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Most drugs used to treat pain and inflammation act through inhibition of the enzymes prostaglandin G/H

synthase, commonly known as cyclooxygenase (COX). Among these, the simultaneous inhibition of cyclo-

oxygenase 1 (COX-1) would explain the unwanted side effects in the gastrointestinal tract and many ad-

verse cardiovascular effects, such as high blood pressure, myocardial infarction and thrombosis. These side

effects led in time to the development of NSAIDs that behave as selective COX-2 inhibitors. This manu-

script highlights the structure–activity relationships which characterize the chemical scaffolds endowed

with selective COX-2 inhibition. Additionally, the role of COX-2 inhibitors in the pain phenomenon and

cancer is discussed.

Introduction

Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) are one of
the most highly prescribed drugs, commonly used for muscu-
loskeletal pathologies such as rheumatoid arthritis and osteo-
arthritis. They act by inhibiting the biosynthesis of
prostanoids,1 such as prostaglandins PGE2, PGF2α, PGD2, and
PGI2 and thromboxane TXA2. Thus, they play an important
role in many cellular responses and pathophysiological pro-
cesses, such as modulation of the inflammatory reaction and
its resolution, gastrointestinal cytoprotection and ulceration,
angiogenesis and cancer, haemostasis and thrombosis, renal
hemodynamics and progression of kidney disease, and
atheroprotection and atherosclerosis.2 NSAIDs exert their ac-
tion by inhibiting cyclooxygenase (COX), which converts ara-
chidonic acid (AA) into prostanoids that act as physio-
pathological effectors. The COX enzyme presents two iso-
forms: COX-1 and COX-2; even NSAIDs are classified into sev-
eral classes, generally non-selective or selective for COX-2.3

COX is the enzyme that catalyses the synthesis of prostaglan-
dins from the substrate AA, a fatty acid with 20 carbon atoms,
present in the body. The products of this catalysis are in-
volved in various physio-pathological conditions, and in par-
ticular the inhibition of this pathway provides good anti-
inflammatory and anti-nociceptive activities.4

COX-1 and COX-2 share the same catalytic activities and
generate the same products. Each isozyme performs different
biological functions, due to several differences in the biology

of COX isozymes, such as the regulation of gene expression,
the stability of transcripts and proteins, and the requirement
of different levels of hydroperoxides.5

COX-1 is a “housekeeper” molecule, involved in various
physiological pathways. Specifically, it generates prostaglan-
dins and lipid mediators, which regulate normal cell activi-
ties. Activating COX-1 results in the production of prostacy-
clin which, when released by the endothelium, is anti-
thrombogenic, while, when released by the gastric mucosa, it
is cytoprotective. This cytoprotection extends to both exoge-
nous damaging substances on the gastric mucosa and endog-
enously produced gastric juice. Inhibition of gastric prosta-
glandin production is regarded as the cause of the most
frequent and most dangerous side-effects of NSAIDs, gastric
ulceration, bleeding and perforation. In platelets, COX-1
leads to TXA2 production, causing aggregation of the platelets
to prevent inappropriate bleeding.6

Research shows that COX-2 is considered an inducible
form of the enzyme, but in the past few years, its presence in
specific tissues revealed how it is expressed also in physiolog-
ical conditions. Numerous experiments have demonstrated
that the two isoforms have a molecular weight of 71 kDa, and
the amino acidic sequence of COX-2 presents a good homol-
ogy (60%) with a non-inducible form. The amino acid struc-
ture revealed how Val523 is present in COX-2 instead of
Ile523, making a lateral binding site not present in COX-1
available. COX-2 is found in small amounts in normal human
lungs, rat kidneys and foetal membranes, but most of its ac-
tivity seems to be the result of induction. While COX-1 can
also change its expression, its activity may increase 2–3-fold,
while that of COX-2 may increase more than 20-fold during
the inflammatory reaction.7
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Side effects associated with NSAID consumption spurred
medicinal chemists to synthesize new molecules, selective
COX-2 inhibitors, mainly to reduce gastrointestinal and renal
side effects such as anorexia, nausea, vomiting, dyspepsia,
and diarrhoea. In this context, COX-1 was inhibited in epithe-
lial cells, where its inhibition depressed PGI2/PGE2 produc-
tion, involved in gastroprotection.8 In 1999, to reduce side ef-
fects, the coxibs family was introduced, as selective COX-2
inhibitors, endowed with good anti-inflammatory and anti-
nociceptive properties. The most famous one, celecoxib
(Celebrex®), presents as a central core a 1,2-diarylheterocycle,
with bulky side chains and a sulphonyl group. These com-
pounds present another ring that binds the hydrophobic
pocket in the canal, which links the COX-2 substrate, and is
not present in COX-1.9 Only celecoxib and etoricoxib (Algix®
or Arcoxia®, (Fig. 1)) are presently marketed; they are used
for reducing the pain from osteoarthritis, rheumatoid arthri-
tis and acute gouty arthritis; they are also used for treating
ankylosing spondylitis and dysmenorrhea. Other coxibs such
as firocoxib (Previcox®) are used for veterinary purposes, in
particular for the treatment of dog and horse inflammatory
conditions. However, COX-2 inhibitors present side effects
such as arterial hypertension, myocardial infarction, stroke,
and heart failure. At the gastrointestinal level, belching,
dyspepsia, dysphagia, stomatitis, vomiting, flatulence,
abdominal pain, diarrhea or constipation, gastritis, duode-
nal ulcers, gastrointestinal bleeding and perforation may
occur.

Coxibs are frequently used to treat inflammation and
pain, difficult social problems which need novel strategies
and therapies. In particular, pain management is the re-
search goal of various scientists. More and more are the tar-
gets implicated in pain management, such as Mono-
acylglycerol Lipase (MAGL),10 Cannabinoid Receptors 1/2 (CB
1/2),11 Transient Receptor Potential Vanilloid Channel 1
(TRPV1),12 and Fatty Acid Amide Hydrolase (FAAH).13 How-
ever, there is growing interest towards dual molecules such
as FAAH/TRPV1 blockers and also FAAH/COX-2 inhibitors;14

specifically, it is shown how COX-2-mediated transformation
of anandamide into pro-algesic prostamides has led to the
hypothesis of the presence of deeper functional connections
between the endocannabinoid and prostanoid systems.15 The
interest in COX-2 inhibition has been emphasized by the fact
that it is often involved in oxidative stress16 and also in can-
cer progression. In fact, studies have demonstrated how

prediagnostic use of NSAIDs, such as aspirin, and selective
COX-2 inhibitors was, however, associated with a reduced
rate of breast cancer recurrence.17 Treatment with celecoxib
significantly decreased the induced tumor size and metasta-
sis of PyMT/Col1a1 tumors, by decreasing the expression
levels of COX-2, PGE2, and Ki-67. COX-2 has had a direct role
in modulating tumor progression and it may be an effective
therapeutic target for women with dense breast tissue and
early-stage breast cancer.18 In benign prostatic hyperplasia
(BPH), 5α-reductase (5AR) inhibitors (i.e. dutasteride and fi-
nasteride) induced apoptosis and repression of the cell-
adhesion protein E-cadherin, requiring both ERβ and TGFβ.
Dutasteride also induced COX-2, which functions in a
negative-feedback loop in TGFβ and ERβ signaling pathways
as evidenced by the potentiation of apoptosis induced by
dutasteride or finasteride upon pharmacological inhibition
or shRNA-mediated ablation of COX-2.19 Also, COX-2 is in-
volved in the regulation of tumorigenic Wnt signalling with
5-lipoxygenase.20

The best scaffold for selective COX-2
inhibitors

Side effects associated with well-known COX-2 inhibitors
prompted chemists to develop new molecules, hoping to
limit them. At the current state, COX-2 inhibitors can be cate-
gorized as diarylheterocycles or non-diarylheterocycles, and
the largest proportion of selective COX-2 inhibitors comprises
diarylheterocycles with a five-membered core.21

From a medicinal chemist's point of view, selective COX-2
inhibition was achieved by a series of structural devices. In
particular, in the past few years, many molecules have been
synthesized with heterocyclic rings and polar groups acting
as selective inhibitors with low IC50 values.22 Heterocyclic
compounds are very important in drug discovery because
they interact with several biological pathways. In particular,
coxibs have structural moieties that emerged as new interest-
ing scaffolds in the research of novel selective COX-2
inhibitors.

With the aim of identifying new COX-2 inhibitors endo-
wed with thromboxane prostanoid receptor antagonism,
celecoxib has been exploited and modified to obtain new
analogues with reduced side effects. N-(2-Chloro-6-
fluorophenyl)-4-methyl-2-(1H-tetrazol-5-ylmethyl)benzenamine,
in particular, demonstrated good and selective COX-2 inhibi-
tion (IC50 = 0.014 ± 23 μM). In a typical structure, it is possi-
ble to find three aryl rings, although in this molecule, the
tetrazole is not the central ring, and no –SO2CH3/−SO2NH2

moiety can be found, which is present instead in N-[[2-[(2-
chloro-6-fluorophenyl)amino]-5-methylphenyl]methyl]-1,1,1-
trifluoromethanesulfonamide.23

Two famous coxibs, lumiracoxib and valdecoxib, were
used as models in the in silico search and optimization of
new selective COX-2 inhibitors. The search utilized in situ li-
brary scrutiny and produced many structures similar to
lumiracoxib, whose common characteristics are two aromaticFig. 1 Celecoxib and etoricoxib, typical COX-2 inhibitors.
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rings, at least two oxygen atoms, at least one carboxyl group,
and at least one –OH or –NHĲn) group. Other atoms present
but not universal are halogen atoms, nitrogen atoms,
methoxide, alkene, and amide groups. On the other hand,
valdecoxib, which has a similar structure (sulphonamide-
based), presents two aromatic rings, at least two oxygen
atoms, one sulphonamide group, and at least one nitrogen
atom. Other substituents present but not universal are the
chlorine atom, oxadiazole substituent, and benzimidazole
groups.24

Another chemically different big group, merged as a series
of 1-N-substituted-3,5-diphenyl-2-pyrazoline derivatives, was
designed and synthesized to inhibit COX-2 selectively. Effec-
tively, all derivatives were found to be inactive as COX-1 in-
hibitors, while N-acetyl derivatives (1a–i) resulted to be more
potent than the corresponding N-carbamoyl derivatives. Com-
pound 1g (IC50 = 3.20 ± 0.24 μM) was the most potent deriva-
tive identified and, with regard to its structure, this con-
firmed the fact that a good COX-2 inhibitor must possess
three spaced cycles and in this field, the most potent
N-carbamoyl derivative, 1k (IC50 = 9.35 ± 0.76 μM), instead
possesses an electron-withdrawing group. In the active site,
on the other hand, compound 1g produced hydrogen bonds
with Arg513 and Phe518; also, the phenoxy group was accom-
modated into an aromatic cage delimited by Phe518, Trp387,
Tyr385 and Phe384.25

Examples of 2-pyrazolines and pyrazoles were designed as
celecoxib analogues; their scaffold consists of two adjacent
aryl rings attached to a five-membered ring with a COX-2
pharmacophore (−SO2Me in 2a–f and 3a–f, −SO2NH2 in 2g–l
and 3g–l). The best compounds were 2d and 3a (IC50 = 0.97
μM). About the structural modifications, the methyl group on
the second aryl ring was replaced with a trifluoromethyl moi-
ety; in addition, the trifluoromethyl moiety at C-3 of the cen-
tral five-membered ring was replaced with a substituted aryl
moiety since it was reported that the substituent at C-3 of the
central ring has very few steric restrictions compared to COX-
2 binding.26

At the same time, the pyrazole structure was evaluated for
its ability to inhibit COX-2 by the synthesis of 1,3,5-
triarylpyrazoline (compounds 4a–m) and 1,5-diarylpyrazole
(compounds 5a–d) derivatives. For the triarylpyrazolines, the
thienyl analogue is more potent than its furyl counterpart;
for the diarylpyrazoles, similarly, the thienyl analogue was
more potent than its furyl counterpart. Therefore, the pres-
ence of the sulphur atom not only increases the selectivity to-
wards COX-2, but also increases the anti-inflammatory ac-
tion. Furthermore, in all cases of substitution, the
triarylpyrazolines resulted to be more potent than the corre-
sponding diaryl derivatives, demonstrating the fact that three
aryl rings could improve COX-2 inhibition.27

The dihydropyrazole group has been used as the five-
membered core ring with a diarylheterocycle scaffold, and ad-
ditionally a sulphonamide group was attached to the para po-
sition of one aryl ring. The resulting structure has little re-
semblance to the other inhibitors but contains the same

types of substituents; in fact, the most potent compound, 6d
(IC50 = 0.08 ± 0.03 μM), contains an aryl ring bearing two
fluorine atoms.28

Even coumarin has found to be the best scaffold for new
molecules acting as selective COX-2 inhibitors. In particular,
4-chlorocoumarin-substituted 1,5-diarylpyrazole benzene-
sulfonamide derivatives have been synthesized. The presence
of electron-withdrawing groups on the para position is more
preferable than that of electron-donating groups. The most
potent compound was 7t (IC50 = 0.09 ± 0.01 μM) and the or-
der of substituents to improve COX-2 inhibition was CF3 >

NO2 > F > H, CH3 > OCH3, OCH2CH3, OH. A fundamental
position was R3 in the para position (Fig. 2).29

It is well known that the indole nucleus is an important
heterocyclic compound and a useful scaffold present in nu-
merous natural and synthetic molecules. This scaffold still
represents an attractive target for medicinal chemists, due to
its polyhedric behaviour against most physio-pathological
pathways.30 In particular, many researchers have evaluated
its ability to inhibit COX-2,31 and 2-[4-(aminosulfonyl)
phenyl]-3-(4-methoxyphenyl)-1H-indole was identified as an ex-
cellent COX-2 inhibitor (IC50 = 0.006 nM), endowed with im-
aging properties.32

Furthermore, indole has been studied and well used to
ameliorate COX-2 inhibitor scaffolds and structure–activity
relationships. Specifically, the famous two aryl rings were
connected to a tricyclic core in the forms of -pyrrole and
-dihydropyrroloĳ3,2,1-hi]indole. In this context, the oxidized
forms presented very good COX-2 inhibition; in fact, the best
compound was found to be 9d (IC50 = 0.02 μM). This indi-
cates not only steric but also electronic influences resulting
from the extended π-system. The R-substituents are the typi-
cal moieties which provide COX-2 selectivity, i.e. H, Me, F,
SO2CH3, SO2NH2, and OEtF (Fig. 3).33

Taking into consideration that several 5-membered
carbocycles and heterocycles are able to interact with the
COX active site, 1,4- and 1,5-diaryl-substituted 1,2,3-triazoles
supported previous studies on COX inhibition. In particular,
they possess a SO2Me group as a COX-2 pharmacophore at
the para position of one of the aryl rings. In all the com-
pounds 10a–f, small electron-withdrawing groups (F, Cl) gave
IC50 values in the submicromolar range (0.15–0.20 μM).
Compounds 11a–f presented the common vicinal substitu-
tion pattern of potent and selective COX-2 inhibitors. As
expected, the most potent were chlorine- and fluorine-
substituted compounds. It is therefore implied that the order
of COX-2 inhibitory potency was F > Cl > H > Me > OMe >

NMe2 (Fig. 4).
34

In this chemically different scenario, it is fundamental to
mention pyrrole, a small molecule, which is a versatile and
useful tool in several biological pathways. There are many ex-
amples in which COX inhibition was pursued with a series of
pyrrole-based esters,35 negatively affected by a low in vivo pro-
file, due to their gastrointestinal hydrolysis. The new mole-
cules present a typical tricyclic structure with pyrrole as the
central core but decorated with two aryl rings. In this case,
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the innovation is an amide function versus ester, which gives
the molecule a safer biological profile that induces inhibition
of COX with modest IC50 values (the best molecule, 12e, had
an IC50 value of 0.92 ± 0.05 μM).36

In this context, the basic structure has been improved, in
order to increase the selectivity towards COX-2 and enhance
the anti-inflammatory activity of the pyrrole-based molecules.
In particular, it has been investigated whether or not the
presence of fluorine atoms was able to increase or reduce
COX-2 selectivity. The compounds obtained, 1,5-diarylpyrrole-
3-alkoxyethyl ether derivatives, were used in inflammation
models, showing good anti-inflammatory and anti-
nociceptive activities, with an IC50 value of 0.007 μM (SI >

14.285) for the best compound 14b. The data has demon-
strated how the presence of two fluorine atoms in the same
molecule could positively affect COX-2 inhibition, with good
results also in in vivo models of pain (Fig. 5).37

Among the heterocyclic compounds, the 2-imidazoline
core has been outlined as the main group linked to two aryl
substituents, one of which bears the sulfonic group while the
other bears electron-withdrawing substituents such as bro-
mine, chlorine, fluorine, and trifluoromethyl groups. A good
compound was identified, 15ab, with an IC50 value of 0.3
μM.38

An interesting series of compounds was represented by
1,5-diaryl-substituted tetrazoles, synthesized by introducing

Fig. 2 Examples of pyrazole derivatives.

Fig. 3 Indole-based molecules.

Fig. 4 Triazole derivatives.
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the SO2NH2 COX-2 pharmacophore to position C-5 of the
tetrazole moiety via the phenyl group, while a selection of
different para substituents (H, CH3, OCH3, Cl, F, CF3 or
NĲCH3)2) was used to decorate the other aryl substituent.
The in vitro bioassay studies showed that only azoles 16c,
16d, and 16g displayed inhibitory potency toward the COX-2
enzyme with IC50 values of 1.2, 4.8, and 5.7 μM, respectively,
while no inhibition activity was detected toward the COX-1
enzyme. In this field, the primary scaffold has been im-
proved to emphasize selective COX-2 inhibition; in some
cases, a spacer has been introduced, such as the methylene
group, between the tetrazole core and the pharmacophore
represented by the phenyl ring with –SO2R in the para posi-
tion. The other phenyl ring also presents in the para posi-
tion the –OH substituent in all compounds (free or in an ali-
phatic chain). The best compound was found to be 17i, with
a very low IC50 value versus COX-2 (IC50 = 3 μM, SI > 67)
(Fig. 6).39

The triazole nucleus has been further replaced by the oxa-
diazole nucleus. In particular, 4-(3,4-dimethylphenyl)-2Ĳ1H)-
phthalazinone derivatives have been designed and synthe-
sized as new anti-inflammatory agents, demonstrating good
and selective COX-2 inhibition, especially in the case of com-
pound 18b (IC50 = 0.59 μM), which presents in its structure a
series of heterocyclic groups, particularly a 1,3,4-oxadiazole
and a nitro group that have increased its selectivity rather
than COX-1 inhibition.40

Also, a series of oxadiazole derivatives have been designed
by linking them to two aromatic rings, decorated with
electron-withdrawing groups or in the para position with –Cl/
−NO2/−tBu, which enhanced COX-2 inhibition, while in the
central core, the N-acetylation did not significantly affect the

selectivity. Also, the presence of the –SO2CH3 group signifi-
cantly increased the COX-2 selectivity compared to –SCH3. In
this type of molecule, replacement of the aromatic ring with
pyridine reduced the COX-2 activity. The best compound 21e
presents IC50 value = 0.48 μM with SI = 132.83.41

Although pyridine in these oxadiazole derivatives reduced
selective COX-2 inhibition, in the original scaffold, they have
demonstrated good selectivity (decent IC50 values). In particu-
lar, a series of imidazopyrazolopyridines was designed endo-
wed with good COX-2 inhibition due to the hydrogen-bond
acceptor in the para position of the phenyl ring, connected
with a diazo moiety (azo bridge); also, various substituents
such as methoxide groups have been introduced which form
hydrogen bonds with the guanidine moiety of Arg513 (ame-
liorating COX-2 selectivity) (Fig. 7).42

Furthermore, to investigate how other heterocycles should
be used as new promising COX-2 inhibitors, the thiadiazole
nucleus has also been used to synthesize a series of deriva-
tives with good IC50 values. Four substances, belonging to
two different classes, resulted to be very interesting. All of
them showed low IC50 values (24b (0.11 μM, SI > 454.54), 24c
(0.13 μM, SI > 384.61), 25c (0.14 μM, SI > 357.14), 25e (0.13
μM, SI > 384.62)) and good anti-inflammatory and analgesic
activities (Fig. 8).43

Surprisingly, the quinoline scaffold as a novel COX-2 in-
hibitor has also been investigated as an anti-breast cancer
agent (mediated by COX-2 inhibition). In particular, a new

Fig. 5 Pyrrole-based molecules.

Fig. 6 Nitrogen derivatives.
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group of 4-(imidazolylmethyl)quinoline derivatives possessing
a methylsulfonyl moiety at the para position of the C-2 phe-
nyl ring demonstrated good inhibition with IC50 values in the
potent range of 0.063–0.090 μM (Fig. 9).44

The intense search for new anti-inflammatory agents
prompted medicinal chemists to investigate how all heterocy-
clic compounds may interfere with COXs. In this field, cyclic
imides such as phthalimides have received great attention
due to their COX-1/2 inhibition.45 Based on SC-558 and
celecoxib, a new scaffold for small molecular COX inhibitors
has been evaluated, bearing 3,4,5-trimethoxybenzyl,
4-methoxybenzyl, or 4-fluorobenzyl fragments, in association
with various substituents, such as H, Me, NO2, Cl and t-butyl,
at the cyclic imide core. The lead has been tapped and it is
shown that diminishment of activity may be explained on the
bases of non-aromatic features of the imide scaffold, while
fluoro substituents on the N-benzyl moiety showed COX-2 in-
hibition loss compared to methoxide substituents. These
compounds inhibited COX-2 with low IC50 values of 0.18–8.5
μM.46

By combining the maleimide ring and benzene-
sulfonamide moiety (COX-2 pharmacophore), other novel
compounds have been synthesized. The unsubstituted 3,4-

dichloromaleimido benzenesulfonamide (compound 29)
showed poor COX-2 inhibition, while substitution of the phe-
nyl ring attached at the fourth position of the maleimide ring
resulted in a greater inhibitory power and selectivity toward
COX-2; the presence of electronegative groups at the meta po-
sition improved inhibition compared to that at the para posi-
tion, and cyclic amines affected COX-2 inhibition. From the
modelling point of view, it was observed that one of the
O-atoms and –NH2 of the SO2NH2 moiety exhibited hydrogen
interactions with Gln192 and Ala516, and the phenyl ring
showed hydrophobic interactions with Leu359, Leu352,
Gln350, His356, Tyr355, Met522, Tyr504, Ala527 and Phe523
in the active site (Fig. 10).47

The majority of selective COX-2 inhibitors belong to
diarylheterocycles that contain vicinal diaryl substituents at-
tached to a central ring system, mainly a mono- or bicyclic
ring. A particular class is represented by 3′-(4-substituted
phenyl)-4′-(4-(methylsulfonyl)phenyl)spiroisoxazoline

Fig. 7 Oxadiazole and imidazopyrazolopyridine scaffolds.

Fig. 8 Thiadiazole derivatives.

Fig. 9 Quinoline derivatives.
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derivatives containing naphthalene and chromanonespiro-
bridges. These compounds have been synthesized as the re-
sult of bioisosteric replacement of the central tricyclic bridge
with a spiroisoxazoline motif. The structure–activity relation-
ship in this set of molecules provides good selective COX-2
inhibition, which was affected by the type of substituent at
the para position of the C-30 phenyl ring. Accordingly, com-
pounds having smaller groups (38a, 38b and 38g) were more
potent and selective COX-2 inhibitors compared to other ana-
logues, which had larger ones (Fig. 11).48

Following the trail of drug repurposing, the presence of
nido-dicarbaborate in the structure of indomethacin has also
been considered in the substitution of the phenyl ring, which
could improve the potent and selective COX-2 inhibition
compared to other Non-Steroidal Anti-Inflammatory Drugs
(NSAIDs).49

The use of natural products as scaffolds for biological tar-
gets is a procedure well exploited by medicinal chemists. In
addition, to inhibit COX-2 selectively, natural compounds
such as oleuropein were used. This natural compound was
the subject of several chemical modifications aimed at creat-

ing semisynthetic derivatives50 and α-amino acids, which
were docked, as new tripeptides, in the COX-2 active site to
ensure inhibition.51 Hydrocinnamic acid has been used to
design a series of various ether and ester derivatives acting as
COX-2 inhibitors, with a good result for caffeic acid diethyl
ester (CA-DE), which forms 3 hydrogen bonds with the active
site of COX-2 (4-OH⋯OH-Tyr355, 4-OH⋯NH-Arg120 and
CO⋯OH-Tyr385).52 In addition, other small peptides have
been designed to improve the potent anti-inflammatory ac-
tion via COX-2 inhibition; specifically, H2N–Gly–Gly–Phe–Leu–
OMe with an IC50 value of 0.06 μM demonstrates good selec-
tive COX-2 inhibition and good anti-inflammatory activity.53

Investigating the natural compounds, flavonoids also have
a chemical structure which can mimic the inhibitory activity
against COX-2,54 and in this context, by maintaining fluorine
and methoxide groups as substituents, a novel scaffold based
on chromen-4-one has been docked into the COX-2 active site
demonstrating good inhibitory activity. In particular, in
the compound 2-(3,4-dimethoxyphenyl)-3-(4-fluorophenyl)-6-
methoxy-4H-chromen-4-one, the central chromone ring is well
positioned in a hydrophobic pocket formed by Met113,
Val116, Val349, Tyr355, Leu359, and Ala527 residues; it could
also form cation–π interactions with the guanidium group of
Arg120 (Fig. 12 and Table 1).55

Conclusions

In this manuscript, the authors' aim was to highlight the
main chemical features that are able to show a selective COX-
2 inhibitory activity. The selectivity is still the major goal that
drives the design of new molecules. In this context, if it is
possible to reach a higher COX-2 selectivity, there are many
more possibilities to prepare drugs endowed with detectable
action, without or minimal side effects. Like a perfect recipe,
by dosing the correct ingredients, the pharmacophores' fea-
tures are described to be a useful guide to retrieve the most
selective COX-2 inhibitor scaffolds and chemical features.
Even the repurposing theory that employs some of the side
effects shown by the different drugs used indicates that a
window may be opened for the world of research on selective
COX-2 inhibitors. Nowadays, the selective COX-2 inhibition is
an innovative strategy for pain management and cancer treat-
ment, therefore it is crucial and necessary to develop these
types of drugs.

Fig. 10 Cyclic imides.

Fig. 11 Spiroisoxazoline scaffold.

Fig. 12 Chromenone scaffold.
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