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Abstract
	 Phosphodiesterase 7 (PDE7), one of the members of PDE family has been 
reported as potential therapeutic target involved in inflammation. The present work was 
designed to synthesize and evaluate the anti-inflammatory activity of some newer sub-
stituted triazole derivatives as potential PDE7 inhibitors. A series of substituted triazole 
derivatives was synthesized and evaluated by in silico studies to determine the binding 
interactions for the best-fit conformations in the binding site of the PDE7 protein. The 
selected compounds from in silico studies were evaluated further for their anti-inflam-
matory activity in the animal models. Amongst the synthesized molecules, compound 
3 showed higher anti-inflammatory activity. The in vivo results showed accordance to 
that of in silico results. Most of the synthesized molecules were found to have drug-like 
properties as devised by Lipinski’s rule of five. These molecules can act as the starting 
hits for the design of safe, effective and orally bioavailable PDE7 inhibitors for the 
treatment of various inflammatory disorders.
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Introduction

	 Phosphodiesterases (PDEs) are a diverse family of 
enzymes that catalyze the hydrolysis of the cyclic nucleotides 
adenosine 3ʹ, 5ʹ-cyclic monophosphate (cAMP) and guanosine 
3ʹ, 5ʹ-cyclic monophosphate (cGMP) to inactive 5ʹ - nucleotide 
metabolites and thus play a major role in regulating intracellular 
levels of cyclic nucleotides[1]. PDE isoforms are grouped into 11 
families and differ in substrate specificity, affinity, tissue distri-
bution and regulatory mechanisms[1,2]. PDE7 is a cAMP-specif-
ic enzyme which catalyzes hydrolysis of cAMP into adenosine 
monophosphate and is widely expressed both on lymphocytes 
and in certain brain regions and involved in pro-inflammatory 
processes[2,3]. Intracellular secondary messenger, cAMP regu-
lates many biological responses in humans like inflammation, 
lipid metabolism, and apoptosis. cAMP is believed to help in 
maintaining immune homeostasis by promoting the release of 
anti-inflammatory mediators and suppressing the release of 
proinflammatory mediators by immune cells[4,5]. A wide range 
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of anti-inflammatory effects such as decreased proliferative 
response, decreased pro-inflammatory cytokine production, 
and decreased surface marker expression in leukocytes can be 
achieved through elevation of intracellular cAMP levels. The 
inflammatory disorders such as asthma and chronic obstructive 
pulmonary disease are treated by increasing cAMP levels[6,7]. 
PDE7 inhibition leads to increased levels of cAMP resulting in 
decreased edema, cellular inflammation, mucous secretion and 
bronchoconstriction. Efficacy of PDE7 inhibitors as anti-inflam-
matory agents in animal models has been reported recently and 
represents a new class of drugs for the treatment of inflammatory 
disorders[8,9]. The only commercially available PDE7 inhibitor is 
BRL50481 (3-(N,N-dimethylsulfonamido)-4-methyl-nitroben-
zene) discovered in 2004[10,11]. In last few years, a wide variety of 
heterocyclic molecules including benzothieno-thiadiazines[12], 
quinazoline derivatives[13], thiadiazole derivatives[14], purine 
derivatives[15], pyrimidine derivatives[16], pyrimidones[17], furan 
derivatives[9] and dihydronaphthyridinediones[18] have been re-
ported as potential PDE7 inhibitors. Recognizing the potential 
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role of heterocyclic compounds in wide therapeutic areas includ-
ing inflammation and consideration of thiadiazole derivatives as 
selective PDE inhibitors, we have planned to synthesize some 
newer substituted triazole derivatives as potential PDE7 inhibi-
tors and evaluation of their anti-inflammatory activity. 

Materials and Methods
	 All the chemicals were purchased from Spectrochem 
Ltd., HiMedia Laboratories, SD Fine Chem. Ltd., and Otto 
Chem. Pvt. Ltd., etc. and were used for the experiments. Melt-
ing points were determined in open capillary tubes on a Veego 
VMP-D melting point apparatus. The reaction completion was 
monitored by Thin Layer Chromatography (TLC) on Silica Gel 
Plates (Silica Gel-G) and the purity of the compounds was ascer-
tained by single spot on TLC plate.1H Nuclear Magnetic Res-
onance (1H-NMR) spectra were recorded on Bruker Avance II 
300 MHz NMR spectrophotometer using appropriate deuterated 
solvents and are expressed in parts per million (δ, ppm) down 
field from tetramethylsilane (internal standard). Infra Red (IR) 
spectra were recorded on a Shimadzu IR affinity FT-IR spectro-
photometer using KBr pellets.

Synthesis of substituted triazole derivatives
2-(7-Aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluro-
nium hexafluorophosphate (HATU) or 2-(2-(1H-benzotri-
azol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate 
(HBTU) (3.1 mmol) and the aromatic acids (2.8 mmol) were 
added in a flask containing dimethylformamide (DMF) (10 ml) 
and N,N-diisopropylethylamine (DIPEA) (8.3 mmol) with stir-
ring and followed by addition of amidine (4.2 mmol). The re-
action mixture was stirred at room temperature and monitored 
by TLC for consumption of acid and formation of acylamidine 
intermediates. After 3 hrs, respective hydrazine hydrochlorides 
(4.2 mmol) were added to the reaction mixture followed by ad-
dition of acetic acid (27.7 mmol) and the reaction mixture was 
heated to 80°C and monitored by TLC for consumption of ac-
ylamidine intermediate. After 3 hrs, the reaction mixture was 
cooled to room temperature, diluted with ethyl acetate (200 ml) 
and extracted with a saturated solution of sodium bicarbonate 
(200 ml). Organic layer was dried over magnesium sulphate, fil-
tered and concentrated. The crude products were purified and 
recrystallized with ethanol[22].

2-[1-(4-bromophenyl)-3-methyl-1H-1,2,4-triazol-5-yl]-1H-in-
dole (1): M.P. (°C): 138-140; Yield: 55%; IR (KBr Pellets) ν 
cm-1: 1654.92 (C=N str., aromatic), 1064.71 (C-N str., aromat-
ic), 3086.11 (C-H str., aromatic), 1579.70 (C=C str., aromatic), 
1228.66 (N-N str., aromatic), 1392.61 (CH3 Bend), 561.29 (Br-
C6 H5, str., aromatic); 1H NMR (δ ppm, DMSO): 9.75 (s, 1H, NH 
of indole ring), 7.16 (d, 2H, CH of C2 and C6 of C6H5-Br), 6.07 
(s, 1H, CH of C9 of indole ring), 7.53 - 7.55 (d, 2H, CH of C3 
and C5 of C6H5-Br), 7.79 - 7.82 (m, 4H, Phenyl ring of indole), 
3.39 (s, 3H of CH3).

2-(3-methyl-1-phenyl-1H-1,2,4-triazol-5-yl)-1H-indole (2): 
M.P. (°C): 140 - 142; Yield: 48%; IR (KBr Pellets) ν cm-1: 
1666.50(C=N str., aromatic), 1078.21 (C-N str., aromatic), 
3059.10 (C-H str., aromatic), 1589.34 (C=C str., aromatic), 
1269.16 (N-N str., aromatic), 1382.96 (CH3 Bend).
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1-(4-bromophenyl)-5-(4-fluorophenyl)-3-methyl-1H-1,2,4-tri-
azole (3): M.P. (°C): 128 - 131; Yield: 62%; IR (KBr Pellets) ν 
cm-1: 1653.00 (C=N str., aromatic), 1018.14 (C-N str., aromat-
ic), 3057.17 (C-H str., aromatic), 1595.13 (C=C str., aromatic), 
1274.95 (N-N str., aromatic), 1392.61 (CH3 Bend), 1126.43 
(F-C6H5, str., aromatic), 565.14 (Br-C6H5, str., aromatic).

1-(4-bromophenyl)-5-(furan-2-yl)-3-methyl-1H-1,2,4-triazole 
(4): M.P. (°C): 138 - 140; Yield: 52%; IR (KBr Pellets) ν cm-

1: 1672.28(C=N str., aromatic), 1066.64 (C-N str., aromatic), 
3078.39 (C-H str., aromatic), 1591.27 (C=C str., aromatic), 
1284.59 (N-N str., aromatic), 1381.03 (CH3 Bend), 1109.07 
(C-O str., aromatic), 586.36 (Br-C6 H5, str., aromatic); 1H NMR 
(δ ppm, DMSO): 7.96 (d, 1H, CH of C3 of furan ring), 7.25 - 
7.36 (d, 2H, CH of C2 and C6 of C6H5-Br), 6.68 (t, 1H, CH of C4 
of furan ring), 7.83 (d, 2H, CH of C3 and C5 of C6H5-Br), 6.66 (d, 
1H, CH of C5 of furan ring), 3.33 (s, 3H of CH3).

1-(4-bromophenyl)-3-methyl-5-(3-nitrophenyl)-1H-1,2,4-tri-
azole (5): M.P. (°C): 140 - 142; Yield: 55%; IR (KBr Pellets) 
ν cm-1: 1672.28(C=N str., aromatic), 1070.49 (C-N str., aromat-
ic), 3076.46 (C-H str., aromatic), 1593.20 (C=C str., aromatic), 
1288.45 (N-N str., aromatic), 1382.96 (CH3 Bend), 1382.96 
(NO2 asym. str., aromatic), 1485.19 (NO2 sym. str., aromatic), 
565.14 (Br-C6H5, str., aromatic).

1,5-bis(4-bromophenyl)-3-methyl-1H-1,2,4-triazole (6): M.P. 
(°C): 126 - 129; Yield: 65%; IR (KBr Pellets) ν cm-1: 1660.71 
(C=N str., aromatic), 1089.78 (C-N str., aromatic), 3016.67 (C-H 
str., aromatic), 1593.20 (C=C str., aromatic), 1274.95 (N-N str., 
aromatic), 1375.25 (CH3 Bend), 559.36 (Br-C6 H5, str., aromat-
ic).

1-(4-bromophenyl)-5-(4-chlorobenzyl)-3-methyl-1H-1,2,4-tri-
azole (7): M.P. (°C): 137 - 140; Yield: 52%; IR (KBr Pellets) ν 
cm-1: 1666.50 (C=N str., aromatic), 1033.85 (C-N str., aromat-
ic), 3076.46 (C-H str., aromatic), 1593.20 (C=C str., aromatic), 
1485.19 (CH2 Bend),1288.43 (N-N str., aromatic), 1382.96 (CH3 
Bend), 605.65 (Br-C6 H5, str., aromatic), 709.80 (Cl-C6 H5, str., 
aromatic).

5-benzyl-1-(4-fluorophenyl)-3-methyl-1H-1,2,4-triazole 
(8): M.P. (°C): 129-132; Yield: 45%; IR (KBr Pellets) ν cm-

1: 1662.64 (C=N str., aromatic), 1078.21 (C-N str., aromatic), 
3080.32 (C-H str., aromatic), 1579.70 (C=C str., aromatic), 
1435.04 (CH2 Bend),1168.86 (N-N str., aromatic), 1377.17 (CH3 
Bend), 1109.07 (F-C6 H5, str., aromatic).

1-(4-bromophenyl)-3-methyl-5-(thiophen-2-yl)-1H-1,2,4-tri-
azole (9): M.P. (°C): 136 - 138; Yield: 64%; IR (KBr Pellets) ν 
cm-1: 1666.50 (C=N str., aromatic), 1070.49 (C-N str., aromat-
ic), 3091.89 (C-H str., aromatic), 1512.19 (C=C str., aromat-
ic), 1147.65 (C-O str., aromatic), 1278.81 (N-N str., aromatic), 
1413.82 (CH3 Bend), 572.86 (Br-C6H5, str., aromatic).

5-(4-bromophenyl)-1-(4-fluorophenyl)-3-methyl-1H-1,2,4-tri-
azole (10): M.P. (°C): 126 - 130; Yield: 68%; IR (KBr Pellets) ν 
cm-1: 1666.50 (C=N str., aromatic), 1031.92 (C-N str., aromat-
ic), 3080.32 (C-H str., aromatic), 1604.77 (C=C str., aromatic), 
1215.15 (N-N str., aromatic), 1382.96 (CH3 Bend), 563.21 (Br-
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C6 H5, str., aromatic), 1149.57 (F-C6 H5, str., aromatic).

5-benzyl-1-(4-bromophenyl)-3-methyl-1H-1,2,4-triazole (11): 
M.P. (°C): 135 - 138; Yield: 55%; IR (KBr Pellets) ν cm-1: 
1674.21 (C=N str., aromatic), 1111.00 (C-N str., aromatic), 
3076.46 (C-H str., aromatic), 1591.27 (C=C str., aromatic), 
1485.19 (CH2 Bend),1288.45 (N-N str., aromatic), 1382.96 
(CH3 Bend), 497.63 (Br-C6 H5, str., aromatic); 1H NMR (δ ppm, 
DMSO): 7.72 (d, 2H, CH of C2 and C6 of C6H5-Br), 7.25-7.38 
(m, 5H, Phenyl ring of C6H5-CH2), 3.27-3.33 (s, 2H of CH2), 
7.97 (d, 2H, CH of C3 and C5 of C6H5-Br), 2.27 (s, 3H of CH3).

5-(4-chlorobenzyl)-3-methyl-1-phenyl-1H-1,2,4-triazole 
(12): M.P. (°C): 128 - 130; Yield: 58%; IR (KBr Pellets) ν cm-

1: 1674.21 (C=N str., aromatic), 1083.99 (C-N str., aromatic), 
3061.03 (C-H str., aromatic), 1597.06 (C=C str., aromatic), 
1492.90 (CH2 Bend),1232.91 (N-N str., aromatic), 1379.10 (CH3 
Bend), 752.24 (Cl-C6 H5, str., aromatic).

1-(4-bromophenyl)-3-methyl-5-(4-methylphenyl)-1H-1,2,4-tri-
azole (13): M.P. (°C): 126 - 128; Yield: 60%; IR (KBr Pellets) ν 
cm-1: 1674.21 (C=N str., aromatic), 1066.64 (C-N str., aromat-
ic), 3080.32 (C-H str., aromatic), 1591.27 (C=C str., aromatic), 
1286.52 (N-N str., aromatic), 1381.03 (CH3 Bend), 601.79 (Br-
C6 H5, str., aromatic);1H NMR (δ ppm, DMSO): 7.82 (d, 2H, CH 
of C2 and C6 of C6H5-Br), 7.28 - 7.36 (d, 2H, CH of C2 and C6 of 
C6H5-CH3), 7.72 (d, 2H, CH of C3 and C5 of C6H5-CH3), 7.95 (d, 
2H, CH of C3 and C5 of C6H5-Br), 3.32 (s, 3H of CH3).

3-methyl-1-phenyl-5-(thiophen-2-yl)-1H-1,2,4-triazole (14): 
M.P. (°C): 125 -128; Yield: 64%; IR (KBr Pellets) ν cm-1: 1674.21 
(C=N str., aromatic), 1078.21 (C-N str., aromatic), 3061.03 (C-H 
str., aromatic), 1598.99 (C=C str., aromatic), 1234.44 (N-N str., 
aromatic), 1379.10 (CH3 Bend); 1H NMR (δ ppm, DMSO): 7.74-
7.77 (d, 1H, CH of C3 of thiophene ring), 7.12-7.22 (m, 5H, CH 
of Phenyl ring), 6.73 (t, 1H, CH of C4 of thiophene ring), 6.68 (d, 
1H, CH of C5 of thiophene ring), 3.43 (s, 3H of CH3).

5-(furan-2-yl)-3-methyl-1-phenyl-1H-1,2,4-triazole (15): M.P. 
(°C): 120-122; Yield: 44%; IR (KBr Pellets) ν cm-1: 1672.28 
(C=N str., aromatic), 1082.07 (C-N str., aromatic), 3061.03 (C-H 
str., aromatic), 1600.92 (C=C str., aromatic), 1247.94 (N-N str., 
aromatic), 1220.94 (C-O str., aromatic), 1377.17 (CH3 Bend).

Molecular docking studies
	 Docking studies were performed for the proposed mol-
ecules in the binding site of PDE7 protein (PDB entry: 4PM0) 
using Auto Dock Vina[23] and graphical user interface, Auto Dock 
Tools (ADT) installed on Windows 7[24]. The ligands geometries 
were optimized using Open Babel[25] and used for docking. ADT 
was used for the preparation of ligands for docking by adding 
the charges to the optimized files. Information about co-crystal-
lised PDE7 was obtained from the RCSB protein data bank and 
after evaluating a number of entries, best ligand bound complex 
(PDB entry: 4PM0) was selected by analyzing the protein with 
the highest resolution. The PDB file of PDE7 was edited with the 
help of molecular graphics tool PyMOL (The PyMOL Molec-
ular Graphics System, Version 1.8 Schrödinger, LLC), α-chain 
was removed together with complexed inhibitor, all water mole-
cules and all non-interacting ions were also removed. ADT was 

used for protein preparation and conversion of PDB files to PD-
BQT files. All the polar hydrogen atoms were added to the mac-
romolecule. The grid parameters were calculated using “Grid” 
in ADT and the grid parameter file containing all information 
regarding grid coordinates (-42.323, 15.061 and 3.664 for x, y 
and z respectively), grid size (40 × 40 × 40 for x, y and z re-
spectively), protein and ligand was prepared and saved as “Conf.
txt”. The accuracy of the docking protocol was determined by 
docking of the reference inhibitor in the active site of PDE7, and 
the resulting binding pose was compared with that of co-crystal-
lized ligand. The optimized ligand molecules saved as PDBQT 
files were docked into the refined PDE7 model using AutoDock 
Vina. For each ligand, nine best poses were generated and scored 
using Auto Dock scoring functions. In the log file, the binding 
free energy (ΔG) was reported for each ligand. At the end of 
docking, ligands with the most favourable free energy of binding 
were selected. Lower is the value; higher is the interaction and 
thus stability of the ligand-protein complex. The H-bond inter-
actions, hydrophobic interactions etc. were analyzed further for 
the docked poses of all the ligands using PyMOL and best poses 
in the binding site were selected for further analysis.

Evaluation of anti-inflammatory activity
Animals: Wistar rats (150 - 250 g) were purchased from the 
disease free Animal House, Lala Lajpat Rai University of Vet-
erinary and Animal Sciences, Hisar (India). The animals were 
housed in standard polypropylene cages (three rats/cage) and 
maintained at controlled room temperature (22 ± 2 ºC) and hu-
midity (55 ± 5%) with 12:12 hr light and dark cycle. All the 
rats were provided with commercially available rat normal pellet 
diet (Ashirwad Feeds) and water ad libitum, prior to the dietary 
manipulation. The experimental protocol was approved by Insti-
tutional Animals Ethics Committee and animal care was taken 
as per the guidelines of Committee for the Purpose of Control 
and Supervision of Experiments on Animals (CPCSEA), Govt. 
of India (Approval No. JCDMCOP/IAEC/07/15/29).

Anti-inflammatory activity: The anti-inflammatory activity of 
the newly synthesized compounds was evaluated by using car-
rageen an induced rat paw edema method using ibuprofen as 
a standard anti-inflammatory drug. Rats were divided into con-
trol, standard and different test groups comprising of three rats 
in each group. Animals were fasted overnight with free access 
to water before experiment. The test groups were administered 
with selected synthesized compounds at a dose of 100 mg/kg 
and the standard group with ibuprofen at a dose of 100 mg/kg 
orally in 2% Tween 80, 1 hr before infusion of carrageen an. 
The control group received only vehicle. Acute edema was in-
duced in the hind paw of rats by the injection of freshly prepared 
carrageenan in distilled water (0.1 ml). Edema was determined 
immediately and at 60, 120 and 180 min after the injection using 
a mercury plethysmometer. Mean difference in paw volume was 
measured and % inhibition of paw edema was calculated[26].

Results and Discussion

Chemistry
	 The synthesis of designed substituted triazole deriva-
tives was carried out as demonstrated by Scheme 1. The triazole 
derivatives were synthesized by reacting aromatic acids with 
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amidine in presence of suitable coupling reagent to form acylamidine intermediates followed by reaction with the respective phenyl-
hydrazines. TLC was performed at each and every synthetic step to check the purity of the compounds. The yield of synthesized 
compounds was appreciable and their physicochemical characteristics are presented in Table 1. The consistent FTIR and 1H-NMR 
spectra supported synthesis as well as purity of synthesized compounds.

R1 OH

O CH3

NH NH2
R1

N NH2

O CH3
N N

N
R1

CH3

R2

a
b

+ R2

NH
NH2

(1-15)
 Acylamidine 
intermediates

Aromatic
acids

Amidine

Scheme 1: Synthetic route followed for the synthesis of substituted triazole derivatives (1 - 15). 
Reagents and conditions: (a) HATU/HBTU, DMF, DIPEA, 25 °C, stirring, 2 - 18 hrs; (b) acetic acid, 80 °C, 1 - 3 hrs, ethyl acetate, sodium 
bicarbonate.  

Table 1: Physicochemical properties, docking score of best-docked poses and molecular properties of synthesized compounds (1 - 15).
Comp. R1 R2 Mol. Formula Mol. Wt.# Rf* ΔG (kcal/mol) Log P# HBA# HBD#
1 indol-2-yl Br C17H13BrN4 353 0.69 -9.1 4.65 2 1
2 indol-2-yl H C17H14N4 274 0.75 -9.2 3.88 2 1
3 4-flurorophenyl Br C15H11BrFN3 332 0.57 -9.4 4.81 2 0
4 furan-2-yl Br C13H10BrN3O 304 0.68 -8.1 3.72 2 0
5 3-nitrophenyl Br C15H11BrN4O2 359 0.74 -9.7 4.62 4 0
6 4-bromophenyl Br C15H11Br2N3 393 0.56 -8.9 5.43 2 0
7 4-chlorobenzyl Br C16H13BrClN3 362 0.79 -7.8 5.19 2 0
8 benzyl F C16H14FN3 267 0.65 -8.1 4.00 2 0
9 thiophen-2-yl Br C13H10BrN3S 320 0.52 -8.2 4.30 2 0
10 4-bromophenyl F C15H11BrFN3 332 0.48 -9.3 4.81 2 0
11 benzyl Br C16H14BrN3 328 0.65 -8.2 4.62 2 0
12 4-chlorophenyl H C16H14ClN3 283 0.68 -8.6 4.42 2 0
13 4-methylphenyl Br C16H14BrN3 328 0.76 -9.6 5.16 2 0
14 thiophen-2-yl H C13H11N3S 241 0.57 -9.1 3.53 2 0
15 furan-2-yl H C13H11N3O 225 0.66 -9.1 2.94 2 0

#Log P, HBA, HBD, and Mol. Wt., were calculated by Marvin tools of Marvin Sketch v5.5; *TLC mobile phase: n-hexane: ethyl acetate (7:3).

	 The 1H-NMR spectra of the synthesized compounds 
showed the signal for the NH proton around δ 10 ppm confirm-
ing the presence of indole ring in the structure of compound 
1. In the 1H-NMR spectra of synthesized triazole derivatives, 
a doublet signal was present around δ 7.50 ppm for aromatic 
protons indicating the presence of bromine group at para posi-
tion of phenyl ring in the structure of compounds 1 and 4. The 
1H-NMR spectra of compounds 11 and 13 showed the doublet 
signal for aromatic protons which revealed that it is derived from 
para substituted bromine around δ 8.00 ppm. The presence of 
doublet signal for two protons at δ 7.96 and 6.66 ppm for C3 and 
C5 and one triplet signal for one proton at δ 6.68 ppm for C4 con-
firmed the presence of furan substituted ring at the C5 position 
of the triazole ring in the structure of compound 4. In 1H-NMR 
spectrum, the one singlet signal for one proton at around δ 3.50 
ppm revealed the presence of a methyl group substituted at tri-
azole ring in the structure of compounds 13 and 14. The pres-
ence of doublet signal for two protons at δ 7.74 - 7.77 and 6.68 
ppm for C3 and C5 and one triplet signal for one proton at δ 

6.73 ppm for C4 confirmed the presence of thiophene substitut-
ed ring at the C5 position of the triazole ring in the structure of 
compound 14. The FTIR spectra of the compounds revealed ab-
sorption bands in the regions 1640 - 1690 cm-1 and 1000 - 1350 
cm-1 corresponding to C=N stretching and C-N stretching bands 
because of ring closure indicating the presence of triazole ring 
in the synthesized compounds. The IR spectra of the synthesized 
compounds contained C-H stretching above 3000 cm-1 and C=C 
stretching (1450 - 1670 cm-1) indicating the presence of aromatic 
groups. Presence of-CH bending at above 1350 cm-1 in the IR 
spectrum of synthesized compounds confirmed the presence of-
CH3 groups in its structure. The IR spectra of compounds 1 and 
3 showed stretching at 561 cm-1 and 565 cm-1 which depicted 
the presence of bromo substituted phenyl ring in its structure. 
Presence of –NO2 asymmetric and symmetric stretching at 1485 
cm-1 and 1382 cm-1 respectively supported the presence of nitro 
group in the structure of compound 5. IR spectra of compounds 
7 and 12 showed the asymmetric stretching at 709 cm-1 and 752 
cm-1 indicating the presence of chloro substituted phenyl ring. 
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Presence of fluoro substituted phenyl ring was confirmed by the 
stretching at 1109 cm-1 and 1149 cm-1 in the structure of com-
pounds 8 and 10. Presence of furan ring was confirmed by -CO 
stretching above 1200 cm-1 in the IR spectrum of compound 15.

Docking studies
	 In silico docking studies were carried out to evaluate 
the affinity and binding interactions of synthesized molecules 
(1 - 15) in the active site of PDE7 (PDB entry: 4PM0) using 
AutoDock Vina and the graphical user interface, ADT installed 
on Windows 7. For validating the docking protocol, the co-crys-
tallized ligand 2-(cyclopentylamino)-3-ethyl-7-ethynylthien-
o[3,2-d]pyrimidin-4(3H)-one was docked into the active site of 
PDE7 and the resulting binding pose was compared with that 
of co-crystallized inhibitor. The docked compound was found 
to have a similar binding pattern and superposition to that of 
co-crystallized inhibitor validating the docking protocol (bind-
ing free energy was -7.9 kcal/mol). All the 15 synthesized com-
pounds were docked in the active site of PDE7 protein. The 

compounds 2, 3, 5, 10, and 14 showed appreciable binding to the 
binding site as determined by analyzing their bonding interac-
tions in terms of H-bond, hydrophobic interactions and binding 
free energy (ΔG) of the selected best-docked poses (Table 1). 
For other molecules, the docking algorithm produced a different 
binding pattern and molecules were randomly oriented in the 
binding site. On the basis of their lowest binding free energy and 
docking interaction in the binding site, compound 2, 3, 5, 10, and 
14 were further analyzed in details by PyMOL. The overlays of 
the selected compounds (2, 3, 5, 10, and 14) and H-bond interac-
tions were studied with the PDB Ligand 4PM0 and are shown in 
Figures 1and 2. The overlay of the selected compounds with the 
PDB Ligand 4PM0 showed that the compounds 2, 3, 5, 10, and 
14 had the similar binding pattern in the binding site of the pro-
tein as that of the PDB Ligand 4PM0 and thus produced similar 
type of binding interactions as that of co-crystallized ligand. The 
overlays of selected compounds with PDB Ligand 4PM0 helped 
us in predicting that the selected synthesized triazole derivatives 
could act as potent PDE7 inhibitors. 

Figure 1: Overlay of docked pose for compounds 2 (a), 3 (b), 5 (c), 10 (d) and 14 (e) and PDB ligand of 4PM0 in binding site.

	 The docking studies were performed to identify some potential molecules having anti-inflammatory activity and com-
pounds 2, 3, 5, 10, and 14 were found to have appreciable interactions with PDE7 enzyme and were selected for the in vivo an-
ti-inflammatory activity. The selected compounds 2, 3, 5, 10, and 14 were evaluated for the in vivo anti-inflammatory activity using 
carrageen an induced paw edema method using ibuprofen as standard anti-inflammatory drug. The results of anti-inflammatory 
activity (Figure 3) indicated that compounds 2 and 3 displayed appreciable inhibition of paw edema compared to the standard 
anti-inflammatory drug (ibuprofen), while compound 5 displayed very low activity and compounds 10 and 14 displayed moderate 
activity. Among the selected compounds evaluated for anti-inflammatory activity, compound 3 was found to be highly active with 
approximately 80% inhibition of paw edema.
	 The results of anti-inflammatory activity indicated that substitution with electron withdrawing group like -F, -Br, etc. at 
para position leads to increased anti-inflammatory activity which can be seen from the anti-inflammatory activity of compounds 3 
and 10. These anti-inflammatory activity results were in concordance with the results obtained in case of compounds with phenyl 
substitution bearing electron withdrawing groups like -F, -Cl, -Br, -OH, -OCH3, -NO2 at para position[19-21]. Substitution with elec-
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tron withdrawing group viz.  -NO2 at meta position resulted in decreased anti-inflammatory activity as seen in case of compound 5. 
Replacement of phenyl ring with heteroaromatic ring resulted in decreased activity as seen from the anti-inflammatory activity of 
compounds 2 and 14.

Figure 2: Docked pose for compounds 2 (a), 3 (b), 5 (c), 10 (d) and 14 (e) showing H-bond interactions in the binding site of PDE7 protein.

Figure 3: Anti-inflammatory activity (% inhibition of paw edema) of selected molecules. All the values are mean of 03 measurements ± SE.

Conclusion 

	 In conclusion, some novel substituted triazole deriva-
tives were synthesized, characterized and evaluated as anti-in-
flammatory agents with an aim of targeting PDE7 enzyme. TLC 
was performed at each and every synthetic step to check the pu-
rity of the compounds. Molecular docking was performed for 
the synthesized triazole derivatives to evaluate the affinity and 
binding interactions of synthesized molecules and compounds 2, 
3, 5, 10, and 14 were selected for in vivo anti-inflammatory ac-
tivity. Selected molecules were evaluated for anti-inflammatory 
activity using carrageen an induced rat paw edema method using 
ibuprofen as the standard anti-inflammatory drug. The results 
of anti-inflammatory study indicated that compounds 2 and 3 
displayed appreciable inhibition of paw edema with compound 
3 showing higher anti-inflammatory activity with approximate-
ly 80% inhibition of paw edema. The results of in vivo studies 
were found to be in accordance with that of in silico docking 

results. The molecular properties of these new derivatives also 
were found to observe the Lipinski’s rule of five. These newly 
designed molecules could act as initial hit molecules for the de-
sign of effective PDE7 inhibitors for the potential treatment of 
inflammatory disorders.
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