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Introduction
The nonsteroidal anti-inflammatory drugs (NSAIDs) are among the most often prescribed
drugs in the world. This heterogeneous class of drugs includes aspirin and several other selective
or non-selective cyclooxygenase (COX) inhibitors. The non-selective NSAIDs are the oldest ones
and are called traditional or conventional NSAIDs. The selective NSAIDs are called COX-2
inhibitors 1.
The two main adverse drug reactions associated with NSAIDs relate to gastrointestinal
effects and renal effects of the agents. These effects are dose-dependent, and in many cases severe
enough to pose the risk of ulcer perforation, upper gastrointestinal bleeding, and death, limiting
the use of NSAID therapy 2.
NSAIDs are usually indicated for the treatment of acute or chronic conditions where pain
and inflammation are present. Research continues into their potential for prevention of colorectal
cancer, and cardiovascular disease. NSAIDs are generally indicated for the symptomatic relief of
rheumatoid arthritis, osteoarthritis, inflammatory arthropathies, acute gout, dysmenorrhoea
(menstrual pain), metastatic bone pain, headache and migraine, postoperative pain, mild-tomoderate pain due to inflammation and tissue injury, Pyrexia (fever) and Ileus 3.
NSAIDs inhibit both the cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2)
isoenzymes. COX catalyzes the formation of prostaglandins and thromboxane from arachidonic
acid (AA) 4.
There is no clear-cut division between biological function of COX-1 and COX-2.
Experimental evidence indicates that a full inflammation response is likely sustained by
prostanoids generated by both enzymes. In this sense, drugs inhibiting both enzymes are
theoretically more effective in inflammatory disease treatment. Moreover, COX-2 selective
inhibitors may theoretically lead to problem in thrombosis, salt and water balance and healing.
With all these aspects considered, developing of new drugs that preferentially inhibit COX-2 with
moderate selectivity may be more promising 5.

Mode of action of non steroidal anti-inflammatory drugs:
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In 1971, Vane discovers that NSAIDs could inhibit prostaglandin synthesis and proposed
that this mechanism was the basis for their pharmacological action 6.
Prostaglandins (PGs) are family of chemical messenger (Figure 1) which is involving in local
signal within tissue; its types are known as:
1.
PGE2: they regulate much physiological function in gut as mucosal
protection, GI secretion and motility. Also responsible for triggering the hypothalamus to
increase body temperature during inflammation 7.
2.
labor 8.

PGF2: cause myometrial contraction in humane, so use for induction of

3.
PGI2: it is a vital vasodilator and platelet aggregation inhibitor, and the
major inflammatory mediator particular in rheumatoid arthritis 9.
The rate limiting step in the prostaglandins biosynthesis is the conversion of arachidonic acid
to prostaglandin H2 (PGH2), in a reaction catalyzed by cyclooxygenase (COX) enzyme10.
NSAIDs inhibit prostaglandins synthesis by various effect on cyclooxygenase (COX) enzyme
including non selective inhibition of COX isoform e.g. by aspirin 11, or selective inhibition e.g. by
etoricoxib 12.
NSAIDs also are known to reduce production of super oxide radicals, induce apoptosis,
inhibit the expression of adhesion molecules, decrease nitric oxide synthesis, decrease proinflammatory cytokines (e.g. TNF-a, IL-1), modify lymphocyte activity, and alter cellular
membrane functions. However, there are different opinions as to whether these actions might
contribute to the anti-inflammatory activity of NSAIDs at concentrations attained during
treatment 13.

Figure 1: PGs synthesis.
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Cyclooxygenases (COXs):
Cyclooxygenase is a rate–limiting enzyme for PG production 14. There are at least two
isoform of COX namely COX-1 and COX-2 have been identified 15, which considered as a
significant pharmacological target due to their various pathophysiological effects 16.
Despite the structure identity of these two enzymes, and catalyze the same biochemical
reaction but they are clearly different in term of amino acid sequence, tissue distribution, and
physiological function, the active center of COX-2 is characterized by large pocket which can
accommodate molecules with bulkier side chain than COX-1 17. As shown in Figure 2.
A- Cyclooxygenase-1: is a "housekeeping" enzyme expressed constitutively in many tissues,
and PGs produced by COX-1 mediate vital functions such as cytoprotection of gastric mucosa 18
through stimulation the synthesis and secretion of mucus and bicarbonate, and increase mucosal
blood flow, in addition to its role in regulation of renal blood flow 19. Also the presence of COX-1
in platelet lead to thromboxane A2 (TXA2) production that causes platelet aggregation, so it is
useful in prevention of inappropriate bleeding 20.
B- Cyclooxygenase-2: is an inducible enzyme, rapidly expressed in several cell types in
response to growth factors, cytokines, and pro inflammatory molecules and has emerged as the
isoform primarily responsible for prostaniod production in acute and chronic inflammatory
conditions 21. During inflammatory pain condition like rheumatoid arthritis, osteoarthritis there is
significant elevation in COX-2 level in periphery and central nervous system, and this is a good
scientific evidence for management of inflammation and pain with NSAIDs 22. In addition to
induction expression of COX-2 at sites of inflammation, several investigation have been reported
constitutively expression of this isoform in several tissue and organs such as brain, kidney, and
pancreas 23.
C- Cyclooxygenase-3: is a novel COX splice variant, it is completely different in amino acid
sequence than COX-1 and COX-2 and without COX activity, but it is involved in prostaglandins
–mediated pain and inflammation 24. COX-3 is important in explanation of the antipyretic and
analgesic effect of paracetamol22.
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Figure 2: Difference between COX-1 and COX-2 is in size of active center 25.
Therapeutic Actions of NSAIDs:
NSAIDs have three major pharmacological desirable actions. All of which result mainly
from the inhibition of COX-2 in inflammatory cells and the resultant decrease in prostanoid
synthesis; they are:
• An anti-inflammatory action: the decrease in vasodilator PGs (PGE2, prostacyclin)
means less vasodilation and, indirectly, less edema13.
• An antipyretic action: NSAIDs reduce the body temperature in febrile states. The
fact that selective COX-2 inhibitors are effective antipyretic agents indicates that the COX2 predominantly involved in thermoregulation13.
• An analgesic action: by decreasing PGE2 synthesis, NSAIDs repress the sensation
of pain of low to moderate intensity arising from integumental structures rather than that
arising from the viscera 26.
Further benefits from NSAIDs are being explored, including the prevention of Alzheimer's
dementia and colorectal carcinoma 27. Recent studies suggest that PGs obtained via the COX-2
pathway may play a vital role in the maintenance of tumor viability, growth and metastasis 28.
Therefore, epidemiological evidence suggests that COX-2 inhibitors may have important
therapeutic relevance in the prevention of some cancers 29.
Numerous studies have demonstrated the overexpression of cyclooxygenase-2 (COX-2) in
solid malignancies. Epidemiological, clinical, and preclinical investigations also provide
compelling evidence that COX-2 inhibitors could act as chemopreventive agents. The anti-cancer
26
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effects of COX-2 inhibitors are based on the assumption that prostaglandins generated by COX-2
promote tumor growth in an autocrine and/or paracrine manner 30.
Theoretically, COX-2 inhibitors exhibit all the anti-cancer or cancer preventive activity by
blocking COX-2, thereby decrease the concentration of prostaglandins inside the tumor. However,
these small molecules may also target other growth pathway, which may lead to cell growth
inhibition, apoptosis or necrosis 31.
Many COX-2 inhibitors can suppress the growth of non-COX-2 expressing tumor cells,
while supplementation with exogenous prostaglandin cannot rescue the cells from growth
inhibition caused by COX-2 inhibitors. Therefore, it is speculated that COX-2- independent effects
may contribute to or even be fully responsible for the anti-cancer properties of some COX-2
inhibitors. Furthermore, the relative potency of COX-2 inhibitors to inhibit COX-2 enzyme does
not match their potency to inhibit cancer cell growth 32.
In addition to the lack of correlation between COX-2 inhibition and anti-cancer activities,
the required concentrations of these COX-2 inhibitors to inhibit tumor cell growth significantly
exceed the concentrations required to inhibit COX-2. This phenomenon suggests that the COX-2
inhibitors mainly target other pathways, which need much higher concentration forCOX-2
inhibitors to block 33.
The strongest evidence for a COX-independent mechanism is that some non-COX-2
inhibitory derivatives of certain COX-2 inhibitors still exhibit significant anti-cancer activity 34.

COX-1: COX-2 Selectivity:
Selectivity is expressed as a ratio of the IC50, of a particular NSAID against each respective
isoenzyme. Most assay results are reported as the IC50 of thromboxane B2 (TXB2) for COX-1
inhibition and IC50 of PGE2 for COX-2 inhibition. The IC50 is the amount of drug necessary to
inhibit COX-1 or COX-2 activity by 50% and is determined using various above assays. The higher
the IC50, the more drug necessary to inhibit the particular enzyme. Therefore, a COX-1: COX-2
ratio greater than 1 would indicate more drug is necessary to inhibit COX-1 than COX-2 and that
drug would selectively inhibit COX-2 and spare COX-133.

Considerations Regarding the Pharmacology of COX-Inhibitors:
Several important considerations should not be overlooked in the discussion of the
pharmacology of COX-inhibitors:
1. The relationship between the relative inhibition of COX-1 and COX-2 and
alteration of PG-mediated biological functions is not linear 35.
2. As pharmacological targets, the dose effect thresholds of efficacy and safety for
COX-1 and COX-2 inhibition are probably indefinable. Even if it was possible to accurately
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predict the relative selectivity of COX inhibition in vivo, it is still not known to what extent,
and for how long, COX-1 can be inhibited without an increased risk of GI toxicity.
Conversely, the degree of COX-2 inhibition needed to produce anti-inflammatory responses
in vivo also is unknown 36.
3. There are currently insufficient data to accurately correlate biochemical and
pharmacological measures of COX selectivity with clinical efficacy and safety 37.

Structural Properties of COX-1 and COX-2 for Substrate and Inhibitor Binding:
The amino acid sequence of both enzymes is closely related and the structures are very
similar. COX-1 and COX-2 enzymes are homodimers; each monomer consists of three sites, an
epidermal growth factor-like domain, a membrane-binding domain and a catalytic domain that
contains both the COX and peroxidase active sites 38.
Both COX-1 and COX-2 are associated with the membrane and each consists of a long
channel with a bend at the end, the channel being wider in COX-2 as shown in figure (2) 39.
These two enzymes share sixty-percent homology in amino acid sequence. However, the
conformation for the substrate-binding site and catalytic regions are slightly different. Eight amino
acid residues play an important role for the substrate and inhibitor binding in the COX-channel
[the amino acid numbering refers to the COX-1 and COX-2 enzyme coding (for the residues in
COX-2 one has to subtract 14 to reach the homologous amino acid residue in COX-1)]38.
Active site (Catalytic Center):
The amino acid tyrosin 385 (Tyr385) in COX-1 (Tyr371 in COX-2) is located at the top of
the channel and represent together with the heme group the catalytic center39.
Acylation Site:
In the structure of COX-1, aspirin acetylates serine 530 (Ser530) (Ser516 in COX-2)
preventing the binding of arachidonic acid to active site of the enzyme. X-ray analysis has
elucidated an additional function of Ser530. This polar amino acid is involved in the binding of
inhibitors with a benzyol group, such as indomethacin, or with an anilino NH, such as diclofenac
and meclofenamate 40.
Side Pocket and Extra Space in COX-2:
The crucial difference between the two COX enzymes is at position 523: here COX-1 has a
bulky isolucine amino acid while COX-2 has a valine residue (Val509) a smaller molecule that
leaves a gap which gives access to a "side-pocket". Additionally, the amino acid exchange of
histidine 513 (His513) in COX-1 for Argenine 499 (Arg499) in COX-2 allows a hydrogen bonding
with the sulfon part of COX-2 inhibitors40.
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Also the amino acid phenylalanine 503 (Phe503) in COX-1 is replaced by leucine 489
(Leu489) in COX-2. This smaller residue in COX-2 allows the first shell amino acid Leu384 to
create an "extra space" at the top of the binding site in COX-2, thus allowing larger inhibitors to
bind38.
Ionic Binding:
Arachidonic acid (substrate) and acidic COX-inhibitors are bind via their carboxylate anion
to the guanidinium cation of Arg120 (Arg106 in COX-2). This has been shown by X-ray analysis
for COX binding for arachidonic acid flubiprofen and indomethacin39, 40.
H-bonding Dynamics:
Arg120 and His513 in COX-1 (Arg106 and Arg499 in COX-2) are involved together with
Tyr355 and glutamic acid 524 (Tyr341 andGlu510 in COX-2) in a hydrogen bonding networks.
This has been postulated from X-ray analysis 41.
The two H-bonding networks are proposed to be responsible for allosteric activation of the
COX enzyme (Figure 3), and this is the best structural explanation for the time-dependency of
COX-2 inhibition and of the loss of COX-1 activity due to the need of allosteric enzyme activation
of COX-2 selective NSAIDs 42.

Figure 3: Different ligands bind either the allosteric or the catalytic subunit. Allosteric
subunit binds a non-substrate, activating FA (e.g., palmitic acid). The allosteric subunit with bound
fatty acid activates the catalytic subunit by decreasing the Km for AA 43.
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Chemical Categories of Traditional NSAIDs:
The NSAIDs are a group of chemically dissimilar agents that differ in their antipyretic,
analgesic and anti-inflammatory activities27. These drugs are belonging to the following various
chemical categories:
1. Salicylic Acid Derivatives: Aspirin.
2. N-Arylanthranilic Acid Derivatives (Fenamates): Mefenamic acid.
3. Enolic Acids (Oxicams): Piroxicam, Tenoxicam
4. Heteroaryl Acetic Acid and Aryl Acetic Acid Derivatives: Indomethacin, Sulindac,
Benzene acetic acid, Diclofenac, Tolmetin sodium and Naproxen (Figure 4) which has a
longer half-life than most of the other structurally and functionally similar agents making
twice-daily administration feasible. It approximately twenty times more potent than aspirin
as cyclooxygenase inhibitor13.

Figure 4: Naproxen
COX-2 Selective Inhibitors:
COX-2 selective inhibitors or coxibs were developed to inhibit prostacyclin synthesis by the
COX-2 isoenzyme induced at the site of inflammation without affecting the action of the
constitutively active COX-1 isoenzyme found in the gastrointestinal tract, kidneys and platelets 44.
The International Consensus Meeting on the Mode of Action of COX-2 Inhibitors
(ICMMAC) provided a definition of COX-2 specificity as: these compounds are a new class of
drugs that specifically inhibit the enzyme COX-2 while having no effect on COX-1 across the
completely therapeutic dose range 45.
The main question regarding selective COX-2 inhibitors, as to whether are really better
tolerated, or only have (new) side effects different from those of standard NSAIDs, will be
answered by epidemiological data in the future. Despite this unclear situation, medicinal chemists
have done their job well. Many hundareds of COX-2 inhibitors have been described 46.
The structural difference between COX-1 and COX-2 has allowed the development of COX2 selective agents that differ from most of the traditional NSAIDs, which inhibit both COX-1 and
COX-227. However, preferential COX-2 inhibitors were typically developed before the existence
of COX-2 was known. These compounds represent examples where potent anti-inflammatory
activity was seen in standard inflammatory models with less ulcerogenic effects than standard
NSAIDs most notably meloxicam 47.
30
Advanced Research Journal 2017, 1(1), P.P. 23-41

Advanced Research Journal 2017, 1(1), P.P. 23-41

Common Pharmacophore for Selective COX-2 Inhibitors:
There have been remarkable efforts concerning the identification of selective COX-2
inhibitors with an attractive pharmacological profile. Five structural classes can be identified with
additional class bearing little or no resemblance to one another in their molecular structure. Most
of these compounds showed competitive time-dependent inactivation of COX-2 but no time
dependency in context with COX-1. These inhibitors caused induced conformational changes in
COX-2 enzyme by binding very tightly but non-covalently to the enzyme. This time dependent
strong binding to the inducible enzyme is responsible for their observed specificity 48.

Carbocycles and Heterocycles with Vicinal Aryl Moieties:
The greatest research activities in the field of COX-2 inhibitors have been made in the
synthesis and pharmacological testing of this class of compounds. This structural class is
characterized by a central carbocyclic or heterocyclic ring that bears two phenyl substituents
attached at the vicinal positions. A wide variety of heterocycles can serve as a template for COX2 selective inhibitors. In accordance with current data one aromatic ring must be substituted with
methylsulfonyl or sulfonamide substitute in the para-position for COX-2 selectivity. Decreased
COX-2 specificity but improved oral bioavailability is observed by replacing the methylsulfone
with the sulfonamide moiety. By far most of these compounds bear a halogen atom such as fluoro
or chloro at the second phenyl ring 49.
The pyrazole derivative, celecoxib (Figure 5) has been launched for the treatment of
rheumatoid arthritis. It is as effective as other NSAIDs in rheumatoid arthritis and osteoarthritis,
and in trials it has caused fewer endoscopic ulcers than most other NSAIDs37.

Figure 5: celecoxib
The furanone derivative rofecoxib (Figure 6a) is significantly more selective as COX-2
inhibitor than celecoxib with the ratio of 267:30 respectively. This high selectivity of rofecoxib is
expected to disrupt the balance between antithrombotic prostacyclin and prothrombotic
thromboxane and it’s the basis for the adverse cardiovascular events. In a study, it was shown that
the incorporation of a para-N-acetyl sulfonamido substitute on the phenyl ring of the rofecoxib
31
Advanced Research Journal 2017, 1(1), P.P. 23-41

Advanced Research Journal 2017, 1(1), P.P. 23-41

regio isomer (Figure 1-6b) provided a highly potent and selective COX-2 inhibitor that has the
potential to acetylate the COX-2 isozyme 50.

Figure 6: Rofecoxib & its derivative

Valdecoxib (Figure 7a), a diaryl-substituted isoxazole, is as effective as non-selective
NSAIDs for treatment of rheumatoid arthritis with no effect on platelet aggregation or bleeding
time50, therefore caused an increased number of adverse cardiovascular events when used for pain
management in coronary artery bypass surgery51. N-acylation of Valdecoxib served the dual role
of acylation agent and prodrug as illustrated in paracoxib (Figure 7b) which was found to be
selective COX-2 inhibitor 51.

Figure 7: Valdecoxib & paracoxib
The substitution pattern on the heterocyclic ring is also important for the efficacy as
demonstrated in the series of bromo-substituted thiophene derivatives as selective COX-2
inhibitors with the 5-bromothiophene derivative (Figure 8) with the code name (Dup-697) being
the most potent compound in acute and chronic anti-inflammatory in vivo models with high
selectivity 52.
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Figure 8: Dup-697

Diaryl- or Aryl/Heteroaryl Ether and Thioether Derivatives:
Nimesulide (Figure 9a) is a well known analgesic, and flosulide (Figure 9b) is an older
member of this class. Both were found to be selective COX-2 inhibitors. By replacing the oxygen
atom of flosulide with a sulfur atom (Figure 9c) increased anti-inflammatory potency and better
gastrointestinal safety was observed. Interestingly, the in vitro activities of flosulide and the sulfur
analogue against human COX-1 and COX-2 were identical but the sulfur compound was shown
to possess greater oral bioavailability. An electron-withdrawing substituent at the aromatic ring
seems to be essential for physiological activity with an optimum for the cyano and the acetyl
group 53.

Figure 9: Nimesulide, flosulide & flosulide derivative.
Cis-Stilbene Derivatives:
The invention encompasses the novel stilbene analogous compounds of the formula shown
in (Figure 10) were useful in the treatment of COX-2 mediated disease.
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Figure 10: stilbene analogous compounds

The methylsulfone moieties R1 in combination with a halogen atom R2 were advantageous
for COX-2 selectivity, with much greater structural variety of the substituents R3 and R4. These
compounds were produgs, by virtue of their in vivo conversion to compounds with high inhibitory
activity against COX-2 and/or specificity for COX-2 over COX-1 (Figure 11). These agents will
prove to be useful as an alternative to conventional NSAIDs, particularly where such NSAIDs may
be contraindicated. However, according to patent applications, all derivatives are only in an early
stage of development (biological testing) 54.

Figure 11: stilbene analogous prodrug.
Diaryl and Aryl/Heteroaryl Ketones:
The ketone function, as a link between two aryl or an aryl ring and a heterocycle, is long
known in the class of anti-inflammatory drugs, i.e. as nonspecific inhibitors of cyclooxygenases,
such as tolmetin (Figure 12a) and zomepirac (Figure 12b). The ratio of selectivity in favor of COX2 was achieved by substitution of the acetic acid group of zomepirac by an oxopyridazinyl moiety
at the pyrrole ring as in compound (Figure 12c) which is highly selective COX-2 inhibitor.
Other selective COX-2 inhibitors were obtained by different structural modifications of the
substituents at both rings. However, all derivatives are only in an early stage of development
(biological testing) or pre-clinical study 55.
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Figure 12: Tolmetin, Zomepirac and Zomepirac derivative.

Benzylidene-Heterocycles Derivatives:
A variety of benzylidene oxazoles-thiazoles, and imidazoles with the formula shown in
(Figure 13), has been prepared and evaluated as COX-2 inhibitors.

Figure 13: Benzylidene-Heterocycles Derivatives
Thiozole and oxazole derivatives with the 2-hydroxy, 2-mercapto or 2-imino substituent
linked to the di-tert-butylphenol derivative were found to be potent and selective COX-2 inhibitors.
The potency and selectivity are extremely sensitive to minor changes in chemical structure within
this chemical series; with phenolic OH is essential for potency. However, all derivatives are only
in an early stage of development (biological testing) or pre-clinical study56.
Structural Variations of Known NSAIDs and Compounds without Structural Features:
An increasing number of research indicated that structural modifications of commercially
available nonselective NSAIDs improved the specificity for COX-2. Aspirin is the only known
NSAID that covalently modifies both COX-1 and COX-2, but it is a 10- to 100-fold more potent
inhibitor of COX-1 relative to COX-2 57. In accordance with the known ionic interaction between
the carboxylate of aspirin and the argenine residue adjacent to Ser530, the carboxylate moiety in
aspirin was replaced with the methyl sulfide and this derivative was identified as a lead compound
that demonstrated moderate inhibitory potency and selectivity for COX-2 58.
Systematic structural modifications led to the development of compound [O(acetoxyphenyl)-hept-2-ynyl sulfide] (Figure 14) which was the most potent and selective inhibitor
in the series. This derivative was found to be 60 times more active against COX-2 than aspirin and
its selective inhibition toward COX-2 was resulted from the acetylation of the same serine residue
35
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that aspirin acetylates. This compound also is claimed to be superior to celecoxib in inhibiting cell
growth of colorectal carcinoma cells 59.

Figure 14: O-(acetoxyphenyl)-hept-2-ynyl sulfide
Replacement of the N-p-chlorobenzoyl group of indomethacin (Figure 15a) by a 2,4,6trichlorobenzoyl unit removed the COX-1 inhibitory activity and shifted it to COX-2 selectivity
as in compound (Figure 15b) 60. The highest COX-2 selectivity was found when the chlorobenzoyl
moiety is replaced with 4-bromobenzyl group as in compound (Figure 15c) 61, in addition to change
in the acidic side-chain at 3-poistion as in compounds (Figure 15d) and (Figure 15e) 62.

Figure 15: Indomethacin and its derivatives
It has been found that the IC50 of COX-1: COX-2 of compound (Figure 15c) was about 26;
while that for compounds (Figure 15d and e) were about 1100 and 1320 respectively. Therefore,
the effect of the nature of the side chain at 3-position is more significant on the selectivity than the
nature of halogen atom63.
Since the discovery, enol-craboxamide bears some selective inhibitory activity such as
meloxicam (Figure 16a), this class of compounds attached more attention. SAR of enolcarboxamide type NSAIDs indicated that the N-methyl was essential for activity in meloxicamlike derivatives, but a benzyl substituent was tolerated also. Modification of these compounds gave
36
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rise to compound (Figure 16b) which is a COX-2 selective inhibitor with anti-inflammatory
activity in vivo 63.

Figure 16: Meloxicam and its derivative.
An example of compounds with high COX-2 selectivity but without common structural
features is compound (Figure 17) which may be interpreted as a special case of chemical structures
belong to heterocycles with vicinal aryl moieties in which the fluorine atom and the sulfonamide
moiety are attached at the same benzene ring. In addition, one phenyl ring is replaced by a
cyclohexyl group 64.

Figure 17: heterocycles with vicinal aryl moieties

The aryl-sulfonamide derivatives such as compound (Figure 18) were found to be more
active than indomethacin and nimesulide at the same molar concentration as anti-inflammatory
agents with high COX-2 selectivity65.

Figure 18: Aryl-sulfonamide derivatives
37
Advanced Research Journal 2017, 1(1), P.P. 23-41

Advanced Research Journal 2017, 1(1), P.P. 23-41

Finally, the 2, 3-dihydro-3, 3-dimethylbenzofuran derivatives like compound shown in
Figure 19, are inhibitors of cyclooxygenase with selectivity for the COX-2 isoform. Changes in
the degree of substitution, ring size, and heteroatom identity are all tolerated to varying degrees.
These compounds are potent inhibitors of COX with up to 33-fold selectivity for COX-2 66.

Figure 19: 2, 3-dihydro-3, 3-dimethylbenzofuran derivatives
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