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N-Aryl-3-(indol-3-yl)propanamides were synthesized and their immunosuppressive activities were
evaluated. This study highlighted the promising potency of 3-[1-(4-chlorobenzyl)-1H-indol-3-yl]-N-(4-
nitrophenyl)propanamide 15 which exhibited a significant inhibitory activity on murine splenocytes
proliferation assay in vitro and on mice delayed-type hypersensitivity (DTH) assay in vivo.

� 2010 Elsevier Ltd. All rights reserved.
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Cyclosporin A (CsA), tacrolimus (FK506), and sirolimus (rapamy-
cin) are known to be potent immunosuppressive agents. They act by
inhibiting T lymphocyte proliferation during immune response.1 All
three compounds are current chemotherapeutic agents, limiting
chronic rejection after organ transplantation and improving lifetime
of grafts receivers, and successfully used for treatment of autoim-
mune diseases in clinic.2 However, these molecules suffer from sev-
eral side effects such as nephrotoxicity, neurotoxicity, infection,
cancer, hyperlipidemia, and hypertension.3 Thus, the search for
new immunosuppressants with a comparable efficacy but with low-
er toxicity is an important task for medicinal chemistry.

We previously described a series of N-pyridinyl(methyl)-(indol-
3-yl)propanamides with a promising immunosuppressive activ-
ity.4,5 Our initial structure–activity investigations showed the
importance of the benzyl moiety and the nature of the pyridine ring
for immunosuppressive potential and this study disclosed com-
pound 1 as a promising lead (Fig. 1). This compound exerted a potent
inhibitory activity on murine splenocytes proliferation (87% inhibi-
tion at 90 lM, 19% inhibition at 30 lM, compared to 90% inhibition
obtained with CsA at 0.5 lM). Previous experiments5 highlighted its
antiproliferative activity in vitro on T lymphocytes (IC50 = 17 lM)
and a significant immunosuppressive effect in vivo in a model of de-
layed-type hypersensitivity (DTH) in mouse. We also showed its
non-toxicity and its oral bioavailability.
ll rights reserved.
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P. Marchand).
Previously, compound 1 was found to decrease IL2-induced T
lymphocyte proliferation by inhibiting preferentially JAK3 kinase
over JAK2 (IC50 = 52.0 lM and 133.6 lM, respectively).6 Moreover,
compound 1 significantly prolonged rat heart allograft survival
demonstrating its in vivo immunosuppressive potential.

The Janus kinases (JAKs), consisting of JAK1, JAK2, JAK3, and
TYK2, are an important family of cytoplasmic tyrosine kinases as
a consequence of their essential role in cytokine signal transduc-
tion.7 Janus Kinase 3 is a particularly attractive target for therapeu-
tic intervention in the treatment of autoimmune disorders,
inflammatory diseases, and organ transplant rejection because, un-
like other JAK family members that are widespread, JAK3 expres-
sion is restricted to haematopoietic cells.8 A number of inhibitors
of JAK3 have already been described.9

Herein, we will report our continuous work consisting of syn-
thesis and immunosuppressive activity evaluation of 3-[1-(4-chlo-
Cl

Figure 1. Chemical structure of lead compound 1.
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Table 1
Splenocytes proliferation assay data for the N-aryl-3-(indol-3-yl)propanamide com-
pounds 1, 6–16

N

NHAr
O

Cl

Compounds Ar Splenocytes proliferation

Inhibition% ± SEM
at 90 lMa

Inhibition% ± SEM
at 30 lMa

1 Pyridin-4-yl 87 ± 1.7 19 ± 3.2
6 Pyridin-3-yl 40 ± 1.6 28 ± 2.8
7 Pyridin-2-yl 26 ± 1.4 na
8 Quinolin-4-yl 37 ± 1.6 20 ± 2.0
9 Quinolin-5-yl na na

10 Quinolin-6-yl 86 ± 1.2 na
11 Isoquinolin-5-yl 17 ± 2.1 na
12 Phenyl na na
13 4-Cyanophenyl 78 ± 1.0 30 ± 1.2
14 4-Trifluoromethyl-phenyl 18 ± 1.7 nd
15 4-Nitrophenyl 92 ± 1.5 87 ± 1.7
16 4-Aminophenyl na na

na = not active.
nd = not determined.

a Cell assay results of one representative experiment out of three performed.
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robenzyl)-1H-indol-3-yl]propanamide derivatives in order to
explore the effect of N-aryl substitution with compound 1 as the
initial lead.

Synthesis of N-aryl-3-(indol-3-yl)propanamides 6–15 was
performed, as previously described,4,5 in four or in five steps
from commercially available 3-(1H-indol-3-yl)propanoic acid 2
(Scheme 1).

To obtain the target amides, the first step was the esterification
of 3-(1H-indol-3-yl)propanoic acid 2 in ethanol–hydrogen chloride
medium at reflux. Ester 3 was further reacted with 4-chlorobenzyl
chloride in the presence of Cs2CO3 in anhydrous acetonitrile to
afford the corresponding N-(4-chlorobenzyl)indole derivative 4.
Subsequent hydrolysis under basic conditions followed by the ami-
dation of the resulting propanoic acid 5 with Mukaiyama reagent
in refluxing CH2Cl2 gave the N-aryl-3-(indol-3-yl)propanamides
6–15 in low to moderate yields (17–58%) depending on the nature
of the aromatic amines.

All starting amines were commercially available except 4-ami-
noquinoline that was prepared by treatment of the 4-quinolone
with POCl3 at reflux, in a first step, to afford 4-chloroquinoline in
quantitative yield.10 Nucleophilic displacement of the chlorine
atom was performed in the presence of ammonia in phenol by fol-
lowing a literature procedure.11

Moreover, catalytic reduction of the nitro functional group of
compound 15, using palladium charcoal in THF at room tempera-
ture, yielded amino derivative 16.

The new N-aryl-3-(indol-3-yl)propanamides 6–16 were tested
in vitro for their inhibitory activity on concanavalin A (ConA)-in-
duced T cell proliferation with compound 1 as the standard.
Freshly isolated murine spleen cells were stimulated with 1 lg/
mL ConA for 72 h in the presence of two different doses of the
tested compound.12 The pharmacological results are summarized
in Table 1.

To understand the incidence of the N-aryl substitution in the
pharmacological activity, diverse alternatives to the 4-pyridyl
group (compound 1) were studied. Replacement of the heteroaro-
matic ring by the phenyl ring (compound 12) or by 4-substituted
2

N
H
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O

N
H

OEt
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3
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NHAr
O

Cl

6-15

i ii

iv v

Ar = 4-NO2Ph

Scheme 1. Reagents and conditions: (i) EtOH, HCl, reflux, 95%; (ii) Cs2CO3, 4-ClPhCH2C
CH2Cl2, reflux, 17–58%; (v) H2 (10 bars), Pd/C 10%, THF, rt, 45%.
phenyls revealed that the presence of a polar and electro-with-
drawing group (compounds 13 and 15) was a more suitable mod-
ification for getting an active entity except for 14 bearing a
trifluoromethyl moiety. Indeed, the amino analog 16 displayed
no activity but stimulated the proliferation response of cells (data
not shown).
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Introduction of fused-pyridine heterocyclic scaffolds such as
quinoline (compounds 8 and 9) or isoquinoline (compound 11)
had deleterious impact on inhibition of splenocytes proliferation,
even for 8, the direct analog of 1. Incorporation of bulky heteroar-
omatic amines led to a large decrease of potency. We suspected
that the activity of derivative 10 (86% inhibition at 90 lM) was
the consequence of cellular toxicity since it was inactive at 30 lM.

Interestingly, shifting the nitrogen atom of the pyridine ring
from the para- to the meta- or ortho-position (compounds 6 and
7, respectively) resulted in a significant loss of activity. In the case
of ATP-competitive JAK3 inhibitor 1, the orientation of the pyridine
ring would be favorable for a hydrogen-bond between the pyridine
nitrogen atom and a suitable amino acid in the hinge region of the
ATP-binding site of the kinase.

In addition, the lack of activity of phenyl derivative 12 would
confirm a possible interaction between the heteroatom or the sub-
stituent at the 4-position and an amino acid residue in the hinge
region of the target enzyme. Very low activity of quinoline or iso-
quinoline derivatives would be rationalized by a steric hindrance
at the level of the binding site.

One possible explanation for keeping activity with compounds
13 and 15 would be that cyano or nitro groups may display hydro-
gen-bond acceptor properties and may mimic the pyridine nitro-
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Figure 2. Effect of compound 15 on T cell proliferation. Murine splenocytes were
stimulated with ConA in the presence of increasing concentrations of compound 15
(filled squares) or CsA at 1 lM (filled triangle). Mean ± SEM of three independent
experiments is presented.
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Figure 3. Effect of compounds 15 and 1 on DTH response. Each bar represents the mean d
the other with SRBC, measured 24 h after challenge. Compounds were administered dai
each group is indicated. **p <0.01 compared to the control group.
gen interaction with the protein kinase target. Although there is
ample crystallographic, physicochemical, and theoretical evidence
that the nitrile group is a reasonably strong hydrogen-bond accep-
tor, there are few examples where it is known to act as the con-
served acceptor in a kinase ligand.13 In the literature, it was also
hypothesized that farnesyltransferase inhibitors might benefit
from the presence of a polar moiety with hydrogen-bond acceptor
properties like nitro group.14

The results showed that, among the tested compounds, N-(4-
nitrophenyl)propanamide 15 exhibited the highest bioactivity.
The antiproliferative effect of 15 was not due to direct toxicity
since 95% of the cells were still viable after 48 h incubation with
90 lM of 15 (data not shown).

Based upon previous data concerning the mechanism of action
of compound 1 involving JAK3 inhibition, compound 15 was sub-
mitted to JAK 3 and JAK 2 kinases inhibition assay. Interestingly,
4-nitrophenyl derivative exhibited better activity than compound
1 against JAK3 enzyme with an IC50 of 34.2 lM (IC50 = 52.0 lM
for 1) and showed a threefold selectivity in favor of JAK3 relative
to JAK2 (IC50 = 106.7 lM). These results were consistent with pre-
vious conclusion reporting the correlation between JAK3 inhibition
and immunosuppressive activity.

On the basis of screening data, compound 15 was subjected to
more in-depth characterization. We first investigated its effect on
proliferation of murine splenocytes using a large range of doses
in order to confirm its antiproliferative activity on T cells. As shown
in Figure 2, we found that it inhibited mitogen-dependent T cell
proliferation in a dose-dependent manner on murine splenocytes
with an IC50 of 19.8 ± 1.9 lM, similar to compound 1 (IC50 =
17.0 lM).5 These data confirmed its immunosuppressive potential.

Finally, compound 15 has been selected for in vivo evaluation
on delayed-type hypersensitivity reaction (DTH) in mice. Experi-
ments were performed as previously described with slight modifi-
cations.5 Animals were sensitized with 5 � 106 sheep red blood
cells (SRBC) by iv and challenged four days later by injection of
SRBC into the hind footpad. Compounds were administrated orally
from the day of priming until the day of challenge. Figure 3 shows
the inhibition of DTH footpad swelling in mice treated with com-
pound 15 at 50 mg/kg, 80 mg/kg, and 120 mg/kg.15

Derivative 15 significantly inhibited the DTH response in a
dose-dependent manner. At the highest dose (120 mg/kg), inhibi-
tion of DTH (75.5%) was comparable to compound 1 (69%, Fig. 3)
and CsA (73.9%, data not shown). Moreover during the 5-days
treatment, no acute toxicity was observable in treated mice
compared to untreated control mice. These results thus demon-
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Table 2
Kinase selectivity of compounds 1 and 15—IC50 values (lM)

JAK3 JAK2 Erk HIPK1 Aurora-A Pim1 c-Abl KDR TrkA Yes

1 52.0 133.6 >100 >100 >100 >100 >100.0 26.0 >100.0 30.0
15 34.2 106.7 >100 >100 >100 >100 >100.0 33.2 >100.0 38.1
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strated that compound 15 exerted significant immunosuppressive
effects in vivo.

Compound 1, the reference analog, and the most active com-
pound 15 were tested for selectivity against several kinases, and
these results are summarized in Table 2.16

Kinase profiling demonstrated that, in addition to their JAK3
micromolar activity, compounds 1 and 15 were also inhibitors of
tyrosine kinases KDR and Yes in the micromolar range. Compounds
1 and 15 were inactive for other kinases, including Erk, HIPK1, Aur-
ora-A, Pim1, c-Abl, and TrkA.

In conclusion, among the tested compounds, 3-[1-(4-chloroben-
zyl)-1H-indol-3-yl]-N-(4-nitrophenyl)propanamide 15 showed
promising in vitro and in vivo immunosuppressive activity. Never-
theless, JAK kinase docking study needs to be performed to confirm
our SAR hypothesis. Further modification of compounds 1 and 15,
namely by introducing various substituents on the benzene ring of
the indole core, in order to improve their potency is currently in
progress. In addition, promising activity towards KDR and Yes ki-
nases will be also studied more in-depth.
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