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Abstract

Coumarins, which are 2H-1-benzopiran-2-one compounds originating from some plants, have been proven to
be anticancer, antibacterial, and anticancer agents. Around of these structures are currently accepted for the
treatment of cardiovascular disease (warfarin), antibiotics (novobiocin or chlorobiocin), and anticancer
medications (geiparvarin). We created 38 coumarin derivatives (2—50), 22 of which were novel, in this project
by replacing the eighth carbon of the benzopiran ring with nearly aromatic and aliphatically substituted
piperidine and piperazines. This was done because of the structure's great potential and the dearth of research
on molecules resulting from the benzopiranone heterocycle. The produced compounds' cytotoxicity,
analgesic, and anti-inflammatory qualities were evaluated. The targeted molecules were made in two steps.
Using the Pechmann reaction, the 7-hydroxy-4-methyl-chromen-2-one coumarin scaffold was created in the
first step. Another phase was the derivatization of the 7-hydroxy-4-methyl-chromen-2-one coumarin scaffold
(compound 1) by addition of piperidine and aromatic and aliphatic substituted piperazine groups.

In vitro tests were used to evaluate the cytotoxicity, analgesic, and anti-inflammatory properties. MTT assay
was employed to assess the cytotoxicity of MCF-7 breast cancer cells and RAW264.7 macrophages. The
nitrite inhibition test was employed to evaluate anti-inflammatory activity using RAW264.7 macrophage cells.
The reference drugs for the cytotoxicity and anti-inflammatory tests were L-NAME and indomethacin (IND).
PGE2 production for the painkilling effect was noted. The outcomes indicated that compounds 11, 23, and 31
have promising anti-inflammatory activity. Compound 11 produced better results than the reference drugs and
were three times more active than IND. Moreover, compound 11 confirmed little cytotoxicity and a moderate
analgesic effect.

Keywords: Coumarins, anti-inflammatory activity, cytotoxicity, analgesic activity, piperazine, piperidine.

INTRODUCTION

Coumarins (2H-1-benzopyran-2-one) are compounds also found in a variety of plants (Fig. 1). Since their
discovery in the seeds of Coumarouna odorata Aube (Diptryx odorata) [ 1], these chemicals have been referred
to as "coumarin". Coumarin derivatives have been linked to a wide variety of biological activities in the
literature, including anticoagulant [2, 3], antibacterial [4], anti-inflammatory [5], anticancer [6], and
antidepressant [7]. Nowadays, the vast range of functionalities makes this building block the preferred choice
for developing novel medications. The relevance of the coumarin ring in pharmaceutical research has sped up
the advance of new synthesis methods. Coumarin scaffold can be produced via the Pechmann, Perkin, Wittig,
Kostanecki-Robinson,Knovenagel, and Reformatsky reactions [8].
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Fig. 1 Structure of Coumarin

Many of the drugs that are now on the market have the coumarin molecule. For instance, illnesses affecting
the cardiovascular system commonly employ warfarin as an anticoagulant [8]. Another important coumarin
derivative is used as an antimicrobial. The most well-known medications made from coumarins are the
antibiotics Novobiocin and Chlorobiocin. They are very active against Gram-positive bacteria because they
stop the DNA gyrase enzyme from functioning [9, 10]. It has also been discovered that plants with the
coumarin structure contain geiparvarin [6].

METHODS OF SYNTHESIS

1.1. General Procedure A: Synthesis of Coumarin Scaffold
1.1.

—_—
HO OH )J\/u\o/\ HO o)

2 hours

Resorcinol Ethyl acetoacetate
Scheme 1
1.22 eq of resorcinol was liquified in 20 mL of saturated H2SO4. Subsequently, 1.0 equivalent of ethyl
acetoacetate was gradually added, and the mixture was left to stir at 0—5 degrees Celsius for two hours. The
reaction mixture was set on ice water for two hours. After a water wash, the solid was recrystallized from

EtOH. Ultimately, 7-Hydroxy-4-methyl-chromen-2-one, a pure white solid, was produced [11].

1.1. General Procedure B: Synthesis of 7-hydroxy -4-methyl-8 (piperazines) chromen-2-ones

~3 /N 4-6 hours reflux HO
+ HN  N-R -
HO 0" >0 S J Formaldehyde |/\N
N
1 R
1.1.
Scheme 2

Following the dissolution of Compound 1 (7-Hydroxy-4-methyl-chromen-2-one; 1.0eq) in 5 mL of 95%
EtOH, the reaction media was supplemented with formaldehyde (0.2 mL) and piperazine derivative (s)(R1)
(1.0eq). Reflux occurred in the reaction mixture for four to six hours. After the four to six hours, the reaction
mixture was cooled, and the solvent was then dissolved under vacuum. Once light-yellow oils were obtained,
a small amount of cooled acetone was added. The whitish solids were then crystallized using acetone [12].
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Synthesis of 7-hydroxy-4-methyl-8- (piperidine) chromen-2-one

4-6 hours reflux HO 0" ™o
+ HN R- -
HO 070 Formaldehyde O

1 R;

Scheme 3

1.1. Compound 1 (7-Hydroxy-4-methyl-chromen-2-one) was liquefied in 95% EtOH, and the reaction
medium was then supplemented with formaldehyde and piperazine derivative(s) (R2). Reflux occurred in the
reaction mixture for four to six hours. The solvent was vacuum-evaporated after the reaction medium had
cooled for four to six hours. Once light-yellow oils were obtained, a tiny amount of cooled acetone was added.
The white crystals were then crystallized using acetone [12].

1.1. Analytical Methods
1.1. Melting Point Determination

1.1. Using a Mettler Toledo FP62 capillary melting apparatus, the melting points of synthesized compounds
were ascertained.

1.1. Analysis of Thin Layer Chromatography TLC Plates:

1.1. TLC 20x20 aluminum sheets 60 F254 (Merck) Silica gel Systems of Solvents: 50:50 ethyl acetate:n-
hexane Pulling Procedure: The solvent system was poured into the TLC chamber, and it was left for an hour
to achieve a suitable saturation. Spot determination: Some piperazine and piperidine derivatives were
visualized using ninhydrine dye, and spots of the synthesized compounds and their starting materials were
identified using UV light (254/365 nm).

1.1. Spectrometric Methods
1.1. Fourier-Transform Infrared Spectroscopy (FT-IR)

1.1. The Fourier Transform Potassium bromide pellets were utilized along with a PerkinElmer Spectrum One
series FT-IR instrument to conduct infrared spectroscopy analyses. The expression for spectrums was cm-1.

1.1. H-NMR

1.1. Tetramethylsilane (TMS) was used as the reference, and dimethylsulfoxide (DMSO-d6) and deuterated
chloroform (CDCI3) were used as the solvents. The 1H-NMR spectra were recorded using a Bruker
Spectrospin Avance DPX-400 (400 MHz). Parts per million (ppm) was the unit of measurement for the
chemical shifts.

1.1. C-NMR Spectra

1.1. Tetramethylsilane (TMS) was utilized as the reference in the 13C-NMR spectra, which were recorded at
400 MHz. Dimethylsulfoxide (DMSO-d6) and deuterated chloroform (CDCI13) were employed as the solvents.
Parts per million were used to identify the chemical shifts (ppm).

1.1. LC-MS Analyses

e The Waters UPLC was used to record the LC-MS spectra. Utilized was a photo diode detector (UPLC
LG 500 nm). The column was the BEH C8 X Bridge column. Phase of mobility:
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e (-1 min: ACN: water: 1% formic acid = 9: 90: 1
° 1-2 min: ACN: water: 1% formic acid = 24: 75: 1
e  2-3 min: ACN: water: 1% formic acid = 0: 99: 1
e  3-12 min: ACN: water: 1% formic acid = 9: 90: 1

1.1. Biological Activity Tests
1.1. Cell culture and viability

The cells' viability was assessed using the MTT (3-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyl tetrazolium
bromide) assay. Compounds liquified in dimethyl sulfoxide (DMSO) were added to plated RAW264.7 cells
(2x105 cells per millilitre) at a concentration of 100uM (the highest concentration that could be used). Each
well received 0.5 mg/mL of MTT after a 24-hour incubation period, and the mixture was then raised for an
additional two hours at 37°C. Following the removal of the plate medium, 100 pl of isopropanol was added
to each well. A UV-spectrophotometric plate reader was used to measure the transmission density of the MTT
formazan at 540 nm. The absorbance ratio, expressed as a percentage, between the chemically exposed cells
and the cells preserved with 0.5% DMSO (as a control) was utilized to ascertain theviability of the system.
Every measurement was carried out three times [13].

1.1. MCF-7 %Cell Viability Protocol

The cells' feasibility was assessed using the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay. Following 70-80% confluency, the human breast cancer cell line MCF-7 was refined on 48-
well plates and exposed to 10 uM dimethyl sulfoxide (DMSO)-derived compounds. After incubating for 24
hours, 0.5 mg/mL of the generated MTT was further, and it was incubated at 37 °C for 2 hours. Following the
incubation time, 100 pL of isopropanol was added to each well, and the optical density of MTT formazan at
540 nm was measured using a UV spectrophotometric plate reader. The transmission density of the cells
unprotected to the chemicals was defined as the number of live cells among the cells treated with a 0.5%
DMSO control. Every measurement was made three times [14].

1.1. Evaluation of Anti-inflammatory Activity by Nitrite Assay

The anti-inflammatory efficacy of the compounds was assessed by measuring the stable nitric oxide (NO)
metabolite, nitrite, using the Griess test (Kiemer and Vollmar, 1997). To summarize, RAW-264.7 cells were
plated in 48-well plates at a density of 2x105 cells per millilitre. After that, the plates were incubated for a full
day at 37°C with 5% CO2. After a two-hour pre-treatment with 100pM (the maximum dose used), plated cells
were stimulated with 1pg/mL lipopolysaccharide (LPS) for twenty-two more hours. The culture supernatant
was mixed with 50 pL of Griess reagent (1% sulphanilamide, 0.1% N-(1-naphthyl) ethylenediamine
dihydrochloride in 5% phosphoric acid) and allowed to stand at room temperature for half an hour. The
mixture's  absorbance at 570 nm  was measured with a  microplate  reader.
The amount of nitrite in the test samples was calculated [15].

Utilize the sodium nitrite standard bow. The positive controls were L-NAME (Nw-Nitro-L-arginine methyl
ester hydrochloride) prepared in DMEM and 100 uM of Indomethacin dissolved in DMSO. The data are
shown as a ratio of [NO] treated cells to [NO]untreated cells, with percentages used to indicate any differences.
Everybody was measured three times.

1.1. Analgesic Activity

As directed by the manufacturer, the prostaglandin E2 ELISA Kit (Abcam, UK) was used to quantify the analgesic
activity using cell supernatants preserved with LPS and compounds.

RESULTS AND DISCUSSION:

In this work, novel equivalents of 7-hydroxy-4-methylchrome-2-one, piperazine and piperidine, were
synthesized and it’s invitro cytotoxicity, analgesic, and anti-inflammatory characteristics were evaluated.

Chemistry

The analysis of the retrosynthetic pathway of the selected mixes is displayed under (Fig. 2). The final
compounds are made up of two key parts: a coumarin scaffold and piperazine/piperidine groups. When H2SO4
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was present, the coumarin fraction was created via the Pechmann reaction. The piperazine and piperidine
groups were then added to the coumarin ring's ninth position using formaldehyde and ethanol.

B A OH o o
HO O 0O /> HO O (o) [ e— ©/ + )J\/U\ OEt
OH

N

Fig. 2 Retro synthesis of piperazine/ piperidine analogues
Step1: Synthesis of 7-hydroxy-4-methylchromen-2-one (Compound 1)
In order to synthesize Compound 1, (7-hydroxy-4-methylchromen-2-one), the Pechmann reaction was utilized

as a guide. Resorcinol and ethyl acetoacetate were the starting chemicals, and an acidic medium was used to
conduct the reaction. The action and the situation mechanism are explained below (Fig. 5.2 and Sch. 1)

/@\ . 0O O H,S0, A
HO OH )J\/U\o/\ ” HO o N0

2 hours

Resorcinol Ethyl aceto 7-Hydroxy-4-methyl-chromen-2-

Fig. 3 Synthesis scheme of 7-hydroxy-4-methylchromen-2-one
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1.2 MECHANISM:

H,S0,
/—\ ©\ o ,Olzg
/@\ 0 o O)lsg\ 0y OH
— Ho oJJ}(U\ E— HH —— o N ——
H H

C HO o )
HO. OOy | “H  HSO4
| D ( P [ A
H + (;O
( /o— | HO oo

HSO4

Scheme 4. Mechanism of 7-hydroxy-4-methyl-chromen-2-one

Compound 1 was characterized using 1 H-NMR, 13 C-NMR, LCMS, and FTIR following its synthesis (Fig.
4-7). The 1 H-NMR analysis indicates that the aromatic H5 is detected at 7.57 ppm (J=8.7Hz) as a doublet.
The proton that is adjacent to it, H6, produces a doublet at 6.78 ppm (J1=8.7Hz, J2=2.4Hz) due to a meta
coupling with HS, in addition to the ortho coupling with HS. The doublet for the H8 proton obtained at 6.68
ppm with the same J=2.4 Hz coupling constant confirms this finding. The H3 proton, which exhibits a typical
cis-allylic coupling with the methyl moiety bond to the cyclic double bond, is represented by the quartet at
6.10 ppm (J=1.2Hz). Lastly, the doublet obtained confirms the presence of the methyl (4).
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(A1)

Fig. 4: ! H-NMR spectrum of compound 1

Since the spectrum showed a typical carbonyl signal at 161 ppm, a peak at 18 ppm for the methyl C9 carbon,
and 8 signals that are typical of sp2 hybridized carbons for the C3, C4, and C5-C8 (aromatic carbons of
coumarin), the acquisition of the coumarin scaffold was also validated by 13C-NMR (Fig. 5).

CARBN 01 %27 22 s s
ME-RB-157 4 o

=%

20

10 160 150 190 130 120 120 100 w0 80 70 w0 50 0 0
£1 (ppm)

Fig.5: *C-NMR of compound 1

The mass spectrum, which showed a M+H peak at 176.8 (m/z) in addition to the molecule's isotopic peaks at
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178.1 (m/z) and 179.1 (m/z), further supported the cyclization (Fig. 6). Ultimately, the UV-Vis spectrum,
which showed an inflection at 220 nm, a minimum at 260 nm, and a maximum at 320 nm, was consistent with
the literature(Fig. 7).

20171215 '».':7»»4*‘.1"-.:"1,01 1.34e8

100 150 200 250 300 350 400 450 500 550 600 650 700

Fig. 6: LC-MS spectrum of compound 1

171215 S57 6830 (5691

Al

260 270 280 290 300 310 320 330 340 350 360 370 380 400

Fig. 7: UV- Vis spectrum of compound

Step 2: Synthesis of Piperazine and PiperidineAnalogues

In another stage, the generated chemical experienced the sequence of derivatizations involving piperazine and
piperidine molecules (Fig. 8). To create the required molecules, formaldehyde was rummage-sale to attach the
heterocyclic moieties at the ninth position in compound 1. It is thought that this mechanism is at work. In this
procedure, formaldehyde is first protonated, and a nucleophile then targets the nitrogen of either the piperazine or
the piperidine's secondary amine function. The production of an iminium ion after proton exchanges allows
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compound 1 to attack the electrophilic carbon, which in turn allows the piperazine or piperidine heterocycle to be
bound by a methylene linker at the eighth situation of coumarin ring (Sch. 2).

X M\ 0 EtOH X
+ HN  N-R, + s
HO 0o / H” "H 4.6 hours reflux HO 00

2-32
N
N . Q . JOL EtOH
HN > H
HO 0" ~0 Ry H™ "H 4.6 hours reflux 0 00
&
1
R, 33-50

Fig. 8: Synthesis of targeted compounds 2-50

1.3 MECHANISM:

ey
H
Ho _H A
o X o o
Tx dN N-R f"/@\)l _—
N — —Rq o |/\

H N-R, ————> =
S\ \/ KO © N\)N EtO-
H RY
+
AN
— o o0

A

Scheme 5. General reaction mechanism of the compounds 2-50

1.3. The goal was to synthesize fifty coumarin derivatives, of which eighteen (containing seven new
structures) and thirty-two (containing fifteen new structures) were piperazine derivatives.

1.3. Piperazine derivatives (2-32)

The N4 atom of the heterocycle in 32 different piperazines was substituted with several aliphatic and aromatic
medieties to form this family of derivatives. Table 1 displays the yields of 26 products, which varied from
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acceptable to moderate. As mentioned before, the structure was verified using spectroscopic methods [16].
Table 1. Piperazine derivatives yields

Compound 26Yield Compound 26 Yield

Fae %
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2 “‘“ND”" 63 18 O, 50
O e Te S

‘-\-""-H-.r "'\-\.H i
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5 Mo 26 21 28
o
e .-'""\-\.._f-" ]
& T 50 22 i S A 62
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— P L e
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v e e .

o "
Ve I, o - s

__m-*—x"_ﬁ_ﬂ_ﬂ.,_:;a | N
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12 e f“"u"“E' 31 28 = 76
¥
13 5 o = 29 - 15
—-r.l’ "‘-m | S
14 st ' y 30 -5 G0
el i,
M —Fh st ;_:-=G>
15 53 a1 L as
o
A ~ g
16 G4 az 51
17 o o 67

Piperidine derivatives (33-50)
The second class of compounds was created using eighteen different mono- or disubstituted piperidine
molecules. Twelve of the target compounds were successfully synthesised, with normally good yields.
Spectroscopic methods were used once more for structure confirmation. The yields attained for the eighteen
piperidine derivatives are displayed in Table 2 [16].
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Table 2. Piperidine derivatives yields
Compound % Yield Compound % Yield

:
o )
3 R g 1] 42 40
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M il 43 -

wr-.lj_‘" L F
35 )—/ 48 “ A O :
i r".. o
'H.-"'.I tll "‘-ND_Q
36 uf 20 45 o 75
o) S
37 {J 52 46 [K,.-a‘rm 68

18 “"’A\[':j - a1 ”"D_@ 64
m¢\[5
39 5 48 ”"Mm 56
5 .
40 ﬂj/\m - 19 & @ 24
5 o
i U 52 50 ) % i

Biology
Cytotoxicity

First, the generated compound’s cytotoxicity was evaluated. Using RAW264.7 macrophage cells—which are
non-carcinogenic—the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay was
employed to perform the test. The ratio of treated cell absorbance to treated cell absorbance with 0.5% DMSO,
the solvent used to melt the chemicals, was utilized to determine the viability of the experiment. 100 uM of the
generated compounds were applied to the cells. The percentages were used to express the numbers in Table 3.
The data analysis revealed that the synthesized structures are typically not dangerous, with the exception of the
p-chlorobenzyl substituted piperazine derivative 23, which had a viability of 36% at 100 uM.
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As cells were treated at extremely high doses and agreed that the practicality did not drop below 10%,

this chemical may still be considered moderately cytotoxic.

Following outcomes with healthy cells, some of the assemblies were tested for anticancer activity on MCF-7
breast cancer cells. The compounds were confirmed at a dosage of 10 pM for their negligible cytotoxicity on
macrophages. Once again, no cytotoxicity was discovered for virtually all of the structures under analysis, with
the exception of molecules 17 and 23, whose viability decreased to 37 and 23%, respectively. These values, while
inadequate to designate a structure as an antiproliferative molecule, are significant and can be used to develop
novel, highly potent coumarin derivatives, such as molecules 17 and 23.

Table 3. Cytotoxicity results on RAW264.7 macrophage and MCF-7 breast cancer cell lines

Compound 04 RAW MCF-T
264.7
1 - TH.9+99 109+ 1,2
2 - N NI
3 CHa TE.11=11 102+ 4.9
kS CHxCHs T6x 11.2 101+ 3.6
3 CHCHzOH GEx+ 6.6 106+ 1.5
G CHe=CHCH: TO=x B.1 96+ 6.9
E T CHxCH:zPh N NI
E ] CH2CHCMN Go+ B9 M
E_ 11 COOCH:2Ph G4+ 3.4 NIy
12 COOCH2CHa GE+ 6 M
15 Ph GE+ 4.3 116+ 4.0
16 2Cl-Ph 87+ 1.9 90+ 4.4
17 2-F-Ph 67+ 13.6 37+ 3.8
18 2-Br-Ph G4+ 9.5 NI
19 A CHa-Ph G0+ 8.3 B+ 1.7
20 F-NO2-Ph 99+ 2.3 102+ 2,1
21 - CM-Ph 55+ 6.9 93+ 2.2
22 - OMe-Ph G4+ T8 B+ 1.7
i 23 ACl-Bn J6=+ 5.1 23+ 1.9
5 24 A OH-Ph G5+ 7.7 MND
-§_ 25 3.4-(Cl2-Ph T+ 3.7 95+ 3.9
= 26 PCFa-Ph N NI
28 a-F-Ph Ti= 11.8 NIy
30 Benzo[l.3]dioxo Gi+ 12T NIy
1-5wl
31 Maphthylmethyl GBx 5.2 My
32 Pyridin-2-yl Gz 11 ND
33 - Gl+12.5 NI
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34 4-CHa 67+5.4 ND
35 2 CHa 79+ 10,7 ND
36 3.5-(CHas)z T7+ 6.4 ND
37 2-CHz2CHs 69+ 13.6 ND
a1 3-CH20H 77+ 6.1 ND
az 2 COOCH:2CHas 81+ 2.9 ND
a5 4-COOH 57+3.1 ND
46 3-COOH ND ND
a7 4-Ph ND NDy
48 4-(p-0OH-Ph) 61+5.2 ND
49 4-Bn 59+ 10,7 ND

ND: Not determined

Anti-inflammatoryActivity

The NitriteAssay

The anti-inflammatory qualities of the produced compounds were assessed using the nitrite inhibition test. Nitrite
levels are crucial markers of inflammation since they are known to be markedly raised in inflammatory tissues.
After inducing an inflammatory state in RAW264.7 macrophage cells with LPS, the resultant compounds were
added to the growth media at a concentration of 100 uM. Since compounds 2, 7, 26, 47, and 48 were insoluble in
DMSO, they were excluded from the investigation. As reference medications, N-nitro-L-arginine methyl ester
hydrochloride (L-NAME) and indomethacin (IND) (100 pM) were used. Measured and compared to levels
obtained for LPS-induced cells preserved with the solvent used to melt the molecules (0.5%DMSO+LPS), the
nitrite levels in the culture supernatant were determined. Results are given as the ratio [NO] treated
cells/[NOJuntreated cells and expressed as percentages in the following table (Table 4).

The findings indicate that compound 1, the unsubstituted coumarin molecule, does not show any anti-
inflammatory properties. Data from piperazine compounds with aliphatic moieties substituted (2—12) show that
small alkyl groups, such as those that are methyl, ethyl, allyl, or substituted with hydroxy or cyano, are inert.
Substances having an acylated nitrogen have a greater activity. As a matter of fact, the ethyl carbamate derivative
12 decreased by 11%. In addition, nitrite levels were reduced by 90% when compound 11 was substituted with
benzyl carbamate in the cells. This compound had the greatest activity of all those examined, having three times
the potency of the standard indomethacin molecule.

When aromatic rings were used in place of piperazines, positive outcomes were also seen. The activity of the
molecules was much enhanced by substituting the phenyl-substituted piperazine derivative, despite the fact that
it only caused a 14% drop in NO levels. Even while the inhibition levels for p-Cl (16), p-F (17), p-Br (18), p-
OCH3 (22), and p-OH (24) were still rather low (30, 23, 23, 20, 17, and 47%, respectively), it was found that
substituting the phenyl ring at its paraposition enhanced the compounds' bioactivity. Compound 20 (59%), p-
NO2, showed the greatest activity level. Only the p-CH3(19) structure defied this pattern; no inhibitory ability
was found for it.

Table 4. Anti-inflammatory activities of the tested compounds.

Compound R % Nitrite Reduction
1 - -2,0£104
2 - NR
3 CH3 -2,8+83
4 CH2CH3 7,1£5,0
5 CH2CH20H 9,0+4,2
6 CH2=CHCH2 -1,6 £2,3
7 CH2CH2Ph NR
8 CH2CH2CN 1,1£1,0
11 COOCH2Ph 90,1+8,7
12 COOCH2CH3 11,5+4,9
15 Ph 13,9+3,7
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16 p-Cl-Ph 21,6174
17 p-F-Ph 30,0+6,6
18 p-Br-Ph 23,2+11,2
19 p-CH3-Ph 1,6+6,8
20 p-NO2-Ph 58,8+8,4
21 0-CN-Ph 20,2472
22 p-OMe-Ph 17,3+4,8
23 p-Cl-Bn 83,2482
24 p-OH-Ph 47,2428
25 3,4-(Cl)2-Ph 42,5+4,2
26 p-CF3-Ph NR
28 o-F-Ph 2,1+£3,5
30 Benzo [1.3] dioxol- 26,0+2,0
Syl
31 Naphthylmethyl 73,0+6,1
32 Pyridin-2-yl 3,7+£2,2
33 - -6,0 £34
34 4-CH3 3,1+£74
35 2-CH3 17,1+3,9
36 3,5-(CH3)2 -4,1£3,0
37 2-CH2CH3 -0,9+34
41 3-CH20H -0,7£5.2
42 2-COOCH2CH3 -22,6+ 10,1
45 4-COOH 5,7+0,9
46 3-COOH -2,6 £6,9
47 4-Ph NR
48 4-(p-OH-Ph) NR
49 4-Bn 38,5+5,2
IND+LPS 31,5+6,8
L-NAME +LPS 44,4+6,2
NR: No result

Substitution at the ortho-position showed little activity, with compounds 21, 28, and 29 inhibiting by 20, 2,
and 24%, respectively. It appears that the electron-withdrawing or electron-attracting properties of the
substituted groups had no effect on bioactivity, since comparable activities were obtained for the p-NO2 and
p-OH compounds 20 and 24, the first of which was an extremely effective electron-withdrawing group and
the second an excellent electron-donating group. Finally, with 83 and 73% inhibition, respectively, the
derivatives of p-chlorobenzyl (23) and naphthylmethyl (31) displayed the greatest findings for this class of
compounds, indicating that a methylene spacer could be required for the bioactivity to reach significant
levels.NO levels were seen to stay steady, if not rise, in response to treatment with 100uM of the piperidine
compounds (33-49). This implies that there are no anti-inflammatory qualities present in these structures.
For several of the compounds (11, 17, 19, 20, 21, 22, 23, 24, 28, 29, 31, 31), a range of doses from 6.25 to
100pM was investigated to see whether or not the bioactivities discovered were dose-dependent. The findings
are shown in the following table, which groups the compounds according to their activities: the most active
compounds (11, 23, 31,), the compounds with inhibition percentages of about 50% (20, 24), the compounds
with inhibition percentages of less than 30% (17, 21, 29), and the inactive compounds (19, 22, 28) (Table 5).
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Table 5. Reduction % of nitrite concentration for different compound concentrations

MNO inhibition from70 to 90726

11 23 31
100pM 90,1+8,7 83,2+8,2 73,0261
50puM 65,5+6,4 26.7+6.8 66,5245
25uM 30,2+ 10, 142 + 50,3255

0 2.7
12.5pM 16.9+9.2 11,478
6.25uM 16,1 + 15,1 =
5,2 5.2
NO inhibition from 50 to70%
20 24
100pM 58,8+8.,4 47,2+2.8
SOpM 49,4+3,1 45,5+£2.0
25uM 53,3+7,5
No Inhibition from 20 -50 %
17 21
100pM 30.0+6.6 20,2472
50uM | 23.0:49 2,1:40
25pM BA+R6
Inactive Compounds
19 22 28

100pM 1 6+6.8 1734 .8 2,135
S0pM 11.9:6,4 18,640 0,3+4.1

The most active compound 11, reduced its inhibitory ability from 90.1% to 65.5% when given at a 50 M
dosage. When compound11's concentration fell to 6.25 M, it ceased to prevent inflammation, indicating that
the compound's anti-inflammatory properties are dose-dependent. Compound 23's activity was found to
drastically decrease, but other than that, it matched compound 11's pattern. At 100 M of this chemical, the
reduction in nitrite levels was 83.2%; however, at 25 M, it fell to -14.2%. As for the relationship between the
concentration and activity of compound 31, it was found that the nitrite decreases levels did not change
significantly up to 25 M, indicating that compound 31 had an activity profile that was slightly distinct from
the others. Compound 31 below 25M, however, was discontinued.
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The results demonstrated that the inhibitory activity of compounds 20 and 24 was unaffected by the
concentration used, since the nitrite levels remained rather consistent across all tested concentrations.
Compound 29 was completely inert at 50 pM. The discreetly active compounds 17, 21, and 29 caused the
nitrite levels in the cells to decrease as expected.
The activity of compounds 22 and 28 will unchanged with concentration as expected. It's interesting to note,
nevertheless, that compound 19's anti-inflammatory efficacy increased at 50uM. More studies on this
chemical at lower levels might be carried out to evaluate if this unexpected shift in the activity is still visible.
As aresult of our research, we discovered that substituting a piperidine moiety or alkyl-substituted piperazines
into the coumarin scaffold does not result in anti-inflammatory activity, whereas aryl-substituted piperazine
heterocycles appear to be appropriate for the development of novel coumarin substituted anti-inflammatory
drugs (Fig. 9).

N N N
OYN\) N N

Cl

11 (90%) 23 (83%) 31 (73%)

Fig. 9: Structures of the most active compounds: 11, 23, and 31.

Monitoring of PGE2 Production

The bulk of anti-inflammatory drugs work via the arachidonic acid route. This theory states that inhibition of
prostaglandin H2 synthesis stops the making of PGE2, which is responsible for pain perception. As a result,
following compounds 11, 20, 24, 25,31, and 49 shown capable anti-inflammatory actions, their analgesic potential
was evaluated. The analgesic impact was evaluated using the prostaglandin E2 Elisa kit, which quantifies
prostaglandin E2 (PGE2) synthesis. Compound 23 was eliminated from our investigation because of its
cytotoxicity, despite the fact that it also had a strong anti-inflammatory activity. Actually, since their cytotoxicity
will restrict the amount of PGE2 that may be created, substances whose cytotoxicity results in availability of less
than 70% are unable to offer significant data. The found data are gathered in Table 6.

Table 6. Analgesic activity test results

COMPOUND PGE2 PRODUCTION (PG/ML)
11 2768,6
20 3418,9
24 2663,6
25 2830,7
31 3269,7
49 3215,8
%0.5DMSO+ LPS 3325,84
IND+LPS 265,38
L-NAME+LPS 3380,54

Compounds 11, 24, and 25 did not significantly outperform the reference drug indomethacin in terms of PGE2
production reduction (t-test, p<0.1). Compound 11 (PGE2 production 2768.6 pg/mL) showed a minor
analgesic effect in addition to its highest anti-inflammatory impact.
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1.4

1.5

CONCLUSION

Our objective for this study was to create forty-nine coumarin derivatives per piperazine and piperidine

groups substituted at the eighth position. We successfully synthesized thirty-eight, with twenty-two being
unique. The toxicity and anti-inflammatory effects of the synthetic substances were investigated. The results
indicated that the chemicals synthesized had no anticancer properties. As a result, this study showed no
correlation between coumarin derivatives' anti-inflammatory and anticancer characteristics. Piperazine
compounds were substantially more active than piperidines in terms of anti-inflammatory activity, as
evidenced by the NO inhibition assay.

Compounds 11, 23, and 31 had the greatest anti-inflammatory effect, being 2 to 3 times more potent than the
reference indomethacin medicine. Furthermore, the activities of these medications (11, 23, 31) were shown to

be

dosage dependent. Compound 11 too resulted in a slight decrease in PGE2 generation and modest

cytotoxicity. Replacing the eighth position of the coumarin molecule with aryl-substituted piperazine moieties
has been effective in developing novel anti-inflammatory drugs.
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