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Abstract                         

In order to obtain novel Human carbonic anhydrase IX (CAIX) inhibitors,  a series of pyridine-

thiazolidinone derivatives was synthesised and characterized by various spectroscopic 

techniques. The binding affinity of the compounds was measured by fluorescence binding 

studies and enzyme inhibition activity using esterase assay of CAIX. It was observed that 

compound 8 and 11 significantly inhibit the CAIX activity with the IC50 value, 1.61 µM and 1.84 

µM, respectively. The binding-affinity of compound 8 and 11 for CAIX was significantly high 

with their KD values 11.21 µM and 2.32 µM, respectively. Docking studies revealed that 

compound 8 and 11 efficiently binds in the active site cavity of CA IX by forming sufficient 

numbers of H-bonds and van der Waals interactions with active side residues. All the compounds 

were further screened in vitro for anticancer activity and found that compound 8 and 11 exhibit 

considerable anticancer activity against MCF-7 and HepG-2 cell lines. All these findings suggest 

that compound 8 and 11 may be further exploited as a novel pharmacophore model for the 

development of anticancer agents. 

Key words: Pyridine, Thiazolidinone, Anticancer activity, Carbonic anhydrase. 
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1. Introduction 

Cancer is considered as the second major cause of the death after cardiovascular 

disorders worldwide [1]. The inability to to distinguish between normal cell and  cancerous cell 

has been the main drawback of the present chemotherapeutic system [2]. In past two decades, 

studies based on screening of the compounds for inhibition of tumour growth have been shifted 

towards the identification of novel therapeutic targets [3]. Therefore, development of safe and 

effective chemotherapeutic agents has been the major challenge to the medicinal chemists. 

Currently, in the field of medicinal chemistry, five membered heterocyclic compounds 

received the special concern, especially compounds having two hetero atom showed a diverse 

range of biological activities [4-13]. Thiazolidinone is considered as indispensable anchor for 

development of new therapeutic agents because this five membered magic moiety possesses all 

types of biological activities [14-20]. The successful introduction of ralitoline as a potent 

anticonvulsant, etozoline as an antihypertensive, pioglitazone as a hypoglycemic agent and 

thiazolidomycin as antifungal agent proved the diverse range of biological activities associated 

with thiazolidinone moiety (Figure 1) [21].  

A variety of thiazolidinone based derivatives having different substituents around the 

core nucleus are being considered as potential anticancer agents (Figure 2) [22-30]. Antitumor 

activity of these compounds may be due to their affinity toward various biological targets, such 

as JNK-stimulating phosphatase-1 (JSP-1) [31], phosphatase of a regenerating liver (PRL-3) [32-

33], non-membrane protein tyrosine phosphatase (SHP-2) [34], tumour necrosis factor TNFα 

[35], antiapoptotic biocomplex Bcl-XL-BH3 [36], integrin avb3 [37], etc. 
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Furthermore, pyridine nucleus a well-studied six-membered heterocyclic moiety also 

displayed various biological activities, and is found in a variety of drugs such as isoniazid, 

ethionamide, amrinone, bupicomide, sulphapyridine, etc. [38]. It is reported in the literature that 

molecular hybridization of two or more biologically active pharmacophore into a single chemical 

structure showed significant synergistic effects [39]. The combination of thiazolidinones with 

other heterocyclic rings showed wide range of biological activities [40]. 

Recently, thiazolo- linked pyrimidine and thiazolidinone-oxoindoline base compounds 

have been used as a potent CA inhibitor [41-42]. Hence, thiazolidinone coupled pyridine 

molecules would be a promising scaffold for the development of potent CAIX inhibitors toward 

the anticancer therapy. CAIX is an attractive target for cancer treatment because of its limited 

expression in the normal tissues and predominant expression in varieties of tumour cells [43]. 

CAIX is a hypoxia-inducible protein that regulates cellular pH to encourage cancer cell survival 

[44]. Moreover, it contributes to cancer progression by stimulating cancer cell migration, 

adhesion and invasion [45]. Nowadays CAIX has been identified as an important biomarker of 

hypoxia and its over-expression is often associated with a poor responsiveness to the classical 

radio and chemotherapies [46]. 

The present study reports the synthesis, characterization, CAIX inhibition activity of 

pyridine-thiazolidinone derivatives and their screening against breast and liver cancer cell lines 

along with normal cell line.  

2. Results and Discussion 

2.1. Chemistry 
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The synthetic route for the synthesis of the desired pyridine-thiazolidinone derivatives are shown 

in the Scheme 1. 1-Phenyl-3-(pyridine-4-ylmethyl)thiourea 1 were synthesized by reacting 

isothiocyanate with 4-picolylamine in toluene. 1-Phenyl-3-(pyridine-4-ylmethyl)thiourea 1 in 

presence of anhydrous sodium acetate and monochloroacetic acid undergo cyclization to form 

2(phenylimino)-3-(pyridine-4-ylmethyl)thiazolidin-4-one 2, which on further reaction with 

different aldehyde derivatives in presence of piperidine, ethanol as solvent gave the final 

products 3-20. The structure of synthesised compounds was confirmed by IR, 1H NMR, 13C 

NMR and mass spectrometry. Elemental analysis justified the purity of the compounds. 

2.1.1. Single crystal structure 

2.1.2. Single crystal structures of 2, 3, 6 and 12  

The compounds crystallize in centrosymmetric space groups, 2 in a triclinic system, 3, 6 and 12 

in monoclinic system (Table 1). The asymmetric unit only contain one molecule of thiazolidin-

4-one derivatives in all cases. The different benzyl groups bonded to C(1) are almost flat with 

thiazolindin-4-one group [C(1), C(2), C(3), S(1), N(1), C(16), C(17), C(18), C(19), C(20), C(21), 

C(22), mean deviation from plane, 0.0927(10) Å in 3, 0.1358(10) Å in 6 and 0.1488(10) Å in 12, 

which form dihedral angles with the phenyl groups of 76.18(3)º in 2, 65.62(3)º in 3, 57.61(3)º in 

6 and 62.57(3)º in 12 and with the pyridine groups of 45.95(3)º in 2, 61.52(4)º in 3, 74.38(4)º in 

6 and 59.42(5)º in 12 (Figure 3-6). (Bond lengths and angles are summarized in Table SI 1 

Supplementary data). 

 X-ray structure analysis of 2, 3, 6 and 12 shows two enantiomers of the compounds in the 

racemic crystals, the chirality being due to a twist of the phenyl and pyridine units. This 

enantiomerization occurs by simultaneously rotating about the two single bonds, N(1)-C(10) and 
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N(2)-C(4). The compounds present a mirror plane which contains the point of inversion (Figures 

7-10) [47]. 

Depending on the substituents in the thiazolidinone rings, crystal structures adopt different 

crystal packing (Figure 11). The crystal packing of the structures don´t present π-π stacking 

interactions between the rings either hydrogen bonds as occur in other structures which contain 

thiazolindinone rings with other substituents [48]. 

2.2. Esterase assay 

The inhibition activity of all synthesized compounds 1-20 was tested against human 

CAIX and CAII using the esterase activity, with 4-nitrophenyl acetate (4-NPA) as substrate. The 

inhibition data of target compounds are shown in Table 2. The inhibitor acetazolamide (AZM) 

was used as a standard to investigate the inhibitory activity of these compounds.  

2.2.1. Structure Activity Relationship 

 Structure-activity relationship of pyridine-thiazolidinone derivatives 1-20 demonstrated 

that compounds having unsubstituted phenyl ring 3 and  alkyl group substitution on phenyl ring; 

4 and 10 showed less inhibitory activity against CAIX  having IC50 = 50.92 µM, 57.31 µM and 

63.11 µM respectively. Alkoxy substituted compounds; 6, 13 and 14 also showed less activity 

against CAIX  with IC50 = 40.41 µM, 60.92 µM and 38.40 µM respectively. Compound 12 and 

15 having disubstituted methoxy group displayed good inhibitory activity against CAIX (IC50 = 

20.92 µM and 16.68 µM). Compound with chloro substituted; 7 and 17 were found to show 

lesser activity against CA IX with IC50 = 40.18 µM and 43.52 µM respectively.  

Compound with nitro substitution on benzene ring 8 showed excellent inhibitory activity 

against CAIX with IC50 = 1.61 µM. SAR revealed that  the compouds with hydroxyl groups had 
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excellent impact on CAIX inhibition activity. Among the hydroxyl group containing compound 

5, 11 and 16, compound 11 having di-hydroxyl group exhibited excellent inhibitory activity 

against CA IX (IC50 = 1.84 µM). Further it was found that compounds having heterocyclic 

substitution 18 (IC50 = 6.64 µM) and compound 19 (IC50 = 10.04 µM)  displayed good binding 

inhibition aginst CAIX. On the basis of SAR studies it can be concluded that the compounds 

containing polar moieties 8 and 11 on phenyl ring were favourable for excellent inhibitory 

activity against CAIX. In fact the inhibiton of CAIX by a paricular compound not depends only 

on the nature of substituents but entire molecular skeleton is responsible for its activity.  

To check the selectivity of compounds 8 and 11 against CAIX, these two compounds 

were tested against human CAII using the esterase activity (Table 2). The compounds 8 and 11 

have shown selectivity for CAIX over CAII approximately 9 times and 14 times respectively. 

2.3. Fluorescence binding study 

The fluorescence emission spectra CAIX with increasing concentrations of compounds 8 

and 11 in Tris at 25 °C are shown in Figure 12 and 13. The emission maxima peak of CAIX at 

341 nm (λexc=280 nm) is drastically reduced on increasing concentrations (1–100 µM) of 

compounds, indicating a significant binding. The values fluorescence intensity at 341 nm was 

plotted as a function of [ligand] to calculate the binding affinity of compounds against CAIX 

(Table 2). The binding affinity of compound 8 for CAIX is 11.21 µM (Figure 12) and for 

compound 11 is 2.32 µM (Figure 13). Results clearly indicate that compounds 8 and 11 

exhibited excellent affinity for CAIX. 

2.4. Cytotoxicity assay 
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The cytotoxicity and cell proliferation activity of synthesized compounds 1-20 were 

evaluated by MTT assay. Human embryonic kidney normal cell line (HEK-293) was used for the 

cytotoxicity. Compounds 2, 5, 8, 10, 11, 12, 16, 18 and 19 were less toxic upto 100 µM on HEK-

293 cells. The IC50 values of these compounds ranging from 99.5 µM to 249.6 µM as compared 

to standard drug doxorubicin 148.4 µM (Table 2).  

The anticancer activity of these compounds against MCF-7 and HepG-2 with dose 

dependent concentration were studied and found cells viability reduced significantly, 

doxorubicin taken as standard in the experiment. In case of breast cancer cell line (MCF-7), 

compounds 5, 8 and 11 showed good activity with IC50 value 18.9±2.19 µM, 13.0±2.28 µM and 

12.4±1.39 µM while compounds 18 and 19 were moderately active with IC50 value 21.1±2.68 

µM and 28.7±1.90 µM, respectively. Compound 9, 10 and 12 having IC50 value 76.3±1.56 µM, 

53.3±2.05 µM and 80.7±1.96 µM showed week activity against this cancer cell line. 

Concerning activity against HepG-2, the synthesized pyridine-thiazolidinone hybrid 

showed good to moderate growth inhibitory activity. Compounds 5, 8, 11 and 16 were the most 

potent against HepG-2 as their IC50 values were 11.8±1.95 µM, 18.9±1.34 µM, 16.2±1.34 µM 

and 17.6±2.12 µM. Compounds 10, 12, 18 and 19 having IC50 value in the range of 23.1±1.90 

µM - 32.3±1.48 µM were the moderately active against this cell line. Furthermore, compounds 9 

and 15 showed fair antiproliferative activity with IC50 value 52.6±1.45 µM and 35.8±1.45 µM.  

Selective index (SI) values were calculated for the effectiveness of synthesized 

compounds 1-20 against cancerous cells. High SI value (>3) of compounds gives a selective 

inhibition towards cancer cells. While the compounds with SI value <3 is considered to be toxic 

for normal cells [49]. Compounds 2, 5, 8, 10, 11, 12, 16, 18 and 19 showed good selectivity 

against MCF-7, HepG-2 cell lines with the SI values more than 3 (Table 2). Interestingly, if we 
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compared and correlate the binding affinity and esterase activity of compounds with that of 

cytotoxicity activity, it was found that compound 8 and 11 which shows significant binding with 

CAIX, also inhibited the enzyme activity to the most. Consistant to the binding and activity 

results, these two compounds 8 and 11 also inhibited the cell viability of cancerous cells more 

pronouncly than other compounds. All these observations clearly suggested that the results of 

binding, enzyme activity and cell cytotoxicity are in good agreement with each other. 

2.5. Molecular docking 

Auto dock 4.2  was used to determine the orientation of inhibitors bound in the active site 

of the CAIX and the conformation with the highest binding energy value for each molecule was 

chosen for further analysis and results of these studies are given in Table 3. The binding mode of 

CAIX inhibitors are visualized by PyMOL [50]. The binding site CAIX has been used to 

elucidate the interactions as reported earlier [51]. 

The compounds 8 and 11 bind into the active site of CAIX with minimum binding energy 

(∆G) −8.95 kcal/mol (Ki = 7.01µM) and −8.01 kcal/mol (Ki = 10.21µM), respectively as 

compared to AZM (∆G) −6.43 kcal/mol (Ki = 14.04µM) [52] (Table 3). The nitrobenzylidine 

ring in compound 8 formed six H-bond interaction with His94, His96, Thr199 , Thr200 and one 

H-bond formed between thiazolidin-4-one and Thr200 (Figure 14A). Active site residues Gln67, 

Thr125, Phe128, Leu135 and Pro138 are involved in hydrophobic interaction and Tyr7 and 

Trp97 are stabilized phenylimino and nitrobenzylidine ring respectively of compound 8 with π–π 

interaction (Figure 14B). 

At the active site of CAIX, compound 11 shows 7 H-bond interaction with Asn62, Gln92, 

Thr199, Thr199, whereas residues His64, Gln67, His119 and Val121 are involved in 
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hydrophobic interaction (Figure 14C and D). The 3, 4-dihydroxybenzylidine of compound 11 is 

stabilized with π–π interaction of His96. However, molecular docking result shows a quite 

different orientation of compounds 8 and 11 at the active site of CAIX due to substituent 

changing at 5 position of thiazolidin-4-one. These results supports our binding and enzyme 

activity results, that these compound 8 and 11 offers sufficient number of interactions to CAIX, 

resultantly formed a stable complex. Thus these results are also in close agreement with the 

results of binding, enzyme activity and cell viability studies. 

3. Conclusion 

A series of pyridine-thiazolidinone derivatives was synthesized and evaluated for their 

anticancer activity. CAIX inhibition and fluorescence binding studies have shown that 

compounds 8 and 11 were most effective inhibitors with a significant binding affinity and 

exhibits the highest selectivity towards MCF-7 and HepG-2 cell lines. Molecular docking studies 

showed that compounds 8 and 11 strongly bind to the active site residues of CAIX. In summary, 

compounds 8 and 11 potentially inhibits CAIX and may be further exploited to fight hypoxia-

induced tumours in future studies.  

4. Experimental 

All chemicals were purchased from Merck and Aldrich Chemical Company (USA). 

Precoated aluminum sheets (Silica gel 60 F254, Merck Germany) were used for thin-layer 

chromatography (TLC) and spots were visualized under UV light. The melting points were 

recorded on Veego instrument with model specifications REC-22038 A2 and are uncorrected. 

Elemental analyses were performed on Elementar Vario analyzer and the results are within 

±0.4% of the theoretical values. IR spectra were acquired at Bruker FT-IR spectrophotometer. 1H 
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and 13C NMR were recorded on a Bruker Spectrospin DPX 300 MHz and Bruker Spectrospin 

DPX 75 MHz spectrometer, respectively using CDCl3 and DMSO-d6 as a solvent and 

trimethylsilane (TMS) as the internal standard. Splitting patterns are designated as follows; s, 

singlet; d, doublet; t, triplet; m, multiplet. Chemical shift values are given in ppm. Mass spectra 

were recorded by ESI-MS (AB-Sciex 2000, Applied Biosystem). 

4.1. Chemistry 

4.1.1. General procedure for the synthesis of 1-phenyl-3-(pyridine-4-ylmethyl)thiourea (1) 

 On treating phenylisothiocyanate (59.17 mmol, 8g) with 4-picolinylamine (59.17 mmol, 

6.39g) in toluene white precipitates were obtained which were collected by filtration, washed 

with toluene, and dried to afford 1-phenyl-3-(pyridine-4-ylmethyl)thiourea (1). 

4.1.1.1. 1-Phenyl-3-(pyridine-4-ylmethyl)thiourea (1) Yield: 90%; m.p.: 168˚C; Anal. Calc. (%) 

for C13H13N3S: C 64.17, H 5.39, N 17.27, S 13.18; found: C 64.12, H 5.19, N 17.47, S 13.42; 

FT-IR νmax (cm-1): 3260 (NH), 3098 (C-H, Ar-H), 1235 (C=S); 1H NMR (CDCl3)  δ (ppm): 4.92 

(d, 2H, J=5.7 Hz, CH2), 6.39 (s, 1H, N-H), 7.18-7.30 (m, 4H, Ar-H), 7.35 (d, 1H, J=6.9 Hz, Ar-

H), 7.47 (t, 2H, J=7.2 Hz, Ar-H), 8.16 (s, 1H, N-H), 8.54 (d, 2H, J=7.5 Hz, Ar-H); 13C NMR 

(CDCl3) δ (ppm): 47.89, 76.59, 77.02, 77.44, 122.08, 125.64, 127.88, 130.42, 135.74, 146.65, 

150.06, 181.88; ESI-MS: m/z = 244.0 (M++1). 

4.1.2. General procedure of synthesis of 2(phenylimino)-3-(pyridine-4-ylmethyl)thiazolidin-

4-one (2) 

1-phenyl-3-(pyridine-4-ylmethyl)thiourea (53.42 mmol, 13.0g) was dissolved in ethanol and then 

anhydrous sodium acetate (107.28 mmol, 8.8g) and chloroacetic acid (66.98 mmol, 6.33g) were 

added in the reaction mixture. The suspension was heated under reflux for 12 h and then the 
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solvent was evaporated. Water was added and the aqueous layer was extracted with ethyl acetate. 

The organic layer was washed with saturated sodium bicarbonate and brine. The combined 

organic extracts were dried over Na2SO4 and concentrated in vacuo, consequently yellow solid 

product 2(phenylimino)-3-(pyridine-4-ylmethyl)thiazolidin-4-one 2 was obtained. 

4.1.2.1. 2-(Phenylimino)-3-(pyridine-4-ylmethyl)thiazolidin-4-one (2) Yield: 87%; m.p.: 122˚C; 

Anal. Calc. (%) for C15H13N3OS: C 63.58, H 4.62, N 14.83, S 11.32; found: C 63.38, H 4.69, N 

14.65, S 11.58; FT-IR νmax (cm-1): 1719 (-N-C=O), 1640 (C=N), 809 (C-S-C), 1371 (tert. N); 1H 

NMR (CDCl3)  δ (ppm): 3.87 (s, 2H, S-CH2-C=O), 5.02 (s, 2H, CH2), 6.93 (d, 2H, J=7.5 Hz, Ar-

H), 7.17 (t, 1H, J=7.2 Hz, Ar-H), 7.36 (t, 4H, J=6.0 Hz, Ar-H), 8.59 (d, 2H, J=5.7 Hz, Ar-H); 13C 

NMR (CDCl3) δ (ppm): 32.69, 45.16, 76.61, 77.04, 77.46, 120.87, 123.30, 124.87, 129.31, 

144.38, 147.47, 150.10, 153.47, 171.42; ESI-MS: m/z = 284.1 (M++1). 

4.1.3. General procedure of synthesis of 2(phenylimino)-3-(pyridine-4-ylmethyl)thiazolidin-

4-one hybrids (3-20) 

A mixture of 3-(furan-2-ylmethyl)-2-(phenylimino)-1, 3-thiazolidin-4-one (2.00 mmol, 0.56g), 

different aldehydes (2.00 mmol, 0.21-.33g), hexahydropyridine (2.30 mmol, 0.19g), and ethanol 

(35 mL) were heated under reflux for 11-12 h. The reaction mixture was cooled to room 

temperature and the precipitates were obtained which were filtered, washed and recrystallized 

from ethanol to furnished final products 3-20. 

4.1.3.1. 5-Benzylidene-2-phenylimino-3-pyridine-4-ylmethyl-thiazolidin-4-one (3) Yield: 84%; 

m.p.: 162˚C; Anal. Calc. (%) for C22H17N3OS: C 71.14, H 4.61, N 11.31, S 8.63; found: C 71.38, 

H 4.33, N 11.10, S 8.31; FT-IR νmax (cm-1): 1706 (-N-C=O), 1640 (C=N), 760 (C-S-C), 1375 

(tert. N), 1583 (C=C); 1H NMR (CDCl3)  δ (ppm): 5.17 (s, 2H, CH2), 6.98 (d, 2H, J=7.5 Hz, Ar-
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H), 7.22 (d, 2H, J=7.2 Hz, Ar-H), 7.38-7.43 (m, 8H, Ar-H), 7.79 (s, 1H, CH=C), 8.60 (s, 2H, Ar-

H); 13C NMR (CDCl3) δ (ppm): 45.19, 121.07, 123.21, 125.11, 129.08, 129.44, 130.02, 130.08, 

131.77, 133.53, 140.11, 144.53, 147.66, 149.71, 150.14, 166.52; ESI-MS: m/z = 372.1 (M++1). 

4.1.3.2. 5-(4-Methylbenzylidene)-2-(phenylimino)-3-(pyridine-4-ylmethyl)thiazolidin-4-one (4) 

Yield: 82%; m.p.: 165˚C; Anal. Calc. (%) for C23H19N3OS: C 71.66, H 4.97, N 10.90, S 8.32; 

found: C 71.91, H 4.61, N 11.15, S 8.21; FT-IR νmax (cm-1): 1703 (-N-C=O), 1653 (C=N), 764 

(C-S-C), 1381 (tert. N), 1578 (C=C); 1H NMR (CDCl3) δ (ppm): 2.36 (s, 3H, CH3), 5.16 (s, 2H, 

CH2), 6.98 (d, 2H, J=7.5 Hz, Ar-H), 7.22 (d, 1H, J=7.5 Hz, Ar-H), 7.33-7.39 (m, 6H, Ar-H), 

7.77 (s, 1H, CH=C), 8.59 (d, 2H, J=4.5 Hz, Ar-H); 13C NMR (CDCl3) δ (ppm): 21.25, 45.14, 

76.64, 77.06, 77.49, 119.85, 121.10, 123.20, 125.04, 129.41, 129.83, 130.08, 130.79, 131.89, 

140.67, 144.62, 147.74, 149.87, 150.12, 166.62; ESI-MS: m/z = 386.1 (M++1). 

4.2. Crystal structure determination 

 X-ray data were collected on a Bruker Kappa Apex CCD diffractometer at low 

temperature for 2, 3, 6 and 12, by the φ-ω scan method. Reflections were measured from a 

hemisphere of data collected from frames, each of them covering 0.3º in ω. A total of 40101 for 

2, 47051 for 3, 55044 for 6, and 69246 for 12, reflections measured were corrected for Lorentz 

and polarization effects and for absorption by multi-scan methods based on symmetry-equivalent 

and repeated reflections. Of the total, 3876 for 2, 4193 for 3, 4374 for 6 and 5584 for 12, 

independent reflections exceeded the significance level (F/σF) > 4.0. After data collection, 

in each case a multi-scan absorption correction (SADABS) [53] was applied, and the structure 

was solved by direct methods and refined by full matrix least-squares on F2 data using SHELX 

suite of programs [54]. Hydrogen atoms were located in difference Fourier map and left to refine 
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freely. Refinements were done with allowance for thermal anisotropy of all non-hydrogen atoms. 

A final difference Fourier map showed no residual density outside: 0.503 and -0.205 e.Å–3 for 2, 

0.346 and -0.293 for 3 e.Å–3, 0.344 and -0.279 e.Å–3 for 6 and 0.469 and -0.425 e.Å–3 for 12. A 

weighting scheme w = 1/[σ2(Fo
2) + (0.040400 P)2 + 0.296300 P] for 2, w = 1/[σ2(Fo

2) + 

(0.041100 P)2 + 0.905000 P] for 3, w = 1/[σ2(Fo
2) + (0.054100 P)2 + 2.207800 P] for 6 and w = 

1/[σ2(Fo
2) + (0.063300 P)2 + 0.570100 P] for 12, where P = (|Fo|

2 + 2|Fc|
2)/3, were used in the 

latter stages of refinement. Further details of the crystal structure determination are given in 

Table 1. CCDC 1564721-1564724 contain the supplementary crystallographic data for the 

structures reported in this paper. These data can be obtained free of charge via 

http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge Crystallographic Data 

Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: (+44) 1223 336 033; or e-mail: 

deposit@ccdc.cam.ac.uk. Supplementary data associated with this article can be found, in the 

online version, at doi: $$$$$.  

4.3. Biological Evaluation 

4.3.1. Esterase assay 

 CAs inhibition was measured by following the change in absorbance at 400 nm of p-

nitrophenyl acetate (4-NPA) to p-nitrophenol (a yellow colour compound). This method is based 

on spectrophotometric determination of p-nitrophenol which is formed as CA catalysed 

hydrolysis 4-NPA. Esterase assay was performed in buffer containing 50 mM Tris pH 8.0, 100 

mM NaCl, and 1mM EDTA. Acetazolamide (AZM) and test compounds (1-20) were in 100% 

DMSO. The concentration of CAIX was used 1 µM and 4-NPA was used in 0.5 mM 

concentration. Test compounds concentration was used in 0.01 to 100 µM in a final volume of 

100µl. Stock solutions and dilutions of inhibitors were prepared in DMSO such that there was a 
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constant 1% DMSO in the assay. The reaction was initiated by addition of 4-NPA and reading 

was taken after 3 min incubation of test compounds at 25 °C. The absorbance of each well was 

measured with a Spectra Max Plus384 microplate spectrophotometer (Molecular Devices, 

Sunnyvale, CA). IC50 values for each test compounds were calculated by using Graph Pad Prism 

(Version 5.0) graphing software. 

4.3.2. Fluorescence Measurements 

 Fluorescence measurements were performed on Jasco-spectrofluorimeter (Model FP-

6200) using 5 mm quartz cuvette. The protein concentration 0.5 µM was used for CAIX. 

Working solutions of compounds were made in 50mM Tris buffer, pH 8.0. and used in the 

concentration 1-100 µM. Protein was excited at 280 nm and the emission spectra were recorded 

between 300 - 400 nm at 25 °C using slits with a 5 nm band pass for excitation and emission, 

respectively. Final spectrum was collected after subtracting intensity of the buffer from each 

sample spectrum. Fluorescence-quenching studies were carried out and the results have also been 

used to estimate the binding affinity by Stern–Volmer equations with slight modification. 

log(Fo –F)/F = logKa + nlog[Q]                              (1) 

Where Fo is the fluorescence intensity of protein and F is the fluorescence intensity of ligand, Ka 

is the binding constant and n is the number of binding sites, Q represents quenching constant. For 

the ligand–protein complex, the values for Ka and n can be derived from the intercept and slope. 

4.3.3. Cell Culture 

 Human breast cancer cells (MCF-7), human liver cancer cells (HepG-2) and human 

embryonic kidney cells (HEK-293) were obtained from National Centre for Cell Science, Pune, 

India. The cells were cultured in Roswell Park Memorial Institute (RPMI) (Sigma Aldrich) with 
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10% foetal bovine serum (Gibco-life technologies), 1% penicillin-streptomycin-Neomycin in a 

humidified 5% CO2 atmosphere at 37 °C. Cells were routinely cultured and maintained not more 

than 35 passages.  

4.3.4. Cytotoxicity assay 

 The cell cytotoxicity was detected by standard MTT (3-(4,5-dimethylthiazol-2-yl)-2,5- 

diphenyl tetrazolium bromide) assay [55-56]. Approximately, 5× 103 cells/well were seeded into 

the 96-well plate media containing fetal bovine serum (10%) and 1 % penicillin–streptomycin 

and then incubated in a humidified 5 % CO2 atmosphere at 37 °C overnight. After 24 h 

incubation, media were removed, and reduce serum media were added for serum starvation. The 

next day, media were replaced with 200 µL of fresh complete medium containing different 

concentrations of compounds and doxorubicin ranging from 2.5 µM to 80 µM for cancer cell 

lines and from 5 µM to 200 µM for HEK 293. Doxorubicin was included as standard reference 

drug (positive control). After 48 h, the supernatants were removed, and cell were washed with 

PBS and 20 µL of MTT solution (5 mg/mL in PBS) was added to each well, and the cells were 

incubated at 37 °C in a humidified chamber for 4 h. After 4 h, the supernatant was removed from 

each well and the coloured formazan crystal produced from MTT was dissolved in 100 µL of 

DMSO. The absorbance was measured at 570 nm by using enzyme linked immune absorbent 

assay reader (BioRad). The IC50 values of the tested compound were estimated using the best fit 

regression curve method in Excel. All experiments were repeated at least three times. 

4.3.5. Calculation of the selectivity index  

 The selectivity index corresponded to the IC50 value determined for activity of 

synthesized compounds and reference compound on HEK-293 cells divided by the IC50 
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determined for cancer cells (MCF-7 and HepG-2). The selectivity index values greater than three 

was considered significant [55, 57]. 

4.3.6. Preparation of Ligands and Protein Molecule 

 The structures of ligands were drawn by using the software ChemBioDraw Office 12.0 

(licensed @ Cambridge’s soft). The PDB file of ligand was then generated and converted into 

PDBQT file by process like detect root, chose the torsion and set the number of torsion by using 

ADT [58]. Crystal structure of CAIX was taken from the Protein Data Bank (www.rcsb.org) 

[59]. Then, the hydrogen atoms having polar nature were added, the residue structures having 

lower occupancy were deleted, and the side chains that were incomplete were then replaced by 

using Auto Dock Tools (ADT) version 1.5.6 from the Scripps Research Institute. Further, to each 

atom having Gasteiger charges were added and the non-polar hydrogen atoms were merged to 

the protein structure. After that the structures constructed were saved in PDBQT file format, for 

further analysis in ADT [59].   

4.3.7. Molecular docking 

 Molecular docking stimulation using the ligand molecules with CAIX (PDB ID: 3IAI) 

was conducted using Autodock 4.2 docking suite by employing Lamarckian genetic algorithm 

[60]. The ligands were set to explore and flexible to rotate most probable binding poses, while 

receptor was kept rigid. The grid maps representing the center of active site pocket for the ligand 

were calculated with Autogrid. The dimensions of the grid for CAIX was 85 × 85 × 85 grid 

points with a spacing of 0.435 Å between the grid points but center on the ligand for receptor 

(64.496, 61.661 and -8.547 coordinates). In the present docking study was performed by each 

run with population of 150 individuals, rate of gene mutation 0.02, cross-over rate 0.8 and the 
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remaining parameters were set as default [51, 53]. Ten poses docking conformations were 

generated and the best docked conformation was selected based on the Autodock binding energy 

(Kcal/mol), for further analysis. Finally, the conformations with the most favourable free binding 

energy were selected for analyzing the interactions between the target receptor and ligands by 

PyMOL [61-62]. 
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Caption 

Figure 1: Structure of some Thiazolidinone based drugs which are currently used for the treatment of 

various disease. 

Figure 2: Structure of some thiazolidinone derivatives showing anticancer activity. 

Figure 3: ORTEP plot for the compound of 2(Phenylimino)-3-(pyridine-4-ylmethyl) thiazolidin-

4-one (2). All the non-hydrogen atoms are presented by their 50% probability 

ellipsoids. Hydrogen atoms are omitted for clarity. 

Figure 4: ORTEP plot for the compound of 5-Benzylidene-2-phenylimino-3-pyridine-4-

ylmethyl-thiazolidin-4-one (3). All the non-hydrogen atoms are presented by their 

50% probability ellipsoids. Hydrogen atoms are omitted for clarity. 

Figure 5: ORTEP plot for the compound of 5-(4-Methoxybenzylidene)-2-(phenylimino)-3-

(pyridine-4-ylmethyl)thiazolidin-4-one (6). All the non-hygrogen atoms are presented 

by their 50% probability ellipsoids. Hydrogen atoms are omitted for clarity. 

Figure 6: ORTEP plot for the compound of -(3,4-Dimethoxy-benzylidene)-2-(phenylimino)-3-

(pyridine-4-ylmethyl)thiazolidine-4-one (12). All the non-hygrogen atoms are 

presented by their 50% probability ellipsoids. Hydrogen atoms are omitted for clarity. 

Figure 7: Enantiomers present in the compound 2(Phenylimino)-3-(pyridine-4-ylmethyl) 

thiazolidin-4-one (2). Enantiomerization occurs by simultaneously rotating about the 

two single bonds, N(1)-C(10) and N(2)-C(4) (Figure 3). Drawings were done with 

mercury 2.3 program with balls and sticks. 
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Figure 8: Enantiomers present in the compound 5-Benzylidene-2-phenylimino-3-pyridine-4-

ylmethyl-thiazolidin-4-one (3). Enantiomerization occurs by simultaneously rotating 

about the two single bonds, N(1)-C(10) and N(2)-C(4) (Figure 4). Drawings were 

done with mercury 2.3 program with balls and sticks. 

Figure 9: Enantiomers present in the compound 5-(4-Methoxybenzylidene)-2-(phenylimino)-3-

(pyridine-4-ylmethyl)thiazolidin-4-one (6). Enantiomerization occurs by 

simultaneously rotating about the two single bonds, N(1)-C(10) and N(2)-C(4) (Figure 

5). Drawings were done with mercury 2.3 program with balls and sticks. 

Figure 10: Enantiomers present in the compound 5-(3,4-Dimethoxy-benzylidene)-2-

(phenylimino)-3-(pyridine-4-ylmethyl)thiazolidine-4-one (12). Enantiomerization 

occurs by simultaneously rotating about the two single bonds, N(1)-C(10) and N(2)-

C(4) (Figure 6). Drawings were done with mercury 2.3 program with balls and sticks. 

Figure 11: View along edge of the crystal packing of compounds, 2, 3, 6 and 12. 

Figure 12: Fluorescence binding studies: (A). Fluorescence emission spectra of CAIX titrated 

with compound 8, Quenching in fluorescence intensity after the addition of compound 

indicating binding. (B). Modified Stern-Volmer plot (log (Fo-F)/F versus log [L]). 

Figure 13: Fluorescence binding studies: (A). Fluorescence spectra of CAIX were titrated with 

compound 11 gradually adding compounds with increasing concentration, 

fluorescence intensity was quenched indicating binding. (B). Plot between log (Fo-

F)/F versus log [L]. 

Figure 14: Molecular docking studies: (A, C) Cartoon view of compound 8 and 11 docked 

with CAIX. (B D,) Shows the active site residues interact with compound 8 and 11. 
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Residues of CAIX are shown with ball and stick and compounds are shown with stick 

model. Hydrogen bonds are shown as broken lines (black). 

Tables Legends: 

Table 1: Crystal Data and Structure Refinement for 2(Phenylimino)-3-(pyridine-4-

ylmethyl)thiazolidin-4-one (2), 5-Benzylidene-2-phenylimino-3-pyridine-4-ylmethyl-

thiazolidin-4-one (3), 5-(4-Methoxybenzylidene)-2-(phenylimino)-3-(pyridine-4-

ylmethyl)thiazolidin-4-one (6) and 5-(3,4-Dimethoxy-benzylidene)-2-(phenylimino)-

3-(pyridine-4-ylmethyl)thiazolidine-4-one (12). 

Table 2: Cytotoxic activity of the synthesized pyridine-thiazolidinone derivatives against HEK-

293, MCF-7 and HepG2 cell lines, selective index, binding affinity on CA IX and 

fluorescence binding study 

Table 3: Binding energy and specific interaction of CA IX with compound 

Scheme: 

Scheme 1: Synthesis of pyridine-thiazolidinone derivatives (3-20) 
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Figure 1: Structure of some Thiazolidinone based drugs which are currently used for the treatment of 

various disease. 
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                     IC50 = 0.21 (A549)                                 IC50 = 0.118 ± 0.009 (HL-60)                         

Figure 2: Structure of some thiazolidinone derivatives showing anticancer activity.         

 

 

Figure 3: ORTEP plot for the compound of 2(Phenylimino)-3-(pyridine-4-ylmethyl)thiazolidin-
4-one (2). All the non-hygrogen atoms are presented by their 50% probability ellipsoids. 
Hydrogen atoms are omitted for clarity. 
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Figure 4: ORTEP plot for the compound of 5-Benzylidene-2-phenylimino-3-pyridine-4-
ylmethyl-thiazolidin-4-one (3). All the non-hydrogen atoms are presented by their 50% 
probability ellipsoids. Hydrogen atoms are omitted for clarity. 

 

 

Figure 5: ORTEP plot for the compound of 5-(4-Methoxybenzylidene)-2-(phenylimino)-3-
(pyridine-4-ylmethyl)thiazolidin-4-one (6). All the non-hygrogen atoms are presented by their 
50% probability ellipsoids. Hydrogen atoms are omitted for clarity. 
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Figure 6: ORTEP plot for the compound of (3,4-Dimethoxy-benzylidene)-2-(phenylimino)-3-
(pyridine-4-ylmethyl)thiazolidine-4-one (12). All the non-hygrogen atoms are presented by their 
50% probability ellipsoids. Hydrogen atoms are omitted for clarity. 

 

Figure 7: Enantiomers present in the compound 2(Phenylimino)-3-(pyridine-4-ylmethyl) 
thiazolidin-4-one (2). Enantiomerization occurs by simultaneously rotating about the two single 
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bonds, N(1)-C(10) and N(2)-C(4) (Figure 3). Drawings were done with mercury 2.3 program 
with balls and sticks. 

 

Figure 8: Enantiomers present in the compound 5-Benzylidene-2-phenylimino-3-pyridine-4-
ylmethyl-thiazolidin-4-one (3). Enantiomerization occurs by simultaneously rotating about the 
two single bonds, N(1)-C(10) and N(2)-C(4) (Figure 4). Drawings were done with mercury 2.3 
program with balls and sticks. 

 

Figure 9: Enantiomers present in the compound 5-(4-Methoxybenzylidene)-2-(phenylimino)-3-
(pyridine-4-ylmethyl)thiazolidin-4-one (6). Enantiomerization occurs by simultaneously rotating 
about the two single bonds, N(1)-C(10) and N(2)-C(4) (Figure 5). Drawings were done with 
mercury 2.3 program with balls and sticks. 
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Figure 10: Enantiomers present in the compound 5-(3,4-Dimethoxy-benzylidene)-2-
(phenylimino)-3-(pyridine-4-ylmethyl)thiazolidine-4-one (12). Enantiomerization occurs by 
simultaneously rotating about the two single bonds, N(1)-C(10) and N(2)-C(4) (Figure 6). 
Drawings were done with mercury 2.3 program with balls and sticks. 

 

Figure 11: View along edge of the crystal packing of compounds 2, 3, 6 and 12. 
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Figure 12: Fluorescence binding studies: (A). Fluorescence emission spectra of CAIX titrated 

with compound 8, Quenching in fluorescence intensity after the addition of compound indicating 

binding. (B). Modified Stern-Volmer plot (log (Fo-F)/F versus log [L]). 
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Figure 13: Fluorescence binding studies: (A). Fluorescence spectra of CAIX were titrated with 

compound 11 gradually adding compounds with increasing concentration, fluorescence intensity 

was quenched indicating binding. (B). Plot between log (Fo-F)/F versus log [L].  
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Figure 14: Molecular docking studies: (A, C) Cartoon view of compound 8 and 11 docked 
with CAIX. (B D,) Shows the active site residues interact with compound 8 and 11. Residues of 
CAIX are shown with ball and stick and compounds are shown with stick model. Hydrogen 
bonds are shown as broken lines (black).  
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Table 1: Crystal Data and Structure Refinement for 2(Phenylimino)-3-(pyridine-4-ylmethyl)thiazolidin-4-one (2), 5-Benzylidene-2-
phenylimino-3-pyridine-4-ylmethyl-thiazolidin-4-one (3), 5-(4-Methoxybenzylidene)-2-(phenylimino)-3-(pyridine-4-
ylmethyl)thiazolidin-4-one (6) and 5-(3,4-Dimethoxy-benzylidene)-2-(phenylimino)-3-(pyridine-4-ylmethyl)thiazolidine-4-one (12). 

 2 3 6 12 

Formula C15 H13 N3 O S C22 H17 N3 O S C23 H19 N3 O2 S C24 H21 N3 O3 S 

Formula weight 283.34 371.45 401.47 431.50 

T, K 100(2) 105(2) 98(2) 99(2) 

Wavelength, Å 0.71073 0.71073 0.71073 0.71073 

Crystal system Triclinic Monoclinic Monoclinic Monoclinic 

Space group P1 P21/n C2/c P21/n 

a/Å 6.9485(2) 14.7764(4) 9.8941(3) 9.0174(4) 

b/Å 10.2150(2) 5.77200(10) 19.4864(5) 23.7708(9) 

c/Å 10.8745(3) 21.4727(5) 20.3057(5) 10.5727(4) 

α/º 63.1787(10) 90 90 90 

β/º 78.7277(12) 96.5905(10) 95.5604(14) 111.4377(18) 

γ/º 76.3612(11) 90 90 90 

V/Å3 665.86(3) 1819.29(7) 3896.53(18) 2109.48(15) 

Z 2 4 8 4 

F000 296 776 1680 904 

Dcalc/g cm-3 1.413 1.356 1.369 1.359 

µ/mm-1 0.241 0.195 0.191 0.185 

θ/ (º) 2.11 to 30.54 1.59 to 29.50 2.02 to 28.36 1.71 to 30.14 

Rint 0.0200 0.0263 0.0327 0.0278 
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Crystal size/ mm3 0.48 x 0.47 x 0.45 0.45 x 0.45 x 0.43 0.50 x 0.41 x 0.34 0.48 x 0.38 x 0.37 

Goodness-of-fit on F2 1.095 1.054 1.073 1.109 

R1[I>2σ(I)]  a 0.0305 0.0325 0.0320 0.0344 

wR2 (all data) b 0.0844 0.0870 0.0959 0.1105 

Largest differences peak and hole 

(eÅ-3) 

0.503 and -0.205 0.346 and -0.293 0.344 and -0.279 0.469 and -0.425 

     

    
aR1 = ΣFo - Fc/ΣFo. bwR2 = {Σ[w(Fo

2 -Fc
2)2]/Σ[w(Fo

2)2]}1/2 

Table 2: Cytotoxic activity of the synthesized pyridine-thiazolidinone derivatives against HEK-293, MCF-7 and HepG2 cell lines, 
selective index, binding affinity on CA IX and fluorescence binding study 

N N

S

NH H

        

S

N

N

N

O

           

S

N

N

N

O
R

 

1                                                    2                                              3-20 

Compound 
No. 

Ar-R 

Esterase assay 

IC50 (µM) 
Fluorescence 
binding study 

IC 50 (µM) 

HEK-293 MCF-7 HepG-2 

CAIX  CAII  

1 - 17.95 N.D N.D 47.2±1.41 37.3±1.41 1.2 19.3±1.41 2.4 
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2 - 26.15 N.D N.D 99.5±2.82 65.8±1.35 1.5 26.0±2.47 3.8 

3 

 

50.92 N.D N.D 64.7±1.27 26.4±2.26 2.4 25.16±3.67 2.5 

4 

 

57.31 N.D N.D 49.47±0.42 36.9±0.79 1.3 19.7±1.69 2.5 

5 
OH 

6.72 N.D N.D 142.3±2.19 18.9±2.19 7.5 11.8±1.95 12.0 

6 
O

 

40.41 N.D N.D 47.9±0.35 31.5±1.34 1.5 19.1±2.47 2.5 

7 
Cl 

40.18 N.D N.D 42.3±0.63 54.9±2.07 1.1 28.8±1.48 1.4 

8 
NO2 

1.61 14.44 11.21 249.6±0.83 13.0±2.28 19.2 18.9±1.34 13.2 
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9 
N

 

32.89 N.D N.D 122.4±0.74 76.3±1.56 1.6 52.6±1.45 2.3 

10 

 

63.11 N.D N.D 137.2±0.63 53.3±2.05 2.5 32.3±1.48 4.2 

11 
OH

OH

 

1.84 27.18 2.32 230.4±0.72 12.4±1.39 18.5 16.2±1.34 14.2 

12 
O

O

 

20.92 N.D N.D 171.4±0.86 80.7±1.96 2.1 28.9±1.13 5.9 

13 

OH

O

 

60.92 N.D N.D 67.4±0.77 28.0±2.05 2.4 28.6±1.15 2.3 

14 
OH

O

 

38.40 N.D N.D 46.5±1.06 20.1±1.06 2.3 20.4±1.06 2.2 

15 
O

O

 

16.68 N.D N.D 80.1±0.66 37.0±1.45 2.1 35.8±1.45 2.2 
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16 
OH

 

10.81 N.D N.D 149.6±1.04 43.6±1.13 3.4 17.6±2.12 8.5 

17 
Cl

 

43.52 N.D N.D 71.8±1.13 29.8±1.69 2.4 28.9±2.40 2.4 

18 
N

 

6.64 N.D N.D 161.3±2.33 21.1±2.68 7.6 31.0±1.90 5.2 

19 
S

 

10.04 N.D N.D 146.4±1.54 28.7±1.90 5.1 23.1±1.90 6.3 

20 
O

O  

58.39 N.D N.D 64.8±0.84 35.2±1.93 1.8 24.4±2.68 2.6 

21 Doxorubicin N.D N.D N.D 148.4±1.99 18.5±1.59 8.0 21.2±1.27 7.0 

22 AZM 0.0709 N.D N.D N.D N.D N.D N.D N.D 

IC50 (µM) and selectivity index (SI) values of Compounds on HEK-293, MCF-7 and HepG-2 cell lines. 
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Table 3: Binding energy and specific interaction of CA IX with compounds 8, 11 and AZM  
 

 

Scheme 1: Synthesis of pyridine-thiazolidinone derivatives (3-20) 

NCS

N

NH2

+
N N
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N
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N

N

O
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a) b)

c)

1

2 3-20  

Reagents and conditions: (a) Toluene, r.t., 1 h. (b) sodium acetate, chloroacetic acid, ethanol, 
reflux, 14 h. (c) different aldehyde, piperidine, ethanol, reflux, 12-14 h. 

Compound  Binding 
energy(kcal/mol) 

Inhibitory 
constant(µM) 

Protein ligands interaction 
No. of H 
bonds 

Amino acid 
residues 

Distance (Å) 

8 −8.95 7.01 7 His94 
His96 
Thr199 
Thr200 

2.8 
3.1 

2.9, 3.0, 3.3 
2.9, 3.3 

11 -8.01 10.21 7 Asn62 
Gln92 
Thr199 
Thr200 

3.2 
3.2 

2.7, 2.9, 3.0 
3.0, 3.0 

AZM -6.43 14.04 9 His64 
Gln67 
His94 
His96 
Thr199 
Thr200 

1.6 
1.9 
1.9 
3.1 

2.9, 2.9, 3.2 
2.9, 2.9 
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Research Highlights 

• Pyridine-thiazolidinone derivatives were synthesized. 
• Compounds were evaluated for anticancer activity on MCF-7 and HepG2 cell 

lines. 
• Cytotoxicity of compounds were performed on HEK cell line. 

• Two compounds showed most promising anticancer activity and significant 
inhibition on CAIX. 

• Molecular docking study was performed on CAIX. 
 


