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Abstract

This paper mainly studies the efficient synthesis of 1,4-dihydropyridine in a solvent-free system
and a heterogeneous catalyst catalyzed by ion exchange resin Amberlyst-15. This process has
many merits, such as commercial available catalysts with low cost, broad substrate scope, high
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yields, large-scale preparation, easy recovery, environmental friendliness, and simple work-up
procedure.
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Figure 1. Several 1,4-dihydropyridine compounds with surface properties
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Diethyl 2,6-dimethyl-4-phenyl-1,4-dihydropyridine-3,5-dicarboxylate, 3a [30]: Yield. 91%; Pale yel-
low solid; m.p. 154°C~156°C (EtOH) (lit. m.p. 158°C~160°C). '"H NMR (600 MHz, CDCl;) § 7.32 — 7.25 (m,
2H), 7.20 (t, J = 7.6 Hz, 2H), 7.14 — 7.10 (m, 1H), 5.58 (s, 1H), 4.99 (s, 1H), 4.13 — 4.04 (m, 4H), 2.33 (s, 6H),
1.22 (t, J = 7.1 Hz, 6H). C NMR (150 MHz, CDCl;) 6 167.7, 147.8, 143.9, 128.0, 127.8, 126.1, 104.1, 59.7,
39.6, 19.6, 14.3; IR v 33423, 1687.8, 1651.4, 1488.5, 1453.3, 703.1 cm'; UV = 238.22 nm; HRMS
(ESI-TOF) calcd for C;oH,4NO, (M+H)™ 330.1700, found 330.1691.

Diethyl 2,6-dimethyl-4-(p-tolyl)-1,4-dihydropyridine-3,5-dicarboxylate, 3b [31]: Yield. 77%;Yellow
solid; m.p. 131°C~133°C (EtOH) (lit. m.p. 136°C~137°C). '"H NMR (600 MHz, CDCl;) § 7.19 (d, J = 8.0 Hz,
2H), 7.04 (d, J = 7.9 Hz, 2H), 5.75 (s, 1H), 4.97 (s, 1H), 4.15 — 4.07 (m, 4H), 2.34 (s, 6H), 2.30 (s, 3H), 1.26 (t,
J=17.1 Hz, 6H). "C NMR (151 MHz, CDCl;) & 167.7, 144.8, 143.8, 135.5, 128.5, 127.8, 104.2, 59.7, 39.1, 21.0,
19.6, 14.2; IR v 3342.5, 1688.7, 1650.2, 1487.8, 142.3, 701.8; UV ,ix = 231.27 nm; HRMS (ESI-TOF) calcd for
Cy0H,eNO, (M+H)" 344.1856, found 344.1851.

Diethyl 4-(4-methoxyphenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate, 3¢ [32]: Yield. 72%;
Yellow solid; m.p. 156°C~158°C (EtOH) (lit. m.p. 161°C~163°C). "H NMR (600 MHz, CDCl;) 6 7.23 — 7.17 (m,
2H), 6.77 — 6.72 (m, 2H), 5.58 (bs, 1H), 4.93 (s, 1H), 4.14 — 4.03 (m, 4H), 3.75 (s, 3H), 2.32 (s, 6H), 1.23 (t, J =
7.1 Hz, 6H). °C NMR (150 MHz, CDCLy) ¢ 167.7, 157.9, 143.5, 140.3, 129.0, 113.2, 104.4, 59.7, 55.1, 38.7,
19.6, 14.3; IR v 3342.8, 1689.8, 1650.5, 1609.5, 1500.8, 834.4 cm '; UV, = 222.34 nm; HRMS (ESI-TOF)
caled for C,0H,sNOs (M+H)" 360.1805, found 360.1801.

Diethyl 4-(4-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate, 3d [33]: Yield. 93%;
Yellow solid; m.p. 150°C~152°C (EtOH) (lit. m.p. 150°C). 'H NMR (600 MHz, CDCl;) 6 7.24 (d, J = 8.5 Hz,
2H), 7.19 (d, J = 8.5 Hz, 2H), 5.65 (bs, 1H), 4.98 (s, 1H), 4.18 — 4.01 (m, 4H), 2.35 (s, 6H), 1.24 (t,J = 7.1 Hz,
6H); °C NMR (150 MHz, CDCl3) 6 167.4, 146.3, 143.9, 131.7, 129.4, 127.9 103.9, 59.8, 39.3, 19.6, 14.3; IR v
3357.8, 1696.1, 16512, 1487.5, 1461.6, 830.4 cm'; UV, = 238.56 nm; HRMS (ESI-TOF) calcd for
C1oH,;CINO, (M+H)" 364.1310, found 364.1291.

Diethyl 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate, 3e [34]: Yield. 90%;
Yellow solid; m.p. 140°C~142°C (EtOH) (lit. m.p. 141°C). '"H NMR (600 MHz, CDCl3) 87.26 (t, J = 1.7 Hz,
1H), 7.20 (dt, J = 7.5, 1.4 Hz, 1H), 7.16 (t, J = 7.6 Hz, 1H), 7.14 — 7.10 (m, 1H), 5.64 (bs, 1H), 4.99 (s, 1H),
421 — 4.03 (m, 4H), 2.37 (s, 6H), 1.25 (t, J= 7.1 Hz, 6H); °C NMR (150 MHz, CDCl;) d 167.3, 149.7, 144.1,
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133.6, 129.0, 128.2, 126.3, 126.2, 103.7, 59.8, 39.7, 19.6, 14.2; IR v 3321.8, 1703.0, 1650.2, 1488.6 cm™'; UV-
max = 237.85 nm; HRMS (ESI-TOF) calcd for C9Hp3CINO, (M+H)™ 364.1310, found 364.1304.

Diethyl 4-(2-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate, 3f [35]: Yield. 88%;
Yellow solid; m.p. 142°C~144°C (EtOH) (lit. m.p. 146°C~147°C). '"H NMR (600 MHz, CDCl;) § 7.40 (dd, J =
7.8, 1.6 Hz, 1H), 7.25 (dd, J = 7.9, 1.1 Hz, 1H), 7.14 (td, J = 7.6, 1.1 Hz, 1H), 7.06 (td, J = 7.8, 1.6 Hz, 1H),
5.79 (s, 1H), 5.42 (s, 1H), 4.14 — 4.06 (m, 4H), 2.32 (s, 6H), 1.22 (t, J = 7.1 Hz, 6H). °C NMR (151 MHz,
CDCly) & 167.7, 145.6, 143.9, 132.4, 131.6, 129.2, 127.3, 126.7, 103.8, 59.7, 37.5, 19.5, 14.3; IR v 3354.5',
1701.2, 1648.5, 1491.4 cm™'; UV, = 238.74 nm; HRMS (ESI-TOF) calcd for C;oH,NO, (M+H)" 364.1310,
found 364.1309.

Diethyl 4-(4-bromophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate, 3g [36]: Yield. 88%;
Yellow solid; m.p. 162°C~163°C (EtOH) (lit. m.p. 162°C~164°C). "H NMR (600 MHz, CDCl;) 67.32 (d, J=8.3
Hz, 2H), 7.16 (d, J = 8.3 Hz, 2H), 5.60 (bs, 1H), 4.94 (s, 1H), 4.14 — 4.04 (m, 4H), 2.33 (s, 6H), 1.22 (t,J=7.1
Hz, 6H); °C NMR (150 MHz, CDCl;) 6 167.4, 146.8, 143.9, 130.9, 129.8, 119.9, 103.9, 59.8, 39.3, 19.6, 14.3;
IR v 3360.6, 1693.2, 1650.4, 1625.5, 1485.8 cm '; UV, = 238.65 nm; HRMS (ESI-TOF) caled for
C19Hp;BrNO,4 (M+H)" 408.0805, found 408.0768.

Diethyl 2,6-dimethyl-4-(4-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate, 3h [33]: Yield. 90%;
Yellow solid; m.p. 130°C~131°C (EtOH) (lit. m.p. 132°C). "H NMR (600 MHz, CDCl;) 6'H NMR (600 MHz,
CDCly) ¢ 8.11 (d, J = 8.7 Hz, 2H), 7.47 (d, J = 8.7 Hz, 2H), 5.73 (bs, 1H), 5.12 (s, 1H), 4.16 — 4.06 (m, 4H),
2.38 (s, 6H), 1.24 (t, J = 7.1 Hz, 6H); °*C NMR (150 MHz, CDCl;)  167.0, 155.1, 146.4, 144.5, 128.9, 123.3,
103.3, 60.0, 40.1, 19.7, 14.3; IR v 3320.4 , 1682.2, 1647.9, 1518.2, 1469.0 cm™'; UV . = 234.56 nm; HRMS
(ESI-TOF) calcd for C9H,3N,06 (M+H)" 375.1551, found 375.1543.

Diethyl 2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate, 3i [37]: Yield. 91%;
Yellow solid; m.p. 156°C~158°C (EtOH) (lit. m.p. 159°C~161°C). '"H NMR (600 MHz, CDCl;) & 8.14 (s, 1H),
8.04 — 8.00 (m, 1H), 7.66 (d, J= 7.6 Hz, 1H), 7.39 (t, J= 7.9 Hz, 1H), 5.98 (s, 1H), 5.11 (s, 1H), 4.18 — 4.02 (m,
4H), 2.38 (s, 6H), 1.24 (t, J = 7.1 Hz, 6H). C NMR (151 MHz, CDCl;) & 167.16, 149.95, 148.14, 14481,
134.55, 128.61, 123.13, 121.34, 103.30, 60.02, 39.97, 19.61, 14.24; IR v 3319.3, 1680.5, 1645.4, 1517.8, 1465.7
cmﬁl; UV nax = 228.42 nm; HRMS (ESI-TOF) calcd for C9H4NO4 (M+H)+ 375.1551, found 375.1549.

Diethyl 4-(furan-2-yl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate, 3j [38]: Yield. 88%; Yel-
low solid; m.p. 160°C~161°C (EtOH) (lit. m.p. 159°C~162°C). '"H NMR (600 MHz, CDCl;) §7.25 — 7.23 (dd, J
= 1.7, 0.8 Hz, 1H), 6.24 (dd, J = 3.1, 1.8 Hz, 1H), 5.97 (d, J = 3.1 Hz, 1H), 5.72 (bs, 1H), 5.22 (s, 1H), 4.29 —
4.09 (m, 4H), 2.36 (s, 6H), 1.29 (t, J= 7.1 Hz, 6H); *C NMR (150 MHz, CDCly) 6 167.4, 158.6, 144.9, 140.9,
110.0, 104.4, 100.8, 59.8, 33.4, 19.6, 14.3; IR v 3346.3, 1698.8, 1650.3 cm '; UV, = 227.68 nm; HRMS
(ESI-TOF) caled for C,7H,NOs (M+H)" 320.1492, found 320.1490.

Diethyl 2,6-dimethyl-4-(thiophen-2-yl)-1,4-dihydropyridine-3,5-dicarboxylate, 3k [38]: Yield. 90%;
Yellow solid; m.p. 172°C~174°C (EtOH) (lit. m.p. 170°C~172°C). '"H NMR (600 MHz, CDCl;) 67.07 (d, J=5.0
Hz, 1H), 6.89 — 6.84 (m, 1H), 6.83 — 6.81 (m, 1H), 6.07 (bs, 1H), 5.37 (s, 1H), 4.27 — 4.11 (m, 4H), 2.35 (s, 6H),
1.29 (t, J= 7.1 Hz, 6H); °C NMR (150 MHz, CDCl;) ¢ 167.4, 151.6, 144.6, 126.3, 123.2, 123.1, 103.6, 103.5,
59.9, 34.4, 19.4, 14.3; IR v 3344.5, 1655.2, 1636.2 cm'; UV, = 230.66 nm; HRMS (ESI-TOF) calcd for
C7H,,NO,S (M+H) " 336.1264, found 336.1267.

1,1'-(2,6-Dimethyl-4-phenylpyridine-3,5-diyl)diethanone, 31 [39]: Yield. 95%; colorless solid; m.p.
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131°C~132°C (EtOH) (lit. m.p. 135°C~136°C). "H NMR (600 MHz, CDCl;) & 7.58 — 7.55 (m, 2H), 7.48 — 7.46
(m, 3H), 2.59 (s, 3H), 2.57 (s, 3H), 2.23 (s, 3H), 2.00 (s, 3H). *C NMR (151 MHz, CDCl;) § 206.1, 205.9,
154.6, 152.5, 139.5, 139.1, 136.3, 134.6, 129.5, 128.9, 32.3, 32.2, 22.7, 21.4, 16.2; IR v 3171.6, 1636.2, 1603.6,
1483.2 cm™'; UV, =247.39 nm; HRMS (ESI-TOF) calcd for C;7H,;sNO, (M+H)" 268.1332, found 268.1327.

1,1'-(2,6-Dimethyl-4-(p-tolyl)pyridine-3,5-diyl)diethanone, 3m [39]: Yield. 91%; Yellow solid; m.p.
86°C~88°C (EtOH) (lit. m.p. 90°C~91°C). "H NMR (600 MHz, CDCl3) § 7.46 (d, J = 8.1 Hz, 2H), 7.27 (d, J =
7.9 Hz, 2H), 2.58 (s, 3H), 2.55 (s, 3H), 2.42 (s, 3H), 2.21 (s, 3H), 2.01 (s, 3H). °C NMR (151 MHz, CDCl;) &
206.1, 205.9, 154.6, 152.5 139.5, 139.1, 136.3, 134.6, 129.5, 128.9, 32.3, 32.2, 22.7, 21.4, 16.2; IR v 3172.4,
1637.5, 1601.3, 140.2 cm™'; UV, =238.92 nm; HRMS (ESI-TOF) caled for CisH,)NO, (M+H)™ 282.1489,
found 282.1473.

1,1'-(4-(4-Chlorophenyl)-2,6-dimethylpyridine-3,5-diyl)diethanone, 3n [40]: Yield. 90%; Pale-yellow
solid; m.p. 138°C~140°C (EtOH) (lit. m.p. 137°C~139°C). '"H NMR (600 MHz, CDCl3) & 7.54 — 7.50 (m, 2H),
7.45 (d, J = 8.4 Hz, 2H), 2.58 (s, 3H), 2.56 (s, 3H), 2.22 (s, 3H), 2.05 (s, 3H). *C NMR (151 MHz, CDCl;) &
205.8, 205.5, 153.1, 152.7, 139.3, 137.6, 136.8, 135.7, 130.9, 130.4, 129.4, 129.1, 32.3, 22.7, 16.2; IR v 3173.4,
1639.3, 1607.4, 1484.6 cm™"; UV a =251.63 nm; HRMS (ESI-TOF) calcd for Ci;H,,CINO, (M+H)" 302.0942,
found 302.0936.

9-Phenyl-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione, 30 [41]: Yield. 88%; Yellow solid; m.p.
275°C~277°C (EtOH) (lit. m.p. 279°C~281°C). 'H NMR (600 MHz, DMSO-dg) §9.45 (s, 1H), 7.21 — 7.13 (m,
4H), 7.08 — 7.00 (m, 1H), 4.92 (s, 1H), 2.56 — 2.50 (m, 4H), 2.22 — 2.19 (m, 4H), 1.94 — 1.90 (m, 2H),1.81 —
1.77 (m, 2H); *C NMR (150 MHz, DMSO-dq) 5194.9, 151.4, 147.4, 127.8, 127.6, 125.5, 112.5, 36.8, 32.2, 26.4,
20.9; IR v 3171.6, 1636.2, 1603.6, 1483.2 cm™'; UV, =247.39 nm; HRMS (ESI-TOF) calcd for C;oH,NO,
(M+H)" 294.1489, found 294.1493.

9-(p-Tolyl)-3,4,6,7,9,10-hexahydroacridine-1,8(2H,SH)-dione, 3p [42]: Yield. 85%; Yellow solid; m.p.
293°C~295°C (EtOH) (lit. m.p. 300°C). '"H NMR (600 MHz, DMSO) & 9.43 (s, 1H), 7.03 (d, J = 8.0 Hz, 2H),
6.95 (d, /= 7.9 Hz, 2H), 4.86 (s, 1H), 2.51 (s, SH), 2.24 — 2.16 (m, 7H), 1.91 (dt, /= 13.0, 4.9 Hz, 2H), 1.83 —
1.72 (m, 2H). °C NMR (151 MHz, DMSO) & 195.2, 151.6, 145.0, 134.8, 128.8, 127.9, 113.1, 37.3, 32.1, 26.8,
21.3, 21.0; IR v 3169.3, 1635.3, 1601.0, 1480.7 cm'; UV, =242.62 nm; HRMS (ESI-TOF) caled for
Cy0H,,NO, (M+H)' 308.1645, found 308.1647.

9-(4-Methoxyphenyl)-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione, 3q [41]: Yield. 89%; Yellow
solid; m.p. 301°C~303°C (EtOH) (lit. m.p. 306°C~308°C). 'H NMR (600 MHz, DMSO) & 9.43 (s, 1H), 7.05 (d,
J=28.5Hz, 2H), 6.72 (d, J = 8.5 Hz, 2H), 4.85 (s, 1H), 3.67 (s, 3H), 2.50 (d, J = 13.7 Hz, 5H), 2.25 — 2.14 (m,
4H), 1.95 — 1.87 (m, 2H), 1.83 — 1.72 (m, 2H). *C NMR (151 MHz, DMSO0) & 195.3, 157.6, 151.5, 140.2, 128.9,
113.6, 113.2, 55.3,37.3,31.6,26.8, 21.3; IR v 3167.3, 1631.3, 1600.1, 1480.7 cm '; UV ., =242.63 nm; HRMS
(ESI-TOF) caled for CyyH,NO; (M+H)™ 324.1594, found 324.1591.

9-(4-Chlorophenyl)-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione, 3r [41]: Yield. 96%; Yellow
solid; m.p.292°C~294°C (EtOH) (lit. m.p. 298°C~299°C). '"H NMR (600 MHz, DMSO) & 9.52 (s, 1H), 7.22 (d, J
= 8.4 Hz, 2H), 7.16 (d, J = 8.5 Hz, 2H), 4.88 (s, 1H), 2.51 (d, /= 1.5 Hz, 6H), 2.25 — 2.16 (m, 4H), 1.91 (dt, J =
13.1, 4.8 Hz, 2H), 1.79 (dt, J = 18.3, 7.9 Hz, 2H). ’C NMR (151 MHz, DMSO) § 195.3, 152.0, 146.7, 130.5,
129.9, 128.2, 112.5,37.2,32.4,26.8,21.2; IR v 3172.1, 1639.7, 1607.3, 1485.5 cm '; UV 0 =252.21nm; HRMS
(ESI-TOF) calcd for C;oH;oCINO, (M+H)" 328.1099, found 328.1107.
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9-(4-Bromophenyl)-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione, 3s [43]: Yield. 93%; Yellow
solid; m.p. 305°C~307°C (EtOH) (lit. m.p. 311°C~312°C). 'H NMR (600 MHz, DMSO) & 9.52 (s, 1H), 7.35 (d,
J=8.3Hz, 2H),7.11 (d, J= 8.3 Hz, 2H), 4.87 (s, 1H), 2.51 (d, J= 7.8 Hz, 4H), 2.25 — 2.16 (m, 4H), 1.95 — 1.86
(m, 2H), 1.84 — 1.72 (m, 2H). *C NMR (151 MHz, DMSO) & 195.3, 152.0, 147.2, 131.1, 130.3, 119.0, 112.5,
37.2,32.5,26.8,21.2; IR v 3169.1, 1634.8, 1602.7, 1482.7 cm"'; UV a0 =249.23 nm; HRMS (ESI-TOF) calcd
for C1oH oBrNO, (M+H)" 372.0594, found 372.0597.

9-(2-Hydroxyphenyl)-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione, 3t [44]: Yield. 68%; Yellow
solid; m.p. 304°C~306°C (EtOH) (lit. m.p. 302°C~304°C). 'H NMR (600 MHz, DMSO) & 9.86 (s, 1H), 9.72 (s,
1H), 6.96 (t, J= 7.5 Hz, 1H), 6.83 (d, /= 7.0 Hz, 1H), 6.69 (dd, /= 11.7, 7.7 Hz, 2H), 4.88 (s, 1H), 2.70 — 2.53
(m, 4H), 2.35 — 2.21 (m, 4H), 1.98 — 1.89 (m, 2H), 1.82 (dt, J = 23.5, 9.1 Hz, 2H)."’C NMR (151 MHz, DMSO)
5 197.2, 153.7, 134.43 (s), 128.4, 127.6, 120.4, 117.6, 112.8, 36.8, 26.9, 26.7, 21.0, 14.6; IR v 3182.3, 1672.4,
16422, 1504.8 cm™'; UV =232.62 nm; HRMS (ESI-TOF) calcd for CioHyNO; (M+H)" 310.1438, found
310.1431.

9-(5-Chloro-2-hydroxyphenyl)-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione, 3u [21]: Yield. 75%;
Yellow solid; m.p. 289°C~291°C (EtOH) (lit. m.p. 295°C~297°C). 'H NMR (600 MHz, DMSO) & 9.92 (s, 1H),
9.89 (s, 1H), 7.00 (dd, J = 8.5, 2.7 Hz, 1H), 6.76 (d, J= 2.6 Hz, 1H), 6.71 (d, J = 8.6 Hz, 1H), 4.85 (s, 1H), 2.62
(dd, J=13.4, 8.7 Hz, 2H), 2.59 — 2.52 (m, 2H), 2.34 — 2.24 (m, 4H), 1.95 (dt, J=13.1, 4.9 Hz, 2H), 1.87 — 1.75
(m, 2H).”C NMR (151 MHz, DMSO) & 197.1, 153.9, 153.1, 136.4, 128.1, 127.5, 123.7, 119.4, 112.1, 100.0,
36.8, 27.6, 26.8, 21.1; IR: 3185.3, 1673.4, 1642.2, 1490.3 cm™'; UV . = 233.21 nm; HRMS (ESI-TOF) calcd
for CoHoCINO; (M+H)" 344.1048, found 344.1051.

9-(5-Bromo-2-hydroxyphenyl)-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione, 3v [45]: Yield. 70%;
Yellow solid; m.p. 268°C~270°C (EtOH) (lit. m.p. 272°C~274°C). '"H NMR (600 MHz, DMSO) & 9.94 (s, 1H),
9.89 (s, 1H), 7.12 (dd, J = 8.5, 2.2 Hz, 1H), 6.88 (d, J= 2.2 Hz, 1H), 6.66 (d, J = 8.5 Hz, 1H), 4.84 (s, 1H), 2.62
(dd, J=13.0, 8.7 Hz, 2H), 2.57 (dd, /= 9.9, 4.7 Hz, 2H), 2.29 (d, /= 13.5 Hz, 4H), 1.99 — 1.89 (m, 2H), 1.87 —
1.74 (m, 2H).”C NMR (151 MHz, DMSO) & 211.7, 197.0, 153.9, 153.6, 136.8, 131.1, 130.4, 119.9, 112.1,
111.5, 36.8, 27.7, 26.9, 21.1, 14.6; IR v 3180.9, 1674.4, 1641.0, 1488.4 cm '; UV, = 233.64 nm; HRMS
(ESI-TOF) calcd for C;oH;eBrNO; (M+H)"™ 388.0543, found 388.0535.

9-(2-Hydroxy-5-methylphenyl)-3,4,6,7,9,10-hexahydroacridine-1,8(2H,SH)-dione, 3w: Yield. 53%;
Yellow solid; m.p. 253°C~254°C (EtOH), '"H NMR (600 MHz, DMSO) & 9.82 (s, 1H), 9.53 (s, 1H), 6.76 (dd, J
= 8.1, 1.9 Hz, 1H), 6.58 (d, J = 8.1 Hz, 2H), 4.85 (s, 1H), 2.66 — 2.59 (m, 2H), 2.59 — 2.53 (m, 2H), 2.34 — 2.23
(m, 4H), 2.11 (s, 3H), 1.95 (dt, J=13.1, 4.8 Hz, 2H), 1.87 — 1.77 (m, 2H)."*C NMR (151 MHz, DMSO) & 197.2,
153.6, 151.5, 134.2, 128.7, 128.1, 117.5, 112.8, 36.9, 26.9, 26.7, 21.0; IR v 3179.2, 1672.4, 1635.8, 1485.1 cm';
UV pax =232.54 nm; HRMS (ESI-TOF) calcd for C,0H,,NO; (M+H)" 324.1594, found 324.1597.

2.3, EWSFHIESFIRER

7E 25 ZTHBOE B, I\ B (50 mmol.  Z.k 2.1 Z.iE(100 mmol) FIEE F24%(65 mmol), $itdk N
HF 90°C R 1 h, FERINTERSG, RHGTIE, D8 ZEERSEAR, EEHT TR M.

2.4. KRR
16 250 ZAMIFME, MAZKHEEB00 mmol. 4 4R ZEE(600 mmol)FIEEE#2(390 mmol), it
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TINAE] 90C ML 1 h, FFRNTERG, ARLIE, WERA RS, BT KRR, ik, g, 15
B HAR=Y

3. ZR511R
3.1. REFARRK

S SCERIARE, RATKIFIHER, WHER30]. FAERERER(31]. FEE @RI AR, nT DU
AR 1,4-ZFMENERI G R SRTM, ABATT BRI A AL SR A7 CEAS B [NSOR) B B30 AL )& B R A, A
w1, AR TWALA . Amberlyst 15 BT 22 Hbif g —Fh AR AL A, |2 A TEEfG . Gedsth . Tk
. BEE . FEE . KEFNFE RIS, EAETIER, OB AT DU & 5 g B . A
BHR A B Amberlyst 15 BT A ARIE AR, B8 7 MUTTEEAN [FIERE S AN R 5 i) e S 1
BLER 1o W13 1 BT, 1E Amberlyst 15 5512240 5 (200 m)fiEAL T, ZKH (10 mmol). 2.8t 218 2.1
(20 mmol). BEER#Z(13 mmol) I EE/R LA 1:2:1.3 BT AT 0L . CAACHIEFIZE 70°C ML 1 AN, R
N 52% (5 1, entry 1), TAETCIEF T RBICEIER] 72% (£ 1, entry 2). AT ZXEAHF KT,
VN B TR IR B AT RO, AH R B RAR TR R TR M. 1, entries 3-4), J5 R A RE
SETEK IR N8 TCIESFE, RS TCTE AT 70 3 He ful S Lo Eed il B2 0 i, S BLAE 90°C S GV I 4644 T
1 /NG, SRHEESE A, BORTTLUAR] 92% (% 1, entry 5). %, FRHEAIMAHE, AR,
1/ fE, ZRHEEFRIFEH DS, 2 EUCRBA 2 KINAE(EE 1, entry 6, 91% yield).

Table 1. Reaction condition optimization results®

1 REEHRLER®
Ph
o)
N -,= EtOOC COOEt
o +)@COOEt * CHCOONH, Amberlyst 15 m
N

1a 2a 3
Entry Solvent T (°C) Yield® (%)
1 H,0 70 53
2 - 70 72
3 - 90 92
4¢ - 90 91
5 - 90 76
6“¢ - 90 75

“BrAEBE W, KZEFE 1a (10 mmol). LB 2R ZHE 2a
(20 mmol). Z®%:(12 mmol)Al H,O (5 mL)IE &M
Amberlyst-15 (200 mg)f77E FHitdE 60 44k, DI =&, ©
1§ 1] Amberlyst-15 (100 mg). ¢ i\ 50 mg Amberlyst 15, 30
orET.

3.2. RMNEYRRR

FEARA I S5 (TCVE 7, Amberlyst 15 B5-FAZ M lg AT, 90°C T M) T, H5 1 5 &l IR
B LT RN 2 R NS 2) L2 FRRTBAE Y, 1) SON A5l VS BB . A iR I BLAE 60 43
BRI DU SE 4, WEEN 72~95%. 2) A k¥ 5L H](CHs, -OCH) 1), RMEAT T 60 781G, Ik
A 72% (3b, 3¢): R, AP TREIN T &R, Ei%R PR DSFSBONHE NS R, R
] LLE R 93% (3¢-3i). 3) X T-r A AN MImE, G 2-WRms H i K 2-MEmy I, TEiZ N2, 15 41
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BN R A K RER, [M5E4, 2 BUCER 7 HN 88%A1 90% (3j-3K). 4) F5 3R _EAZFHR N AN, Ny
B IE R AN, o AIAEARAL(30) (AL (3e) FIXAL(3d), USCRALIEH H1(88%~93%) .

Ar
0 Amberivetts E0OC COOEt
Ao + M _COo0Et + cHcooNH, Amoelystis ||
3 )
1 2a 90 °C, 5-60 min H 3
CHs OCHs, cl
EtOOC COOEt Et00C COOEt Et0OC COOEt Et00C COOEt
| | | |
N N N
H H H N
3a: 91%, 60 min 3b: 77%, 60 min 3c: 72%, 60 min 3d: 93%, 30 min
Br NO,
cl
Cl
Et0OC COOEt EtOOC COOEt Et0OC COOEt Et0OC COOE
| | | |
N N
H H N N
3e: 90%, 30 min 3f: 88%, 60 min 3g: 88%, 40 min 3h: 90%, 30 min
NO, _ _
(ONg” S
Et0OC COOEt EtOOC COOEt EtooC COOEt
] | |
N N
N H H
3i: 91%, 60 min 3j: 88%, 15 min 3k: 90%, 15 min

Figure 2. Expansion of reaction substrate aldehydes

B 2. RBRYIEERIY R

o o) Amberlyst-15
A
A + Y\f + CHsCOONH, —————=
© 2 * 90°C, 5-60 min
2b-2¢

1

cl
0 o
P o o o 0
\| X =
N | <
N N

31: 95%, 15 min 3m: 91%, 15 min ~ 3n: 90%, 15 min 30: 88%, 15 min 3p: 85%, 5 min

39: 89%, 5 min

Cl

Me

Cl Br
HO HO HO HO
o] 0 o) 0 0 o) o )
| ] | | ||
N N N N
H H

3r: 96%, 5 min 3s:93%, 5 min 3t: 68%, 60 min 3u: 75%, 60 min 3v: 70%, 60 min 3w: 53%, 60 min

Figure 3. Further study on the scope of the substrates
B 3. RYBEERHE—SMR
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TR T —RINSGEWABEEED 1L4-4MnE 5, RAOHEE i G s A b g seld, #ia, Lo
13- ZFiAE 2Bk O BR 2B, W] LA s B i SE R 1,4-EtknE, Wl 3 fis. B, bh2,4-5
NIRBLED, RNAFUMRREAT, HER, FE-IFAR 1,4-ZF0MERTEY, i B Ens
BT MEBERTAEY), XL B BCRAIR E(31-30, 90%~95%) . PAFRIRAY 1,3-3F & i A, Ay USR]
RAFZIEIREERM 1, 4- e =4, WORMAR &, (H5 &I B 5538 A i i1 S B LA ik T 3 A
G e R, FEARRI RCR B R, P — M n] B Ok R e e Ak I T B A8 B Al
FERN 95% 7 AT I H0(30-3s) . 475 TN /KAGIERS . IS BRIBA AT, (H U AN (K (3t-3w), Utk
BT 3RTT 4-40 P2 R BLHUAR Y 1,4- = S MEMRAT A2 o
3.3. IR EYFI R

f T Amberlyst 15 B FAZHMAEANE T RNAR R, AT W BRI BT T 070K 4). IR NAE
WAZEAT FIAT RN, M sEse s, BRaEE, D& AR, RIS B, ATFEE— DA,
BT NIk RB, 25t 6 ARG, ZMENFNEOR B X = AR, FEE T LU E] 100%, Yk
BAAK, WEZAT 85%~90% L [H]

Ph
(0]
EtOOC COOEt
Ph" X0 *+ )J\/COOEt + ACONH, Amberlyst 15 m

90 °C, 60 min N

H

1a 2a 3a

920

Yield(%)

(9] o (%]

o

8
8
7
7
65
1 2 3 4 5 6 Run

Figure 4. Catalyst recycling
B 4. fEACFIR RS F B

3.4. AR

wJa . BADEX AT THOREMP L. W R AR AR, BRBIBCR 30 £, 77 A—X3RIGL
83 v HAR W, W 84% (K 5).
3.5. RRZHLERHER

BT RIR SIS R FROCHRIROE , BA T SN AHLBEREAT T HEW . Wl 5 fos, fERRMEZMT, K
B TR 2E L, IR M AR OB 1 5 HGE R I 2R AE, 58 BGE LA, 2555
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0
M__cooet

e 600 mmol
g 600 Amberlyst 15 _ EtOOC o COOEt
+
300 mmol AcNH,4 N
3189 390 mol H
30g 83 g, 84% yield

Figure 5. Amplified synthesis of 1,4-dihydropyridine
B 5. 1,4-— SR A E S AR

e Fe—41rF /K13 3 Knoevenagel =9 1, Fifi J5 T 0753 B AR IV, LB 4R 208 Sl IR R A I NAS
BENE V, KR Soh A TV [ 2 AR VI, &Ja k2 —0FK\R B B 3 (I 6). Amberlyst-15
TEIX LA Be D B 10 7 1 ZAE 5T RS A A 7R R R4 0 T KR A B AR

o Amberlyst-15 r”OH
M _cooet =———= \[
H* (Amberlyst-15)
Aer i = \+ H
- H* (Amberlyst-15) -
AcOH
+ H,0 COOEt
(NHZ
x. COOEt
11 Ar
v N = COOEt Ar cooy
+ —_—
OH
v D o
- H" (Amberlyst-15) 111
H* (Amberlyst-15)
Ar
H
EtOOC COOEt EtOOC COOEt
- H,O
NH o (Amberlyst-1 5)

VI

Figure 6. A probable mechanism

6. TRERYN RIALIE

4. &g

FETCIET S ARSI Z&AE T . Amberlyst 15 85 FACHM G AR, DOTERE. 1,3- "3RI SN, B
BRET 90°CHi G, mCRIMAR] 1,4-—AMNE . 2 ERA LR, FEEMER DA, RN RE, &
JSEISS TR) R DAL i AR PR FRAE A A HH T Amberlyst 15 8552 IR AE SN AA SR AN, 7T AR A [ WA
AL R AT LA R 6 1, H™ 3R A BIR AL . Bbdh, JOBIHUE AT DUBCR 2 — kA A 80 7 BL 1
P, WCR R, BRAERIAE .
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E&WE

BTG R “ et EAADRL” 208 A SR IR AL “ AR R IR N Ao B s =

FF GG 4 700 H (KLMEACM201908) 5 B .
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