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Pyrrolo-pyrimidones of the general structure 1 were synthesized and evaluated for their potential as MK2
inhibitors. Potent derivatives were discovered which inhibit MK2 in the nanomolar range and show
potent inhibition of cytokine release from LPS-stimulated monocytes. These derivatives were shown to
inhibit phosphorylation of hsp27, a downstream target of MK2 and are modestly selective in a panel
of 28 kinases.

� 2008 Elsevier Ltd. All rights reserved.
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The first anti-TNFa (tumor necrosis factor alpha) biologicals
were introduced into clinical practice in the late 1990s. Since then
they became very successful in the treatment of several autoim-
mune diseases like rheumatoid arthritis (RA), Crohn’s disease or
psoriasis.1 Anti-TNF therapeutics meanwhile became the ‘gold-
standard’ in RA therapy, which fostered the search for new anti-
cytokine targets which are amenable for modulation using low-
molecular weight compounds. Considerable efforts have focused
on the discovery and development of p38 inhibitors,2 yet, the first
compound of this class has still not reached the market. While p38
is still an attractive target, the search for new, potentially more
selective components in the p38 signaling cascade is ongoing.3

Such a target could be mitogen-activated protein kinase activated
protein kinase 2 (MAPKAPK2 or MK2), a serine/threonine kinase
downstream of p38 which has been shown to play a critical role
in TNFa signaling, both in vitro and in vivo.4 We now disclose
our efforts to identify and optimize low-molecular weight
inhibitors of MK2, their structure–activity relationships and cellu-
lar profile.

Recently, several reports of MK2 inhibitors from a variety of
structural classes were published, amongst them aminocyanopyri-
dines5, tetrahydro-carbolines6, indole derivatives,7 and pyrrolo-
pyridones.8 In this communication we will present our results on
a related compound class, namely pyrrolo-pyrimidones, exempli-
fied by the general structure 1 (Fig. 1)
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In a first effort to optimize this series we evaluated position R1

utilizing aryl, heteroaryl and styrene substituents. For substituent
R2 small alkyl, benzyl and amino groups were explored (Table 1).
Whereas aryl substituents in position R1 yielded compounds which
inhibit MK29 in the micromolar range, potency improved signifi-
cantly when the more flexible phenylethenyl (styryl) substituents
were introduced. In particular, fluorostyryl derivative 9 potently
inhibited MK2 with an IC50 value of 0.20 lM and more importantly
displayed cellular activity, that is, inhibition of TNFa release from
LPS-stimulated hPBMCs10 in the same activity range.

Variation of R2 did not yield any major improvements. Small
substituents like an amino or methyl group are tolerated. Larger al-
kyl groups (CF3, n-butyl) reduce potency, but interestingly further
increase in size as in the case of the benzyl-derivative 14, gener-
ated a more potent inhibitor of MK2, albeit without activity in
our cellular assay.

To further explore the styrene motif and to improve physico-
chemical properties, for example, solubility, a series of substituted
styrene derivatives were synthesized and evaluated (Table 2). The
1

Figure 1. Pyrrolo-pyrimidone core structure.
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Table 2
Effect of styrene substitution on in vitro activity of pyrrolo-pyrimidones

N
N
H

NH

N

O

R

Compound R MK2a IC50 [lM] hPBMCb IC50 [lM] Solubilityc [g/l]

9 F- 0.20 0.35 0.003

15

O
N

O

0.042 0.15 0.009

16 O
N

0.051 0.11 0.041

17 N
O

0.082 0.04 0.41

18
N

0.150 0.38 n.d.

IC50 values are reported as the mean of P2 experiments.
a MK2 enzyme assay is performed as described.9
b Inhibition of LPS stimulated release of TNFa from hPBMCs.10

c Thermodynamic solubility at pH 6.8.

Table 1
In vitro activity of pyrrolo-pyrimidones

Compound R1 R2 MK2a IC50 [lM] hPBMCb IC50 [lM]

2 4-Fluorophenyl H 1.30 n.d.
3 3-Fluorophenyl H 1.23 n.d.
4 4-Methoxyphenyl H 0.55 >10
5 3-Methoxyphenyl H 5.20 n.d.
6 4-Morpholino-methylphenyl H 1.45 n.d.
7 4-Cyclopentyl-benzamido H 0.19 10
8 Phenylethenyl H 0.17 2.30
9 p-Fluorostyryl H 0.20 0.35

10 Phenylethenyl NH2 0.29 1.50
11 Phenylethenyl CF3 1.70 n.d.
12 Phenylethenyl CH3 0.35 1.10
13 Phenylethenyl n-C4H9 1.26 n.d.
14 Phenylethenyl Benzyl 0.34 >10

IC50 values are reported as the mean of P2 experiments.
a MK2 enzyme assay is performed as described.9
b Inhibition of LPS stimulated release of TNFa from hPBMCs.10
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addition of substituents to the styrene para position did not only
influence solubility but also improved potency up to ca. 5-fold.
Compounds 15–17 now display high MK2 activity (40–80 nM)
and show strong inhibition of TNFa release from LPS-stimulated
hPBMCs.

The synthesis of pyrrolo-pyrimidones started with bromo-
ketone 19. Cyclo-condensation with ethyl 3,3-diamino-acrylate11

in methanol yielded the desired amino-pyrrole 20, which when
treated with formamidine under forcing conditions provided the
pyrrolo-pyrimidone core structure 21. The pyridyl-2-substituent
was finally introduced by Suzuki-coupling with the corresponding
boronates (Scheme 1).

Boronates which were not commercially available were synthe-
sized either by hydroboration of the corresponding alkynes, or by a
Takai-olefination12/metalation sequence (Scheme 2). Thus, amina-
tion of ethynylbenzyl alcohol with morpholine under Zaragoza
conditions13 yielded 22, which in turn could be hydroborated
smoothly with pinacolborane using Wilkinson’s catalyst to give
the boronate 23. Compounds 25 and 27 were synthesized in the
same manner. Alternatively p-hydroxybenzaldehyde was treated
with iodoform and chromium chloride to give vinyl iodide 28.
The desired boronate 30 was then obtained after alkylation of
the phenol, iodine lithium exchange and transmetalation with
2-isopropoxy-4,4,5,5-tetramethyl-[1,3,2]dioxaborolane.

To further explore features which may be necessary for potent
MK2 inhibition, derivatives lacking either the pyrrole or the pyrim-
idine N-H were synthesized. N-Methyl derivative 31 was obtained
simply by alkylation of 16 with methyliodide. The synthesis of 34
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Scheme 1. Synthesis of pyrrolo-pyrimidone derivatives. Reagents and conditions: (a) ethyl 3,3-diamino-acrylate, NaHCO3, methanol, rt 16 h; (b) formamidine, 1-butanol,
reflux, 48 h; (c) boronate, Pd(PPh3)2Cl2, 2 N NaHCO3/1-propanol, reflux, 16 h (or microwave, 160 �C, 15 min), 10–75% (over three steps).
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Scheme 2. Synthesis of styryl-boronates. Reagents and conditions: (a) Morpholine, cyanomethyl-trimethyl-phosphonium iodide, ethyl-diisopropyl-amine, propionitrile,
reflux, 16 h, 95%; (b) 4,4,5,5-tetramethyl-[1,3,2]dioxaborolane, Rh(PPh3)3Cl, dichloromethane, rt, 24 h, 65%; (c) morpholine, EDC, dichloromethane, rt, 24 h, 73%; (d)
diethylamine, NaCNBH3, methanol/acetic acid, 93:7, rt, 16 h, 62%; (e) CHI3, CrCl2, 0 �C, 1 h, 73%; (f) dimethylaminoethyl chloride, K2CO3, acetone, 50 �C, 16 h, 68%; (g) 2-
isopropoxy-4,4,5,5-tetramethyl-[1,3,2]dioxaboro lane, t-BuLi, THF, �78 �C, 1 h; then rt, 2 h, 60%.

6144 A. Schlapbach et al. / Bioorg. Med. Chem. Lett. 18 (2008) 6142–6146
proceeded via the amino-imidazole 32, which was condensed with
ethyl acetoacetate to provide imidazolo-pyrimidone 33. Finally,
Suzuki-coupling with boronate 23 led to compound 34 (Scheme
3). Compounds 31 and 34 were both significantly less potent
MK2 inhibitors, with IC50 values of ca. 1.3 lM. This demonstrates
the importance of both H-donors for potent MK2 inhibition.
Styrene derivatives 16 and 17 which were found to be both
potent MK2 inhibitors and active in the cellular assay were further
evaluated for their selectivity towards other kinases. Testing in a
panel of 28 kinases revealed a modest degree of selectivity (Table
3). Kinases which showed strongest inhibition were the closely re-
lated kinase MK5 in addition to Aurora A, GSK3b, Jak3, JNK2, Kdr,
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Scheme 3. Synthesis of 31 and 34. Reagents and conditions: (a) NaH, MeI, DMF, rt, 16 h, 15%; (b) acetyl guanidine, acetonitrile reflux, 16 h, 50%; (c) cat H2SO4, MeOH/water,
reflux, 16 h, 45%; (d) ethyl acetoacetate, ammonium acetate, neat 140 �C; (e) 23, Pd(PPh3)2Cl2, 2 N NaHCO3/1-propanol, microwave, 160 �C, 15 min, 17% over two steps.
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and c-met. Kinases which would be predicted to interfere with our
cellular readout (TNFa release) were not (p38) or only moderately
(JNK) inhibited. Furthermore, both compounds showed no major
effect on cytotoxicity as assessed on the proliferation of THP-1 cells
and mouse bone marrow derived cells.

It was important to demonstrate that the inhibition of TNFa re-
lease from PBMCs seen with 16 and 17 directly results from inhibi-
Table 3
Kinase selectivity of compounds 16 and 17

Kinase Compound 16 IC50 [lM] Compound 17 IC50 [lM]

Alk >10 4.1
Aurora A 0.093 0.28
Btk >10 >10
CDK2 >10 8.2
ERK2 1.1 2.6
EphA4 >10 5.6
EphB4 1.7 1.4
FGFR-4 >10 6.8
GSK3b 0.30 0.53
HER1 >10 3.3
HER2 >10 9.5
IGF1R >10 6.4
Ins1R >10 7.8
Jak2 1.3 3.6
Jak3 0.31 1.0
JNK1 4.0 0.96
JNK2 0.95 0.24
Kdr 0.10 0.19
Lck 6.0 4.3
MK5 0.024 0.028
PDK1 2.2 3.4
PDGFRa 2.0 3.3
PKA 6.7 >10
PKB >10 >10
Syk 6.2 2.5
c-Kit 5.2 6.1
c-Met 0.085 0.14
p38 >10 >10

total hsp27 

Figure 2. Inhibition of hsp27 phosphorylation in LPS-stimulated THP-1 cells.15
tion of MK2. Thus, we determined if the phosphorylation of hsp27,
a direct downstream target of MK214 was also inhibited. Phosphor-
ylated hsp27 is hardly detectable under basal conditions, and
strongly induced upon stimulation with LPS (Fig. 2). Compounds
16 and 17 inhibited the LPS-stimulated phosphorylation of hsp27
dose dependently, while total hsp27 was not affected.15 This sug-
gests that perturbation of cytokine release is indeed mediated via
inhibition of MK2.16

In summary, we have discovered a new class of MK2 inhibitors:
Pyrrolo-pyrimidones. Essential features for potent inhibition of
MK2 within this compound class are a styrene substituent, opti-
mally substituted with a polar head group as well as the pyrrole-
and pyrimidone NH donors. Compounds 16 and 17 represent
derivatives, which potently inhibit MK2 with modest selectivity
in a panel of 28 kinases and exert cellular activity by inhibition
of both TNF release from LPS-stimulated PBMCs and hsp27
phosphorylation.
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