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A novel pyrrole-2-carboxamide series of p38a inhibitors, discovered through the application of virtual
screening, is presented. Following evaluation of activity, selectivity and developability properties of com-
mercially available analogues, a synthesis program enabled rapid assessment of the series’ suitability for
further lead optimisation studies.
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The p38a mitogen-activated protein kinase was first identified
in human monocytes as the target for a class of cytokine suppres-
sive anti-inflammatory compounds.1 From its central position in
the cell signalling pathway, p38a regulates the expression of many
pro-inflammatory cytokines including IL-1, IL-6 and TNF-a. Inhib-
itors of p38a suppress the production of cytokines in vitro and
have anti-inflammatory activity in vivo in models of rheumatoid
arthritis (RA) and other diseases.2

Several compounds have progressed into clinical studies for RA,
but so far their success has been limited.3 Toxicity was the primary
reason for failure, often because of liver, gastro-intestinal (GI) or
neurological toxicity.4,5 It is possible that these may be related to
off-target effects, perhaps due to inhibition of other kinases, partic-
ularly for early examples where wider kinase selectivity was less
thoroughly measured.3 Results from two trials have been pub-
lished recently. Pamapimod led to liver enzyme elevation and ad-
verse events including infection, rash, dizziness and GI problems.6

The highly selective VX702 was comparatively well tolerated and
showed transient effects on biomarkers in the first few weeks of
treatment, but disappointingly this was not sustained.7 Neverthe-
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less, at least seven phase II clinical trials of small-molecule p38a
inhibitors are currently in progress or have recently completed
for other indications, including pain, multiple myeloma, major
depressive disorder, acute respiratory distress syndrome, chronic
obstructive pulmonary disorder and acute cardiovascular dis-
eases.8 Therefore, selective and structurally distinct p38a inhibi-
tors remain of interest. For instance, Pfizer reported ongoing
development of a triazolopyridine series, and we recently pre-
sented the discovery of Losmapimod, a biaryl amide (Fig. 1).9,10

Kinase inhibitors frequently inhibit multiple protein kinases.11 It
has been our experience that rational, focused screening against a
single kinase frequently yields hits, but these can often be more
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Figure 1. Structures of literature p38a inhibitors mentioned in the text.
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Table 1
Data for initial compounds 1–613
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Compound R1 R2 p38a pIC50
14

1 2-Methyl
O

6.6

2 2,6-Dichloro
S

6.1

3 4-Methoxy
S

<4.6

4 2-Methyl

MeO
6.5

5 2,6-Dichloro 5.7

6 2-Methyl
N

N
5.0

Values are means of at least three experiments.
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effective against kinases other than the intended target.10b There-
fore, we have adopted an approach in which focused screening is di-
rected towards the protein kinase family rather than individual
targets.

Databases of commercially available compounds are used
extensively in virtual screening and are a valuable resource for lead
discovery. A database of millions of commercially available com-
pounds offered by various suppliers has been assembled by GSK
for this purpose. A search of this database was carried out using
a 3D pharmacophore query intended to be generally applicable
to kinases.12 Selected pharmacophore hits were purchased and
screened against a panel of protein kinases in duplicate at 10 lM
compound concentration. Several examples of the pyrrole series,
which is the subject of the rest of this report, showed sufficient
p38a activity for progression to IC50 measurement.13

Compound 1 was the most potent from this set, with a pIC50 of
6.6 (mean, n = 9).14 Because of this encouraging activity, and to ex-
plore the mechanistic activity in a cellular environment, compound
1 was tested in a human lung fibroblast assay measuring the inhi-
bition of phosphorylation of Heat Shock Protein 27 (Hsp27), a
downstream marker on the p38 pathway. It showed good activity
with a pIC50 of 6.2 (mean, n = 6).15
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Once the structural integrity of the initial hits had been confirmed
by NMR, a �1.9 Å resolution crystal structure of 1 in complex with
p38a was obtained (Fig. 2).16 The phenyl ring on the ketone at the
pyrrole 4-position occupies the inner lipophilic pocket adjacent to
the gatekeeper residue Thr106. The pyrrole NH donates a hydro-
gen-bond to the inner hinge acceptor backbone carbonyl of
His107. In addition, a hydrogen-bond to the hinge at Met109 is
formed from the carbonyl of the amide at the pyrrole 2-position.
The amide NH in the 2-position and the ketone carbonyl in the 4-
position interact with water molecules evident in the crystal struc-
ture. The methyl furan fills the outer lipophilic pocket near Ala111.

A further 120 available analogues were selected from the exter-
nal suppliers compound database and screened against p38a.
Whilst compounds allowing direct pairwise comparisons could
not always be obtained, the SAR around the 120 tested compounds
Figure 2. Crystal structure of 1 (green, with surface shaded) in complex with p38a
(orange). Hydrogen-bonds to the inhibitor are shown as magenta dotted lines.
Water molecules are represented by red crosses.
nevertheless showed interpretable trends, some of which are
exemplified in Table 1. Lipophilic ortho-substitution was preferred
on the R1 aryl ring (1 and 2), consistent with the geometry of the
ketone to phenyl linker observed in the crystal structure. However,
anything other than F or H in the para position resulted in greatly
reduced potency (3). At the amide R2 position, benzyl and benzyl-
like substituents were the most potent, with a reasonable tolerance
evident for substitution on the benzyl group, including at the ortho
position (4). The benzyl group could also be replaced by small alkyl
groups with only a small reduction in potency (5). More polar
amine groups were less favoured however, with substituted sec-
ondary amines being the least potent (6), indicating a preference
for a lipophilic group in the outer lipophilic subpocket of the site.

Despite the large number of purchased compounds screened,
none were found showing better p38a potency than 1. To build
confidence in the series, 1 was profiled further.

The kinase selectivity of the series was excellent when screened
against a wider kinase panel. For example, 1 had a pIC50 < 5.5
against every member of an in-house panel of 51 kinases, and
showed no significant activity when screened at 10 lM against
the Dundee University panel of 18 kinases.17 In keeping with other
compounds from this series, some p38b activity was present
(pIC50 = 5.2), although for the series as a whole IC50s were generally
10-fold lower than p38a. Furthermore, against a panel of 227 ki-
nases at Ambit Biosciences, the only hits were p38a, p38b, JNK1
and JNK3.18 However, JNK binding was weak, consistent with the
low inhibition observed in internal assays measuring the catalytic
activity of JNK1 (pIC50 < 5).

The wider developability properties were promising. Cyto-
chrome P450 inhibition was low, for instance 1 had an IC50 of
15.8 lM against the 2C9 isoform and was less potent against oth-
ers tested.19

In vivo rat PK was measured, showing the compound had mod-
erate oral bioavailability (F% = 18), with high clearance (56 ml/min/
kg), short half-life (0.16 h) and low VDISS (0.93 l/kg).20

With these encouraging data in hand a synthesis program was
initiated to further explore the series. The array was prepared
using chemistry shown in Scheme 1. 2-Trichloroacetylpyrrole
was subjected to a Friedel–Crafts acylation with the appropriate
acid chloride, formed from the carboxylic acid with thionyl chlo-
ride, to give the corresponding ketone. This was reacted directly
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Scheme 1. Reagents and conditions: (a) DMA, SOCl2, rt; (b) AlCl3, chloroform, reflux; (c) NaOH (aq), rt; (d) primary and secondary amines, DMF, rt; (e) anilines, DMA, rt.

Figure 4. Overlaid X-ray structures of p38a (orange) complexed with 1 (green) and
a biphenyl amide (magenta). 10c
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with primary and benzyl amines in DMF to give the desired
amides. Anilines failed to react using this chemistry and so a differ-
ent route was developed via the carboxylic acid, which could be
rapidly obtained by treating the trichloroacetyl group with aque-
ous sodium hydroxide. This failed to react using common carbox-
ylic acid coupling conditions, but in situ formation of the acid
chloride using thionyl chloride, followed by addition of the anilines
gave the desired amides.

SAR knowledge from other p38a compound classes was incor-
porated into the array design. Figure 3 shows an overlay between
the p38a crystal structures of pyrrole-2-carboxamide 1 (green)
and a Merck dihydroquinazolinone (magenta).21 The back-pocket
binding aryl group at the 4-position of the pyrrole superimposes
well on the C-5 aryl group of the dihydroquinazolinone (circled
area). In the dihydroquinazolinone series, aryl groups (in particular
2,4-difluorophenyl, 2-chlorophenyl and 2-chloro-4-fluorophenyl)
were preferred C-5 substituents. These groups were included as
4-aryl substituents in the pyrrole series. Heterocycles and fused
bicyclic systems were also prepared.

The dihydroquinazolinone series has no analogous position to
the pyrrole 2-carboxamide substituent. Figure 4 shows, however,
how this carboxamide forms the hinge hydrogen-bond to Met109
in a similar way to the amide in the biaryl amide series (circled
area).10 In that series, aryl and benzyl substituted amide com-
pounds gave the greatest enzyme potency, whilst alkyl substitu-
ents gave better all-round properties.10c Therefore anilines,
benzylamines and small primary alkyl groups were used as pyrrole
2-position substituents. The X-ray structure showed that this sub-
stituent was partially exposed to solvent, so water solubilising
groups were also included.
Figure 3. Overlaid X-ray structures of p38a (orange) complexed with 1 (green) and
with a dihydroquinazolinone (magenta).
Data for selected compounds are summarised in Table 2. Chang-
ing the amide substituent of 1 to a 2,6-difluorobenzylamine (7)
gave a marginal increase in potency but led to reduced activity in
the pHsp27 assay. The addition of a 4-fluoro substituent to the aryl
group was tolerated (8), giving similar potency to compound 7 in
both assays. Changing the 2-methyl to a 2-fluoro (9) gave a 10-fold
potency increase over compound 1, but despite this had lower po-
tency in the pHsp27 assay.

Reasoning that the lower cellular activity might be related to
solubility, a solubilising 4-(N-methylpiperazinyl)benzylamine sub-
stituent was introduced into the pyrrole 2-amide position (10).
This resulted in a compound with excellent enzyme activity, but
this did not translate into greater activity in the pHsp27 assay. This
lower potency in the pHsp27 assay was a consistent trend with the
benzylamine amides. However, when pinacolylamine was intro-
duced (11, racemic), there was no drop-off between the enzyme
and pHsp27 potency. This compares favourably with the most
cell-active benzylamine (12), which still suffers a significant reduc-
tion from its enzyme potency. Compound 11 also showed inhibi-
tion of TNF-a release from LPS-stimulated PBMC cells with
pIC50 = 5.6 (mean, n = 5) and from whole blood with pIC50 = 6.5
(mean, n = 3).22

Greatly reduced enzyme potency resulted when larger substit-
uents were added at the 4-position of the aryl group (e.g. 13). Sim-
ilarly, the benzothiophene substituent was very weakly active (14).
These results, along with compound 15, confirmed the earlier
hypothesis that the only 4-substituent small enough to be toler-
ated at this position was fluorine. Introducing polarity to the small
alkyl amide substituent (e.g. 16) resulted in reduced enzyme po-
tency, consistent with the position of this group in the outer lipo-
philic pocket of p38a.



Table 2
p38a inhibition and pHsp27 human lung fibroblast cellular mechanistic assay data for
compounds 7–17
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6.6 6.2

7 7.0 5.5

8 6.6 5.4

9 7.6 5.8

10 7.9 5.7

11 6.7 6.8

12 7.3 6.1

13 <4.6 NT

14 4.7 NT

15 7.5 5.9

16 5.9 NT

17 6.0 5.8a

pIC50 values are mean of at least three experiments.
a n = 2 data only.
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Anilides were also prepared at the pyrrole 2-amide position, but
were generally less potent than the benzylamines and alkylamines
(e.g. 17). This is consistent with docking studies that predict that
the inflexibility of the aniline results in a steric clash with the pro-
tein backbone around the Met109 residue.

In conclusion, we have presented a novel series for p38a discov-
ered through the application of 3D pharmacophore virtual screen-
ing. Initial exploration and SAR optimisation resulted in lead
compounds with good enzyme potency and excellent selectivity,
as well as mechanistic and functional cellular assay potency result-
ing in a series suitable for further lead optimisation.
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