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Abstract:



A one-pot multicomponent reaction has been used to synthesize the title compound, ethyl 4-[5-(methoxymethyl)furan-2-yl]-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate by PTSA catalyzed Biginelli reaction. The chemical structure of the product was confirmed by spectroscopic evidence, FTIR, HRESI-MS, 1D-, and 2D NMR.
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1. Introduction


Nitrogen containing heterocycles are widespread in many naturally occurring compounds. They build the core structures of many biologically active scaffolds as well as some industrial compounds. Among these, dihydropyrimidinone (DHPM) derivatives attract many researchers due to their simple synthesis protocol. The synthesis of DHPM was firstly reported by Italian chemist Pietro Biginelli in 1893 through simple one-pot multicomponent reaction of benzaldehyde, urea, and ethyl acetoacetate employing HCl as catalyst [1]. Furthermore, the attractiveness of DHPM derivatives are associated with their unique pharmacological activities such as antioxidant [2], anti-inflammation, antibacterial, antifungal [3], anti HIV [4], anticancer [5], and antihypertensive activities [6]. In continuation of our research for finding an anticancer agent acting as inhibitor of the mitotic kinesin Eg5, we have successfully synthesized a series of DHPM derivatives employing Biginelli reaction and herein we report a new DHPM derivative namely ethyl 4-[5-(methoxymethyl)furan-2-yl]-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4).




2. Results and Discussion


The synthesis of the title compound (4) was conducted in one step reaction as presented in Scheme 1.



The synthesis of the title compound was performed by combining usual Biginelli procedure with methylation at hydroxyl methyl group of the furan ring as reported by Yoshida et al. [7]. The reaction was carried out in methanol in the presence of 0.025 mol % of PTSA as catalyst at room temperature. The usage of PTSA as a catalyst for Biginelli reaction was previously reported by Jin et al. [8] and Matache et al. [9]. Besides solvent, methanol was also acting as a methylation agent. The target molecule 4 was obtained as white solid in 40% yield with m.p. of 178–180 °C. The structure of the compound 4 was established by FTIR, HRESI-MS, 1H-, APT-, and 2D NMR spectral data.



The HRESIMS displayed a negative molecular ion at m/z 293.1145 indicating a molecular formula of C14H18N2O5 and 8 degrees of unsaturation (see Supplementary Material Figure S1). The FTIR spectrum exhibited absorption bands at 3238, 1710, 1656 cm−1 indicating the presence of an –NH amide group, carbonyl group of an ester, and an amide respectively [10] (see Supplementary Material, Figure S2).



To facilitate the discussion, we provide the numbering of the title compound as displayed in Figure 1, while the NMR chemical shifts is displayed in Figure 2. The existence of tetrahydropyrimidine ring is proven by the following data. Two broad single signals at 5.94 and 8.53 ppm of 1H-NMR spectrum indicated two amide protons (see Supplementary Material, Figure S3), while the carbonyl group is assigned by the 13C signal at 154.0 ppm (see Supplementary Material, Figure S4). The sp2 two carbon atoms were confirmed by two 13C signals at 98.2 and 148.1 ppm, whereas a signal at 48.9 ppm indicated a sp3 carbon atom which attaches a proton that appeared as a doublet signal at 5.46 ppm. A methyl group attached in a sp2 carbon atom was observed as a singlet signal at 2.34 ppm. This information indicated that the title compound possessing 6-methyl-4-aryl-3,4-dihidropyrimidin-2-on scaffold, typical skeleton of Biginelli product. The existence of the ethyl ester group was confirmed by a 13C signal at 165.5 ppm indicated a carbonyl ester, whereas the ethyl group was observed by 1H signal as a quartet at 4.12 ppm indicated an oxy-methylene (13C signal was observed at 60.1 ppm), and the methyl group appeared as a triplet at 1.19 ppm (13C signal was observed at 14.3 ppm) [11,12].


Figure 1. Numbering of the title compound.
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Figure 2. 1H- (A) and 13C- (B) NMR chemical shifts (CDCl3) of the title compound.
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Furthermore, in the aromatic area, two signals—δH (ppm) 6.05 (d, J = 3.1 Hz, 1H) and 6.20 (d, J = 3.1 Hz, 1H)—were observed, indicating the presence of two protons in an orto position of H-9 and H-10 in a furan ring. The oxy-methylene fragment appeared as a singlet signal at δH 4.33 ppm or at 66.5 ppm in the carbon signal. A methoxy fragment attached in an aliphatic carbon atom was demonstrated by a singlet signal at δH 3.34 ppm or at 58.0 ppm in the carbon signal. The APT spectra showed 14 signals representing all carbon atoms of the title compound.



The existence of two NH protons was also confirmed by HMQC experiment which showed the existence of two proton signals exhibiting no correlation with carbon atoms (see Supplementary Material, Figure S5). Based on HMBC experiment (see Supplementary Material, Figure S6), the presence of 6-methyl-4-aryl-3,4-dihydropyrimidin-2-one scaffold possessing ester substituent at C-5 was convinced by a correlation of proton H-4 (δH 5.46 ppm) with olefinic carbon and α,β-unsaturated carbonyl ester δC (ppm) 98.2 (C-5), 148.1 (C-6), 165.5 (C-14) respectively, carbonyl urea-type (δC 154.0 ppm, C-2), and two carbon from the furan ring—δC (ppm) 155.1 (C-8) and 106.7 (C-9). The presence of this skeleton was also convinced by a long range correlation of NH proton δH 8.53 ppm (H-1) with two α,β-unsaturated olefinic carbon atoms (C-5 and C-6) and methyl olefinic (δC 18.6 ppm, C-7). Furthermore, the presence of furan ring was convinced by two aromatic protons—δH (ppm) 6.05 (H-9) and 6.20 (H-10)—which correlated with its three neighboring carbon atoms—δC (ppm) 155.1 (C-8), 151.6 (C-11), and 110.2 (C-10) or 106.7 (C-9). In addition, the presence of methoxymethylene substituent at C-11 was convinced by a long range correlation between methylene proton δH 4.33 with two carbon of furan ring (C-10 and C-11) and methoxy carbon (δC 58 ppm, C-13). The selected long range correlation is suitable with the structure of the title compound is displayed in Figure 3. The structure refinement parameters is displayed in Table 1. Based on the structure elucidation of the obtained spectrum, the title compound is a new compound.


Figure 3. Selected HMBC correlation for compound 4.
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Table 1. NMR data of Ethyl 4-[5-(methoxymethyl)furan-2-yl]-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate in CDCl3.







	
No. Atom

	
δH (mult, J Hz)

	
δC (ppm)

	
HMBC






	
1

	
8.53 (s, 1H)

	
--

	
C-5, C-6, C-7, C-14




	
2

	

	
154.0

	




	
3

	
5.94 (s, 1H)

	
--

	
C-4, C-5




	
4

	
5.46 (d, J = 3.0 Hz, 1H)

	
48.9

	
C-2, C-5, C-6, C-8, C-9, C-14




	
5

	

	
98.2

	




	
6

	

	
148.1

	




	
7

	
2.35 (s, 3H)

	
18.6

	
C-6, C-4, C-5, C-14




	
8

	

	
155.1

	




	
9

	
6.05 (d, J = 3.2 Hz, 1H)

	
106.7

	
C-8, C-10, C-11




	
10

	
6.20 (d, J = 3.2 Hz, 1H)

	
110.2

	
C-9, C-8, C-11




	
11

	

	
151.6

	




	
12

	
4.33 (s, 2H)

	
66.5

	
C-10, C-11, C-13




	
13

	
3.34 (s, 3H)

	
58.0

	
C-12




	
14

	

	
165.5

	




	
15

	
4.12 (q, 2H)

	
60.1

	
C-16




	
16

	
1.19 (t, J = 7.1 Hz, 3H)

	
14.3

	
C-15











3. Materials and Methods


The chemicals used in the research were provided from the commercial sources and pro analysis or pro synthesis grade. The melting point was measured with a Fisher–Johns melting point apparatus 220 VAC (Fisher Scientific, Waltham, MA, USA) and uncorrected. The reaction progress and purity of the product were monitored by thin layer chromatography on silica gel GF254 plates (E Merck, Darmstadt, Germany) and the spots were identified by UV lamp (λ 254 nm). The mass spectra was recorded by HRESI-MS (waters LCT premier XE, Waters Corp, Milford, MA, USA). FTIR spectra was recorded in KBr powder with the Diffuse Reflectance Method on spectrophotometer IRTracer100 (Shimadzu, Kyoto, Japan). NMR spectra (1H, APT, HMBC, and HMQC) were recorded on JEOL 400 ECA spectrometer (JEOL, Tokyo, Japan) using CDCl3 as a solvent and internal standard.



Synthesis Procedure of the Title Compound


The mixture of 2 mmol 5-hydroxymethyl furfural, 3 mmol urea, 3 mmol ethyl acetoacetate, 0.5 mmol PTSA, and 5 mL methanol was stirred for 24 h at room temperature, the reaction progress was monitored by TLC on a silica gel plate employing chloroform:ethyl acetate (1:2) as a mobile phase. After the reaction was completed, the reaction mixture was then subjected to silica gel column chromatography using chloroform:ethyl acetate (1:2) as eluent to yield 40% of title compound.





4. Conclusion


One-pot multicomponent Biginelli reaction was employed to conduct the synthesis of a new compound ethyl 4-[5-(methoxymethyl)furan-2-yl]-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate.








Supplementary Materials


The following are available on line at www.mdpi.com/1422-8599/2017/3/M954, HRESIMS, FTIR, 1H-, NMR, APT, HMQC, and HMBC spectra of the title compound are reported in the supplementary materials as Figures S1–S6 and structure refinement parameters as Table 1.
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Scheme 1. Synthesis of ethyl 4-[5-(methoxymethyl)furan-2-yl]-6-methyl-2-oxo-1,2,3,4-tetrahydro pyrimidine-5-carboxylate (4). 






Scheme 1. Synthesis of ethyl 4-[5-(methoxymethyl)furan-2-yl]-6-methyl-2-oxo-1,2,3,4-tetrahydro pyrimidine-5-carboxylate (4).
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