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New N-pyridinyl(methyl)-indolalkanamides acting as
topical inflammation inhibitors
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Abstract—The authors have described the synthetic way to new N-pyridinyl(methyl)indolylpropanamides acting as non acidic
NSAIDs. Pharmacomodulation was carried out at N-1 and C-5 of the indole ring and at the level of the propanamide chain. N-
(pyridin-3-ylmethyl)-3-[5-chloro-1-(4-chlorobenzyl)-indol-3-yl]propanamide 32 represents one of the most potent compounds eval-
uated in the TPA-induced mouse ear swelling assay, with a level of activity higher than that of ibuprofen and comparable to that of
dexamethasone.
� 2004 Published by Elsevier Ltd.
The safe treatment of chronic inflammatory diseases,
including rheumatoid arthritis, ulcerative colitis, multi-
ple sclerosis and psoriasis, remains problematic consid-
ering today�s therapeutical arsenal. We have previously
studied N-(4,6-dimethyl-pyridin-2-yl)arylcarboxamides
acting as nonacidic NSAIDs;1 it has been determined
that these compounds could act upstream from the
phospholipasic level through an inhibitory process
involving PLA2 activation by protein kinase C via
MAP kinase; simultaneous down-regulation of TNF-a
production by monocytes apparently originates from
the same mechanism. Such compounds could be useful
in the treatment of psoriatic lesions since it is clearly
established that increased level of prostaglandins and
leukotrienes are often found in psoriatic tissues. Moreo-
ver, during our investigations in that field, we have also
examined N-(pyridin-4-yl or picol-3-yl)phthalimides2

exerting potent inhibition of TNF-a, a pleiotropic pro-
inflammatory cytokine that has received a considerable
amount of attention as a molecular target notably for
the treatment of various inflammatory disorders3–5
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including psoriasis.6 The discovery that an amino-
alkylindole class of compounds,7 such as WIN-55212
3 and 4, act as agonists towards CB2 cannabinoid
receptors,8,9 resulting in a significant reduction of lipo-
polysaccharide-induced pro-inflammatory cytokine pro-
duction (TNF-a and IL-1) in mice, prompted us to
synthetize N-pyridinyl(methyl)indol-2 or 3-ylcarboxa-
mides and indol-3-ylalkylcarboxamides.10,11 It was dem-
onstrated that incorporation of a propyl chain spacer at
C-3 led to more efficient inhibitors; propanamide 1 ex-
erted significant anti-oedema effect in the mouse ear
swelling test: ID50 (PO) = 41lmol/kg; but its therapeutic
index was quite low (<8). Nevertheless, introduction of
a fluorine atom at carbon 5 (leading to 2) allowed a de-
crease of the toxic effects. Herein we report the prelimi-
nary results on the synthesis and evaluation of the
incidence of (i) homocycle and/or N-1 substitution of
N-pyridinyl(methyl)-3-indolylpropanamides, (ii) crea-
tion of an unsaturated amide chain (propenamide) and
(iii) modification of the fixation site of the propanamide
chain (from C-3 to N-1), such a pharmacomodulation
allowing maintenance of activity in the series of indolic
NSAIDs: indomethacin and clometacin12 (Fig. 1).

The synthetic routes used to obtain the target (indol-3-
yl)propanamides 1, 2 and 22–33, (E)-3-(indol-3-yl)prop-
enamide 34 and 3-(indol-1-yl)propanamide 38 are
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Figure 1. Potential nonacidic NSAIDs.
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Scheme 1. Reaction conditions and yields: (a) EtOH, 0.6M HCl, reflux, 92%; (b) (1) NaH, DMF, (2) R1Cl, rt, 34–59%; (c) (1) Cs2CO3, CH3CN,

reflux, (2) R1Cl, 72–96%; (d) (EtO)2POCH2CO2Et, NaH, THF, rt, 67–85%; (e) H2, Raney Ni, THF, rt, 99%; (f) (1) 2M NaOH, EtOH, reflux, (2) 2M

HCl, 32–95%; (g) 2-chloro-1-methylpyridinium iodide, ArNH2, Et3N, CH2Cl2, reflux, 25–78%; (h) (1) BrCCl3, PPh3, THF, reflux, (2) 2-amino-4,6-

dimethylpyridine, 33%.
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Scheme 2. Reaction conditions and yields: (a) acrylonitrile, Triton B (40% in MeOH), dioxane, rt, 88%; (b) (1) 10M KOH, reflux, (2) 10MHCl, 49%;

(c) 2-chloro-1-methylpyridinium iodide, 4-aminopyridine, Et3N, CH2Cl2, reflux, 43%.
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outlined in Schemes 1 and 2. (Indol-3-yl)propanoic acid
esters are usually obtained by Michael reaction using
ethyl acrylate and acetic anhydride13 or bismuth tri-
flate14 or via Japp–Klingemann reaction.15
The key ethyl 3-(indol-3-yl)propanoates 13–16 were pre-
pared according to two methods: (i) esterification of (in-
dol-3-yl)propanoic acid 5 (method a) followed by N-1
substitution of ester 6, in the presence of the couple
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Cs2CO3/CH3CN or NaH/DMF (methods b or c), lead-
ing to 13–15, (ii) the same reaction (method c), carried
out starting from the (indol-3-yl)carboxaldehydes 7, 8
afforded the corresponding N-benzyl derivatives 9, 10,
which were transformed into ethyl (E)-propenoates 11,
12, by Wittig–Horner reaction (method d); their (E) con-
figuration was propped by the value of the coupling con-
stant (3J = 16.2Hz). Catalytic reduction (method e) of
ethyl (E) 3-[5-chloro-1-(4-chlorobenzyl)-indol-3-yl]prop-
enoate 12 gave the corresponding propanoate 16 in
quantitative yield. Amidification of 3-(indol-3-yl)propa-
noic acid 5 and its substituted congeners 17–20, issued
from the alkaline hydrolysis (method f) of 13–16, was
performed after activation by an acyloxypyridinium salt
(method g), leading to 1, 2 and 22–33. Likewise, hydrol-
ysis of 11 and activation of the corresponding acid 21,
by the couple BrCCl3/PPh3 (method h) afforded (E)-pro-
penamide 34.

Lastly, alkaline hydrolysis of 3-(indol-1-yl)propionitrile
36,16 synthetized by Michael reaction in 88% yield
(methods a and b, Scheme 2), gives the corresponding
Table 1. Inhibition of the acute TPA-induced mouse ear swelling after oral
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a Tested as dimaleate salt.
b Nonactive.
acid 37,17 which was transformed into N-(pyridin-4-
yl)-3-(indol-1-yl)propanamide 38, in the presence of 2-
chloro-1-methylpyridinium iodide (method c, Scheme
2) in a 43% yield.

As psoriatic skin shares many of the pathologic features
as phorbol ester-treated mouse skin,18 the anti-oedema-
tous effect of the target indolylpropanamides 1, 2, 22–33,
38 and propenamide 34 was evaluated in a model of top-
ical inflammation, the acute TPA-induced mouse ear
swelling test.19

After oral administration of 0.1mmol/kg, all com-
pounds exerted an inhibition percentage >60% (Table
1). No favourable effect was obtained by introduction
of a morpholinoethyl chain, present at N-5 of the indolo-
pyridone core of 4: 22 was less potent than 1. Among the
nine 1-benzyl or 1-(4-chlorobenzyl) derivatives only four
(23, 29, 32 and 33) were more potent than their NH
congeners (1, 26 and 30); nevertheless, comparison be-
tween the N-4-chlorobenzyl derivatives and their
previously described N-4-fluorobenzyl counterparts11
administration of 3-indolylpropanamides 1, 22–34 and 38

NHAr

Oral administration inhibition % at 0.1mmol/kg

N

77 ± 3

63 ± 1

84 ± 3

72 ± 1

64 ± 2

72 ± 2

61 ± 3

64 ± 2.5

83 ± 2

N
NAb

70 ± 1

92 ± 1

84 ± 1

80 ± 2

77 ± 0.3

82 ± 1.5

35 ± 7.5



Table 2. Inhibition of the acute TPA-induced mouse ear swelling after

topical application of 3-indolylpropanamides

Compound Topical application

inhibition % at 2 · 100lg

1 38 ± 3

23 90 ± 1

26 66 ± 3

29 89 ± 1

32 71 ± 1

33 94 ± 3

34 66 ± 2

Dexamethasone 96 ± 2

Ibuprofen 59 ± 2.5
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brought to the fore that the former were regularly more
efficacious. N-(Pyridin-3-ylmethyl)-3-[5-chloro-1-(4-
chlorobenzyl)-indol-3-yl]propanamide 32 constitutes
the most potent nonacidic NSAI compound ever discov-
ered in that series; its ID50 (24 ± 13 lmol/kg) is compa-
rable with that of oxicam derivatives.20

Comparison of the inhibitory activity of (E)-propena-
mide 34 with that of the corresponding propanamide11

was in favour of the former: 80% at 0.1mmol/kg and
84% at 0.2mmol/kg. The level of activity of the N-(pyr-
idin-4-yl)propanamide 1 was maintained in 38, resulting
from the migration of the amidic chain from C-3 to N-1:
77% oedema inhibition; moreover, contrary to 1, no
toxic effect was observed at 0.1mmol/kg. These encour-
aging results warrant ongoing pharmacomodulation in
those two subseries.

The effect of the most active compounds, in the mouse
ear thickness reduction assay, was evaluated after topi-
cal application of 2 · 100lg/ear (Table 2). Although
propanamide 32 exhibited a significant inhibition per-
centage (71%), it was less efficacious in that test than
23, 29 and 33, which exerted an inhibition percentage
in the range of 90%.

These preliminary results tend to confirm the favourable
incidence of a 4-chlorobenzyl grouping fixed at the ind-
olic nitrogen of the three subseries of 3-(indol-3-yl)prop-
anamides. Their level of activity, comparable with that
of dexamethasone, prompts us to investigate their inhib-
itory effect in the multiple TPA-induced model of
chronic inflammation.21
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