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Abstract:



The title compound was prepared by a two-step reaction. The first step was the formation of a chalcone derivative using Claisen–Schmidt condensation, which was followed by the Michael addition of the formed chalcone with 1,3-dimethylbarbituric acid. The structure of the prepared compound was established by spectral data: FTIR, HRESIMS, 1H- and 13C-NMR.
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1. Introduction


Compounds possessing a dihydropyrimidine (DHPM) core attract the interest of researchers, either due to their wide spectrum bioactivities or from a synthesis point of view. The core of dihydropyrimidine can be constructed from a C–C–C and N–C–N scaffold, which may be formed by a Biginelli reaction [1] or cyclocondensation between an enone and urea or its analog. In general, preparation of a dihydropyrimidine derivative through cyclocondensation can be achieved by a reaction between chalcone as the source of the C–C–C unit and urea or its analog as the source of the N–C–N unit.



The molecular structure of dihydropyrimidine from a Biginelli product has a close resemblance to Hantsch 1,4-dihydropyridine, both being aza-analogues of nifedipine, which is well known as a calcium channel modulator [2]. Furthermore, DHPM derivatives are also known to exhibit antihypertensive [3], potassium channel antagonistic [4], antifilarial [5], anti-HIV [6,7], and antitumor [8] activities.



In continuing of our research, we intended to synthesize a 5,7-diphenyl-5,8-dihydropyrido [2,3-d]pyrimidine-2,4(1H,3H)-dione (3) derivative through a Hantzsch cyclocondensation-type reaction constructed from a chalcone derivative (serving as the C–C–C unit) and 1,3-dimethylbarbituric acid (serving as the dioxopyrimidine unit) in the presence of ammonium chloride using triethylamine (TEA) acting as a Lewis base catalyst. Unfortunately, based on the spectroscopic evidence, the reaction stopped at the Michael addition process and did not proceed further to cyclocondensation. In this paper, we describe the synthesis and the characterization of the title compound.




2. Results


The title compound was synthesized in a two-step reaction. The synthesis was started by chalcone preparation employing Claisen–Schmidt condensation according to the procedure reported by Suwito et al., (2014) [9]. The next step was Michael addition between the chalcone with 1,3-dimethylbarbituric acid using TEA as a catalyst. The reaction process is displayed in Figure 1 below. In this article, we discuss only the preparation and structural characterization of compound 2 because compound 1 is already known. The title compound 2 was obtained as a white solid (171 mg; 34%).


Figure 1. The reaction process for the synthesis of the title compound.
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5-[3-(4-Bromophenyl)-1-(2,5-dimethoxyphenyl)-3-oxopropyl]-1,3-dimethyl-pyrimidine-2,4,6-trione: White solid (171.7 mg, 34%); Rf 0.512 (CHCl3:ethyl acetate:n-hexane = 2:1:1); HRESIMS [M − H]− calculated for C23H22N2O6Br 501.0661, found 501.0774; IR (DRS, KBr, cm−1): 3080 (C–H aromatic), 2958 (m, CH aliphatic), 1745 (str, C=O ketone), 1618 (str, C=O amide), 1581.63 (str, C=C aromatic), 1203 (str, C–O–C ether), and 717 (C–Br); 1H-NMR (400 MHz, DMSO-d6) δH (ppm) 7.92 (d, J = 8.5 Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H), 6.85 (d, J = 8.9 Hz, 1H), 6.77 (dd, J = 8.9 Hz, J = 2.9 Hz, 1H), 6.61 (d, J = 2.9 Hz, 1H), 4.43 (ddd, J = 8.3 Hz, J = 6.2 Hz, J = 4.4 Hz, 1H), 3.90 (dd, J = 18.3 Hz, J = 8.3 Hz, 1H), 3.79 (d, J = 4.4 Hz, 1H), 3.65 (s, 3H), 3.64 (s, 3H), 3.49 (dd, J = 18.3 Hz, J = 6.2 Hz, 1H), 2.93 (s, 3H), 2.92 (s, 3H); 13C-NMR (101 MHz, DMSO-d6) δC (ppm)197.8, 168.7, 168.3, 153.3, 151.9, 151.3, 136.1, 132.3, 130.5, 128.2, 127.9, 115.2, 113.3, 112.1, 56.3, 55.9, 53.2, 40.5, 37.1, 28.3, 28.2.



Two peaks of the molecular negative ion at m/z = 501.0774 and 503.0763 of the HRESIMS spectrum indicate that the prepared compound contains a bromine atom with the molecular formula C23H22N2O6Br and possesses 13 degrees of unsaturation (Supplementary Materials, Figure S1). The analysis of IR spectra showed the existence of C–H aromatic, C–H aliphatic, C=O ketone, C=O amide, C=C aromatic, Calkyl–O–Caryl ether, and C–Br bonds which were indicated consecutively by peaks at νmax (cm−1) 3080, 2958, 1745, 1618, 1581, 1203, and 717, respectively (Supplementary Materials, Figure S2).



Spectroscopic data of 1H-NMR (Table 1) showed an ABMX spin system which represented a –CH2–CH–CH– fragment of the scaffold of the chalcone adduct with an active methylene. For this system, two signals at δH 3.90 (dd, 1H) and 3.49 ppm (dd, 1H) represented the existence of methylene diastereotopic fragment neighboring with a carbonyle group. Both signals showed a geminal coupling (J = 18.3 Hz). Protons appearing at δH 3.90 ppm (Ha) and 3.49 ppm (Hb) showed consecutively trans coupling (J = 8.3 Hz), and cis coupling (J = 6.2 Hz) with a proton at δH 4.43 ppm. The signal at δH 4.43 ppm (ddd) represented a benzylic proton attached to a diastereotopic methylene, while the barbiturate fragment is exhibited by the existence of a vicinal coupling (J = 4.4 Hz) with a signal at δH 3.79 ppm. This signal represented a proton flanked by the two carbonyl groups of a barbiturate fragment. The existence of an aromatic ring was determined by five aromatic signals: two signals at δH 7.92 and 7.75 ppm appeared as a doublet with J = 8.5 Hz and integration of both. Both signals formed an AA’XX’ spin system, which lead to the conclusion of a benzene fragment possessing two substituents at para position. While three other signals—appearing at δH 6.85 (d, J = 8.9 Hz, 1H), δH 6.77 (dd, J = 8.9 Hz, J = 2.9 Hz, 1H), and δH 6.61 (d, J = 2.9 Hz, 1H)—build an ABX spin system and represent a three substituted aromatic ring at position 1,2, and 4. Furthermore, the two signals at δH 3.65 ppm (s, 3H) and δH 3.64 (s, 3H) ppm indicated a methoxy proton attached at an aromatic ring, while the signals at δH 2.93 ppm (s, 3H) and δH 2.92 ppm (s, 3H) were signals of a methyl proton attached at the nitrogen atom of the barbiturate fragment (Supplementary Materials, Figure S3). The 13C-NMR spectra (Table 1) showed 21 signals and represented all carbon atoms of the prepared compound (Supplementary Materials, Figure S4)


Table 1. NMR data of the target compound in DMSO-d6.





	
No. Atom

	
δH (Mult, J Hz)

	
δC (ppm)

	
HMBC






	
1

	
-

	
197.9

	




	
2

	
Ha = 3.90 (dd, 1H, J = 18.3 Hz, J = 8.3 Hz)

	
40.5

	
C-1, C-3, C-4, C-1′, C-1″




	
Hb = 3.49 (dd, 1H, J = 18.3 Hz, J = 6.2 Hz)




	
3

	
4.43 (ddd, 1H, J = 8.3 Hz, J = 6.2 Hz, J = 4.4 Hz)

	
37.1

	
C-2, C-4, C-5, C-9, C-1″, C-6″




	
4

	
3.79 (d, 1H, J = 4.4 Hz)

	
53.2

	
C-2, C-3, C-5, C-9, C-1″




	
5

	
-

	
168.7

	




	
6

	
-

	
-

	




	
7

	
-

	
151.3

	




	
8

	
-

	
-

	




	
9

	
-

	
168.3

	




	
10

	
2.93 (s, 3H)

	
28.21

	
C-9, C-7




	
11

	
2.92 (s, 3H)

	
28.31

	
C-5, C-7




	
1′

	
-

	
127.9

	




	
2′, 6′

	
7.92 (d, 2H, J = 8.5 Hz)

	
132.3

	
C-1, C-1′, C-3′




	
3′, 5′

	
7.75 (d, 2H, J = 8.4 Hz)

	
130.5

	
C-1, C-1′, C-2′, C-4′




	
4′

	
-

	
136.1

	




	
1″

	
-

	
128.3

	




	
2″

	
-

	
153.4

	




	
3″

	
6.85 (d, 1H, J = 8.9 Hz)

	
112.1

	
C-3, C-1″, C-2″




	
4″

	
6.77 (dd, 1H, J = 8.9 Hz, J = 2.9 Hz)

	
113.3

	
C-2″, C-5″, C-6″




	
5″

	
-

	
151.9

	




	
6″

	
6.61 (d, 1H, J = 2.9 Hz)

	
115.2

	
C-3, C-2″, C-4″, C-5″




	
7″

	
3.64 (s, 3H)

	
56.3

	
C-2″




	
8″

	
3.65 (s, 3H)

	
55.9

	
C-5″










The scaffold of the Michael adduct was assigned by the HMBC experiment which showed a correlation of the proton at C-3 with some carbon atoms; the methylene carbon (δC 40.5 (C-2)), methyne carbon (δC 53.2 (C-4)), amide carbonyl of N,N′-dimethylbarbiturate ring (δC 168.3 (C-9)), and (δC 168.7 (C-5)). The existence of a methylene group at C-2 was proved by a correlation of a proton with carbonyl ketone (δC 197.9 (C-1)), C-3 (δC 37.1), and a long-range correlation of the C-2 proton with C-4 (δC 53.2) and C-1″ (δC 128.3). Additionally, the CH position of C-4 was assigned by the correlation of the C-4 proton with the amide carbonyl of the 1,3-dimethylpyrimidine ring (δC 168.3 (C-9)) and (δC 168.7 (C-5)), and the proton correlation with C-3 (δC 37.1) and C-2 (δC 40.5). The proton–carbon correlations of the HMBC experiment were suitable with the molecular structure of the prepared compound and are displayed in Figure 2 and Figure S5 (Supplementary Materials). Based on the structure elucidation, the prepared compound is a new compound.


Figure 2. (a) Structure numbering, and (b) HMBC correlations of the prepared compound.
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3. Materials and Methods


3.1. General


All reagents and solvents, purchased from E. Merck (Darmstadt, Germany) or Sigma Aldrich (St. Louis, MO, USA), were used without further purification. Reaction progress was monitored by thin-layer chromatography on silica gel GF254 aluminum sheets (0.25 mm) using various developing systems. Spots were detected under UV light (λ 254 nm). IR spectrum was recorded in KBr powder with the diffuse reflectance method on Fourier-transform Infrared spectrometer Shimadzu IRTracer100 (Kyoto, Japan). The mass spectrum was recorded on an High-resolution mass spectrometer, Waters LCT Premier XE (Santa Clara, CA, USA). NMR spectra (1H-, 13C-NMR, HMQC and HMBC) were recorded using the JEOL JNM-ECS400 (Tokyo, Japan) with CDCl3 as a solvent and internal standard.




3.2. Synthesis of Chalcone Derivative


The synthesis of chalcone derivative was conducted following the procedure reported by Suwito et al. [9]. A mixture of 6 mmol 4′-bromoacetophenone, 6 mmol 2,5-dimetoxybenzaldehyde, and 30 mL ethanol was placed in a three neck round bottom flask (equipped with a reflux condenser, thermometer, and dropping funnel), stirred, and cooled under 10 °C. To the reaction mixture, 6 mL NaOH 40% solution was added dropwise and the temperature was kept under 10 °C, stirred for 1 h, and then stirred at room temperature for a further 5 h. The precipitate was filtered off and recrystallized using aqueous ethanol.




3.3. Synthesis of the Target Compound


A mixture of 1.2 mmol of 1,3-dimethylbarbituric acid, 1 mmol of chalcone derivative, 1 mmol of ammonium chloride, 100 μL TEA, and 5 mL methanol was placed in a round bottom flask, and refluxed at 80 °C for 7 h. The reaction mixture was then cooled at room temperature, and 10 mL water was added. The precipitate was then filtered off, washed with a cold aqueous ethanol solution, and recrystallized using aqueous ethanol.





4. Conclusions


In conclusion, we have successfully synthesized a new compound, that is 5-[3-(4-bromophenyl)-1-(2,5-dimethoxyphenyl)-3-oxopropyl]-1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-tri-one through Michael addition from a chalcone derivative.








Supplementary Materials


The following are available online: the HRESIMS, FTIR, 1H-NMR, 13C-NMR, HMQC, HMBC spectra are reported in the Supplementary Materials as Figures S1–S6, respectively, and the structure refinement in Table S1.
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