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A convenient synthesis of dihydropyridinone dicarboxylic derivatives
by the recyclization of N-arylitaconimides with 3-aminocrotonates

Yuri A. Kovygin, Yana Yu. Kulichikhina, Irina S. Zotova, Kristina O. Karelina,
Mikhail A. Prezent, Artem N. Fakhrutdinov and Khidmet S. Shikhaliev

Materials and Methods

'H and *C NMR spectra were registered on Bruker DRX-500 (500.13 and 125.76 MHz, respectively)
spectrometer in DMSO-de, internal standard was TMS. Melting points were determined on Stuart SMP
30. Control of reagent and products individuality, qualitative analysis of reaction mass was performed
by TLC on Merck TLC Silica gel 60 F2s4 chromatographic plate; eluents: methanol, chloroform and
their mixtures in various ratios. The chromatograms were visualized by UV or iodine vapor.

Product purity was monitored by high performance liquid chromatography with high resolution mass
spectrometric electrospray ionization detection (HPLC-HRMS-ESI) in combination with UV
detection. The analyzes were performed on Agilent 1260 Infinity chromatograph (Agilent
Technologies, CA, USA) and Agilent 6230 TOF LC/MS high-resolution time-of-flight mass detector.
The ionization block was double electrospray; the signals were recorded in positive polarity; nebulizer
N2 20 psig; desiccant gas N2, 6 ml min-1,325 °C; mass detection range is 50-2000 daltons. Capillary
voltage 4.0 kV, fragmentator +191 V, skimmer +66 V, OctRF 750 V. Poroshell 120 EC-C18 column
(4.6 x 50 mm; 2.7 um) was used. Gradient elution: acetonitrile/water (0.1% formic acid); flow rate 0.4
ml min?. Software for processing research results - MassHunter Workstation/Data Acquisition
V/.06.00.

Experimental.

Synthesis of alkyl 6-alkyl-3-(2-(R-anilino)-2-oxo-ethyl)- 2-oxo-3,4-dihydro-1H-pyridine-5-
carboxylates 3a-f. A solution of N-arylitaconimid 2a-j (5 mmol) and 2,3-unsaturated 3-amino ester
la-c (5 mmol) is boiled in acetic acid (5 ml) for 2-5 hours. The precipitate that forms during cooling is
recrystallized from 2-propanol.

Ethyl 3-(2-anilino-2-oxoethyl)-6-methyl-2-o0x0-3,4-dihydro-1H-pyridine-5-carboxylate 3a. Yield 55%,
colorless powdery compound, m.p. 206-207 °C. *H NMR, ((5, ppm., J/Hz): 1.18 (3H,t, J = 7.1,
CHzs); 2.20 (3H, s, CH3); 2.31 (1H, t, J = 14.2, CH2(4)); 2.39 (1H, dd, J = 16.9, J = 9.2, CH2CO); 2.74
(1H, dd, J = 16.2, J = 6.7, CH2(4)); 2.78-2.84 (2H, m, CH.CO+CH(3)); 4.08 (2H, q, J = 7.0; OCH>);
7.01-7.60 (5H, m, 5CH-Ar); 9.79 (1H, s, NH(1)); 9.97 (1H, s, NHCO). *C NMR (5, ppm): 14.18,
17.67, 26.75, 35.84, 35.97, 59.26, 101.83, 118.93, 122.94, 128.58, 139.14, 146.92, 166.49, 169.31,
172.23. IR, v (cm™): 1607 (C=0, amide 1); 1542 (C=0, amide 11). HRMS: m/z calcd for C17H20N20s4,
317.1497; found, 317.1495
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Ethyl 6-methyl-3-[2-(4-methylanilino)-2-oxoethyl]-2-oxo0-3,4-dihydro-1H-pyridine-5-carboxylate 3b.
Yield 50%, colorless powdery compound, m.p. 184-185 °C. *H NMR, ((§, ppm., J/Hz): 1.18 (3H,t,J
=7.1, CHs); 2.20 (3H, s, CH3); 2.24 (3H, s, Ar-CHzs), 2.29 (1H, t, J = 13.8, CH2(4)); 2.36 (1H, dd, J =
16.9, J = 9.2, CH2CO); 2.73 (1H, dd, J = 15.9, J = 6.6, CH2(4)); 2.77-2.83 (2H, m, CH2CO + CH(3));
4.07 (2H, q, J = 7.1; OCHy); 7.08-7.48 (4H, m, 4CH-Ar); 9.79 (1H, s, NH(1)); 9.88 (1H, s, NHCO).
13C NMR (8, ppm): 14.19, 17.67, 20.34, 26.75, 35.86, 35.92, 59.26, 101.82, 118.97, 128.95, 131.81,
136.65, 146.92, 166.49, 169.04, 172.25. IR, v (cm™): 1611 (C=0, amide 1); 1540 (C=0, amide II).
HRMS: m/z calcd for C12H15N302, 234.1243; found, 234.1237.

Ethyl 3-[2-(4-chloroanilino)-6-methyl-2-oxoethyl]-2-0x0-3,4-dihydro-1H-pyridine-5-carboxylate 3c.
Yield 75%, colorless powdery compound, m.p. 204-205 °C. *H NMR, ((5, ppm., J/Hz): 1.18 (3H, t, J
= 7.1 CHg), 2.20 (3H, s, CHz3), 2.26-2.34 (1H, m, CH2(4)), 2.40 (1H, dd, J = 8.9, J = 17.1, CH.CO),
2.74 (1H, dd, J = 8.9, J = 15.9, CH2(4)), 2.78-2.84 (2H, m, CH2CO + CH(3)); 4.08 (2H, q, J = 7.1,
OCHy); 7.33-7.64 (4H, m, 4CH-Ar); 9.79 (1H, s, NH(1)); 10.12 (1H, s, NHCO). **C NMR (3, ppm):
14.64, 18.12, 27.21, 36.25, 36.43, 59.72, 102.31, 120.90, 126.92, 128.95, 138.55, 147.37, 166.93,
169.97, 172.63. IR, v (cm™): 1599 (C=0, amide I); 1538 (C=0, amide II). HRMS: m/z calcd for
C17H19CIN204, 353.1078; found, 353.1076.

Ethyl 3-[2-(3-chloroanilino)-2-oxoethyl]-6-methyl-2-ox0-3,4-dihydro-1H-pyridine-5-carboxylate 3d.
Yield 65%, colorless powdery compound, m.p. 193-194 °C. *H NMR, ((5, ppm., J/Hz): 1.18 (3H,t,J
= 7.1 CHg); 2.20 (3H, s, CHzg); 2.25-2.38 (1H, m, CH2(4)); 2.42 (1H, dd, J = 8.9, J = 17.4, CH2CO);
2.72-2.85 (3H, m, CHz(4) + CH,CO + CH(3)); 4.08 (2H, q, J = 7.1; OCH>); 7.08-7.85 (4H, m, 4CH-
Ar); 9.79 (1H, s, NH(1)); 10.18 (1H, s, NHCO). 1*C NMR (5, ppm): 14.64, 18.12, 27.19, 36.24, 36.47,
59.72, 102.32, 117.72, 118.84, 123.10, 130.76, 133.42, 141.01, 147.36, 166.93, 170.25, 172.59. IR, v
(cm™): 1611 (C=0, amide I); 1544 (C=0, amide I1). HRMS: m/z calcd for C17H19CIN2O4, 353.1078;
found, 353.1077.

Methyl  3-(2-anilino-2-oxoethyl)-6-methyl-2-ox0-3,4-dihydro-1H-pyridine-5-carboxylate 3e. Yield
50%, colorless powdery compound, m.p. 211-212 °C. *H NMR, ((5, ppm., J/Hz): 2.17 (3H, s, CHz);
2.26 (1H, t, J = 15.6, CH2(4)); 2.34 (1H, dd, J = 16.7, J = 9.1, CH2CO); 2.74 (1H, dd, J = 15.6, J = 6.6,
CHa(4)); 2.75-2.82 (2H, m, CH,CO + CH(3)); 3.57 (3H, s, OCHs), 6.95-7.60 (5H, m, 5CH-Ar); 9.80
(1H, s, NH(1)); 9.95 (1H, s, NHCO). *C NMR (5, ppm): 18.26, 27.33, 36.44, 36.60, 51.47, 102.19,
119.54, 123.58, 129.23, 139.77, 147.86, 167.51, 169.94, 172.84. IR, v (cm™1): 1606 (C=0, amide I);
1542 (C=0, amide I1). HRMS: m/z calcd for C16H18N204, 303.1340; found, 303.1336.

Methyl 6-methyl-3-[2-(4-methylanilino)-2-oxoethyl]-2-ox0-3,4-dihydro-1H-pyridine-5-carboxylate 3f.
Yield 50%, colorless powdery compound, m.p. 191-192 °C. *H NMR, ((5, ppm., J/Hz): 2.19 ( 3H, s,
CHzs), 2.24 ( 3H, s, CHz-Ar), 2.28 (1H, t, J = 15.2, CH2(4)); 2.35 (1H, dd, J = 16.8, J = 8.9, CH2CO);
2.74 (1H, dd, J = 15.9, J = 6.3, CHz(4)); 2.76-2.83 (2H, m, CH2CO + CH(3)); 3.60 (3H, s, OCH3),
7.08-7.47 (4H, m, 4CH-Ar); 9.81 (1H, s, NH(1)); 9.88 (1H, s, NHCO). *C NMR (§, ppm): 18.19,
20.89, 27.26, 36.39, 36.48, 51.39, 102.11, 119.49, 129.52, 132.37, 137.20, 147.77, 167.43, 169.59,
172.78. IR, v (cm™): 1601 (C=0, amide I); 1539 (C=0, amide I1). HRMS: m/z calcd for C17H20N204,
317.1497; found: 317.1495.

Methyl 3-[2-(3,4-dimethylanilino)-2-oxoethyl]-6-methyl-2-oxo0-3,4-dihydro-1H-pyridine-5-carboxylate
3g. Yield 45%, colorless powdery compound, m.p. 217-218 °C. 'H NMR, ((5, ppm., J/Hz): 2.12 (3H,
s, CHs), 2.14 (3H, s, CHa), 2.16 ( 3H, s, CHs), 2.25 (1H, t, J = 14.9, CH(4)); 2.31 (1H, dd, J = 16.6, J
= 9.1, CH2CO); 2.31 (1H, dd, J = 16.1, J = 9.3, CHz(4)); 2,69 (1H, dd, J = 16.5, J = 6.8, CH2(4));
2.72-2.79 (2H, m, CH2CO + CH(3)); 3.57 (3H, s, OCHg), 6.96-7.36 (3H, m, 3CH-Ar); 9.78 (1H, s,
NH(1)); 9.79 (1H, s, NHCO). 3C NMR (§, ppm): 16.26, 19.30, 20.16, 27.31, 36.48, 36.53, 51.46,
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102.16, 117.11, 120.81, 130.05, 131.24, 136.74, 137.52, 147.85, 167.51, 169.60, 172.86. IR, v (cm™):
1579 (C=0, amide I); 1532 (C=0, amide I1). HRMS: m/z calcd for C1sH22N204, 331.1654; found,
311.1651.

Methyl 3-[2-(4-ethoxyanilino)-2-oxoethyl]-6-methyl-2-oxo-3,4-dihydro-1H-pyridine-5-carboxylate 3h.
Yield 40%, colorless powdery compound, m.p. 182-183 °C. *H NMR, ((§, ppm., J/Hz): 1.14 (3H, t,J
=7.8, CH3), 2.19 ( 3H, s, CH3), 2.28 (1H, t, J = 14.9, CH2(4)); 2.35 (1H, dd, J = 16.6, J = 9.1,
CH2CO); 2.54 (2H, q, J = 7.5, CHy), 2.74 (1H, dd, J = 15.8, J = 6.2, CHz(4)); 2.77-2.84 (2H, m,
CH2CO + CH(3)); 3.60 (3H, s, OCHa), 7.11-7.49 (4H, m, 4CH-Ar); 9.81 (1H, s, NH(1)); 9.89 (1H, s,
NHCO). 3C NMR (3, ppm): 16.19, 18.19, 27.26, 28.05, 36.41, 36.49, 51.39, 102.10, 119.58, 128.32,
137.39, 138.88, 147.78, 167.43, 169.61, 172.78. IR, v (cm™): 1587 (C=0, amide 1); 1526 (C=0, amide
I1). HRMS: m/z calcd for C1gH22N20s, 347.1603; found, 347.1605.

Methyl  3-[2-(4-allyloxyanilino)-2-oxoethyl]-6-methyl-2-0x0-3,4-dihydro-1H-pyridine-5-carboxylate
3i. Yield 65%, colorless powdery compound, m.p. 185-186 °C. *H NMR, ((8, ppm., J/Hz): 2.19 ( 3H,
s, CHs), 2.28 (1H, t, J = 14.1, CH2(4)); 2.33 (1H, dd, J = 16.8, J = 9.3, CH,CO); 2.73 (1H, dd, J =
15.8, J = 6.1, CH2(4)); 2.76-2.84 (2H, m, CH2CO + CH(3)); 3.60 (3H, s, OCH3), 4.51 (2H, d, J = 5.2,
OCHy); 5.24 (1H, dd, J = 10.5, J = 1.5, =CH?); 5.37 (1H, dd, J = 17.3, J = 1.7, =CH>); 5.98-6.06 (1H,
m, -CH=); 6.87-7.49 (4H, m, 4CH-Ar); 9.81 (1H, s, NH(1)); 9.83 (1H, s, NHCO). *C NMR (3, ppm):
18.19, 27.26, 36.40, 36.43, 51.39, 68.78, 102.10, 115.12, 117.77, 120.95, 133.03, 134.34, 147.77,
154.43, 167.43, 169.32, 172.79. IR, v (cm™): 1593 (C=0, amide I); 1512 (C=0, amide I1). HRMS:
m/z calcd for C19H22N20s, 359.1603; found, 359.1607.

Methyl 3-[2-(3,4-dichloroanilino)-2-oxoethyl]-6-methyl-2-ox0-3,4-dihydro-1H-pyridine-5-carboxylate
3j. Yield 65%, colorless powdery compound, m.p. 216-217 °C. *H NMR, ((§, ppm., J/Hz): 2.20 (3H,
s, CHa); 2.31 (1H, t, J = 13.6, CH2(4)); 2.42 (1H, dd, J = 17.2, J = 8.8, CH2CO); 2.75 (1H, dd, J =
15.8, J = 6.4, CH2(4)); 2.79-2.86 (2H, m, CH.CO + CH(3)); 3.61 (3H, s, OCH3), 7.46-8.01 (3H, m,
3CH-Ar); 9.82 (1H, s, NH(1)); 10.28 (1H, s, NHCO). *C NMR (5, ppm): 18.09, 27.17, 36.18, 36.47,
51.30, 102.08, 119.37, 120.52, 124.78, 131.01, 131.33, 139.64, 147.66, 167.30, 170.40, 172.52. IR, v
(cm™): 1631 (C=0, amide I); 1528 (C=0, amide 11). HRMS: m/z calcd for C16H16CI2N204, 375.0502;
found, 375.0505.

Methyl 3-[2-(3-chloro-2-methylanilino)-2-oxo-ethyl]-6-methyl-2-0xo0-3,4-dihydro-1H-pyridine-5-
carboxylate 3k. Yield 70%, colorless powdery compound, m.p. 220-221 °C. *H NMR, ((5, ppm.,
JIHz): 2.17 (3H, s, CHz); 2.19 (3H, s, CH3); 2.29 (1H, t, J = 14.0, CH2(4)); 2.39 (1H, dd, J =15.1,J =
7.3, CH2CO); 2.70-2.82 (3H, m, CH2(4) + CH2CO + CH(3)); 3.58 (3H, s, OCHz), 7.10-7.30 (3H, m,
3CH-Ar); 9.60 (1H, s, NH(1)); 9.81 (1H, s, NHCO). C NMR (§, ppm): 15.62, 18.25, 27.30, 35.98,
36.67, 51.48, 59.89, 102.17, 125.16, 126.52, 127.30, 131.07, 134.27, 138.45, 147.85, 167.50, 170.17,
172.86. IR, v (cm™): 1602 (C=0O, amide I); 1521 (C=0, amide Il). HRMS: m/z calcd for
C17H19CIN204, 353.1078; found, 353.1081.

Methyl  3-[2-(4-ethylanilino)-2-oxoethyl]-6-isopropyl-2-oxo-3,4-dihydro-1H-pyridine-5-carboxylate
31. Yield 45%, colorless powdery compound, m.p. 146-147 °C. *H NMR, ((5, ppm., J/Hz): 1.08 (3H, s,
CHs), 1.10 (3H, s, CHg), 1.15 (3H, t, J = 7.6, CH3); 2.28-2.39 (2H, m, CH2(4) + CH2CO); 2.54 (2H, q,
J =17.6, Ar-CH), 2.72-2.84 (3H, m, CHz(4) + CH2CO + CH(3)); 3.61 (3H, s, OCH3), 4.07 (1H, m,
CH); 7.11-7.51 (4H, m, 4CH-Ar); 9.51 (1H, s, NH(1)); 9.89 (1H, s, NHCO). *C NMR (5, ppm):
15.59, 18.96, 19.03, 26.79, 26.98, 27.48, 35.80, 50.96, 101.87, 119.01, 127.73, 136.83, 138.30, 154.99,
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166.88, 169.05, 172.78. IR, v (cm™): 1579 (C=0, amide I); 1532 (C=0, amide II). HRMS: m/z calcd
for C2oH26N204, 359.1967; found, 359.1965.

Methyl 3-[2-(4-chloroanilino)-2-oxoethyl]-6-isopropyl-2-oxo-3,4-dihydro-1H-pyridine-5-carboxylate
3m. Yield 55%, colorless powdery compound, m.p. 206-207 °C. *H NMR, ((5, ppm., J/Hz): 1.04 (3H,
s, CHs), 1.05 (3H, s, CHa), 2.28 (1H, t, J = 15.3, CH2(4)), 2.36 (1H, dd, J = 15.2, J = 6.8, CH2CO),
2.68-2.82 (3H, m, CH2(4) + CH2CO + CH(3)), 4.03 (1H, m, CH); 7.29-7.50 (4H, m, 4CH-Ar); 9.50
(1H, s, NH(1)); 10.09 (1H, s, NHCO). *C NMR (5, ppm): 19.59, 19.69, 27.42, 27.62, 36.35, 36.49,
51.63, 101.55, 121.06, 127.09, 129.13, 138.72, 155.65, 167.52, 170.18, 173.36. IR, v (cm™): 1597
(C=0, amide 1); 1544 (C=0, amide IlI). HRMS: m/z calcd for C1gH21CIN20O4, 367.1234; found,
367.1230.
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