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Synthesis and biological evaluation of N-substituted indole esters
as inhibitors of cyclo-oxygenase-2 (COX-2)
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Abstract

A series of novel N-substituted indole carboxylic, acetic and propionic acid esters have been prepared as possible cyclo-oxyge-
nase-2 (COX-2) enzyme inhibitors. Compounds 20, 23 were found slightly active against COX-2. The synthesis of indole
carboxylic, acetic and propionic acid esters were furnished by using dicyclohexyl carbodiimide (DCC), dimethylamino pyridine
(DMAP) as carboxylate activators. N-substitution of indole esters was verified with several benzyl and benzoyl group in presence
of NaH in DMF, respectively. © 2002 Éditions scientifiques et médicales Elsevier SAS. All rights reserved.
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1. Introduction

The first generation of non-steroidal anti-inflamma-
tory drugs (NSAIDs) is non-selective cyclo-oxygenase-1
(COX-1)/COX-2 inhibitor [1]. Recently, several COX-2
selective inhibitors have been reported to have a safer
in vivo profile in animal models related with the gas-
trointestinal side effects [2,3]. Celecoxib [4] and rofe-
coxib [5] were the first two highly selective COX-2
inhibitors (Fig. 1) to be approved in selected markets
for the treatment of certain inflammatory conditions.
Many different structural classes of compounds such as
thiophenes [6], oxazoles [7], pyrazoles [4], thiazoles [8],
furans [5], imidazoles [9], cyclopentens [10], cyclopenta-
diens [7], cyclopentanons [11], isoindols [12] have been
synthesized and evaluated for selective COX-2 enzyme
inhibition. The modifications of the non-selective
NSAID indomethacin have been intensively studied to
obtain COX-2 selectivity. It was found that the alkyl,
aryl aralkyl and heterocyclic esters 1 or amides 2, which
were modified from indomethacin, exhibit high potency
and selectivity [13] (Fig. 1). Other similar work showed
that the carboxylic acid ester and amid derivatives are

potent and highly selective COX-2 inhibitors [14]. In
addition to these works, we had designed and synthe-
sized N-benzyl and N-p-fluorobenzyl indole 2- and
3-carboxamide derivatives. Compounds EG-18–17
(IC50=2.0, COX-2/COX-1 selectivity index=0.09),
EG-19–18 (IC50=1.1, COX-2/COX-1 selectivity in-
dex=0.07) and EG-27–32 (IC50=1.6, COX-2/COX-1
selectivity index=0.02) (Fig. 1) were found highly po-
tent and selective COX-2 enzyme inhibitors comparing
with celecoxib (IC50=0.9, COX-2/COX-1 selectivity
index=0.08) and rofecoxib (IC50=1.06, COX-2/COX-
1 selectivity index=0.07) [15].

These recent findings of indomethacin and indole
derivatives with high degree of selectivity for COX-2
have led us to design new N-substituted indole-2-car-
boxylic acid (3), acetic acid (4) and propionic acid (5)
esters (Fig. 1) as possible selective COX-2 inhibitors.

2. Experimental

Indole-3-acetic acid, indole-3-propionic acid,
dimethylamino pyridine (DMAP) from Fluka, benzyl
bromide, 2,4-dichlorobenzyl chloride, anhydrous
Na2SO4, AcOH, NaOH, hexanes, ether, MeOH,
C3H6O, EtOAc, EtOH from Merck and indole-2-car-
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boxylic acid, dicyclohexyl carbodiimide (DCC), p-bro-
mobenzoyl chloride, p-toluoyl chloride, p-fluorobenzyl
bromide, 1-ethyl-hydroxymethyl pyrrolidine, o-cresol,
3-phenyl propanol, 3-hydroxy-N-methyl piperidine, 1-
hydroxymethyl cyclopropane, 2�-hydroxy-5�-methylace-
tophenone, 1-cyclopropyl ethanol, KBr, NaH from
Aldrich were purchased.

M.p.s were taken on a Buchi SMP 20 m.p. appara-
tus. 1H NMR data were consistent with molecular
structures and recorded on a Bruker AC 400 spectro-
meter. Elemental analyses were performed on LECO-
932 CHNS-O Elemental Analyzer. The IR values were
determined with Pye Unicam 1025 spectrophotometer.
High-resolution mass spectra were run on FISIONS-
instruments, VG Platform II.LC MS spectrometer.

2.1. Synthesis of compounds 6–9, 13, 15–19

A reaction mixture containing indole acids in dry
CH2Cl2 was treated with equivalent amount of DCC

and DMAP, followed by corresponding alcohols. The
reaction was stirred at room temperature (r.t.)
overnight. The mixture was filtered and the filtrate
concentrated in vacuo. The residue was diluted with
water and extracted with EtOAc (2×50 ml). The com-
bined organic solution was washed with 5% AcOH
(2×50 ml), 1 N NaOH (2×50 ml), and water (2×50
ml), dried (MgSO4), and filtered, and the solvent was
removed in vacuo. The crude product was purified by
chromatography on silica gel (EtOAc–hexanes, 20:80).
All physicochemical properties and spectral data are
given in Table 1.

2.2. Synthesis of compounds 10–12, 14, 20–24

To a solution of intermediate esters 6–9, 13, 15–19
in 5 ml of anhydrous DMF, NaH (60% mineral oil) was
added at 0 °C under Ar. The reaction mixture was
stirred at 0 °C for 30 min and then treated with corres-
ponding benzyl, benzoyl or substituted benzyl and

Fig. 1. Structure of rofecoxib, celecoxib and several designed compounds as COX-2 selective inhibitors.
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Scheme 1. (a) Corresponding alcohols, DCC, DMAP, DMF, r.t.; (b) p-bromo benzoyl chloride, p-fluorobenzyl chloride, NaH, DMF, 0 °C to r.t.

Scheme 2. (a) o-Cresol, DCC, DMAP, DMF, r.t.; (b) p-bromo benzoyl chloride, NaH, DMF, 0 °C to r.t.

benzoyl chlorides. The temperature was allowed to
attain r.t. and the reaction mixture was stirred for
24–48 h. The reaction mixture was poured into the
ice-water and extracted with ether (2×20 ml). The
combined organic layer was washed with water
(2×20 ml), dried over Na2SO4 and filtered. The
solvent was removed in vacuo and the residue
was chromatographed on silica gel (EtOAc–hexanes,
30:70) to afford the title compounds. All physico-
chemical properties and spectral data are given in
Table 1.

2.3. Enzyme assays

Arachidonic acid was purchased from Nu Chek
Prep and Sigma Chemical Co. [1-14C] Arachidonic
acid (�40–60 mCi/mmol) was purchased from NEN
Dupont and Sigma Chemical Co. Hematin was pur-
chased from Sigma Chemical Co. COX-1 was purified
from ram seminal vesicles (Sigma Chemical Co.). The
specific activity of the protein was 20 (�MO2/min)/mg,
and the percentage of haloprotein was 13.5%.
ApoCOX-1 was prepared as described before [16].



S. O� lgen, D. Nebioğlu / Il Farmaco 57 (2002) 677–683 681

Scheme 3. (a) Corresponding alcohols, DCC, DMAP, DMF, r.t.; (b) p-toluoyl chloride, p-bromo benzoyl chloride, 2,4-dichlorobenzyl chloride,
benzyl bromide, NaH, DMF, 0 °C to r.t.

Apoenzyme was reconstituted by the addition of
hematin to the assay mixtures. Human COX-2 was
expressed in SF-9 insect cells by means of the pVL 1393
expression vector and purified by ion-exchange and gel
filtration chromatography.

2.3.1. Time- and concentration-dependent inhibition of
o�ine COX-1 and human COX-2 using thin layer
chromatography (TLC) assay

COX activity of ovine COX-1 (44 nM) or human
COX-2 (66 nM) was assayed by TLC. Reaction
mixtures of 200 �l consisted of hematin-reconstituted
protein in 100 nM Tris–HCl, pH 8.0, 500 �M phenol,
and [1-14C] arachidonic acid (50 �M, �40–60
mCi/mmol). For the time-dependent inhibition assay,
hematin reconstituted COX-1 (44 nM) or COX-2 (66
nM) was preincubated at r.t. for 20 min with varying
inhibitor concentrations in DMSO followed by the
addition of [1-14C] arachidonic acid (50 �M) for 30 s at
37 °C. Reactions were terminated by solvent extraction
in Et2O–CH3OH–1 M citrate, pH 4.0 (30:4:1). The
phases were separated by centrifugation at 2000×g for
2 min and the organic phase was spotted on a TLC
plate (J.T. Baker). The plate was developed in
EtOAc–CH2Cl2–glacial AcOH (75:25:1) at 4 °C.
Radiolabelled prostanoid products were quantitated
with a radioactivity scanner (Bioscan, Inc.). The
percentage of total products observed at different

inhibitor concentrations was divided by the percentage
of products observed for protein samples preincubated
for the same time with DMSO.

3. Results and discussion

Well-established methodology was utilized in the syn-
thesis of ester derivatives as indicated in Schemes 1–3.
Among the several methods of synthetic pathway to
obtain ester derivatives [17,18], we have derived the
method of Hassner and Alexanian [19]. The intermedi-
ate ester derivatives were prepared by treatment with
appropriate alcohol in the presence of DCC and
DMAP. N-substitution of intermediate esters with se-
veral benzyl and benzoyl group in presence of NaH
afforded the resulted compound [20]. In most cases,
good yields of esters were obtained for intermediate
compounds. N-substitution of intermediate esters with
several benzyl and benzoyl group in presence of NaH
afforded the resulted compounds with reasonable yield.
The intermediate esters were obtained as solid whereas
the resulted compounds were obtained as solid with
very low m.p. Besides, compounds 20, 23 were obtained
as oily. The structure of the compounds was characte-
rized by 1H NMR, IR, and mass spectral data (Table
1). Elemental analysis indicated at 96% a minimum
purity of target compounds.
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Table 2
In vitro COX-2 potencies of indole esters 6–24

Comp. Selectivity bIC50 (�M) a

COX-1COX-2

LM4108 0.1 �66.0 �660
0.050.75 0.067Indomethacin

�50.06–19, 21, 22, 24 ND ND
2.020 �38.0 �19.0

�29.02.5 �11.623

a IC50 values were determined by incubating concentration at 2 and
10 in �M in DMSO with human COX-2 (66 nM) or ovine COX-1 (44
nM) for 20 min at r.t. followed by initiation of the COX reaction with
the addition of 14C-AA (50 �M) at 37 °C for 30 s. Assays were run
in duplicate.

b Ratio of IC50 (COX-1)–(COX-2).
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Chan, D.J. Schrier, A. Guglietta, D.A. Bornemeier, R.D. Dyer,
Synthesis, structure activity relationships, and in vivo evalua-
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1161–1169.
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selective inhibitor of COX-2 for parenteral administration, J.
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[4] T.D. Penning, J.J. Talley, S.R. Bertenshaw, J.S. Carter, P.W.
Collins, S. Docter, M.J. Graneto, L.F. Lee, J.W. Malecha, J.M.
Miyashiro, R.S. Rogers, D.J. Rogier, S.S. Yu, G.D. Anderson,
E.G. Burton, J.N. Cogburn, S.A. Gregory, C.M. Koboldt, W.E.
Perkins, K. Seibert, A.W. Veenhuizen, Y.Y. Zang, P.C. Isakson,
Synthesis and biological evaluation of the 1,5-diarylpyrazole
class of cyclooxygenase-2 inhibitors: identification of 4-[5-(4-
methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl]benzenesul-
fonamide (SC-58635, celecoxib), J. Med. Chem. 40 (1997) 1347–
1365.

[5] D.B. Reitz, K. Seibert, Selective cyclooxygenase inhibitors,
Annu. Rep. Med. Chem. 30 (1995) 179–186.

[6] J.Y. Gauthier, Y. Lebranc, W.C. Black, C.-C. Chan, W.A.
Cromlish, R. Gordon, B.P. Kennedey, C.K. Lau, S. Leger, Z.
Wang, D. Ethier, J. Guay, J. Manchini, D. Riendeau, P. Tagari,
P. Vickers, E. Wong, L. Xu, P. Prasit, Synthesis and biological
evaluation of 2,3-diarylthiophenes as selective COX-2 inhibitors.
Part II: replacing the heterocycle, Bioorg. Med. Chem. Lett. 6
(1996) 87–92.

[7] J.J. Talley, D.L. Brown, J.S. Carter, M.J. Graneto, C.M.
Koboldt, J.L. Masferrer, W.E. Perkins, R.S. Rogers, A.F. Shaf-
fer, Y.Y. Zhang, B.S. Zweifel, K. Siebert, 4-[5-Methyl-3-pheny-
isoxazol-4-yl]-benzenesulfonamide, valdecoxib: a potent and
selective inhibitor of COX-2, J. Med. Chem. 43 (2000) 775–777.

[8] J.S. Carter, S. Kramer, J.J. Talley, T. Penning, P. Collins, M.J.
Graneto, K. Seibert, C.M. Koboldt, J. Masferrer, B. Zweifel,
Synthesis and activity of sulfonamide substituted 4,5-diaryl thia-
zoles as selective cyclooxygenase-2 inhibitors, Bioorg. Med.
Chem. Lett. 9 (1999) 1171–1174.

[9] I.K. Khanna, R.M. Weier, Y. Yu, X.D. Xu, F.J. Koszyk, P.W.
Collins, C.M. Koboldt, A.W. Veenhuizen, W.E. Perkins, J.J.
Casler, J.L. Masferrer, Y.Y. Zhang, S.A. Gregory, K. Seibert,
P.C. Isakson, 1,2-Diarylimidazoles as potent cyclooxygenase-2.
Selective, and orally active antiinflammatory agents, J. Med.
Chem. 40 (1997) 1634–1647.

[10] D.B. Reitz, J.J. Li, M.B. Norton, E.J. Reinhard, J.T. Collins,
G.D. Anderson, S.A. Gregory, C.M. Koboldt, W.E. Perkins, K.
Seibert, P.C. Isakson, Selective cyclooxygenase inhibitors: novel
1,2-diarylcyclopentenes are potent and orally active COX-2 in-
hibitors, J. Med. Chem. 37 (1994) 3878–3881.

[11] W.C. Black, C. Bayly, M. Belley, C.-C. Chan, S. Charleson, D.
Denis, J.Y. Gauthier, R. Gordon, D. Guay, S. Kargman, C.K.
Lau, Y. Leblanc, J. Mancini, M. Ouellet, D. Percival, P. Roy, K.
Skorey, P. Tagari, P. Vickers, E. Wong, L. Xu, P. Prasit, From
indomethacin to a selective COX-2 inhibitor: development of
indolalkanoic acids as potent and selective cyclooxygenase-2
inhibitors, Bioorg. Med. Chem. Lett. 6 (1996) 725–730.

[12] B. Portevin, C. Tordjman, P. Pastoureau, J. Bonnet, G. De
Nanteuil, 1,3-Diaryl-4,5,6,7-tetrahydro-2H-isoindole derivatives:
a new series of potent and selective COX-2 inhibitors in which a
sulfonyl group is not a structural requisite, J. Med. Chem. 43
(2000) 4582–4593.

Biological activity tests were applied by comparing
the inhibition effects of COX-2 for these compounds
with indomethacin and LM4108 that is reported by
Kalgutkar et al. [14]. Our synthesized compounds 20
and 23 were slightly active at 2 and 10 �M. The results
were summarized in Table 2. These compounds contain
cyclopropyl methyl and cyclopropyl ethyl group on the
ester side chain. However, there is no significant selec-
tivity for compounds 20 and 23, when they were com-
pared with indomethacin and LM4108. None of other
compounds were found active against COX-2 concen-
tration at 2 and 10 �M. Many ester and amide deriva-
tives were found highly active and selective to
inhibition of COX-2 enzyme in the literature [13–15].
On the contrary, it was surprising that our compounds
were not. This suggests that not all carboxylate-, ace-
tate- and propionate-containing indole derivatives can
be converted into COX-2 inhibitors by esterification.
Consequently, the results of activity tests showed that
the synthesized ester derivatives were not promising
compounds for selective COX-2 inhibition while the
amide derivatives were.
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