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Abstract

:

We synthesized 2-[2-methyl-5-phenyl-1-(3,4,5-trimethoxyphenyl)-1H-pyrrol-3-yl]-2-oxo-N-(pyridin-4-yl) acetamide 4 as a novel compound derived from the indibulin and combretastatin scaffolds, which are known anti-mitotic agents, using a multistep reaction. We tested its cytotoxic activity against three breast cancer cell lines, namely, MCF-7, T47-D, and MDA-MB 231 as well as normal cell line NIH-3T3, by 3-(4,5-dimethylthiazoyl-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. The biological activity results showed good cytotoxicity on cancerous cell lines (IC50 value 27.7–39.2 µM) and low toxicity on normal cell line (NIH-3T3, IC50 value > 100 µM).
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1. Introduction


In a word, cancer has an unpleasant meaning for everyone: it is the second leading cause of death in Europe and North America after cardiovascular disease. Despite huge efforts in diagnosis, prevention, and treatment, cancer has remained a significant challenge for the medical community. An important molecular target inside the body for both the design and development of anticancer agents is tubulin protein. Recently, laboratory research and clinical investigations have focused on anti-tubulin agents to apply a series of compounds in the treatment of several types of cancer [1,2,3,4,5,6,7,8,9].



Combretastatin A-4 (CA-4) (Figure 1A) is one of the most important lead compounds in designing anti-tubulin agents. According to the structure activity relationship (SAR) of CA-4 analogues, the cis configuration of rings A and B is important in the exertion of biological activity. The presence of the 3,4,5-trimethoxy substitution pattern on one ring is critical for anti-tubulin activity. One of the problems of CA-4 is its chemical instability. Isomerization to the less-active trans-form of CA-4 has encouraged researchers to prepare 1,2-di-aryl heterocyclic compounds to lock the aryl rings into a cis conformation. Therefore, medicinal chemists have designed various 1,2-diaryl heterocyclic compounds, which contain a 3,4,5-trimethoxy substituted phenyl ring and a second aryl group with different types of substitutions (Figure 1B) [10,11,12,13].



Indibulin (Figure 2) is a new generation of anticancer compound with anti-mitotic properties. Unlike many anti-mitotic agents, it does not exert peripheral neuropathy; this benefit distinguishes indibulin from other similar acting compounds [14]. Significant efforts have been made to find new anti-tubulin derivatives, inspired by the structure of indibulin [15,16,17] (Figure 2).



Continuing our earlier efforts to find new, potent, and safe anticancer agents [18,19,20,21,22,23], we synthesized a novel molecule based on the combretastatin-indibulin structures (Figure 3) and evaluated its anti-cancer activity.




2. Results and Discussion


2.1. Chemistry


The synthetic pathway to prepare compound 4 is outlined in Scheme 1. Firstly, using Stetter reaction conditions, benzaldehyde 1 was treated with methyl vinyl ketone in the presence of catalytic amounts of sodium cyanide in DMF to yield 1-phenyl-1,4-pentanedione (2). Secondly, using the Paal-Knorr pyrrole synthesis method, dione 2 was refluxed with trimethoxyaniline using a catalytic amount of p-toluenesulfonic acid (PTSA) in ethanol for 6 h to yield 2-methyl-5-phenyl-1-(3,4,5-trimethoxyphenyl)-1H-pyrrole (3). Target compound 4 was prepared in two steps. In the first step, reaction of oxalyl chloride with pyrrole 3 in the presence of dry triethylamine (TEA) in dichloromethane (DCM) at room temperature (RT) installed the α-oxo acid chloride at C3, following the removal of excess oxalyl chloride. The residue was dissolved in dry DCM and TEA, and a catalytic amount of 4-(dimethylamino)pyridine and 4-aminopyridine was added. The reaction mixture was stirred at RT for 12 h. The mixture was concentrated under reduced pressure and the final product 4 was purified by column chromatography (hexane/ethyl acetate 3:1, as eluent). The chemical structure of the final compound was confirmed by 1H-NMR, 13C-NMR, MS, IR, and elemental analysis.




2.2. Anticancer Activity


The cytotoxic effect of final compound 4 against three breast cancer cell lines (MCF-7, T47-D, and MDA-MB231) and mouse embryonic fibroblast cell line (NIH-3T3) as a representative normal cell line was checked by the 3-(4,5-dimethylthiazoyl-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay method. Results show that compound 4 has cytotoxicity on cancerous cell lines and low toxicity on normal cell line. (Table 1).



A comparison of the cytotoxicity of compound 4 with the reference anti-cancer drug paclitaxel on NIH-3T3 cell line showed low toxicity of 4 for normal cell.





3. Materials and Methods


3.1. General


All chemicals compounds and reagents were purchased from Merck (Darmstadt, Germany). Melting points were taken on a Kofler hot-stage apparatus (Reichert, Vienna, Austria) and were uncorrected. The 1H-NMR spectra were recorded on a Bruker FT-500 MHz spectrometer (Bruker, Darmstadt, Germany) using CDCl3 as solvent. The instrument was set at 125 MHz for acquiring 13C-NMR spectra. Coupling constant (J) values are presented in Hertz (Hz), and spin multiplicities are given as s (singlet), d (doublet), t (triplet), and m (multiplet). Elemental analyses were carried out with a Perkin Elmer Model 240-C apparatus (PerkinElmer, Hopkinton, MA, USA). Elemental analyses were within ±0.4% of theoretical values for C, H, and N. IR spectra were recorded on a Nicolet Magna 550-FT spectrometer (Nicolet Instrument Corporation, Madison, WI, USA). Mass spectra were recorded on an Agilent 5975B (Agilent Technologies, Santa Clara, CA, USA) with triple-axis detector.




3.2. Chemistry


1-Phenyl-1,4-pentanedione (2) was prepared as described in the literature [24]. Viscous light yellow oil. Yield: 81%. 1H-NMR (500 MHz, CDCl3): 2.20 (s, 3H, CH3), 2.83 (t, J = 6 Hz, 2H, CH2), 3.21 (t, J = 6 Hz, 2H, CH2), 7.41 (t, J = 7.5 Hz, 2H, H-Ar), 7.51 (t, J = 7.5 Hz, 1H, H-Ar), 7.94 (d, J = 7.5 Hz, 2H, H-Ar).



3.2.1. Procedure for the Preparation of 2-Methyl-5-phenyl-1-(3,4,5-trimethoxyphenyl)-1H-pyrrole (3)


A mixture of dione 2 (1 mmol), 3,4,5-trimethoxyaniline (1.1 mmol), and a catalytic amount of PTSA in ethanol (10 mL) was refluxed for 6 h. After completion of the reaction (TLC), the reaction mixture was concentrated under reduced pressure and the residue was purified by flash chromatography (hexane: ethyl acetate 10:1 as diluent) to obtain the pure pyrrole derivative 3.



White solid. Yield 77%. m.p. 109–110 °C. 1H-NMR (500 MHz, CDCl3): 2.19(s, 3H, CH3), 3.69 (s, 6H, di-OCH3), 3.87 (s, 3H, OCH3), 6.08 (s, 1H, H-Pyrrole), 6.34 (d, J = 3.5 Hz, 1H, H- Pyrrole), 6.37 (s, 2H, H-Ar), 7.01–7.16 (m, 5H, H-Ar). 13C-NMR (125 MHz, CDCl3): 13.4, 56.3, 61.1, 106.3, 107.6, 108.5, 125.8, 127.7, 128.0, 131.6, 133.6, 134.3, 135.0, 137.5, 153.3. Mass, m/z (%): 323 (100), 308 (50), 267 (14), 145 (15), 115 (11). Anal. Calcd for C20H21NO3: C, 74.28; H, 6.55; N, 4.33. Found: C, 74.16; H, 6.52; N, 4.35.




3.2.2. Procedure for the Preparation of 2-[2-Methyl-5-phenyl-1-(3,4,5-trimethoxyphenyl) 1H-pyrrol-3-yl]-2-oxo-N-(pyridin-4-yl) acetamide (4)


To a mixture of pyrrole 3 (1 mmol) and triethylamine (TEA) (1.2 mmol) in dichloromethane (DCM) (10 mL), oxalyl chloride (1.1 mmol) was added dropwise at 0 °C, and the mixture was stirred at room temperature (RT). After 4 h, the mixture was concentrated under reduced pressure to remove residual oxalyl chloride. The residue was dissolved in DCM. TEA (1.2 mmol), 4-aminopyridine, and a catalytic amount of 4-(dimethylamino)pyridine were added to the mixture and the reaction was stirred at RT for 12 h. After completion of the reaction, the mixture was concentrated, and the residue was purified by column chromatography (hexane/ethyl acetate 3:1, as eluent) to obtain target compound 4 as pure crystals.



Yellow solid. Yield 68%. m.p. 148–150 °C. IR (KBr, cm−1): 3339, 3020, 2939, 2828, 1704, 1641, 1596, 1502, 1412, 1326, 1128, 823, 760, 696. 1H-NMR (500 MHz, CDCl3): 2.55 (s, 3H, CH3), 3.72 (s, 6H, OCH3), 3.88 (s, 3H, OCH3), 6.34 (s, 2H, H-Ar), 7.14 (d, J = 7.5 Hz, 2H, H-Ar), 7.18–7.22 (m, 3H, H-Ar), 7.62 (s, 1H, H-Pyrrole), 7.65 (d, J = 6 Hz, 2H, H-Pyridine), 8.58 (d, J = 6 Hz, 2H, H-Pyridine), 9.36 (s, 1H, NH). 13C-NMR (125 MHz, CDCl3): 13.9, 56.2, 61.0, 105.6, 112.1, 113.7, 116.5, 127.1, 128.0, 128.1, 131.5, 132.5, 135.2, 138.1, 144.0, 144.6, 150.0, 153.4, 161.0, 180.3. Mass, m/z (%): 471 (17), 350 (100), 320 (7), 175 (5), 78 (6). Anal. Calcd for C27H25N3O5: C, 68.78; H, 5.34; N, 8.91. Found: C, 68.90; H, 5.32; N, 8.94.





3.3. Biological Evaluation


3.3.1. Cell Culture


Four cell lines, namely, T47-D, MCF-7, MDA-MB231 (breast carcinoma cell lines), and NIH-3T3 (mouse fibroblast cell line), were obtained from the Pasteur Institute (Tehran, Iran). The cells were cultured in RPMI-1640 medium (Sigma-Aldrich, St. Louis, MO, USA), supplemented with 10% heat-inactivated fetal bovine serum (Gibco, Grand Island, NY, USA), penicillin (100 U/mL), and (100 μg/mL) streptomycin (Roche, Mannheim, Germany) at 37 °C in a humidified incubator with 5% CO2.




3.3.2. Cytotoxicity Evaluation by MTT Assay


Compound 4 was tested for cytotoxic activity at a range concentration of 0.01–100 μM. Briefly, cells were seeded in 96-well plates at a density of 10,000 viable cells per well and incubated for 24 h before treatment to allow cell attachment. The stock of compounds in dimethyl sulfoxide (DMSO) was diluted with media and added into each well of the plate. Cells were then incubated for another 48 h. The response of the cells to compounds was evaluated by determining cell survival using MTT. For this purpose, cells were washed in phosphate-buffered saline (PBS), and 20 μL of MTT reagent (5 mg/mL) in phosphate-buffered saline (PBS) was added to each well. After 4 h incubation at 37 °C, the medium was discarded and DMSO (100 μL) was added to each well. The solution was vigorously mixed to dissolve the purple tetrazolium crystals. The absorbance of each well was measured by plate reader (Anthous 2020, Biochrom, Cambridge, UK) at a test wavelength of 550 nm against a standard reference solution at 690 nm. Assays were performed in triplicate in three independent experiments, and the IC50 values were determined by a nonlinear regression analysis and expressed in mean ± SD [25].






4. Conclusions


In the current work, we have designed and synthesized a new molecular structure 4 based on indibuin and combretastatin A-4 scaffolds. The synthetic pathway involved four steps and the final yield was 68% after purification procedures. The structure of compound 4 and intermediate 3 were confirmed by spectroscopic methods. The purity of final compounds was checked by TLC and elemental analysis before evaluation of the biological activity. Compound 4 was screened for anti-proliferative activity against three breast cancer cell lines and the results of biological investigation showed remarkable growth inhibitory activity. However, compound 4 presented cytotoxicity on the three cancerous cell lines lower than paclitaxel as positive reference anti-cancer drug; its effect on normal cell line (NIH-3T3) was nil. This suggests that compound 4 can serve as anti-cancer agent with low undesired side effects. The resulting data encourages the synthesis of additional compounds analogous to 4.
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Figure 1. (A) Combretastatin A-4 structure; (B) Modified structural of combretastatin A-4. 
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Figure 2. Structure of indibulin and modification of indibulin reported in the literature. 
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Figure 3. Structure of the designed and synthesized molecule in the current work. 
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Scheme 1. Synthetic pathway of final compound 4. 
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Table 1. In vitro cytotoxic activities (IC50) a,b of synthesized compound 4.






Table 1. In vitro cytotoxic activities (IC50) a,b of synthesized compound 4.





	Compound
	NIH-3T3
	MCF-7
	T47-D
	MDA-MB231





	4
	>100
	29.1 ± 1.8
	39.2 ± 3.2
	27.75 ± 2.6



	paclitaxel
	10.2 ± 1.1
	0.5 ± 0.3
	1.0 ± 0.7
	1.5 ± 0.5







a IC50 values are in µM; b IC50, compound concentration required to inhibit cell proliferation by 50%.














© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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