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Abstract
Two series of new 1,3,4-thiadiazole derivatives were synthesized through heterocyclization of methyl 2-(3,5-di-
bromo-2-hydroxybenzylidene)hydrazine-1-carbodithioate (4) and methyl (E)-2-(1-(5,7-dibromobenzofuran-2-yl)
ethylidene)hydrazine-1-carbodithioate (5) with various hydrazonoyl chlorides, respectively. The structures of the newly 
synthesized products were elucidated through elemental analysis and spectral data. Eight new compounds from the first 
series (i.e. containing dibromohydroxybenzene moiety) were evaluated for their antimicrobial activity against Staphylo-
coccus aureus ATCC 6538-P as the Gram-positive bacteria, Escherichia coli ATCC 25933 as the Gram-negative bacteria, 
Candida albicans ATCC 10231 as a yeast, and the filamentous fungus Aspergillus niger NRRL-A326 in comparison with 
neomycin as a reference drug in the case of S. aureus, E. coli and C. albicans whereas cyclohexamide was used as a refer-
ence for filamentous fungi. The results showed that some of the novel compounds have promising antimicrobial activity.

Keywords: 1,3,4-thiadiazole, carbodithioate, hydrazonoyl chloride, antimicrobial activity.

1. Introduction
Heterocyclic compounds have garnered significant 

interest among organic chemists, medical researchers, and 
those involved in drug discovery. Thiadiazole is a promi-
nent class of heterocyclic compounds characterized by a 
five-membered ring containing two nitrogen atoms, one 
sulfur atom, and two carbon atoms. Thiadiazoles are cate-
gorized into four types: 1,3,4-thiadiazole, 1,2,4-thiadi-
azole, 1,2,5-thiadiazole, and 1,2,3-thiadiazole (Figure 1), 
with 1,2,4-thiadiazole and 1,3,4-thiadiazole being the 
most extensively studied.1

Compounds containing the 1,3,4-thiadiazole moiety 
have been shown to exhibit a broad spectrum of biological 

activities, including antimicrobial,2,3 antituberculosis,4 an-
tiinflammatory,5–7 anticonvulsant,4,8,9 antihypertensive,10 
local anesthetic,11 and anticancer activities,12,13 1,3,4-thi-
adiazole scaffold has been utilized in several FDA-ap-
proved14 drugs such as desaglybuzole, acetazolamide, sul-
famethizole, litronesib, filanesib, and methazolamide15 
(Figure 2).

Various synthetic routes including cyclization reac-
tions involving thioketones, hydrazines and various car-
bonyl compounds are utilized to synthesis thiadiazole. In 
this work, we aim to synthesize a new series of 1,3,4-thiad-
iazole derivatives which are expected to exhibit antimicro-
bial activity.

Figure 1. Structures of thiadiazoles
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2. Experimental
Melting points were measured on an electrothermal 

digital apparatus. IR spectra (KBr disks) were recorded on 
a Shimadzu FT-IR 8201 PC Infrared spectrophotometer. 
1H NMR spectra were recorded in DMSO-d6 solutions on 
a Bruker spectrometer operating at 400 MHz, 13C NMR 
were recorded on a Bruker spectrometer at 100 MHz, and 
chemical shifts were referenced to that of the solvent. Mass 
spectra were recorded on a GCMS QP1000 EX Shimadzu. 
Elemental analyses were carried out by the Microanalyti-
cal Research Centre, Faculty of Science, Cairo University. 
Analytical C, H, N, and S results were within ±0.4% of the 
calculated values, hydrazonoyl halides 6a–h16–19 were pre-
pared as reported in the literature.

2. 1. Chemistry
Synthesis of 3,5-Dibromo-2-hydroxybenzaldehyde (2)

Bromine 16 g (5 mL), 0.1 mol was added step-wise to 
salicylaldehyde (1) (22.12 g, 0.18 mol) in acetic acid (150 
mL), while stirring for 1 hour in an ice bath. The reaction 
mixture was then poured on ice-cold water (1000 mL).20,21 
The resulting solid residue compound 2 was collected and 
recrystallized from ethanol to give white crystals, yield 
43.353 g (85%). M.p. 81–83 °C (ethanol); IR (KBr) ν 3347 
(OH), 3176, 3067 (CH, aromatic), 1680 (C=O) cm–1; 1H 
NMR (400 MHz, DMSO-d6) δ 11.25 (s, 1H, CHO), 10.01 
(s, 1H, OH), 7.95 (d, J = 2.4 Hz, 1H, Ar-H), 7.83 (d, J = 2.4 
Hz, 1H, Ar-H); MS m/z (%): 281.87 ([M+4]+, 22.64), 
279.61 ([M+2]+, 33.78), 278.08 (M+, 100). Anal. Calcd. for 
C7H4Br2O2 (279.96): C, 30.04; H, 1.44. Found: C, 29.83; H, 
1.42 %.

Synthesis of 1-(5,7-Dibromobenzofuran-2-yl)ethan-1-
one (3)

A total of 28 g (0.1 mol) of compound 2 was refluxed 
for 2 hours in a solution of potassium hydroxide (5.6 g, 0.1 
mol) in ethanol. After cooling the reaction mixture to 
room temperature, 10 g (0.1 mol) of chloroacetone was 
added. The mixture was then refluxed for an additional 2 
hours. Following this, the reaction mixture was filtered, 
and the resulting solution was allowed to cool at room 
temperature. Light green crystals of compound 3 were ob-
tained with a yield 19.76 g (60%). M.p. 147–151 °C (etha-
nol); IR (KBr) ν 3117, 3094, 3091 (=C–H, aromatic), 1692 
(C=O) cm–1; 1H NMR (400 MHz, DMSO-d6) δ 8.07 (d, J = 
1.7 Hz, 1H, Ar-H), 7.97 (d, J = 1.7 Hz, 1H, Ar-H), 7.92 (s, 
1H, Ar-H), 2.58 (s, 3H, CH3); 13C NMR (101 MHz,  
DMSO-d6) δ 188.15 (C=O), 153.83, 151.55, 133.11, 130.21, 
126.08, 116.86, 114.54, 105.73, 27.06; MS m/z (%): 319.65 
([M+4]+, 77.01), 317.50 ([M+2]+, 19.42), 315.05 (M+, 
25.53). Anal. Calcd for C10H6Br2O2 (317.96): C, 37.78; H, 
1.89. Found C, 37.58; H, 1.88 %.

Synthesis of Methyl (E)-2-(3,5-Dibromo-2-
hydroxybenzylidene)hydrazine-1-carbodithioate (4)

To a solution of 3,5-dibromo-2-hydroxybenzalde-
hyde (2.79 g, 10 mmol) in 20 mL of 2-propanol, 1.22 g (10 
mmol) of methylhydrazinecarbodithioate was added. The 
mixture was warmed gently and stirred for 1 hour. The sol-
id product was filtered off and recrystallized from dioxane 
to afford compound 4 as a pale yellow solid in yield 3.341 
g (87%). M.p. 187–189 °C (dioxane); IR (KBr) ν 3575 
(OH), 3428 (NH), 3219, 3127, 3091 (C–H, aromatic), 1628 
(C=N), 1605 (C=C) cm–1; 1H NMR (400 MHz, DMSO-d6) 
δ 13.46 (s, 1H, NH), 11.83 (s, 1H, OH), 8.56 (d, J = 1.7 Hz, 

Figure 2. FDA-approved drugs contain thiadiazole
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1H, Ar-H), 8.55 (s, 1H, CH=N), 8.18 (d, J = 1.7 Hz, 1H, 
Ar-H), 2.56 (s, 3H, S-CH3); 13C NMR (101 MHz, DM-
SO-d6) δ 199.01 (C=S), 165 (C–OH), 141.41 (C=N), 
140.51, 127.66, 122.20, 120.80, 117.48, 17.30 (CH3).

Synthesis of Methyl (E)-2-(1-(5,7-Dibromobenzofuran-
2-yl)ethylidene)hydrazine-1-carbodithioate (5)

To a solution of 1-(5,7-dibromobenzofuran-2-yl)
ethan-1-one (3) (3.17 g, 10 mmol) in 2-propanol (20 mL), 
methyl hydrazinecarbodithioate (1.22 g, 10 mmol) was 
added. The mixture was heated under reflux for 1 hour. 
The precipitated product was filtered off, recrystallized 
from dioxane to afford compound 5 as a white solid, yield 
3.503 g (83%). M.p. 210 °C (acetic acid); FT-IR (KBr) ν 
3199 (NH), 3065 (C–H, aromatic), 2955, 2856 (CH), 1645 
(C=C), 1598 (C=N), 1238 (C=S), 704 (C–S) cm–1; 1H 
NMR (400 MHz, DMSO-d6) δ 12.63 (s, 1H, NH), 7.97 (d, 
J = 1.7 Hz, 1H, Ar-H), 7.85 (d, J = 1.7 Hz, 1H, Ar-H), 7.55 
(s, 1H, Ar-H), 2.54 (s, 3H, S–CH3), 2.41 (s, 3H, CH3); MS 
m/z (%): 423.17 ([M+4]+, 7.45), 421.18 ([M+2]+, 22.46), 
419.19 (M+, 23.59), 402.7 (100), 390.08 (22.44). Anal. Cal-
cd for C12H10Br2N2OS2 (422.15): C, 34.14; H, 2.37; N, 6.64; 
S, 15.19. Found: C, 34.06; H, 2.36; N, 6.62; S, 15.16%.

General Procedure for the Synthesis of 
1,3,4-Thiadiazole Derivatives 10a–g

To a mixture of appropriate hydrazonoyl halides 6a–
g (1 mmol) and hydrazine-1-carbodithioate derivative (4) 
(0.384 g, 1 mmol) in ethanol (20 mL), triethylamine (0.5 
mL) was added, the mixture was warmed gently and 
stirred at room temperature for 1 hour.22 The resulting sol-
id product was collected and recrystallized from the ap-
propriate solvent to give the corresponding 1,3,4-thiadi-
azole derivatives 10a–g. The physical constants of products 
10a–g are listed below.

4-(4-Chlorophenyl)-5-(((E)-3,5-dibromo-2-
hydroxybenzylidene)hydrazineylidene)-N-phenyl-4,5-
dihydro-1,3,4-thiadiazole-2-carboxamide (10a)

Yellow solid, yield 0.534 g (88%). M.p. 230–232 °C 
(dioxane); FT-IR (KBr) ν 3382 (OH), 3310 (NH), 3070 
(CH, aromatic), 2925 (CH), 1667 (C=O), 1601 (C=N), 
1544 (C=N, thiadiazole) cm–1; 1H NMR (400 MHz,  
DMSO-d6) δ 10.83 (s, 1H, OH), 8.70 (s, 1H, NH), 8.65 (s, 
1H, CH=N), 8.24 (d, J = 8.9 Hz, 2H, Ar-H), 8.17 (d, J = 8.9 
Hz, 2H, Ar-H), 7.86 (d, J = 2.3 Hz, 1H, Ar-H), 7.82 (d, J = 
2.3 Hz, 1H, Ar-H), 7.76 (d, J = 7.9 Hz, 2H, Ar-H), 7.40 (t, J 
= 7.9 Hz, 2H, Ar-H), 7.18 (t, J = 7.4 Hz, 1H, Ar-H); MS m/z 
(%): 609.32 ([M+4]+, 23.14), 607.21 ([M+2]+, 20.78), 
604.90 (M+, 60.81), 446.51 (100), 405.70 (52). Anal. Calcd. 
for C22H14Br2ClN5O2S (607.71): C, 43.48; H, 2.32;N, 11.52; 
S, 5.28. Found: C, 43.36; H, 2.29; N, 11.48; S, 5.26%.

2,4-Dibromo-6-((1E)-((5-(furan-2-yl)-3-(4-
nitrophenyl)-1,3,4-thiadiazol-2(3H)-ylidene)
hydrazineylidene)methyl)phenol (10b)

Brown solid, yield 0.468 g (83%). M.p. 295–298 °C 
(dioxane); FT-IR (KBr) ν 3384 (OH), 3112, 3071 (CH, ar-
omatic), 2923 (CH), 1743 (C=C, furan ring), 1605 (C=N), 
1590 (C=N, thiadiazole), 693 (C–S) cm–1; 1H NMR (400 
MHz, DMSO-d6) δ 11.38 (s, 1H, OH), 8.81 (s, 1H, CH=N), 
8.43 (s, 2H, Ar-H), 8.06 (d, J = 1.6 Hz, 1H, furan-H), 7.91 
(d, J = 2.3 Hz, 1H, Ar-H), 7.89 (d, J = 2.3 Hz, 1H, Ar-H), 
7.90 (d, J = 8.12 Hz, 2H, Ar-H), 7.46 (d, J = 3.6 Hz, 1H, 
furan-H), 6.82 (dd, J = 3.6, 1.6 Hz, 1H, furan-H); MS m/z 
(%): 566.53 ([M+4]+, 5.00), 564.17 ([M+2]+, 28.24), 562.97 
(M+, 15.01), 440.47 (100), 429.35 (45.58). Anal. Calcd for 
C19H11Br2N5O4S (565.20): C, 40.38; H, 1.96; N, 12.39; S, 
5.67. Found: C, 40.33; H, 1.94; N, 12.37; S, 5.66%.

5-(((E)-3,5-Dibromo-2-hydroxybenzylidene)
hydrazineylidene)-N,4-diphenyl-4,5-dihydro-1,3,4-
thiadiazole-2-carboxamide (10c)

Pale yellow solid, yield 0.441 g (77%). M.p. 187 °C 
(dioxane); FT-IR (KBr) ν 3382 (OH), 3310 (NH), 3070 
(CH, aromatic), 2925 (CH), 1667 (C=O), 1601 (C=N), 
1544 (C=N, thiadiazole) cm–1; 1H NMR (400 MHz, DM-
SO-d6) δ 10.75 (s, 1H, OH), 8.66 (s, 1H, NH), 8.62 (s, 1H, 
CH=N), 8.07 (d, J = 7.9 Hz, 2H, Ar-H), 8.01 (d, J = 7.9 Hz, 
2H, Ar-H), 7.83 (d, J = 2.3 Hz, 1H, Ar-H), 7.82 (d, J = 2.3 
Hz, 1H, Ar-H), 7.56 (d, J = 6.8 Hz, 2H, Ar-H), 7.47–7.33 
(m, 3H, Ar-H), 6.92 (d, J = 7.8 Hz, 1H, ArH); MS m/z (%): 
574.16 ([M+4]+, 5.04), 572.46 ([M+2]+, 22.09), 570.61 
(M+, 13.02), 273.67 (100), 260.89 (58.38). Anal. Calcd for 
C22H15Br2N5O2S (573.93): C, 46.09; H, 2.64; N, 12.22;S, 
5.59. Found: C, 46.10; H, 2.62; N, 12.22; S, 5.59%.

2,4-Dibromo-6-((1E)-((3-(4-nitrophenyl)-5-(thiophen-
2-yl)-1,3,4-thiadiazol-2(3H)-ylidene)hydrazineylidene)
methyl)phenol (10d)

Orange solid, yield 0.447 g (77%). M.p. >300 °C (ace-
tic acid); FT-IR (KBr) ν 3444 (OH), 3108, 3065 (C–H aro-
matic), 2913 (CH), 1608 (C=N), 1589 (C=N thiadiazole), 
1491 (C=C), 695 (C–S–C) cm–1; 1H NMR (400 MHz, DM-
SO-d6) δ 11.37 (s, 1H, OH), 8.80 (s, 1H, CH=N), 8.41 (d,  
J = 9.2 Hz, 2H, Ar-H), 7.94 (d, J = 5.1 Hz, 1H, thio-
phene-H), 7.93 (d, J = 1.8 Hz, 1H, thiophene-H), 7.92 (d, J 
= 9.2 Hz, 2H, Ar-H), 7.90 (d, J = 3.0 Hz, 1H, Ar-H), 7.89 
(d, J = 3.0 Hz, 1H, Ar-H), 7.28 (t, J = 5.1 Hz 1H, thio-
phene-H); MS m/z (%): 582.57 ([M+4]+, 28.40), 580.90 
([M+2]+, 23.47), 578.48 (M+, 32.64), 327.52 (61.54), 307.76 
(24.94). Anal. Calcd for C19H11Br2N5O3S2 (581.26): C, 
39.26; H, 1.91; N, 12.05; S, 11.03. Found: C, 39.05; H, 1.88; 
N, 11.98; S, 10.98%.

Ethyl 5-(((E)-3,5-Dibromo-2-hydroxybenzylidene)
hydrazineylidene)-4-phenyl-4,5-dihydro-1,3,4-
thiadiazole-2-carboxylate (10e)

Yellow solid, yield 0.447 g (85%). M.p. 205–207 °C 
(acetic acid); FT-IR (KBr) ν 3423 (OH), 3110, 3071 (C–H 
aromatic), 2991, 2922 (CH), 1746 (C=O), 1604 (C=N), 1555 
(C=N thiadiazole), 687 (C–S–C) cm–1; 1H NMR (400 MHz, 
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DMSO-d6) δ 10.89 (s, 1H, OH), 8.65 (s, 1H, CH=N), 7.86 
(d, J = 8.6 Hz, 2H, Ar-H), 7.80 (d, J = 2.2 Hz, 1H, Ar-H), 7.78 
(d, J = 2.2 Hz, 1H, Ar-H), 7.57 (t, J = 7.8 Hz, 2H, Ar-H), 7.46 
(t, J = 7.4 Hz, 1H, Ar-H), 4.41 (q, J = 7.1 Hz, 2H, CH2), 1.34 
(t, J = 7.1 Hz, 3H, CH3); MS m/z (%): 528.22 ([M+4]+, 
13.73), 526.46 ([M+2]+, 10.12), 523.90 (M+, 8.77), 362.13 
(53.28), 317.37 (100), 298.08 (43.31). Anal. Calcd for 
C18H14Br2N4O3S (526.20): C, 41.09; H, 2.68; N, 10.65; S, 
6.09. Found: C, 41.07; H, 2.66; N, 10.64; S, 6.09%.

1-(5-(((E)-3,5-Dibromo-2-hydroxybenzylidene)
hydrazineylidene)-4-(para-tolyl)-4,5-dihydro-1,3,4-
thiadiazol-2-yl)ethan-1-one (10f)

Pale yellow solid, yield 0.405 g (75%). M.p. 220 °C 
(dioxane); FT-IR (KBr) ν 3423 (OH), 3110, 3071 (C–H ar-
omatic), 2991, 2922 (CH), 1746 (C=O), 1604 (C=N), 1555 
(C=N thiadiazole), 687 (C–S–C) cm–1; 1H NMR (400 
MHz, DMSO-d6) δ 10.68 (s, 1H, OH), 8.65 (s, 1H, CH=N), 
7.87 (d, J = 2.3 Hz, 1H, Ar-H), 7.80 (d, J = 2.3 Hz, 1H, 
Ar-H), 7.72 (d, J = 8.3 Hz, 2H, Ar-H), 7.38 (d, J = 8.3 Hz, 
2H, Ar-H), 4.41 (q, J = 7.0 Hz, 2H, CH2), 2.39 (s, 3H, CH3), 
1.34 (t, J = 7.1 Hz, 3H, CH3); MS m/z (%): 541.88 ([M+4]+, 
18.7), 539.78 ([M+2]+, 14.33), 537.68 (M+, 28.74), 213.9 
(100), 207.93 (43.55). Anal. Calcd for C19H16Br2N4O3S 
(540.23): C, 42.24; H, 2.99; N, 10.37; S, 5.93. Found C, 
42.13; H, 2.95; N, 10.34; S, 5.92%.

1-(5-(((E)-3,5-Dibromo-2-hydroxybenzylidene)
hydrazineylidene)-4-(para-tolyl)-4,5-dihydro-1,3,4-
thiadiazol-2-yl)ethan-1-one (10g)

Orange solid, yield 0.459 g (90%). M.p. 285 °C (diox-
ane); FT-IR (KBr) ν 3422 (OH), 3083 (C–H aromatic), 
2920 (CH), 1681 (C=O), 1601 (C=N), 1555 (C=N thiadi-
azole), 687 (C–S–C) cm–1; 1H NMR (400 MHz, DMSO-d6) 
δ 10.71 (s, 1H, OH), 8.67 (s, 1H, CH=N), 7.87 (d, J = 2.3 
Hz, 1H, Ar-H), 7.80 (d, J = 2.3 Hz, 1H, Ar-H), 7.79 (d, J = 
8.4 Hz, 2H, Ar-H), 7.40 (d, J = 8.4 Hz, 2H, Ar-H), 2.59 (s, 
3H, CH3), 2.40 (s, 3H, CH3); MS m/z (%): 511.29 ([M+4]+, 
5.97), 509.52 ([M+2]+, 10.03), 507.33 (M+, 14.58), 467.31 
(86.40), 419.28 (100). Anal. Calcd for C18H14Br2N4O2S 
(510.20): C, 42.37; H, 2.77; N, 10.98; S, 6.28. Found: C, 
42.28; H, 2.74; N, 10.96; S, 6.27%.

Synthesis of 6,6'-((1E,1'E)-((1,4-Phenylenebis(3-
phenyl-1,3,4-thiadiazole-5(3H)-yl-2(3H)-ylidene))
bis(hydrazine-2,1-diylidene))bis(methaneylylidene))
bis(2,4-dibromophenol) (10h)

To a mixture of appropriate hydrazonoyl halide 6h (1 
mmol), and hydrazine-1-carbodithioate derivative com-
pound 4 (0.768 g, 2 mmol) in ethanol (20 mL), triethyl-
amine (0.5 mL) was added, the mixture was warmed gen-
tly and stirred at room temperature for 1 hour.22 The 
resulting solid product was collected and recrystallized 
from dioxane to give the corresponding 1,3,4-thiadiazole 
derivative 10h. The physical constants of product 10h are 
listed below.

Yellow solid, yield 1.37 g (70%). M.p. >300 °C (diox-
ane); FT-IR (KBr) ν 3420 (OH), 3064 (C–H aromatic), 
2921 (CH), 1603 (C=N), 1554 (C=N thiadiazole), 692 
(C–S–C) cm–1; 1H NMR (400 MHz, DMSO-d6) δ 10.12 (s, 
1H, OH), 8.69 (s, 1H, CH=N), 7.95 (s, 2H, Ar-H), 7.86 (d, 
J = 1.5 Hz, 1H, Ar-H), 7.81 (d, J = 1.4 Hz, 1H, Ar-H), 7.58 
(t, J = 7.7 Hz, 2H, Ar-H), 7.39 (d, J = 8.0 Hz, 2H, Ar-H), 
7.31 (t, J = 6.0 Hz, 1H, Ar-H); MS m/z (%): 985.85 ([M+8]+, 
37.87), 982.66 ([M+4]+, 53.24), 386.73 (100), 339.25 
(73.62). Anal. Calcd for C36H22Br4N8O2S2 (982.36): C, 
44.02; H, 2.26 ; N, 11.41; S, 6.53. Found: C, 43.86; H, 2.23; 
N, 11.37; S, 6.51%.

General Procedure for the Synthesis of 
1,3,4-Thiadiazole Derivatives 11a–e

To a mixture of appropriate hydrazonoyl halides  
6a–e (1 mmol) and hydrazine-1-carbodithioate derivative 
compound 5 (0.422 g, 1 mmol) in ethanol (20 mL), trieth-
ylamine (0.5 mL) was added, the mixture was warmed 
gently and stirred at room temperature for 1 hour.22 The 
resulting solid product was collected and recrystallized 
from the appropriate solvent to give the corresponding 
1,3,4-thiadiazoles 11a–e. The physical constants of prod-
ucts 11a–e are listed below.

((E)-5-(((E)-1-(5,7-Dibromobenzofuran-2-yl)
ethylidene)hydrazineylidene)-4-phenyl-4,5-dihydro-
1,3,4-thiadiazol-2-yl)(phenyl)methanone (11a)

Brown solid, yield 0.524 g (88%). M.p. 145–146 °C 
(acetic acid); FT-IR (KBr) ν 3066, 3024 (C–H Ar), 2918, 
2852 (C–H), 1728 (C=O), 1599 (C=N), 1582 (C=N thiadi-
azole), 686 (C–S) cm–1; 1H NMR (400 MHz, DMSO-d6) δ 
8.10 (d, J = 1.7 Hz, 1H, Ar-H), 8.01 (d, J = 1.7 Hz, 1H, 
Ar-H), 7.95 (s, 2H, Ar-H), 7.78 (d, J = 6.0 Hz, 2H, Ar-H), 
7.63–7.58 (m, 3H, Ar-H), 7.54 (s, 1H, Ar-H), 7.43–7.37 
(m, 3H, Ar-H), 2.43 (s, 3H, CH3); MS m/z (%): 597.94 
([M+4]+, 18.05), 596.39 ([M+2]+, 24.62), 594.17 (M+, 
24.75), 300.17 (100), 277.25 (57.98). Anal. Calcd for 
C25H16Br2N4O2S (596.30): C, 50.36; H, 2.70; N, 9.40; S, 
5.38. Found C, 50.22; H, 2.68; N, 9.37; S, 5.36%.

(Z)-4-(4-Chlorophenyl)-5-(((E)-1-(5,7-
dibromobenzofuran-2-yl)ethylidene)
hydrazineylidene)-N-phenyl-4,5-dihydro-1,3,4-
thiadiazole-2-carboxamide (11b)

Green solid, yield 0.497 g (77%). M.p. 200–203 °C 
(acetic acid); FT-IR (KBr) ν 3390 (NH), 3106, 3073 (C–H 
aromatic), 2954, 2922 (C–H), 1691 (C=O), 1598 (C=N), 
1578 (C=N thiadiazole), 686 (C–S) cm–1; 1H NMR (400 
MHz, DMSO-d6) δ 10.75 (s, 1H, NH), 8.29 (d, J = 9.0 Hz, 
2H, Ar-H), 7.92 (d, J = 1.7 Hz, 1H, Ar-H), 7.80 (d, J = 1.7 
Hz, 1H, Ar-H), 7.76 (d, J = 7.4 Hz, 2H, Ar-H), 7.65 (d, J = 
9.0 Hz, 2H, Ar-H), 7.53 (s, 1H, Ar-H), 7.40 (t, J = 7.8 Hz, 
2H, Ar-H), 7.18 (t, J = 7.4 Hz, 1H, Ar-H), 2.43 (s, 3H, 
CH3); MS m/z (%): 646.95 ([M+4]+, 19.56), 643.51 
([M+2]+, 8.54), 642.61 (M+, 34.29), 334.94 (100), 263.22 



507Acta Chim. Slov. 2025, 72, 503–513

Eleribi et al.:   Synthesis and Antimicrobial Efficacy of Novel   ...

(44.32). Anal. Calcd for C25H16Br2ClN5O2S (645.75): C, 
46.50; H, 2.50; N, 10.85; S, 4.96. Found: C, 46.41; H, 2.47; 
N, 10.83; S, 4.96%.

2-(((E)-1-(5,7-Dibromobenzofuran-2-yl)ethylidene)
hydrazineylidene)-3-phenyl-5-(para-tolyl)-2,3-
dihydro-1,3,4-thiadiazole (11c)

Yellow solid, yield 0.454 g (78%). M.p. >300 °C (di-
oxane); FT-IR (KBr) ν 3066, 3024 (C–H aromatic), 2918, 
2852 (C–H), 1599 (C=N), 1582 (C=N thiadiazole), 683 
(C–S) cm–1; 1H NMR (400 MHz, DMSO-d6) δ 8.15 (d, J = 
8.4 Hz, 2H, Ar-H), 8.04 (d, J = 8.4 Hz, 2H, Ar-H), 7.87 (d, 
J = 1.8 Hz, 1H, Ar-H), 7.83 (d, J = 1.8 Hz, 1H, Ar-H), 7.79 
(d, J = 7.9 Hz, 2H, Ar-H), 7.70 (t, J = 7.9 Hz, 2H, Ar-H), 
7.58 (t, J = 7.9 Hz, 1H, Ar-H), 7.51 (s, 1H, Ar-H), 2.44 (s, 
3H, CH3), 2.39 (s, 3H, CH3); MS m/z (%): 584.98 ([M+4]+, 
24.67), 582.97 ([M+2]+, 18.12), 580.05 (M+, 25.19), 264.08 
(100), 190.92 (64.69). Anal. Calcd for C25H18Br2N4O2S 
(582.31): C, 51.57; H, 3.12; N, 9.62; S, 5.51. Found: C, 
51.33; H, 3.08; N, 9.58; S, 5.48 %.

(E)-2-(((E)-1-(5,7-Dibromobenzofuran-2-yl)
ethylidene)hydrazineylidene)-5-(furan-2-yl)-3-(4-
nitrophenyl)-2,3-dihydro-1,3,4-thiadiazole (11d)

Brown solid, yield 0.464 g (77%). M.p. >300 °C (di-
oxane); FT-IR (KBr) ν 3114, 3070 (C–H aromatic), 2920 
(C–H), 1604 (C=N), 1593 (C=N thiadiazole), 683 (C–S) 
cm–1; 1H NMR (400 MHz, DMSO-d6) δ 8.53 (d, J = 9.2 Hz, 
2H, Ar-H), 8.44 (d, J = 9.3 Hz, 2H, Ar-H), 8.10 (d, J = 1.7 
Hz, 1H, Ar-H), 8.01 (d, J = 1.7 Hz, 1H, Ar-H), 7.95 (dd, J = 
3.5, 1.7 Hz, 1H, furan-H), 7.83 (d, J = 1.7 Hz, 1H, furan-H), 
7.57 (s, 1H, Ar-H), 7.35 (d, J = 3.5 Hz, 1H, furan-H), 2.58 
(s, 3H, CH3); MS m/z (%): 604.78 ([M+4]+, 22.44), 602.98 
([M+2]+, 18.11), 600.15 (M+, 26.02), 436.93 (98.87), 391.31 
(52.40). Anal.Calcd for C22H13Br2N5O4S (603.25): C, 
43.80; H, 2.17; N, 11.61; S, 5.31. Found: C, 43.75; H, 2.15; 
N, 11.60; S, 5.31%.

4-((E)-5-(((E)-1-(5,7-Dibromobenzofuran-2-yl)
ethylidene)hydrazineylidene)-4-phenyl-4,5-dihydro-
1,3,4-thiadiazol-2-yl)-N-phenylbenzohydrazonoyl 
Chloride (11e)

Orange solid, yield 0.540 g (75%). M.p. 220 °C 
(chloroform); FT-IR (KBr) ν 3317 (NH), 3078, 3052 (C–
H aromatic), 2918 (C–H), 1600 (C=N), 1573 (C=N thi-
adiazole), 692 (C–S) cm–1; 1H NMR (400 MHz,  
DMSO-d6) δ 10.02 (s, 1H, NH), 8.10 (d, J = 8.7 Hz, 2H, 
Ar-H), 8.05 (d, J = 8.7 Hz, 2H, Ar-H), 7.86 (d, J = 1.7 Hz, 
1H, Ar-H), 7.83 (d, J = 1.7 Hz, 1H, Ar-H), 7.53 (s, 1H, 
Ar-H), 7.38 (d, J = 7.8 Hz, 4H, Ar-H), 7.29 (t, J = 7.9 Hz, 
4H, Ar-H), 6.89 (t, J = 7.2 Hz, 2H, Ar-H), 2.40 (s, 3H, 
CH3); MS m/z (%): 721.27 ([M+4]+, 17.82), 718.83 
([M+2]+, 15.17), 717.99 (M+, 39.38), 618.66 (65.29), 
84.21 (100). Anal.Calcd for C31H21Br2ClN6OS (720.87): 
C, 51.65; H, 2.94; N, 11.66; S, 4.45. Found: C, 51.62; H, 
2.91; N, 11.65; S, 4.45%.

2. 2. Antimicrobial Activity Assay
The newly synthesized compounds were tested in 

vitro for antimicrobial activity against strains of pathogen-
ic microorganisms, namely Staphylococcus aureus ATCC 
6538-P (Gram-positive bacterium), Escherichia coli ATCC 
25933 (Gram-negative bacterium), Candida albicans 
ATCC 10231 and Aspergillus niger NRRL-A326 (unicellu-
lar and multicellular fungi) using an agar well diffusion 
method.23 Neomycin and cycloheximide were used as the 
standard antimicrobial drugs. Nutrient agar (NA) plates 
were inoculated deeply with 0.1 mL of 105–106 cells/mL 
for bacteria and yeast. Potato dextrose agar (PDA) plates 
were densely seeded with 0.1 mL (106 cells/mL) of fungal 
inoculum to assess antifungal activities. Compounds were 
prepared by dissolving 10 mg of the compound in 2 mL of 
dimethyl sulfoxide (DMSO).24 The plates were desiccated, 
and a sterilized cork borer (7 mm in diameter) was used 
for punching the wells (2 wells) in agar medium. Wells 
were filled with 100 μL of each compound and allowed to 
diffuse at room temperature for 1 hour, then the plates 
were placed in an incubator at 37 °C for 24 hours in the 
case of bacteria and at 27 °C for 48–72 hours in the case of 
fungi. After the incubation, the plates were observed for 
the formation of a clear inhibition zone around the well 
indicating the presence of antimicrobial activity. The ab-
sence of a clear zone around the well was taken as inactiv-
ity. The DMSO solvent was used as a negative control. The 
resulting diameters of zones of inhibition, including the 
diameter of the well, were measured using a ruler and re-
ported in millimeters. To maintain the consistency of 
measurements, each zone of inhibition was measured 
twice (one vertical and one horizontal measurement), and 
the average value was taken. The experiment was per-
formed in triplicate.25

2. 3. �Determination of Minimal Inhibitory 
Concentration (MIC) and Minimum 
Bactericidal/Fungicidal Concentration 
(MBC/MFC)

Test Microbes
Three pathogenic microbial strains: Staphylococcus 

aureus ATCC 6538, Escherichia coli ATCC 25933 and Can-
dida albicans ATCC 10231. The tested microbes are grown 
on Mueller Hinton Agar (MHA) and Sabouraud Dextrose 
Agar (SDA).

Preparation of Microbial Culture
Clean microbial cells were prepared by cultivated 

test microbes in 100 mL bottles capped and incubated at 
37 °C for 24 hours in the case of bacteria and 48 hours in 
the case of yeast. Cells were obtained under sterile condi-
tions, in a cooling centrifuge at 4000 rpm for 15 min. The 
cells were washed using 20 mL of sterile normal saline un-
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til the supernatant was clear. The optical density of the mi-
crobial suspension was measured at 500 nm, and serial 
dilutions were carried out with appropriate aseptic tech-
niques until the optical density was in the range of 0.5–1.0. 
The actual number of colony-forming units was carried 
out to obtain a concentration of 5 ∙ 106 cfu/mL.

Preparation of Resazurin Solution
The resazurin solution was prepared by dissolving a 

270 mg tablet in 40 mL of sterile distilled water and shaken 
well with vortex mixer and sterilized by filtration through 
a membrane filter (pore size of 0.22–0.45 µm).

Preparation of the Plates
Microplates with 96 wells were prepared and labeled 

under aseptic conditions. A volume of 500 µL of test 
material in DMSO (a stock concentration of 5 mg/mL for 
purified compounds) was pipetted into the first row of the 
plate. To all other wells 50 µL of broth medium was added. 
Serial dilutions were performed. To each well 10 µL of 
resazurin indicator solution was added, and 10 µL of 
microbial suspension (5 ∙ 106 cfu/mL) was added to each 
well. Each plate was wrapped loosely with parafilm to en-
sure that microbes did not become dehydrated. The plates 
were placed in an incubator at 37 °C for 24 hours in the 
case of bacteria and for 48 hours in the case of yeast. The 
color change was then assessed visually. Any color changes 
from purple to pink or colorless were recorded as positive. 
The lowest concentration at which color change occurred 
was taken as the MIC.26

Determination of Minimum Bactericidal 
Concentrations (MBC) of Each Compound

Streaks were taken from the two concentrations 
higher than MIC and the plates exhibiting no growth were 
considered as MB.27,28

Determination of Minimum Fungicidal 
Concentrations (MFC)

Minimal fungicidal concentrations were determined 
according to the reported literature.29 Briefly, MFC was 
evaluated by transporting 100 µL from all clear MIC wells 
(no growth seen in microdilution trays) onto Sabouraud 
agar (SDA) plates. The MFC was the lowest sample con-
centration that killed ≥ 99.9% of Candida cells.

3. Results and Discussion
3. 1. Chemistry

The objective of this research was to synthesize novel 
heterocyclic compounds derived from 3,5-dibromosalicy-
laldehyde compound 2. This compound was prepared by 
reacting salicylaldehyde with an equivalent amount of liq-
uid bromine in the presence of acetic acid, as illustrated in 
Scheme 1. The structure of compound 2 was confirmed 
through spectral data analysis; thus, the IR spectrum dis-
played a broad absorption band at 3347 cm–1 which corre-
sponds to the OH group, a strong band at 1680 cm–1 which 
is attributable to the carbonyl group. 1H NMR spectrum 
data showed two doublets at δ 7.95 and 7.83 ppm with Jme-

ta = 2.4 Hz, each one integrating for one proton; mass spec-
trum data confirmed molecular weight with a molecular 
ion peak at 278.08 (M+), 281.87 (M+4) and 279.61 (M+2) 
peaks which are attributed to bromine isotopes 81 and 79, 
respectively. Chloroacetone was added to a mixture of 
compound 2 and ethanolic potassium hydroxide solution 
to afford compound 3. The IR spectrum displayed no ab-
sorption bands in the region corresponding to the OH 
group, a strong band at 1692 cm–1 which is attributable to 
the carbonyl group. 1H NMR spectrum data showed a sin-
glet at δ 7.92 ppm which corresponds to one aromatic pro-
ton of the furan ring; also one singlet appeared at δ 2.58 
ppm integrated for three protons of the ketonic methyl 
group; 13C NMR showed a ketonic carbonyl signal at 188 
ppm and methyl group at 27 ppm; mass spectrum data 

Scheme 1. Synthesis of 3,5-dibromo-2-hydroxybenzaldehyde (2) and 1-(5,7-dibromobenzofuran-2-yl)
ethan-1-one (3)
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confirmed molecular weight with a molecular ion peak at 
315 (M+), 319 (M+4) and 317 (M+2) peaks which are at-
tributed to bromine isotopes 81 and 79, respectively

Compound 2 was reacted with alkyl carbodithioate 
in 2-propanol to yield the corresponding methyl 
(E)-2-(3,5-dibromo-2-hydroxybenzylidene)hydrazine-1- 
carbodithioate 4. Treatment of this compound with the 
appropriate hydrazonoyl chlorides 6a–h in ethanolic tri-
ethylamine produced 1,3,4-thiadiazole derivatives 10a–h 
(Scheme 2). The reaction mechanism outlined in Scheme 3 
involves three steps: first, 1,3-addition of the C=S thiol 
tautomer to the nitrilimine 7 produces the thiohydrazo-
nate ester 8 which subsequently undergoes nucleophilic 
cyclization to afford compound 9. The latter compound is 
readily converted to final products 10,1130 through the 
elimination of alkylthiol. Structures 10a–h were elucidated 
on the basis of spectral data: IR spectrum displayed ab-
sorption bands in the range of 3382–3444 cm–1, corre-
sponding to OH groups, strong bands at 1601–16081 cm–1 
suggesting the presence of a C=N bond. Additionally, 
bands at 1544–1590 cm–1 were attributed to C=N in the 
thiadiazole ring. 1H NMR spectral data showed singlet for 
the OH proton in the range δ 10.68–11.38 ppm for com-
pounds 10a–h. OH proton of compounds 10b and 10d 

exhibited a downfield signal at δ 11.38 and 11.37 ppm, re-
spectively. Another singlet appeared in the range of δ 
8.65–8.80 ppm, attributable to the sp2 proton (H–C=N). 
Compounds 10a and 10c showed singlets at δ 8.70 ppm 
and δ 8.66 ppm, respectively, corresponding to the H–N 
proton. Mass spectra confirmed the molecular weight with 
molecular ionic peak (M+), (M+4) and (M+2) peaks at-
tributed to bromine isotopes 81 and 79, respectively.

Analogously, treatment of compound 3 with the ap-
propriate hydrazonoyl chlorides 6a–e in ethanolic trieth-
ylamine at room temperature afforded 1,3,4-thiadiazole 
derivatives 11a–e, respectively (Scheme 4).

Structures 11a–e were elucidated on the basis of 
their spectral data. The IR spectra showed no absorption 
bands in the region corresponding to carbonyl groups, 
while strong absorption bands in the range 1604–1599 
cm–1 confirmed the presence of a C=N group, and bands at 
1582–1598 cm–1 were attributed to C=N in thiadiazole 
ring. The 1H NMR spectra displayed clear singlets in the 
range of δ 2.40–2.58 ppm for CH3 protons, along with an-
other singlet in the range of δ 7.50–7.57ppm correspond-
ing to the benzofuran ring. Additionally, compounds 11b 
and 11e exhibited singlets at δ 10.75 and 10.02 ppm for 
NH proton. Mass spectra showed ion peaks (M+4) and 

Scheme 2. Synthesis of 1,3,4-thiadiazoles 10a–h

Compound 6,10	 R	 Ar

a	 CONHC6H5	 4-ClC6H4
b	 C4H3O	 4-NO2C6H4
c	 CONHC6H5	 C6H5
d	 C4H3S	 4-NO2C6H4
e	 COOC2H5	 C6H5
f	 COOC2H5	 4-CH3C6H4
g	 COCH3	 4-CH3C6H4
h		  C6H5
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Scheme 3. Proposed mechanistic pathway for the formation of 1,3,4-thiadiazoles 10,11

Scheme 4. Synthesis of 1,3,4-thiadiazoles 11a–e

Compounds 6,11	 R	 Ar

a	 COC6H5	 C6H5
b	 CONHC6H5	 4-ClC6H4
c	 4-CH3C6H4	 C6H5
d	 C4H3O	 4-NO2C6H4
e	 4-C6H4NHNCClC6H5	 C6H5
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(M+2) which are attributed to bromine isotopes 81 and 79, 
respectively.

3. 2. Biological Evaluation
In vitro Antimicrobial Activity

Using an agar well diffusion method, the newly syn-
thesized 1,3,4-thiadiazole derivatives were investigated to 
evaluate their antimicrobial activity against S. aureus ATCC 
6538-P, E. coli ATCC 25933, C. albicans ATCC 10231, and 
A. niger NRRL-A326. The inhibition zone diameter was ob-
served for the synthesized compounds and the positive 
control, but not for the negative control. Evaluation of the 
antimicrobial activity of these newly synthesized com-
pounds is presented in Table 1 and shown in Figure 3. It has 
been found that compound 10e exhibited the highest activ-
ity against all tested microbial strains: S. aureus ATCC 
6538-P, E. coli ATCC 25933, C. albicans ATCC 10231, and 
A. niger NRRL-A326, with inhibition zone diameters 
(IZDs) of 29, 28, 27, and 25 mm, respectively (Supplemen-
tary Information, Figure 52). Compounds 10a, 10f, and 
10h showed moderate activity against all tested microbial 
strains; the IZDs were 18, 17, and 18 mm on S. aureus 
ATCC 6538-P, and 17, 19, and 21 mm on E. coli ATCC 
25933, while the IZDs were 21, 16, and 20 mm on C. albi-
cans ATCC 10231, and 11, 16, and 12 mm on A. niger NR-
RL-A326. Additionally, it was found that compound 10c 
showed activity only against the tested bacterial strains but 

showed no inhibitory effect against the tested fungal strains. 
Compound 10d showed low activity against S. aureus 
ATCC 6538-P and C. albicans ATCC 10231 with IZDs of 8 
and 9 mm, but showed no inhibitory effect against E. coli 
ATCC 25933 and A. niger NRRL-A326. On the other hand, 
compounds 10b and 10g showed no activity against any of 
the tested microbial strains. Compound 10e was more po-
tent than the selected standard antibiotics, while other 
compounds were less effective.

The results listed in Table 1 show that compounds 
10a, 10e, 10f, and 10h were the most effective against three 
tested microbial strains (S. aureus ATCC 6538-P, E. coli 
ATCC 25933, and C. albicans ATCC 10231); therefore, to 
determine the minimum inhibitory concentration (MIC) 
and minimum bactericidal/fungicidal concentration 
(MBC/MFC) against these microbial strains, experiments 
on these four compounds (10a, 10e, 10f, and 10h) were 
conducted.

The MIC and MBC/MFC results are reported in Ta-
ble 2 and in the Figure 4. The MIC values for compounds 
10a, 10e, 10f, and 10h were 78.28, 2.58, 77.43, and 313.47 
µg/mL, respectively, against S. aureus ATCC 6538-P, and 
156.30, 4.88, 155.87, and 313.16 µg/mL against E. coli 
ATCC 25933, while they reached 39.14, 2.56, 78.30, and 
156.25 µg/mL, respectively, against C. albicans ATCC 
10231.

The MBC values for compounds 10a, 10e, 10f, and 
10h were 313.68, 4.03, 158.33, and 627.11 µg/mL, respec-

Table 1. Zones of inhibition of the synthesized 1,3,4-thiadiazole derivatives, neomycin and cyclohexamide against tested microbial 
strains.

		  Inhibition zone measured in millimeters

Compound no.	 S. aureus	 E. coli	 C. albicans	 	 A. niger
	 ATCC 6538-P	 ATCC 25933	 ATCC 10231	 NRRL-A326

10a	 18.50 ± 0.50	 17.33 ± 0.58	 21.33 ± 0.58	 11.00 ± 1.00
10b	 00.00 ± 0.00	 00.00 ± 0.00	 00.00 ± 0.00	 00.00 ± 0.00
10c	 15.75 ± 0.66	 12.67 ± 0.58	 00.00 ± 0.00	 00.00 ± 0.00
10d	 08.33 ± 0.58	 00.00 ± 0.00	 09.33 ± 0.58	 00.00 ± 0.00
10e	 29.00 ± 1.00	 28.17 ± 0.29	 27.33 ± 0.58	 25.67 ± 0.00
10f	 17.67 ± 0.58	 19.00 ± 1.00	 16.67 ± 0.58	 16.33 ± 0.58
10g	 00.00 ± 0.00	 00.00 ± 0.00	 00.00 ± 0.00	 00.00 ± 0.00
10h	 18.67 ± 0.58	 21.67 ± 0.58	 20.00 ± 0.00	 12.67 ± 0.58
C+ Neomycin17   *Cycloheximide18	 27 	 25	 28	 *22 
C– DMSO	 0	 0	 0	 0 

C+: Positive control,   C–: Negative control.

Table 2. MIC and MBC/MFC of the synthesized 1,3,4-thiadiazole derivatives against highly susceptible microbial strains.

Compounds	               S. aureus ATCC 6538-P	                             E. coli ATCC 25933		                              C. albicans ATCC 10231
	 MIC (µg/mL)	 MBC (µg/mL)	 MIC (µg/mL)	 MBC (µg/mL)	 MIC (µg/mL)	 MFC (µg/mL)

10a	 78.28 ± 1.07	 313.68 ± 0.89	 156.30 ± 0.96	 314.08 ± 0.84	 39.14 ± 0.93	 156.46 ± 0.77 
10e	 2.58 ± 0.51	 4.03 ± 0.55	 4.88 ± 1.10	 8.86 ± 0.98	 2.567 ± 0.53 	 19.49 ± 1.07
10f	 77.43 ± 1.08	 158.33 ± 1.05	 155.87 ± 1.47	 311.68 ± 1.68	 78.30 ± 1.08 	 156.36 ± 0.96
10h	 313.47 ± 0.86	 627.11 ± 1.61	 313.16 ± 2.55	 314.68 ± 1.07	 156.25 ± 1.00	 312.66 ± 1.09
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tively, against S. aureus ATCC 6538-P, and 314.08, 8.86, 
311.68, and 314.68 µg/mL, respectively, against E. coli 
ATCC 25933. The MFC values for compounds 10a, 10e, 
10f, and 10h were 156.46, 19.49, 156.36, and 312.66 µg/
mL, respectively, against C. albicans ATCC 10231.
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Povzetek
S pomočjo heterociklizacije metil 2-(3,5-dibromo-2-hidroksibenziliden)hidrazin-1-karboditioata (4) oz. metil (E)-2-
(1-(5,7-dibromobenzofuran-2-il)etiliden)hidrazin-1-karboditioata (5) z različnimi hidrazonoil kloridi smo pripravili 
dve seriji novih 1,3,4-tiadiazolskih derivatov. Strukture novih produktov smo določili s pomočjo elementne analize in 
spektroskopskih podatkov. Osmim novim spojinam iz prve serije (ki vsebuje dibromohidroksibenzenski fragment) smo 
določili antimikrobno delovanje proti: Staphylococcus aureus ATCC 6538-P (kot primer Gram-pozitivne bakterije), Es-
cherichia coli ATCC 25933 (Gram-negativna bakterija), Candida albicans ATCC 10231 (kvasovka) in glivi Aspergillus 
niger NRRL-A326 ter dobljene rezultate primerjali z vrednostmi za standardno referenčno učinkovino neomicin (v pri-
meru S. aureus, E. coli and C. albicans) oz. cikloheksamid (v primeru glive A. niger). Rezultati kažejo, da imajo nekatere 
izmed novih spojin obetavne antimikrobne lastnosti.
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