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ABSTRACT

Background. The azole chemicals category include thiadiazoles which are heterocyclic compounds having sulfur
and two nitrogen atoms that have five members.

Aim. This study aims to investigate the biological activity and cytotoxicity of the prepared thiadiazole derivative
compound.

Methods. A thiadiazole chemical, 4-[5-amino 1,3,4-thiadiazole-2-yl] phenol, was prepared by reacting 2.762 grams
(0.01 moles) of 4-hydroxybenzoic acid with 1.822 grams (0.01 moles) of thiosemicarbazide. The prepared thia-
diazole antimicrobial activity was tested at concentrations of 30, 50, 80, and 100 mg/mL against Escherichia coli,
Pseudomonas, Bacillus cereus, and Staphylococcus epidermidis.

Results. The thiadiazole chemical compound was prepared and tested against several bacterial species. The mini-
mum inhibitory concentration (MIC) for Escherichia coli, Bacillus cereus, and Staphylococcus epidermidis was
0.8 mg/mL. Pseudomonas was unaffected by this substance. Investigations were made into the cytotoxicity activi-
ties. When the concentration was less than 0.01 mg/mL, it was discovered that the produced thiadiazol also had no
impact on the red blood cell.

Conclusion. The thiadiazole chemical compound had strong antibacterial activity against some of the pathogenic
bacteria. The chemical compound can be used as a narrow spectrum antibiotic.
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INTRODUCTION

The azole chemicals category includes thiadia-
zoles. These are heterocyclic compounds having sul-
fur and two nitrogen atoms that have five members.
Two double bonds are present. Thiadiazole is a
chemical compound that has an aromatic ring. Fis-
cher first described thiadiazole in 1882, but Freud

and Kuhn demonstrated the nature of the ring sys-
tem in 1890. Thiadiazole (one sulfur and 2 nitrogen
heteroatom in a cyclic five-membered ring) and re-
lated structurally chemical compounds are known
as 1,3,4-thiadiazole [1] A pharmacophore is a thia-
diazole ring. It is also a bioisostere of the thiazole
ring found in 3rd and 4th-generation cephalosporin,
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which allows it to be used in the development of an-
timicrobial medicines [2]. Organic and pharmaceu-
tical chemistry have been focusing on the design,
preparation, and estimation of the bioactivity of these
compounds with therapeutic possibilities. Further-
more, in the field of medicinal chemistry, heterocy-
clic molecules have attracted a lot of attention [3].

Thiadiazole compounds are a promising class of
molecules with diverse biological activities, making
them valuable for drug discovery and development.
Researchers continue to explore their potential in
various therapeutic areas. Thiadiazole derivatives
have demonstrated antimicrobial activity against
different microorganisms. Studies have showed
wide range of antibacterial and antifungal activities
for many thiadiazole compounds [4]. The strong ar-
omaticity of the thiadiazole ring system contributes
to their in vivo stability, enhancing their antimicro-
bial properties [1]. Thiadiazoles and their deriva-
tives have exhibited various pharmacological activi-
ties, including anti-inflammatory, anti-tubercular,
and antimicrobial properties [5]. These versatile
compounds offer a wide range of potential applica-
tions in medicine. Researchers have designed and
synthesized Schiff bases derived from 1,3,4-thiadia-
zole-2-amine to investigate their biological proper-
ties, including antiproliferative and antimicrobial
activities [6]. Bacterial and fungal infection is wide
spreadly during past decads even in hospitalized
pateints [7,8].

This study aims to prepare a thiadiazole deriva-
tive and investigated its biological activity, the mini-
mum inhibitory concentration, and study the its ef-
fect on the RBCs lysis.

MATERIAL AND METHODS
Materials and Reagents

4-hydroxybenzoic acid, thiosemicarbazide, and
concentrated sulfuric acid were purchased from Hy-
per Chim. and used directly without further purifi-
cation. This study's whole supply of solvents was
obtained from the Fluka firm.

COOH
S
+ NHZNH-u-NHg Conc. H2S0O4 e
hydrazinecarbothioamide
H

4-hydroxybenzoic acid
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Physical measurements

The uncorrected melting point was established
using an electrical instrument. The Euro vector EA-
3000Ae Elemental analyzer is used to acquire CHNS
elemental analysis results. The Shimadzu FT-IR
model 8400s sensor retrieved the IR spectrum as
KBr pellets in the region of 400-4000 cm™. Using
DMSO-d6 as the solvent and TMS as the additional
source, the 'H NMR and *C-NMR spectra were ana-
lyzed on a Bruker 400 MHz.

Preparation of 4-[5-amino 1,3,4-thiadiazole-2-yl]
phenol

The synthesized thiadiazole has already been
prepared [9]. The method shown below, in Figure 1,
by mixing (2.762 grams, 0.01 mole) of 4-hydroxyben-
zoic acid and (1.822 grams, 0.01 mole) of hydrazine-
cabothioamide in 250 mL round bottom flask with a
magnetic bar, then 15 ml of conc. The H?SO, was
added and continuously stirred in an ice bath for
three hours before being cooled to room tempera-
ture and then poured onto broken ice. The mixture
was neutralized by adding ammonium solution
while mixing continuously, filtering the precipitate,
and washing it with a concentrated sodium bicarbo-
nate solution. It was then thrice rinsed with distilled
water before being dried at 60°C, Yellow crystals
were formed by recrystallization from absolute
ethyl alcohol. Wt.4.58 gm Yield (79%), with Rf value
= 0.7 using (7:3 Ethyl acetate/ethyl alcohol). m.p.
(213-216°0).

The antimicrobial activity of the prepared thia-
diazole was done by using different concentrations
(100, 80, 50, 30) mg/ml from 4-[5-amino 1,3,4- thiadi-
azole-2-yl] phenol [10]. The antimicrobial suscepti-
bility was evaluated using the Agar well diffusion
method [11-14].

Minimum inhibitory concentration (MIC) of
4-[5-amino 1,3,4-thiadiazole-2-yl] phenol

The four bacterial strains were tested for sus-
ceptibility to the produced compound using varied
doses of the compound (20, 10, 5, 4, 3, 2, 1, 0.8, 0.7)
mg/ml. The MIC for produced compounds was de-
termined using the good diffusion method. The pro-

4-(5-amino-1,3,4-thiadiazol-2-yl)phenol

FIGURE 1. Synthesis of 4-[5-amino-1,3,4-thiadiazol-2-yl] phenol4-(5-amino 1,3,4-thiadiazol-2-yl) phenol bioactivity
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duced compounds were dissolved in various con-
centrations of DMSO. McFarland standard 0.5 was
used to modify the bacterial suspensions [12-15].

Cytotoxicity test on blood cells

The method for assessing the cell toxicity of a
produced chemical. One milliliter of blood was sus-
pended in 20 milliliters of normal saline to make a
physiological saline solution. In DMSO, various lev-
els of the prepared chemical have been employed. A
2 mL of the erythrocyte suspension produced in the
first stage was added to the sterile tubes, along with
0.1 mL of each concentration. The two controls were
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positive control and 2 mL of normal saline and 0.1
mL of erythrocyte for the negative control, respec-
tively. Turbidity was assessed at 37°C after 10, 30,
and 60 minutes. The quantities that resulted after
RBC lysis in a clear solution are an indicator of the
test compound's toxicity to erythrocytes [12-14,16].

RESULTS
Elemental analysis for CH N OS

Elemental analysis for C,;H,N,OS; Found (calcula-
ted) = C: 49.54 (49.73), H: 3.60 (3.65), N: 21.93 (21.75),
S: 16.38 (16.59). The FT.IR spectrum for prepared

3174

2 mL of tab water and 0.1 mL of erythrocyte for the

TABLE 1. Antibacterial activity against the chemical compound

thiadiazole, KBr disk: vOH 3215 cm™, vNH

Inhibition zone (mm)
Kinds of bacteria
100 mg/mL | 80 mg/mL 50 mg/mL 30 mg/mL
Bacillus cereus 15 14 14 14
Staphylococcus epidermidis 12 11 10 10
Escherichia coli 15 14 13 13
Pseudomonas 0 0 0 0

Escerichia coli

FIGURE 2. Antibacterial activity against tested bacteria

Pseudomonas sp.
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cm™, vNHsym.3047 cm™? vC-H__ .3028 cm™, vC=N duced thiadiazole's 1 H-NMR spectra was captured

arom

1668cm™, VNH bending 1598 cm™, vC=C_ .1516cm™, (400Mz). The produced thiadiazole's 1 H-NMR spec-
vC=C,, . 1454 cm™, vC-N 1315cm™, vN-N 1165cm™, trum generally reveals that the band at 6.94 ppm (d)
vC-S 702cm™. Using DMSO-d6 as a solvent, the pro- is 2H (C10, C8), with a J=8.75 Hz, and the band at

Bacillus cereus

Staphylococcus epidermidis

Escherichia coli
FIGURE 3. Minimum inhibitory concentration of the chemical compound
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7.76 ppm (d) is 2H (C11, C7), with a ]J=9.19 Hz.
A band at 9.79ppm (s) may belong to 2H (NH,, and a
broad band at 10.65ppm (s) attributed to 1H (OH).
13C-NMR spectrum for the prepared thiadiazole was
recorded by using DMSO -d,: 116.31ppm (C10, C8),
128.87ppm (C11, C7), 132.58ppm (C6), 158.50 ppm
(C9), 163.82ppm (C2) and 191.44ppm (C5).

Biological activity of the prepared thiadiazole
compound

The antibacterial activity of certain gram posi-
tive and some gram negative microorganisms was
estimated using various concentrations of the pro-
duced thiadiazole as shown in Table 1 and Figure 2.

MIC of the prepared thiadiazole compound

The minimum inhibitory concentrations of this
chemical against different microorganisms were
explained in the Table 2 and Figure 3.

TABLE 2. Minimal inhibitory concentration of the prepared
thiadiazole toward bacteria
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Cytotoxicity activity on blood cells

The results of quantities that resulted after RBC
lysis in a clear solution are an indicator of the cell
lysis by compound's toxicity to erythrocytes. The
high lysis activities were found in 0.08 and 0.1 mg
(table 3, figure 4).

DISCUSSION

Antimicrobial activity and MIC against Staphylo-
coccus epidermidis, Bacillus cereus (MK468901.1),
Escherichia coli, and Pseudomonas. were studied.
The compound has antibacterial activity against
Staph. epidermidis and Bacillus cereus, as well as E.
coli. However, it has no effect against Pseudomonas.
The antibacterial activity of the examined com-
pound was found to be satisfactory. Within the
range of 0.8mg/ml, the MIC value was computed
against the three species of bacteria.

The findings revealed that the chemical had
strong antibacterial activity against the majority of
the pathogens tested, with MIC values of 0.8 mg/ml.
This means that the chemical compound can be
used as a narrow spectrum antibiotic [17]. Antimi-

Conc. Diameter of the inhibition zone (mm) c‘ro‘bigl resi_stance is frfequently used to dgscribe an-
me/mL | B, cereys | StaPhVIococcus | . | Pseudomonas 'Flblotlc resistance, V\IIhICl"l occurs whfen mlcroorgfm—
’ epidermidis ) sp. isms such as bacteria, viruses, fungi, and parasites
20 13 10 9 0 are resistant to a treatment that was designed to
10 13 10 9 0 cure the infection [18,19].
5 12 10 3 0 The compound has not affect red blood cells at
4 12 9 3 0 the concentrations of 0.002, 0.005 and 0.0008 mg/ml
3 T 9 3 while decomposition was observed at high concen-
5 5 s 7 trations as shown in' Figu‘re' 4 gnd Table 3. This
1 ; . s means the compc.)undﬁls toxic in high concentljatlons
and should be given in very low concentrations to
0.8 > > > be used safely as recommended by the World Health
0.7 0 0 0 organization [20].
TABLE 3. Effect of the chemical compound on blood RBC
0.1 mg 0.08 mg 0.05 mg 0.01 mg 0.005mg | 0.002mg | 0.0008 mg
High lysis | High lysis | Moderate lysis | Moderate lysis | Non lysis Non lysis Non lysis

FIGURE 4. Effect of the compound on blood RBC
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CONCLUSION

The thiadiazole chemical compound had strong
antibacterial activity against some of the pathogenic
bacteria. Thiadiazoles have antibacterial activities
of gram positive and gram negative microorgan-
isms. Thiadiazoles have the minimum inhibitory
concentrations against different microorganisms
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that have severe toxicity and can cause cells lysis.
The chemical compound can be used as a narrow
spectrum antibiotic.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Conflict of interest: none declared
Financial support: none declared

Balouiri M, Sadiki M, Ibnsouda SK. Methods for in vitro evaluating
antimicrobial activity: A review. J Pharm Anal. 2016 Apr;6(2):71-9.

doi: 10.1016/j.jpha.2015.11.005. Epub 2015 Dec 2. PMID: 29403965;
PMCID: PMC5762448

Saeed BMS, Al-jadaan SAN, Abbas BA. Pharmacological and Biological
Evaluation of 5,5'[(1,4-Phenelene) bis(1,3,4-thiadiazol-2-amine)]. J Phys:
Conf Ser. 2019a; 1279:012038. doi: 10.1088/1742-6596/1279/1/012038
Saeed BMS, Al-jadaan SAN, Abbas BA. Synthesis of a novel
4,4'-[1,4-phenylenebis(1,3,4-thiadiazole-5,2-diyl)] bis(azaneylylidene)
bis(methaneylylidene) diphenol and determination of its
pharmacological and antimicrobial activities. J Phys: Conf Ser. 2019b;
1279:012037. doi: 10.1088/1742-6596/1279/1/012037

Saeed BMS, Al-Jadaan SAN, Abbas BA. Synthesis, characterization of a
novel 1,1’-[1,4-phenylenebis(1,3,4-thiadiazol-5,2-diyl)] bis (3-chloro-4-
(4-hydroxyphenyl) azetidin-2-one and evaluation its biological activities.
Materials Science and Engineering: Conf. Series. 2020; 928: 062024.
doi: 10.1088/1757 899X%/928/6/062024

Singh S, Kumar V, Sharma SK, Kumar A, Sharma S. Synthesis of some
new 1,3-thiazolyldiphenyl amine derivative and evaluation of their
antibacterial effects. Oriental J Chem. 2010;26(1):93-101. http://www.
orientjchem.org/vol26no1/synthesis-of-some-new-13-
thiazolyldiphenyl-amine-derivative-and-evaluation-of-their-
antibacterial-effects/

Nair MG, Putnam AR, Mishra SK, Mulks MH, Taft WH, Keller JE, et al.
Faeriefungin: a new broad-spectrum antibiotic from Streptomyces
griseus var. autotrophicus. J Nat Prod. 1989 Jul-Aug;52(4):797-809.

doi: 10.1021/np50064a022. PMID: 2509636.

Ismail H, Mirza B, ul-Haq |, Shabbir M, Akhter Z, Basharat A. Synthesis,
characterization, and pharmacological evaluation of selected aromatic
amines. J Chem. 2015;(2):9, 465286. doi: 10.1155/2015/465286
Lazarescu AL, Grosu-Bularda A, Andrei MC, Grama S, Frunza A, lonescu
DA, et al. Fungal Infections in Major Burns-2 Years Overview. Modern
Medicine. 2020;27(3):186-190.

Shirinzadeh H, Stizen S, Altanlar N, Westwell AD. Antimicrobial Activities
of New Indole Derivatives Containing 1,2,4-Triazole, 1,3,4-Thiadiazole
and Carbothioamide. Turk J Pharm Sci. 2018 Dec;15(3):291-7.

doi: 10.4274/tjps.55707. Epub 2018 Nov 20. PMID: 32454672;

PMCID: PMC7227843.

WHO. Supplemementary guidelines for the manufacture of herbal
medicinal.product.Who tech.Resper-Geneve., Annex 8, 1996;109-113.


http://doi.org/10.3831/KPI.2021.24.1.32
http://doi.org/10.3831/KPI.2021.24.1.32
http://doi.org/10.2147/DDDT.S155958
http://doi.org/10.22401/JNUS.17.2.01
http://doi.org/10.1016/j.molstruc.2020.128570
http://doi.org/10.31689/rmm.2023.30.3.181
http://doi.org/10.1128/AEM.66.12.5241-5247.2000
http://doi.org/10.1128/AEM.66.12.5241-5247.2000
http://doi.org/10.1016/j.jpha.2015.11.005
http://doi.org/10.1088/1742-6596/1279/1/012038
http://doi.org/10.1088/1742-6596/1279/1/012037
http://doi.org/10.1088/1757 899X/928/6/062024
http://doi.org/10.1021/np50064a022
http://doi.org/10.1155/2015/465286
http://doi.org/10.4274/tjps.55707

