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Abstract: A convenient and practical, amberlite IR-120 catalyzed one pot four component reaction of 
1,3-diketones,  aromatic aldehydes, ethylacetoacetate and ammonium acetate for the synthesis of 1,4-
dihydropyrimidines in good yields has been reported.   
 
 
 
Introduction 
 
Multicomponent reactions (MCRs) typically 
involve more than two reactants to combine 
in a sequential manner giving highly 
selective products while retaining majority 
of the atoms of the starting material. MCRs 
have received considerable attention because 
of their wide range of applications in 
pharmaceutical chemistry for the creation of 
structural diversity and combinatorial 
libraries for drug discovery.1  
 
1.4-dihydropyrimidines (Figure 1) are an 
important class of pharmaceutically 
important heterocycles that have attracted 
much attention because of their diverse 
therapeutic properties, such as calcium  
---------------------------------------------------------------- 
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channel blockers, vasodilator, 
hepatoprotective, antiatherosclerotic, 
bronchodilator, antitumor, geroprotective, 
antidiabetic activity, etc.2 In addition, 
studies have revealed other applications 
such as neuroprotectant and platelet anti-
aggregatory activity, cerebral anti-ischemic 
activity in the treatment of Alzheimer’s 
disease, and as a chemosensitizer in tumor 
therapy. 3  
 
Synthesis of 1.4-dihydropyrimidine 
derivatives employing MCRs has been 
widely studied and documented in literature. 
Various catalysts including molecular 
iodine,4 ionic liquid,5 rare earth metal 
triflates,6 HClO4–SiO2,7 HY-zeolites,8 ZnO 
beta zeolite, 9 TMSCl-NaI,10 ceric 
ammonium nitrate,11 grinding technique,12 
ultrasound,13 montmorillonite K-10,14 p-
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TSA,15 polymer,16 hetrapolyacid,17 organic 
catalyst,18 L-proline,19 Baker’s yeast,20 
ZrCl4,21 MCM-41,22 solar heat,23 
Hf(NPf2)4,24 Yb(OTf)3,25 Cu(OTf)2,26 
triphenyl phosphine,27 liquid phase,28 
palladium nanoparticles,29 In–SiO2 
composite catalyst,30 microwave 
irradiation,31 and visible light irradiation32 
have been reported for the synthesis of 
polyhydroquinoline derivatives. Some of 
these methods suffer from certain 
drawbacks, such as longer reaction time, low 
yields, harsh reaction conditions and 
environmentally toxic catalyst.  
 
In continuation of our research work on the 
development of highly expedient 
methodologies for the synthesis of 
biologically important heterocyclic 
compounds,33 we became interested in the 
development of one-pot MCR route for the 
synthesis of polyhydroquinolines using 
green catalyst. Recently, amberlite IR-120 
resin has evolved as a mild and green 
catalyst imparting high selectivities in 
various organic transformations.34 
Compared to conventional resins, amberlite 
IR-120 resin in particular has advantages of 
low catalyst loading, moisture stability and 
catalyst recycling. 
 
To the best of our knowledge, however, 
amberlite IR-120 resin promoted synthesis 
of 1.4-dihydropyrimidines has not been 
reported till date. In the present work, we 
report here a methodology for the synthesis 
of 1.4-dihydropyrimidines catalyzed by 
amberlite IR-120 resin. The overall process 
involves the Knoevenagel condensation of 
dimedone with aryl aldehydes, followed by 
in situ Michael addition of ethyl acetoacetate 
in a single operation. 
 
Results and Discussion 
 

As a model reaction, we selected 1 equiv of 
benzaldehyde 4, 1 equiv of dimedone 5, 1 
equiv of ethylacetoacetate 7, 1.5 equiv of 
ammonium acetate 8 and 10 mol% of 
amberlite IR-12035 in ethanol to obtain 1.4-
dihydropyrimidine 9a in good yield 
(Scheme 1). As shown in Table 1, aromatic 
aldehydes carrying either electron donating 
or withdrawing substituent worked well, 
giving good yields of products.  
 
The Knoevenagel condensation followed by 
Michael addition reaction of dimedone with 
several aromatic aldehydes, ammonium 
acetate, and ethylacetoacetate catalysed by 
amberlite IR-120 was investigated using a 
range of different solvents. The results in 
Table 2 indicate that in general, reactions 
proceeded to completion in most of the 
solvents like dichloromethane, toluene and 
EtOH. Reactions proceeded faster under 
refluxing conditions than at room 
temperature.  
 
Recyclability of the amberlite IR-120 
catalyst was examined. For this reason, the 
catalyst used was recovered from the 
reaction via filtration, dried and re-used for 
the same reaction. This procedure was 
repeated for three times and results are 
summarized in Table 3. It is evident that the 
catalyst can be recycled successfully several 
times without significant loss of its catalytic 
activity. 
 
Conclusion 
 
In summary, we have developed a mild and 
efficient strategy for the synthesis of 1.4-
dihydropyrimidines from 1,3-diketones, aryl 
aldehydes, ethylacetoacetate and ammonium 
acetate via Knoevenagel condensation 
followed by Michael addition reaction using 
amberlite IR-120 catalyst. The methodology 
is simple, rapid, and relatively inexpensive 



40 
ISSN: 2249 –4820 

Chemistry & Biology Interface, 2013, 3, 1, 38-49 
 

 
 

affording good yields with operational 
simplicity. 
 
Experimental Section 

 
General:  Unless otherwise stated, all 
commercial reagents and solvents were used 
without additional purification. Reactions 
were monitored by thin layer 
chromatography (TLC) on silica gel plates 
(60 F254), visualizing with ultraviolet light 
(254 nm) or iodine spray. Column 
chromatography was performed on silica gel 
(60-120 mesh) using a proper eluent. 1H and 
13C NMR spectra were determined in CDCl3 
and DMSO solutions using Varian MR 400 
and 100 MHz spectrometers respectively. 
Proton chemical shifts (δ) are relative to 
tetramethylsilane (TMS, δ = 0.0) as internal 
standard and expressed in parts per million. 
Spin multiplicities are given as s (singlet), d 
(doublet), t (triplet), and m (multiplet) as 
well as b (broad). Coupling constants (J) are 
given in hertz. Infrared spectra were 
recorded on a FTIR spectrometer. Melting 
points were determined by using a Buchi 
melting point B-540 apparatus. MS spectra 
were recorded using an Agilent 6430 triple 
quadrapole mass spectrometer.  
 
General procedure for the synthesis of 
compounds 9-10: In a typical experiment, a 
solution of aldehyde (1 mmol), 1,3-diketone 
(1 mmol), ethylacetoacetate (1 mmol) and 
ammonium acetate (1.5 mmol) in absolute 
ethanol (2 mL) in the presence of amberlite 
IR 120 (10 mol%) was stirred at rt for 3h. 
After the starting material disappeared (by 
TLC) the reaction mixture was poured into 
crushed ice and the separated solid product, 
was filtered and dried. The solid product 
thus obtained was dissolved in 
dichloromethane and amberlite IR-120 was 
removed by filtration. Evaporation of the 
solvent furnished the desired product in 
good yield.  

 
Ethyl-4-(4-methoxyphenyl)-2,7,7-
trimethyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (9a): 
Pale yellow solid; M.P: 251-252 °C; 1H  
NMR (400 MHz, CDCl3): δ 7.21 (d, J = 8.8 
Hz, 2H), 6.73 (d, J = 8.8 Hz, 2H), 5.92 (s, 
1H), 4.99 (s, 1H), 4.05 (q, J = 14.0, 6.8 Hz, 
2H), 3.73 (s, 3H), 2.36 (s, 3H),  2.36-2.12 
(m, 4H), 1.20 (t, J = 6.8 Hz, 3H), 1.07 (s, 
3H), 0.93 (s, 3H); 13C NMR (100 MHz, 
CDCl3): δ 199.5, 170.5, 160.4, 153.4, 146.9, 
142.2, 131.0 (2C), 115.2 (2C), 113.5, 107.9, 
61.9, 56.6, 52.5, 42.1, 38.0, 34.5, 31.8, 28.1, 
19.6, 15.6; IR (KBr): 3276, 1700, 1606, 
1217 cm-1;  ESI (M+-1): 368;  Yield: 83% 
 
ethyl 4-(4-fluorophenyl)-2,7,7-trimethyl-
5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (9b): Pale yellow solid; M.P: 
187-189 °C; 1H NMR (400 MHz, CDCl3): δ 
7.27-7.24 (m, 2H), 6.89-6.85 (t, J = 8.8 Hz, 
2H), 5.79 (s, 1H), 5.03 (s, 1H), 4.05 (q, J = 
14.0, 6.8 Hz, 2H), 2.38 (s, 3H), 2.36-2.17 
(m, 4H), 1.18 (t, J = 7.6, 3H), 1.08 (s, 3H), 
0.93 (s, 3H); 13C NMR (100 MHz, CDCl3): 
δ 195.5, 167.3, 162.4, 160.0, 148.1, 143.4, 
142.8, 129.5, 129.2, 114.6, 112.0, 106.0, 
59.8, 50.6, 41.0, 36.1, 32.6, 29.4, 27.1, 19.4, 
14.2; IR (KBr): 3566, 1705, 1605, 1281, 
1219 cm-1; ESI (M+): 357; Yield: 80% 
 
Ethyl-4-(3-cyanophenyl)-2,7,7-trimethyl-
5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (9c): Pale yellow solid; M.P: 
176-178 °C; 1H  NMR (400 MHz, CDCl3): 

δ 7.60 (d, J = 8.0 Hz, 1H), 7.55  (s, 1H), 
7.40-7.38 (m, 1H), 7.32-7.25 (m, 1H), 6.46 
(s, 1H), 5.06 (s, 1H), 4.04 (q, J = 14.0, 6.8 
Hz, 2H), 2.38 (s, 3H), 2.37-2.11 (m, 4H), 
1.17 (t, J = 7.6 Hz, 3H), 1.07 (s, 3H), 0.91 
(s, 3H); 13C NMR (100 MHz, CDCl3): δ 
195.6, 167.0, 149.4, 148.6, 144.8, 133.2, 
131.8, 129.9, 128.7, 119.4, 111.6, 110.9, 
104.8, 59.9, 50.6, 40.6, 37.0, 32.6, 29.4, 
27.2, 19.3, 14.2; IR (KBr): 3278, 2229, 
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1699, 1618 cm-1; ESI (M+): 364.9; Yield: 
84% 
 
Ethyl-4-(4-bromophenyl)-2,7,7-trimethyl-
5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (9d): Pale yellow solid; M.P: 
252-254 °C, 1H NMR (400 MHz, CDCl3): δ 
7.31 (d, J = 8 Hz, 2H), 7.18 (d, J = 8 Hz, 
2H),  5.87 (s, 1H),  5.01 (s, 1H), 4.04 (q, J = 
14.4, 7.2 Hz, 2H), 2.38 (s, 3H),  2.35-2.12 
(m, 4H), 1.18 (t, J = 7.2, 3H), 1.07 (s, 3H), 
0.92 (s, 3H); 13C NMR (100 MHz, CDCl3): 
δ 195.5, 167.2, 148.4, 146.1, 143.7, 131.1, 
130.6, 130.0, 129.6, 119.7, 111.6, 105.6, 
59.9, 50.6, 40.9, 36.5, 32.6, 29.5, 27.2, 19.5, 
14.3; IR (KBr): 3275, 1701, 1605, 1281, 
1216 cm-1; ESI (M+): 417.8 ;  Yield: 78% 
 
Ethyl-4-(3-fluoro-4-methoxyphenyl)-2,7,7-
trimethyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (9e): 
Off white solid; M.P: 234-235 °C, 1H NMR 
(400 MHz, CDCl3):  δ 7.05-7.00 (m, 2H), 
6.79 (t, J = 8.8 Hz, 1H), 5.72 (brs, 1H), 4.99 
(s, 1H), 4.06 (q, J = 14.0, 6.8 Hz, 2H), 3.82 
(s, 3H), 2.38 (s, 3H), 2.35-2.12 (m, 4H), 
1.20 (t, J = 8.8 Hz, 3H), 1.08 (s, 3H), 0.94 
(s, 3H); 13C NMR (100 MHz, CDCl3): δ 
195.5, 167.3, 153.3, 150.9, 148.1, 143.4, 
140.4, 112.6, 111.8, 105.7, 59.8, 56.2, 50.6, 
41.0, 36.0, 35.5, 32.6, 29.5, 22.7, 19.5, 19.2, 
14.3; IR (KBr): 3275, 1704, 1214, 1159 cm-

1;  ESI (M+): 387.9; Yield: 80 % 
 
Ethyl-2,7,7-trimethyl-5-oxo-4-phenyl-
1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (9f): Light yellow solid; M.P: 
220-221 °C, 1H NMR (400 MHz, CDCl3): δ 
7.30 (d, J = 7.2 Hz, 2H), 7.19 (t, J = 7.6 Hz, 
2H), 7.11-7.07 (m, 1H), 5.79 (brs, 1H), 5.05 
(s, 1H), 4.05 (q, J = 14.4, 7.2 Hz, 2H), 2.38 
(s, 3H), 2.35-2.13 (m, 4H), 1.19 (t, J = 6.8 
Hz, 3H), 1.07 (s, 3H), 0.93 (s, 3H); 13C 
NMR (100 MHz, CDCl3): δ 195.7, 167.5, 
148.7, 147.1, 143.7, 128.2, 127.6, 126.2, 
111.9, 105.9, 59.8, 50.7, 41.1, 36.8, 36.3, 

32.6, 29.5, 27.2, 19.4, 19.1, 14.0;  IR (KBr): 
3273, 1698, 1284, 1213 cm-1; ESI (M+): 
339.9; Yield:  81% 
 
ethyl 2,7,7-trimethyl-4-(4-nitrophenyl)-5-
oxo-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (9g): Bright yellow solid; M.P: 
103-105 °C, 1H NMR (400 MHz, CDCl3): δ 
8.07 (d, J = 8.8 Hz, 2H), 7.47 (d, J = 8.8 Hz, 
2H), 5.82 (s, 1H), 5.15 (s, 1H), 4.04 (q, J = 
14.4, 7.2 Hz, 2H), 2.42 (s, 3H), 2.40-2.12 
(m, 4H), 1.17 (t, J = 7.2 Hz, 3H), 1.09 (s, 
3H), 0.91 (s, 3H); 13C NMR (100 MHz, 
CDCl3): δ 195.4, 166.8, 154.4, 148.6, 146.2, 
144.4, 129.2, 128.6, 123.2, 111.1, 104.8, 
60.1, 50.5, 41.0, 37.4, 36.9, 32.7, 29.4, 27.1, 
19.6, 14.3; IR (KBr): 3292, 1692, 1487, 
1345, 1219 cm-1;  ESI (M+): 384.9; Yield: 
91% 
 
Ethyl-4-(3-chlorophenyl)-2,7,7-trimethyl-
5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (9h): Bright yellow solid; M.P: 
200-202 °C, 1H NMR (400 MHz, CDCl3): δ 
7.24-7.20 (m, 2H), 7.14-7.06 (m, 2H), 6.40-
6.18 (brs, 1H), 5.02 (s, 1H), 4.08-4.03 (m, 
2H), 2.38 (s, 3H), 2.33-2.18 (m, 4H), 1.19 (t, 
J = 7.2 Hz, 3H), 1.08 (s, 3H), 0.94 (s, 3H); 
13C NMR (100 MHz, CDCl3): δ 195.5, 
167.2, 148.9, 143.9, 133.7, 129.5, 128.6, 
127.5, 126.9, 126.6, 125.9, 111.4, 105.5, 
59.9, 50.5, 37.0, 36.2, 32.7, 29.4, 27.1, 14.2; 
IR (KBr): 3273, 1701, 1604, 1282, 1213 cm-

1;  ESI (M+): 373.9; Yield: 85% 
 
Ethyl-2,7,7-trimethyl-5-oxo-4-(thiophen-
2-yl)-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (9i): Off white solid, M.P: 237-
239 °C, 1H NMR (400 MHz, CDCl3): δ 7.01 
(d, J = 4.4 Hz, 1H), 6.82-6.81 (m, 2H), 6.24 
(brs, 1H), 5.40 (s, 1H), 4.14 (q, J = 14.0, 7.2 
Hz, 2H), 2.37 (s, 3H), 2.33-2.22 (m, 4H), 
1.24 (t, J = 7.2 Hz, 3H), 1.08 (s, 3H), 1.02 
(s, 3H); 13C NMR (100 MHz, CDCl3): δ 
195.4, 167.2, 150.9, 148.7, 143.9, 125.7, 
123.9, 123.4, 122.2, 111.5, 105.6, 59.9, 50.6, 
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32.7, 31.8, 30.5, 29.5, 27.2, 14.4; IR (KBr): 
3282, 1674, 1218.8, cm-1;  ESI (M+-1): 344; 
Yield: 85% 
 
Ethyl4-(4-hydroxyphenyl)-2,7,7-
trimethyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (9j): 
Off white solid, M.P: 233-235 °C, 1H NMR 
(400 MHz, CDCl3): δ 7.16 (d, J = 8 Hz, 2H), 
6.65 (d, J = 8 Hz, 2H), 5.58  (brs, 1H), 5.98 
(s, 1H), 4.62 (s, 1H), 4.05 (q, J = 14.4, 7.2 
Hz, 2H), 2.40 (s, 3H), 2.37-2.17 (m, 4H), 
1.19 (t, J = 7.2 Hz, 3H), 1.08 (s, 3H), 0.94 
(s, 3H); 13C NMR (100 MHz, CDCl3): δ 
196.6, 168.1, 154.4, 149.8, 144.0, 138.6, 
128.6 (2C), 114.2 (2C), 111.4, 105.6, 59.5, 
50.2, 40.0, 35.3, 32.2, 28.9, 26.5, 18.1, 13.7; 
IR (KBr): 3439, 3278, 1676, 1285, 1218 cm-

1;  ESI (M+): 355.9; Yield: 79% 
 
Ethyl-4-(3-(benzyloxy)-4-methoxyphenyl)-
2,7,7-trimethyl-5-oxo-1,4,5,6,7,8 
hexahydroquinoline -3- carboxylate (9k): 
Off white solid, M.P: 76-78 °C, 1H NMR 
(400 MHz, CDCl3): δ 7.41-7.39 (m, 2H), 
7.34 (t, J = 7.2 Hz, 2H), 7.29 (d, J = 4 Hz, 
1H), 6.86-6.82 (m, 2H), 6.72 (d, J = 8.0 Hz, 
1H), 5.52 (brs, 1H), 5.11 (s, 2H), 4.94 (s, 
1H), 4.03-4.00 (m, 2H), 3.80 (s, 3H), 2.30 
(s, 3H), 2.28-2.06 (m, 4H), 1.16 (t, J = 7.2 
Hz, 3H), 1.05 (s, 3H), 0.90 (s, 3H); 13C 
NMR (100 MHz, CDCl3): δ 195.5, 167.4, 
147.8, 147.7, 147.6, 143.1, 139.8, 137.7, 
128.4 (2C), 127.5, 127.2 (2C), 120.6, 114.2, 
112.1, 11.2, 105.9, 71.0, 59.7, 55.8, 50.6, 
40.9, 35.6, 32.5, 29.3, 27.1, 19.3, 14.2; IR 
(KBr): 3289, 1691.3, 1609, 1494, 1219 cm-1; 
ESI (M+-1): 474.1; Yield: 76% 
 
ethyl4-(4-chlorophenyl)-2,7,7-trimethyl-5-
oxo-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (9l): pale yellow solid, M.P: 
231-232 °C; 1H NMR (400 MHz, CDCl3): δ 
7.24-7.22 (m, 2H), 7.16-7.14 (m, 2H), 5.83 
(s, 1H), 5.02 (s, 1H), 4.05 (q, J = 14.8, 7.6 
Hz, 2H), 2.38 (s, 3H), 2.35-2.12 (m, 4H), 

1.18 (t, J = 7.2 Hz, 3H), 1.07 (s, 3H), 0.92 
(s, 3H); 13C NMR (100 MHz, CDCl3): δ 
195.3, 167.1, 147.8, 145.4, 143.4, 131.5, 
129.3 (2C), 127.9 (2C), 111.8, 105.7, 59.8, 
50.5, 41.0, 36.1, 32.6, 29.3, 27.0, 19.3, 14.1; 
IR (KBr): 3276, 1702, 1216 cm-1; ESI (M+-
1): 372; Yield: 78% 
 
Ethyl4-(4-bromophenyl)-2-methyl-5-oxo-
1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (10a): Off white solid, M.P: 
242-244 °C, 1H NMR (400 MHz, CDCl3): δ 
7.31 (brs, 2H), 7.18 (brs, 2H), 5.80-5.90 
(brs, 1H), 5.04 (s, 1H), 4.05-4.03 (m, 2H), 
2.40 (s, 3H), 2.30-1.85 (m, 6H), 1.17 (t, J =  
8 Hz, 3H) ; 13C NMR (100 MHz, CDCl3): δ 
195.6, 167.3, 150.8, 146.6, 144.6, 131.2 
(2C), 130.3 (2C), 129.4, 112.4, 104.8, 59.6, 
40.5, 39.7, 36.5, 29.6, 21.0, 14.2; IR (KBr): 
3287, 1694, 1287, 1183 cm-1; ESI(M+): 
389.8 ; Yield: 80% 
 
Ethyl-2-methyl-5-oxo-4-phenyl-
1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (10b): Dark yellow solid, M.P: 
233-235 °C, 1H NMR (400 MHz, CDCl3): δ 
7.29 (d, J = 7.6 Hz, 2H), 7.19 (t, J = 7.6 Hz, 
2H), 7.10 (t, J = 7.2 Hz, 1H), 5.92 (s, 1H), 
5.09 (s,  1H), 4.05 (q, J = 14.4, 7.2 Hz, 2H), 
2.41 (s, 3H), 2.25-2.45 (m, 6H), 1.18 (t, J = 
7.2 Hz, 3H); 13C NMR (100 MHz, 
CDCl3+CD3OD): δ 191.0, 162.2, 141.5, 
122.0, 121.9, 120.1 (2C),  53.9, 43.4, 43.2, 
43.1, 42.9, 42.7, 31.0, 30.5, 20.9, 15.1, 12.6, 
8.2; IR (KBr): 3282, 1692, 1287, 1225 cm-1;  
ESI (M+): 311.9; Yield: 94%  
 
ethyl 4-(4-fluorophenyl)-2-methyl-5-oxo-
1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (10c): Yellow solid, M.P: 208-
210 °C, 1H NMR (400 MHz, CDCl3):  δ 
7.27-7.23 (m, 2H),  6.87 (t, J = 8.0 Hz, 2H),  
5.92 (s, 1H), 5.06 (s, 1H), 4.04 (q, J = 14.0, 
8.0 Hz, 2H), 2.39 (s, 3H), 1.91-2.45 (m, 6H), 
1.17 (t, J = 6.8 Hz, 3H); 13C NMR (100 
MHz, CDCl3): δ 196.6, 167.7, 162.2, 159.8, 
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151.2, 144.2, 143.1, 129.2, 114.4, 112.5, 
105.2, 59.7, 49.0, 36.7, 35.6, 26.7, 20.8, 
18.4, 14.0; IR (KBr): 3293, 1697, 1222 cm-

1;  ESI (M+): 329.9; Yield: 81% 
 
ethyl 2-methyl-5-oxo-4-(thiophen-2-yl)-
1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (10d): Orange solid, M.P: 224-
226 °C, 1H NMR (400 MHz, CDCl3): δ 
7.03-7.02 (d, J = 4.0 Hz, 1H), 6.84-6.81 (m, 
2H), 6.11 (s, 1H), 5.43 (s, 1H), 4.17-4.11 
(m, 2H), 2.47-1.99 (m, 6H), 2.37 (s, 3H), 
1.24 (t, J = 7.6 Hz, 3H); 13C NMR (100 
MHz, CDCl3): δ 195.7, 167.2, 151.2, 150.2, 
143.9, 126.4, 123.3, 123.1, 112.6, 105.4, 
59.9, 36.9, 31.1, 27.3, 21.1, 19.2, 14.2; IR 
(KBr): 3291, 1694, 1288 cm-1 ;  ESI (M+-1): 
315.9; Yield: 94 % 
 
ethyl 4-(4-hydroxyphenyl)-2-methyl-5-
oxo-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (10e): Light yellow solid, M.P: 
247-249 °C; 1H NMR (400 MHz, CDCl3): δ 
7.17 (d, J = 8.0 Hz, 2H), 6.67 (d, J = 8.0 Hz, 
2H), 5.67 (s, 1H), 5.04 (s, 1H), 4.70 (s, 1H), 
4.07 (q, J = 14.4, 7.6 Hz, 2H), 2.40 (s, 3H), 
2.44-2.01 (m, 6H), 1.20 (t, J = 6.8 Hz, 3H); 
13C NMR (100 MHz, CDCl3): δ 200.2, 
170.9, 157.5, 155.2, 146.9, 141.5, 131.2 
(2C), 116.8, 115.0 (2C), 108.2, 62.1, 39.1, 
37.9, 28.9, 23.4, 19.9, 15.9; IR (KBr): 3447, 
3289, 1678, 1225 cm- 1;  ESI (M+-1): 325.9; 
Yield: 78 % 
 
ethyl 4-(3-cyanophenyl)-2-methyl-5-oxo-
1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (10f): Light green solid, M.P: 
209-210 °C; 1H NMR (400 MHz, CDCl3):  
δ 7.62 (d, J = 7.6 Hz, 1H), 7.54 (s, 1H), 7.40 
(d, J = 8.0 Hz, 1H), 7.32-7.28 (m, 1H), 5.89 
(brs, 1H), 5.10 (s, 1H), 4.04 (q, J = 14.4, 7.2 
Hz, 2H), 2.41 (s, 3H), 2.47-1.88 (m, 6H), 
1.17 (t, J = 7.2 Hz, 3H); 13C NMR (100 
MHz, CDCl3): δ 195.6, 166.9, 150.1, 148.6, 
144.2, 133.6, 132.5, 131.1, 129.0, 128.0, 
119.4, 112.6, 111.9, 105.1, 60.0, 36.2, 27.3, 

21.1, 18.9, 14.2; IR (KBr): 3293, 2228, 
1696, 1608, 1226 cm-1;  ESI (M++1): 337; 
Yield: 76 % 
 
ethyl 4-(4-chlorophenyl)-2-methyl-5-oxo-
1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (10g): Off-white solid, M.P: 
248-249 °C; 1H NMR (400 MHz, CDCl3):  δ 
7.24 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 
2H), 5.73 (s, 1H), 5.06 (s, 1H), 4.05 (q, J = 
14.4, 7.2 Hz, 2H), 2.46-1.92 (m, 6H), 2.41 
(s, 3H),  1.18 (t, J = 14.0 Hz, 3H); 13C NMR 
(100 MHz, CDCl3): δ 195.6, 167.1, 149.5, 
45.6, 143.4, 131.5, 129.3 (2C), 127.9 (2C), 
113.1, 105.6, 59.5, 36.8, 35.9, 27.3, 20.9, 
19.3, 14.1; IR  (KBr): 3285, 1698, 1286, 
1182 cm-1;  ESI (M+): 345.9; Yield: 75 %  
 
ethyl 4-(3-(benzyloxy)-4-methoxyphenyl)-
2-methyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (10h): 
Light yellow solid, M.P: 172-174 °C, 1H 
NMR (400 MHz, CDCl3): δ 7.41-7.39 (m, 
2H), 7.34 (t, J = 7.2 Hz, 2H), 7.29-7.27 (m, 
1H), 6.84-6.81 (m, 2H), 6.73 (d,  J = 8.0 Hz, 
1H), 5.55 (s, 1H), 5.18-5.08 (m, 2H), 4.98 
(s, 1H), 4.02 (q, J = 14.0, 6.8 Hz, 2H), 3.82 
(s, 3H), 2.35 (s, 3H), 2.41-1.81 (m, 6H), 
1.15 (t, J = 7.2 Hz, 3H) ; 13C NMR (100 
MHz, CDCl3): δ 195.8, 167.4, 149.6, 147.8, 
147.5, 143.2, 140.0, 137.7, 128.4 (2C), 
127.5, 127.2 (2C), 120.4, 114.3, 113.2, 
111.2, 105.8, 70.9, 59.7, 55.9, 37.0, 35.5, 
27.2, 20.9, 19.2, 14.2 cm-1 ; IR (KBr): 3293, 
1692, 1074 cm-1; ESI (M+-1): 446; Yield: 
79% 
 
ethyl 4-(4-methoxyphenyl)-2-methyl-5-
oxo-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (10i): Yellow solid, M.P: 217-
218 °C; 1H NMR (400 MHz, CDCl3): δ 
7.22-7.20 (d, J = 8.8 Hz , 2H), 6.73 (d, J = 
8.0 Hz, 2H), 6.14 (s, 1H), 5.03 (s, 1H), 4.06 
(q, J = 14.0, 7.2 Hz, 2H), 3.73 (s, 3H), 1.90-
2.43 (m, 6H), 2.40 (s, 3H), 1.19 (t, J = 14.4 
Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 
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195.9, 167.5, 157.7, 149.9, 143.2, 143.2, 
139.7, 128.9 (2C), 113.4, 113.3, 106.2, 59.7, 
55.1, 37.0, 35.5, 27.3, 21.0, 19.2, 14.2; IR 
(KBr): 3276, 1692, 1181 cm-1; ESI (M+-1): 
339.7; Yield: 80%  
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Figure 1: Representative structures of biologically active 1,4-dihydropyrimidines. 
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Scheme 1: Amberlite IR-120 catalyzed one pot four component reaction to synthesize 1,4-
dihydropyrimidines. 
 

Entry Diketone Aldehyde Product Yield 
(%)a 

Observed 
Melting 

point (°C) 

Reported 
Melting 

point (°C) 

9a 

O

O  

OCH3

CHO  N
H

OEt

OO

OCH3

83 251-252 257-259 
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9b 

O

O  

F

CHO  N
H

OEt

OO

F

80 187-189 184-186 

9c 

O

O  CHO

CN

 N
H

OEt

OO

CN

84 176-178 - 

9d 

O

O  

Br

CHO  N
H

OEt

OO

Br

78 252-254 253-255 

9e 

O

O  

OCH3

CHO

F

 N
H

OEt

OO

OCH3
F

80 234-235 - 

9f 

O

O  CHO  
N
H

OEt

OO
81 220-221 202-203 

9g 

O

O  

NO2

CHO  
N
H

OEt

OO

NO2

91 103-105 - 

9h 

O

O  CHO

Cl

 
N
H

OEt

OO

Cl

85 200-202 206-207 

9i 

O

O  

S
CHO

 
N
H

OEt

OO
S

85 237-239 238-240 
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9j 

O

O  

OH

CHO  N
H

OEt

OO

OH

79 233-235 232-234 

9k 

O

O  

OCH3

CHO

OCH2C6H5

 
N
H

OEt

OO

OCH3
OCH2C6H5

76 76-78 - 

9l 

O

O  

Cl

CHO  N
H

OEt

OO

Cl

78 231-232 234-235 

10a 

O

O  

Br

CHO  N
H

OEt

OO

Br

80 242-244 253-255 

10b 

O

O  

CHO

 N
H

OEt

OO
94 233-235 240-241 

10c 

O

O  

F

CHO  N
H

OEt

OO

F

81 208-210 243-244 

10d 

O

O  

S
CHO

 
N
H

OEt

OO
S

94 224-226 233-234 

10e 

O

O  

OH

CHO  N
H

OEt

OO

OH

78 247-249 220-222 
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10f 

O

O  CHO

CN

 
N
H

OEt

OO

CN

76 209-210 - 

10g 

O

O  

Cl

CHO  N
H

OEt

OO

Cl

75 248-249 - 

10h 

O

O  

OCH3

CHO

OCH2C6H5

 N
H

OEt

OO

OCH3
OCH2C6H5

79 172-174 - 

10i 

O

O  

OCH3

CHO  
N
H

OEt

OO

OCH3

80 217-218 193-195 

 
Table-1: Amberlite IR-120 catalyzed one pot four component reaction to synthesize 1,4-
dihydropyrimidines. 
 
a isolated yields 
 
 

Entry 
 

Catalystb

 
Solvent Temp 

(°C) 
Time 

(h) 
Yieldc 
(%) 

1 Amberlite EtOH rt 3 81 
2 Amberlite EtOH reflux 1.5 80 
3 Amberlite Toluene rt 2.5 76 
4 Amberlite Toluene reflux 0.5 64 
5 Amberlite DCM rt 2.5 80 
6 Amberlite DCM reflux 1  76 

 
Table 2: Optimization of amberlite IR-120 catalyzed reaction of 1,4-dihydropyrimidines a 
a The reactions were conducted with benzaldehyde, 1,3-dimedone, ethyl acetoacetate and 
ammonium acetate  
b Catalyst 10 mol% 
c Isolated yields 



48 
ISSN: 2249 –4820 

Chemistry & Biology Interface, 2013, 3, 1, 38-49 
 

 
 

 
 

Cycle Amberlite IR-
120 (mg) % Yield 

1 10 81 
2 9 81 
3 8 81 

 
Table 3: Recycling of amberlite IR-120 catalyst 
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