal toxicity and
hepatotoxicity have been accompanied by long term use of NSAIDs"™. Thus, design and
development of more selective novel anti-inflammatory compounds with reduced side effects
is a major challenge to research groups.

Prenylated flavanone derivatives have attracted the attention of numerous researchers over
many years due to their wide range of biological activities". An array of biological activities
such antidiabetic”, antibacterial", antifungal'", antitumor'", anti-inflammatory agents™, and
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antioxidant* has been reported to be shown by various flavones. It has been proved that these
flavones compounds are effective as inhibitors of inflammatory mediators in intact cells, M.
tuberculosis and human enterovirus®. Besides, flavones derivatives also exhibited inhibitory
activity towards tubulin polymerization, cyclin-dependent kinase and enzymatic assays on Src
and Abl tyrosine kinases*". Prompted by these claims and in continuing our research work on
bioactive flavones, in the present study, a significant effort has been made to synthesize novel
5, 7-dihydroxy-3’- prenyl flavanone as per Scheme 1 and characterized by *H NMR and mass
spectral data. The synthesized compound was tested for their in vivo anti-inflammatory activity
by using carragenan induced paw oedema method*".

Molecular docking studies play an essential role in the drug discovery by placing a ligand into
the active site of the macromoleculeX. In the present study, the synthesized compound was
docked with the active site of the COX-2 enzyme (PDB ID: 3Q7D) with the help of Autodock
software and subsequently to rationalize the achieved anti-inflammatory data. Furthermore, the
target compound was subjected to Molinspiration Property and Molsoft tool kits®™ to
predictively calculate their molecular properties. Moreover, metric analysis was directed to
predictably enumerate the lipophilicity (clogP), the water solubility (clogS), topological polar
surface area (TPSA), number of rotatable bonds (NROTB), number of hydrogen bonds
acceptors (NHBA) and number of hydrogen bond donators (NHBD) which are important for
verification of drug-likeness of the novel compound.

EXPERIMENTAL SECTION:

All reagents were purchased from commercial sources. Melting points (m.p.) were uncorrected
and determined in one end open capillary tubes using Analab melting point apparatus. The IR
spectra were recorded on Shimadzu FTIR 8400 S spectrophotometer and expressed in wave
numbers (cm™), using 1% potassium bromide disc. tH NMR spectra were recorded on Varian
400 MHz spectrometer and mass spectra were recorded on Agilent 6430 triple quadruple LC-
MS system. TLC was performed using E.Merck 0.25 mm silica gel plates and visualization of
spots was accomplished with UV light.

GENERAL PROCEDURE

SYNTHESIS OF 1-(2, 4, 6-TRIMETHOXYPHENYL) ETHANONE (2)

A solution of 1, 3, 5-trimethoxybenzene 1 (0.5 mol), acetic anhydride (5 ml) and borontrifluride
diethyl etherate (3 ml) and dichloro methane as solvent (10 ml) taken in a round bottom flak
and stirred for about 6 hr and then refluxed for 50 min at 70°C. Further, the reaction mixture
was cooled to room temperature and poured into ice cold water. The obtained compound was
extracted with ethyl acetate, the combined organic solvent was washed with 10% sodium
bicarbonate and dried over magnesium sulphate. The product was concentrated under reduced
pressure and the reaction mixture was purified by flash column chromatography (CHCls—
MeOH, 90:10) to afford 1-(2, 4, 6-trimethoxyphenyl) ethanone.

Yield 65 %, m.p 225°C. IR (cm™): 1696 (C=0). *HNMR (DMSO-d6, 8): 2.52 (s, 2H, -CH),
3.74-3.99 (m, 9H, 3-OCH3), 6.85-7.25 (m, 2H, Ar-H). MS (ESI): m/z 211 (M+1).

SYNTHESIS OF 2-(2-CHLOROPHENYL)-5,7-DIMETHOXYCHROMAN-4-ONE (3)
A solution of 1-(2,4,6-trimethoxyphenyl)ethanone 2 (0.01 mol) in dimethyl formamide (20 ml)
was added 1-chloro-2-(hydroperoxymethyl)benzene (3 gm), Sodium carbonate (0.5 gm) and
Sodium hydride (0.5 gm) in a three necked round bottom flask. Further, dry HCI gas was passed
through it continuously for a period of 3 hr at 0 °C then the reaction mixture is cooled in a
refrigerator for two days and then extracted with ether. The obtained product was concentrated
under reduced pressure to afford crude compound.
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Yield 75 %, m.p 185°C. IR (cm™): 1668 (C=0), 1616, 1458 (C=C aromatic) and 1154 (C—
0).'HNMR (DMSO0-d6, 8): 2.74 (1H, dd, J=15.7 Hz and 2.5 Hz), 3.26 (1H, dd, J=15.2 Hz and
3.1 Hz), 3.84 (s, 6H, 2-OCH3), 5.42 (1H, dd, J=12.3 Hz and 3.2 Hz), 5.92-7.22 (m, 6H, Ar-
H). MS (ESI): m/z 319 (M+1).

SYNTHESIS OF 2-(2-CHLOROPHENYL)-5,7-DIHYDROXYCHROMAN-4-ONE (4)
To a solution of 2-(2-chlorophenyl)-5, 7-dimethoxychroman-4-one (0.01 mol) 3 in pyridine
(30 ml) was added HCI (0.5 ml) drop by drop as catalyst and then refluxed for 2 hr. The reaction
mixture was quenched with ice and then obtained crude compound was filtered, washed with
petroleum ether and dried under vacuum to afford 2-(2-chlorophenyl)-5,7-dihydroxychroman-
4-one.

Yield 86 %, m.p 176°C. IR (cm™): 3452 (OH), 1672 (C=0), 1618, 1465 (C=C aromatic) and
1156 (C-0O).*HNMR (DMSO-d6, 8): 2.76 (1H, dd, J=15.8 Hz and 2.6 Hz), 3.28 (1H, dd,
J=15.4 Hz and 3.2 Hz), 5.43 (1H, dd, J=12.4 Hz and 3.3 Hz), 5.90-7.21 (m, 6H, Ar-H), 8.45
(1H, bs, OH), 9.15 (1H, bs, OH). MS (ESI): m/z 291 (M+1).

SYNTHESIS OF 5,7-DIHYDROXY-2-(2-(3-METHYLBUT-2-
ENYL)PHENYL)CHROMAN-4-ONE (5)

To a solution of 2-(2-chlorophenyl)-5,7-dihydroxychroman-4-one (0.005 mol) 5 in ethanol (10
ml) was added zinc isoprene and catalytic amount of nickel and stirred at room temperature for
8 hr. The obtained mixture was transferred in to round bottomed flask and boiled for 3 hr and
cooled to room temperature. The excess of ethanol was distilled under reduced pressure to
afford 5,7-dihydroxy-2-(2-(3-methylbut-2-enyl)phenyl)chroman-4-one.

Yield 56 %, m.p 146°C. IR (cm™): 3459 (OH), 1679 (C=0), 1609, 1458 (C=C aromatic) and
1161 (C-0).*HNMR (DMSO-d6, 8): 1.55 (6H, s, 2CHs), 2.79 (1H, dd, J=15.1 Hz and 2.9 Hz),
3.12 (2H, d, J=6.3 Hz, -CH»), 3.27 (1H, dd, J=15.2 Hz and 3.0 Hz), 5.29 (1H, m, H-allylic),
5.46 (1H, dd, J=12.6 Hz and 3.6 Hz), 5.82-7.02 (m, 6H, Ar-H), 8.43 (1H, bs, OH), 9.46 (1H,
bs, OH). MS (ESI): m/z 325 (M+1).
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Scheme 1: Synthesis of 5, 7-dihydroxy-3’-prenyl flavanone: Reagents and conditions (a)
Ac.0, BF3OEt;, DCM, 70°C, 7 hr (b) 1-chloro-2-(hydroperoxymethyl)benzene, Na,COs, NaH,
DMF, HCI, 0°C, 3 hr (c) Pyridine, reflux, 2 hr (d) Zinc isoprene, Ni, EtOH, reflux, 3 hr.

IN VIVO ANTIINFLAMMATORY ACTIVITY

The antiinflammatory activity of the synthesized compounds was assessed by in vivo using the
carrageenan induced paw edema method. The experimental protocol for the pharmacological
screening was done in accordance with the guidelines prescribed by an Institutional Animal
Ethics Committee (Reg no: 1374/PO/RE/S/10/CPCSEA). The rats were divided into 3 groups
of six animals each. The control group received 1 % ag.CMC. Ibuprofen sodium (100 mg/kg,
standard) and test compound (5, 100 mg/kg) in 1% carboxy methyl cellulose (CMC) were
administered orally 1 h before induction of inflammation. Inflammation was induced in to the
sub-plantar region of the right hind paw by subcutaneous injection of 0.1 mL of freshly
prepared 1% carrageenan in saline solution. The right paw thickness was measured using the
plethysmometer at 0.5, 1, 2, 3 hrs after the carrageenan injection. The average value of edema
was calculated by taking the average of six animals at different hours. Percentage inhibition of
inflammation was calculated for each group with respect to the control group.

Inflammation was expressed as the change in paw volume

Edema=T¢—To

Where To = Volume at ‘0’ hrs

Tt = Volume at‘t’ hrs

Percentage of edema inhibition = (Vo —V)/Vo x 100
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Where, Vo = Volume of the paw of control at time‘t’
Vi = Volume of the paw of drug treated at time‘t’

RESULTS AND DISCUSSIONS:

CHEMISTY:

In the present study, a synthetic approach has been outlined for the preparation of 5, 7-
dihydroxy-3’-prenyl flavanone in scheme-1. According to scheme-1, 1, 3, 5-
trimethoxybenzene 1 was treated with borontrifluride diethyl etherate in acetic anhydride to
give 1-(2,4,6-trimethoxyphenyl) ethanone 2 which was reacted with 1-chloro-2-
(hydroperoxymethyl)benzene in DMF in the presence of HCI at 0°C to produce 2-(2-
chlorophenyl)-5,7-dimethoxychroman-4-one 3. Further, the compound 3 was reacted with
pyridine to yield 2-(2-chlorophenyl)-5,7-dihydroxychroman-4-one 4. The compound 4 was
reacted with zinc isoprene in the presence of ethanol under reflux for 3 hrs to afford 5, 7-
dihydroxy-2-(2-(3-methylbut-2-enyl) phenyl) chroman-4-one 5. The structures of the all the
synthesized compounds were confirmed based on their IR, *H NMR, and mass spectral data.

ANTIINFLAMMATORY ACTIVITY:

The synthesized compound was tested for their antiinflammatory activity by carageenan
induced paw edema method. The results are summarized in Table 1. It was observed that 5, 7-
dihydroxy-2-(2-(3-methylbut-2-enyl) phenyl) chroman-4-one (5) elicited potent activity
(79.08% inhibition) after 3 hrs as results are comparable to the standard drug, ibuprofen (87.79
% inhibition of edema).

Table-1: Antiinflammatory effect of compounds on carageenan induced paw edema in rats
Compound | 0.5 hr 1hr 2 hrs 3 hrs % inhibition after 3
hrs

Control 259+0.01 |3.79£0.02 | 421 +0.04 | 459+0.02 | --
Ibuprofen | 1.65 +(1.13 +10.97 + | 0.56 + | 87.79
0.02* 0.04* 0.03* 0.05*
5 1.79 +|1.69 121 0.96 +|79.08
0.03* 0.02* 0.04* 0.03*
Each value represents mean + SE of six animals; “P < 0.05 as compared to control; using one
way ANOVA was done by Dunnett’s t-test. Ibuprofen and test compound were taken at a dose
of 100 mg/kg body weight.

I+

MOLECULAR DOCKING

Molecular docking was executed for further exploration of the mechanism of action of the
target compound with COX-2 enzyme and to elucidate the obtained anti-inflammatory data.
Docking of compound (5) exhibited four conventional hydrogen bond interactions such as ASN
A: 39, GLN A: 42, GLU A: 465 and LYS A: 468 and another important building residues that
formed pi-alkyl at CYS A: 36, CYS A: 47 and PRO A: 153 which are very similar to that of
the interactions showed by the known COX-2 inhibitors™”. The two dimensional and three-
dimensional representations of target compound 5 were given under Figure-1.
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Figure-1: (A) Two-dimensional representation of the interacting mode of compound 5 with
COX-2
(B) Three-dimensional representation of compound 5 into COX-2

ASSESSMENT OF MOLECULAR PROPERTIES AND LIPINSKI PARAMETERS

A computational study for prediction of ADME properties of the molecules was performed by
determination of lipophilicity, topological polar surface area and lipinski in formulating “rule
of five”. The Lipinski rule states that molecule could be considered as a drug candidate should
have logP <= 5, molecular weight <= 500, number of hydrogen bond acceptors <= 10, and
number of hydrogen bond donors <= 5. Compounds violating any one of these rules are
expected to have bioavailability problems**X_ Molecular properties and Lipinski parameters
of target compound presented in Table-2. Interestingly, the synthesized compound could be
considered drug-like candidates for novel anti-inflammatory agents, as they obeyed the rule of
five without violating any one of these rules.

Table-2: Molecular properties and lipinski parameters of synthesized compound.
Compound | MW?2 | TPSAP | NROTB¢ | NHBAY | NHBD® | cLogS" | clLogP?
5 324 66.7 3 4 2 -4.7 4.4
aMolecular weight.

bTopological polar surface area.

‘Number of rotatable bonds.

dNumber of hydrogen bonds acceptors.
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*Number of hydrogen bond donators.
"Water solubility (cLogS).
9Lipophilicity (cLogP).

CONCLUSION:

A novel compound 5, 7-dihydroxy-3’- prenyl flavanone was synthesized by facile synthetic
method and characterized by physical and spectral data. The anti-inflammatory screening of
the synthesized compound was performed by in vivo using carragenan induced paw oedema
method. In silico prediction of molecular and drug-likeness properties of synthesized
compound was promising. Moreover, the synthesized compound showed significant docking
interactions with COX-2 active site. Molecular docking results along with the biological data
suggested that the tested compounds have the potential as valuable lead for antiinflammatory
activity.
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