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Exaggerated inflammatory responses may cause serious and debilitating diseases such as acute lung injury and
rheumatoid arthritis. Two series of chalcone derivatives were prepared as anti-inflammatory agents. Methoxy-
lated phenyl-based chalcones 2a-1 and coumarin-based chalcones 3a-f were synthesized and compared for their
inhibition of COX-2 enzyme and nitric oxide production suppression. Methoxylated phenyl-based chalcones
showed better inhibition to COX-2 enzyme and nitric oxide suppression than the coumarin-based chalcones.
Among the 18 synthesized chalcone derivatives, compound 2f exhibited the highest anti-inflammatory activity

by inhibition of nitric oxide concentration in LPS-induced RAW264.7 macrophages (ICsp = 11.2 pM). The tested
compound 2f showed suppression of iNOS and COX-2 enzymes. Moreover, compound 2f decreases in the
expression of NF-kB and phosphorylated IkB in LPS-stimulated macrophages. Finally, docking studies suggested
the inhibition of IKKf as a mechanism of action and highlighted the importance of 2f hydrophobic interactions.

1. Introduction

Inflammation is an immune response to irritants or infections that
meant to help the body to eliminate these causes. However, in some
cases, exaggerated inflammatory responses take place without any in-
truders to protect against or will stay even after the cause had been
removed. This will damage the body as a result of the immune system
attacking the body’s own cells or tissues causing inflammatory diseases
such as rheumatoid arthritis, rheumatic fever, asthma, and contributes
to approximately 15% to 25% of human cancers [1]. Currently, non-
steroidal anti-inflammatory drugs (NSAIDs) and steroids are the main
treatment of these inflammatory disorders. The anti-inflammatory ac-
tivity of NSAIDs is mainly due to the inhibition of cyclooxygenase
(COX). COX is a crucial enzyme responsible for the synthesis of pros-
taglandins and messenger molecules in the process of inflammation [2].
Side effects, particularly gastric ulceration, and kidney toxicity have
motivated researchers to focus on the design and the development of
new anti-inflammatory drugs with different mechanisms of action to
avoid these side effects [3-8].
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Macrophages play an important role in the inflammation process. In
macrophages, irritants as lipopolysaccharides (LPS) originated mainly
from Gram-negative bacteria trigger downstream signal transduction
such as activation of the inhibitor of kB kinase (IKK) proteins that lead to
nuclear factor kB (NF-kB) activation which up-regulate the expression of
a series of inflammatory genes resulting in synthesis of inducible en-
zymes such as cyclooxygenase-2 (COX-2) and inducible nitric oxide
synthase (iNOS) [9]. iNOS converts L-arginine into L-citrulline producing
nitric oxide (NO) in the process (Fig. 1). NO is a short-lived bioactive
molecule released into the endothelial cells that participate in the
inflammation disorders and large amounts of NO may lead to tissue
damage. Excessive NO production by activated macrophages has been
observed in many inflammatory diseases [10]. Therefore, development
of potent and selective inhibitors of NO would be valuable for potential
therapeutic use.

Chalcones (benzalacetophenone) consist of enone system enclosed
by two rings. Chalcones are widely present naturally in plants (including
fruits, vegetables, spices, and tea) especially in the flavonoid family
where they are used as a biosynthetic precursor [11]. Literature survey
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Fig. 1. A schematic diagram showing the role of IKK B, IkB and NF-kB in
inducing the expression of nitric oxide synthase (NOS) and COX-2 enzymes
which lead to inflammation response.

has shown that naturally occurring chalcones are of great chemical and
pharmacological interest, as they have excellent anticancer, anti-
inflammatory, antibacterial, and antihyperlipidemic activity [12-18].
Also, they inhibit NO production, iNOS and COX-2 protein expression in
lipopolysaccharide (LPS) stimulated cells [19,20]. Chalcone derivatives
as curcumin have been extensively reported to exhibit their potential in
the therapy of inflammatory and immune diseases [21-24]. Moreover,
coumarins have been reported to possess anti-inflammatory activities
[25-28], even the simple coumarin umbelliferone exhibited a significant
anti-edema effect in carrageenan-induced rat paw edema assay (Fig. 2)
[29].

In this study, a series of di- and tri methoxyphenyl chalcones as well
as coumarin-based chalcones were designed and synthesized. We eval-
uated the inhibitory effect of the 18 synthetic chalcone derivatives
against COX-1 and COX-2 enzymes. All derivatives were tested for their
inhibition of nitric oxide (NO) production in LPS-stimulated macro-
phages. The Structure-activity relationship was discussed to determine
the relationship between the structures of synthesized compounds and
their pharmacological effects. Further, the most active chalcone was
selected for the study of anti-inflammatory mechanism at the tran-
scriptional level. Finally, docking studies were done to rationalize the
biological activity.

J4 SN
HO o~ N0

Curcumin Umbelliferone
_ J
'
(o} (0]

R! 7

Shas

~N

O R 0~ N0 R

O 2a-l 3a-f

Fig. 2. A diagram showing the common structural features between the
designed targets and both the lead compounds curcumin and umbelliferone.
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2. Results and discussion
2.1. Chemistry

New methoxyphenyl chalcones 2a-l, and coumarin chalcones 3a-f
were synthesized. The synthetic procedures to obtain the target com-
pounds are illustrated in Scheme 1 and 2. Accordingly, arylox-
ybenzaldehydes 1la-c and dialkylaminobenzaldehydes 1d-f were
synthesized via nucleophilic aromatic substitution reaction of 4-fluoro-
benzaldehyde as the starting compound with substituted phenols or
secondary amines in the presence of K3;CO3 in DMF according to the
methods reported in the literature [30,31].

As shown in Scheme 1, A series of 1,3-diaryl-2-propen-l-ones 2a-1
were obtained in good to excellent yields (80-91%) by using Claisen-
Schmidt condensation of 3,4-dimethoxyacetophenone or 3,4,5-trime-
thoxyacetophenone with different aryloxybenzaldehydes 1a-c and dia-
lkylaminobenzaldehydes 1d-f in ethanol containing potassium
hydroxide as a catalyst [32,33].

The route followed for the preparation of coumarin-chalcone de-
rivatives 3a-f is illustrated in Scheme 2. The starting material 3-acetyl-
2H-chromen-2-one was obtained via Knoevenagel reaction by reacting
salicylaldehyde and ethylacetoacetate in the presence of catalytic
amount of piperidine according to the procedure reported in the liter-
ature [34]. Claisen-Schmidt condensation of 3-acetyl-2H-chromen-2-
one with aryloxybenzaldehydes la-c and dialkylaminobenzaldehydes
1d-f in refluxing ethanol containing piperidine as a catalyst yielded the
desired target chalcones 3a-f according to a previously reported method
[35].

All the newly synthesized compounds were characterized by
IHNMR, '3CNMR, IR and elemental analysis. 'HNMR, *CNMR spectra
are provided in the supplementary materials. The IR spectra of chal-
cones 2a-1 showed the existence of a carbonyl group conjugated with the
olefinic bond CH=CH, which appeared at a lower wavenumber in the
range of 1643-1654 cm ™. The formation of CH=CH—CO group was
also confirmed in THNMR by the appearance of two doublet signals at 5
7.68-7.95 ppm and & 7.39-7.75 ppm. The coupling constant of the
olefinic protons confirmed the trans configuration (J value = 15.6 Hz).
The existence of methoxy groups was confirmed by singlet signals at the
range of § 3.76-3.96 ppm. In compound 2g, the characteristic signals of
the piperidine ring were observed in the range of § 1.60-3.30 ppm.
Moreover, the 'HNMR spectra of 2i and 2L showed a singlet signal at 5
2.22 ppm due to NCH3 and two triplets in the range of § 2.44-3.29 ppm
of piperazine ring moiety. >C NMR spectra of chalcones 2a-1 showed the
presence of carbonyl carbon at § 187.5-188.8 ppm along with the
olefinic carbons at the ranges of § 142.0-144.6 and 6 121.3-124.7 ppm.
Moreover, compound 2g showed three signals of piperidine ring carbons
at § 24.3, 25.4 and 49.1 ppm while piperazine ring appeared as two
signals around 5 46.0 and 47.0 ppm in 13C NMR spectra of chalcones 2i
and 2L.

In coumarin chalcones 3a-f, IR spectra showed two prominent bands
in the range of 1651 and 1720 cm ! corresponding to carbonyl group of
chalcone moiety and coumarin moiety respectively. In the 'HNMR
spectra, the signal of the proton at position 4 of the chromene ring
appeared as a singlet around § 8.60 ppm. Compound 3d showed the
characteristic signals of the piperidine ring at § 1.58 as 6H and a
multiplet of 4H at 3.44-3.30 ppm appeared after treatment with D,0O.
Additionally, two triplet signals of morpholine ring system with inte-
gration of 4 protons each, appeared at § 3.27 ppm and § 3.74 ppm in the
'HNMR spectrum of compounds 3e. Moreover, the 'HNMR spectrum of
3f showed a singlet signal at § 2.22 ppm due to NCH3 and two triplets at
52.44 and 3.31 ppm of piperazine ring moiety. 1>C NMR spectra showed
the olefinic carbons at the range 6 143.4-145.6 and § 123.5-124.7 ppm
along with the presence of two carbonyl carbons in the range of §
187.1-189.1 ppm and § 158.8-164.4 ppm due to chalcone and coumarin
lactone carbonyl groups, respectively. Moreover, three signals of
piperidine ring system appeared at 5§ 24.4, 25.3 and 48.3 ppm in the
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Scheme 1. Synthesis of methoxyphenyl chalcones 2a-1 starting from 3,4-dimethoxyacetophenone and 3,4,5-trimethoxyacetrophenone: i) 40% KOH, 95%
ethanol, 0 °C.
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Scheme 2. Synthesis of coumarin chalcones 3a-f starting from 3-acetylcoumarin: i) piperidine, 95% ethanol, reflux 6 h.

I3CNMR spectrum of 3d while two signals of morpholine in compound
3e appeared at 5 47.41 and 66.3 ppm. Additionally, the 13C NMR
spectrum of 3f showed the characteristic signals of piperazine ring at §
46.7 and 47.1 ppm.

2.2. Biological results

2.2.1. Inhibitory effect (ICsq) of the synthesized chalcones on COX-1 and
COX-2 enzymes
All compounds were screened for their in vitro inhibition of COX-1

and COX-2 enzymes. Generally, the synthesized compounds showed a
less inhibitory effect towards the inducible COX-2 enzyme compared to
the reference drugs (celecoxib and rofecoxib). Compounds 2a-f bearing
phenoxy derivatives have a significant better activity than compounds
2g-1 with piperidine, morpholine or piperazine rings. Compounds 2a-e
demonstrated a comparable result as celecoxib and better activity than
indomethacin (Fig. 3A). The same argument is true in the coumarin-
based chalcones where 3a-c¢ showed better inhibitory activities than
3d-f. COX-1 enzyme is a constitutive “housekeeping” where its excessive
inhibition may cause GI ulcers and side effects accompanied by
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Fig. 3. A bar diagram showing the in vitro ICs inhibitory assay of the target
compounds on A) COX-2 and B) COX-1 enzymes.

indomethacin and other nonselective COX inhibitors [36,37]. All target
compounds showed weak inhibitory activity to the constitutive COX-1
enzyme compared to indomethacin and hence less prone to the side
effects of COX-1 inhibition. Compounds with 4-bromophenoxy group
2b, 2e and 3e were the best among the synthesized derivatives and
demonstrated a comparable activity to the selective celecoxib and
rofecoxob (Fig. 3B).

2.2.2. Inhibition of NO production on LPS-induced RAW264.7 macrophage
cells

Inhibition of nitric oxide production is an important pathway to treat
various inflammatory diseases [38]. High amount of nitric oxide is one
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of the causes that lead to tissue damage in many inflammatory disorders
as rheumatoid arthritis where large amount of nitric oxide is liberated
from the macrophages [39]. The target compounds were tested for their
ability to decrease nitric oxide concentration in LPS-activated RAW
264.7 macrophages. The macrophages were treated with the target
compounds and LPS (1 pg/mL) for 24 h. The nitric oxide (NO) produc-
tion was indirectly analyzed by measuring the nitrite concentration
based on the Griess reaction [40]. As an initial screening, compounds at
concentrations of 100 pM and 50 pM were used (Fig. 4A). The dime-
thoxyphenyl chalcone derivatives were better than their trimethox-
yphenyl chalcones counterpart. In general, the coumarin-based
chalcone derivatives (with exception to 3e) were less active than the di-
and trimethoxyphenyl-based chalcones. Upon decreasing the concen-
trations of the tested compounds to 25 pM and 5 pM, 3d showed the
highest inhibition of NO conc. but with some cytotoxicity, the cell
morphology of the lymphocytes was changed, and some cells were died,
and hence 3d was excluded from further analysis. The 4-methoxyphe-
noxy group carrying compounds (2f and 3c) were the best in NO inhi-
bition at 25 pM (Fig. 4B). All target compounds that were able to
decrease the NO conc. below 3 uM in the LPS-induced RAW264.7 cells at
conc. 25 pM were retested again at different concentrations ranges from
5 pM to 20 pM (Fig. 5). Among the tested compounds, 2f showed the best
NO inhibition profile with 87% inhibitory activity on NO production at
20 pM and therefore was chosen for further investigations.

Nitric oxide conc. (LM)

LPS 5 10 15 20

Compound conc. (uM)

Nitric oxide conc. (M)
=N WA 0o 0

0 ——————
control
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Fig. 5. A bar diagram representation showing the activity in decreasing the
nitric oxide conc in the LPS-induced RAW264.7 macrophage cells at conc. of 5
pM, 10 pM, 15 pM and 20 pM of the most active candidates.
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Fig. 4. A bar diagram representation showing the inhibition of the nitric oxide conc in LPS-induced RAW264.7 macrophage cells A) at conc. of 50 pM and 100 pM

and B) at conc. of 5 pM and 25 pM of the target compounds.
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2.2.3. Effects of 2f on cell viability

Before further studies on compound 2f, the effect of 2f on cell
viability was tested [41]. The anti-inflammatory effects of 2f was
examined on RAW264.7 cells by MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide) assay (Fig. 6). The level of MTT dye is a
measure of the cellular metabolic activity. The test is used to determine
the cytotoxicity potential of the medicinal compounds on the cells. As
shown in Fig. 6, 2f did not affect cell viability of RAW264.7 cells even at
20 pM.

2.2.4. Inhibition of NO, iNOS and COX-2 expression by 2f on LPS-induced
RAW264.7 cells

Based on the absence of cytotoxicity of 2f, the response of NO inhi-
bition at different concentrations of 2f was measured on LPS-induced
RAW264.7 cells with ICsg = 11.2 pM. Compounds 2f exhibited stron-
ger inhibition than quercetin (ICso = 26.8 pM), which was reported to
inhibit NO production from LPS activated RAW 264.7 cells [42,43]. we
examined the effects of 2f on iNOS and COX-2 expression by using
Western blot analysis [44]. Compound 2f was incubated with
RAW264.7 cells then collected and lysed with an ice-cold lysis buffer.
The enzymes were blocked using suitable antibodies and detected by
ECL solution®. Fig. 7 showed that the nitrite conc. was decreased with a
dose dependent manner of 2f. Compound 2f highly inhibited the iNOS
and COX-2 expression especially at 20 pM in LPS-induced RAW264.7
cells.

2.2.5. Inhibitory effects of NF-xB pathway by 2f on LPS-stimulated
RAW264.7 cells

Cytokine expression, apoptosis regulation and cell proliferation are
highly dependent on the transcription factor NF-kB which plays a crucial
role in the inflammatory response’s regulation [45]. NF-xB activation
triggers the transcription of iNOS, COX-2 enzymes that are important
pathways of inflammatory response. The effect of compound 2f in sup-
pressing the activation of NF-xkB was investigated by measuring its
phosphorylated forms in the LPS-induced RAW264.7 cells using Western
blot analysis. Before adding LPS as an inflammatory stimulant, NF-kB
was bound with the inhibitory protein of the IxB family in the cytoplasm
and hence rendered inactive. When the stimulation is triggered, IxB
proteins are phosphorylated by IkB kinase then NF-xB is translocated
into the nucleus [46]. As shown in Fig. 8, 2f considerably decreased
phosphorylation of IkB as well as NF-xB in a dose dependent manner
which proves the ability of 2f to decrease inflammatory response from
the transcription level.

2.2.6. Structure-activity relationship (SAR)
Eighteen chalcone compounds were synthesized and evaluated for

their anti-inflammatory through COX-2 inhibition as well as their ability
to decrease the concentration of nitric oxide in LPS induced cells.

MTT assay

5 10 15 20

control LPS
Conc. of 2f (uM)

140
120

=
o
o

Cell viability (%)
N B OO
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o

Fig. 6. RAW264.7 cells were stimulated with LPS (1 pg/mL) for 24 h. The cell
viability assay of compound 2f was performed in triplicates by WST-1® (Daeil
Lab Service, Gyeonggi, Korea) and the results are presented as the mean +
standard error.
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Substitution of R! with phenoxy derivative will have more potent anti
COX-2 activity compared to disubstituted amines attached in the same
position (Fig. 9). Substitution of R* with Br increases the COX selectivity.
Di- and trimethoxy phenyl groups at the R position favor the nitric oxide
inhibition with trimethoxy more active the dimethoxy derivative at low
concentrations. On the other hand, coumarin ring at position R causes
less nitric oxide inhibition.

2.3. Docking studies

In the search for the potential mechanism of the compounds in in-
hibition of NF-kB pathway, compounds (2a, 2f, 2g and 3c) that were
able to decrease the NO conc. below 3 pM in the LPS-induced RAW264.7
cells at conc. 25 pM were docked to the crystal structure of the IkB kinase
(IKK B) (PDB code: 4KIK) [47] using MOE molecular docking software.
The IkB kinase enzyme complex is part of the upstream NF-kB signal
transduction cascade. IkB kinase is an enzyme complex that phosphor-
ylate IkB proteins which activates NF-kB and thereby propagating the
cellular response to inflammation. The docking scores as well as Lipinski
parameters are shown in Table 1. Compound 2f showed the best docking
score (—7.75 kcal/mol) with no violations in Lipinski parameters
compared to compounds 2b and 3¢ with logP more than 5. As a result, it
can be concluded that the 2f possess property of drug-likeness. Molec-
ular docking study revealed that compound 2f fits into the hydrophobic
pocket of IkB kinase with docking score = —7.75 kecalmol ™! (Fig. 10). It
can be observed that the trimethoxy phenyl group was embedded into a
hydrophobic cleft formed by Tyr169, Gly184, and Glu 149 residues. The
phenoxy phenyl group was embedded into a hydrophobic cleft formed
by Ile-165, Val-29, Tyr-98, Leu-21, Cys-99, Gly-102, Met-96, Val-74,
Val-152, and Gly-101 amino acids. The phenoxyphenyl of 2f forms H-n
stacking with the Val-152, Val-29 and Ile-165 that stabilize the binding
conformation. In summary, important hydrophobic interactions were
clarified as a suggestive mechanism of 2f and IKKp interaction.

3. Conclusion

Two series of chalcones either methoxylated phenyl chalcones or
coumarin based chalcones were designed from curcumin and umbelli-
ferone and synthesized. All compounds were tested for their anti-
inflammatory. Phenoxy derivatives showed higher anti COX-2 activity
compared to disubstituted amines. Moreover, di- and trimethoxy phenyl
groups favor the nitric oxide inhibition with trimethoxy more active
than the dimethoxy derivative at low concentrations. On the other hand,
the coumarin ring exhibited less nitric oxide inhibition. Among the 18
synthesized chalcone derivatives, compound 2f displayed the strongest
anti-inflammatory activity by inhibition of NO (ICso = 11.2 pM). The
tested compound 2f showed suppression of iNOS and COX-2 which was
done by decreasing the expression NF-kB in LPS-stimulated macro-
phages. Finally, docking studies suggested the mechanism of inhibition
of IKKB enzyme and highlighted the importance of 2f hydrophobic
interactions.

4. Experimental
4.1. Chemistry

4.1.1. General

Melting points were obtained on a Griffin apparatus and were un-
corrected. Microanalyses for C, H and N were carried out at the Regional
Center for Mycology and Biotechnology, Faculty of Pharmacy, Al-Azhar
University. IR spectra were recorded on Shimadzu IR 435 spectropho-
tometer (Shimadzu Corp., Kyoto, Japan) Faculty of Pharmacy, Cairo
University, Cairo, Egypt and values were represented in cm™!. 'H NMR
spectra were carried out on Bruker 400 MHz (Bruker Corp., Billerica,
MA, USA) spectrophotometer, Faculty of Pharmacy, Cairo University,
Cairo, Egypt. The chemical shifts were recorded in ppm on § scale,
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Fig. 7. Effects of 2f on iNOS and COX-2 expression in LPS-induced RAW264.7 cells. Cells were pretreated with the designated concentration for 2 h and induced with
LPS (1 pg/mL) for 24 h. (A) NO production was determined at different concentrations of 2f; (B) iNOS and COX-2 expressions were determined by Western blot
analysis. p-Actin was used as an internal control. Data means =+ standard errors of the mean (SEM) from three independent experiments (see supporting information).
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Fig. 8. Effects of 2f on phosphorylation of either NF-xB or IkBa, and NF-kB
translocation in LPS-stimulated RAW264.7 cells. Cells were pretreated with the
designated concentration of 2f for 2 h and induced with LPS (1 pg/mL). Cell
lysates were subjected to Western blot analysis using antibodies against p-IxBa,
IxBa, p-NF-kB and NF-xB. p -Actin was used as an internal control. Data means
+ standard errors of the mean (SEM) from three independent experiments (see
supporting information).

coupling constants (J) were given in Hz and peak multiplicities are
designed as follows: s, singlet; d, doublet; dd, doublet of doublet; t,
triplet; m, multiplet 13C NMR spectra were carried out on Bruker 100
MHz spectrophotometer, Faculty of Pharmacy, Cairo University, Cairo,
Egypt. Progress of the reactions were monitored by TLC using precoated
aluminum sheet silica gel MERCK 60F 254 and was visualized by UV
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Favored for Nitric Oxide inhibition

QX
o” "0

Less favored for Nitric Oxide inhibition

lamp.

The original NMR spectra of the investigated compounds are pro-
vided as supporting information. 4-(4-substitutedphenoxy)benzaldehyde
(la-c) [31], 4-morpholinobenzaldehyde (1d) [30], 4-(piperidin-1-yl)
benzaldehyde (1e) [30], 4-(4-methylpiperazin-1-yl)benzaldehyde (1f)
[48] and 3-acetyl-2H-chromen-2-one [34] were synthesized according to

Table 1

The docking score and Lipinski parameters of compounds 2b, 2f, 2g and 3c.
Compound Docking score ~ HBA HBD LogP PSA
number (kcal/mol) (<10) (<5) (—4.0-5) (0-150) A2
2b —7.07 4 0 6.1 44.7
2f -7.75 6 0 5.0 63.2
2g —7.06 4 0 4.6 38.7
3c —7.25 5 0 5.6 61.8

Fig. 10. Molecular docking of compound 2f to the hydrophobic cavity of IKKf
(PDB: 4KIK).

R4
ST

Increased anti-COX-2 activity

Ay
g

Decreased anti-COX-2 activity

Fig. 9. Structure-activity relationship (SAR) of the synthesized chalcone derivatives.
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the reported procedures. Chalcones (E)-1-(3,4-dimethoxyphenyl)-3-(4-
morpholinophenylprop-2-en-1-one (2h) [49], (E)-3-(4-(piperidin-1-yD)
phenyl)-1-(3,4,5-trimethoxyphenyl)prop-2-en-1-one (2j) [50] and (E)-3-
(4-morpholinophenyl)-1-(3,4,5-trimethoxyphenylprop-2-en-1-one  (2k)
[49] were prepared in the mentioned references.

4.1.2. General procedure for the preparation of methoxyphenyl chalcones
2a-1
To an ice cooled, stirred solution of the selected aldehyde (0.01 mol)
(1a-f) and 3,4-dimethoxyacetophenone or 3,4,5-trimethoxyacetophe-
none (0.01 mol) in 95% ethanol, was added portion wise 40%
aqueous KOH solution. Stirring was continued at 0 °C for 6 h. Solid
product was filtered and washed with 3% aqueous HCl and crystallized
from ethanol.
3-(4-(4-chlorophenoxy)phenyl)-1-(3,4-dimethoxyphenylprop-2-
en-1-one (2a): Yellow solid: 90% yield; mp 146-148 °C; IR (KBr, crn’l)
3066 (CH aromatic), 2970, 2935 (CH aliphatic), 1651 (C=0), 1597,
1573 (C=C); 'H NMR (400 MHz, DMSO-dg) 6 7.95-7.87 (m, 4H, ArH +
CH—CH—CO0), 7.71 (d, J = 15.6 Hz, 1H, CH=CH—CO0), 7.61 (d, J = 2.0
Hz, 1H, ArH), 7.50-7.46 (m, 2H, ArH), 7.14-7.07 (m, 5H, ArH), 3.88 (s,
3H, OCHa), 3.86 (s, 3H, OCHs); 1*C NMR (100 MHz, DMSO-ds) 5:187.7,
158.7, 155.2, 153.6, 149.2, 142.7, 131.3, 131.0, 130.8, 130.5, 128.3,
123.7, 121.5, 121.3, 119.0, 111.3, 111.2, 56.2, 56.0; Anal. Calcd for
Ca3H19Cl04 (394.85): C, 69.96; H, 4.85; found C, 70.18; H, 5.07.
3-(4-(4-bromophenoxy)phenyl)-1-(3,4-dimethoxyphenyl)prop-2-
en-1-one (2b): Yellow solid: 91% yield; mp 184-186 °C; IR (KBr, cm’l)
3062 (CH aromatic), 2966, 2935 (CH aliphatic), 1651 (C=0), 1597,
1570 (C=C); 'H NMR (400 MHz, DMSO-ds) 6 7.96-7.88 (m, 4H, ArH +
CH=—CH—CO0), 7.71 (d, J = 15.6 Hz, 1H, CH=CH—CO), 7.62-7.58 (m,
3H, ArH), 7.12-7.04 (m, 5H, ArH), 3.88 (s, 3H, OCH3s), 3.87 (s, 3H,
OCHs3); 3C NMR (100 MHz, DMSO-ds) 5:187.7, 158.6, 155.7, 153.6,
149.2, 142.7, 133.4, 131.3, 131.0, 130.8, 123.8, 121.7, 121.5, 119.1,
116.2,111.3,111.1, 56.2, 56.0; Anal. Calcd for Cy3H;9BrO4 (439.30): C,
62.88; H, 4.36; found C, 63.15; H, 4.49.
1-(3,4-dimethoxyphenyl)-3-(4-(4-methoxyphenoxy)phenyl)prop-
2-en-1-one (2c¢): Yellow solid: 81% yield; mp 122-124 °C; IR (KBr,
cm™ ) 3078 (CH aromatic), 2943, 2912 (CH aliphatic), 1651 (C=0),
1590, 1566 (C=C); 'H NMR (400 MHz, DMSO-dg) & 7.90-7.83 (m, 4H,
ArH + CH—CH—CO), 7.69 (d, J = 15.6 Hz, 1H, CH=CH—CO), 7.60 (d,
J = 2.0 Hz, 1H, ArH), 7.12-7.06 (m, 3H, ArH), 7.03-7.00 (m, 2H, ArH),
6.99-6.95 (m, 2H, ArH), 3.88 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 3.78 (s,
3H, OCHjy); 13C NMR (100 MHz, DMSO-dg) 6:187.7,160.5, 156.5, 153.6,
149.2, 148.9, 143.0, 131.2, 131.0, 129.6, 123.7, 121.7, 120.9, 117.5,
115.6, 111.3, 111.1, 56.2, 56.0, 55.89; Anal. Calcd for Cy4H2505
(390.43): C, 73.83; H, 5.68, found C, 73.60; H, 5.85.
3-(4-(4-chlorophenoxy)phenyl)-1-(3,4, 5-trimethoxyphenyl)prop-
2-en-1-one (2d): Yellow solid: 89% yield; mp 160-162 °C; IR (KBr,
em™) 3093 (CH aromatic), 2993, 2935 (CH aliphatic), 1654 (C=0),
1570 (C=QC); 'H NMR (400 MHz, DMSO-dg) 6 7.97-7.95 (m, 2H, ArH),
7.89 (d, J = 15.6 Hz, 1H, CH=CH—CO), 7.75 (d, J = 15.6 Hz, 1H,
CH=CH—CO), 7.50-7.46 (m, 2H, ArH), 7.43 (s, 2H, ArH), 7.15-7.08
(m, 4H, ArH), 3.91 (s, 6H, 2 OCHa), 3.77 (s, 3H, OCH3); 13C NMR (100
MHz, DMSO-dg) 6:188.2, , 158.8, 155.2, 153.3, , 143.5, 142.4, 133.5,
131.5, 130.7, 130.5, 128.3, 121.5, 121.3, 119.0, 106.6, , 60.6, 56.6;
Anal. Calcd for Co4H1ClO5 (424.87): C, 67.85; H, 4.98, found, C, 67.98;
H, 5.24.
3-(4-(4-bromophenoxy)phenyl)-1-(3,4,5-trimethoxyphenyl)prop-
2-en-1-one (2e): Yellow solid: 89% yield; mp 190-192 °C; IR (KBr,
cm ) 3088 (CH aromatic), 2997, 2935 (CH aliphatic), 1654 (C=0),
1570 (C=QC); H NMR (400 MHz, DMSO-dg) 6 7.99-7.96 (m, 2H, ArH),
7.89 (d, J = 15.6 Hz, 1H, CH—=CH—CO), 7.75 (d, J = 15.6 Hz, 1H,
CH=CH—CO), 7.63-7.59 (m, 2H, ArH), 7.43 (s, 2H, ArH), 7.13-7.05
(m, 4H, ArH), 3.91 (s, 6H, 2 OCH3), 3.78 (s, 3H, OCHj3); 13¢ NMR (100
MHz, DMSO-dg) 6:188.2, 158.7, 155.7, 153.3, 143.0, 142.4, 133.5,
133.4,131.5,130.7,121.7,121.5,119.1, 116.2, 106.6, 60.6, 56.6; Anal.
Calcd for Co4H21BrOs (469.32): C, 61.42; H, 4.51, found C, 61.70; H,
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4.38.
3-(4-(4-methoxyphenoxy)phenyl)-1-(3,4,5-trimethoxyphenyl)
prop-2-en-1-one (2f): Yellow solid: 90% yield; mp 138-140 °C; IR (KBr,
cm’l) 3066 (CH aromatic), 2947, 2932 (CH aliphatic), 1654 (C=0),
1573 (C=Q); 'H NMR (400 MHz, DMSO-dg) 6 7.92-7.88 (m, 2H, ArH),
7.85 (d, J = 15.6 Hz, 1H, CH—=CH—CO), 7.72 (d, J = 15.6 Hz, 1H,
CH—CH—CO), 7.42 (s, 2H, ArH), 7.10-7.06 (m, 2H, ArH), 7.02-6.99
(m, 2H, ArH), 6.98-6.96 (m, 2H, ArH), 3.90 (s, 6H, 2 OCHj3), 3.78 (s, 3H,
OCHa), 3.77 (s, 3H, OCHs); '3C NMR (100 MHz, DMSO-dg) 5:188.2
(C=0), 160.6, 156.5, 153.3, 149.9, 143.7, 142.3, 133.5, 131.4, 129.5,
121.6, 120.9, 117.4, 115.6, 106.5, 106.2, 60.6, 56.6, 55.8; Anal. Calcd
for Co5Ho40¢ (420.45): C, 71.41; H, 5.75, found C, 71.68; H, 5.94.
1-(3,4-dimethoxyphenyl)-3-(4-(piperidin-1-yl)phenyl)prop-2-en-
1-one (2g): Yellow oil: 84% yield; IR (KBr, ecm™1) 3085 (CH aromatic),
2960, 2939 (CH aliphatic), 1654 (C=0), 1580 (C=C); 'H NMR (400
MHz, CDCl3) § 7.78 (d, J = 15.6 Hz, 1H, CH=CH—CO), 7.68 (dd, J =
2.0, 8.4 Hz, 1H, ArH), 7.62 (d, J = 2.0 Hz, 1H, ArH), 7.54 (d, J = 8.4 Hz,
1H, ArH), 7.39 (d, J = 15.6 Hz, 1H, CH=CH—CO), 6.93-6.88 (m, 3H,
ArH), 3.96 (s, 3H, OCH3), 3.95 (s, 3H, OCH3), 3.30 (t, J = 5.2 Hz, 4H,
2CH; piperidine), 1.72-1.66 (m, 4H, 2CH; piperidine), 1.65-1.60 (m,
2H, CH, piperidine); 3C NMR (100 MHz, CDCl3) 5:188.8, 153.0, 152.8,
149.1, 144.6, 131.9, 130.1, 124.6, 122.6, 117.4, 114.9, 110.8, 109.9,
56.1, 56.0, 49.1, 25.4, 24.3; Anal. Calcd for CosHosNO3 (351.44): C,
75.19; H, 7.17; N, 3.99, found C, 75.02; H, 7.39; N, 4.25.
1-(3,4-dimethoxyphenyl)-3-(4-(4-methylpiperazin-1-yl)phenyl)
prop-2-en-1-one (2i): Yellow solid: 80% yield; mp 173-175 °C; IR (KBr,
cm 1) 3082 (CH aromatic), 2962, 2939 (CH aliphatic), 1643 (C=0),
1589 (C=C); 'H NMR (400 MHz, DMSO-d) § 7.87 (dd, J = 2.0, 8.4 Hz,
1H, ArH), 7.75-7.71 (m, 3H, ArH + CH=CH—CO), 7.64 (d, J = 15.6 Hz,
1H, CH=CH—CO), 7.60 (d, J = 2.0 Hz, 1H, ArH), 7.09 (d, J = 8.4 Hz,
1H, ArH), 6.98 (d, J = 8.4 Hz, 2H, ArH), 3.87 (s, 3H, OCH3), 3.86 (s, 3H,
OCHz3), 3.28 (t, J = 4.8 Hz, 4H, 2CH,, piperazine), 2.44 (t,J = 4.8 Hz, 4H,
2CH, piperazine), 2.22 (s, 3H, NCHs); *C NMR (100 MHz, DMSO-dg)
5:187.5, 153.3, 152.8, 149.1, 144.1, 131.4, 130.8, 124.9, 123.3, 117.8,
114.7, 111.2, 111.1, 56.1, 56.0, 54.8, 47.3, 46.2; Anal. Calcd for
CooHoeN20O3 (366.45): C, 72.11; H, 7.15; N, 7.64, found C, 72.34; H,
7.26; N, 7.88.
3-(4-(4-methylpiperazin-1-yl)phenyl)-1-(3,4,5-trimethoxyphenyl)
prop-2-en-1-one (2L): Yellow solid: 80% yield; mp 188-190 °C; IR (KBr,
cm’l) 3005 (CH aromatic), 2960, 2939 (CH aliphatic), 1647 (C=0),
1566 (C=C); 1H NMR (400 MHz, DMSO-dg) 6 7.76-7.70 (m, 3H, ArH +
CH—CH—CO), 7.67 (d, J = 15.6 Hz, 1H, CH=CH—CO), 7.40 (s, 2H,
ArH), 6.98 (d, J = 8.4 Hz, 2H, ArH), 3.90 (s, 6H, 20CHj3), 3.76 (s, 3H,
OCHz3y), 3.29 (t, J = 4.8 Hz, 4H, 2CH,, piperazine), 2.44 (t,J = 4.8 Hz, 4H,
2CH, piperazine), 2.22 (s, 3H, NCHs); *C NMR (100 MHz, DMSO-dg)
5:188.0, 153.3, 152.9, 144.9, 142.0, 134.0, 131.1, 124.7, 117.8, 114.6,
106.3, 60.6, 56.6, 54.8, 47.2, 46.1; Anal. Calcd for Cy3H28N204 (396.48)
C, 69.67; H, 7.12; N, 7.07, found C, 69.91; H, 7.28; N, 7.29.

4.1.3. General procedure for the preparation of substituted 2H-chromen-2-
one chalcone derivatives (3a-f)

A mixture of 3-acetyl-2H-chromen-2-one (1.88 g, 0.01 mol) and the
selected aldehyde (la-f) were dissolved in 95% ethanol (50 mL).
Piperidine (0.085 g, 0.001 mol) was added and the mixture was heated
under reflux for 6 h. After cooling the solid product was filtered, washed
with ethanol, dried, and crystallized from ethanol.

3-(3-(4-(4-chlorophenoxy)phenyl)acryloyl)-2H-chromen-2-one
(3a): Orange solid: 61% yield; mp 178-180 °C; IR (KBr, cm 1) 3082 (CH
aromatic), 1724, 1678 (2C=0), 1608 (C=CQC); H NMR (400 MHz,
DMSO-dg) 6 8.61 (s, 1H, C4H of chromene), 8.41 (d, J = 8.0 Hz, 1H,
ArH), 8.24 (s, 1H, ArH), 7.86 (d, J = 7.6 Hz, 1H, ArH), 7.71 (t, J = 7.6
Hz, 1H, ArH), 7.64 (t, J = 8.0 Hz, 1H, ArH), 7.54-7.41 (m, 6H, ArH),
7.21-7.13 (m, 1H, ArH), 7.05-7.00 (m, 1H, ArH), 6.83-6.75 (m, 1H,
ArH); 13¢ NMR (100 MHz, DMSO-dg) 5:189.1, 164.4, 161.3, 153.7,
150.7, 143.4, 133.1, 131.5, 129.5, 125.7, 125.2, 124.6, 118.2, 117.8,
116.5, 113.4, 99.9; Anal. Calcd for Co4H15Cl04 (402.83): C, 71.56; H,
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3.75, found C, 71.38; H, 3.86.
3-(3-(4-(4-bromophenoxy)phenyl) acryloyl)-2H-chromen-2-one
(3b): Orange solid: 60% yield; mp 194-196 °C; IR (KBr, cm 1) 3097 (CH
aromatic), 724, 1678 (2C=0), 1608 (C=C); 'H NMR (400 MHz,
DMSO-dg) 6 8.67 (s, 1H, C4H of chromene), 7.95 (dd, J = 1.6, 7.6 Hz,
1H, ArH), 7.82-7.74 (m, 4H, ArH + CH=CH—CO), 7.63-7.57 (m, 3H,
ArH + CH=CH—CO), 7.50 (d, J = 8.4 Hz, 1H, ArH), 7.46-7.42 (m, 1H,
ArH), 7.12-7.06 (m, 4H, ArH); 13¢c NMR (100 MHz, DMSO-dg) 6:187.7,
159.1, 158.8, 155.5, 154.8, 147.2, 143.6, 134.6, 133.4, 131.3, 130.8,
130.3, 126.0, 125.4, 124.3, 121.9, 119.1, 118.8, 116.6, 116.4; Anal.
Calced for Co4H15BrO4 (447.28): C, 64.45; H, 3.38;, found C, 64.31; H,
3.49.
3-(3-(4-(4-methoxyphenoxy)phenyl)acryloyl)-2H-chromen-2-one
(3c): Orange solid: 52% yield; mp 140-142 °C; IR (KBr, cm_l) 3097 (CH
aromatic), 2958, 2935 (CH aliphatic), 1732, 1654 (2C=0), 1604
(C=0Q); 'H NMR (400 MHz, DMSO-dg) 6 8.64 (s, 1H, C4H of chromene),
793 (dd, J = 1.6, 7.6 Hz, 1H, ArH), 7.76-7.72 (m, 4H, ArH +
CH=CH—CO), 7.55 (d, J = 16.0 Hz, 1H,CH=CH-CO), 7.48 (d, J = 8.4
Hz, 1H, ArH), 7.45-7.41 (m, 1H, ArH), 7.09-7.05 (m, 2H, ArH),
7.02-6.94 (m, 4H, ArH), 3.77 (s, 3H, OCHjy); 3¢ NMR (100 MHz,
DMSO-dg) 6:187.5, 160.9, 158.8, 156.6, 154.8, 148.7, 147.1, 144.2,
134.5, 131.2, 130.8, 129.1, 126.0, 125.3, 123.7, 121.8, 118.8, 117.5,
116.6, 115.6, 55.8; Anal. Calcd for Cy5H1805 (398.41): C, 75.37; H, 4.55,
found C, 75.63; H, 4.81.
3-(3-(4-(piperidin-1-yl)phenylacryloyl)-2H-chromen-2-one (3d):
Red solid: 52% yield; mp 148-150 °C; IR (KBr, cm’l) 3074 (CH aro-
matic), 2924, 2846 (CH aliphatic), 1728, 1681 (2C=0), 1600 (C=C);
'H NMR (400 MHz, DMSO-dg) § 8.60 (s, 1H, C4H of chromene), 7.92
(dd,J=1.6,8.0Hz, 1H, ArH), 7.75-7.71 (m, 1H, ArH), 7.68 (d, J = 15.6
Hz, 1H, CH—=CH—CO), 7.57 (d, J = 8.8 Hz, 2H, ArH), 7.49 7.38 (m, 3H,
ArH 4+ CH—=CH—CO), 6.95 (d, J = 8.8 Hz, 2H, ArH), 3.44-3.30 (m, 4H,
2CHs, piperidine, appeared after D;0), 1.58 (s, 6H, 3CH> piperidine); 3¢
NMR (100 MHz, DMSO-dg) 5:186.8, 158.9, 154.7, 153.2, 146.6, 145.6,
134.3, 131.1, 130.6, 126.3, 125.2, 123.5, 120.0, 118.9, 116.3, 114.5,
48.3, 25.3, 24.4; Anal. Calcd for Co3H21NO3 (359.42): C, 76.86; H, 5.89;
N, 3.90; found C, 77.23; H, 6.19; N, 3.68;
3-(3-(4-morpholinophenyl)acryloyl)-2H-chromen-2-one (3e): Red
solid: 69% yield; mp 180-182 °C; IR (KBr, cm’l) 3093 (CH aromatic),
2980, 2854 (CH aliphatic), 1724, 1651 (2C=0), 1604 (C=C); 'H NMR
(400 MHz, DMSO-dg) 6 8.61 (s, 1H, C4H of chromene), 7.95-7.92 (m,
1H, ArH), 7.76-7.71 (m, 2H, ArH + CH=CH—CO),), 7.68-7.67 (m, 1H,
ArH),,7.59 (d, J = 8.8 Hz, 1H, ArH), 7.50-7.47 (m, 1H, ArH), 7.45-7.42
(m, 1H, ArH), 7.39 (d, J = 15.6 Hz, 1H, CH=CH—CO), 7.00 (d, J = 9.2
Hz, 2H, ArH), 3.74 (t, J = 4.8 Hz, 4H, 2CH, morpholine), 3.27 (t,J = 4.8
Hz, 4H, 2CH, morpholine); *C NMR (100 MHz, DMSO-dg) 5:187.1,
158.9, 154.7, 153.2, 146.6, 145.4, 134.3, 130.9, 130.7, 126.3, 125.3,
124.7, 120.9, 118.9, 116.6, 114.5, 66.3, 47.4; Anal. Calcd for
CooH19NO4 (361.39): C, 73.12; H, 5.30; N, 3.88; found C, 73.41; H, 5.39;
N, 4.15.
3-(3-(4-(4-methylpiperazin-1-yl)phenyl)acryloyl)-2H-chromen-2-
one (3f): Red solid: 61% yield; mp 141-143 °C; IR (KBr, cm 1) 3082 (CH
aromatic), 2966, 2935 (CH aliphatic), 1720, 1651 (2C=0), 1605
(C=0Q); 'H NMR (400 MHz, DMSO-dg) 6 8.61 (s, 1H, C4H of chromene),
7.93(dd, J=1.6,7.6 Hz, 1H, ArH), 7.77-7.72 (m, 1H, ArH) 7.69 (d, J =
15.6 Hz, 1H, CH=CH—CO), 7.61 (d, J = 8.8 Hz, 2H, ArH), 7.54-7.41
(m, 3H, ArH + CH=CH—CO), 6.99 (d, J = 8.4 Hz, 2H, ArH), 3.31 (t,J =
5.2 Hz, 4H, 2CH;, piperazine), 2.44 (t, J = 5.2 Hz, 4H, 2CH; piperazine),
2.22 (s, 3H, NCHy); 3¢ NMR (100 MHz, DMSO-dg) 6:187.2, 158.9,
154.7, 153.1, 146.6, 145.6, 134.3, 131.0, 130.7, 126.5, 125.3, 124.2,
120.6,118.9,116.6, 114.7, 54.7, 47.1, 46.7; Anal. Caled for CosH2oN203
(374.43): C, 73.78; H, 5.92; N, 7.48, found C, 73.62; H, 6.21; N, 7.67.

4.2. Biology

4.2.1. Cell culture
RAW264.7 (murine macrophage cells) was obtained from the
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American Tissue Culture Collection (Manassas, VA, USA). The cells were
cultured in DMEM supplemented with 10% FBS, and 1% pen-
icillin-streptomycin (PAA Laboratories GmbH, PA, Austria with 5% CO4
at 37 °C.

4.2.2. NO assay

RAW264.7 cells were pretreated with the target compounds at
above-mentioned concentrations for 2 h and treated with LPS (1 pg/mL)
for 24 h. To measure the NO in the culture medium, 100 L of Griess
reagent (Sigma-Aldrich, St. Louis, MO, USA) was added to 100 L of the
culture medium and incubated at room temperature for 10 min. The
optical density (OD) at 540 nm was examined with the ELISA reader
(Molecular Devices, Silicon Valley, CA, USA) [44].

4.2.3. Cell viability assay

RAW264.7 cells were treated with 2f at mentioned concentrations
for 24 h. The 100 pL of fresh medium was exchanged and 10 L WST-1®
(Daeil Lab service, Seoul, Korea) was added into each well. After 3 h, the
OD was measured with the ELISA reader at 460 nm [44].

4.2.4. Western blot analysis

RAW264.7 cells were collected and lysed with an ice-cold lysis
buffer. Aliquots from each sample were separated by 12% SDS-
polyacrylamide gel electrophoresis and transferred to a nitrocellulose
membrane (PALL Life Sciences, Pensacola, MI, USA). The membrane
was blocked with 5% skim milk in phosphate buffered saline tween-20
(PBST) buffer for 1 h. After blocking, the membrane was incubated
with each of the primary antibodies, which were diluted 1:1000 with 5%
BSA in 1x-PBST at 4 °C overnight. The blots were washed three times
with PBST buffer, and the membrane was incubated with HRP-
conjugated second antibodies (anti-rabbit IgG and anti-mouse IgG,
diluted 1:2000 with 5% skim milk in 1xPBST) at room temperature for 1
h. The blots were washed three times using PBST buffer and detected by
an ECL solution® (AbFontier, Gyeonggi, Korea) [44].

4.2.5. Statistic analysis
All the experiments were executed in triplicate and the results are
expressed as the means + standard errors of the mean (SEM).

4.3. Molecular docking

The X-ray crystallographic structure of Human IkB kinase beta (PDB
ID: 4KIK) was obtained from the protein data bank available at the RCSB
Protein Data Bank, (http://www.pdb.org) with 2.83 A resolution. All the
molecular modeling studies were carried out using Molecular Operating
Environment (MOE 2014.09; Chemical Computing Group, Canada) as
the computational software. Hydrogen atoms were added, and the
protonation states of the amino acid residues were assigned using the
Protonate 3D algorithm. Compound 2f were modelled using MOE
builder, and the structure was energy minimized using the MMFF94x
force field. Docking studies of our synthesized compound into the active
site was done by using the MOE Dock tool and the final docked com-
plexes of ligand-enzyme was selected according to the criteria of
interaction energy combined with geometrical matching quality.
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