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A series of 2,5-dimercapto-1,3,4-thiadiazole derivatives (compounds 1 to 10) were prepared by nucleophilic 
substitution reaction between 2,5-dimercapto-1,3,4-thiadiazole and chloroheterocyclic compounds in methanol and 
in the presence of potassium carbonate (compounds 1 to 5 and 8) or metallic sodium (compounds 6, 7, 9 and 10) at 
room temperature. The cytotoxic activity was determined by green fluorescent protein (GFP)-based assay and anti-
candida activity was determined by resazurin microplate assay (REMA). Compounds 1 to 4, 8 and 9 showed in vitro 
cytotoxic activities against Vero cells (African green monkey kidney). Compounds 4 and 10 exhibited anti-candida 
activities against Candida albicans (ATCC 90028) with IC50 values of 1.94 and 19.10 µg/ml, respectively. Docking 

studies on the catalytic site of cytochrome P450 14-demethylase were used to identify the chemical structures in 
the molecule responsible for cytotoxic and anti-candida activities of the synthesized compounds. 
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INTRODUCTION 

 
The incidence of primary and opportunistic fungal infections 
continues to increase rapidly because of the increased 
number of immunocompromised patients (AIDS, cancer and 
transplants) (Dismukes, 2000; Singh, 1997). Candida sp. is 
one of the most well- known fungal pathogens which 
accounts for majority of opportunistic fungal infections 
occurring worldwide (Odds, 1996). The class of azoles 
(imidazole and triazole derivatives) has supplied many 
effective antifungal drugs currently in clinical use (Andriole, 

2000; De Pauw and Picazo, 2008; Katritzky et al., 2008; 
Sheehan et al., 1999). Resistance to wide spectrum 
antifungal agents has initiated the search for new 
therapeutic agents, including those produced by the 
modification of existing antifungal drugs (Joseph-Horne 
and Hollomon, 1997; Dupont et al., 1996; Cartledge et al., 
1997). The azole ring has been demonstrated to be one 
of the most important pharmacophores for antifungal 
activity, and both the  
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toxicity and activity of azole antifungal agents are mainly 
attributed to coordination binding of the nitrogen atom of the 
azole ring to the iron atom of heme (Zhu et al., 2006). These 
facts led us to search for novel azole lead compounds with 
more structural specificity for fungal enzymes in order to 
separate their activity from their toxicity.  

The synthesis of compounds containing 1,3,4-
thiadiazoles has attracted widespread attention due to 
their diverse applications as antifungals (Jalilian et al., 
2003; Liu et al., 2009), anticancer agents (Wei et al., 
2009; Ibrahim, 2009; Zheng et al., 2008; Matysiak and 
Opolski, 2006), antibacterial agents (Demirbas et al., 
2009; Padmavathi et al., 2009; Pintilie et al., 2007), anti-
inflammatory drugs (Jadhav et al., 2008; Rostom et al., 
2009), antidepressants (Yusuf et al., 2008; Jatav et al.,  
2008), carbonic anhydrase inhibitors (Kasımo ulları et al., 
2009; Abdel-Hamid et al., 2007), anti-Helicobacter pylori 

agents (Mirzaei et al., 2008), antitrypanosomals 
(Carvalho et al., 2004) and leishmanicidal agents 
(Foroumadi et al., 2005). In the present study we report 
the synthesis of novel 2,5-dimercapto-1,3,4-thiadiazole 
derivatives with alkyl heterocyclic or heterocyclic 



 
 
 

 

moieties. A major aim of this study was to study the anti-
candida and cytotoxic activities of these derivatives. We 
also performed molecular docking studies using the 
AutoDock v3.0 program with the aim of explaining the 
mode of action of 2,5-dimercapto-1,3,4-thiadiazole 

derivatives with the active site of 14-demethylase 
enzyme. 
 

 
MATERIALS AND METHODS 
 
A series of 2,5-dimercapto-1,3,4-thiadiazole derivatives (com-
pounds 1 to 10) were prepared by nucleophilic substitution reaction 
between 2,5-dimercapto-1,3,4-thiadiazole and chloroheterocyclic 
compounds in methanol and in the presence of potassium 
carbonate (compounds 1 to 5 and 8) or sodium metal (compounds 
6,7,9 and 10) in room temperature. The crude product was purified 
by crystallization from methanol. The melting point of all compounds 
was determined using an Electrothermal IA9200 melting point 
apparatus. Infrared spectra were run on a Perkin Elmer Spectrum 
One FTIR spectrophotometer, using the potassium bromide pellet 

technique. 
1
HNMR spectra were obtained on an INOVA-500 (500 

MHz) NMR spectrometer. Chemical shifts were reported in ppm 
related to the internal standard, tetramethylsilane (TMS). The NMR 

solvent used was deuterated dimethyl sulfoxide (DMSO,  = 2.54 
ppm). Mass spectra were determined on a MAT 90 (Finnigan) mass 
spectrometer using EI method. The percentages of carbon, 
hydrogen and nitrogen were obtained using a CHNS/O analyzer 
(Perkin Elmer PE2400 series II). Chemical reagents were obtained 
from Aldrich and Fluka Company. 

 

General method for the synthesis of compounds 1 to 5 and 8. 
 
690 mg (5 mmol) of K2CO3 was dissolved in 30 ml of absolute 
methanol and then mixed with 5 mmol of 2,5-dimercapto-1,3,4-
thiadiazole. To this mixture was added 5 mmol of chloroalkyl 
heterocyclic compound or chloro heterocyclic compound. The 
reaction solution was stirred at room temperature for 3 h. The pale 
yellow precipitate was collected by filtration and the precipitate was 
purified by recrytallization with MeOH. 
 
5-(6-chloropyridazin-3-ylthio)-1,3,4-thiadiazole-2-thiol (1): Yield 
62.50%; m.p. 216-217 C; 

1
HNMR 500 MHz (DMSO):  7.98 (d, J = 

9.25 Hz, 1H H5’), 8.12 (d, J = 9.25 Hz, 1H H4’); FTIR (KBr)(cm
-1

): 
3042 (aromatic C-H st.), 2515 (S-H st.), 1601 (C=C st.), 724 (C-S 

st.); EIMS: m/z (relative intensity) M
+
 +2 264(32.5), M

+
 262(100.0), 

149(48.7), 113(36.3); Anal.Calcd for C6H3ClN4S3 (262.76): C, 27.43; 
H, 1.15; N, 21.32. Found: C, 27.45; H, 1.17, N, 21.28. 
 
5-(6-chloroquinolin-4-ylthio)-1,3,4-thiadiazole-2-thiol (2): Yield 
77.50%; m.p. 175- 176 C; 

1
HNMR 500 MHz (DMSO):  8.92 (d, J = 

4.75 Hz, 1H H8’), 8.24 (d, J = 9.50 Hz, 1H H5’), 8.19 (d, J = 2.25 
Hz, 1H H2’), 7.80 (dd, J = 9.50, 2.25 Hz, 1H H4’), 7.78 (d, J = 4.75 

Hz, 1H H7’); FTIR (KBr)(cm
-1

): 3083 (aromatic C-H st.), 2537 (S-H 

st.), 1601 (C=C st.), 716 (C-S st.); EIMS: m/z (relative intensity) M
+
 

+2 313(36.2), M
+
 311(100.0), 162(37.9), 149(50.2); Anal.Calcd for 

C11H6ClN3S3 (311.83): C, 42.37; H, 1.94; N, 13.48. Found: C, 42.18; 
H, 1.89; N, 13.55. 
 
5-((6-chloro-2-(methylthio)pyrimidin-4-ylthio)-1,3,4-thiadiazole- 
2-thiol (3): Yield 67.20%; m.p. 176-177 C; 

1
HNMR 500 MHz  

(DMSO):  7.68 (s, 1H H5’), 2.45 (s,3H SCH3); FTIR (KBr)(cm
-1

): 
3060 (aromatic C-H st.), 2948 (aliphatic C-H st.), 2520 (S- H st.), 

1601 (C=C st.), 725 (C-S st.); EIMS: m/z (relative intensity) M
+
 +2 

310(32.8), M
+
 308(100.0), 293(49.6), 159(35.2), 149(45.1); 

 
 
 
 

 
Anal.Calcd for C7H5ClN4S4  (308.85): C, 27.22; H, 1.63; N, 18.14.  
Found: C, 27.21; H, 1.60, N, 18.18. 
 
5-(3-(4-(3-chlorophenyl)piperazin-1-yl)propylthio)-1,3,4 

thiadiazole-2-thiol (4): Yield 58.48%; m.p. 209-210 C; 
1
HNMR  

500 MHz (DMSO):  7.25 (t, J = 8.00 Hz, 1H H5’’), 7.04 (d, J = 2.25 
Hz, 1H H2’’), 6.95 (dd, J = 8.00, 2.25 Hz, 1H H4’’), 6.86 (d, J = 8.00 
Hz, 1H H6’’), 3.74 (t, J = 6.00 Hz, 2H H1’) 3.23 (m, 4H 
H2’’,H3’’,H5’’,H6’’), 2.78 (t, J = 6.00 Hz, 2H H3’), 2.18 (m, 2H H2’); 

FTIR (KBr)(cm
-1

): 3050 (aromatic C-H st.), 2952 (aliphatic C-H st.),  
2472 (S-H st.), 1595 (C=C st.), 1252 (C-N st.), 714 (C-S st.); EIMS: 

m/z (relative intensity) M
+
 +2 388(34.5), M

+
 386(100.0), 237(34.7), 

149(48.1), 127(25.5), 111(33.5); Anal.Calcd for C15H19ClN4S3 
(386.99): C, 46.55; H, 4.95; N, 14.48. Found: C, 46.48; H, 4.99; N, 
14.52. 
 
2((5-mercapto-1,3,4-thiadiazol-2-ylthio)methyl)isoindoline- 1,3-

dione (5): Yield 58.48%; m.p. 161-162 C; 
1
HNMR 500 MHz 

(DMSO):  7.89 (m, 4H H4’,H5’H6’,H7’), 5.31 (s, 2H SCH2N); FTIR  
(KBr)(cm

-1
): 3101 (aromatic C-H st.), 2951 (aliphatic C-H st.), 2562 

(S-H st.), 1713 (C=O st.), 1610 (C=C st.), 1210 (C-N st.), 727 (C-S 

st.); EIMS: m/z (relative intensity) M
+
 309(100.0), 161(40.5), 

146(48.8), 163(30.5), 149(41.5); Anal.Calcd for C11H7N3O2S3 
(309.39): C, 42.70; H, 2.28; N, 13.58. Found: C, 42.65; H, 2.32; N, 
13.61. 
 
5-(6-methoxypyridazin-3-ylthio)-1,3,4-thiadiazol-2-thiol (8): Yield 

64.32%; m.p. 162-163 C; 
1
HNMR 500 MHz (DMSO):  7.90 (d, J = 

9.25 Hz, 1H H4’), 7.33 (d, J = 9.25 Hz, 1H H5’), 4.03(s, 3H OCH3); 

FTIR (KBr)(cm
-1

): 3070 (aromatic C- H st.), 2952 (aliphatic C-H st.), 
2550 (S-H st.), 1068 (C-O st.), 726 (C-S st.); EIMS: m/z (relative 

intensity) M
+
 258(100.0), 243(49.4), 149(44.1), 109(33.5); 

Anal.Calcd for C7H6N4OS3 (258.34): C, 32.54; H, 2.34; N, 21.69. 
Found: C, 32.59; H, 2.37; N, 21.60. 

 

General method for the synthesis of compounds 6, 7, 9 and 10 
 
115 mg (5 mmol) of metallic sodium was dissolved in 30 ml of 
absolute methanol and then mixed with 5 mmol of 2,5-dimercapto-
1,3,4-thiadiazole. To this mixture was added 5 mmol of chloroalkyl 
heterocyclic compound or chloro heterocyclic compound. The 
reaction solution was stirred at room temperature for 3 h, and then 
concentrated under reduced pressure to remove the methanol. 40 
ml of ethyl acetate and 20 ml of water were added to the residue, 
with vigorous stirring. The organic phase was separated, washed 
twice with water, dried over anhydrous sodium sulfate and 
concentrated in vacuo. Ethyl acetate was removed by rotary 
evaporator. Purification of the crude residue by recrystallization 
(MeOH) gave a solid product. 
 
6-(5-mercapto-1,3,4-thiadiazol-2-ylthio)-4H-chromen-4-one (6): 
Yield 48.26%; m.p. 228- 229 C; 

1
 HNMR 500 MHz (DMSO):  9.07 

(s, 1H SH), 8.04 (d, J = 2.75 Hz, 1H H5’), 7.95 (dd, J = 8.75, 2.75 
Hz, 1H H7’), 7.94(d, J = 8.75, 1H H2’), 7.84 (d, J = 8.75 Hz, 2H H8’, 

H3’); FTIR (KBr)(cm
-1

): 3150 (aromatic C-H st.), 2568 (S-H st.),  
1639 (C=O st.), 1606 (C=C st.), 1254 (C-O st.), 717 (C-S st.); EIMS: 

m/z (relative intensity) M
+
 294(100.0), 149(41.5), 145(34.8); 

Anal.Calcd for C11H6N2O2S3 (294.37): C, 44.88; H, 2.05; N, 9.52. 
Found: C, 44.75; H, 2.09; N, 9.58. 
 
3-((5-mercapto-1,3,4- thiadiazol-2-ylthio)methyl)quinolin-

2,4(1H,4H)-dione (7): Yield 55.91%; m.p. 252-253 C; 
1
HNMR 500  

MHz (DMSO):  11.47 (s, 1H SH), 7.91 (dd, J = 8.00, 1.00 Hz, 1H 

H5’), 7.65 (td, J = 8.00, 1.50 Hz, 1H H6’), 7.19(m, 2H H7’,H8’), 4.22 
(t, J = 5.75 Hz, 1H H3’), 3.55 (d, J = 5.75 Hz, 2H CH2); FTIR 

(KBr)(cm
-1

): 3436 (N-H st.), 3096 (aromatic C-H st.), 2998 (aliphatic 



 
 
 

 
C-H st.), 2570 (S-H st.), 1713 (C=O st.), 1649 (N-C=O st.), 1604 
(C=C st.), 1291 (C-N st.), 714 (C-S st.); EIMS: m/z (relative 

intensity) M
+
 323(100.0), 174(66.4), 149(40.2); Anal.Calcd for 

C12H9N3O2S3 (323.41): C, 44.56; H, 2.80; N, 12.99. Found: C, 
44.50; H, 2.79; N, 12.86. 
 
5-(2-methylbenzo[d]thiazol-5-ylthio)-1,3,4-thiadiazol-2-thiol  (9): 

Yield 35.28%; m.p. 211- 212 C; 
1
HNMR 500 MHz (DMSO):  7.77 

(d, J = 3.00 Hz, 1H H4’), 7.76 (d, J = 6.25 Hz, 1H H7’), 7.50(dd, J = 

6.25, 3.00 Hz, 1H H6’), 4.90 (s, 3H CH3); FTIR (KBr)(cm
-1

): 3013 
(aromatic C-H st.), 2958 (aliphatic C-H st.), 1376 (CH3 bending), 

715 (C-S st.); EIMS: m/z (relative intensity) M
+
 297(100.0), 

149(40.2), 148(54.3); Anal.Calcd for C10H6N3S4 (297.44): C, 40.38; 
H, 2.37; N, 14.13. Found: C, 40.31; H, 2.40; N, 14.09. 
 
1-(2-(5-mercapto-1,3,4-thiadiazol-2-thio)phenyl)-3-methyl-1H-

pyrazol-5(4H)-one (10): Yield 26.45%; m.p. 162-163 C; 
1
HNMR  

500 MHz (DMSO):  7.75 (d, J = 9.00 Hz, 1H H6’’), 7.67 (d, J = 9.00 
Hz, 1H H2’’), 7.53 (d, J = 9.00 Hz, 1H H3’’), 7.48 (d, J = 9.00 Hz, 1H 

H3’’), 2.15 (s, 2H H4’’’) 2.00 (s, 3H CH3); FTIR (KBr)(cm
-1

): 3050 
(aromatic C-H st.), 2950 (aliphatic C-H st.), 2555 (S-H st.), 1622 (N-
C=O st.),1591 (C=C st.), 1363 (CH3 bending), 741 (C-S st.); EIMS: 

m/z (relative intensity) M
+
 322(100.0), 225(30.5), 173(48.9), 

149(55.6), 97(31.7); Anal.Calcd for C12H10N4OS3 (322.43): C, 44.70; 
H, 3.13; N, 17.38. Found: C, 44.78; H, 3.19; N, 17.32. 

 

Cytotoxicity assay (Hunt et al., 1999) 
 
The GFP-expressing Vero cell line was generated in-house by 
stably transfecting the African green monkey kidney cell line (Vero, 
ATCC CCL-81), with pEGFP-N1 plasmid (Clontech). The cell line 
was maintained in a minimal essential medium supplemented with 
10% heat-inactivated fetal bovine serum, 2 mM L-glutamine, 1 mM 
sodium pyruvate, 1.5 g/L sodium bicarbonate and 0.8 mg/ml 
geneticin, at 37°C in a humidified incubator with 5% CO2. The assay 

was carried out by adding 45 µl of cell suspension with 3.3 x 10
4
 

cells/ml to each well of 384 well plates containing 5 µl of test 
compounds previously diluted in 0.5% DMSO, and then incubated 
for 4 days at 37°C in an incubator with 5% CO2. Fluorescence 
signals were measured using a SpectraMax M5 microplate reader 
(Molecular Devices, USA) in the bottom reading mode with 
excitation and emission wavelengths of 485 and 535 nm. The 
background fluorescence at day zero was subtracted from the 
fluorescence signal at day 4. The percentage of inhibition was 
calculated using the following equation, where FUT and FUC 
represent the fluorescence units of cells treated with the test 
compound and the untreated cells, respectively: 
 
% inhibition = [1-(FUT / FUC)] × 100 
 
The compounds were considered cytotoxicity when percentage 
inhibition was 50% or greater at the concentration of 50 µg/ml. The 
IC50 values are derived from dose-response curves, using 6 
concentrations of 2 fold serially diluted samples, using SOFTMax 
Pro software (Molecular device). Ellipticine and 0.5% DMSO were 
used as positive and negative controls, respectively. 

 

Antifungal activity assay (Brien et al., 2000) 
 
Candida albicans (ATCC 90028) was grown on a potato dextrose 
agar (PDA) plate at 30°C for 3 days. Three to five single colonies 
were then cultured in a shaking flask containing RPMI-1640 until 

cell density reached 5 x 10
5
 CFU/ml. The yeast cell suspension was 

added to a 384 well plate; each well containing 45 µl of cell 
suspension and 5 µl of test sample. The plates were then incubated 
at 37°C for 4 h. Thereafter, 10 µl of 62.5 µg/ml resazurin solutions 

  
  

 
 

 
was added to each well and incubated at 37°C for 30 min. 
Fluorescent intensity was measured at the excitation wavelength of 
530 nm and the emission wavelength of 590 nm using the 
SpectraMax M5 microplate reader (Molecular Devices, USA). The 
fluorescence signal from wells containing only medium was used for 
background subtraction. The percentage of inhibition was 
determined from the units of fluorescence of treated cells (FUT) and 
untreated cells (FUC) using the following equation: 
 
% Inhibition = [1- (FUT / FUC)] x 100 
 
The 50% inhibitory concentration (IC50) was determined from the 

dose response curve, using 6 concentrations of 2 fold serial 
dilutions. Amphotericin B and 0.5 %DMSO were used as a positive 
and a negative controls, respectively. 
 

 
Molecular docking studies 
 
The X-ray crystal structure of sterol 14alpha-demethylase (CYP51) 
binding sites complexed with inhibitor, (2S)-2-[(2,1,3-benzothiazol-
4-ylsulfonyl) aminothiadiazol-4-ylsulfonyl)amino]-2-phenyl-N-pyridin-
4-ylacetamide (2CIB) was obtained from the RSCB Protein Data 
Bank (RSCB PDB) (Podust et al., 2007). The docking procedure 
was performed with version 3.0 of AutoDock program. It combines a 
rapid energy evaluation through pre-calculated grids of affinity 
potentials with a variety of search algorithms to find suitable binding 
positions for a ligand on a given protein. In AutoDock, the protein is 
required to be rigid, but the program allows torsion in the ligand. A 
docking study of compounds with CYP51 was carried out using the 
Lamarckian genetic algorithm, applying a standard protocol, with an 
initial population of 100 randomly placed individuals, a maximum 

number of 1.5/10
6
 energy evaluations, a mutation rate of 0.02, a 

cross over rate of 0.80, and an elitism value of 1. One hundred 
independent docking runs were carried out for each ligand. Results 
differing by less than 2.0 in positional root mean-square deviation 
(rmsd) were clustered together and represented the result with the 
most favorable free energy of binding.  

The structures of the ligand were generated with SYBYL 7.0. 
Atomic charges were assigned using the Gasteiger-Marsili 
formalism, which is the type of atomic charge used in calibrating the 
Autodock empirical free energy function. Finally the compounds 
were set up for docking with the help of AutoTors utility, the main 
purpose of which is to define the torsional degrees of freedom to be 
considered during the docking process.  

The structure of the CYP51 catalytic core domain (PDB 2CIB) 
was setup as follows: polar hydrogens were added using the 
PROTONATE utility; Kollman charge and salvation parameters 
were added to the final protein file using the ADDSOL utility of 
AutoDock 3.0. The grid maps representing the protein in the actual 
docking process were calculated with AutoGrid. The grids (one for 
each atom type in the ligand, plus one for electrostatic interactions) 
were chosen to be sufficiently large to include not only the active 
site but also significant portions of the surrounding surface. The 
dimensions of the grids were thus 60 x 60 x 60 , with a spacing of 
0.375 between the grid points and the center placed at the mid 
point between His259 and Tyr76. 
 

 

RESULTS AND DISCUSSION 
 
Chemistry 

 

Monosubstituted 2,5-dimercapto-1,3,4-thiadiazole 

derivatives were prepared by nucleophilic substitution of 

2,5-dimercapto-1,3,4-thiadiazole with the proper chloro 



       
 

         
 

       

 

 

        
 

     
 

   
 

     

 

 

 

 

       
 

        
 

         
 

       

 

 

 

 

      
 

        
 

      

 

 

 
 

       
 

        
 

         
 

       
 

         
 

         
 

   

 

    
 

        
 

         
 

         
 

         
 

        
 

         
 

         
 

        
 

         
 

         
 

         
 

 
 

       
 

    
 

 
 

 
 

   

 

   
 

    
 

   
 

  

  

    
 

       
 

         
 

 
 

       
 

  
  

  
 

 
 

   
 

  
 

        
 

         
 

         
 

         
 

        
 

         
 

         
 

        
 

 Scheme 1. Synthesis of 2,5-dimercapto-1,3,4-thiadiazole derivatives.   
  

 
 

 

heterocyclic compounds, using two alternate routes 
depending on the electrophiles at room temperature: (A) 
methanol in the presence of potassium carbonate; and  
(B) methanol in the presence of metallic sodium (Scheme 
1). 

The IR spectra of all compounds showed weak 

absorption bands within the 2470-2570 cm
-1

 range which 
were attributed to SH function vibration. The absorption 

band of the –C-S function appears in the 714-741 cm
-1

 

region. In the 
1
H-NMR spectra, the proton signals due to 

the SH group were recorded between 9.07 and 11.47 
ppm. Mass spectra of all compounds showed molecular 

ion (M
+
) peaks and 2,5-dimercapto-1,3,4-thiadiazole frag-

ment (C2H2N2S3
+
) at m/z = 149. The elemental analysis 

results were all in good agreement with the structure 
proposed for all compounds. 

 
 
 

 

Pharmacology 

 
All compounds were evaluated in vitro for antifungal 
activity against pathogenic fungi (C. albicans). 
Amphotericin B was used as the reference drug. As 
shown in Table 1, substitution of 1-(3-chlorophenyl)-4-(3-
propyl)piperazine moiety (compound 4) and 1-phenyl-3-
methyl-2-pyrazolin-5-one (compound 10) exhibited an 

anti-candida activity with the IC 50 values of 1.94 and 

19.10 µg/ml, respectively. These results suggested that 
the appropriate substitution of a long chain moiety 
(compound 4 and 10) was important for anti- candida 
activities. Compound 1-3 and 5-9 were less potent 
because the side chain at position 5 was too short to be  
accommodated by the hydrophobic subsite of 14 -

demethylase enzyme. Docking studies were performed to 



  
 
 

 
Table 1. Anti-candida and cytotoxic activities of 2,5-dimercapto-1,3,4-thiadiazole derivatives. 

 

 Compound number Candida albicans IC50 (µg/ml) Cytotoxicity (% inhibition at 50 µg/ml)
a
 

 1 >50 58.52 

 2 >50 74.95 

 3 >50 70.32 

 4 1.94 57.06 

 5 >50 7.29 

 6 >50 5.65 

 7 >50 4.54 

 8 >50 54.88 

 9 >50 59.61 

 10 19.10 3.75 

 Ellipticine (IC50, µg/ml) - 1.490 
 Amphotericin B 0.045 - 

 
a
 The compounds were considered cytotoxic when percentage inhibition was 50% or greater at the concentration of 20 µg/ml.

 

 
 

 
Table 2. The calculated docking energies and calculated Ki of the synthesized 

compounds.  
 

Compound number Gdock (Kcal/mol) Calculated Ki 

1 -8.75 1.59 × 10
-6

 

2 -9.22 1.04 × 10
-6

 

3 -9.17 1.87 × 10
-6

 

4 -11.36 3.7 × 10
-7

 

5 -8.39 7.19 × 10
-7

 

6 -9.52 7.62 × 10
-7

 

7 -9.02 2.88 × 10
-6

 

8 -9.42 4.49 × 10
-7

 

9 -9.17 1.35 × 10
-6

 

10 -10.50 1.47 × 10
-7

 

Voriconazole -9.58 5.01 × 10
-6

 

 
 

 

explained anti-candida activities. 
The title compounds were also investigated for their 

cytotoxic activities. Ellipticine was used as the reference 
drug. As shown in Table 1, compounds 1 to 4, 8 and 9 
showed in vitro cytotoxicity activities against Vero cells 
(African green monkey kidney) at a concentration of 50 
µg/ml. These results implied that their thiadiazole moiety 
was appropriate for binding firmly to the heme molecule  
of 14-demethylase enzyme. In contrast, the non-
cytotoxicity of compounds 5-7 and 10 may be due to the 
inappropriate location and orientation of the thiadiazole 
moiety, resulting in an inability to interact with the heme 
molecule. 
 

 

The mode of action of compounds 4 and 10 with the 

active site of 14-demethylase enzyme (CYP51) 
 
A docking study on the inhibitor/CYP51 interaction was 

 
 

 

performed to investigate the potential binding modes of 
compounds 4 and 10. The docking simulation was carried 
out using the AutoDock 3.0 program using the X-ray  
crystal structure of cytochrome P450 14-demethylase 
(PDB, 2CIB) as the target enzyme. This study was very 
useful in deriving guidelines for the design of new 
inhibitors in this 2,5-dimercapto-1,3,4-thiadiazole series. 
The 100 independent docking runs which were carried 
out for each ligand generally converged to a small 
number of different positions (“cluster” of results differing 
by less than 2.0 root mean square deviation (rmsd). The 
binding site for CYP51 inhibitors is located at residues 
Phe22, Tyr76, Met79, Phe83, Phe255, Ala256, His259, 
Leu321, Ile322, Ile323, His430, Met433, Val434, Val435 
and the heme. As shown in Table 2, the calculated 

docking energy (Gdock) of compounds 4 and  
10 was -11.36 Kcal/mol and -10.50 Kcal/mol and the 
calculated Ki of compounds 4 and 10 was 3.7 × 10

-7
 and  

1.47 × 10
-7

, respectively which means that both 



 
 
 
 

 

  

 

  

 
   

 
 

   
 

    
 

 
   

 

   

 

 
 

    
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. The mode of action of compounds 4 and 10 with the active site of 14- demethylase enzyme.  

 
 

 

compounds bound tightly to the CYP51 compared to 

voriconazole (Gdock= -9.58 Kcal/mol, Ki = 5.01 × 10
-6

).  
The mode of action of compound 4 with the active site 

CYP51 is shown in Figure 1. The nitrogen atom on the 
thiadiazole ring of molecule 4 forms coordination binding 
with the iron atom of heme. The lipophilic propyl spacer 
interacted with the narrow hydrophobic cleft of CYP51 
(Phe255, Ala256, Thr260 and backbone of His259). The 
piperazine ring interacted with hydrophobic residues 
(Tyr76, Phe255) . The chlorophenyl ring was inserted into 
the hydrophobic pocket (residues Tyr76, Val434, Val435, 
His259) of the enzyme. The binding interaction of 
compound 4 may be the cause of the serious side effects 
which can occur with other azole antifungals due to 
coordination binding with the iron atom of heme.  

The carbonyl group on the pyrazole ring of compound 
10 forms a hydrogen bond with the protonated nitrogen of 
His259. The methyl substituted pyrazole ring also has a 
hydrophobic interaction with the hydrophilic residues 
(Tyr76, Phe78, Thr176, Phe255). The phenyl spacer has 
a hydrophobic interaction with the residues Tyr76, Phe78, 
Thr176 and Met433. The SH group on the thiadiazole ring 
forms hydrogen bonds with the residues Phe22 and 
His430. Because the affinity of compound 10 for CYP51 
was mainly attributed to the non-bonding interaction with  
the 14-demethylase enzyme, the studies presented here 
afford an opportunity to develop novel antifungal agents 

that specifically interact with the residues at the 

 
 
 

 

active site and avoid the serious toxicity which arises 

from coordination binding with the heme of mammalian 

P450s. 
 

 

Prediction of cytotoxic and non- cytotoxic activities 

of 2,5-dimercapto-1,3,4-thiadiazole derivatives 
 
To predict the cytotoxic and non-cytotoxic activities of 
2,5-dimercapto-1,3,4-thiadiazole derivatives, the 
synthesized molecules were docked at the active site of  
14-demethylase enzyme. As shown in Figure 2, the 
thiadiazole ring of compounds 1 to 4, 8 and 9 showed a 
strong interaction with heme molecules. These 
interactions play a key role in determining the cytotoxic 
activities of 2,5-dimercapto-1,3,4-thiadiazole derivatives. 
As shown in Figure 3, no interactions were found bet-
ween the thiadiazole moiety of non-cytotoxic molecules 
and the heme. The thiadiazole moiety of compound 5 
forms hydrogen bond interactions with the backbone of 
Ala256. The orientation of the thiadiazole moiety of 
compound 6 was in the opposite direction to the heme 
molecule. The large distance from heme and the orien-
tation of the thiadiazole moiety of compounds 7 and 10 
explained the non-cytotoxic activities of both compounds. 
These results demonstrated that, the cytotoxic activities 
of 2,5-dimercapto-1,3,4-thiadiazole derivatives can be 
explained on the basis of the interactions between the 



   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Docked conformations of cytotoxic compounds in the binding site of CYP51. 
 

 

thiadiazole moiety of ligands and the heme molecule. 
 

 

Conclusion 

 

In conclusion, we have demonstrated the synthesis of a 

series of novel 2,5-dimercapto-1,3,4-thiadiazole 

derivatives. Some of the compounds were found to have 

 
 

 

good potency against C. albicans. The results obtained 
indicated that to increase the antifungal activity of these 
novel 2,5-dimercapto-1,3,4-thiadiazole derivatives, it is 
very helpful to introduce either 1-(3-chlorophenyl)-4-(3-
propyl)piperazine or 1-phenyl-3-methyl-2-pyrazolin-5-one 
as side chains to interact with the narrow hydrophobic 
cleft of CYP51 and adjust the physicochemical properties 
of the whole title molecules. The docking studies 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. Docked conformations of non-cytotoxic compounds at the binding site of CYP51. 
 

 

demonstrated that the thiadiazole-heme interactions may 
play a key role in determining the cytotoxicity of 2,5-
dimercapto-1,3,4-thiadiazole derivatives. In a future 
study, 1-(2-(5-mercapto-1,3,4-thiadiazol-2-thio)phenyl)-3-
methyl-1H-pyrazol- 5(4H)-one (compound 10) will be the 
lead compound to be developed as an azole antifungal 
with low toxicity. 
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