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ABSTRACT: A series of tetrazol derivatives 1(a-c) and 2(a-c) were synthesized by Mannich base reaction.
Synthesized compoundsli(a-c), and 2(a-c) were confirmed by IR, '"H NMR, *C NMR, mass spectral, and
elemental analysis. Synthesized compounds 1(a-c), and 2(a-c) were screened for antibacterial and antifungal
activity. The compound 1b was highly active against S. aureus in antibacterial screening. The synthesized
compounds have been screened for fungal species. The compounds were synthesized and characterized them,
and the structure was confirmed It was revealed that some synthesized derivatives show remarkable biological
activity against both gram-negative and gram positive bacterial species and fungal microorganisms. Therefore,
current study demonstrates the antibacterial and antifungal activity potential of new tetrazole derivatives and
provides future insights for developing antibacterial and antifungal drugs.

Keywords: Heterocyclic compound, Tetrazole derivatives, Fungal species, Bacterial strain
INTRODUTION

The global development of antibiotic-resistant organisms is making infectious diseases a serious problem once
more, which is weakening the progress made in contemporary medicine [1]. When bacteria are treated with
antimicrobial substances, their growth, reproduction, or even death can be inhibited. They come in a variety of
types, such as antibiotics [2]. Some medications have the ability to significantly change physiological and
metabolic processes. The ability of bacteria to endure and multiply in the presence of antimicrobial medications
is known as antimicrobial resistance (AMR). The long-term, extensive use of antibiotics has led to the
development of AMR in microorganisms [3, 4]. Microbial infections are treated with antibacterial and
antifungal drugs. However, the development of antibiotic resistance presents a significant obstacle to the
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treatment of this kind of infection, which has grown to be a serious issue that endangers human life and has a
direct impact on the essence of life. In order to address and overcome antibiotic resistance, it is now imperative
that this issue be addressed and that prompt solutions be found. Therefore, it is crucial and urgent to develop
and find new antimicrobial medications in order to cure microbial illnesses [5, 6, 7]. It is thought that in order
to help fight antibiotic-resistant bacteria and stop their spread, new treatment technologies are needed, and this
will take a lot of work from experts in the field. Fungal infections are becoming more widespread worldwide,
particularly in developing nations where access to adequate care is lacking, putting lives at risk. More
specifically, up to 40% of those who have invasive candidiasis die [9], making it the third most common cause
of bloodstream infections [§].

Azoles, which include imidazole, triazole, and tetrazole, have a variety of potent antibacterial properties and are
frequently used to treat inner or topical mycoses, especially those associated with AIDS-related mycotic
diseases [10]. It has also been discovered that tetrazole has a strong propensity for binding to benzodiazepine
receptors 2. Inhibitors of a-mannosidase 3—4 have been reported for mannose mimetics. 1,5-Disubstituted-1H-
tetrazoles are appropriate bioisosteres of peptides [11], and some of the tetrazole derivatives have medicinal
value and have been reported to have antifungal drugs [12, 13], antinociceptive [14, 15], antimycobacterial [16],
anti-inflammatory [17], antiproliferative [18], anticonvulsant activities [19], and antibiotics [12]. The
production of physiologically significant chemicals and multidrug compounds depends heavily on the Mannich
process [20, 21]. In general, Mannich bases have a variety of biological properties, including cytotoxicity [22,
23], anticonvulsant properties [24], and antibacterial properties [25]. Therefore, bearing in mind the above
observation, we decided to synthesize new series of tetrazol derivatives and screening fordental plaque
antibacteria, and cytotoxicity activities.

MATERIAL AND METHODS:

Instrumentation techniques: Melting points were recorded in open capillary tubes and were uncorrected. The
IR spectra were recorded in KBr on an FT-IR spectrometer (Shimadzu 8201PC) in the range of 4000-400 cm™.
The 1H-NMR spectra were recorded on a Bruker DRX-300 spectrometer at 300MHz. Elemental analysis (C,
H, N, and S) was performed using an elemental analyzer (VarioEL III). The purity of the compounds was
checked by thin layer chromatography (TLC) on silica gel plates.

Synthesis of 2-[phenyl(1H-tetrazol-1-yl)methyl]lhydrazine carbothioamide 1(a-c): A mixture of tetrazole
(0.1mol, 7.0g), thiosemicarbazone(0.1mol, 9.1g), and benzaldehyde (0.1 mol, 10mL) in ethanol(30mL), the
reaction mixture was taken in R.B flask. The reaction mixture was refluxed and stirred for 2h with help of
magnetic stirrer. Final product was purified by column chromatography. [26]

CHO P
N\Nﬁ
MN— s _
i i + | ¥ iy EtOH /k NH _NH,
N\ L %NHz _— - e NH Tr 2
N s f
H : R s
1(a-c)

Synthesis of 1, 1-dimethyl-3-[phenyl (1H-tetrazol-1-yl) methyl] urea 2(a-c): A mixture of tetrazole (0.1mol,
7.0g), 1,1-dimethylurea (0.1mol, 8.8g), and benzaldehyde (0.1 mol, 10mL) in ethanol(30mL), the reaction
mixture was taken in R.B flask. The reaction mixture was refluxed and stirred for 2h with help of magnetic
stirrer. The reaction mixture cooled and poured into crushed ice. The resulting solid was filtered, dried and
recrystallized from ethanol. [27, 28]

5447



Frontiers in Health InformaticsISSN-Online: www.healthinformaticsjournal.com
2676-7104

}u——w
CHO N{ ﬁ
S 0 N o)
N —H /U\ EtOH /L
N ﬂ + | P R A N : | = NHJ\N”CHS
., 2
N | |
H i CH4 R P H4C
2(a-c)

Antimicrobial Activity: Novel synthesized compounds 1(a-c), and 2(a-c) were evaluated were screened for
their antimicrobial activity by using different bacterial and fungal microorganisms. The bacterial and fungal
strains used for the study of antibacterial activity were Escherichia coli, Pseudomonas aeruginosa, Bacillus
subtilis, Bacillus megaterium and Aspergillus niger, C. albicans. [29]

Agar Cup Borer Method: Ciprofloxacin and ketoconazole were used as a reference for the bacterial and fungal
cultures, respectively, in the test, which was conducted using the agar cup borer method with several changes.
In a test tube, combine 0.2 mL of the test culture suspension with 1.5% sterile melted top agar that has been
cooled to room temperature. Mix thoroughly, then transfer the mixture into a petri dish filled with sterile base
agar medium (autoclaved at 121 °C for 15 minutes) and let it solidify. To sterilise the cup borer, it was dipped
in pure ethanol, burned, and then allowed to cool. Three cups in the agar plate were marked with a sterile cup-
borer, and 0.1 mL of test solution, 0.1 mL of reference solution, and 0.1 mL of DMSO solvent were injected
into each cup, respectively. After that, the dishes were left in the refrigerator at 4-5 °C for 20 minutes to diffuse.
After that, the plates were incubated for 24 hours at 37 °C while standing up. Following incubation, a distinct
zone of growth inhibition surrounding the cup indicates the microorganism's relative susceptibility to the
possible antimicrobial agent. By measuring the inhibition zone that the different substances caused on the
microorganisms, the activity was graded according to the size of the inhibition zone. [30, 31]

Determination of the minimal inhibitory concentration (MIC): Dimethylsulfoxide was used to dissolve the
compound at a concentration of 64 pg/mL. The solution was produced in two dilutions (64, 32,..., 0.5 ug/mL).
The appropriate wells were infected with the microbe suspensions at doses of 10°CFU/mL (colony forming
unit/mL). For 24 hours, the plates were incubated at 36° C. [32]

RESULTS AND DISCUSSION

A series of compounds 1(a-c), and 2(a-c) were synthesized from condensation method and reactions are outline
in scheme 1, physicochemical data are given in Table 1.

Table 1: Physical Characterization of Compounds 1(A-C) & 2(A-C)

Deri. R M.F M.W Yield Elemental Analysis, Calculated
(%) (Found) (%)
C H N S
la -H CoH11N7S 242.56 82 43.36 4.45 39.33 12.86
(54.70) (5.14) | (18.79) | (12.97)
1b -Cl CoH11N,OS 259.11 83 40.75 4.18 36.96 12.09
(40.23) (4.22) | (36.80) | (12.20)
Ic -OH CoHi10N7SCl 273.11 79 38.10 3.55 34.56 11.30
(52.41) (3.91) | (34.61) | (11.47)
2a -H CoH11N7O 243.67 84 46.35 4.75 42.04 -
(46.34) (4.71) | (42.06)
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2b Cl CiHuNO | 246.65 53.65 573 | 34.13 -
78 (53.60) | (5.71) | (34.10)

2c -OH | CuHuNO, | 21122 | 82 50.38 538 | 32.04 -
(50.29) | (5.35) | (32.10)

The structures of compounds were characterized from IR, 'H NMR, *C NMR and Mass spectral analysis. IR
spectra of the compounds (1a) shows that the absorption band at NH2, C=S, C=N and N=N corresponding to
3408, 1660, 1315, and 1512 cm-' respectively. 'H NMR spectrum of the compound (1a) shows that signals
obtained at 6 9.60, 6.32, and 2.22 corresponding to NH2, -CH-, and NH respectively. The '*C NMR spectrum
of the compound (1a) shows that signals obtained at 6 182.86 and 74.11 corresponding to (C=S) and -CH-
carbon group respectively. Mass spectra of the compound (la) shows molecular ion peak at m/z 249.09
corresponding to expected molecule weight of the compound (1a).

2-[phenyl(1H-tetrazol-1-yl)methyl]hydrazinecarbothioamide 1(a): IR (KBr, cm™): 3408 (NH>), 3002 (NH),
2926 (CH=str), 1660 (C=S), 1512 (N=N), 1315 (C=N), 947(NH), 701 (ArH). '"H NMR (DMSO-d6), 6H (ppm):
9.60 (2H, s, NH>), 8.72 (1H, s, 5CH-tetrazole), 7.30-7.26 (4H, m, ph), 6.32 (1H, s, -CH-), 2.22(1H, s, NH). 13C
NMR (DMSO-d6), 3C (ppm): 182.86(C=S), 144.87 (SCH-tetrazole), 138.26-126.67 (Ph), 74.11(-CH-). EI-Ms,
m/z (Relative intensity %): m/z 249.09 (M,+ 10%).

2-[(4-chlorophenyl) (1H-tetrazol-1-yl)methyl] hydrazine carbothioamide 1(b): IR (KBr, cm™): 3377(NH>),
3023(NH), 2932 (CHstr), 1653(C=S), 1577(N=N), 936(NH), 646(Ar-Cl). '"H NMR(DMSO-d6) 6H (ppm):
9.52(NH2,s,2H), 8.82(5CH-teterzole, s,1H), 7.75(2H, dd, Ph, J=5.6Hz, J=6.2Hz), 7.44 (2H, dd, Ph, J=5.8Hz,
J=6.4Hz), 6.43(1H, s, -CH-), 2.43(1H, s, NH), 2.14 (1H, s, NH). 13C NMR (DMSO0-d6), d(ppm): 181.12(C=S),
147.67 (5CH-tetrazole), 131.23 (C-Cl), 130.12-129.11 (Ph), 72.11 (-CH-). EI-Ms, m/z (Relative intensity %):
m/z 283.65 (M,+ 66%).

2-[(4-hydroxyphenyl) (1H-tetrazol-1-yl)methyllhydrazine carbothioamide 1(c): IR (KBr, cm):
3408(NH2), 2997(NH), 2909(CHstr)1560(N=N), 1660(C=S), 1315(C=N), 942(NH), 942(Ar-OH) . 'H NMR
(DMSO-d6), 6H (ppm): 9.83 (1H, s, Ph-OH), 9.21 (2H, s, NH2), 8.36 (1H, s, SCH-tetrazole), 7.43(2H, dd, Ph,
J=6.8Hz, J=7.2Hz), 7.22(2H, dd, Ph, J=6.7Hz, J=7.0Hz), 6.32(1H, s, -CH-), 2.43(1H, s, NH). 13C NMR
(DMSO-d6), 3C (ppm): 180.21 (C=S), 154.07(Ph-OH), 143.67 (5CH-Tetrazole moiety), 138.26-126.67 (Ph),
72.08 (-CH-). EI-Ms, m/z (Relative intensity %):m/z 264.98(M,+ 26%); .

IR spectra of the compound (2a) shows that the absorption band at C=0, C=N, and NH corresponding to 1694,
1376, and 942 cm-1 respectively. 'H NMR spectrum of the compound (2a) shows thatthe proton signals
observed 6.43,9.52, 6.12, and 2.14 corresponding to -CH-, NH2, NH, and (-NH(CH3)2 protons respectively.
The C NMR spectrum of the compound (2a) shows that the carbon peaks obtained at 154.07, 72.11, and 36.12
corresponding to C=0, CH, and CH2N respectively. Mass spectra of the compound (2a) shows molecular ion
peak at m/z 246.88 corresponding to expected molecule weight of the compound (2a).

1,1-dimethyl-3-[phenyl(1H-tetrazol-1-yl)methylJurea 2(a): IR (KBr, cm™): 2986(NH), 2936 (CHstr),
1694(C=0), 1512(N=N), 1376(C=N), 942(NH), 919(Ar). 'H NMR (DMSO-d6) 6H (ppm): 9.52(2H, s, NH2),
8.82 (2H, s, 5CH-tetrazole), 7.75-7.44 (5H, m, Ph), 6.43 (1H, s, -CH-), 6.12 (1H, s, NH), 2.14 (6H, s, -
NH(CH3)2). 13C NMR (DMSO0-d6), & (ppm): 154.07 (C=0), 147.67 (5CH-tetrazole), 137.86-126.21 (Ph),
72.11(-CH-), 36.12 (-N(CH3)2). EI-Ms, m/z (Relative intensity %):m/z 246.88(M.,+ 44%).

3-[(4-chlorophenyl) (1H-tetrazol-1-yl)methyl]-1,1-dimethylurea 2(b): IR (KBr, cm™): 3240(CHs), 2934
(CHstr), 1683(-CONH), 1565(N=N), 1363 (C=N), 954(Ar), 646(Ar-Cl). '"H NMR(DMSO-d6)oH (ppm): 8.85
(1H, s, 5SCH-teterzole), 7.47(2H, dd, Ph, J=5.9Hz, J=6.8Hz), 7.26 (2H, dd, Ph, J=5.7Hz, J=6.6Hz), 7.15(1H, s,
-CH-), 6.13 (1H, s, NH), 2.83(6H, s, -NH(CH3)2). 13C NMR (DMSO-d6), ¢ (ppm): 156.67 (C=0), 143.30
(5CH-teterazole), 132.06(C-Cl), 131.01- 128.30 (Ph), 66.21 (-CH-), 36.12 (-N(CH3)2). EI-Ms, m/z (Relative
intensity %): m/z 279.12(M,+ 38%); .
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3-[(4-hydroxyphenyl) (1H-tetrazol-1-yl)methyl]-1, 1-dimethylurea 2(c) : IR(KBr, cm™): 3297 (CH3), 2922
(CHstr), 1683 (-CONH), 1565 (N=N), 1377 (C=N), 942 (Ar), 942 (Ar-OH),. 'H NMR (DMSO-d6)6H (ppm):
9.83 (1H, s, Ph-OH), 8.84 (1H, s, SCH-teterzole), 7.31(2H, dd, Ph, J=6.3Hz, J=5.7Hz), 7.22 (2H, dd, Ph,
J=6.6Hz, J=5.8Hz), 7.14(1H, s, -CH-), 6.13 (1H, s, NH2), 2.81(6H, s, -NH(CH3)2). 13C NMR (DMSO-db),
OC (ppm): 154.07 (Ph-OH), 156.43 (C=0), 143.12 (5CH-teterazole ), 131.42-128.09 (Ph), 66.09 (-CH-), 36.01
(-N(CH3)2). EI-Ms, m/z (Relative intensity %): m/z 262.87 (M,+ 21%);

Antimicrobial activity: The produced substances were examined for antibacterial activity in vitro. Out of the
six tetrazole compounds, la and lc shown moderate inhibition against gram-negative bacterial species,
particularly Escherichia coli, according to the findings in Table 2, whereas 1b and 2b demonstrated maximum
action against the majority of gram-negative organisms. Nearly every molecule in the series demonstrated
maximal inhibition against gram-positive organisms, with compounds 1b and 1c demonstrating the strongest
inhibition against B. megaterium and la demonstrating good inhibition against fungal organisms, particularly
C. albicans. While 1a shown good inhibition against fungal species, the other chemicals showed moderate to
less suppression.

Table 2: Antimicrobial activity of compound by Zone of Inhibition

Der. Zone of Inhibition
Bacterial strain Fungal strain

Escherichia | Pseudomonas | Bacillus Bacillus Aspergillus | Candida

coli aeruginosa subtilis megaterium niger albicans
la 10 12 - - 20 19
1b 20 19 22 16 19 18
Ic 12 10 17 10 15 12
2a 14 17 10 10 14 16
2b 17 22 10 19 15 18
2c 10 13 10 19 16 19
Std 30 30 30 30 33 33

Antimicrobial activity of compounds at 10 mg% in DMSO.
Ciprofloxacin and ketoconazole used as a standard

The antibacterial and antifungal properties of compounds 1(a-c) and 2(a-c) were examined. When compared to
the standard, one of the synthesised compounds (1b) was very active (MIC: 8 ug/mL) against Pseudomonas
aeruginosa, and compound (2b) was highly active (MIC: 8 ug/mL) against Pseudomonas aeruginosa when
compared to other compounds, but very low active when compared to standards. When combined with
conventional ciprofloxacin and ketoconazole, the compound (1¢) demonstrated high activity against Escherichia
coli (MIC: 4ug/mL). Table 3 summarises the data and shows the antibacterial minimum inhibit concentration.

Table 3: Antimicrobial activity of compound by MIC

Der. MIC
Bacterial strain Fungal strain
Escherichia | Pseudomonas | Bacillus Bacillus Aspergillus | Candida
coli aeruginosa subtilis megaterium niger albicans
la 64 64 - - 32 8
1b 64 8 8 32 16 32
Ic 4 32 32 16 >100 >100
2a 64 32 >100 >100 64 32
2b 16 8 >100 32 32 8
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2c 64 64 >100 32 >100 32
Std 0.5 0.5 32 0.5 2 8

Ciprofloxacin and ketoconazole used as a standard

Structure activity relationship: From the results of antimicrobial activities, we are discussed in following
structure activity relationships:

Figure 1: Structure Active Relationship Active Compound

Molecular Docking: Compounds 1c and 2b, which contain a tetrazole ring molecule at 1-position through
methyl bridged and exhibit good antibacterial and antifungal activity, were investigated in relation to one
another using the in silico molecular docking method. The target used in this study was sterol 14-a demethylase
(CYPS51). According to molecular docking, the compounds' binding sites are similar. As shown in Figure 2, the
core of azoles is responsible for the interaction with tetrazole derivative molecules. The molecular docking
contact energies of the substances. 2b is the most active molecule and has the highest docking energy, at -8.7430
kcal/mol. Compound 1c exhibits several H-acceptor stacking contacts with Ser 378 (3.26 A), a 4.28 A H-pi
stacking interaction with heme, and a 4.18 A hydrogen bond between the benzimidazole core pi-H and Ser 506.

'y ! — i, bt

- i, HG}:.' = :
@ _ e
Tl f%%
) i o s

Figure 2. 2D Interaction diagrams representing the docked conformation of ligand 1c and 2b

CONCLUSION: To concluded, we have discovered a productive and useful method for creating tetrazole
derivatives. In antibacterial screening, the compound (1b) shown excellent activity against S. aureus. When it
came to antibacterial and antifungal screening, the chlorine substituent in the para position of the phenyl rings
made the majority of compounds active, while further substitutions on the thiosemicarbazide and tetrazole rings
did the same. All things considered, this work shows the potential for antibacterial and cytotoxic activity of
novel tretazole derivatives and offers guidance for future research into the development of antibacterial and
antifungal medications.
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