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Abstract—In an attempt to prepare a new water-soluble, parenteral COX-2 inhibitor, rofecoxib (9) and celecoxib (13) analogues
were designed and synthesized for evaluation as selective cyclooxygenase-2 (COX-2) inhibitors with in vivo anti-inflammatory activ-
ity. In this experiment, respective SO2Me and SO2NH2 hydrogen-bonding pharmacophores were replaced by a tetrazole ring.
Molecular modeling (docking) studies showed that the tetrazole ring of these two analogues (9 and 13) was inserted deep into
the secondary pocket of the human COX-2 binding site where it undergoes electrostatic interaction with Arg513. The rofecoxib
(9) and celecoxib (13) analogues exhibited a high in vitro selectivity (9, COX-1 IC50 = 3.8 nM; COX-2 IC50 = 1.8 nM; SI = 2.11;
13, COX-1 IC50 = 4.1 nM; COX-2 IC50 = 1.9 nM; SI = 2.16) relative to the reference drug celecoxib (COX-1 IC50 = 3.7 nM;
COX-2 IC50 = 2.2 nM; SI = 1.68) and also showed high aqueous solubility at pH higher than 7 and good anti-inflammatory activity
in a carrageenan-induced rat paw edema assay. However, 9 and 13 had no significant damage on gastric mucosa.
� 2006 Elsevier Ltd. All rights reserved.
Considering the number of surgeries, safe management
of pains associated with surgery is a very important
issue.1,2 In the management of severe or moderately
severe pain, parenteral treatment is preferred because
of the rapid onset of action. Recent surveys have shown
that postoperative pain is considered poorly managed,
due to side-effect limitations of available injectable med-
ications, such as opioids and nonsteroidal anti-inflam-
matory drugs (NSAIDs). In this regard, the most used
nonnarcotic analgesic for these indications, ketorolac
1, has been associated with a reduced risk of myocardial
infarction among hospitalized patients attributed to its
antiplatelet properties. Nevertheless, appearance of
significant side effects limits its use (see Fig. 1).3–5
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Inhibition of cyclooxygenase (COX), one of the key
enzymes involved in the metabolism of arachidonic acid
to prostaglandins, is the main target for NSAIDs. At the
beginning of the 1990s two COX isoforms were discov-
ered:6 one (COX-1) constitutively present in many tis-
sues such as stomach, kidney, and platelets, and the
other (COX-2) cytokine-inducible and expressed mainly
in a wide range of inflammatory cells. This scenario led
to the recognition that selective COX-2 inhibitors could
provide anti-inflammatory agents devoid of the undesir-
able effects associated with classical, nonselective
NSAIDs.7 Rofecoxib (2)8 and celecoxib (3)9 were the
first COX-2 inhibitors to reach the market, followed
by valdecoxib10 and etoricoxib.11 Despite the relatively
safe pharmacological profile of selective COX-2 inhibi-
tors, there is now increasing concern regarding their
use in patients at risk for an adverse cardiovascular
event such as myocardial infarction. For example, the
clinical use of rofecoxib and valdecoxib was recently
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Scheme 1. Reagents and conditions: (a) PhCH2COOH, Et3N,

CH3CN, 25 �C, 20 min; (b) DBU, 25 �C, 20 min; (c) NaN3, reflux,

48 h.
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Figure 1. Representative examples of selective COX-2 inhibitors.
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terminated due to adverse cardiovascular side effects
associated with their use.12,13 Parecoxib 4 (water-soluble
prodrug of valdecoxib) is the only parenteral COX-2
inhibitor which has been marketed. Hence, design of
new COX-2 inhibitors for parenteral treatment of acute
pain is much required.

In general, COX-2 inhibitors of the diarylheterocycle
class such as 2 and 3 possess modest aqueous
solubility. This physicochemical characteristic restricts
the dosing options available for this class of drug. In
order to develop a COX-2 inhibitor for parenteral
administration, all the attempts had been to prepare
a prodrug of a sulfonamide-based inhibitor including
base-treated acyl sulfonamide 4 and phosphoramidate
derivatives 5.4,14

Recently, it has been reported that the SO2NH2 and
SO2Me hydrogen-bonding pharmacophore present in
many selective COX-2 inhibitors could be replaced
by dipolar azido group as a bioisoester.15 A search
for another bioisoester of SO2NH2 and SO2Me which
is water soluble envisaged tetrazolide ion as an inter-
esting approximation, since high water solubility
seemed to be achievable through the formation of
alkaline salts, due to the predicted pKa value of 5–6
for the NH group.

As a part of our ongoing program to design novel selec-
tive COX-2 inhibitors,16 here we describe our results on
the investigation of the use of tetrazolide salt as a new
water-soluble pharmacophore for further development
in the parenteral treatment of acute pain.

The synthetic reactions used for the synthesis of
4-[4-(5-tetrazolyl)phenyl]-3-phenyl-2(5H)-furanone (9)
and 4-(4-methylphenyl)-1-[4-(5-tetrazolyl)phenyl]-3-(tri-
fluoromethyl)-1H-pyrazole (13) are outlined in
Schemes 1 and 2.
The tetrazole analogue of rofecoxib 9, where SO2Me is
replaced by tetrazole ring, was prepared starting from
2-bromo-1-(4-cyanophenyl)ethanone 6. Reaction of bro-
mo compound with phenylacetic acid in the presence of
Et3N, then DBU, via the intermediate ester 7, gave 4-(4-
cyanophenyl)-3-phenyl-2(5H)furanone 8.17 Reaction of
8 with NaN3 in the presence of ZnBr2 gave required
rofecoxib analogue as illustrated in Scheme 1.18

Reaction of 4-cyanophenylhydrazine hydrochloride 10
with 1-(4-methylphenyl)-4,4,4-trifluorobutane-1,3-dione
11 in EtOH afforded the pyrazole 12.9 Reaction of
pyrazole 12 with NaN3 in the presence of ZnBr2 leads
to the formation of the celecoxib derivative 13, having
a tetrazole ring in place of SO2NH2 pharmacophore
(see Scheme 2).18,19

The tetrazole substituent is particularly attractive since
it has the potential to undergo hydrogen-bonding inter-
actions with amino acid residues, particularly Arg513,
lining the secondary pocket of COX-2. Moreover, the
tetrazole ring is similar in size [MR (molar refractivi-
ty) = 1.48] to SO2Me (MR = 1.51) or SO2NH2

(MR = 1.42) substituent.

Docking 4-[4-(5-tetrazolyl)phenyl]-3-phenyl-2(5H)-fura-
none (9) (as tetrazolide ion) in the active site of human
COX-2 (1CX2 PDB file)20,21 showed that the tetrazole
ring was inserted into the secondary COX-2 pocket
about 6.31 Å from Val523. One of the N-atoms of the tet-
razole ring forms hydrogen bond with the amine hydro-
gen (guanidine group) of Arg513 (2.1 Å) and another
nitrogen forms hydrogen bond with His90 (2.5 Å) and



Figure 3. Docking of the 4-(4-methylphenyl)-1-[4-(5-tetrazolyl)phen-

yl]-3-(trifluoromethyl)-1H-pyrazole (13) (ball and stick) in the active

site of human COX-2 (line and stick). The center of the tetrazole ring is
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is positioned about 3.7 Å from Phe518 as shown in
Figure 2. The other nitrogen of tetrazole ring also forms
a weak hydrogen bond with Gln192 (3.7 Å).

These molecular modeling studies correlate well with
in vitro enzyme inhibition data determined by colorimet-
ric COX (ovine) inhibitor screening assay (Table 1).22–24

In this regards, the rofecoxib analogue 9 showed potent
and selective inhibition of COX-2 relative to the reference
drug celecoxib (as shown in Table 1).

Similar docking of the celecoxib analogue 13 showed
that it binds in the primary binding site such that one
of the N-atoms of the tetrazole ring forms hydrogen
bonds with the amine hydrogen of Arg513 (2.4 Å) and
His90 (2.5 Å), and another nitrogen forms hydrogen
bond with Phe518 (3.9 Å). The other nitrogen is posi-
tioned about 3.6 Å from Gln192 (see Fig. 3). The tetra-
Figure 2. Docking the 4-[4-(5-tetrazolyl)phenyl]-3-phenyl-2(5H)fura-

none (9) (ball and stick) in the active site of human COX-2 (line and

stick). The center of the tetrazole ring is about 6.3 Å outside of the

entrance to the secondary pocket (Val523).

Table 1. Anti-inflammatory, in vitro COX-1 and COX-2 inhibition data

2(5H)furanone (9) and 4-(4-methylphenyl)-1-[4-(5-tetrazolyl)phenyl]-3-(trifluo

Compound IC50
a (nM) Selectivity index

(COX-1/COX-2)
COX-1 COX-2 %

9 3.8 1.8 2.11 34

13 4.1 1.9 2.16 40

Celecoxib 3.7 2.2 1.68 N

Parecoxib NA NA NA 62

Diclofenac NA NA NA N

a Values are means of two determinations and deviation from the mean is <
b Inhibitory activity on carrageenan-induced rat paw edema. The results are e

test compound.
c Nonsteroidal anti-inflammatory drug-induced gastric damage in rats. Com

were administrated intravenously 4 h before rats were killed. Visible gastric

expressed as means ± SEM (n = 8). *P < 0.05, ***P < 0.001 compared to co
d NA, not applicable.
e 20 mg/kg iv dose.
f 40 mg/kg iv dose.

about 6.4 Å outside of the entrance to the secondary pocket (Val523).
zole analogue of celecoxib 13 exhibited potent and
selective inhibition of COX-2 relative to the reference
drug celecoxib (as shown in Table 1).

In vivo pharmacological evaluation of compounds 9 and
13 was carried out to assess their potential anti-inflam-
matory activity through parenteral injection in the rat
carrageenan-induced paw edema assay.4,24–26 They were
intravenously administered at 3 mg/kg to rats, 10 min
before edema induction by injection of k-carrageenan.
Paw volume was then measured at different times after
injection and the percentage of inhibition was calculat-
ed. Rofecoxib analogue 9 and celecoxib analogue 13
both have shown anti-inflammatory activity with mod-
erate to good activity range (Table 1). In this regard,
rofecoxib analogue 9 reduced inflammation by 34%
and 28%, and celecoxib analogue 13 decreased inflam-
mation by 40% and 35% at 3 and 5 h postdrug adminis-
tration, respectively, relative to the reference drug
, and gastric toxicity studies of 4-[4-(5-tetrazolyl)phenyl]-3-phenyl-

romethyl)-1H-pyrazole (13)

AI activityb Gastric damagec

inhibition at 3 h % inhibition at 5 h

.1 ± 10.8 28.0 ± 12.7 0

.2 ± 5.9 34.7 ± 8.5 0

Ad NA NA

.8 ± 6.9 42.0 ± 7.9 0f

A NA 22.8 ± 4.7e

51.5 ± 14.0f

10% of the mean value.

xpressed as means ± SEM (n = 4–6) following a 3 mg/kg iv dose of the

pounds 9 and 13 (20 mg/kg) and diclofenac sodium (20 and 40 mg/kg)

lesions were scored and the sum score was determined. The results are

mpounds 9 and 13.
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parecoxib (63% and 42% reduction in inflammation at 3
and 5 h postdrug administration, respectively), adminis-
tered at the same dose.

To establish their GI safety profile, these compounds
were evaluated in the acute gastric toxicity study.26

Intravenous administration of 20 mg/kg of diclofenac
sodium produced marked, visible, hemorrhagic gastric
lesions with more petechiae 4 h after its administration.
In contrast, compounds 9 and 13 were without any effect
at a high dose (20 mg/kg, iv) as shown in Table 1.

As indicated above, an adequate aqueous solubility was
of critical importance in order to develop an intravenous
dosage form. The in situ preparation of the potassium
salt (by adding 1 equiv of KOH) provided a solubility
of 125 and 100 mg/mL in water for compounds 9 and
13, respectively.4,27

The results of this investigation show that: (i) rofecoxib
(9) and celecoxib (13) analogues, having a tetrazole ring
in place of the respective SO2Me and SO2NH2 pharma-
cophores provide potent and selective inhibition of the
COX-2 isozyme, (ii) molecular modeling studies indicate
the tetrazole ring inserts deep into the COX-2 secondary
pocket, forming hydrogen bonds with Arg513, His90,
Gln192, and (iii) the tetrazole ring is a suitable water-sol-
uble replacement with respect to selective COX-2 inhibi-
tion and AI activity for parenteral treatment of acute
pain.
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