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Abstract
Recently we found that 1-methyldodecanoylindole-2-carboxylic acid (1) and 1-[2-(4-carboxyphenoxy)ethyl]-3-dodecanoyl-
indole-2-carboxylic acid (4) were inhibitors of the cytosolic phospholipase A2a (cPLA2a)-mediated arachidonic acid release in
calcium ionophore A23187-stimulated human platelets with IC50-values of 4.8mM (1) and 0.86mM (4). We have now
replaced the 3-acyl residue of these compounds by alkylated sulfinyl-, sulfony-, sulfinamoyl-, sulfamoyl-, carbonylamino-, or
carbonylaminomethyl-substituents. Structure–activity relationship studies revealed that the pronounced cellular activity of 4
strongly depends on the presence of the 3-acyl moiety. Surprisingly, when testing 4 and its derivatives in an assay with the
isolated cPLA2, none of these compounds showed an inhibitory potency at 10mM indicating that they do not inhibit cPLA2a
in the cells by a direct interaction with the active site of the enzyme.

Keywords: Cytosolic phospholipase A2, inhibitors, 3-dodecanoylindole-2-carboxylic acid, structure–activity relationships,
inhibition

Introduction

Phospholipase A2 (PLA2) are a class of esterases that

catalyze the hydrolysis of membrane phospholipids at

the sn-2 position to release fatty acids and lysophos-

pholipids. When the fatty acid is arachidonic acid,

further action by cyclooxygenase and lipoxygenase

enzymes results in the production of eicosanoids,

including prostaglandins and leukotrienes. In

addition, lysophospholipid metabolism can lead to

the formation of platelet-activating factor (PAF).

Prostaglandins, leukotrienes, lysophospholipids and

the PAF are potent mediators of inflammation [1–3].

Thus, inhibition of PLA2 is considered as an

interesting target for the design of new anti-

inflammatory drugs [4–8]. The special attraction of

this approach is based on the evidence, that, unlike

cyclooxygenase inhibitors, inhibitors of PLA2 do not

only reduce the formation of prostaglandins, but also

suppress the generation of leukotrienes, lysophos-

pholipids and PAF. Therefore, it can be expected that

inhibitors of PLA2 will possess improved therapeutic

activities in comparison to the cyclooxygenase

inhibitors therapeutically applied today, such as

aspirin, indomethacin or celecoxib.

One problem associated with the in vitro search for

PLA2 inhibitors is the selection of the appropriate

enzyme, since many different PLA2s are present in the

mammalian organism [9]. They can be divided in

PLA2s utilizing a catalytic histidine and in PLA2s

having a serine in the active site. The small molecular

weight (approx. 14 kDa) secretory PLA2s (sPLA2) are

members of the first group. The second group consists

of the cytosolic PLA2s (cPLA2), the calcium-

independent PLA2s (iPLA2) and the lipoprotein-

associated PLA2s, which have higher molecular
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weights than the sPLA2s. From all these PLA2s the a-

subtype of cPLA2 (cPLA2a) seems to play the central

role in the arachidonic acid cascade and during the

inflammatory response as supported by experiments

with cells overexpressing cPLA2a [10] and with

cPLA2a knockout animals [11–13].

Recently, we have found that several 3-acylindole-2-

carboxylic acid derivatives are inhibitors of the

cPLA2a-mediated arachidonic acid release induced

by calcium ionophore A23187 in bovine platelets [14].

One of these compounds was the indole derivative 1,

which showed an IC50 of 8mM in this in vitro assay

(Figure 1).

In the course of structure-activity relationship

investigations an increase of inhibitory potency could

be achieved by replacement of the N-methyl group of

1 by a longer residue with a terminal carboxylic acid

moiety. For compounds 2 and 3 IC50-values of 1.6mM

were evaluated. The replacement of the carboxylic

acid side chain of 2 or 3 in position 1 of the indole by a

2-(4-carboxyphenoxy)ethyl residue led to a further

increase of activity [14]. With an IC50 of 0.50mM

compound 4 was about threefold more active than 2

and 3 in the assay using bovine cells. Applying human

platelets a similar discrepancy in activity was assessed

[15]. The IC50-value of 4 was 0.86mM in this assay.

Introduction of a fluoro atom in the meta-position of

the benzoic acid moiety again resulted in an increase

of activity. With an IC50 of 0.44mM compound 5 was

about twice as potent as 4 [16].

In this paper we report the effects of structural

variations of the keto group of compounds 1, 4 and 5

on the inhibition of the cPLA2a-mediated arachidonic

acid release in intact human platelets as well as the

inhibition of the isolated cPLA2a enzyme.

Material and methods

Chemical synthesis

General. Column chromatography was performed

with silica gel 60 (70–230 mesh) (Merck,

Darmstadt, Germany). Melting points were

determined on a Büchi B-540 apparatus and are

uncorrected. 1H-NMR spectra were recorded on a

Varian Mercury Plus 400 spectrometer (400MHz)

with tetramethylsilane (TMS) as internal standard.

Mass spectra were obtained on Finnigan GCQ and

LCQ equipment applying electron beam ionization

(EI) and electrospray ionisation (ESI), respectively.

The purity of the target compounds was determined

using two diverse HPLC systems with UV detection at

254 nm. The first one applied a reversed phase C18

column (Nucleosil 100 RP18, 7mm, 4.6mm (I.D.)

£ 300mm, Macherey & Nagel, Düren, Germany)

eluting the compounds isocratically with

CH3CN/H2O/H3PO4 (70:30:0.1) at a flow rate of

1mL/min. In the second system separation was

performed under normal phase conditions using a

cyano phase (LiChrospher 100 CN, 5mm, 3.0mm

(I.D.) £ 250mm,Merck, Darmstadt, Germany) with

an isohexane/THF gradient (16–50% THF)

containing 0.1% trifluoroacetic acid at a flow rate of

0.5mL/min. With the exception of 13 all target

compounds showed purities greater than 98.5%. The

purity evaluated for 13 was 92% (reversed phase

system) and 96% (normal phase system), respectively.

Ethyl 3-dodecylsulfinyl-1-methylindole-2-carboxylate

(8). A mixture of ethyl 1-methylindole-2-carboxylate

(1.4 g, 6.9mmol) and thionyl chloride (5mL) was

stirred at room temperature under nitrogen for 5min.

The reaction mixture was allowed to stand for 1 h. The

formed precipitate was filtered off, washed several

times with dry ether and dried to give the unstable

compound 7 (1.7 g, 86%) [25]. A solution of 7 (1.2 g,

4.2mmol) in dry THF was treated with a 1M solution

of dodecylmagnesium bromide in diethyl ether

(1.5mL) at 2708C under nitrogen. The mixture was

stirred at2708C for 45min and then allowed to warm

to room temperature.After addition ofwater anddilute

HCl, it was extracted with diethyl ether. The organic

layer was washed with sodium carbonate solution

(10%), dried (Na2SO4) and concentrated. The residue

was purified by chromatography on silica gel eluting

with hexane/ethyl acetate (4:1) to afford a waxy solid 8

(0.22 g, 13%). 1H-NMR (CDCl3): d (ppm) ¼ 0.88

(t, J ¼ 7Hz, 3H), 1.24 (m, 18H), 1.44 (t, J ¼ 7Hz,

3H), 1.8 (quint., J ¼ 7Hz, 2H), 3.07–3.29 (m, 2H),

4.06 (s, 3H), 4.37–4.50 (m, 2H), 7.24 (t, J ¼ 8Hz,

1H), 7.42–7.44 (m, 2H), 8.60 (d, J ¼ 8Hz, 1H).
Figure 1. Structures of indole-2-carboxylic acid inhibitors

of cPLA2a-mediated arachidonic acid release in intact platelets.
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3-Dodecylsulfinyl-1-methylindole-2-carboxylic acid

(9). A mixture of 8 (83mg, 0.20mmol), EtOH

(12mL) and 10% aqueous KOH (4mL) was heated

under reflux for 10min, cooled, acidified with dilute

HCl and extracted with diethyl ether. The organic

phase was dried (Na2SO4) and the solvent evaporated.

The residue was dissolved in a small amount of

CH2Cl2. After addition of petroleum ether 9 (50mg,

61%) precipitated; mp 167–1698C. 1H-NMR

(DMSO-d6): d (ppm) ¼ 0.83 (t, J ¼ 6Hz, 3H),

1.19–1.70 (m, 20H), 3.07–3.38 (m, 2H), 4.01

(s, 3H), 7.11 (t, J ¼ 8Hz, 1H), 7.40 (t, J ¼ 8Hz,

1H), 7.64 (d, J ¼ 8Hz, 1H), 8.33 (d, J ¼ 8Hz, 1H).

MS (ESI): m/z 390 (M 2 H)þ.

Ethyl 3-dodecylsulfonyl-1-methylindole-2-carboxylate

(10). A solution of KMnO4 (20mg, 0.17mmol) in

water (1mL) was treated with a solution of 8 (107mg,

0.26mmol) in acetone (3mL). The mixture was

stirred for 1 h at room temperature and then treated

with KMnO4 (120mg). The resulting mixture was

stirred for 2 h and then filtered over a cotton pad. The

pad was washed with acetone and the combined

filtrates were concentrated. The residue was extracted

with diethyl ether. The organic layer was dried

(Na2SO4) and evaporated. The residue was purified

by silica gel chromatography (hexane/ethyl acetate

4:1) to give 10 as an oil (70mg, 66%). 1H-NMR

(CDCl3): d (ppm) ¼ 0.88 (t, J ¼ 7Hz, 3H), 1.22–

1.30 (m, 18H), 1.47 (t, J ¼ 7Hz, 3H), 1.83 (m, 2H),

3.38 (t, J ¼ 8Hz, 2H), 3.93 (s, 3H), 4.50 (q, J ¼ 7Hz,

2H), 7.30–8.44 (m, 3H), 8.20 (d, J ¼ 8Hz, 1H). MS

(EI): m/z 435 (M)þ.

3-Dodecylsulfonyl-1-methylindole-2-carboxylic acid

(11). A mixture of 10 (66mg, 0.15mmol), EtOH

(6mL) and 10% aqueous KOH (2mL) was heated

under reflux for 10min, cooled and acidified with

dilute HCl. The resulting precipitate was filtered,

washed with water and dried to yield 11 (40mg, 66%);

mp 88–908C. 1H-NMR (CDCl3): d (ppm) ¼ 0.80

(t, J ¼ 7Hz, 3H), 1.28–1.30 (m, 18H), 1.70 (quint,

J ¼ 8Hz, 2H), 3.28 (t, J ¼ 8Hz, 2H), 4.06 (s, 3H),

7.18–7.43 (m, 3H), 8.13 (d, J ¼ 8Hz, 1H). MS

(ESI): m/z 406 (M 2 H)þ.

Ethyl 3-dodecylsulfinamoyl-1-methylindole-2-carboxy-

late (12). A solution of dodecylamine (1.70 g,

6.0mmol) in dry diethyl ether (220mL) was treated

batchwise over 10min at 08C with 7 (2.20 g,

12mmol). The mixture was stirred at 08C for 30min

and then at room temperature for 15min. The solvent

was removed, water was added and the precipitate

formed was filtered off. The residue was recrystallized

from petroleum ether to yield 12 (2.0 g, 78%); mp

78–808C. 1H-NMR (CDCl3): d (ppm) ¼ 0.87 (t,

J ¼ 6Hz, 3H), 1.22 (m, 18H), 1.40 (t, J ¼ 7Hz, 3H),

1.55 (m, 2H), 3.04 (dt, J ¼ 19Hz and 6Hz, 1H), 3.24

(dt, J ¼ 19Hz and 7Hz, 1H), 4.00 (s, 3H), 4.35

(t, J ¼ 6Hz, 1H), 4.40–4.50 (m, 2H), 7.20–7.28

(m, 1H), 7.30–7.42 (m, 2H), 8.52 (d, J ¼ 8Hz, 1H).

3-Dodecylsulfinamoyl-1-methylindole-2-carboxylic acid

(13). A mixture of 12 (0.25 g, 0.58mmol), EtOH

(30mL) and 10% aqueous KOH (10mL) was heated

under reflux for 10min, cooled in an ice bath and

acidified with dilute HCl. The resulting precipitate

was filtered, washed with cold water and dried to yield

13 (0.21 g, 91%); mp 77–798C. 1H-NMR (DMSO-

d6): d (ppm) ¼ 0.80 (t, J ¼ 6Hz, 3H), 1.24 (m, 20H),

3.26 (q, J ¼ 6Hz, 2H), 3.76 (s, 3H), 7.19 (t, J ¼ 8Hz,

1H), 7.33 (t, J ¼ 8Hz, 1H), 7.56 (d, J ¼ 8Hz, 1H),

8.08 (d, J ¼ 8Hz, 1H), 8.80 (t, 1H). MS (ESI): m/z

405 (M-H)þ.

Ethyl 3-dodecylsulfamoyl-1-methylindole-2-carboxylate

(14). A solution of 12 (0.50 g, 1.2mmol) in acetone

(12mL) was treated with a solution of KMnO4

(0.12 g, 0.76mmol) in water (3mL). The mixture was

stirred for 1.5 h at room temperature and then treated

with KMnO4 (240mg). The resulting mixture was

stirred for 1 h and then filtered over a cotton pad. The

pad was washed with acetone and the combined

filtrates were concentrated. The residue was extracted

with diethyl ether. The organic layer was dried

(Na2SO4) and evaporated. The residue was purified

by silica gel chromatography (hexane/ethyl acetate 9:1

and 4:1) to give 14 as a waxy solid (0.24 g, 46%). 1H-

NMR (CDCl3): d (ppm) ¼ 0.88 (t, J ¼ 6Hz, 3H),

1.23 (m, 20H), 1.45 (t, J ¼ 7Hz, 3H), 2.97

(q, J ¼ 7Hz, 2H), 3.98 (s, 3H), 4.53 (q, J ¼ 7Hz,

2H), 5.34 (t, J ¼ 7Hz, 1H), 7.28–7.44 (m, 3H), 8.28

(d, J ¼ 8Hz, 1H). MS (EI): m/z 450 (Mþ).

3-Dodecylsulfamoyl-1-methylindole-2-carboxylic acid

(15). A mixture of 14 (0.11 g, 0.25mmol), EtOH

(15mL) and 10% aqueous KOH (5mL) was heated

under reflux for 10min, cooled in an ice bath and

acidified with dilute HCl. The resulting precipitate was

filtered,washedwith a coldmixtureof ethanol andwater

(2:1) and dried to yield 15 (70mg, 68%); mp 154–

1568C. 1H-NMR (DMSO-d6): d (ppm) ¼ 0.84

(t, J ¼ 7Hz, 3H), 1.09–1.33 (m, 20H), 2.70 (t,

J ¼ 7Hz, 2H), 3.40 (s, 1H), 3.86 (s, 3H), 7.19 (t,

J ¼ 8Hz, 1H), 7.29 (t, J ¼ 8Hz, 1H), 7.55 (d, J ¼ 8Hz,

1H), 7.94 (d, J ¼ 8Hz, 1H). MS (ESI): m/z 421

(M 2 H)þ.

Ethyl 3-dodecanoylaminoindole-2-carboxylate (17).

A solution of ethyl 3-aminoindole-2-carboxylate (16)

in dry CH2Cl2 (20mL) was treated with a solution of

dodecanoyl chloride (0.48 g, 2.2mmol) in dry

CH2Cl2 (5mL). After addition of triethylamine

(1mL) and pyridine (5 drops) the mixture was stirred

at room temperature for 1 h. Then CHCl3 was added.

The organic solution was washed subsequently with

dilute HCl and dilute NaOH, dried (Na2SO4) and

evaporated. The residue was recrystallized from

MeOH to yield 17 (0.54 g, 70%); mp 140–1418C.
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1H-NMR (CDCl3): d (ppm) ¼ 0.88 (t, J ¼ 7Hz, 3H),

1.20–1.39 (m, 16H), 1.44 (t, J ¼ 7Hz, 3H), 1.80

(quint, 2H, J ¼ 7Hz), 2.50 (t, J ¼ 7Hz, 2H), 4.43

(q, J ¼ 7Hz, 2H), 7.11–7.15 (m, 1H), 7.29–7.34

(m, 2H), 8.23 (d, J ¼ 8Hz, 1H), 8.39 (broad, 1H),

9.00 (broad, 1H).

Ethyl 3-dodecanoylamino-1-methylindole-2-carboxy-

late (18). A mixture of 17 (0.23 g, 0.60mmol), methyl

p-toluenesulfonate (0.12 g, 0.66mmol), tetrabutylam-

monium bromide (52mg, 0.16mmol), powdered

NaOH (64mg, 1.6mmol), dry diethyl ether (20mL)

and dry CH2Cl2 (20mL) was stirred at room

temperature for 4 h. After addition of diethyl ether,

the organic phase was washed with brine, dried

(Na2SO4) and evaporated. The residue was chro-

matographed on silica gel eluting with petroleum

ether/ethyl acetate (4:1) and recrystallized from

MeOH to yield 18 (0.16 g, 68%); mp 124–1268C.
1H-NMR (CDCl3): d (ppm) ¼ 0.87 (t, J ¼ 7Hz, 3H),

1.22–1.38 (m, 16H), 1.45 (t, J ¼ 7Hz, 3H), 1.79

(quint, J ¼ 7Hz, 2H), 2.47 (t, J ¼ 7Hz, 2H), 3.97 (s,

3H), 4.45 (q, J ¼ 7Hz, 2H), 7.11 (t, J ¼ 8Hz, 1H),

7.26–7.39 (m, 2H), 8.07 (d, J ¼ 8Hz, 1H), 9.05

(broad, 1H).

3-Dodecanoylamino-1-methylindole-2-carboxylic acid

(19). A mixture of 18 (65mg, 0.16mmol), EtOH

(15mL) and 10% aqueous KOH (5mL) was heated

under reflux for 1 h, cooled, acidified with dilute HCl

and extracted with diethyl ether. The organic phase

was dried (Na2SO4) and the solvent evaporated. The

residue was dissolved in a small amount of diethyl

ether. After addition of petroleum ether 19 precipi-

tated (40mg, 67%); mp 164–1668C. 1H-NMR

(DMSO-d6): d (ppm) ¼ 0.85 (t, J ¼ 6Hz, 3H),

1.25–1.37 (m, 18H), 3.43 (t, J ¼ 7Hz, 2H), 3.95

(s, 3H), 7.05 (t, J ¼ 7Hz, 1H), 7.31 (t, J ¼ 7Hz, 1H),

7.51–7.57 (m, 2H), 9.51 (broad, 1H). MS (ESI): m/z

371 (M-H)þ.

3-(Dodecanoylaminomethyl)-1-methylindole-2-car-

boxylic acid (20). Compound 20 was synthesized in the

same way as the corresponding octadecanoyl deriva-

tive, whose synthesis has already been described [27].

Mp 156–1578C. 1H-NMR (CDCl3): d (ppm) ¼ 0.87

(t, J ¼ 7Hz, 3H), 1.09–1.41 (m, 16H), 1.56 (m, 3H),

2.17 (t, J ¼ 8Hz, 2H), 3.99 (s, 3H), 4.72 (d, J ¼ 6Hz,

2H), 6.57 (broad, 1H), 7.17–7.21 (m, 1H), 7.36–

7.39 (m, 2H), 7.68 (d, J ¼ 8Hz, 1H).

Ethyl 3-dodecylsulfanylindole-2-carboxylate (22).

A solution of ethyl 3-thiocyanatoindole-2-carboxylate

[26] (21) (1.6 g, 6.4mmol) and dodecan-1-ol (1.2 g,

6.4mmol) in dry THF (30mL) was treated at 2208C

dropwise during 20min with a solution of triphenyl-

phosphine (1.4 g, 7.0mmol) in dry THF (30mL).

The mixture was stirred for a further 20min at the

same temperature. After addition of ice and water the

mixture was extracted with diethyl ether. The organic

layer was dried (Na2SO4) and evaporated. The residue

was purified by silica gel chromatography (hexa-

ne/ethyl acetate 9:1) to give 22 (1.5 g, 60%) as solid;

mp 52–548C. 1H-NMR (CDCl3): d (ppm) ¼ 0.88 (t,

J ¼ 7Hz, 3H), 1.21–1.42 (m, 20H), 1.46 (t, J ¼ 7Hz,

3H), 2.90 (t, J ¼ 7Hz, 2H), 4.47 (q, J ¼ 7Hz, 2H),

7.21 (t, J ¼ 8Hz, 1H), 7.35 (t, J ¼ 8Hz, 1H), 7.39 (d,

J ¼ 8Hz, 1H), 7.88 (d, J ¼ 8Hz, 1H), 9.05 (broad,

1H). MS (EI): m/z 390 (Mþ).

Ethyl 3-dodecylsulfinyl-1-[2-(4-ethoxycarbonylphen-

oxy)ethyl]indole-2-carboxylate (23). Sodium hydride

(21mg, 0.53mmol, 60% dispersion in oil) was

suspended in dry DMF (15mL) and treated under

nitrogen with a solution of 22 (200mg, 0.51mmol) in

dry DMF (10mL). The mixture was stirred for 1 h at

room temperature. Then a solution of ethyl 4-(2-

bromoethoxy)benzoate (0.14 g, 0.51mmol) in dry

DMF (5mL) was added and the mixture was stirred at

room temperature for a further 6 days. The mixture

was poured into cold water and extracted with diethyl

ether. The organic phase was dried (Na2SO4) and

evaporated. The residue was dissolved in acetic acid

(5mL) and treated with Pb(IV)acetate (0.18 g,

0.41mmol). The mixture was stirred for 24 h at

room temperature. The solvent was removed and the

residue was purified by silica gel chromatography

(hexane/ethyl acetate 4:1) to yield 23 as an oil

(0.21 g, 70%). 1H-NMR (CDCl3): d (ppm) ¼ 0.88

(t, J ¼ 7Hz, 3H), 1.23–1.28 (m, 18H), 1.36 (t,

J ¼ 7Hz, 3H), 1.45 (t, J ¼ 7Hz, 3H), 1.72–1.85 (m,

2H), 3.01–3.35 (m, 2H), 4.30–4.46 (m, 6H), 4.82–

5.25 (m, 2H), 6.77 (d, J ¼ 9Hz, 2H), 7.23 (t,

J ¼ 8Hz, 1H), 7.45 (t, J ¼ 8Hz, 1H), 7.59

(d, J ¼ 8Hz, 1H), 7.92 (d, J ¼ 9Hz, 2H), 8.53 (d,

J ¼ 8Hz, 1H). MS (ESI): m/z 598 (M þ H)þ.

Ethyl 3-dodecylsulfinyl-1-[2-(4-ethoxycarbonyl-2-

fluorophenoxy)ethyl]indole-2-carboxylate (24). For the

preparation of 24 the synthesis sequence described for

the preparation of 23 was applied starting with 22 and

ethyl 4-(2-bromoethoxy)-3-fluorobenzoate except

that the reaction time of the oxidation with

Pb(IV)acetate was 48 h. The product 24 was afforded

as an oil (0.23 g, 73%). 1H-NMR (CDCl3): d

(ppm) ¼ 0.88 (t, J ¼ 7Hz, 3H), 1.23–1.27 (m,

18H), 1.36 (t, J ¼ 7Hz, 3H), 1.45 (t, J ¼ 7Hz, 3H),

1.83–1.86 (m, 2H), 3.06–3.29 (m, 2H), 4.30–4.49

(m, 6H), 4.87–5.20 (m, 2H), 6.84 (t, J ¼ 8Hz, 1H),

7.25 (t, J ¼ 8Hz, 1H), 7.45 (t, J ¼ 8Hz, 1H), 7.61 (d,

J ¼ 8Hz, 1H), 7.65–7.74 (m, 2H), 8.54 (d, J ¼ 8Hz,

1H).

1-[2-(4-Carboxyphenoxy)ethyl]-3-dodecylsulfinylin-

dole-2-carboxylic acid (25). A mixture of 23 (80mg,

0.14mmol), EtOH (30mL) and 10% aqueous KOH

(10mL) was heated under reflux for 15min, cooled,

acidified with dilute HCl and extracted with diethyl

ether. The organic phase was dried (Na2SO4) and the

A. Ghasemi et al.432
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solvent evaporated. The residue was dissolved in

a small amount of ethyl acetate. After addition of

petroleum ether 25 (70mg, 96%) precipitated; mp

185–1878C. 1H-NMR (DMSO-d6): d (ppm) ¼ 0.83

(t, J ¼ 7Hz, 3H), 1.11–1.70 (m, 20H), 3.01–3.08

(m, 2H), 4.20–4.40 (m, 2H), 4.70–5.15 (m, 2H),

6.81 (d, J ¼ 9Hz, 2H), 7.16 (t, J ¼ 8Hz, 1H), 7.39 (t,

J ¼ 8Hz, 1H), 7.55–7.78 (m, 3H), 8.32 (d, J ¼ 8Hz,

1H). MS (ESI): m/z 540 (M-H)þ.

1-[2-(4-Carboxy-2-fluorophenoxy)ethyl]-3-dodecylsul-

finylindole-2-carboxylic acid (26). Compound 24

(100mg, 0.17mmol) was saponified in a similar

manner as described for the synthesis of 25. The

product 26 (50mg, 53%) was precipitated from

CH2Cl2 by addition of petroleum ether; mp 185–

1868C. 1H-NMR (CDCl3): d (ppm) ¼ 0.87 (t,

J ¼ 7Hz, 3H), 1.22–1.77 (m, 20H), 3.06–3.38

(m, 2H), 4.45–4.66 (m, 2H), 5.08–5.10 (m, 2H),

6.94 (t, J ¼ 8Hz, 1H), 7.30 (t, J ¼ 8Hz, 1H), 7.53 (t,

J ¼ 8Hz, 1H), 7.64–7.82 (m, 4H).

1-[2-(4-Carboxyphenoxy)ethyl]-3-dodecanoylami-

noindole-2-carboxylic acid (27). A mixture of 17

(116mg, 0.30mmol), potassium tert-butylate

(37mg, 0.33mmol) and dry DMSO (2mL) was

heated under nitrogen at 1108C for 5min. After

addition of ethyl 4-(2-bromoethoxy)benzoate (80mg,

0.33mmol), the mixture was heated for an additional

5min at the same temperature. The mixture was

cooled, diluted with brine and extracted with diethyl

ether/CH2Cl2 (3:1). The organic phase was dried and

the solvent evaporated. The residue was chromato-

graphed on silica gel (petroleum ether/ethyl acetate

9:1 to 4:1) and the ester intermediate obtained was

saponified using a similar method as described for the

synthesis of 19. The product was dissolved in a small

amount of THF. After addition of petroleum ether 27

(40mg, 26%) precipitated; mp 203–2058C. 1H-NMR

(DMSO-d6): d (ppm) ¼ 0.83 (t, J ¼ 7Hz, 3H), 1.23–

1.30 (m, 16H), 1.60 (quint. J ¼ 7Hz, 2H), 2.33 (t,

J ¼ 7Hz, 2H), 4.30 (t, J ¼ 5Hz, 2H), 4.91

(t, J ¼ 5Hz, 2H), 6.88 (d, J ¼ 9Hz, 2H), 7.05 (t,

J ¼ 8Hz, 1H), 7.30 (t, J ¼ 8Hz, 1H), 7.51

(d, J ¼ 8Hz, 1H), 7.61 (d, J ¼ 8Hz, 1H), 7.80 (d,

J ¼ 9Hz, 2H), 9.58 (broad, 1H). MS (ESI): m/z 521

(M-H)þ.

1-[2-(4-Carboxy-2-fluorophenoxy)ethyl]-3-dodeca-

noylaminoindole-2-carboxylic acid (28). Compound 17

(116mg, 0.30mmol) was reacted with ethyl 4-(2-

bromoethoxy)-3-fluorobenzoate (96mg, 0.33mmol)

applying the reaction sequence described for the

synthesis of 27. The product 28 was recrystallized

from ethanol/H2O to yield a white solid (30mg, 19%);

mp 197–1998C. 1H-NMR (DMSO-d6): d

(ppm) ¼ 0.84 (t, J ¼ 7Hz, 3H), 1.20–1.38 (m,

16H), 1.61 (quint. J ¼ 7Hz, 2H), 2.35 (t, J ¼ 7Hz,

2H), 4.43 (t, J ¼ 5Hz, 2H), 4.93 (t, J ¼ 5Hz, 2H),

7.05 (t, J ¼ 7Hz, 1H), 7.21 (t, J ¼ 9Hz, 1H), 7.29 (t,

J ¼ 8Hz, 1H), 7.49–7.66 (m, 4H), 9.51 (broad, 1H).

Biological assays

Cell assay. The ability of compounds to inhibit cPLA2a

activity in intact cells was determined by measuring

the calcium ionophore A23187-induced arachidonic

acid release from human platelets with HPLC/UV-

detection according to a procedure previously

described [15]. Deviating, the HPLC-separation of

arachidonic acid was achieved on a RP18 multospher

100 column, 3mm, 3.0mm (I.D.) £ 125mm, with a

RP18 multospher 100 guard column, 5mm, 3.0mm

(I.D.) £ 20mm (CS-chromatographie service,

Langerwehe, Germany). The mobile phase consisted

of acetonitrile/10mM (NH4)2HPO4 buffer adjusted

to pH 7.4 with ortho-phosphoric acid (50:50, v/v).

The flow rate was 0.33mL/min and the injected

sample volume was 300ml. The detection wavelength

was 200 nm applying a Waters 2487 UV-detector.

After each run the column was washed with 0.6mL

methanol. 3-(4-Decyloxyphenyl)propanoic acid was

applied as internal standard.

Assay with the isolated enzyme. The inhibition of

cPLA2a isolated from human platelets was performed

as previously described [22]. Briefly, sonicated

co-vesicles consisting of 1-stearoyl-2-arachidonoyl-

sn-glycero-3-phosphocholine (0.2mM) and 1,2-

dioleoyl-sn-glycerol (0.1mM) were used as enzyme

substrate. The cPLA2a activity was determined by

measuring the arachidonic acid released by the

enzyme with reversed-phase HPLC and UV-

detection at 200 nm after cleaning up the samples by

solid phase extraction.

Results and discussion

Chemistry

Scheme 1 outlines the chemical approach used to

synthesize derivatives of 1, which contain a sulfinyl-

(9), sulfonyl- (11), sulfinamoyl- (13) and sulfamoyl-

moiety (15), respectively, instead of the keto function.

Thus, 1-methylindole-2-carboxylate was treated with

SOCl2 to yield the chlorosulfinyl-derivative 7 [25].

The chlorosulfinyl-moiety of 7 was then converted to

an alkane-1-sulfinyl-residue by reaction with dode-

cylmagnesium bromide. Saponification of the

obtained intermediate 8 with KOH yielded the target

compound 9. The corresponding sulfonyl-derivative

11 was obtained by oxidation of the sulfinyl-group of 8

with KMnO4 in acetone/water followed by hydrolysis

of the ester moiety. Treatment of 7 with dodecylamine

afforded the 3-dodecylsulfinamoylindole-2-carboxylic

ester 12. Ester hydrolysis led to the desired acid 13.
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Scheme 1. (i) SOCl2, room temp.; (ii) dodecylmagnesium bromide, diethyl ether, THF,2708C; (iii) EtOH, 10% aqueous KOH, reflux; (iv)

aqueous KMnO4, acetone, room temp.; (v) dodecylamine, diethyl ether, 08C/room temp.

Scheme 2. (i) Dodecanoyl chloride, CH2Cl2, triethylamine, pyridine, room temp.; (ii) methyl p-toluenesulfonate, (C4H9)4N
þBr2,

powdered NaOH, diethyl ether, CH2Cl2, room temp.; (iii) EtOH, 10% aqueous KOH, reflux.
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Surprisingly, in solution 13 easily underwent de-

carboxylation at room temperature. The velocity of

this reaction depended on the solvent. While in d6-

DMSO about 50% of the decarboxylation product

was formed after 7 days, in CDCl3 after 1 day the acid

had already been transformed quantitatively to its

decarboxylation product. In contrast, the sulfamoyl-

derivative 15, which was obtained by KMnO4

oxidation of 12 followed by ester hydrolysis, did not

show such a decarboxylation behaviour at room

temperature.

The 1-methylindole-2-carboxylic acid with a dode-

canoylamino substituent in position 3 (19) was

prepared from ethyl 3-aminoindole-2-carboxylate

(16) as shown in Scheme 2. The 3-amino group of

16 was acylated with dodecanoyl chloride. Methyl-

ation of the indole nitrogen with methyl p-toluene-

sulfonate and ester hydrolysis with KOH gave the

required compound 19. The 3-(dodecanoylamino-

methyl)-1-methylindole-2-carboxylic acid (20) was

prepared using the reaction sequence published for

the synthesis of its octadecanoyl-derivative [25].

Compounds 25 and 26 were synthesized as outlined

in Scheme 3. The 3-thiocyanate group of 21 was

transformed to a dodecylsulfanyl residue by reaction

with dodecan-1-ol and triphenylphosphine. Coupling

of the obtained intermediate 22 with the appropriate

4-(2-bromoethoxy)benzoic acid ethylester and oxi-

dation of the sulfanyl- to a sulfinyl-moiety with

Pb(OAc)4 afforded the dicarboxylic acid esters 23 and

24, which were saponified to the target compounds 25

and 26. The 3-dodecanoylaminoindoles 27 and 28

were obtained from 17 as shown in Scheme 4.

Biological evaluation

The assays for screening cPLA2a inhibitors in vitro can

be divided in two categories, namely, into assays with

the isolated enzyme, and into assays with intact cells.

Since for the development of the dual cyclo-

oxygenase/5-lipoxygenase inhibitor licofelone [17–

21] a cellular assay strategy had successfully been

employed, we decided to screen cPLA2a inhibitors

also in a cellular situation, initially. In our assay the

cPLA2a-inhibitory potency of the test compounds was

evaluated by measuring the calcium ionophore

A23187-induced arachidonic acid release from

human platelets with HPLC and UV-detection at

200 nm [15]. To avoid metabolism of arachidonic acid

via the cyclooxygenase-1 and the 12-lipoxygenase

pathways, the dual cyclooxygenase/12-lipoxygenase

inhibitor 5,8,11,14-eicosatetraynoic acid (ETYA) was

added to the platelets in these experiments.

Scheme 4. (i) tert-BuOK, ethyl 4-(2-bromoethoxy)benzoate, DMSO, 1108C; (ii) EtOH, 10% aqueous KOH, reflux.

Scheme 3. (i) Dodecan-1-ol, triphenylphosphine, THF, 2208C; (ii) NaH, ethyl-4-(2-bromoethoxy)benzoate, DMF, room temp.;

(iii) Pb(IV)acetate, acetic acid, room temp.; (iv) EtOH, 10% aqueous KOH, reflux.
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Although a cellular assay reflects the in vivo situation

much better than a test system with the isolated

enzyme, it also has some disadvantages. One weakness

is the evidence that in the cells other isoforms of the

enzyme may be present such as sPLA2s or iPLA2s.

These could be involved in substrate cleavage.

Furthermore, since cells are complex systems, a

reduction of arachidonic acid release does not

necessarily prove a direct interaction of a test

compound with the enzyme. Therefore, in completion

of our assay strategy we established a cPLA2a assay

with the isolated cPLA2a [22]. In this assay cPLA2a

from human platelets was used. Like other lipases,

cPLA2a has evolved to work optimally at a lipid-water

interface. For this reason sonicated covesicles consist-

ing of 1-stearoyl-2-arachidonoyl-sn-glycero-3-phos-

phocholine and 1,2-dioleoyl-sn-glycerol were used as

enzyme substrate. A possible problem with this screen

is that a test compound could inhibit the enzyme not by

binding to its active site but merely by altering the

substrate assembly and hence causing the enzyme to

desorb from the lipid-water-interface [23,24]. To

exclude this way of action, the mole fraction of

inhibitor in the interface was kept low (maximum

concentration of the inhibitor 10mM, concentration of

the vesicle forming lipids 300mM).

All newly synthesized indole-2-carboxylic acid

derivatives were evaluated in the cellular assay. The

most interesting of these compounds were also tested

for inhibition of the isolated cPLA2a [16]

Structure–activity relationships

The structure–activity relationships of the 3-acylin-

dole-2-carboxylic acids discussed in preceding papers

[14,16,27,28] were extended to the variation of the

keto moiety of the 3-acyl residue. Replacing the 3-

dodecanoyl substituent of 3-dodecanoyl-1-methylin-

dole-2-carboxylic acid (1) by dodecylsulfinyl (9),

dodecylsulfonyl (11), dodecylsulfinamoyl (13), dode-

cylsulfamoyl (15), dodecanoylamino (19), and dode-

canoylaminomethyl (20), respectively, did not lead to

a substantial change of inhibitory potency in the whole

cell cPLA2a assay. The IC50-values of the compounds

ranged from 5–10mM (Table I).

Table I. Inhibition of the cPLA2a-mediated arachidonic acid

release from human platelets stimulated with calcium ionophore

A23187.

Compound R IC50 (mM)a

1 COC11H23 4.8

9 SOC12H25 6.4

11 SO2C12H25 7.2

13 SONHC12H25 9.4

15 SO2NHC12H25 8.9

19 NHCOC11H23 6.3

20 CH2NHCOC11H23 10

aValues are the means of at least two independent determinations;

errors are within ^20%; in case of 1: n ¼ 6, standard

deviation ¼ ^1.1mM.

Table II. Inhibition of cPLA2a-activity.

Cellular assay with

intact human platelets

Vesicle assay with

the isolated enzyme

Compound R1 R2 IC50 (mM)a IC50 (mM)a

4 COC11H23 H 0.86 n.a.b

5 COC11H23 F 0.44 n.a.b

25 SOC12H25 H 6.2 n.a.b

26 SOC12H25 F 8.0 n.a.b

27 NHCOC11H23 H 6.6 n.a.b

28 NHCOC11H23 F 7.5 n.a.b

AR-C70484XXc 0.25 0.011

aValues are the means of at least two independent determinations; errors are within^20%; in case of 4: n ¼ 6, standard deviation ¼ ^0.1mM.
b n.a.: not active at 10mM.
cReference compound 4-[3-(4-decyloxyphenoxy)-2-oxopropoxy]benzoic acid [23].
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Contrary, substitution of the keto moiety of 4 by

sulfinyl and carbonylamino resulted in a significant

decrease of activity. While the IC50 of 4 was 0.86mM,

25 and 27 showed IC50-values of about 6mM.

A similar effect occurred when varying the fluoro-

substituted derivative of 4 (5) in an analogous way

(Table II). The sulfinyl and carbonylamino derivatives

of 5 (26 and 28) were about twenty times less active

than 5. In conclusion, the pronounced activity of 4 and

5 in the cellular assay ( ¼ inhibition of the arachidonic

acid release at a submicromolar concentration)

depends on the concurrent presence of the 3-acyl-

and the 1-[2-(4-carboxyphenoxy)ethyl]-residue.

Surprisingly, in the assay with the isolated cPLA2a

4, 5 and their derivatives 25–28 did not cause

inhibition of the enzyme at 10mM (Table II). These

results show that the inhibition of the cellular cPLA2a

activity by these compounds does not arise from a

direct interaction with the active site of the enzyme.

Therefore, the proposed model of the interaction of

the indole-carboxylic acids with the active site of the

enzyme [14] cannot be sustained any longer.

However, the marked inhibition of the cPLA2a-

mediated arachidonic release in A23187-stimulated

platelets by 4 and 5, respectively, and its susceptibility

to small variations in the molecules indicates that at

least these two substances do not only act in the cells

in a non-specific way as described for several lipophilic

acids [23]. The exact mechanism of their inhibitory

action against cellular cPLA2a-activity needs to be

evaluated.
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