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Abstract: The title compound N1-{4-[2-(methylthio)-1H-imidazol-5-yl]pyridin-2-yl}benzene-1,4-
diamine (2) was synthesized via nucleophilic aromatic substitution of 2-chloro-4-[2-(methylthio)-1H-
imidazol-5-yl]pyridine (3) and p-phenylenediamine under acidic conditions. The synthesized
compound 2 was characterized by 1H-NMR, 13C-NMR, MS HPLC, IR and UV-VIS. Additionally,
the structure of 2 was confirmed by single crystal X-ray diffraction. Pyridinylimidazole 2 displays
moderate affinity towards the c-Jun N-terminal kinase 3 and shows selectivity versus the closely
related p38αmitogen-activated protein kinase.

Keywords: pyridinylimidazole; kinase inhibitor; c-Jun N-terminal kinase 3; JNK3; heterocycle; single
crystal diffraction

1. Introduction

2-Alkylsulfanylimidazoles represent an important class of kinase inhibitors [1]. Most of the
reported compounds belonging to this class have been reported as potent reversible inhibitors of
p38α mitogen-activated protein (MAP) kinase displaying IC50 values down to the low nanomolar
range [2–6]. In addition, several 2-alkylsulfanylimidazoles were employed in recent studies as lead
structures for the design of inhibitors of other protein kinases not belonging to the MAP kinase family,
e.g. the epidermal growth factor receptor kinase (EGFR) [7,8] as well as the protein kinases CK1δ and
CK1ε [9].

N1-{4-[4-(4-Fluorophenyl)-2-(methylthio)-1H-imidazol-5-yl]pyridin-2-yl}benzene-1,4-diamine (1)
was synthesized in our group and served as a lead compound for the design of both reversible and
covalent c-Jun N-terminal kinase 3 (JNK3) inhibitors [10,11] as well as representing a precursor for
fluorescein-labelled pyridinylimidazole PIT0105006, which is used as a reporter molecule in different
fluorescence polarization-based binding assays [12,13].

Pyridinylimidazole 1 is a potent dual p38α MAP kinase/JNK3 inhibitor displaying IC50 values of
17 and 24 nM, respectively, in the corresponding activity assays. To estimate the contribution of the
4-fluorophenyl ring to the inhibitory activity, this moiety was removed resulting in the title compound 2
(Figure 1).
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Figure 1. Structure of dual p38α mitogen-activated protein (MAP) kinase/c-Jun N-terminal kinase 3 
(JNK3) inhibitor 1 and design of the title compound 2. 

2. Results and Discussion 

2.1. Chemistry 

The synthesis of the new compound N1-{4-[2-(methylthio)-1H-imidazol-5-yl]pyridin-2-
yl}benzene-1,4-diamine (2) is depicted in Scheme 1. 2-Chloro-4-[2-(methylthio)-1H-imidazol-5-
yl]pyridine (3) was reacted with p-phenylenediamine (4) in a pressure tube for 12 h at 180 °C using 
an ethanolic HCl solution as solvent. The reaction was concentrated under reduced pressure and the 
residue was purified twice by flash-column chromatography. The chemical structure of 2 was 
determined by 1H-nuclear magnetic resonance spectroscopy (NMR), 13C-NMR MS, IR, UV-VIS and 
X-ray diffraction (Figure 2) and its purity was analyzed by high performance liquid chromatography 
(HPLC).  
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Scheme 1. Synthesis of N1-{4-[2-(methylthio)-1H-imidazol-5-yl]pyridin-2-yl}benzene-1,4-diamine (2). 
(i) 1.25 M HCl in EtOH, 12 h, 180 °C. 

 
Figure 2. Crystal structure of the title compound 2. 
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Figure 1. Structure of dual p38αmitogen-activated protein (MAP) kinase/c-Jun N-terminal kinase 3
(JNK3) inhibitor 1 and design of the title compound 2.

2. Results and Discussion

2.1. Chemistry

The synthesis of the new compound N1-{4-[2-(methylthio)-1H-imidazol-5-yl]pyridin-2-yl}benzene-
1,4-diamine (2) is depicted in Scheme 1. 2-Chloro-4-[2-(methylthio)-1H-imidazol-5-yl]pyridine (3) was
reacted with p-phenylenediamine (4) in a pressure tube for 12 h at 180 ◦C using an ethanolic HCl
solution as solvent. The reaction was concentrated under reduced pressure and the residue was
purified twice by flash-column chromatography. The chemical structure of 2 was determined by
1H-nuclear magnetic resonance spectroscopy (NMR), 13C-NMR MS, IR, UV-VIS and X-ray diffraction
(Figure 2) and its purity was analyzed by high performance liquid chromatography (HPLC).
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Figure 1. Structure of dual p38α mitogen-activated protein (MAP) kinase/c-Jun N-terminal kinase 3 
(JNK3) inhibitor 1 and design of the title compound 2. 
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The synthesis of the new compound N1-{4-[2-(methylthio)-1H-imidazol-5-yl]pyridin-2-
yl}benzene-1,4-diamine (2) is depicted in Scheme 1. 2-Chloro-4-[2-(methylthio)-1H-imidazol-5-
yl]pyridine (3) was reacted with p-phenylenediamine (4) in a pressure tube for 12 h at 180 °C using 
an ethanolic HCl solution as solvent. The reaction was concentrated under reduced pressure and the 
residue was purified twice by flash-column chromatography. The chemical structure of 2 was 
determined by 1H-nuclear magnetic resonance spectroscopy (NMR), 13C-NMR MS, IR, UV-VIS and 
X-ray diffraction (Figure 2) and its purity was analyzed by high performance liquid chromatography 
(HPLC).  
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Scheme 1. Synthesis of N1-{4-[2-(methylthio)-1H-imidazol-5-yl]pyridin-2-yl}benzene-1,4-diamine (2). 
(i) 1.25 M HCl in EtOH, 12 h, 180 °C. 
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yl}benzene-1,4-diamine (2) is depicted in Scheme 1. 2-Chloro-4-[2-(methylthio)-1H-imidazol-5-
yl]pyridine (3) was reacted with p-phenylenediamine (4) in a pressure tube for 12 h at 180 °C using 
an ethanolic HCl solution as solvent. The reaction was concentrated under reduced pressure and the 
residue was purified twice by flash-column chromatography. The chemical structure of 2 was 
determined by 1H-nuclear magnetic resonance spectroscopy (NMR), 13C-NMR MS, IR, UV-VIS and 
X-ray diffraction (Figure 2) and its purity was analyzed by high performance liquid chromatography 
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Scheme 1. Synthesis of N1-{4-[2-(methylthio)-1H-imidazol-5-yl]pyridin-2-yl}benzene-1,4-diamine (2). 
(i) 1.25 M HCl in EtOH, 12 h, 180 °C. 
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2.2. Biological Activity

Pyridinylimidazole 2 was evaluated in enzyme-linked immunosorbent assays [14–17] for its
ability to inhibit the MAP kinases JNK3 and p38α MAP kinase (Table 1) and its biological activities
were compared to compound 1 (Table 1).
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Table 1. Evaluation of pyridinylimidazoles 1 and 2 for p38αMAP kinase and JNK3 inhibition.

Compound IC50 (nM) a

p38α MAP kinase b JNK3 c

1 17 24
2 3679 410

a n = 3; b ATP concentration: 100 µM; c ATP concentration: 10 µM.

The removal of the 4-fluorophenyl moiety present in parent compound 1 resulted in a >200-fold
decreased inhibitory activity on p38α MAP kinase, whereas in the case of JNK3 only a 17-fold drop in
potency was observed. Pyridinylimidazole 2 inhibited JNK3 in the triple-digit nanomolar range and
displayed selectivity versus the closely related p38αMAP kinase.

2.3. X-Ray Structure

The crystal packing of 2 features numerous hydrogen bonds, generating a three-dimensional
network (Figure 3). The imidazole N–H group (N17-H) acts as a hydrogen bond donor for an interaction
to the pyridine-N atom (N14) of another molecule. The imidazole N atom (N19) accepts two hydrogen
bonds from the primary amine (N7–H2) of two different molecules.
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Figure 3. Partial packing diagram of 2. Intermolecular hydrogen bonds are indicated as dashed lines.

The benzene ring makes dihedral angles of 56.25(15)◦ and 57.72(15)◦ with the pyridine ring and
imidazole ring, respectively. The pyridine ring is almost in a parallel orientation to the imidazole ring
(dihedral angels: 1.69(15)◦).
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3. Materials and Methods

3.1. General

All reagents and solvents were of commercial quality and utilized without further purification.
The purity of the title compound 2 was determined by reverse phase HPLC (Agilent Technologies,
Santa Clara, CA, USA). An Agilent 1100 Series HPLC system was used, equipped with a UV DAD
(detection at 218, 254 and 280 nm). The chromatographic separation was performed on an XBridgeTM
C18 column (150 × 4.6 mm, 5 µm) at 30 ◦C oven temperature. The injection volume was 10 µL and
the flow was 1.5 mL/min using the following gradient: 0.01 M KH2PO4, pH 2.3 (solvent A), MeOH
(solvent B), 45% B to 85% B in 9 min; 85% B for 6 min; stop time 16 min. Column chromatography
was performed on Davisil LC60A 20–45 µm silica from Grace Davison and Geduran Si60 63–200 µm
silica from Merck (Merck, Darmstadt, Germany) for the pre-column using an Interchim PuriFlash
430 automated flash chromatography system. NMR spectra were measured on a Bruker Avance
NMR spectrometer (Bruker Daltonik GmbH, Bremen, Germany) at 400 MHz. Chemical shifts are
reported in parts per million (ppm) relative to tetramethylsilane. All spectra were calibrated against
the (residual proton) peak of the deuterated solvent used. Mass spectra were performed on an Advion
Expression S electrospray ionization mass spectrometer (ESI-MS) (Advion, Ithaka, NY, USA) with TLC
interface. Melting point was determined on a Mettler Toledo MP70 Melting Point System (Mettler
Toledo, LLC, Columbus, OH, USA). The IR spectra was recorded on a Thermo Scientific Nicolet 380
FT-IR (Thermo Fisher Scientific, Waltham, MA, USA) using ATR technology and strong, medium
and weak peaks are represented by s, m and w, respectively. The UV-VIS spectrum was measured
on a VWR UV-1600PC Spectrophotometer (VWR international GmbH, Darmstadt, Germany). X-ray
diffraction data were collected on a STOE IPDS 2T diffractometer (Stoe & Cie GmbH, Darmstadt,
Germany) using monochromated Mo Kα radiation (0.71073 Å).

3.2. Chemistry

In a pressure vial 2-chloro-4-[2-(methylthio)-1H-imidazol-5-yl]pyridine (3)11 (248 mg, 1.1 mmol)
and p-phenylenediamine (4) (154 mg, 1.5 mmol) was dissolved in n-butanol and 1.25 M HCl in EtOH
(880 µL, 1.1 mmol) was added in one portion. The vial was tightly closed, and the reaction was
heated at 180 ◦C and stirred for 12 h. The solvent was evaporated at reduced pressure and the residue
was purified twice by flash column chromatography (SiO2, DCM/EtOH gradient elution from 97:03
to 50:50 and SiO2, DCM/EtOH 85:15) to yield 165 mg (50%) of the title compound 2. Brown block
crystals of 2 suitable for X-ray determination were obtained by slow evaporation of a solution of the
solid in ethanol at 25 ◦C. Mp. 204 ◦C; 1H-NMR (400 MHz, DMSO-d6) δ 2.57 (s, 3H), 4.73 (br. s, 2H,
exchangeable), 6.52 (d, J = 8.6 Hz, 2H), 6.89 (d, J = 5.1 Hz, 1H), 7.07 (s, 1H), 7.23 (d, J = 8.3 Hz, 2H),
7.73 (s, 1H), 7.94 (d, J = 5.3 Hz, 1H), 8.40 (s, 1H, exchangeable), 12.42 (br. s, 1H, exchangeable); 13C-NMR
(101 MHz, DMSO-d6) δ 15.3 (CH3), 103.2 (CH), 108.9 (CH), 114.2 (CH), 116.6 (Cq), 121.3 (CH), 131.0
(Cq), 139.3 (Cq), 141.8 (Cq), 141.9 (Cq), 143.1 (Cq), 147.3 (CH), 157.5 (Cq); IR (ATR) 3387m, 3305w (NH2),
3220w (NH2), 3146w (CHAr), 2921w (CH), 1605s, 1573m (C-C Ar), 1516s, 1487s, 1430s, 1082m, 825m,
788s, 514m, 465 cm−1; UV-VIS: λmax 267 nm (log ε = 73.98) in methanol; ESI-MS: (m/z) 296.2 [M − H]−,
298.2 [M + H]+; HPLC: tr = 1.860 min (purity 100%, 254 nm; purity 97.8%, 280 nm). Crystal data for
C15H15N5S (M = 297.38 g·mol−1): Orthorhombic space group Pbca, a = 17.0850 (8) Å, b = 9.5083 (4) Å,
c = 18.1054 (7) Å, V = 2941.2 (2) Å3, Z = 8, T = 193 K, µ(MoKα) = 0.22 mm−1, Dcalc = 1.343 m·gm−3,
8551 reflections measured (2.4◦ ≤ θ ≤ 27.9◦), 3502 unique (Rint = 0.1557, Rsigma = 0.0607) which were
used in all calculations. CCDC 1895079 contains the supplementary crystallographic data for this paper.
These data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html.

http://www.ccdc.cam.ac.uk/conts/retrieving.html
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4. Conclusions

The synthesis of N1-{4-[2-(methylthio)-1H-imidazol-5-yl]pyridin-2-yl}benzene-1,4-diamine (2) was
performed via nucleophilic aromatic substitution of 2-chloro-4-[2-(methylthio)-1H-imidazol-5-yl]pyridine
(3) and p-phenylenediamine (4) under acidic conditions. The analytical characterization of the
novel compound 2 comprised 1H-NMR, 13C-NMR, MS, HPLC, IR, UV-VIS and single crystal X-ray
diffraction. Biological evaluation revealed pyridinylimidazole 2 to be a moderate inhibitor of JNK3
displaying selectivity versus the closely related p38αMAP kinase.

Supplementary Materials: The following are available online, Figure S1: 1H-NMR of 2; Figure S2: 13C-NMR of 2;
Figure S3: ESI-MS of 2; Figure S4: HPLC of 2; Figure S5: IR of 2; Figure S6: UV-VIS of 2.
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