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Alkyl chain substituted 1,9-pyrazoloanthrones
exhibit prominent inhibitory effect on c-Jun
N-terminal kinase (JNK)†

Karothu Durga Prasad,a Jamma Trinath,b Ansuman Biswas,c Kanagaraj Sekar,*d

Kithiganahalli N. Balaji*b and Tayur N. Guru Row*a

N-Alkyl substituted pyrazoloanthrone derivatives were synthesized, characterized and tested for their

in vitro inhibitory activity over c-Jun N-terminal kinase (JNK). Among the tested molecules, a few deriva-

tives showed significant inhibitory activity against JNK with minimal off-target effect on other mitogen-

activated protein kinase (MAP kinase) family members such as MEK1/2 and MKK3,6. These results

suggested that N-alkyl (propyl and butyl) bearing pyrazoloanthrone scaffolds provide promising thera-

peutic inhibitors for JNK in regulating inflammation associated disorders.

1. Introduction

Cellular physiological processes are critically tailored by
numerous signalling pathways. Regulated activation of
Mitogen Activated Protein Kinase (MAP kinase) family
members determine the extent of mammalian gene
expression.1 Lipopolysaccharide (LPS), chief constituent of
endotoxin, is the major cause of sepsis. Endotoxin mediated
septic shock is mainly characterised by drastic and sudden
augmentation of several inflammatory genes like IL-12, IL-1β,
and TNF-α.2 Exaggerated levels of these cytokines derails the
host immune homeostasis, leading to inflammation associ-
ated risks like cardiac arrest, arthritis, etc.3 Activation of the
host cellular signalling pathways comprised of MAP kinases
such as ERK1/2, p38 and JNK predominantly at the ground
level is the key regulatory step in fine-tuning the immune cell
associated functions.4,5 Design and characterization of novel
small molecules on the one hand and potentiating the exiting
target specific inhibitors on the other attain crucial
importance in the treatment of inflammation associated

disorders.6–8 JNK (Jun N-terminal kinase), a stress activated
protein kinase (SAPK), is one of the important members of the
MAP kinase family along with MEK1/2, MEK3,6, MKK4,7, etc.
that mediates the activation of the key transcription factor
AP-1 (Activator Protein-1 complex composed of c-Fos and
c-Jun).9–13 Activated JNK phosphorylates c-Jun at the Ser63
position and eventually leads to formation of a functional AP-1
transcription factor complex.14,15 To date, three JNKs were
identified in humans (JNK1, JNK2 and JNK3). In addition to
these, 10 subsidiary isoforms arise from these JNKs as splice
variants.16 JNKs with several isoformic variants control crucial
cellular processes like apoptosis and cell proliferation and are
also implicated in disorders associated with inflammation like
septic shock, arthritis, inflammatory bowel disease, etc.17,18

Therapeutic inhibition of JNK activity by small molecule
inhibitors has proven to be advantageous in the treatment of
diseases coupled with derailed inflammation.19,20

Even though several inhibitors of JNK have already been
reported21–23 with varied efficacies, the role of anthracyclines
identified in the screening of anti-cancer drugs24 had not been
focused in terms of kinase inhibitors until the introduction of
1,9-pyrazoloanthrone (SP600125) by Brydon et al.19 SP600125,
a flat molecule25 with a free NH group in the pyrazole ring,
acts as a reversible ATP competitive inhibitor and has proved
to be a small molecule inhibitor of JNK among several tested
kinases.26–28 But the methyl and ethyl derivatives of pyrazo-
loanthrone exhibited loss of inhibitory activity19 and hence
other higher alkyl derivatives were not tested. From a chem-
istry perspective, the tautomerism in 1,9-pyrazoloanthrone
(anthra[1,9-c,d]pyrazol-6-one, Fig. 1a) was confirmed by the
existence of two positional isomers after alkylation (Fig. 1b).29

According to Scapin and co-workers,30 the crystal structure of
JNK3 with 1,9-pyrazoloanthrone (PDB code: 1PMV) showed
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higher selectivity towards inhibition compared to the other
molecules. It was shown that SP600125 interacts with the
protein via hydrogen bonds with the carbonyl oxygen of
Glu147 and the main chain nitrogen of Met149. In addition,
several hydrophobic contacts with Ile70, Ala91, Met146,
Leu148, Asp150, Asn152, Val196 and Leu206 (Fig. 1c) were
identified in the enzyme–inhibitor complex.

In this context, it may be surmised that an increase in the
alkyl chain length on the nitrogen atom might invoke
additional hydrophobic contacts in the active site of JNK, a
feature which needs to be explored. In the present study the
tautomerism in 1,9-pyrazoloanthrone was substantiated by the
positional isomers of alkyl derivatives and the structures have
been established by single crystal X-ray diffraction studies.
Based on calculated binding abilities with JNK structure gene-
rated from the in silico screening, 10 molecules were selected
for initial screening of their kinase inhibitory activity. Among
the tested molecules, a few of them show specific inhibition of
JNK among the several MAP kinases with favourable concen-
trations in the range of 1–20 μM. These molecules deserve
further evaluation in terms of their pharmacokinetic pro-
perties as well as biological functions to be potent therapeutics
in resolving inflammation.

2. Results and discussion
2.1. Synthesis

Based on preliminary results obtained with pyrazoloanthrones
in in silico screening, N-alkyl substituted pyrazoloanthrones
were synthesized according to modified procedures (ESI†). The
compounds were characterized by 1H & 13C NMR, and HR-MS,
and the purity was assessed by the analytical HPLC method
and found to be >98%. The crystal structures of these com-
pounds were determined by single crystal X-ray diffraction.

2.2. Crystal structure determination

Substitution of an alkyl group on the pyrazole ring in 1,9-pyra-
zoloanthrone forms two isomers. For example, two isomers of

the butyl derivative of 1,9-pyrazoloanthrone (designated as
SPB1 and SPB2) were crystallized from a mixture of 30%
EtOAc–hexane and their crystal structures were determined
(Fig. 2; Table 1). Similarly, several alkyl derivatives of pyrazolo-
anthrone (SPM1, SPE2, SPP1 and SPP2; ESI†) were crystallized
by slow evaporation at ambient temperatures and their crystal
structures were determined.

2.3. Virtual screening

The binding efficiencies of the alkyl derivatives were tested
in silico using docking simulations around the active site of
the protein. The known inhibitor SP600125 (537) was docked
into the active site of JNK3 to obtain an estimate of its binding
energy (−8.05 kcal mol−1). The predicted binding energies of
the other molecules (listed in Table 2 according to increasing
length of the alkyl group) were compared with this value. Com-
pared to SP600125, all the derivatives, except SPM1 and SPE2,
showed enhanced hydrophobic contacts. With the increase in

Fig. 1 Chemical structures of (a) 1,9-pyrazoloanthrone and (b) N-alkyl-
ated pyrazoloanthrones. (c) Ligplot representation of interactions in the
active site of JNK3 with SP600125 (1PMV).

Fig. 2 ORTEP diagram of (a) SPB1 and (b) SPB2 with 50% probability
displacement ellipsoids.

Table 1 Crystallographic data for compounds SPB1 and SPB2

Compound SPB1 SPB2

Formula C18H16N2O C18H16N2O
Formula weight 276.3324 276.3324
System Orthorhombic Monoclinic
Space group P212121 P21/c
a (Å) 4.909(5) 4.933(2)
b (Å) 14.694(2) 15.036(7)
c (Å) 19.031(2) 18.387(9)
α 90 90
β 90 91.93(5)
γ 90 90
Volume (Å3) 1372.93(3) 1363.07(2)
Z 4 4
Density (g cm−3) 1.34 1.35
μ (mm−1) 0.084 0.085
F (000) 583.9 583.9
No. of measured reflections 9877 21 681
No. of unique reflections 3001 2671
No. of reflections used 1861 2173
R_all, R_obs 0.120, 0.067 0.058, 0.045
wR2_all, wR2_obs 0.193, 0.152 0.109, 0.102
Δρmin,max (e Å

−3) −0.216, 0.257 −0.226, 0.234
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length of the substituting alkyl group, improved binding ener-
gies were observed. It is of interest to note that the binding
energies of SPB1 and SPB2 are comparable to those of the
parent compound and are enhanced in the case of SPEN1 and
SPEN2 respectively.

As described in Fig. 1b the parent molecule 1,9-pyrazoloan-
throne in the protein–inhibitor complex interacts with the
protein via hydrogen bonds involving the carbonyl oxygen of
Glu147 and the main chain nitrogen of Met149. The second
hydrogen bonding is conserved in the interactions of all the
N-alkylated pyrazoloanthrones (ESI†) with the JNK protein
(1PMV), as observed from the docking simulations. Fig. 3a and
3b show the binding characteristics of SPB1 and SPB2 with
conserved hydrogen bonding involving MET149. The Ligplot
representations of interactions of the other derivatives are
presented in ESI.†

2.4. Biological activity

2.4.1. Evaluation of the biological efficacies of alkyl substi-
tuted pyrazoloanthrones. Sometimes the inhibitor activity of
compounds could also be a result of their toxic effects and
consequently might cause a flawed conclusion. Hence, prior to
utilization of these small molecules as inhibitors, the cytotoxic
effect of these on macrophages at various concentrations has

been analyzed by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide) assays. All the tested small molecules
exhibited cytotoxic effects greater than 20–30% only beyond
30 μM concentration (Fig. 4). DMSO is utilized in the study as
a solvent control as it shows no significant cytotoxic effect and
helps in confirming the specificity of the alkyl derivatives of
1,9-pyrazoloanthrone in dampening the cell survival. Based on
these results, the maximum concentration of the pyrazolo-
anthrone derivatives that can be tested for target specific inhi-
bition of JNK has been narrowed down to a range of 1 μM to
30 μM in further studies.

The kinase inhibitory effect of alkyl substituted pyrazolo-
anthrones was studied by monitoring the phosphorylation of
c-Jun, an immediate downstream target of activated JNK in
macrophages by the immunoblotting technique. All the alkyl
substituted derivatives of pyrazoloanthrone exhibited the inhi-
bition of JNK over a range of concentrations tested in LPS acti-
vated mouse macrophages. Of the compounds tested, SPP1,
SPB1 and SPEN1 (propyl, butyl and pentyl derivatives of pyra-
zoloanthrone) demonstrated the inhibition of JNK at lower
concentrations ranging from 1 µM to 5 µM whereas 1,9-pyrazo-
loanthrone showed inhibition with the minimum requirement
of 10 µM in LPS activated macrophages as shown in Fig. 5D–F
and H respectively. As reported by Brydon et al., the methyl
and ethyl derivatives of pyrazoloanthrone showed significant
loss in inhibitory activity;19 however, compounds with propyl
and butyl substitutions (SPP1, SPB1 and SPB2) showed signifi-
cant inhibitory function starting from 1 µM whereas SPEN1
showed inhibition from 5 µM onwards. Intriguingly, all these
obtained concentrations after the initial screen are far lower as
compared to 1,9-pyrazoloanthrone which initiates inhibition
only beyond 10 µM (Fig. 5H).

Thus, the fact that the substitution of alkyl chains of
increasing length enhances the hydrophobic interaction poten-
tial is quite evident from the extent of inhibitory activity with
SPP1 ≈ SPB1 > SPEN1 > SPM1 > SPE1. On the other hand, pyra-
zoloanthrone isomers (derivatives with alkyl substituents on
the left side of the pyrazole ring) such as SPP2 (5 μM) and
SPB2 (1 μM) also showed significant inhibition of JNK
activity as well as phosphorylation of c-Jun in comparison with
1,9-pyrazoloanthrone. It is noteworthy that on further exten-
sion of chain length like in the case of the pentyl derivative of
1,9-pyrazoloanthrone, there is a sudden drop in the inhibitory
activity and this may be attributed to the requirements of con-
served hydrogen bonding at the binding site as demonstrated
by the auto dock studies. Interestingly, SPP1 and SPB1 exhibi-
ted the inhibitory effect at a concentration lower than 1,9-
pyrazoloanthrone.

In order to evaluate the specific inhibitory activity of SPB1
and SPP1 molecules over JNK compared to LPS induced acti-
vation of other MAP kinases such as ERK1/2 and p38, immu-
noblot analysis of the active state of ERK1/2 and p38 was
carried out. SPP1 and SPB1 block LPS induced activation of
ERK1/2 and p38 only at concentrations beyond 30 μM with
marginal off target effects (Fig. 6). These results suggest that
alkyl substituted pyrazoloanthrone scaffolds need to be further

Fig. 3 Ligplot representation of interactions in active site of JNK3 with
(a) SPB1 and (b) SPB2.

Table 2 Binding energies of 1,9-pyrazoloanthrone derivatives

Protein Ligand

Binding
energy
(kcal mol−1)

Hydrogen bond
between protein
atom and ligand
atom

No. of
hydrophobic
contacts

1PMV 537 −8.05 Met149 N⋯N 9
SP600125 Glu147 O⋯N
SPM1 −7.70 Met149 N⋯O 7
SPM2 −7.80 Met149 N⋯O 11
SPE1 −7.87 Met149 N⋯O 9
SPE2 −7.90 Met149 N⋯O 11
SPP1 −7.88 Met149 N⋯O 11
SPP2 −8.09 Met149 N⋯O 13
SPB1 −8.11 Met149 N⋯O 13
SPB2 −8.27 Met149 N⋯O 14
SPEN1 −8.61 Met149 N⋯O 11
SPEN2 −8.69 Met149 N⋯O 13
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explored to treat inflammatory disorders with higher speci-
ficity at lower concentrations.

3. Conclusions

In conclusion, the synthesis, isolation and structural determi-
nation of alkyl isomers of pyrazoloanthrone derivatives have
been achieved. The minimum required inhibitory concen-
tration of these small molecule inhibitors was found to be less
than 10 μM in comparison with 1,9-pyrazoloanthrone to
inhibit JNK. The structural correlations appear to support the
inhibitor evaluation. The alkyl substituted scaffolds lead to
molecules with potent and selective inhibition of JNK. Criti-
cally, our lead candidates SPP1 and SPB1 display specific inhi-
bition of JNK among other LPS activated MAP kinases like
ERK1/2 and p38. Our results suggest that these two scaffolds
of inhibitors SPP1 and SPB1 would be promising leads for the
future development of more potent and selective inhibitors to
treat disorders associated with inflammation.

4. Experimental section
4.1. Materials and methods

Isolation of mouse peritoneal macrophages. Macrophages
utilized in the study were isolated from C57/BL6J mice. In
brief, mice were intraperitoneally injected with thioglycolate
(2 mL of 2X concentration per mice). After 4 days of injection,
mice were sacrificed. Peritoneal cavities were flushed with ice
cold PBS and centrifuged to obtain the macrophages. Thus,
the obtained cells were resuspended in DMEM containing
10% FBS (Sigma Aldrich) and seeded for further experiments.
The experiments with mouse macrophages were carried out
after the approval from the Institutional Ethics Committee for
animal experimentation as well as from the Institutional Bio-
safety Committee.

4.2. Cell viability assay

Mouse macrophages were seeded in 96 well plates (75 000 cells
per well) in 200 μl of DMEM complete medium and incubated

Fig. 4 Analysis of cytotoxic effect of small molecules by the MTT assay. Mouse peritoneal macrophages were treated with respective molecules at
various concentrations for 12 hours and cell viability was analyzed by the MTT assay.

Organic & Biomolecular Chemistry Paper

This journal is © The Royal Society of Chemistry 2014 Org. Biomol. Chem., 2014, 12, 4656–4662 | 4659

Pu
bl

is
he

d 
on

 0
5 

M
ay

 2
01

4.
 D

ow
nl

oa
de

d 
by

 T
he

 U
ni

ve
rs

ity
 o

f 
M

el
bo

ur
ne

 L
ib

ra
ri

es
 o

n 
12

/1
0/

20
14

 2
1:

44
:3

7.
 

View Article Online

http://dx.doi.org/10.1039/c4ob00548a


Fig. 5 Optimum inhibitory concentrations of 1,9-pyrazoloanthrone derivatives over phosphorylation of c-Jun. B–F and J–N show the immunoblots
for phospho c-Jun in LPS (100 ng ml−1) activated macrophages at different concentrations of inhibitors tested. A, G and I represent the structures of
1,9-pyrazoloanthrone and its derivatives.

Fig. 6 Elucidation of the off-target effect of SPB1 and SPP1 over LPS induced MAP kinase activation. (A, B and C) Immunoblot analysis of LPS
induced activation of p38, ERK1/2 in the presence of various concentrations of SP600125, SPB1 and SPP1 respectively in mouse macrophages.
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overnight. Later, the cells were treated with small molecules
reconstituted in DMSO at various concentrations as mentioned
for 12 hours. Post 12 hour treatment, the medium was
removed carefully and fresh medium (100 μl per well) was
added. 20 μl of 5 mg ml−1 of MTT reagent was added to each
well and incubated for 4 hours at 37 °C aseptically. The
medium was removed and DMSO (100 μl per well) was added
to the cells and left on an orbital shaker (150 rpm) for 15 min.
After incubation, absorbance was read at 590 nm. Untreated
cells served as the control in all the cell viability assays.

4.3. Treatment with small molecule inhibitors

All the small molecules utilized in the study were reconstituted
in sterile DMSO (Sigma-Aldrich, USA) and used at various con-
centrations as mentioned. DMSO at 0.1% concentration was
used as the vehicle control. In all experiments with inhibitors,
a tested concentration was used after careful titration experi-
ments assessing the viability of the macrophages using the
MTT assay. In experiments with inhibitors, the cells (4 × 106

per well) were treated with a given inhibitor for 60 min before
experimental treatment.

4.4. Immunoblotting

Macrophages were treated with respective small molecule
inhibitors as mentioned and then stimulated with LPS (Sigma-
Aldrich, USA), 100 ng ml−1, for an additional 60 min. Cells
were washed twice with PBS, scrapped off the culture dish and
collected by centrifugation. Cell lysates were prepared in RIPA
buffer constituting 50 mM Tris-HCl (pH 7.4), 1% NP-40, 0.25%
sodium deoxycholate, 150 mM NaCl, 1 mM EDTA, 1 mM
PMSF, 1 μg ml−1 of each aprotinin, leupeptin, pepstatin, 1 mM
Na3VO4, and 1 mM NaF and incubated in ice for 30 min.
Whole cell lysates were collected by centrifuging lysed cells at
13 000 rpm for 10 min at 4 °C. Equal amounts of protein from
each cell lysate were subjected to SDS-PAGE and transferred
onto PVDF membranes (Millipore, USA) by the semidry
western blotting (Bio-Rad, USA) method. Nonspecific binding
was blocked with 5% nonfat dry milk powder in TBST (20 mM
Tris-HCl (pH 7.4), 137 mM NaCl, and 0.1% Tween 20) for
60 min. The blots were probed with anti-phospho Ser63 c-Jun
for 12 hours at 4 °C and then washed with TBST thrice fol-
lowed by anti-rabbit IgG HRP conjugated secondary antibody
for 2 hours at 4 °C. Blots were washed and developed using the
enhanced chemiluminescence detection system (Perkin Elmer,
USA) as per the manufacturer’s instructions. Blots were probed
with anti-β-actin HRP (Sigma-Aldrich, USA) to ensure equal
loading of protein.

4.5. Docking

The three-dimensional (3D) structures of all ten small mole-
cules were modelled and minimised using the PRODRG
server31 and single crystal structures. AutoDock (version 4.2)32

was used for the ligand–protein docking. The Lamarckian
Genetic Algorithm was used with a population of 200 dock-
ings. The docking output was analysed using Pymol and
Ligplot.33 Hydrogen bonds were determined using the in-built

HBPLUS34 module in Ligplot with hydrogen bonding para-
meters (D⋯A distance ≤3.35 Å, H⋯A ≤2.7 Å).

Abbreviations

c-JNK c-Jun N-terminal kinase
MAP Kinase Mitogen activated protein kinase
LPS Lipopolysaccharide
ERKs Extracellular signal-regulated kinases
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