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Abstract

:

4-Methoxyphenethyl (E)-3-(o-tolyl)acrylate (1) was obtained in a good yield by the reaction of 2-methylcinnamic acid, 4-methoxyphenethyl alcohol, 2-methyl-6-nitrobenzoic anhydride, 4-dimethylaminopyridine, and triethylamine at room temperature for 40 min. The structure of 4-methoxyphenethyl (E)-3-(o-tolyl)acrylate (1) was established by FTIR, NMR, and the high resolution of mass spectroscopies. 4-Methoxyphenethyl (E)-3-(o-tolyl)acrylate (1) showed higher α-glucosidase inhibition activity than standard drug acarbose. The molecular docking study exhibited that the title compound 1 had a good affinity for α-glucosidase (PDB ID: 3W37) and formed some interactions with the α-glucosidase active site residue.
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1. Introduction


Cinnamic acid esters are found in benzoin balsams [1]. Cinnamic acid esters show biological activities such as antifungal [2], antidiabetic [3], antituberculosis, antimalarial [4], antioxidant [5], antiprotozoal [6], anti-inflammatory [7], and antiproliferative activities [8]. The synthesis of cinnamic acid esters generally involves reactions with thionyl chloride [9], which is one of the chemicals included in the chemical weapon convention (CWC) list [10]. The synthesis of esters can also be carried out using 1,1′-carbonyldiimidazole (CDI) [11] as a coupling agent; however, the resultant intermediate is less reactive than the acyl chloride intermediate [12]. Hydroxybenzotriazole (HOBt) is usually added to the other coupling reagents, such as 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC) [13]; however, concerns have been raised due to its explosive properties [14]. On the other hand, 2-methyl-6-nitrobenzoic anhydride (MNBA) showed great promise in the synthesis of carboxylic esters [15]. Herein, we reported the MNBA/DMAP-catalyzed synthesis of 4-methoxyphenethyl (E)-3-(o-tolyl) acrylate (1) and investigated its α-glucosidase inhibition activity. In addition, a molecular docking study was carried out to understand its molecular behavior against the α-glucosidase enzyme.




2. Results and Discussion


2.1. Chemistry


The synthesis of 4-methoxyphenethyl (E)-3-(o-tolyl)acrylate (1) was carried out by the reaction of 2-methylcinnamic acid and 4-methoxyphenethyl alcohol in dichloromethane in the presence of MNBA and DMAP at room temperature (Scheme 1). The crude product was purified by chromatography to yield 4-methoxyphenethyl (E)-3-(o-tolyl)acrylate (1) as a yellowish liquid with a 51% yield. The 1H NMR spectrum of the product confirmed the absence of the carboxylic proton signal of the 4-metylcinnamic acid and exhibited clearly the presence of two triplet signals of the two methylene group protons at 2.95 and 4.37 ppm and a singlet signal of the methoxy group protons at 3.79 ppm for the 4-methoxyphenethyl group. It is strongly supported by the 13C NMR spectrum, which gave signals at 34.42 and 65.36 ppm for the two methylene carbons and a signal at 55.35 ppm for methoxy carbon, and a signal at 167.66 ppm for carbonyl carbon. The IR spectrum showed the presence of carbonyl stretching vibrations at 1707 cm−1 and C-O stretching vibrations at 1163 cm−1 for the ester group. The spectrum also exhibited C-H stretching vibrations at 2954 cm−1, C-H bending vibrations at 1463 cm−1, C-C bending vibrations at 1381 cm−1, and a peak at 1632 cm−1 indicating that the aromatic group conjugated with the alkene group. The high-resolution mass spectrum further supported the product as 4-methoxyphenethyl (E)-3-(o-tolyl)acrylate (1) due to its molecular ion peak at m/z 319.1043 [M + Na]+ in a positive ionization mode.




2.2. α-Glucosidase Inhibition Activity


The α-Glucosidase inhibition activity assay of 4-methoxyphenethyl (E)-3-(o-tolyl)acrylate (1) was carried out in vitro to determine its activity in comparison with acarbose as an antidiabetic drug. The assay exhibited that 4-methoxyphenethyl (E)-3-(o-tolyl)acrylate (1) showed inhibition with an IC50 value of 286.39 ± 17.67 µM, which was lower than acarbose with an IC50 value of 475.65 ± 18.88 µM. As a result, the title compound (1) is a better α-glucosidase inhibitor than acarbose.




2.3. Molecular Docking Study


A molecular docking study was carried out to acquire insight into the possible α-glucosidase inhibitory mechanism of 4-methoxyphenethyl (E)-3-(o-tolyl)acrylate (1). The α-Glucosidase complexed with acarbose (PDB ID: 3W37) was chosen as the target for the in silico experiment [16]. Acarbose, as a native ligand, was initially redocked at the active site of α-glucosidase to confirm the docking protocol. The result showed an RMSD value of 1.51 Å, indicating that the protocol could be used for further investigation. An RMSD value lower than 2 Å confirmed that the binding pose of the redocked acarbose was similar to that of the native acarbose [17].



The docking result showed that 4-methoxyphenethyl (E)-3-(o-tolyl)acrylate (1) had a good affinity even though its binding energy was higher than that of acarbose, with values of −7.16 and −8.23 kcal/mol, respectively. 4-Methoxyphenethyl (E)-3-(o-tolyl)acrylate (1) formed two hydrogen bonds: first, the bond between the oxygen atom of the methoxy group and Ala234; and second, the bond between the oxygen atom of the carbonyl group and Arg552 can be seen in Figure 1 and Figure 2. The phenyl ring of the cinnamate skeleton formed π–π stacked hydrophobic and π–anion electrostatic interactions with Phe601: one of the residues at the entrance of the active site, and Asp469, the catalytic residue, respectively. The methyl group attached to the phenyl ring formed π–alkyl hydrophobic interactions with Phe601 and Trp565. The phenyl ring of the phenethyl skeleton formed π–alkyl hydrophobic and π–anion electrostatic interactions with Ala234 and Asp232, respectively. Meanwhile, the methyl group of the methoxy moiety attached to the phenethyl skeleton formed π–alkyl hydrophobic and alkyl interactions with Phe236 and Ala234, respectively. In addition, 4-methoxyphenethyl (E)-3-(o-tolyl)acrylate (1) made contact with several residues on the active site through Van der Waals interactions, including Trp467, His626, Asp357, Trp329, Ile358, Trp432, Met470, Ser474, Asp568, Asn237, and Ile233.





3. Materials and Methods


The starting materials and reagents were purchased from Sigma-Aldrich (St. Louis, MO, USA), Merck (Rahway, NJ, USA), and Fluka (Charlotte, NC, USA) and were used without further purification. Thin layer chromatography was carried out on Merck 0.20 mm precoated silica gel aluminum plates (Kieselgel 60, F254) and was visualized using a UV lamp operating at 245 nm. Dry column flash chromatography was carried out on Merck 60H [18]. NMR spectra were obtained in CDCl3 on a Jeol JNM-ECS400 spectrometer (400 MHz). A high-resolution mass spectrum was recorded on a Thermo Scientific TSQ Vantage Triple State Quadrupole, and an infrared spectrum was obtained on a Shimadzu 8400S FTIR spectrophotometer.



3.1. Synthesis of 4-Methoxyphenethyl (E)-3-(o-tolyl)acrylate (1)


A solution of 2-methylcinnamic acid (0.26 g; 1.60 mmol), DMAP (0.017 g; 0.14 mmol), and MNBA (0.60 g; 1.74 mmol) in dichloromethane (10 mL) was stirred for 10 min at room temperature. Triethylamine (0.44 mL; 3.16 mmol) and a solution of 4-methoxyphenethyl alcohol (0.22 mL; 1.45 mmol) in dichloromethane (15 mL) were added, and the solution was stirred further for an additional 30 min (the reaction was monitored by TLC with ethyl acetate/n-hexane (1/2) eluant). The solvent was removed under reduced pressure, and the crude product was purified using “dry-column” flash column chromatography with ethyl acetate/n-hexane (1/25) eluant to afford 4-methoxyphenethyl (E)-3-(o-tolyl)acrylate (1) as a yellowish liquid (0.22 g, 51%). 1H NMR (400 MHz, CDCl3) δ 2.42 (s, 3H); 2.95 (t, J = 6.0 Hz, 2H); 3.80 (s, J = 7.6 Hz, 3H); 4.37 (t, J = 6.0 Hz, 2H); 6.33 (d, J = 16.0 Hz, 1H); 6.85 (d, J = 9.2 Hz, 2H); 7.17–7.27 (m, 5H); 7.95 (d, J = 16.0 Hz, 1H); 7.53 (d, J = 7.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 19.88, 34.42, 65.36, 55.35, 114.01, 119.16, 126.43, 126.45, 130.02, 130.12, 130.88, 133.44, 137.75, 142.55, 158.39, 167.66. FTIR (KBr) υ (cm−1) 2954 (C-H), 1707 (C=O ester), 1632 (C=C), 1463 (C-H), 1381 (C-C), 1163 (C-O ester). HRESIMS m/z (pos): 319.1043 C19H20O3Na (calcd. 319.1310) (Supplementary Materials).




3.2. α-Glucosidase Inhibitory Activity Assay


The α-Glucosidase inhibition activity assay of the title compound (1) was determined according to the previous method with modifications [19]. Solutions of 4-methoxyphenethyl (E)-3-(o-tolyl)acrylate (1) in DMSO were prepared in some concentrations. Each solution took as much of the 150 μL as possible, which was transferred to a test tube, then added with 210 mL of sodium phosphate buffer pH 6.9 (0.1 M) and 240 µL of the α-glucosidase enzyme (0.4 U/mL) in sodium phosphate buffer pH 6.9 (0.1 M). The test tube was incubated at 37 °C for 10 min, then 300 µL of 4-nitrophenyl-α-D-glucopyranoside (pNPG) (1 mM) in buffer phosphate pH 6.9 (0.1 M) was added to start the reaction. The test tube was further incubated at 37 °C for 20 min, and then 600 µL of Na2CO3 (1.0 M) was added to stop the reaction. The absorbance was measured at a wavelength of 405 nm using a spectrophotometer UV-Vis, and acarbose was used as a standard drug. The enzyme control was prepared by replacing the sample compounds with DMSO. The blank of each sample was arranged by adding the enzyme after stopping the reaction. The reaction was conducted in triplicate. The percentage of α-glucosidase inhibition can be calculated by Equation (1), and the IC50 value was obtained from the linear regression analysis by several test concentrations.


   %   Inhibition  =    A  control        -   A    sample        A  control       ×   100 %  



(1)








3.3. Molecular Docking Study


The crystallographic structure of sugar beet α-glucosidase complexed with acarbose was taken from the protein data bank (PDB ID: 3W37). The α-glucosidase receptor was prepared using MGLTools 1.5.6 by removing the water molecules, introducing polar hydrogens, and adding Kollman charges [20]. The three-dimensional structure of 4-methoxyphenethyl (E)-3-(o-tolyl)acrylate (1) was minimized using the Merck molecular force field (MMFF49) in the MarvinSketch program. The docking simulation was carried out using the Autodock4.2 software package [21]. The docking pocket was centered at x: 0.052; y: −1.771; and z: −23.298, with xyz-dimensions of 26 × 48 × 26 and spacing of 0.375 Å. The best ligand binding pose was determined using the Lamarckian genetic algorithm with a 200-run GA. The docking result was visualized using BIOVIA Discovery Studio [17].





4. Conclusions


4-Methoxyphenethyl (E)-3-(o-tolyl)acrylate (1) was successfully synthesized from the reaction of 2-methylcinnamic acid and 4-methoxyphenethyl alcohol in the presence of MNBA, DMAP, TEA and showed better α-glucosidase inhibition activity compare with acarbose. Molecular docking exhibited how 4-methoxyphenethyl (E)-3-(o-tolyl)acrylate (1) interacted with the α-glucosidase active site residues through two hydrogen bonds, six hydrophobic interactions and two electrostatic interactions. Cinnamic esters have the potential as lead structures for the optimization of α-glucosidase inhibitors.
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The following supporting information can be downloaded online, Figure S1: IR spectrum of the title compound 1; Figure S2: 1H NMR spectrum of the title compound 1; Figure S3: 13C NMR spectrum of the title compound 1; Figure S4: Mass spectrum of the title compound 1.
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Scheme 1. Synthesis of 4-methoxyphenethyl (E)-3-(o-tolyl)acrylate (1). 
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Figure 1. Docking pose of the title compound (1) against α-glucosidase. 
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Figure 2. Ligand interaction diagram of the title compound (1) with α-glucosidase. 
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