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a b s t r a c t

Interleukin-1 receptor associated kinase 4 (IRAK4) has been implicated in IL-1R and TLR based signaling.
Therefore selective inhibition of the kinase activity of this protein represents an attractive target for the
treatment of inflammatory diseases. Medicinal chemistry optimization of high throughput screening
(HTS) hits with the help of structure based drug design led to the identification of orally-bioavailable
quinazoline based IRAK4 inhibitors with excellent pharmacokinetic profile and kinase selectivity.
These highly selective IRAK4 compounds show activity in vivo via oral dosing in a TLR7 driven model
of inflammation.

� 2017 Elsevier Ltd. All rights reserved.

Interleukin-1 receptor associated kinase 4 (IRAK4) is an intra-
cellular serine-threonine kinase belonging to the IRAK family of
kinases which includes IRAK1, IRAK2, IRAK-M, and IRAK4.1–4 IRAK4
is an innate immune system target downstream of multiple signal-
ing receptors including IL-1R, IL-18R, IL-33R and the Toll-like-
receptors (TLRs). The observed phenotype of IRAK4-deficient
patients suggests that a favorable clinical safety profile is possible
with its pharmacological inhibition. MyD88 and IRAK4 deficient
patients are susceptible to pyrogenic bacterial infections in infancy
and early childhood which they outgrow during adolescence.5,6

Selective inhibition of IRAK4 could therefore be of potential utility
in multiple inflammatory diseases such as rheumatoid arthritis,7,8

irritable bowel disease,9,10 asthma and systemic lupus
erythematosus.11,12

IRAK4 kinase inhibitors from multiple chemical classes have
been reported previously in the literature by both Merck,13–16

and others to date.17–25 However at the onset of this work, as we
assessed the current chemical tools available to validate the pro-
posed IRAK4 inhibition anti-inflammatory mechanisms in vivo,
each of these tools had issues of either kinase selectivity or phar-
macokinetic properties making them unsuitable for significant
in vivo mechanistic validation work. In order to de-risk down-
stream drug discovery it is preferable to have at least 2 chemical
tools with orthogonal chemotypes, SAR and development risks to
proceed with target validation and later drug discovery
programs.26,27

At this early stage in the IRAK4 discovery program we had gath-
ered a wealth of IRAK4 kinase inhibition data from several HTS
campaigns in various assay formats since the IRAK4 program had
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been run in both the Schering-Plough and Merck organizations and
also on several research sites. Rather than run a new hit finding
HTS campaign we merged all the previous screening data, from

across sites and legacy organizations, and mined it for new chem-
ical matter. By looking at some weaker hits and ruling out all pre-
viously known IRAK4 chemotypes, internal and external, we found
several potential new leads. These compounds were then further
filtered using a specific small panel of 11 kinases which had caused
frequent kinome selectivity problems in our previous IRAK4
medicinal chemistry projects. Kinase selectivity is reported as a
percentage of kinases screened (N) which are greater than 100 fold
weaker than the on target IC50. The outcome of this exercise was
just 2 molecules, 1 and 2,28 shown in Fig. 1 which became the start-
ing chemical matter for our current IRAK4 medicinal chemistry
series optimization.

We were lucky to be enabled throughout this program by
strong structure based drug design support aided by X-ray crystal

 1
IRAK4 IC50 = 84 nM

Kinase Selectivity 20% (N=11)

 2  
IRAK4 IC50 = 330 nM

Kinase selectivity 88% (N= 101)

 3
IRAK4 IC50 = 58 nM

Kinase selectivity 97% (N=101)

N

O

N

N

OH

NH

N

NOH

N

NH

N

O2N

Me

Me

O2N

Me

Me

Me

Fig. 1. HTS Hits from refiltering HTS screening data.

Fig. 2. Compound 1 bound to IRAK4 showing key binding interactions with hinge, gatekeeper TYR 262 and ASP 272. The H-bond between ASP 272 and the secondary amine is
hidden under MET 192 carbonyl. PDB code 5T1S.

Fig. 3. Compound 2 docked into IRAK 4 showing its two favored poses.
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