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Abstract—Objective: It is worthy to note that the benzimidazole, thiazolidine-2,4-dione and 1,2,3-triazole pharma-
cophores have keen role in anticancer drug discovery. In order to overcome the limitations associated with reported 
antimitotic compounds, our group is first time combining these three pharmacophores and revealing their in vitro 
anticancer and anti-mitotic activities. Methods: As a part of our efforts on the development of novel anticancer 
agents, in this study, we concentrated on the synthesis of benzimidazole-thiazolidine-2,4-dione-1,2,3-triazoles 
(VIIa–VIIl) via piperidine catalyzed Knoevenagel condensation and Cu(I) catalyzed azide-alkyne cycloaddition 
reactions as key approaches. Then, in vitro anticancer and tubulin polymerization inhibition (VIIa–VIIl) were 
studied via IC50 values. Finally, docking interactions of three potent compounds (VIIg), (VIIh), and (VIIk) towards 
α,β-tubulin were studied using AutoDock tools. Results and Discussion: Three compounds namely (VIIg), (VIIh), 
and (VIIk) showed better results against A549, MCF-7, and HeLa human cancer cell lines than standard drug  
nocodazole. In addition, compounds (VIIg) and (VIIh) have shown greater inhibitory potency with IC50 values 
0.62 and 0.31 μM respectively than standard Combretastatin A-4 (CA-4) against tubulin polymerization. Finally,  
in silico molecular docking studies for the compounds (VIIg), (VIIh), and (VIIk) with α,β-tubulin showed that they 
have great binding interactions with the target protein and to be specific the compound (VIIh) displayed highest 
binding energy, i.e. –9.23 kcal/mol. Conclusions: We propose that the remarkable in vitro anticancer activity of 
compounds (VIIg), (VIIh), and (VIIk), would be due to their tubulin polymerization inhibition. 
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INTRODUCTION

Even though there has been a lot of progress in 
the search for cancer drugs, due to its lack of safety, 
selectivity, and efficiency etc. [1], targeted therapy which 
targets proteins selectively to prevent growth and spread 
of cancer cells is still necessary. As a result, targeting 
microtubules could be regarded as an excellent objective 
in the developing of anticancer drugs [2], since they are 
involved in the normalization of cellular functions such 
as motility, organelle transport, cell division and signal 

transduction maintenance etc [3, 4]. Some anticancer 
drugs like such as vinblastine, vincristine, and colchicine, 
have been shown to weaken structure and function of 
microtubules by inhibiting tubulin polymerization via 
their binding to vinca-binding site or colchicine of tubulin 
[5, 6]. As we know, for the past few years, antimitotic 
agents such as taxanes and vinca alkaloids have been 
utilized in clinical trials of varied cancer affected patients 
[2, 7]. Nonetheless, high toxicity, low solubility, and low 
oral bioavailability were made the above antimitotic 
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agents less ideal in course of clinical trials for cancers [8]. 
As a result, chemists are searching for the development 
of new antimitotic compounds agents, to overwhelm the 
shortcomings mentioned above.

Several drugs with a wide range of therapeutic 
applications have been developed using the benzimidazole 
as a fundamental structural component [9–15]. The 
unique fused benzene and imidazole rings with two 
nitrogen atoms and an electron-rich aromatic ring, allow 
them to interact with a variety of biologically significant 
targets in a non-covalent manner led to give biologically 
activity [16, 17]. Interestingly, several anticancer drugs 
containing benzimidazoles were developed by numerous 
researchers worldwide and have proven effective in 
treating a diverse malignancies. In addition, a phase III 
clinical trial for Galeterone, another benzimidazole-based 
anticancer agent is currently underway [18–21].

Thiazolidine-2,4-dione(TZD) scaffold notable and 
fundamental frameworks used in drug discovery and 
development [22, 23]. A few analogues of TZD namely 
such as AZD1208, GSK1059615, and SMI-4a were 
currently undergoing clinical screening to treat tumor 
[24–30]. Interestingly, compounds with anticancer 
activities were also produced by modifying thiazolidine-
2,4-dione at both N–3 and C–5 positions [31–35].

Conversely, the increased solubility and pharma- 
cokinetic characteristics of 1,2,3-triazoles at the binding 
site play a major role in enhancing cytotoxicity against 
various cancer cells [36, 37]. Many 1,2,3-triazole based 
derivatives have a high dipole moment and can show 
dipole-dipole, π-stacking interactions and can form 
hydrogen bonding with biological targets easily [38]. 
Generally speaking, a variety of 1,2,3-triazole coupled 
heterocycles exhibited several anticancer activities 
[39–47].

In order to overcome the limitations associated with 
reported antimitotic compounds agents and encouraged 
by the previously developed benzimidazole [48–52], 

thiazolidine-2,4-dione [53], and 1,2,3-triazole based 
antitubulin agents, herein, we first time report the design 
and synthesis of benzimidazole-thiazolidine-2,4-dione- 
1,2,3-triazoles as tubulin targeting anticancer agents. 

RESULTS AND DISCUSSION

Chemistry

Synthesis of designed benzimidazole-1,2,3-triazole- 
thiazolidine-2,4-dione hybrids (VIIa–VIIl) was presented 
in Scheme 1. First step involves the Knoevenagel 
condensation between commercially available 1-methyl- 
1H-benzo[d]imidazole-5-carbaldehyde (I) and TZD (II) 
under piperidine catalysis in ethanol under reflux condition 
for 28 h gave 5-((1-methyl-1H-benzo[d]imidazol-5- 
yl)methylene) thiazolidine-2,4-dione (III) [39]. This 
intermediate was then treated with 3-bromoprop-1-yne 
(IV) by means of K2CO3 in THF at 65°C for 13 h to give 
5-((1-methyl-1H-benzo[d]imidazol-5-yl)methylene)- 
3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (V). Finally, 
copper (I) catalyzed 1,3-dipolar cycloaddition between 
alkyne (V) and many aromatic azides (VIa–VIl) in THF 
at 40°C for 12 provided the anticipated compounds 
(VIIa–VIIl) in moderate to good yields.

In Vitro Anticancer Activity

We have tested the newly prepared 1,2,3-trizoles 
for the anticancer activity against cancer cell lines such 
as A549, MCF-7, and HeLa using MTT assay and the 
nocodazole as reference drug. The results were displayed 
in Table 1 shown that the compounds (VIIg), (VIIh), and 
(VIIk) displayed superior activity against all the three cell 
lines than the nocodazole. In particular, (VIIh) has shown 
greatest activity among the three compounds mentioned 
above. In addition, structure-activity relationship (SAR) 
was established on the basis of IC50 data given in Table 1. 
First, with respect to compounds having electron releasing 
groups, (VIIh) having 3,5-dimethoxy group has displayed 
more activity and (VIIg) having 4-methoxy on it has 
exhibited next highest activity in that series. On other 
way the compounds having mono methyl and dimethyl 
substituents like (VIIb) and (VIIc) have exhibited less 
cytotoxicity than the reference. The compound (VIIa) 
having no substituent also displayed less activity than 
reference. In compounds with electron withdrawing 
groups, the compounds (VIIk) having 4-cyano substi- 
tuent has shown superior activity than the nocodazole 
reference drug but rest of the compounds were exhibited 
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(I) (III) (V) 

(i) (ii) 

(iii) 

(VII–VIIl) 

Reaction conditions: (i) Thiazolidine-2,4-dione (Il), piperidine, EtOH, reflux and 28 h. 
 (ii) Compound (III), K2CO3, 3 -bromoprop-1-yne (IV), THF, 65°C and 13 h.

 (iii) Azides (Vla–VIl), Cul, THF, 40°C and 12 h. 

R = H; (VIla)  R = 4-OMe; (VIlg) 
4-CH3; (VIlb)  3,5-di-OMe; (VIlh) 
3,5-diCH3; (VIIc)  4-CI-3,5-di-OMe; (VIli) 
4-F; (VIld)   3,5-di-Cl; (VIIj) 
4-Cl; (VIle)   4-CN; (VIIk) 
4-Br; (VIlf)   4-NO2; (VII) 

Scheme 1. Synthesis of benzimidazole-thiazolidine-2,4-dione-1,2,3-triazoles (VIIa–VIIl).

Table 1. In vitro cytotoxicity of newly synthesized compounds (VIIa–VIIl) with IC50
a
 in µM

Compound R A549b MCF-7c HeLad

(VIIa) H 45.18 ± 1.15 66.15 ± 1.74 45.22 ± 1.15

(VIIb) 4-Me 35.27 ± 1.46 25.51 ± 1.58 38.74 ± 1.22

(VIIc) 3,5-di-Me 38.12 ± 1.56 NI NI

(VIId) 4-F 39.14 ± 1.46 45.24 ± 1.25 67.58 ± 1.25

(VIIe) 4-Cl 26.32 ± 1.21 27.31 ± 1.05 36.14 ± 1.54

(VIIf) 4-Br 49.14 ± 1.15 47.26 ± 2.52 56.20 ± 1.35

(VIIg) 4-OMe 0.52 ± 0.02 0.81 ± 0.01 0.91 ± 0.03

(VIIh) 3,5-di-OMe 0.31 ± 0.01 0.75 ± 0.02 0.87 ± 0.01

(VIIi) 3,5-di-OMe-4-Cl 28.12 ± 1.12 38.22 ± 1.32 45.11 ± 1.24

(VIIj) 3,5-di-Cl 19.21 ± 1.20 17.25 ± 2.25 25.51 ± 1.01

(VIIk) 4-CN 0.72 ± 0.01 1.10 ± 0.03 0.95 ± 0.02

(VIIl) 4-NO2 NI NI NI

Nocodazole – 0.84 ± 0.1 1.22 ± 0.2 1.25 ± 0.2 
NI = IC50 > 100 µM; a Each data represents as mean ± S.D. values; b A549, Human lung cancer cell line; c MCF-7, Human breast cancer cell 
line; d HeLa, Human cervix cancer cell line.
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less activity than the reference drug. Among the com- 
pounds having mono halogen substituents the order of 
anticancer activity was found to be greater for 4-Cl and 
least for 4-Br. Finally, the compound (VIIj) having two 
chlorine atoms at 3rd and 5th position of phenyl ring 
has exhibited greater activity than the compound (VIIe) 
having one chlorine atom at 4th position and compound 
(VIIl) having 4-nitro group has shown least activity in 
the series.

In Vitro Tubulin Polymerization Inhibitory Activity

The 12,3-triazole compounds (VIIg), (VIIh), and 
(VIIk) were further screened for tubulin polymerization 
inhibitory activity as per the method described earlier and 
CA-4 was taken as the standard [40]. The results were 
presented in Table 2 and as per the results the compounds 
(VIIg), (VIIh) were displayed greater inhibitory potency 
(IC50 equal to 0.62 and 0.31 μM, respectively) than 
standard CA-4. But the compound (VIIk) has shown less 
inhibitory potency with IC50 equal to 1.65 μM compared 
CA-4.

Molecular Docking Studies

We have studied docking interactions of three potent 
compounds (VIIg), (VIIh), and (VIIk) towards α,β- 
tubulin [41] using AutoDock tools. The reference drug 
Combretastatin A-4 was also docked with α,β-tubulin. 
Among the three compounds, the compound (VIIh) has 
displayed highest binding energy (–9.23 kcal/mol) and 
inhibition constant (172.80 nano molar). In addition to 
this it has formed two hydrogen bonds with VAL250 and 
VAL353 residues with bond lengths 2.31 and 2.19 Å,  
respectively (Table 3, Figs. 1 and 2). The other two 
compounds (VIIg) and (VIIk) have exhibited almost 
similar binding energies –8.73 and –8.74 kcal/mol, 
respectively. The compound (VIIg) has formed two 
hydrogen bonds with ASN101 and VAL250 residues with 
bond lengths 1.94 and 2.80 Å, respectively. Similarly, 
it has formed π-π stacking with TYR224 residue. On 
the other hand the compound (VIIk) has formed one 
hydrogen bond with SER174 with bond lengths 1.83 Å.  
The standard drug Combretastatin A-4 has shown 
–6.76 kcal/mol, binding energy and 11.09 micromolar, 

Table 2. Tubulin polymerization inhibitory activity

Compound IC50 (μM)a

(VIIg) 0.62 ± 0.01

(VIIh) 0.31 ± 0.01

(VIIk) 1.65 ± 0.04

CA-4 1.10 ± 0.01
a The values are indicated as the mean ± S.D.

Table 3. Molecular docking interactions of compounds (VIIg), (VIIh), and (VIIk) with α,β-tubulin (PDB ID: 1SA0)

Entry Binding energy (kcal/mol) Inhibition constant Number of H-bonds Residues involved in hydrogen 
bonding (bond length in Å)

(VIIg) –8.73 399.85 nM 2 ASN101 (1.94), VAL250 (2.80)

(VIIh) –9.23 172.80 nM 2 VAL250 (2.31), VAL353 (2.19)

(VIIk) –8.74 396.48 nM 1 SER174 (1.83)

CA-4 –6.76 11.09 μM 2 VAL353 (2.20), ILE355 (1.86)
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Fig. 1. 2D interaction diagram of compound (VIIh) with α,β-tubulin. 

 

Fig. 2. 3D interaction diagram of compound (VIIh) with α,β-tubulin. 
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inhibition constant. It has formed two hydrogen bonds 
with VAL353 and ILE355 residues with bond lengths 
2.20 and 1.86 Å, respectively. Finally, we can say that 
three compounds have shown more binding interaction 
with target protein α,β-tubulin than Combretastatin A-4.

EXPERIMENTAL

General information. All the commercially accessible 
chemicals were utilized without being purified. Using 
Merck 60 F254 silica gel TLC plates, the purity of the 
entire compound was examined. Uncorrected melting 
points were determined using a hot stage melting 
point apparatus (Ernst Leitz Wetzlar, Germany). The 
Mercuryplus spectrometer, which operated at 400 and 
100 MHz for 1H and 13C NMR, respectively, recorded the 
1H and 13C NMR spectra. The chemical shifts were then 
compared to TMS. The Shimadzu QP5050A quadrupole- 
based mass spectrometer was used to obtain the ESI 
(electrospray ionization) mass spectra (ionising voltage 
of 70 eV). Elemental analyses were obtained with an 
Elemental Analyser Perkin–Elmer 240C apparatus.

Synthesis of 5-((1-methyl-1H-benzo[d]imidazol- 
5-yl)methylene)thiazolidine-2,4-dione (III) [39]. In a 
250 mL RBF, 1-methyl-1H-benzo[d]imidazole-5-carb- 
aldehyde (I) (25 mmol), thiazolidine-2,4-dione (25 mmol) 
(II) and piperidine (2.5 mmol) in EtOH (40 mL) was 
stirred under reflux for 28 h. The reaction mixture was 
then allowed to get RT for overnight, the resulting solid 
was filtered, washed with cold EtOH and dried. Finally, 
the crude product was crystallized from EtOH.

5-((1-Methyl-1H-benzo[d]imidazol-5-yl)methylene)- 
3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (V). The com- 
pound (III) (15 mmol), K2CO3 (30 mmol) and 
3-bromoprop-1-yne (IV) (21 mmol) were stirred in THF 
(40 mL) at 65°C for 13 h. The reaction mixture was then 
cooled to RT and filtered. The filtrate was extracted with 
ethyl acetate (2 × 50 mL) and excess of organic layer 
concentrated under rotary evaporator. Finally, the crude 
product was purified by 60–120 mesh size silica gel 
column chromatography employing (3 : 7) ethyl acetate/
hexane as eluent to get 73% yield of colorless solid (V).

Synthesis of benzimidazole-thiazolidine-2,4-dione- 
1,2,3-triazoles (VIIa–VIIn). A mixture of intermediate 
(V) (0.67 mmol), aryl azides (VIa–VIn) (1 mmol) and 
Cu(I) (0.067 mmol) in THF (10 mL) was stirred at 40°C 
for 12 h. The progress of reaction as analyzed by the TLC, 
the resulting mixture was extracted with ethyl acetate  
(2 × 20 mL), the excess of organic layer was concentrated 
under rotary evaporator. The resulting crude products 
were purified by 60–120 mesh size silica gel column 
chromatography using (1 : 1) ethyl acetate/hexane eluent.

In vitro anticancer activity. Individual wells of a 
96-well tissue culture micro titer plates were inoculated 
with 100 µL of complete medium containing 1 × 104 cells.  
Then the plates were incubated at 37°C in a humidified 
5% CO2 incubator for 18 h prior to the experiment. After 
medium removal, 100 µL of fresh medium containing 
the test compounds and nocodazole at different concen- 
trations such as 0.5, 1, and 2 µM were added to each 
well and incubated at 37°C for 24 h. Then the medium 
was discarded and replaced with 10 µL MTT dye. Plates 
were incubated at 37°C for 2 h. The resulting formazan 
crystals were solubilized in 100 µL extraction buffer. 
The optical density (O.D) was read at 570 nm with micro 
plate reader (Multi-mode Varioskan Instrument-Themo 
Scientific). The percentage of DMSO in the medium never 
exceeded 0.25%.

In vitro tubulin polymerization inhibition. We have 
used a commercial kit (cat. #BK011P) and followed 
method stated in the kit. The tubulin reaction mixture 
containing 2.0 mM of MgCl2, 0.5 mM of EGTA,  
80.0 mM of PIPES (pH = 6.9), 1 mM of GTP and 10.2% 
glycerol was prepared. Later, 5 μL of testing hybrids 
at indicated concentrations were added and mixture 
was pre-warmed to 37°C for 1 min. Then the reaction 
was initiated by adding 55 μL of tubulin solution. The 
fluorescence intensity was recorded at each 60 s for 
90 min in a multifunction microplate reader. IC50 was 
calculated from area under curve.

Molecular docking studies. Molecular docking study 
was conducted using AutoDock 4.2. The protein was 
retrieved from Protein Data Bank, which has the PDB 
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ID: 1SAO. After adding polar hydrogens, the ligand and 
water are taken out of protein and calculated gasteiger 
charges. After energy minimization, the ligands are drawn 
using chem draw 12 and saved as.mol files. They are then 
transformed using Discovery Studios into a PDB file. By 
selecting 60 points along three axes of coordinates and 
applying a grid spacing of 0375, a grid box is created. 
The DPF file was produced using Lamarckian GA (4.2) 
method. The GPF file was converted to a GLG file using 
the Cygwin interface and DPF file was converted to a 
DLG file from which the results were retrieved. The 2D 
and 3D images are being rendered using Schrodinger’s 
maestro v9.5 vizualizer interface.

5-((1-Methyl-1H-benzo[d]imidazol-5-yl)methylene)- 
thiazolidine-2,4-dione (III). Colorless solid; Yield: 64%; 
mp: 163–165°C; 1H NMR (300 MHz, DMSO-d6), ppm: 
3.73 (s, 3H, N–CH3), 7.35 (d, J = 8.2 Hz, 1H, Ar–H), 
7.60 (d, J = 8.2 Hz, 1H, Ar–H), 7.68 (s, 1H, alkene-H), 
7.95 (s, 1H, Ar–H), 8.02 (s, 1H, Ar–H) 12.92 (br s, 1H, 
thiazolidine-2,4-dione-NH).

5-((1-Methyl-1H-benzo[d]imidazol-5-yl)methylene)- 
3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (V). Colorless 
solid; Yield: 73%; mp: 167–169°C; 1H NMR (300 MHz, 
DMSO-d6), ppm: 2.32 (s, 1H, alkyne-1H), 3.72 (s, 3H, 
N–CH3), 4.46 (s, 2H, N–CH2), 7.34 (d, J = 8.2 Hz, 1H, 
Ar–H), 7.58 (d, J = 8.2 Hz, 1H, Ar–H), 7.69 (s, 1H, 
alkene–H), 7.95 (s, 1H, Ar–H), 8.03 (s, 1H, Ar–H).

(Z)-5-((1-Methyl-1H-benzo[d]imidazol-5-yl)methy- 
lene)-3-((1-phenyl-1H-1,2,3-triazol-4-yl)methyl)thiazo- 
lidine-2,4-dione (VIIa). Colorless solid; Yield: 77%; 
mp: 201–203°C; 1H NMR (300 MHz, DMSO-d6), ppm: 
3.74 (s, 3H, N–CH3), 4.82 (s, 2H, N–CH2), 7.35–7.43  
(m, 4H, Ar–H), 7.60 (d, J = 8.2 Hz, 1H, Ar–H), 7.71  
(s, 1H, alkene-H), 7.79–7.86 (m, 2H), 7.96 (s, 1H, 
Ar–H), 8.04 (s, 1H, Ar–H), 8.45 (s, 1H, triazole ring-H);  
13C NMR (75 MHz, DMSO-d6), ppm: 37.7, 46.8, 106.9, 
114.7, 120.7, 122.2, 124.1, 126.1, 127.6, 128.1, 129.1, 
130.5, 132.9, 137.8, 141.3, 143.6, 144.8, 164.7, 170.1; ESI- 
MS: m/z 417 [M + H]+; C21H16N6O2S; Calculated, %:  
C, 60.57; H, 3.87; N, 20.18; Found, %: C, 60.59; H, 3.85; 
N, 20.21.

(Z)-5-((1-Methyl-1H-benzo[d]imidazol-5-yl)methy- 
lene)-3-((1-(p-tolyl)-1H-1,2,3-triazol-4-yl)methyl)thiazo- 
lidine-2,4-dione (VIIb). Colorless solid; Yield: 75%; 
mp: 205–207°C; 1H NMR (300 MHz, DMSO-d6), ppm: 
2.41 (s, 3H, Ar–CH3), 3.73 (s, 3H, N–CH3), 4.81 (s, 2H,  
N–CH2), 7.30–7.37 (m, 3H, Ar–H), 7.59 (d, J = 8.2 Hz, 
1H, Ar–H), 7.72 (s, 1H, alkene-H), 7.83 (d, J = 7.9 Hz,  
2H), 7.95 (s, 1H, Ar–H), 8.01 (s, 1H, Ar–H), 8.44  
(s, triazole ring-H); 13C NMR (75 MHz, DMSO-d6), 
ppm: 21.9, 37.6, 46.6, 106.9, 114.8, 120.6, 123.9, 124.8, 
126.2, 127.5, 129.6, 130.4, 132.8, 136.6, 139.2, 141.2, 
143.6, 144.9, 164.8, 170.3; ESI-MS: m/z 431 [M + H]+; 
C22H18N6O2S; Calculated, %: C, 61.38; H, 4.21; N, 19.52; 
Found, %: C, 61.40; H, 4.19; N, 19.55.

(Z)-3-((1-(3,5-Dimethylphenyl)-1H-1,2,3-triazol-4-yl)- 
methyl)-5-((1-methyl-1H-benzo [d]imidazol-5-yl)- 
methylene)thiazolidine-2,4-dione (VIIc). Light blue 
solid; Yield: 72%; mp: 209–211°C; 1H NMR (300 MHz, 
DMSO-d6), ppm: 2.43 (s, 6H, Ar–CH3), 3.74 (s, 3H, N–CH3),  
4.82 (s, 2H, N–CH2), 7.11 (s, 1H, Ar–H), 7.35 (d, J = 8.2 Hz,  
1H, Ar–H), 7.47 (s, 2H, Ar–H), 7.60 (d, J = 8.2 Hz, 1H, 
Ar–H), 7.71 (s, 1H, alkene-H), 7.96 (s, 1H, Ar–H), 8.02  
(s, 1H, Ar–H), 8.46 (s, triazole ring-H); 13C NMR (75 MHz,  
DMSO-d6), ppm: 22.2, 37.6, 46.9, 106.8, 114.9, 120.6, 
124.2, 125.7, 126.2, 127.2, 127.8, 130.5, 132.7, 138.4, 
140.3, 141.3, 143.7, 144.8, 164.7, 169.9; ESI-MS: m/z 445  
[M + H]+; C23H20N6O2S; Calculated, %: C, 62.15; H, 4.54;  
N, 18.91; Found, %: C, 62.12; H, 4.56; N, 18.94.

(Z)-3-((1-(4-Fluorophenyl)-1H-1,2,3-triazol-4-yl)- 
methyl)-5-((1-methyl-1H-benzo[d]imidazol-5-yl)- 
methylene)thiazolidine-2,4-dione (VIId). Light yellow 
solid; Yield: 80%; mp: 203–205°C; 1H NMR (300 MHz, 
DMSO-d6), ppm: 3.75 (s, 3H, N–CH3), 4.89 (s, 2H, N–CH2),  
7.15 (d, J = 7.2 Hz, 2H, Ar–H), 7.36 (d, J = 8.2 Hz, 1H, 
Ar–H), 7.54–7.60 (m, 3H, Ar–H), 7.73 (s, 1H, alkene-H), 
7.97 (s, 1H, Ar–H), 8.03 (s, 1H, Ar–H), 8.56 (s, triazole 
ring-H); 13C NMR (75 MHz, DMSO-d6), ppm: 37.9, 46.9, 
106.9, 114.8, 116.5, 120.7, 123.9, 124.5, 126.3, 127.7, 
130.6, 132.8, 134.5, 141.6, 143.7, 144.8, 160.3, 164.9, 
170.3; ESI-MS: m/z 435 [M + H]+; C21H15FN6O2S; 
Calculated, %: C, 58.06; H, 3.48; N, 19.34; Found, %: 
C, 58.08; H, 3.49; N, 19.31.
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(Z)-3-((1-(4-Chlorophenyl)-1H-1,2,3-triazol-4-yl)- 
methyl)-5-((1-methyl-1H-benzo[d]imidazol-5-yl)- 
methylene)thiazolidine-2,4-dione (VIIe). Light yellow 
solid; Yield: 78%; mp 206–208°C; 1H NMR spectrum 
(300 MHz, DMSO-d6), ppm: 3.73 (s, 3H, N–CH3), 4.87 
(s, 2H, N–CH2), 7.28 (d, J = 7.6 Hz, 2H, Ar–H), 7.36  
(d, J = 8.2 Hz, 1H, Ar–H), 7.59 (d, J = 8.2 Hz, 1H, Ar–H), 
7.67–7.73 (m, 3H, alkene-H, Ar–H), 7.95 (s, 1H, Ar–H), 
8.02 (s, 1H, Ar–H), 8.53 (s, triazole ring-H); 13C NMR  
(75 MHz, DMSO-d6), ppm: 37.6, 46.7, 106.9, 114.6, 120.6, 
123.3, 124.2, 126.2, 127.6, 129.7, 130.5, 132.8, 134.4, 
136.4, 141.4, 143.6, 144.7, 164.7, 170.2; ESI-MS: m/z 451  
[M + H]+; C21H15ClN6O2S; Calculated, %: C, 55.94; H, 3.35;  
N, 18.64; Found, %: C, 55.97; H, 3.36; N, 18.62.

(Z)-3-((1-(4-Bromophenyl)-1H-1,2,3-triazol-4-yl)- 
methyl)-5-((1-methyl-1H-benzo[d]imidazol-5-yl)- 
methylene)thiazolidine-2,4-dione (VIIf). Light orange 
solid; Yield: 78%; mp: 224–226°C; 1H NMR (300 MHz, 
DMSO-d6), ppm: 3.72 (s, 3H, N–CH3), 4.84 (s, 2H, N–CH2),  
7.35–7.43 (m, 3H, Ar–H), 7.60 (d, J = 8.2 Hz, 1H, Ar–H), 
7.70 (s, 1H, alkene-H), 7.81 (d, 2H, J = 8.0 Hz, Ar–H), 
7.96 (s, 1H, Ar–H), 8.03 (s, 1H, Ar–H), 8.50 (s, triazole 
ring-H); 13C NMR (75 MHz, DMSO-d6), ppm: 37.5, 46.8, 
106.7, 114.7, 120.5, 121.1, 121.9, 123.9, 126.1, 127.7, 
130.6, 132.1, 132.9, 135.9, 141.5, 143.7, 144.8, 164.6, 
169.9; ESI-MS: m/z 495 [M + H]+; C21H15BrN6O2S; 
Calculated, %: C, 50.92; H, 3.05; N, 16.97; Found, %: 
C, 50.89; H, 3.07; N, 16.94.

(Z)-3-((1-(4-Methoxyphenyl)-1H-1,2,3-triazol-4- 
yl)methyl)-5-((1-methyl-1H-benzo[d]imidazol-5-yl)- 
methylene)thiazolidine-2,4-dione (VIIg). Colorless 
solid; Yield: 69%; mp: 210–212°C; 1H NMR (300 MHz, 
DMSO-d6), ppm: 3.73 (s, 3H, N–CH3), 3.90 (s, 3H,  
Ar–OCH3), 4.82 (s, 2H, N–CH2), 6.97 (d, J = 7.4 Hz, 2H, 
Ar–H), 7.35 (d, J = 8.2 Hz, 1H, Ar–H), 7.56–7.63 (m, 3H, 
Ar–H), 7.71 (s, 1H, alkene-H), 7.95 (s, 1H, Ar–H), 8.04 
(s, 1H, Ar–H), 8.43 (s, 1H, triazole ring-H); 13C NMR  
(75 MHz, DMSO-d6), ppm: 37.6, 46.6, 56.9, 106.8, 113.9,  
114.6, 120.5, 123.7, 124.4, 126.3, 127.5, 130.5, 131.7, 
132.8, 141.4, 143.7, 144.7, 158.3, 164.7, 170.1; ESI-MS: 
m/z 469 [M + Na]+; C22H18N6O3S; Calculated, %: C, 59.18;  
H, 4.06; N, 18.82; Found, %: C, 59.16; H, 4.09; N, 18.85.

(Z)-3-((1-(3,5-Dimethoxyphenyl)-1H-1,2,3-triazol- 
4-yl)methyl)-5-((1-methyl-1H-benzo[d]imidazol-5-yl)- 
methylene)thiazolidine-2,4-dione (VIIh). Colorless 
solid; Yield: 65%; mp: 215–217°C; 1H NMR (300 MHz, 
DMSO-d6), ppm: 3.74 (s, 3H, N–CH3), 3.87 (s, 6H, 
Ar–OCH3), 4.84 (s, 2H, N–CH2), 6.77 (s, 1H, Ar–H), 
7.20 (s, 2H), 7.36 (d, J = 8.2 Hz, 1H, Ar–H), 7.59  
(d, J = 8.2 Hz, 1H, Ar–H), 7.70 (s, 1H, alkene-H), 7.96  
(s, 1H, Ar–H), 8.03 (s, 1H, Ar–H), 8.49 (s, triazole 
ring-H); 13C NMR (75 MHz, DMSO-d6), ppm: 37.7, 46.7, 
56.5, 97.7, 99.1, 106.8, 114.7, 120.6, 124.1, 126.1, 127.5, 
130.5, 132.7, 140.6, 141.5, 143.7, 144.6, 160.1, 164.6, 
170.2; ESI-MS: m/z 477 [M + H]+; C23H20N6O4S; 
Calculated, %: C, 57.97; H, 4.23; N, 17.64; Found, %: 
C, 57.95; H, 4.26; N, 17.68.

(Z)-3-((1-(4-Chloro-3,5-dimethoxyphenyl)-1H- 
1,2,3-triazol-4-yl)methyl)-5-((1-methyl-1H-benzo[d]- 
imidazol-5-yl)methylene)thiazolidine-2,4-dione (VIIi). 
Colorless solid; Yield: 71%; mp: 218–220°C; 1H NMR 
(300 MHz, DMSO-d6), ppm: 3.73 (s, 3H, N–CH3), 3.88 
(s, 6H, Ar–OCH3), 4.83 (s, 2H, N–CH2), 6.79 (s, 2H, 
Ar–H), 7.34 (d, J = 8.2 Hz, 1H, Ar–H), 7.58 (d, J = 8.2 Hz,  
1H, Ar–H), 7.71 (s, 1H, alkene-H), 7.97 (s, 1H, Ar–H), 
8.04 (s, 1H, Ar–H), 8.51 (s, triazole ring-H); 13C NMR 
(75 MHz, DMSO-d6), ppm: 37.6, 46.6, 56.8, 104.7, 106.7, 
114.6, 118.7, 120.7, 124.3, 126.2, 127.4, 130.3, 132.7, 
138.8, 141.5, 143.6, 144.7, 152.4, 164.8, 170.3; ESI-MS:  
m/z 511 [M + H]+; C23H19ClN6O4S; Calculated, %: C, 54.07;  
H, 3.75; N, 16.45; Found, %: C, 54.05; H, 3.76; N, 16.48.

(Z)-3-((1-(3,5-Dichlorophenyl)-1H-1,2,3-triazol-4- 
yl)methyl)-5-((1-methyl-1H-benzo[d]imidazol-5-yl)- 
methylene)thiazolidine-2,4-dione (VIIj). Light blue 
solid; Yield: 74%; mp: 211–213°C; 1H NMR (300 MHz,  
DMSO-d6), ppm: 3.72 (s, 3H, N–CH3), 4.85 (s, 2H,  
N–CH2), 7.35 (d, J = 8.2 Hz, 1H, Ar–H), 7.48 (s, 1H),  
7.60 (d, J = 8.2 Hz, 1H, Ar–H), 7.72 (s, 1H, alkene-H), 7.77  
(s, 2H), 7.96 (s, 1H, Ar–H), 8.04 (s, 1H, Ar–H), 8.54  
(s, triazole ring-H); 13C NMR (75 MHz, DMSO-d6), ppm:  
37.6, 46.9, 106.9, 114.8, 118.9, 120.7, 124.4, 125.1, 
126.2, 127.6, 130.6, 132.8, 136.2, 139.4, 141.6, 143.5, 
144.8, 164.9, 170.4; ESI-MS: m/z 486 [M + H]+; 
C21H14Cl2N6O2S; Calculated, %: C, 51.97; H, 2.91; N, 
17.32; Found, %: C, 51.99; H, 2.94; N, 17.36.
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(Z)-4-(4-((5-((1-Methyl-1H-benzo[d]imidazol-5-yl)- 
methylene)-2,4-dioxothiazolidin-3-yl)methyl)-1H- 
1,2,3-triazol-1-yl)benzonitrile (VIIk). Light orange 
solid; Yield: 78%; mp: 208–210°C; 1H NMR (300 MHz, 
DMSO-d6), ppm: 3.74 (s, 3H, N–CH3), 4.86 (s, 2H,  
N–CH2), 7.34 (d, J = 8.2 Hz, 1H, Ar–H), 7.48 (d, J = 7.8 Hz,  
2H), 7.59 (d, J = 8.2 Hz, 1H, Ar–H), 7.71 (s, 1H, alkene-H), 
7.85 (d, J = 7.8 Hz, 2H), 7.95 (s, 1H, Ar–H), 8.02  
(s, 1H, Ar–H), 8.55 (s, triazole ring-H); 13C NMR (75 MHz,  
DMSO-d6), ppm: 37.8, 46.9, 107.1, 114.7, 117.4, 119.8, 
120.6, 124.6, 125.2, 125.8, 126.3, 127.7, 130.4, 132.9, 
139.9, 141.4, 143.6, 144.7, 164.7, 170.2; ESI-MS: m/z 
442 [M + H]+; C22H15N7O2S; Calculated, %: C, 59.86; 
H, 3.42; N, 22.21; Found, %: C, 59.88; H, 3.40; N, 22.20.

(Z)-5-((1-Methyl-1H-benzo[d]imidazol-5-yl)- 
methylene)-3-((1-(4-nitrophenyl)-1H-1,2,3-triazol-4- 
yl)methyl)thiazolidine-2,4-dione (VIIl). Light orange 
solid; Yield: 82%; mp: 213–215°C; 1H NMR (300 MHz, 
DMSO-d6), ppm: 3.74 (s, 3H, N–CH3), 4.89 (s, 2H, N–CH2),  
7.36 (d, J = 8.2 Hz, 1H, Ar–H), 7.61 (d, J = 8.2 Hz, 1H, 
Ar–H), 7.73 (s, 1H, alkene-H), 7.86 (d, J = 7.1 Hz, 2H, 
Ar–H), 7.97 (s, 1H, Ar–H), 8.04 (s, 1H, Ar–H), 8.21  
(d, J = 7.2 Hz, 2H, Ar–H), 8.63 (s, triazole ring-H); 13C NMR  
(75 MHz, DMSO-d6), ppm: 38.1, 46.9, 107.2, 114.8, 120.7, 
123.4, 124.8, 126.3, 126.8, 127.7, 130.8, 132.9, 140.8, 
141.6, 143.7, 144.8, 148.9, 165.1, 170.5; ESI-MS: m/z 
484 [M + Na]+; C21H15N7O4S; Calculated, %: C, 54.66;  
H, 3.28; N, 21.25; Found, %: C, 54.68; H, 3.30; N, 21.23.

CONCLUSIONS

In summary, we reported the synthesis of some new 
benzimidazole-thiazolidine-2,4-dione-1,2,3-triazole 
conjugates (VIIa–VIIl). It involved some well-known 
reactions like Knoevenagel condensation and Cu(I) 
catalyzed azide-alkyne cycloaddition. All the synthesized 
compounds were tested for anticancer activity against 
three human cancer cell lines such as A549, MCF-7 and 
HeLa cell lines using MTT assay the compounds namely 
(VIIg), (VIIh), and (VIIk) were exhibited better results 
than standard nocodazole. Further on testing towards 
tubulin polymerization inhibition the compounds (VIIg), 
(VIIh) were shown greater inhibitory potency with IC50 
equal to 0.62 and 0.31 μM, respectively than standard 

Combretastatin A-4 (CA-4). Finally, in silico molecular 
docking studies for the compounds (VIIg), (VIIh), and 
(VIIk) with α,β-tubulin shown that they have good 
binding interactions with the target protein.
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