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INTRODUCTION 

Today, the misuse of antibiotics has become an important global concern in 
terms of causing antimicrobial resistance. Fluoroquinolone resistance of Es-
cherichia coli is very widespread and this treatment is now ineffective in more 

ABSTRACT

Benzothiazoles and 2-mercaptobenzothiazoles are important classes of bioactive or-
ganic scaffolds possessing antibacterial, antifungal, antitubercular, antiinflamma-
tory, antidiabetic, and antimalarial properties. In recent years, prediction of drug-
likeness, molecular, absorption, distribution, metabolism, and excretion (ADME) 
properties using in silico techniques has become a standard procedure for the evalu-
ation of molecules in terms of their potential clinical use. In this study, compounds 
structured 6-benzoyl-3-substitutedmethylbenzo[d]thiazole-2(3H)-thione were syn-
thesized using the Mannich reaction starting from 2-mercaptobenzothiazole. The 
antibacterial and antifungal activities of these compounds were determined against 
Staphylococcus aureus, Escherichia coli, Enterococcus faecalis, Pseudomonas 
aeruginosa, Candida albicans, Candida krusei, and Candida parapisilosis using 
a broth microdilution method. An additional analysis was undertaken using the in 
silico technique to predict the drug-likeness, molecular, and ADME properties of 
these molecules. Among all the compounds, respectively, Compounds 1-4 and 6-11 
exhibited good minimum inhibition concentration values against Staphylococcus 
aureus and Candida species with promising predicted properties. 
Keywords: Benzothiazole-2-thione, ADME, antifungal, Candida albicans, mo-
lecular properties, in silico
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than half of the patients. Furthermore, it is estimated that people with methicil-
lin-resistant Staphylococcus aureus (MRSA) are 64% more likely to die of this 
infection compared to people with a non-resistant form. The situation is similar 
for resistance in Klebsiella pneumoniae, Enterobacteriaceae and HIV infections, 
gonorrhea, tuberculosis, malaria, and influenza. Clearly, development of new ac-
tive compounds for the antimicrobial resistance of bacteria, fungi, viruses, and 
parasites is a priority1.

Benzothiazole (BTA) analogs are one of the most versatile classes of compounds 
which are a common and integral feature of a variety of natural products and 
pharmaceutical agents. BTA derivatives have attracted continuing interest due 
to their diverse biological activities including anticancer, antimicrobial, anticon-
vulsant, antiviral, antitubercular, antimalarial, antihelminthic, analgesic, antiin-
flammatory, antidiabetic, and fungicidal activities2. 

Previous studies have shown that compounds derived from the 2nd, 5th, and 6th 
positions of benzothiazole and 2-mercaptobenzothiazole structures by various 
functional groups are effective antimicrobial and antifungal agents. In addition, 
substitution of electron withdrawing groups such as amino, nitro, trifluoro-
methyl, and halogens especially at the 6th position enhances the antimicrobial 
and antifungal activities3-13. In their literature review, Keri et.al.2 and Azam and 
Suresh14 found that the pharmacological activity of these systems has been wide-
ly investigated and found efficient.

In a very early study, Halasa and Smith suggested that the benzothiazole-2-thiol 
ring system was in a tautomeric form with benzothiazole-2-thione (Figure 1) and 
Michael/Mannich reactions could easily be performed to produce N-substituted 
benzothiazole-2-thione compounds with excellent yields15.

	
  
Figure 1. Tautomeric forms of the benzothiazole-2-thiol ring system

Mannich bases have been reported to exhibit antifungal and antimicrobial ac-
tivities when connected to various ring systems16. Furthermore utilizing the an-
tibacterial17-20, antispasmodic21, and antitubercular activities22 of the benzothi-
azole-2-thione ring system, Varma et al. synthesized a series of N-substituted-
5-(hydrogen/chloro)benzothiazole-2-thiones and found that the compounds 
were active over Escherichia coli and Staphylococcus aureus23-25. 

Electronic behavior of benzothiazole-2-thione is similar to that of the benzothia-
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zol-2-one ring. Studies on the latter have shown that acylation of this ring system 
at the 6th position can be achieved either by Friedel-Craft conditions or through 
the reaction of carboxylic and polyphosphoric acids26. Considering these find-
ings, addition of a moderately electron withdrawing group such as benzoyl to the 
6th position of the benzothiazole-2-thione ring system and performing a Man-
nich reaction with the ring nitrogen can result in products with antimicrobial or 
antifungal activities.

In this study, we synthesized 6-benzoyl-3-substitutedmethylbenzo[d]thiazole-
2(3H)-thione derivatives. We also determined the antibacterial and antifungal 
activities of the compounds against Staphylococcus aureus, Escherichia coli, 
Enterococcus faecalis, Pseudomonas aeruginosa, Candida albicans, Candida 
krusei, and Candida parapisilosis using a broth microdilution method. Further-
more, their absorption, distribution, metabolism, and excretion (ADME), drug-
likeness, and molecular properties were predicted by in silico techniques.

METHODOLOGY

Chemistry

All the chemicals were purchased from Aldrich Chemical Co. (Steinheim, Ger-
many). Melting points were determined with a Mettler-Toledo FP62 capillary 
melting point apparatus (Columbus, OH, USA). IR spectra (KBr) were recorded 
on a PerkinElmer Spectrum One FT-IR spectrometer (Waltham, MA, USA) and 
1H-NMR spectra were obtained by Bruker DPX-400, 400 MHz High Perfor-
mance Digital FT-NMR. All the chemical shift values were recorded as δ (ppm). 
Mass spectra were recorded using an Agilent 1100 series LC/APCI/MS 1946 G 
spectrometer in the negative ionization mode. The purity of the compounds was 
checked by thin-layer chromatography on silica gel-coated aluminum sheets 
(Merck, 1.005554, silica gel HF254–361, Type 60, 0.25 mm; Darmstadt, Germa-
ny). Elemental analyses were performed with a Leco CHNS 932 analyzer (Leco 
Corp., MI, USA) and found to be within ± 0.4 % of the theoretical values for C, 
H, and N.

General synthesis 

A solution of 2-mercaptobenzothiazole (40 mmol) in 150 mL of polyphosphoric 
acid was reacted portion wise with benzoic acid (50 mmol) under mechanical 
stirring and further heated to 130 oC for 12 hr. After cooling, the reaction mixture 
was poured onto ice-water. The precipitated 6-benzoylbenzo[d]thiazole-2(3H)-
thione was filtered, washed with ice-cold water, and recrystallized from ethanol. 
Then, 6-benzoylbenzo[d]thiazole-2(3H)-thione (0.5 mol) was suspended in 20 
ml of ethanol followed by the addition of first 7.5 ml of 37 % formalin to this 
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suspension and then an appropriate secondary amine (0.05 mol). The reaction 
mixture was stirred at room temperature for 4 hr with occasional warming on 
a water bath. After cooling and filtering, the final products were collected from 
the reaction vessel, washed with cold ether, and recrystallized from the ethanol-
acetone mixture as solids (Scheme 1).

	
  
Scheme 1. Synthetic pathway followed for the preparation of 3-substitutedmethyl-6-
benzoylbenzo[d] thiazole-2(3H)-thione derivatives (Compounds 1-11)

6-Benzoyl-3-(piperidin-1-ylmethyl)benzo[d]thiazole-2(3H)-thione 
(Compound 1)

Yield 60%, M.p.: 213 oC, white solid. IR (KBr) ῡmax (cm-1): 3000 (CH, aromatic), 
2795 (CH, aliphatic), 1680 (C=O). 1H-NMR (400 MHz, DMSO-d6, δ): 1.5- 1.6 
(m, 6H, Pip H), 2.45 (t, J=7.10 Hz, 4H, Pip H), 4.15 (s, 2H, -CH2-), 7.43–7.59 (m, 
3H, Ar H), 7.72 (d, J=8.2 Hz 2H, Ar H), 7.80 (d, J=9.5 Hz, 2H, Ar H), 8.50 (s, 
1H, ArH) ppm. MS 368.1 (M+). Anal. calcd for C20H20N2OS2: C, 65.18; H, 5.47; N, 
7.60. Found: C, 65.16; H, 5.44; N, 7.62.

6-Benzoyl-3-(morpholin-4-ylmethyl)benzo[d]thiazole-2(3H)-thione 
(Compound 2)

Yield 50%, M.p.: 186 oC, white solid. IR (KBr) ῡmax (cm-1): 3005 (CH, aromatic), 
2805 (CH, aliphatic), 1685 (C=O). 1H-NMR (400 MHz, DMSO-d6, δ): 2.50 (t, 
J=7.00 Hz, 4H, Mor), 3.65 (t, J=7.00 Hz, 4H, Mor), 4.14 (s, 2H, -CH2-), 7.45–
7.61 (m, 3H, Ar H), 7.74 (d, J=8.2 Hz, 2H, Ar H), 7.82 (d, J=9.5 Hz, 2H, Ar H), 
8.52 (s, 1H, ArH) ppm. MS 370.0 (M+). Anal. calcd for C19H18N2O2S2: C, 61.60; H, 
4.90; N, 7.56. Found: C, 61.58; H, 4.88; N, 7.55.

6-Benzoyl-3-(piperazin-1-ylmethyl)benzo[d]thiazole-2(3H)-thione 
(Compound 3)

Yield 70%, M.p.: 208 oC, white solid. IR (KBr) ῡmax (cm-1): 3305 (NH, Pip.), 3008 
(CH, aromatic), 2810 (CH, aliphatic), 1689 (C=O).1H-NMR (400 MHz, DMSO-
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d6, δ): 1.98 (s, 1H, Ppz NH), 2.37 (t, 4H, Ppz H), 3.42 (t, 4H, Ppz H), 4.15 (s, 2H, 
-CH2-), 7.43–7.59 (m, 3H, Ar H), 7.72 (d, J=8.2 Hz, 2H, Ar H), 7.80 (d, J=9.5 Hz, 
2H, Ar H), 8.50 (s, 1H, Ar H) ppm. MS 369.1 (M+). Anal. calcd for C19H19N3OS2: 
C, 61.76; H, 5.18; N, 11.37. Found: C, 61.73; H, 5.19; N, 11.40.

6-Benzoyl-3-((4-methylpiperazin-1-yl)methyl)benzo[d]thiazole-
2(3H)-thione (Compound 4)

Yield 78%, M.p.: 220 oC, white solid. IR (KBr) ῡmax (cm-1): 3008 (CH, aromatic), 
2820 (CH, aliphatic), 1650 (C=O). 1H-NMR (400 MHz, DMSO-d6, δ): 2.26 (s, 
3H, Ppz-CH3), 2.35 (s, 8H, Ppz H), 4.18 (s, 2H, -CH2-), 7.43–7.59 (m, 3H, Ar H), 
7.70 (d, J=8.2 Hz, 2H, Ar H), 7.79 (d, J=9.5 Hz, 2H, Ar H), 8.54 (s, 1H, ArH) 
ppm. MS 383.1 (M+). Anal. calcd for C20H21N3OS2: C, 62.63; H, 5.52; N, 10.96. 
Found: C, 62.65; H, 5.56; N, 10.93.

6-Benzoyl-3-((4-phenylpiperazin-1-yl)methyl)benzo[d]thiazole-
2(3H)-thione (Compound 5)

Yield 80%, M.p.: 242 oC, white solid. IR (KBr) ῡmax (cm-1): 3050 (CH, aromatic), 
2930 (CH, aliphatic), 1655 (C=O).1H-NMR (400 MHz, DMSO-d6, δ): 2.49 (t, 
4H, Ppz H), 2.65 (t, 4H, Ppz H), 4.15 (s, 2H, -CH2-), 6.78-7.1 (m, 5H, Ppz-Phe), 
7.43–7.59 (m, 3H, ArH), 7.72 (d, J=8.2 Hz, 2H, ArH), 7.80 (d, J=9.5 Hz, 2H, 
ArH), 8.50 (s, 1H, ArH) ppm. MS 445.1 (M+). Anal. calcd for C25H23N3OS2: C, 
67.39; H, 5.20; N, 9.43. Found: C, 67.41; H, 5.23; N, 9.39.

6-Benzoyl-3-((4-(3-methylphenyl)piperazin-1-yl)methyl)benzo[d]
thiazole-2(3H)-thione (Compound 6)

Yield 70%, M.p.: 190 oC, white solid. IR (KBr) ῡmax (cm-1): 3050 (CH, aromatic), 
2940 (CH, aliphatic), 1649 (C=O).1H-NMR (400 MHz, DMSO-d6, δ): 2.35 (s, 
3H, Phe-CH3), 2.48 (t, 4H, Ppz H), 3.44 (t, 4H, Ppz H), 4.15 (s, 2H, -CH2-), 6.60-
7.1 (m, 4H, Ppz-Phe), 7.43–7.59 (m, 3H, ArH), 7.72 (d, J=8.2 Hz, 2H, ArH), 7.80 
(d, J=9.5 Hz, 2H, ArH), 8.50 (s, 1H, ArH) ppm. MS 459.1 (M+). Anal. calcd for 
C26H25N3OS2: C, 67.94; H, 5.48; N, 9.14. Found: C, 67.98; H, 5.44; N, 9.10.

6-Benzoyl-3-((4-(4-methylphenyl)piperazin-1-yl)methyl)benzo[d]
thiazole-2(3H)-thione (Compound 7)

Yield 74%, M.p.: 215 oC, white solid. IR (KBr) ῡmax (cm-1): 3049 (CH, aromatic), 
2930 (CH, aliphatic), 1648 (C=O). 1H-NMR (400 MHz, DMSO-d6, δ): 2.34 (s, 
3H, Phe-CH3), 2.48 (t, 4H, Ppz H), 3.44 (t, 4H, Ppz H), 4.15 (s, 2H, -CH2-), 6.64 
(d, J=9.0 Hz , 2H, Ppz-Phe), 7.05 (d, J=9.0 Hz,  2H, Ppz-Phe), 7.43–7.59 (m, 
3H, ArH), 7.72 (d, J=8.2 Hz, 2H, ArH), 7.80 (d, J=9.5 Hz, 2H, ArH), 8.50 (s, 
1H, ArH) ppm. MS 459.1 (M+). Anal. calcd for C26H25N3OS2: C, 67.94; H, 5.48; N, 
9.14. Found: C, 67.90; H, 5.45; N, 9.12.
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6-Benzoyl-3-((4-(4-methoxyphenyl)piperazin-1-yl)methyl)benzo[d]
thiazole-2(3H)-thione (Compound 8)

Yield 70%, M.p.: 252 oC, white solid. IR (KBr) ῡmax (cm-1): 3055 (CH, aromatic), 
2924 (CH, aliphatic), 1649 (C=O). 1H-NMR (400 MHz, DMSO-d6, δ): 2.48 (t, 
4H, Ppz H), 3.44 (t, 4H, Ppz H), 3.84 (s, 3H, -OCH3), 4.13 (s, 2H, -CH2-), 6.65-
6.81 (m, 4H, Ppz-Phe), 7.43–7.59 (m, 3H, ArH), 7.72 (d, J=8.2 Hz, 2H, ArH), 
7.80 (d, J=9.5 Hz, 2H, ArH), 8.50 (s, 1H, ArH), ppm. MS 475.1 (M+). Anal. calcd 
for C26H25N3O2S2: C, 65.66; H, 5.30; N, 8.83. Found: C, 65.63; H, 5.33; N, 8.80.

6-Benzoyl-3-((4-(4-ethoxyphenyl)piperazin-1-yl)methyl)benzo[d]
thiazole-2(3H)-thione (Compound 9)

Yield 85%, M.p.: 194 oC, white solid. IR (KBr) ῡmax (cm-1): 3040 (CH, aromat-
ic), 2920 (CH, aliphatic), 1652 (C=O). 1H-NMR (400 MHz, DMSO-d6, δ): 1.32 
(t, J=8.0 Hz, 3H, -CH3), 2.48 (t, 4H, Ppz H), 3.44 (t, 4H, Ppz H), 4.09 (q, 2H, 
-OCH3), 4.13 (s, 2H, -CH2-), 6.65-6.81 (m, 4H, Ppz-Phe), 7.43–7.59 (m, 3H, 
ArH), 7.72 (d, J=8.2 Hz, 2H, ArH), 7.80 (d, J=9.5 Hz, 2H, ArH), 8.50 (s, 1H, 
ArH), ppm. MS 489.2 (M+). Anal. calcd for C27H27N3O2S2: C, 66.23; H, 5.56; N, 
8.58. Found: C, 66.27; H, 5.60; N, 8.61.

6-Benzoyl-3-((4-(4-nitrophenyl)piperazin-1-yl)methyl)benzo[d]thi-
azole-2(3H)-thione (Compound 10)

Yield 55%, M.p.: 234 oC, white-reddish solid. IR (KBr) ῡmax (cm-1): 3020 (CH, 
aromatic), 2918 (CH, aliphatic), 1649 (C=O). 1H-NMR (400 MHz, DMSO-d6, 
δ): 2.49 (t, 4H, Ppz H), 3.45 (t, 4H, Ppz H), 4.13 (s, 2H, -CH2-), 7.02 (d, 2H, Ppz-
Phe), 7.43–7.59 (m, 3H, ArH), 7.72 (d, J=8.2 Hz, 2H, ArH), 7.80 (d, J=9.5 Hz, 
2H, ArH), 8.50 (s, 1H, ArH), 8.70 (d, 2H, Ppz-Phe) ppm. MS 490.1 (M+). Anal. 
calcd for C25H22N4O3S2: C, 61.20; H, 4.52; N, 11.42. Found: C, 61.18; H, 4.49; N, 
11.39.

6-Benzoyl-3-((4-(4-acetylphenyl)piperazin-1-yl)methyl)benzo[d]thi-
azole-2(3H)-thione (Compound 11)

Yield 64%, M.p.: 263 oC, white. IR (KBr) ῡmax (cm-1): 3024 (CH, aromatic), 2926 
(CH, aliphatic), 1655 (C=O). 1H-NMR (400 MHz, DMSO-d6, δ): 2.48 (t, 4H, Ppz 
H), 2.50 (s, 3H, CH3), 3.44 (t, 4H, Ppz H), 4.13 (s, 2H, -CH2-), 6.85 (d, 2H, Ppz-
Phe), 7.43–7.59 (m, 3H, ArH), 7.72 (d, J=8.2 Hz, 2H, ArH), 7.77 (d, 2H, Ppz-
Phe), 7.80 (d, J=9.5 Hz, 2H, ArH), 8.50 (s, 1H, ArH), ppm. MS 487.1 (M+). Anal. 
calcd for C27H25N3O2S2: C, 66.50; H, 5.17; N, 8.62. Found: C, 66.53; H, 5.15; N, 
8.61.



23Acta Pharmaceutica Sciencia. Vol. 55 No. 3, 2017

Microbiological Screening 

The following test microorganisms were obtained from LGC Standards GmbH 
(Wesel, Germany): Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 
25922, Enterococcus faecalis ATCC 29212, Pseudomonas aeruginosa ATCC 
27853, Candida albicans ATCC 60193, Candida krusei  ATCC 28870, and Can-
dida parapisilosis ATCC 90018. All the synthesized compounds were dissolved 
in dimethyl sulfoxide (DMSO) to prepare a stock solution at 10 mg/mL.

Broth microdilution method

The minimal inhibition concentration (MIC) values (µg/mL) for the organisms 
were determined using the methods recommended by the Clinical and Laborato-
ry Standards Institute (CLSI) guidelines27-28. The antimicrobial effects of the sub-
stances against all the microorganisms were quantitatively tested in broth media 
using double dilution. The antibacterial and antifungal assays were performed 
in a Mueller Hinton broth (Difco) at pH 7.3 and a buffered yeast nitrogen base 
(Difco) at pH 7.0, respectively. MIC was defined as the lowest concentration with 
no bacterial or fungal growth. Carbenicillin (10 µg/mL) and fluconazole (10 µg/
mL) were prepared as stocks, then diluted in a range from 10 to 0.5 µg/mL using 
DMSO, and tested as standard antibacterial and antifungal drugs, respectively. 
For all the compounds, the tested dilutions ranged from 128 to 0.5 µg/mL using 
DMSO as the solvent. The control samples prepared with the amounts of DMSO 
used in the dilutions did not show any inhibitory activity under these conditions.

Table 1: Antimicrobial activity of compounds using microdilution (MIC, µg/mL) 
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1 8 128 128 256 32 64 64

2 8 256 128 256 32 64 64

3 16 128 128 128 32 64 64

4 4 64 256 128 64 128 64

5 64 64 256 256 64 32 32

6 64 128 256 256 64 32 16

7 128 128 256 128 64 16 8

8 128 64 128 128 16 8 4

9 64 64 128 128 16 8 4

10 32 64 256 256 8 16 16

11 64 64 128 256 8 8 4

Carbenicillin 4 8 32 32

Fluconazole 0.5 64 4



24 Acta Pharmaceutica Sciencia. Vol. 55 No. 3, 2017

Prediction of drug-likeness, molecular and ADME properties

All the molecules were prepared in 3D using the LigPrep module of Maestro 
(Schrodinger Inc.). The ADME properties (46 molecular descriptors) were de-
termined using the QikProp program (Schrödinger 2015-3) in the normal mode. 
QikProp generates physically relevant descriptors, which are then used to per-
form ADME predictions. An overall ADME-compliance score, the drug-likeness 
parameter (indicated by #stars), was used to assess the pharmacokinetic pro-
files of the compounds. The #stars parameter (ranging from 0 to 5) indicates 
the number of property descriptors computed by QikProp that fall outside the 
optimum range of values for 95% of known drugs. The following descriptors 
were predicted: Central nervous system (CNS) activity (from –2 for inactive to 
+2 for active); octanol/water partition coefficient, logPo/w (–2.0 to 6.5); IC50 
value for the block of HERG K+ channels, log HERG (concern < −5); Caco-2 cell 
membrane permeability in nm s-1, PCaco (: < 5 low to > 100 high); logarithm 
of the predicted blood/brain barrier partition coefficient, log B/B (-3.0 to 1.0); 
apparent Madin-Darby canine kidney cell permeability (PMDCK ) that mimic 
the blood-brain barrier for non-active transport in nm s-1, PMDCK (< 25 poor 
to > 500 great); skin permeability, log Kp (−8.0 to −1.0); logarithm of binding 
constant to human serum albumin, log K HSA (-1.5 to 1.2); qualitative human oral 
absorption (HOA) (1: low, 2: medium, 3: high); percent of HOA (>80%: high, 
<25%: poor) (Table 2).

Table 2: The calculated drug-likeness, molecular properties and ADME predictions for 
Compounds 1-11 using QikProp
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1 0 2 3.729 -6.521 781.726 0.463 1698.396 -3.241 0.187 3 100

2 0 2 2.617 -6.047 820.341 0.513 1731.346 -3.207 -0.395 3 94.425

3 0 2 2.325 -7.064 105.042 0.59 205.004 -5.823 0.042 3 76.735

4 0 2 2.388 -7.238 175.945 0.793 329.151 -5.362 -0.248 3 81.116

5 0 1 4.822 -7.772 804.78 0.437 1673.878 -2.564 0.528 3 100

6 0 1 4.933 -7.443 756.618 0.412 1611.668 -2.871 0.621 3 100

7 0 1 5.244 -7.751 824.606 0.433 1750.35 -2.729 0.738 3 96.89

8 0 1 4.75 -7.67 725.135 0.297 1376.039 -2.734 0.469 3 100

9 0 1 5.204 -7.908 723.683 0.211 1373.061 -2.651 0.63 3 95.636

10 1 0 4.082 -7.722 82.714 -0.794 143.123 -4.598 0.458 3 85.166

11 0 1 4.023 -7.692 231.066 -0.288 399.738 -3.742 0.249 3 92.808
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RESULTS

Eleven 6-benzoyl-3-substitutedmethylbenzo[d]thiazole-2(3H)-thione deriva-
tives were successfully synthesized by the Mannich method giving yields be-
tween 50 and 85%. In the IR spectra, all the compounds had a strong C = O 
stretching band for the benzoyl group at 1648–1689 cm-1. The 1H-NMR spectra 
of the compounds showed that the protons belonging to the 6-benzoylbenzo[d] 
thiazole-2(3H)-thione ring system exhibited similar properties to those reported 
by previous studies15, 29. All the other protons were observed according to the 
expected chemical shift and integral values. The molecular ion peaks (M+) of 
the compounds were examined under electron ionization and confirmed the 
molecular weights of the compounds. The MIC values of Compounds 1-11 were 
evaluated for their antibacterial and antifungal activities using carbenicillin and 
fluconazole as a standard for the microorganisms. For practical purposes, the 
MIC values ≤ 16 µg/mL were considered to be active for the evaluation of the 
results. None of the synthesized compounds was found to be active against Es-
cherichia coli, Escherichia. faecalis, and Pseudomonas. aeruginosa as much as 
the standard carbenicillin. According to the results of Staphylococcus aureus, 
Compounds 1-4 showed an antibacterial activity comparable to the same stand-
ard. Similarly, for Candida albicans, Compounds 8-11 showed some activity but 
performed worse than fluconazole. Compounds 7-11 had a strong activity against 
Candida krusei resulting in similar inhibition concentrations of 8 to 16 µg/mL, 
which was better than fluconazole with the inhibition concentration of 64 µg/
mL. In the broth dilution experiments, Compounds 6, 7, and 10 were found to 
have an MIC of 8 to 16 µg/mL, which had a moderate activity against Candida 
parapisilosis. Another significant result was that Compounds 8, 9, and 11 had 
MIC values of 4 µg/mL presenting the same anti-fungal activity as fluconazole. 
Interestingly, compounds with either small substituents at the 4th position or 
non-substituted 6-Benzoyl-3-(piperidinyl/piperazinyl/morpholin-4-ylmethyl)
benzo[d] thiazole-2(3H)-thione derivatives were active against Staphylococ-
cus aureus. On the contrary the aromatic functional groups containing complex 
substituents were more active against Candida species. 

In this study, the drug-likeness, molecular and ADME properties of all com-
pounds were promising presenting a drug-like/lead-like profile according to 
their #stars rankings. The #stars rankings were 0 for all the compounds except 
Compound 10 (1). The combinations of HOA values being mostly around 3, 
%HOA values ranging from 76.73 to 100%, all PCaco values being high and log 
Kp values varying between -2.54 and -5.82 indicate that these compounds can be 
effectively used in both oral and topical preparations. The log K HSA values vary-
ing between -0.35 and +0.45 indicates that the proposed molecules can freely 
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circulate and easily traverse cell membranes without binding to human serum 
albumin. For determining the cardiac toxicity of drugs in the early stages of drug 
discovery, HERG K+ channel blockage activity is very important 30. The logH-
ERG values of the compounds predicted with the in silico method were between 
-6.04 and -7.90; thus, they can be considered safe for human use. The blood/
brain partition coefficient (logBB), PMDCK, and logPo/w values are useful to 
determine the penetration capacity of a compound from blood–brain barrier. 
The values predicted for these parameters of the synthesized compounds were 
within the ranges defined for 95% of drugs. Moreover, the predicted CNS value 
of the compounds was between 0 and 2 indicating medium to high activity. 

The results of the activity analyses showed that the synthesized 6-benzoyl-
3-substitutedmethylbenzo[d]thiazole-2(3H)-thione derivatives could be con-
sidered as potential effective antifungal agents against Candida species. Further 
studies are necessary to confirm and validate the predictive results based on ac-
tual experiments.
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