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| A simple, inexpensive and efficient one-pot synthesis of a series of unsymmetrical 1,4-dihydropyridines derivatives using p-toluene |
| sulfonic acid as catalyst at room temperature was achieved in excellent yields from the four-component Hantzsch condensation reactions

| of various aromatic aldehydes, 1,3-cyclohexanedione, methyl acetoacetate (or ethyl acetoacetate) and ammonium acetate in a little methanol
(or ethanol). The procedure possesses the advantages of short reaction time, high yields, an environmental friendly procedure as well as

easy isolation of products.
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INTRODUCTION

1,4-Dihydropyridines (1,4-DHPs) and their derivatives
have received considerable attention due to their significant
pharmacological and biological properties'. Cardiovascular
agents such as nifedipine, nicardipine, amlodipine and other
related derivatives are dihydropyridyl compounds, which are
effective for the treatment of hypertension, angina, pectoris
and infarction’. Moreover, 1,4-dihydropyridines have been
widely used as calcium channel modulation® and the quinoline
derivatives exhibit a wide range of biological activities such
as antimalarial*, anti HIV?, antiplasmodial’, antiinflammatory’,
antibacterial®, antiproliferative and anticancer effects’. Current
literatures have revealed that 1,4-dihydropyridines even
possess other medicinal applications including neuroprotective
and platet antiaggregation activity'’. 1,4-Dihydropyridines are
also good precursors of the corresponding substituted pyridine
derivatives and constitute useful reductants for imines and c,3-
unsaturated compounds in organic synthesis'"'%. The interesting
properties of 1,4-dihydropyridines have attracted many organic
chemists to synthesize these heterocyclic derivatives.

The 1,4-dihydropyridines were first synthesized by
Hantzsch in 1882 from a one-pot, three-component conden-
sation of aldehyde, 1,3-dicarbonyl compounds and ammonia
either in acetic acid or in refluxing alcohol for several hours".
However, this method suffers from several drawbacks associated
with longer reaction times, excess of organic solvent, unsatis-
factory yields and drastic reaction conditions. Recently, many

efficient methods for preparing 1,4-dihydropyridines has been
developed including the use of microwave', ionic liquid',
refluxing at high temperature'®, iodine'’, TMSCI-Nal'®, ceric
ammonium nitrate'®, Montmorillonite K10%, SiO/JHC10,*,
nanoparticle and metal triflates™. But there are still some limita-
tions for the synthesis of 1,4-dihydropyridines in terms of the
use of high temperatures, expensive metal precursors, relatively
longer reaction times and difficult isolation of products.

In recent years, p-toluene sulfonic acid (PTSA) as catalyst
has been extensively used for many organic synthetic transfor-
mations™. Especially, it makes the reaction possess many
advantages such as low cost, eco-friendly nature, ease of
handling, non-toxicity, excellent product yields and high
reactivity. These features encouraged us to explore a cheaper,
environmentally friendly and high active p-toluene sulfonic
acid catalyst for the synthesis of 1,4-dihydropyridines and their
derivatives. Herein, we wish to report a facile and efficient
unsymmetrical Hantzsch condensation reactions of aldehydes,
1,3-cyclohexanedione, methyl acetoacetate (or ethyl aceto-
acetate) and ammonium acetate in the presence of a catalytic
amount p-toluene sulfonic acid to gives the corresponding 1,4-
dihydropyridine derivatives in excellent yields at room tempe-
rature (Scheme-I).

EXPERIMENTAL

Melting points were determined on X, melting point
apparatus and are uncorrected. Infrared (IR) spectra were
recorded in KBr discs on Nicolet 6700 FI-IR spectrophotometer.
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Scheme-I: Synthetic route for unsymmetrical 1,4-dihydropyridine derivatives

'H and ""H NMR spectra were recorded on Varian Inova-300
MHz or Varian Inova-400 MHz spectrometer using TMS as
internal standard and DMSO as a solvent. Mass spectra were
obtained on Shimadzu SIL-10A Auto Injector LCMS spectro-
meter. TLC was carried out on GF»s, silica gel plates.

General procedure for the preparation of 1,4-dihydro-
pyridines derivatives (5a-p): To a stirred mixture of 1,3-
cyclohexanedione (2 mmol), methyl acetoacetate or ethyl
acetoacetate (2 mmol) and p-toluene sulfonic acid (10 mol %)
in methanol or ethanol (2 mL), aldehyde (2 mmol) and
ammonium acetate (3 mmol) were added at ambient temperature.
The reaction mixture was then stirred at room temperature
until the reaction completed (monitored by TLC). The reaction
mixture treated with saturated NaHCO; solution and the
resulting yellow solid product was filtered to afford the crude
product. The crude product was recrystallized from ethanol to
obtain pure compounds Sa-p.

Methyl 2-methyl-5-oxo0-4-phenyl-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (5a): White crystals, IR
(KB, Vimax, cm™): 3279, 3213 (-NH), 3071, 2943, 1695 (-C=0),
1608 (-C=C), 1557, 1482, 1380, 1287, 1225, 1181, 1139, 1074,
985, 720; 'H NMR (400 MHz, DMSO-d;): 6 9.15 (s, 1H, NH),
7.19-7.13 (m, 4H, Ar-H), 7.08-7.03 (m, 1H, Ar-H), 4.93 (s,
1H, Cs-H), 3.52 (s, 3H, OCH3), 2.49 (d, / =4.8 Hz, 2H, C¢-H),
2.29 (s, 3H, CH,), 2.20 (t, J = 5.2 Hz, 2H, Cs-H), 1.91-1.86
(m, 1H, C;-H), 1.78-1.69 (m, 1H, C;-H); *C NMR (100 MHz,
DMSO-d): 8 194.6, 167.3, 151.3, 147.6, 145.2, 127.8, 127.2,
125.6, 111.1, 103.1, 50.6, 36.7, 35.3, 26.1, 20.7, 18.2; EI-
MS: m/z (%) = 298 ([M + HJ*, 100).

Methyl 4-(4-methoxyphenyl)-2-methyl-5-0xo0-
1,4,5,6,7,8-hexahydroquinoline-3- carboxylate (5b): Pale
yellow crystals, IR (KB, Vi, cm™): 3271, 3186 (-NH), 3069,
2944, 1701 (-C=0), 1652 (-C=C), 1604, 1504, 1487, 1383,
1222, 1178, 1137, 1031, 986, 829; 'H NMR (400 MHz,
DMSO-ds): 8 9.10 (s, 1H, NH), 7.04 (d, J = 8.8 Hz, 2H, Ar-
H), 6.74 (d, J = 8.8 Hz, 2H, Ar-H), 4.85 (s, 1H, C,s-H), 3.66 (s,
3H, ArOCHs), 3.52 (s, 3H, OCHs), 2.50-2.45 (m, 2H, C¢-H),
2.28 (s, 3H, CH3), 2.21-2.15 (m, 2H, Cs-H), 1.92-1.86 (m,
1H, C;-H), 1.78-1.69 (m, 1H, C;-H); *C NMR (100 MHz,
DMSO-d): 8 194.6, 167.4,157.3, 151.0, 144.8, 139.9, 128.1,
113.2, 111.4, 103.4, 54.8, 50.5, 36.7, 34.4, 26.0, 20.8, 18.2;
EI-MS: m/z (%) = 328 ([M + HJ*, 100).

Methyl 2-methyl-5-0x0-4-(2-phenylethenyl)-
1,4,5,6,7,8-hexahydroquinoline-3-carboxylate (5c): Yellow
crystals, IR (KBr, Vi, cm™): 3280, 3211 (-NH), 3080, 3021,
2947, 1698 (-C=0), 1629 (-C=C), 1606, 1483, 1383, 1289,

1228, 1184, 1140, 1077, 752, 698; 'H NMR (400 MHz,
DMSO-ds): 9.13 (s, 1H, NH), 7.30-7.23 (m, 4H, Ar-H), 7.16
(t, J =7.2 Hz, 1H, Ar-H), 6.12-6.02 (m, 2H, =CH), 4.53 (d,
1H, J = 4.8 Hz, C;-H), 3.63 (s, 3H, OCH,), 2.50-2.45 (m, 2H,
Cs-H), 2.29-2.22 (m, 5H, CH;, Cs-H), 1.97-1.84 (m, 2H, C;-
H); “C NMR (100 MHz, DMSO-ds): 8 194.6, 167.2, 152.0,
146.0, 137.0, 132.4, 128.4, 127.1, 126.8, 125.9, 108.7, 100.8,
50.7,36.7,32.4,26.1, 20.9, 18.2; EI-MS: m/z (%) = 324 ((M
+ 17%, 21), 220(100).

Methyl 4-(4-chlorophenyl)-2-methyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (5d): White crystals, IR
(KBr, Vinax, cm™): 3268, 3177 (-NH), 3063, 2950, 1701 (-C=0),
1657 (-C=C), 1605, 1491, 1381, 1223, 1181, 1137, 1114, 991,
'H NMR (400 MHz, DMSO-ds): 6 9.20 (s, 1H, NH), 7.24 (d,
J=8.4Hz, 2H, Ar-H), 7.15 (d, J = 8.4 Hz, 2H, Ar-H), 4.90 (s,
1H, C;-H), 3.52 (s, 3H, OCH,), 2.49-2.38 (m, 2H, C¢-H), 2.30
(s, 3H, CH3), 2.25-2.11 (m, 2H, Cs-H), 1.91-1.81 (m, 1H, C>-
H), 1.77-1.70 (m, 1H, C;-H); *C NMR (100 MHz, DMSO-
de): 8 194.6, 167.1, 151.4, 146.5, 145.5, 130.2, 129.0, 127.8,
127.1, 110.8, 102.6, 50.6, 36.6, 35.1, 26.0, 20.7, 18.2; EI-
MS: m/z (%) = 332 ((M + HJ*, 100).

Methyl 4-(4-bromophenyl)-2-methyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (5e): Pale yellow crys-
tals, IR (KBT, Vina, cm™): 3268, 3177 (-NH), 3058, 3021, 2969,
2948, 1700 (-C=0), 1659 (-C=C), 1605, 1492, 1429, 1382,
1301, 1223, 1181, 1137, 1113, 1073, 993, 832; '"H NMR (400
MHz, DMSO-d;): 89.21 (s, 1H, NH), 7.37 (d, J = 8.0 Hz, 2H,
Ar-H),7.10 (d, J=8.0 Hz, 2H, Ar-H), 4.89 (s, 1H, Cs-H), 3.53
(s, 3H, OCHs), 2.49- 2.46 (m, 2H, Cs-H), 2.30 (s, 3H, CH;),
2.27-2.15 (m, 2H, Cs-H), 1.92-1.88 (m, 1H, C;-H), 1.77-1.73
(m, 1H, C;-H); *C NMR (100 MHz, DMSO-ds): & 194.6,
167.1,151.4, 146.9, 145.5, 130.8, 129.4, 118.7, 110.7, 102.6,
50.6, 36.6, 35.2, 26.0, 20.7, 18.2; EI-MS: m/z (%) = 377 ((M
+ HJ*, 100).

Methyl 2-methyl-4-(4-methylphenyl)-5-0xo0-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (5f): White crystals, IR
(KB, Vinax, cm™): 3276, 3209 (-NH), 3077, 2954, 1699 (-C=0),
1647 (-C=C), 1608, 1488, 1377, 1292, 1228, 1176, 1109, 1072,
991, 775; 'H NMR (400 MHz, DMSO-ds): 69.11 (s, 1H, NH),
7.02 (d, J=8.0 Hz, 2H, Ar-H), 6.97 (d, J = 8.0 Hz, 2H, Ar-H),
4.88 (s, 1H, C4-H), 3.52 (s, 3H, OCH3), 2.50-2.45 (m, 2H, C¢-
H), 2.28(s, 3H, CH3), 2.20-2.17 (m, 5H, ArCHj3, Cs-H), 1.91-
1.85 (m, 1H, C;-H), 1.77-1.66 (m, 1H, C;-H); “C NMR (100
MHz, DMSO-ds): 6 195.0, 167.8, 151.6, 145.4, 145.2, 134.9,
128.9,127.5,111.7, 103.7, 51.0, 37.1, 35.4, 26.5, 21.2, 20.9,
18.6; EI-MS: m/z (%) = 312 ((M + H]*, 100).

Methyl 2-methyl-4-(4-nitrophenyl)-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (5g): Pale yellow crys-
tals, IR (KBT, Vinax, cm™): 3293, 3217(-NH), 3080, 2948, 1708
(-C=0), 1650 (-C=0C), 1607, 1524, 1483, 1380, 1352, 1227,
1186, 1138, 1079, 831; 'H NMR (400 MHz, DMSO-ds): &
9.32 (s, 1H, NH), 8.08 (d, J = 8.4 Hz, 2H, Ar-H), 7.42 (d, J =
8.4 Hz, 2H, Ar-H), 5.04 (s, 1H, C4-H), 3.54 (s, 3H, OCHj3),
2.53-2.50 (m, 2H, C¢-H), 2.34 (s, 3H, CH;), 2.25-2.16 (m,
2H, Cs-H), 1.94-1.89 (m, 1H, C;-H), 1.79-1.71 (m, 1H, C;-
H); “C NMR (100 MHz, DMSO-ds): 8 194.5, 166.9, 154.9,
151.9, 146.2, 145.6, 128.5, 123.2, 110.1, 101.9, 50.7, 36.5,
36.1, 26.0, 20.6, 18.2; EI-MS: m/z (%) = 344 ((M + H + 1],
100).
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Methyl 2-methyl-4-(3-nitrophenyl)-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (Sh): Pale yellow crystals,
IR (KBr, Vi, cm™): 3285, 3206 (-NH), 3071, 2945, 1698
(-C=0), 1646 (-C=C), 1607, 1527, 1480, 1381, 1346, 1291,
1223, 1183, 1078, 716; '"H NMR (300 MHz, DMSO-ds): &
9.32 (s, IH, NH), 7.95 (d, J/ = 7.5 Hz, 2H, Ar-H), 7.58 (d, J =
7.5 Hz, 1H, Ar-H), 7.49 (t, J = 7.5 Hz, 1H, Ar-H), 5.00 (s, 1H,
C,;-H), 3.51 (s, 3H, OCHs), 2.48-2.41 (m, 2H, Cs-H), 2.30 (s,
3H, CH3),2.26-2.16 (m, 2H, Cs-H), 1.92-1.82 (m, 1H, C;-H), 1.79-
1.64 (m, 1H, C;-H); EI-MS: m/z (%) = 343 ([M + HJ", 100).

Ethyl 2-methyl-5-oxo0-4-phenyl-1,4,5,6,7,8-hexahydro-
quinoline-3-carboxylate (5i): White crystals, IR (KBr, Vinax,
cm™): 3268 (-NH), 2975, 1690 (-C=0), 1639 (-C=C), 1607,
1479, 1380, 1285, 1224, 1181, 1090, 1050, 881, 694; '"H NMR
(300 MHz, DMSO-d;): 69.10 (s, IH, NH), 7.16-7.11 (m, 5H,
Ar-H), 4.89 (s, 1H, Cs-H), 3.96 (q, J = 6.9 Hz, 2H, OCH,),
2.41-2.33 (m, 2H, Cs-H), 2.26 (s, 3H, CHj3), 2.18-2.13 (m,
2H, Cs-H), 1.92-1.82 (m, 2H, C;-H), 1.10 (t, J = 6.9 Hz, 3H,
OCH,CH,); EI-MS: m/z (%) = 312 (M + HJ*, 100).

Ethyl-4-(4-methoxyphenyl)-2-methyl-5-o0xo0-1,4,5,6,
7,8-hexahydroquinoline-3-carboxylate (5j): White crystals,
IR (KBr, Vima, cm™): 3283, 3220 (-NH), 3075, 2975, 1691
(-C=0), 1625 (-C=C), 1607, 1510, 1482, 1380, 1286, 1223,
1183, 1138, 1073, 826; 'H NMR (300 MHz, DMSO-ds): &
9.05 (s, 1H, NH), 7.03 (d, J = 8.4 Hz, 2H, Ar-H), 6.72 (d, J =
8.4 Hz, 2H, Ar-H), 4.81 (s, 1H, Cs-H), 3.96 (q, J = 7.2 Hz, 2H,
OCH,), 3.65 (s, 3H, OCHj3), 2.43-2.36 (m, 2H, Cs-H), 2.25 (s,
3H, CH3), 2.19-2.11 (m, 2H, Cs-H), 1.93-1.83 (m, 1H, C;-H),
1.79-1.66 (m, 1H, C;-H), 1.11 (t, J = 7.2 Hz, 3H, OCH,CHj5);
EI-MS: m/z (%) = 342([M + H]*, 18), 234 (100).

Ethyl 2-methyl-5-ox0-4-(2-phenylethenyl)-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (5k): Pale yellow
crystals, IR (KB, Vinay, cm™): 3283, 3214 (-NH), 3077, 3029,
2978, 1693 (-C=0), 1646 (-C=C), 1605, 1482, 1382, 1287,
1226, 1182, 1139, 1077, 1060, 963, 761; 'H NMR (400 MHz,
DMSO-ds): 69.09 (s, 1H,NH), 7.29-7.23 (m, 4H, Ar-H), 7.18-
7.14 (m, 1H, Ar-H), 6.06 (t, J = 2.0 Hz, 2H, =CH), 4.51 (s,
1H, C4-H), 4.16-4.02 (m, 2H, OCH,), 2.51-2.44 (m, 2H,
Ces-H), 2.32-2.24 (m, 5H, CH;, Cs-H), 1.97-1.90 (m, 2H,
C;-H), 1.20 (t, J = 7.2 Hz, 3H, OCH,CH3); *C NMR (100
MHz, DMSO-ds): 6 194.6, 166.7, 152.0, 145.7, 137.1, 132.4,
128.4,127.2,126.8,125.8,108.6, 101.1, 59.0, 36.7, 32.5, 26.1,
20.9,18.2,14.2; EI-MS: m/z (%) =338 (IM + 1], 5), 234(100).

Ethyl 4-(4-chlorophenyl)-2-methyl-5-o0xo0-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (51): White crystals, IR
(KBr, Vinax, cm™): 3284, 3214 (-NH), 3077, 2955, 1698 (-C=0),
1643 (-C=C), 1625, 1607, 1481, 1381, 1284, 1224, 1181, 1137,
1073, 824; '"H NMR (400 MHz, DMSO-ds): 6 9.17 (s, 1H,
NH), 7.24 (d, J = 8.4 Hz, 2H, Ar-H), 7.16 (d, J = 8.4 Hz, 2H,
Ar-H), 4.89 (s, 1H, Cs-H), 4.01-3.95 (m, 2H, OCH>), 2.51-
2.46 (m, 2H, Cs-H), 2.30 (s, 3H, CHs), 2.26-2.14 (m, 2H,
Cs-H), 1.92-1.86 (m, 1H, C;-H), 1.77-1.70 (m, 1H, C;-H), 1.11
(t, J = 7.2 Hz, 3H, OCH,CH3); *C NMR (100 MHz, DMSO-
ds): 8 194.5, 166.6, 151.4, 146.6, 145.2, 130.1, 129.2, 127.6,
110.7, 103.0, 59.0, 36.6, 35.3, 26.0, 20.7, 18.2, 14.0; EI-MS:
m/z (%) = 346([M + H]*, 100).

Ethyl 4-(4-bromophenyl)-2-methyl-5-oxo0-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (5m): White crystals, IR
(KBr, Vinax, cm™): 3285, 3217 (-NH), 3075, 2978, 1698 (-C=0),

1646 (-C=C), 1625, 1606, 1483, 1381, 1285, 1223, 1182, 1137,
1074, 826, 710; 'H NMR (400 MHz, DMSO-d;): 6 9.18 (s,
1H, NH), 7.37 (d, J = 8.4 Hz, 2H, Ar-H), 7.10 (d, J = 8.4 Hz,
2H, Ar-H), 4.86 (s, 1H, C+-H), 3.97 (q, /= 7.2 Hz, 2H, OCH,),
2.51-2.46 (m, 2H, Cs-H), 2.29 (s, 3H, CH3), 2.24-2.12 (m,
2H, Cs-H), 1.92-1.86 (m, 1H, C;-H), 1.79-1.69 (m, 1H, Cs-
H), 1.11 (t, J = 7.2 Hz, 3H, OCH,CH3); *C NMR (100 MHz,
DMSO-d;): 8 194.6, 166.6, 151.5, 147.1, 145.3, 130.6, 129.7,
118.7, 110.7, 102.9, 59.0, 36.6, 35.4, 26.0, 20.7, 18.2, 14.1;
EI-MS: m/z (%) = 390 ([M + HJ*, 98), 392 (M + H + 2],
100); 393 (M + H + 3], 18).

Ethyl 2-methyl-4-(4-methylphenyl)-5-oxo0-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (5n): White crystals, IR
(KBr, Vinax, cm™): 3283, 3212 (-NH), 3077, 2954, 1696 (-C=0),
1646 (-C=C), 1606, 1481, 1380, 1284, 1223, 1182, 1137, 1072,
971,716; 'H NMR (400 MHz, DMSO-d): 69.08 (s, 1H, NH),
7.02 (d, J=8.0 Hz, 2H, Ar-H), 6.96 (d, J = 8.0 Hz, 2H, Ar-H),
4.85 (s, 1H, C4-H), 3.97 (q, J = 7.2 Hz, 2H, OCH,), 2.50-2.45
(m, 2H, C¢-H), 2.27 (s, 3H, CH3), 2.19-2.15 (m, 5H, ArCH;,
Cs-H), 1.91-1.86 (m, 1H, C;-H), 1.78-1.67 (m, 1H, C;-H), 1.12
(t, J = 7.2 Hz, 3H, OCH,CH3;); *C NMR (100 MHz, DMSO-
de): 8 194.5,166.9, 151.1, 144.9, 144.6, 134.5, 128.3, 127.2,
111.2, 103.6, 58.9, 36.7, 35.1, 26.1, 20.8, 20.5, 18.2, 14.1;
EI-MS: m/z (%) = 326 ([M + H]*, 100).

Ethyl 2-methyl-4-(4-nitrophenyl)-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (50): Pale yellow
crystals, IR (KBTI, Vinag, cm™): 3296, 3217 (-NH), 3080, 2945,
1701 (-C=0), 1652 (-C=C), 1605, 1517, 1481, 1379, 1347,
1224, 1184, 1071, 857; 'H NMR (400 MHz, DMSO-ds): 6
9.29 (s, 1H, NH), 8.09 (d, J = 8.4 Hz, 2H, Ar-H), 7.43 (d, J =
8.4 Hz, 2H, Ar-H), 5.03 (s, 1H, Cs-H), 3.96 (q, /= 7.2 Hz, 2H,
OCH,), 2.51-2.39 (m, 2H, C¢-H), 2.33 (s, 3H, CH3), 2.29-2.15
(m, 2H, Cs-H), 1.94-1.88(m, 1H, C;-H), 1.78-1.73 (m, 1H,
C;-H), 1.11 (t, J = 7.2 Hz, 3H, OCH,CH3); *C NMR (100
MHz, DMSO-ds): 6 194.5, 166.4, 155.1, 151.9, 146.0, 145.6,
128.8,128.6, 123.1,110.1, 102.2, 59.1, 36.5, 36.3, 26.0, 20.6,
18.2, 14.0; EI-MS: m/z (%) = 357 ((M + HJ*, 100).

Ethyl 2-methyl-4-(3-nitrophenyl)-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (5p): Pale yellow
crystals, IR (KBTI, Vina,, cm™): 3293, 3217 (-NH), 3080, 2945,
1703 (-C=0), 1651 (-C=C), 1607, 1526, 1482, 1382, 1344,
1285, 1123, 1179, 1080, 714, 680; 'H NMR (400 MHz,
DMSO-ds): 69.31 (s, 1H, NH), 8.00-7.97 (m, 2H, Ar-H), 7.62
(d,J=8.0Hz, 1H, Ar-H), 7.52 (d, J = 8.0 Hz, 1H, Ar-H), 5.03
(s, 1H, Cs-H), 4.03-3.94 (m, 2H, OCH.), 2.57-2.51 (m, 2H,
Cs-H), 2.34 (s, 3H, CHs), 2.30-2.15 (m, 2H, Cs-H), 1.95-1.89
(m, 1H, C;-H), 1.81-1.73 (m, 1H, C;-H), 1.12 (t, J = 7.2 Hz,
3H, OCH,CH3); *C NMR (100 MHz, DMSO-d;): 6 = 194.6,
166.4,151.9, 149.8, 147.4, 146.0, 134.2, 129.4, 121.9, 120.8,
110.3, 102.5, 59.1, 36.5, 36.1, 26.0, 20.7, 18.2, 13.9; EI-MS:
m/z (%) = 357 ((M + HJ*, 100).

RESULTS AND DISCUSSION

In an initial experiment, the mixture of benzaldehyde (1a),
1,3-cyclohexanedione (2), methyl acetoacetate (3) and
ammonium acetate (4) in small amount of methanol were
stirred at room temperature. After 6 h, only 39 % of product
Sa was obtained after recrystallization of the crude product
from ethanol (entry 1, Table-1).
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To detect whether the use of catalyst p-toluene sulfonic
acid was efficient or not and to optimize the reaction conditions,
p-toluene sulfonic acid was used in catalytic amount (5 mol
%) and the reaction was carried out under similar conditions.
The speed of the reaction was obviously accelerated, but the
yield of the corresponding product Sa was still unsatisfactory
(entry 2, Table-1). Subsequently, we also investigated the
reaction results catalyzed by the different amounts of p-toluene
sulfonic acid from 5-30 %. Fortunately, a significant improve-
ment in the yield (96 %) after only 1.5 h was observed using
10 % p-toluene sulfonic acid (entry 3, Table-1).

TABLE-1
OPTIMIZING THE REACTION CONDITIONS*

p-Toluene sulfonic

Entry acid (0l %) Time (h)  Yield (%)**
1 0 6 39
2 5 35 71
3 10 15 9
4 20 15 89
5 30 1.5 75

*Ratio of benzaldehyde: 1,3-cyclohexanedione: methyl acetoacetate:
ammonium acetate was 1:1:1:1.5. **Crude isolated yields.

Based on these results, we then selected the optimized
reaction conditions to determine the scope of Hantzsch reaction
catalyzed by p-toluene sulfonic acid. A wide range of substituted
aromatic aldehydes with 1,3-cyclohexanedione, methyl
acetoacetate and ammonium acetate could be converted
successfully to the corresponding products in excellent yields
(entry 1-8, Table-2). Different substituents on the aromatic
aldehydes including either electrondonating groups (such as
alkoxyl groups) or electron-withdrawing groups (such as nitro
or chloro groups) did not detrimentally affect the yields of the
product.

In order to examined the effect on the reaction of different
1,3-dicarbonyl compound containing active methylene such
as ethyl acetoacetate, different substituted benzaldehydes were
carried out with 1,3-cyclohexanedione, ethyl acetoacetate and

ammonium acetate in the presence of p-toluene sulfonic acid,
The results has not shown much difference in the product yields
(entry 9-16, Table-2). All used aromatic aldehydes can afford
the corresponding products in excellent yields. The increased
reaction times with all substituted benzaldehydes may be due
to the less reactivity of ethyl acetoacetate in comparison to
methyl acetoacetate.

Conclusion

In summary, we have developed a simple, cheaper and
efficient method to synthesize a variety of unsymmetrical
4-substituted-1,4-dihydropyridines from the Hantzsch conden-
sation reactions of various aromatic aldehydes, 1,3-cyclohex-
anedione, active methylene 1,3-dicarbonyl compounds and
ammonium acetate in the presence of a catalytic amount
p-toluene sulfonic acid (10 mol %) at room temperature. The
procedure offers several advantages including high yields, a
short reaction time, milder conditions, an environmental
friendly procedure as well as easy isolation of products, which
makes it a useful process for the synthesis of 1,4-dihydro-
pyridines derivatives.
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