INTERNATIONAL JOURNAL FOR INNOVATIVE RESEARCH IN MULTIDISCIPLINARY FIELD

ISSN(O): 2455-0620 [ Impact Factor: 7.581 ]
Monthly, Peer-Reviewed, Refereed, Indexed Journal with IC Value : 86.87
Volume -9, Issue - 12, December - 2023 Publication Date: 31/12/2023

DOIs:10.2015/1JIRMF/202312015 --i-- Research Paper / Article / Review

Antioxidant and anti-inflammatory potential of newer fused
2,3-disubstituted benzopyrimidines

Wachala S. Dinakaran, 2Srinivasan K. Kothari
Professor and HOD, Department of Pharmaceutical Chemistry, RR College of Pharmacy, RR Institutions,
Chikkabanavara, Bangalore-560 090, Karnataka, India.
2Professor, Manipal College of Pharmaceutical Sciences, Manipal University, Manipal-576 104, Udupi District,
Karnataka, India.
Email: sdvachala@gmail.com, Z2pansrini@yahoo.co.in

~

/Abstract: Bicyclic aromatic heterocycles such as benzo pyrimidines were well-known pharmacophores in the drug
discovery process. These privileged structures were well studied and represented in chemical compound libraries. In
pursuit of further investigations in support of these findings, this heterocyclic scaffold, benzopyrimidin-4-ones have
been synthesized and screened for their biological properties. Condensation of 2-amino benzoic acid with 4-fluoro
benzoyl chloride resulted in N-acyl substituted-2-amino benzoic acid. This on cyclization with various aromatic and
aliphatic primary amines yielded the respective 2, 3-disubstituted benzopyrimidin-4-ones (BP 1-6). The completion of
the reaction was monitored by Thin layer chromatography. The structure of the synthesized compounds was confirmed
by spectral studies. All these compounds were screened for their in vitro antioxidant, in vivo acute toxicity and anti-
inflammatory activities. Antioxidant and anti-inflammatory potentials of the compounds were tested by DPPH radical
scavenging and carrageenan induced paw oedema method in rats respectively. Acute toxicity study was carried out by
up and down stair case method. Acute toxicity study results revealed the absence of toxic manifestations at a dose of
1000 mg/kg body weight. Thus, the compounds were considered safe. One tenth of the safer dose was selected for the
in vivo anti-inflammatory activity. All the tested compounds showed good percentage of free radical scavenging and
anti-inflammatory activities. To conclude the present work, the presence of electron withdrawing substituents such
as, 4-chlorophenyl, 3-chloro-4-fluorophenyl and N,N-dimethylaminoethyl functions at the 3™ position and the
electronegative 4-fluoro substituted phenyl ring on 2" position played a vital role in improving the biological
profile of the scaffold.

Keywords: Benzopyrimidin-4-ones, Antioxidant. Anti-inflammatory, Acute toxicity, DPPH radical scavenging,
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1. INTRODUCTION:

The chemistry of heterocyclic compounds has been a thought-provoking field of study for a longer time.
Among them, various substituted benzimidazoles are the most privileged heterocycles for medicinal chemists owed to
their broad spectrum of biological activities. The synthesis of novel fused benzo-4-pyrimidinone derivatives and
investigation of their chemical and biological behaviours has gained more importance in recent decades in view of their
pharmacological activities such as anti-inflammatory (1-2), analgesic (3), antiulcer (4), antihelminthic (5), antihepatitis
(6), antifungal (7), MAO inhibitory activities (8), anticonvulsant (9), antitumor (10-11), antiprotozoal (12), antibacterial
(13) and antiproliferative activities (14), as well as inhibitory effects for thymidylate synthase and poly-(ADP-ribose)
polymerase (PARP) activities (15). Furthermore, the 2-substituted benzopyrimidinones in particular have been utilized
as peptidomimetic scaffolds with specificity for cholecystokinin, angiotensin and certain cell adhesion receptors (16).
Several 2,3-disubstituted benzopyrimidine derivatives were synthesized and tested for different biological activities.
The reports showed that the aryl substitution at 3 position enhances the biological activity. Several methods have been
reported for the synthesis of benzopyrimidin-4-one derivatives (17). However, these methods suffer from drawbacks,
such as longer reaction time, complicated workup, and use of expensive and hazardous chemicals with low yield (18).
Usage of microwave irradiation (MWI) is well known for the synthesis of a variety of compounds wherein chemical
reactions are accelerated because of selective absorption of microwave by polar molecules. The coupling of MWI with
solid-supported reagents under solvent-free conditions provides unique chemical processes with special attribute, such
as enhanced reaction rate, higher yield and greater selectivity. However, this technique requires an appreciable amount
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of solvent for adsorption of reactants and elution of products. In view of ongoing research on neat synthesis, when the
solvent-free reactions are coupled with MWI, the same proved to be advantageous considering environmental reasons
as well as due to their uniform heating effect and shorter reaction times (19). A combination of two or more biologically
active moiety could increase or decrease the activity (20). Keeping this aspect in mind, in view of the involvement of
biological activities and the eco-friendly synthesis of benzopyrimidin-4-one, the purpose of the present study is to
construct some novel 2-para chlorophenyl-4-substitutued-benzopyrimidin-4-ones as potential antioxidant and anti-
inflammatory agents.

2. MATERIALS AND METHODS:
EXPERIMENTAL
CHEMISTRY

The chemicals used in the study were listed in Table 1. The melting point of the synthesized compounds was
determined in open capillary tubes and was uncorrected. The IR spectra of the compounds were recorded in the range
of 500-4,000 cm™ on Shimadzu FT-IR 8310 using KBr pellets. The *H-NMR spectra were recorded on Joel, model
GSV-400 MHz spectrometer usingCDCIls/DMSO-ds as solvent. The chemical shifts were reported as parts per million
downfield from tetramethylsilane (MesSi). Mass spectra were recorded on the Shimadzu GC-MS QP5050. The reactions
were monitored by thin layer chromatographic analysis on precoated SiO; gel plates. The spots were visualized by UV
light. Micro analyses for C, H and N were performed in Heraeus CHN Rapid Analyser. Satisfactory C, H and N analyses
were obtained for all the compounds.
GENERAL METHOD FOR SYNTHESIS OF FUSED 2,3-DISUBSTITUTED BENZOPYRIMIDIN-4-ONES
(BP 1-6):
Step 1. Preparation of N-acyl anthranilic acid
N-acyl anthranilic acid derivatives were synthesized by Schotten-Baumann reaction (21). In an iodine flask, 0.5 g of
anthranilic acid was placed with 5 mL of 10 % sodium hydroxide solution. Then, 1 mL of 4-fluoro benzoyl chloride
was added slowly with constant mixing in between of each addition. During the additions, the flask was kept in an ice
bath. Finally, the flask was shaken vigorously for 5-10 min. The content of the flask was then, poured into cold water
with stirring and neutralized with dilute Hydrochloric acid. The separated solid was filtered, washed with water and
recrystallized from ethanol as colorless crystalline solid.
Step 2. Synthesis of 2,3-disubstituted benzopyrimidin-4-ones (BP 1-28)
Synthesis of 2,3-disubstituted benzopyrimidin-4-one derivatives were carried out according to the published procedure
(22). Equimolar amount of the prepared N-acyl anthranilic acid was condensed with various primary amines in the
presence of dicyclohexylcarbodiimide (DCC) in a 250 mL Erlenmeyer flask. The reaction mixture was microwave
irradiated for 4-14 min, and cooled. Ice cold water was then added and the solid separated was filtered off, washed with
cold ethanol and recrystallized from ethanol as fine needles.

E:[COOH
NH,
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COOH
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N
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Fused 2,3-disubstituted benzopyrimidin-4-ones

Figure 1. Synthesis of fused 2,3-disubstituted benzopyrimidin-4-ones (BP 1-6)
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Table 1. List of chemicals used

S.No Chemicals Name Manufacturer / Supplier
1. | 4-fluorobenzoyl chloride Sigma Aldrich, Germany
2. | Sodium hydroxide Sigma Aldrich, Germany
3. | DPPHe reagent Sigma Aldrich, Germany
4. | Anthranilic acid Sigma Aldrich, Germany
5. Methanol Merk Ltd, Mumbai
6. | Dimethylsulfoxide Sigma Aldrich, Germany
7. | Ethanol Sigma Aldrich, Germany
8. | N,N-dimethylethylenediamine Sigma Aldrich, Germany
9. | 4-chloroaniline Sigma Aldrich, Germany
10. | 3-chloroaniline Sigma Aldrich, Germany
11. | 4-chlorobenzylamine Sigma Aldrich, Germany
12. | 3-chloro-4-fluoroaniline Sigma Aldrich, Germany
13. | 4-fluorobenzylamine Sigma Aldrich, Germany
14. | Dicyclohexylcarbodiimide Sigma Aldrich, Germany
15. | Ascorbic acid SD fine chemicals, Mumbai
16. | lbuprofen SD fine chemicals, Mumbai
Table 2. List of equipment or instrument used
S.No Domestic Microwave synthesizer Catalyst, CATA2R

1 Melting point apparatus Shital scientific industries, Mumbai

2 Magnetic stirrer Spinit

3 FT-IR 8310 Spectrophotometer Shimadzu, Japan

4 FT NMR Spectrometer- AVANCE IlI Bruker, Germany

5 GC-MS Spectrometer-Jeol GCMATE I Tokyo, Japan

6 Microtitre plate reader Biotek, USA

7 Digital plethysmometer Ugo Basile Company, Italy

Table 3. Codes of the synthesized benzopyrimidin-4-ones along with their substituents

Compound code R’ R”
BP-1 4-fluorophenyl 3-chloro-4-fluorophenyl
BP-2 4-fluorophenyl 4-fluorobenzyl
BP-3 4-fluorophenyl 4-chlorobenzyl
BP-4 4-fluorophenyl 4-chlorophenyl
BP-5 4-fluorophenyl 3-chlorophenyl
BP-6 4-fluorophenyl 2-(dimethylamino)ethyl

Table 4. IUPAC name of the synthesized 2,3-disubstituted benzopyrimidin-4-ones

Code | Molecular formula IUPAC name

BP-1 C20H1:CIF2N20 3-(3-chloro-4-fluorophenyl)-2-(4-fluorophenyl) benzopyrimidin-4-one
BP-2 Co1H14F2N2O 3-(4-fluorobenzyl)-2-(4-fluorophenyl)benzopyrimidin-4-one
BP-3 C21H14CIFN2O 3-(4-chlorobenzyl)-2-(4-fluorophenyl)benzopyrimidin-4-one
BP-4 Ca0H12CIFN20 3-(4-chlorophenyl)-2-(4-fluorophenyl)benzopyrimidin-4-one
BP-5 CaoH12CIFN20 3-(3-chlorophenyl)-2-(4-fluorophenyl)benzopyrimidin-4-one
BP-6 Ci1gH1sFN3O 3-(2-(dimethylamino)ethyl)-2-(4-fluorophenyl) benzopyrimidin-4-one

BIOLOGICAL SCREENING

In vitro antiox
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Diphenylpicrylhydrazyl radical (DPPH radical) scavenging assay was the simple, effective and convenient method to
determine the free radical scavenging potential of a compound. DPPH radical solution was prepared by dissolving 3.96
mg of DPPH reagent in 50 mL of methanol. Stock solutions of 2000 pg/mL of the synthesized compounds and the
standard, ascorbic acid were prepared individually using methanol. These solutions were serially diluted with the same
solvent to obtain the required concentrations (1000 pg/mL to 31.25 pg/mL). The antioxidant activity of the test
compounds and the standard was assessed using 96 well microtitre plate. To 100 L of DPPH radical solution, 100 L
of the test sample or the standard solution was added separately in wells of the microtitre plate. The plates were incubated
at 37 °C for 20 min and the absorbance was measured at 540 nm, using Enzyme-linked immunosorbent assay (ELISA)
microtitre plate reader. Absorbance of solvent control containing the same amount of methanol and DPPH radical
solution was measured as well. The experiment was performed in triplicates and the percentage radical scavenging
activity and ICso were calculated (23).

Control —Test
% Scavenging activity = X 100
Control

ACUTE TOXICITY STUDY:

The acute toxicity study of the compounds was evaluated in the animals by up and down stair case method (24).
Animals were divided into groups each consist of six animals. Drug suspension was prepared using 0.5 % wi/v
carboxymethyl cellulose (CMC). Test compounds were given orally as suspension at a single dose of 500, 1000 and
2000 mg/kg body weight. Control group was treated with 0.5 % CMC. Animals were continuously observed for the first
72 h and then for 7 day (d) for behavioral changes, toxicity and mortality.

IN VIVO ANTI-INFLAMMATORY ACTIVITY

The anti-inflammatory potential of the compounds are usually assessed by carrageenan induced paw oedema
method in rats (25). The animal care and handling were carried out in accordance to the guidelines issued by the
Institutional Animal Ethics Committee, Manipal. The study was undertaken after obtaining approval of Institutional
Animal Ethics Committee (F. No: IAEC/KMC/45/2009-2010). The acute toxicity study of the compounds was evaluated
in the animals by up and down stair case method. The dose was selected based on the acute toxicity study reports. 1/10%
of the safe dose was considered for this study. The animals were weighed, marked for identification and divided into
groups, each containing 6 animals. The rats were starved for 18 h prior to the experiment. 0.5 % CMC was used to
prepare the standard drug and test compounds suspension. Oedema was induced in the left hind paw of all rats by
subcutaneous injection of 0.1 mL of aqueous carrageenan into their foot pads. All the test compounds and the standard
drug were administered orally, 1 h before the carrageenan injection. The paw volume of each rat was measured using a
digital plethysmometer, just before the carrageenan injection (0 h) and then hourly for 5 h of post administration of the
carrageenan. The increase in the paw volume at the 1t to 5" h were calculated and the results were expressed as mean
increase in paw volume * S.E.M. Results were analyzed by using one-way analysis of variance (ANOVA) followed by
multiple comparison by post-hoc Dunnett’s test.
Percentage Inhibition (%) = 100(1- (a-x/b-y))
Where, a = mean paw volume of treated animals after carrageenan injection
X = mean paw volume of treated animals before carrageenan injection
b = mean paw volume of control animals after carrageenan injection
y = mean paw volume of control animals before carrageenan injection

3. RESULTS:
Synthesis and characterization of fused 2,3-disubstituted benzopyrimidin-4-one derivatives
The synthesis of hitherto unreported title compounds were carried out, as outlined in Figure 1. The molecular
weight, % yield, time for microwave irradiation (MWI) in min, melting point, R¢ value and UV absorption (Amax,
nm) of all the synthesized compounds were shown in Tables 2-5.

Table 5. Physical characteristics of compounds BP 1-6

Compound Molecular Yield | MWI Reaction Melting Ry uv
Code weight (Da) (%) time (min) point (°C) Amax (NM)
BP-1 368 80 11 130 0.89 205
BP-2 348 86 10 178 0.78 206
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BP-3 364 60 5 156 0.65 232
BP-4 350 87 10 145 0.81 205
BP-5 350 82 9 138 0.73 212
BP-6 311 78 6 92 0.86 | 206

General characterization of compounds 3-substituted-2-(4-fluorophenyl)benzopyrimidin-4-ones (BP 1-6)
(0]

N/R
=
N
F

A group of 3-substituted-2-(4-fluorophenyl)-benzopyrimidin-4-ones (BP 1-6) were synthesized, as outlined in
Scheme 1 using N-(4-fluorophenyl)-anthranilic acid and different primary amines under microwave irradiation.
Characterization of compounds was carried out by spectral analysis and the results are given in Figures 7-9. IR

- 1599 cm™ and 1635 - 1670 cm™, respectively. Further, the presence of -CH,- group was confirmed by the -CH-
str. at 2924 cm™. Typically, the IR absorption spectrum of compound BP-1 displayed a strong peak at 1240 cm'?
owing to the presence of two fluoro substitutions in the molecule. In *H NMR spectrum of compound BP-6, the
protons of the methyl groups were deshielded by the nitrogen and resulted for peak in the downfield, as shown in
Figure 9b. An intense peak at 6 2.1 - 2.3 ppm represented the protons of the methyl groups. Further, the methylene
protons resonated at 6 2.6-2.7 ppm and 3.0-3.2 ppm. The mass spectra of compound BP-2 exhibited the M* ion
peak at m/z 348. Loss of Cl from -CsH4Cl fragment gave a peak at m/z 76, accounting for -C¢H.4 fragment (Figure
8b). The above data supported the proposed structures of compounds BP 1-6.

BIOLOGICAL ACTIVITIES:

Antioxidant activity of the synthesized fused benzopyrimidin-4-one derivatives

The DPPHe accepts electrons or hydrogen radicals to form a stable diamagnetic molecule exhibiting the colour
change from purple to yellow and the results are expressed as the ability of the DPPHe to undergo reduction at 540
nm (26). In the present study, the test compounds showed moderate antioxidant activity. The percentage radical
scavenging activity and the ICso values were given in the Table and figure 2 respectively.

Figure 2. 1Cso value of 2-(4-fluorophenyl)-3-substituted-benzopyrimidin-4-ones (BP 1-6)
50
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Table 6. Percentage antioxidant activity of 2-(4-fluorophenyl)-3-substituted benzopyrimidin-4-ones (BP 1-6)

conc. Percentage antioxidant activity

(ug/mL) | BP-1 BP-2 BP-3 BP-4 BP-5 BP-6 Ascorbic acid
1000 40.38 17.33 20.66 56.85 30.66 41.52 90.31

500 26.80 8.83 12.10 43.51 23.05 21.99 89.15

250 25.30 5.78 8.530 36.20 19.05 12.13 89.70

125 21.95 5.20 7.06 32.00 16.00 7.06 89.69
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62.5
31.25

17.37
12.46

5.14
3.32

6.06
4.43

29.59
24.83

12.40
7.94

5.05
2.49

89.59
65.92

ANTI-INFLAMMATORY ACTIVITY:

Inflammation is an immediate complex biological response of harmful stimuli. It is characterized by the accumulation
of fluids and leukocytes which lead to oedema and pain (27). Tissue injury causes acute and chronic inflammation,
which is mediated by the release of autocoids and varied mediators, such as, interleukins, interferon and tumor necrosis
factor-a respectively (28). Non-steroidal anti-inflammatory drugs (NSAIDS) are commonly used for the treatment of
pain and inflammation; however, on prolonged usage, NSAIDS may cause gastrointestinal ulceration and bleeding (29-
30). Several drugs have been synthesized so far; however, they suffer from side effects. Therefore, it is important to find
new anti-inflammatory drug with a potential for clinical use and not associated with adverse effects. Anti-inflammatory
potential of 2-(4-fluorophenyl)-3-substituted benzopyrimidin-4-ones (BP 1-6) was studied by introducing six
different groups at the 3™ position. The mean increase in the paw volume was measured and the percentage
reduction of paw oedema of the test compounds was calculated. The results were given in the table and figure
respectively.

Table 7. Effect of 2-(4-fluorophenyl)-3-substituted-benzopyrimidin-4-ones (BP 1-6) on mean increase in the

paw volume

Code Mean increase in the paw volume (mean + S.E.M)

1h 2h 3h 4 h 5h
BP-1 0.10£0.01 0.15+0.00 | 0.16 £0.02 0.11 + 0.02 0.06 + 0.01*
BP-2 0.05+0.01*** | 0.11+0.03 | 0.12£0.01*** | 0.08 £0.01 0.05 + 0.01**
BP-3 0.05+0.00*** | 0.14 £0.00 | 0.15+0.01* 0.15 +0.02 0.08 + 0.01
BP-4 0.09 +0.01 0.11£0.01 | 0.09 +£0.01** 0.02 £ 0.03* | 0.00 £ 0.01***
BP-5 0.12 + 0.02 0.30£ 0.02 | 0.11 £0.00* 0.16 + 0.00 0.12 +0.01
BP-6 0.07 + 0.00* 0.14 £0.00 | 0.13 +0.01** 0.14 + 0.00 0.17 £ 0.01
Control | 0.09 +£0.00 0.30£0.14 | 0.20+0.03 0.16+ 0.04 0.12 +0.03

NI: No increase in the paw volume; * p <0.05; ** p <0.01; *** p< 0.001

Figure 3. Percentage anti-inflammatory activity of 2-(4-fluorophenyl)-3-substituted-benzopyrimidin-4-ones

(BP 1-6)
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4. DISCUSSION:
Antioxidant activity of the compounds BP 1-6

The free radical scavenging ability of 2-(4-fluorophenyl)benzopyrimidin-4-ones containing different substitutions
at the 3" position such as, fluoro and chloro substituted phenyl or 2-(dimethylamino)ethyl moiety (BP 1-6) was
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tested, the compound BP-4, bearing 4-chlorophenyl substitution showed a favourable antioxidant profile with the
percentage radical scavenging of 56.85 at 1000 xg/mL as shown in Table 6. Further, the compound showed 50 %
radical scavenging at 2.13 uM (Figure 2). Similarly, compounds containing 3-chloro-4-fluorophenyl (BP-1) and 2-
(dimethylamino)ethyl (BP-6) substitutions showed antioxidant potential with 50 % radical scavenging at 3.7 and
3.8 uM, respectively. However, other compounds in this series did not show any promising radical scavenging
activity. The above data revealed that, the antioxidant potential of benzopyrimidin-4-one system could be improved
based on the presence of electron withdrawing substituents such as, 4-chlorophenyl, 3-chloro-4-fluorophenyl and
N,N-dimethylaminoethyl functional groups at the 3™ position..

Anti-inflammatory activity

Among the tested compounds (BP 1-6), 3-(4-chlorophenyl)-2-(4-fluorophenyl) benzopyrimidin-4-one (BP-4) did
not inhibit the paw oedema at the 1% h, as given in Table 7. However, it showed a reduction in the oedema at 55 -
94 % inhibition at 2" to 5" h, as depicted in Figure 3. Further, the result was supported by its free radical scavenging
ability, as shown in Table 7. However, compound BP-5, having 3-chlorophenyl substitution at the 3" position
showed activity at the 3™ h with reduction in the oedema at 45 % and other compounds in this series showed 10 -
64 % activity. The above results suggested that the increase in the anti-inflammatory potential of the
benzopyrimidin-4-one could be because of the presence of the high electron withdrawing nature of 4-chlorophenyl
and 4-fluorobenzyl substitutions at the 3 position.
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