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Abstract—p38a Mitogen Activated Protein Kinase (MAP kinase) is an intracellular soluble serine threonine kinase. p38a kinase is
activated in response to cellular stresses, growth factors and cytokines such as interleukin-1 (IL-1) and tumor necrosis factor alpha
(TNF-a). The central role of p38a activation in settings of both chronic and acute inflammation has led efforts to find inhibitors of
this enzyme as possible therapies for diseases such as rheumatoid arthritis, where p38a activation is thought to play a causal role.
Herein, we report structure–activity relationship studies on a series of indole-based heterocyclic inhibitors that led to the design and
identification of a new class of p38a inhibitors.
# 2003 Elsevier Ltd. All rights reserved.
Mitogen activated protein kinases (MAPK) are repre-
sented by four isoforms and while the role of the ubi-
quitously expressed isoform p38a in settings of
inflammation is more clearly defined, the function of the
other isoforms, p38b, p38g, and p38d is not so well
understood. Hence, p38a has been the primary target of
many drug discovery efforts over the last decade.

p38a MAP kinase is activated in response to cellular
stresses, growth factors and cytokines such as inter-
leukin-1 (IL-1) and tumor necrosis factor-alpha (TNF-
a). Once activated, p38a activates other kinases which
go on to phosphorylate heat shock proteins and tran-
scription factors, further controlling the production of
these cytokines. It is due to this ability of p38a to mod-
ulate several key pro-inflammatory and inflammatory
cytokines that it has been implicated in a number of
patho-physiological states associated with inflamma-
tion. Further support comes from the demonstration in
variety of animal models of rheumatoid arthritis (RA)
that an inhibitor of this enzyme has beneficial effects in
arresting the progression of the disease. This has driven
efforts to find inhibitors of this enzyme as possible
therapies for diseases such as RA.1�11 While chronic
inflammation was the early focus for the development of
p38a kinase inhibitors, there are several new reports and
efforts that speak of the potential utility of such inhibi-
tors in more acute inflammatory states. There is a
growing body of evidence that elucidates the benefits of
inhibiting p38a kinase in the treatment of diseases such
as diabetes, cancer and acute myocardial
infarctions.12�18 Herein, we report studies that describe
the design and structure activity relationship of a new
class of p38a MAP kinase inhibitors.

Modification of an initial hit, identified by high
throughput screening, led to the p38a inhibitor
indole-5-carboxamide derivative 1,19 which had a mod-
est activity against p38a with an IC50 of 4.36 mM.20

These compounds also block LPS mediated IL-1 and
TNF-a synthesis in hPBMC’s and U937 cells. The most
active molecules in this report are capable of blocking
LPS mediated IL-1 and TNF-a synthesis in human
whole blood. The concentrations at which the most
potent molecules reported in this paper achieve the
reversal of p38a mediated cellular events is approxi-
mately 10–15-fold higher than their potency against the
kinase itself. The corresponding regioisomer, indole-6-
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carboxamide 2, was also a modest inhibitor of p38a
(IC50=4.36 mM), however the indole-7-carboxamide 321

was found not to be an inhibitor of p38a. It has been
reported in the literature that the regioisomeric indole-
4- and indole-3-carboxamides, 422 and 5, respectively,23

are also modest inhibitors of p38a.

Structure–activity relationship study showed that both
the benzyl group and the indole moiety are important
for activity. Also, the amide linker is important for
activity as substitution with alternate linkers including
amine, amidine and sulfonamide, resulted in loss in
p38a activity. This study also did not lead to analogues
with substantially improved potency. Since the presence
of the indole and the benzyl moities is important for
activity, it suggests that the orientation of these moities
may also be important for activity.

It may be that the inactivity of 3 is due to the presence
of an intramolecular hydrogen bond (Fig. 1), that may
affect its ability in adopting a binding conformation
(Fig. 2).27 In addition, this internal H-bond may inter-
fere with the important interaction with the hinge region
of p38a as exemplified in the proposed binding mode of
compound 1, where the carbonyl moiety of the amide
interacts with the hinge region of p38a, an interaction
generally cited as being present in most of the p38a
inhibitors for which structural information is available,
and the benzyl group occupies a hydrophobic pocket,
adjacent to the ATP binding site. The location of the
binding site and the binding mode was also influenced
by the fact that 1 is an ATP competitive inhibitor of
p38a (Fig. 2).
Since the orientation of the benzyl group and the indole
ring is crucial for activity, it followed that designing
conformationally restricted analogues may lead to
further improvement in potency.

To achieve this, the 6-substituted indole and the 2,5-
dimethylpiperazine analogues were synthesized, as they
would restrict the rotation of the indole–carbonyl bond
and restrict the conformational flexibility of the piper-
azine ring. Both the presence of the substituent at the 6-
position of the indole (6) and the replacement of the
piperazine ring with the dimethypiperazine24 ring (7) led
to a modest increase in potency. This substitution on
the indole ring led to a small but consistent increase in
potency. This increase in potency could also be asso-
ciated to the reduced conformational freedom of both
compounds (Fig. 2), clearly suggesting that a molecule
with the combined attributes of 6 and 7 could show
more enhanced potency. Indeed compound (� )-8 was
found to be approximately 14-fold more active than 6,
with an IC50 of 0.07 mM, and over 60-fold more potent
than 1. Further, resolution of (� )-8 resulted in the
enantiomers (+)-921,25 and (�)-10,21,26 where the 2R,5S-
dimethylpiperazine analogue (+)-9 (IC50=0.02 mM)
shows greater than 40-fold improvement in potency
over 6 and over 200-fold increase in potency over 1.
Whereas the 2S,5R-dimethypiperazine analogue (�)-10
Figure 1.
Figure 2. Proposed binding mode and conformation of 1.
Figure 3. Calculated low energy conformations of compounds 1
(blue), 6 (green), 7 (brown), 9 (red) and 10 (black).
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(IC50=1.65 mM) showed almost no improvement in
activity in comparison to 6.

Molecular modeling studies (Fig. 3),27 of (+)-9 and (�)-
10 supports the observation that the highly con-
formationally restricted analogue (+)-9 should be more
potent than (�)-10. Thus, in (+)-9 the substitution
pattern helps restrict the analogue and only populate
the proposed active binding conformation, whereas this
is not the case in (�)-10. Though it is obvious that the
increase in potency of (� )-8 is due to the entropic effect
of a conformationally restricted analogue, at this time it
is not possible to rule out any secondary contributions
due to a hydrophobic interactions of the substituents on
the piperazine moiety and/or the indole ring and the
binding pocket of p38a.

In conclusion, following the discovery from high
throughput screening, initial SAR studies were carried
out on a novel series of p38a MAP kinase inhibitors.
The results of these studies led to a preliminary identifi-
cation of the important structural features of these
compounds. The potency of these compounds were
dramatically enhanced by the rational design of con-
formationally restricted analogues and led to the iden-
tification of a potent inhibitor of p38a MAP kinase.
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