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Abstract

In this work, we discuss the pharmacological evaluation and synthesis of new heterocyclic molecules derived from some drug
(indomethacin and mefenamic acid). 4-amino-5-aryl-4H-1,2,4-triazole-3-thiol (1a-c) were created by the interaction of drug has
carboxylic group and thiocarbohydrazide, and the starting products 4-amino-5-aryl-4H-1,2 4-triazole-3-thiol) were treated with
carbon disulfide in present NaOH to produce final products (2a-c). All derivatives (intermediate and final products) were
characterized by FT-IR, 'H-NMR, and Mass spectroscopy to confirm the structure of produced compounds. Afterward, assess each
compound's toxicity to animals and in vivo anti-inflammatory activity (in vivo). In this present research,1.2.4-triazole derivatives
were subjected to molecular docking to create safe and efficient molecules. To test each derivative's ability to bind to the enzyme's
active site, it was docked into the active sites. To establish the topological polar surface area, bioavailability, and drug-likeness of
the synthesized compound, an ADME investigation was conducted. The results showed that the tested compounds followed the
Lipinski rule and were absorbed orally.
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Introduction

Microbial pathogens have existed for a long time. (1)(2) As a result of the most advanced infectious agents, the
emergence of antimicrobial resistance, and the extremely heavy use of antibiotics that lead to resistant antibacterial
agents.(3) In the organic chemistry heterocyclic compounds represented an essential part due to the wide of their
activity which making it different compounds from anther
cyclic compounds and making it an important part in organic chemistry and drug design (4). 1,2,4-triazole derivatives
have a wide variety of therapeutically important available in clinical therapy, Scientists have been paying considerable
attention, in the last few decade to the synthesis of 1,2,4-triazole derivatives and study their pharmacological activities
as an antifungal (5,6) antioxidant(7), antitubercular (8) , anti-inflammatory (9) , anticancer (10) , anticonvulsant (11)
, analgesic (12) , antidiabetic (13) and anxiolytic. (14) amide derivatives of mefenamic acid were tested for their
antibacterial and anticancer activities (15) it has been found induced significant reduction in the cytotoxic response
as compared with controls.). In-vitro pharmacological assessment of derivatives were done for COX-1 and COX-2
enzymes for the determination of selectivity which show high activity-(16), Also, Indomethacin is a nonselective
inhibitor of (COX 1 & COX 2) enzymes that participate in production of prostaglandin from arachidonic acid (17).

Materials and general Methods
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Commercial sources provided the synthetic chemicals employed in the synthesis as well as the solvents needed in the
purification, recrystallization, and analysis of generated products (BDH-England, Himedia-India, CDH-India,
HyperChem-China and Sigma Aldrich-Germany). At Mustansiriyah University/College of Science/Department of
Chemistry/Iraq, the melting points of the produced compounds were measured using a (digital Stuart scientific
SMP30) and were uncorrected. At Mustansiriyah University, College of Science, Department of Chemistry in Iraq,
the infrared spectrum FTIR) was measured using a (Bruker FT-IR 8400S spectrophotometer) in the range (4000 — 600
cm™1). At Sharif University of Technology in Iran, the *H -NMR spectra were recorded using a 500MHz Bruker
DMX-500 NMR spectrophotometer and DMSO- ds solution with TMS (tetramethylsilane) as an internal standard
reference. At Tehran University, Varrian 3900 and 5793 Network, Mass Selective Detector was used to record mass
spectra.

Synthesis of 4-amino-5-aryl-4H-1,2,4-triazole-3-thiol derivatives 1a-c (18)

An equimolar mixture of NSAID (indomethacin or hippuric acid or mefenamic acid ) (0.01 mole) and
thiocarbohydrazide (0.01 mole) put in round bottom flask and continuous heating on an oil bath until melting all the
contented. Then persistent stirring and kept the heat at (165-175°C) for additional 15 min. The product that obtained
was permitted to cool then treating by dilute sodium bicarbonate solution; to remove any unreacted acid lift. then solid
was filtering, washing with water, drying, recrystallizing by ethanol for getting the purred triazoles ( 1a-c)

la: N-[(4-amino-5-sulfanyl-4H-1,2 4-triazol-3-yl)methyl]benzamide

Yield 78 %, mp.165-168°C, FTIR v (cm?),), peak of the (NH,) at (3163- 3132) Cm* (Asym. and Sym.), peak at (
3199) for NH (amide ) , (C=0) of amide at (1632 Cm™), (2952, 2828) return to the (CH>) and three peaks of the
(C=Car) at (1579, 1500, 1479 ) Cm™) returning to the aromatic ring *H -NMR(DMSO- dg,500MHz)(ppm), signal at
(11.31 ppm) (singlet, 1H, ) due to SH group, (10.31 ppm) (singlet, 1H, NH ) of amide group signal at (7.25-7.30 ppm
) (multi. , 5H) related to the phenyl group (4.82 ppm) (singlet, 2H, ) due to the (NH3) group , and (4.22 ppm) (singlet,
2H ) due to (CH2) group. Mass, molecular ion (m/z , 249.00 ) calculated Mwt (249.29 g/mol ).

1b: 4-amino-5-{2-[(2,3-dimethylphenyl)amino]benzyl}-4H-1,2,4-triazole-3-thiol

Yield 85 %, mp.58-60°C, FTIR v (cm?), (NH,) at (3186- 3164) Cm™ (Asym. and Sym.), peak at ( 3355) for NH
(secondary amine ) ( 3064 Cm 1) for CH aromatic ring . (2921, 2860 ) return to the (CH,) and three peaks at (1587,
1535, 1503, Cm™?) returning to the (C=C ar) of aromatic ring .*H -NMR(DMSO- ds,500MHz)(ppm) signal at (11.33
ppm) (singlet, 1H, ) due to SH group, signal at (7.69 - 6.93) ppm ) (multi. , 7H ) related to the aryl group (4.82 ppm)
(singlet, 2H, ) due to the (NH>) group , and (4.74 ppm) (singlet, 1H ) due to ( NH ) of amine group. Signal at (2.93
ppm , 3H , singlet ) for CH3 at m-position of NH, signal at (2.74 ppm) , ( 3H, singlet due to CH3; at o-position of NH
Mass, molecular ion (m/z, 311.00 ) calculated Mwt (311.25 g/mol ).

1c:{3-[(4-amino-5-sulfanyl-4H-1,2 4-triazol-3-yl)methyl]-5-methoxy-2-methyl-1H-indol-1-y1}(4-
chlorophenyl)methanone

Yield 71 %, mp.148-150°C, FTIR v (cm 1), (NH,) at (3282- 3153) Cm™ (Asym. and Sym.), peak at ( 3052 Cm 1)
for CH aromatic ring , (2926, 2851 ) return to the (CH) aliphatic , strong peak at ( 1642 Cm 1) for carbonyl of amide
group and three peaks at (1599, 1562, 1485, Cm™) returning to the (C=C ar) of aromatic ring . *H -NMR(DMSO-
ds,500MHz)(ppm), signal at (11.31 ppm) (singlet, 1H, ) due to SH group, signal at (8.19 — 7.13) ppm ) (multi. , 7H)
related to the aryl group (4.82 ppm) (singlet, 2H, ) due to the (NH2) group , and (4.22 ppm) (singlet, 3H ) due to (
CH30), Signal at (2.82 ppm, 2H , singlet ) for CH, , while signal at (2.26 ppm) , ( 3H , singlet due to CH3, Mass,
molecular ion (m/z , 427.00 ) calculated Mwt (427.12 g/mol ).

General procedure for synthesis of 3-Aryl[1,2,4]triazolo[3,4-b] [1,3,4]thiad iazole-6(5H)-thione 2a-c (19,20)
Solution of 1a-c (0.001mol) in (20ml) %10 ethanolic solution of KOH was stirring at R.T. for 30min. then CS; (5 mL)
was added dropwise and the mixture was refluxed for 8hrs.After that the reaction mixture was purred in cool water
and neutralized with HCI until PH 7 to obtain the precipitate which filtered off and wish with distilled water several
time then dried and recrystallized from ethanol.
2a:N-[(6-thioxo-5,6-dihydro[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-3-yl)methyl Jbenzamide
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Yield 65 %, mp.207-209°C, FTIR v (cm!), (NH) at (3216) Cm?), secondary thioamide, (3162) for NH (amide ) ,
(3035 Cm 1) for CH aromatic ring, (2968, 2816) return to the (CH) aliphatic , (C=0) amide (1638 Cm?). (C=C ar)
at (1591, 1579, 1513 ) Cm). *H -NMR(DMSO- ds,500MHz)(ppm), signal at (11.31 ppm) (singlet, 1H, ) for SH
group and at (4.82 ppm) (singlet, 2H, ) for the (NH2) group, signal at (10, 20 ppm) (singlet, 1H, NH ) amide group,
(11.63 ppm) (singlet, 1H, NH ) thioamide group, (7.72-7.68 ppm ) (multi. , 5H ) phenyl group, , and (4.28 ppm)
(singlet, 2H ) (CH) group. Mass, molecular ion (m/z , 291.00 ) calculated Mwt (291.35 g/mol ).
2b:3-{2-[(2,3-dimethylphenyl)amino]benzyl}[1,2,4]triazolo[3,4-b][1,3,4]thiadi- -azole-6(5H)-thione.

Yield 62 %, mp.170-172°C, FTIR v (cm?), (NH;) at (3186- 3164) Cm™* (Asym. and Sym.), (NH) at (3314) Cm™),
secondary thioamide ( 3166) NH (secondary amine ) ( 3064 Cm ') CH aromatic ring, (2974, 2920 ) (CH,) and
(1599, 1532, 1507, Cm™?) (C=C ar). *H -NMR(DMSO- ds,500MHz)(ppm),(11.33 ppm) (singlet, 1H, ) SH group,
(11.71 ppm) , (singlet, 1H ) NH thicamide, (7.72—7.46) ppm ) (multi., 7H ) aryl group, (4.78 ppm) (singlet, 1H,)
due to ( NH ) of amine group, (3,04 ppm, 3H , singlet ) CHs at m-position of NH, (2.66 ppm), ( 3H , singlet CH3 at
o-position of NH, Mass, molecular ion (m/z , 353.00 ) calculated Mwt (353.19 g/mol ).
2¢:(4-chlorophenyl){5-methoxy-2-methyl-3-[(6-thioxo-5,6-dihydro[1,2,4]tria-zolo[3,4-b][1,3,4]thiadiazol-3-
yl)methyl]-1H-indol-1-yl}methanone.

Yield 69 %, mp.210-212°C, FTIR v (cm?), (NH,) at (3282-3153) Cm (Asym. and Sym.), (NH) at (3342) Cm™),
secondary thioamide, ( 3040 Cm 1) CH aromatic ring . (2945, 2888 ) (CH) aliphatic, (1652 Cm 1) carbonyl of amide,
(1610, 1570, 1509, Cm!) (C=C ar) of aromatic ring . *H -NMR(DMSO- ds,500MHz)(ppm), signal at (11.31 ppm)
(singlet, 1H, ) SH group, (4.82 ppm) (singlet, 2H, ) (NH) group, (10.29 ppm) , (singlet, 1H ) NH thioamide, (8.18 —
7.24) ppm )(multi. ,7H ) aryl group , (4.26 ppm) (singlet, 3H) (CH30), (2.84 ppm, 2H , singlet) CH2, (2.23 ppm),
(3H, singlet (CH3 ), Mass, molecular ion (m/z , 469.00 ) calculated Mwt (469.41 g/mol ).

Molecular docking studies

Drug discovery and development has become a serious issue in recent years due to the cost and effort required to
synthesize novel compounds with adequate pharmacological properties. Due to the toxicity and lack of action of many
medications during phase Il and phase Il of clinical trials, this expense has partially increased.(21)(22). Since they
help researchers save time, money, and effort, computational tools are quickly gaining popularity and taking on a more
significant role in the discovery and development of medicines. The docking process is one of these strategies for
foretelling the conformation and orientation of the ligand within the binding site of the target. The molecular docking
was examined by utilizing GlideTM, (version 5.7, Schrédinger, LLC, New York, NY, 2011). The most active
compounds were docked on the active sites of enzyme. The crystal structure form of the enzymes in complex with
anti-inflammatory drug Indomethacin, mefenamic acid and hippuric acid, whose PDB ID were 1NNI, 3G7E, 4HL2,
2W9S, and 4RKX. The molecules of hetero atoms and water were eliminated from enzymes behind 5A radius of
reference ligand (Indomethacin, mefenamic acid and hippuric acid).The Protein Preparation Wizard™ application
employed the OPLS-2005 force field to minimize protein structure, and the Receptor Grid Generation program was
used to create the grid of enzyme. The Ligand Preparation™ algorithm then optimized each ligand to create the lowest
energy state using the OPLS-2005 force field. After five poses for each ligand were generated using docking
simulations, the best pose (with the highest score) for each molecule was displayed.

Procedures of ADME

Chem Create Sketch (v. 19) was used to sketch the entire set of compounds (2a-c), and the Swiss ADME tool software
changed these ligands into the name SMILE in order to forecast their physical, chemical, and pharmacokinetic
characteristics. We could ascertain the polarity and lipophilicity of the tiny compounds using BOILED EGG.(23)

Study the safety of new derivatives
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The degree of lethality of compounds were detected by determining the lethal dose 50% (LD50)(24) .Mice were
injected intraperitoneally with concentration (500 mg/kg 2a,b hippuric acid and mefenamic acid) and (50 mg/kg 2c
and indomethacin) of derivatives in 0.2ml Dimethyl sulphaoxide DMSO. All animals survive, the result shown below
table (1)

Table (1) % of death in of new derivative 2a , drugs and DMSO administered intraperitoneally in mice

Groups n=6 Mortality(x/N) % of death symptom
2a 0/6 0% Nil
2b 0/6 0% Nil
2c 0/6 0% Nil
Hippuric acid 0/6 0% nil
indomethacin 0/6 0% nil
Mefenamic acid 0/6 0% nil
DMSO 0.2ml 0/6 0% Nil

Table (2) Effects of different concentrations of new imidazole derivative(compound 3) and compared with
metronidazole and diclofenac sodium on granuloma formation in cotton pellet-induced granuloma in mice

Weight of granuloma in mg of treated group of mice
Granuloma inhibition (%) = | — * 100
Weight of granuloma in mg of control group of mice

Groups of mice Mean dry weight of granuloma (mg) | Granuloma inhibition
N=6 +SE (%)

Cotton weight (before) 0.010+x000 T

Positive control 0.041+0.002 |7

2a 0.011 +0.001 98.4%

2b 0.012 +0.001 83.3%

2c 0.012 +0.001 83.3%

Hippuric acid 0.040 +0.001 2 2.8%

indomethacin 0.028 +0.0009 © 41%

Mefenamic acid 0.024 £0.0004 © 53.9%

Results and Discussion
The sequences of reactions used in Scheme (1) to create the desired novel indomethacin , mefenamic acid and hippuric
acid derivatives with different moieties. FTIR, H-NMR and mass spectra were used to confirm the structure of (2a —

c).
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Scheme (1): synthesis of the intermediates and target products

The FTIR spectrum of compound 2a displays an appearance band of the (NH) at (3216) Cm™), secondary thioamide,
peak at ( 3162) for NH (amide ) , peak at ( 3035 Cm 1) for CH aromatic ring, the spectrum has two peaks at (2968,
2816) return to the (CH) aliphatic , (C=0) group in amide appeared at (1638 Cm™). and three peaks of the (C=C ar)
at (1591, 1579, 1513 ) Cm™) returning to the aromatic ring . *H-NMR spectrum of compound (2a) showed the
disappearance signal at (11.31 ppm) (singlet, 1H, ) for SH group and at (4.82 ppm) (singlet, 2H, ) for the (NH3) group
while appearance signal at (10. 20 ppm) (singlet, 1H, NH ) of amide group and at (11.63 ppm) (singlet, 1H, NH ) of
thioamide group, signal at (7.72-7.68 ppm ) (multi. , 5H ) related to the phenyl group, , and (4.28 ppm) (singlet, 2H
) due to (CHz) group. While the MS spectrum of the derivative (2a) gave a signal at (291 m/z) representing the
molecular ion and this corresponds to the calculated molecular weight of the derivative (2a).

The mechanism fragmentations for compound( 2a) as shown
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As a result, the derivative (2b)'s infrared spectrum exhibits the disappearance peak of the (NH2) at (3186-3164) Cm-
1 (Asym. and Sym.) and the appearance peak of the (NH) at (3314) Cm-1. In addition, the secondary thioamide peak
for the NH (secondary amine) is located at (3166), while the peak for the CH aromatic ring is located at (3064 Cm -
1). The spectrum has three peaks at (1599, 1532, 1507, Cm-1) returning to the aromatic ring's (C=C ar) and two peaks
at (2974, 2920) returning to the (CH2). Compound (2b) 1H-NMR spectrum revealed the disappearance signal at (11.33
ppm) (singlet, 1H), which was caused by the SH group, and the appearance signal at (11.71 ppm) (singlet, 1H), which
was caused by the NH thioamide signals, which were related to the aryl group signal at (4.78 ppm) (singlet, 1H, ) due
to ( NH ) of amine group. Signal at (3,04 ppm , 3H, singlet ) for CH3 at m-position of NH while signal at (2.66 ppm)
, ( 3H, singlet due to CHj3 at o-position of NH. So, MS spectrum of the derivative (2b) gave a signal at (353 m/z)
representing the molecular ion and this corresponds to the calculated molecular weight of the derivative (2a). Infrared
spectrum of the derivative (2c) shows the disappearance peak of the (NH_) at (3282-3153) Cm™ (Asym. and Sym.),
and appearance peak of the (NH) at (3342) Cm™), secondary thioamide peak at (3040 Cm ) for CH aromatic ring .
The spectrum has two peaks at (2945, 2888 ) return to the (CH) aliphatic, strong peak at ( 1652 Cm 1) for carbonyl
of amide group and three peaks at (1610, 1570, 1509, Cm™) returning to the (C=C ar) of aromatic ring . The
compound (2¢) *H-NMR spectrum revealed the signal at (11.31 ppm) (singlet, 1H), at (4.82 ppm) (singlet, 2H), due
to the SH group, disappearing, and the appearance of signal at (10.29 ppm) (singlet, 1H), related to the NH thioamide,
signal at (8.18 - 7.24) ppm) (multi., 7H), related to the aryl group , and (4.26 ppm) (singlet, 3H ) due to ( CH30 ),
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Signal at (2.84 ppm, 2H , singlet ) for CH. , while signal at (2.23 ppm) , ( 3H , singlet due to CHs. So, MS. spectrum
of the derivative (2c) figure gave a signal at (469 m/z) representing the molecular ion and this corresponds to the
calculated molecular weight of the derivative (2c)
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