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Abstract 

A series of 4-aryl-hexahydroquinolines were prepared by Hantzsch reaction using aromatic 

aldehydes obtained from lignin, 1,3-cyclohexanediones, β-ketoesters and ammonium carbonate. 

The antioxidant properties of compounds 5a-c and 5g-i were evaluated by two methods: 

scavenging effect on 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical and scavenging effect on 

2,2′-azino-bis(3-ethylenzothiazoline-sulfonic acid) diammonium salt (ABTS+) radical. The 

results show that the compounds containing a methoxy moiety exhibit good activities. The study 

suggests that some synthesized compounds may serve as promising leads for the treatment 

against tumors or other free radical-related diseases. 

 

Keywords: Polyhydroquinoline, microwave irradiation, aromatic aldehyde, lignin, antioxidant 

activity 

 
 

 

Introduction 

 

Free radicals play an important role in a number of biological processes, some of which are 

necessary for life, such as the intracellular killing of bacteria by phagocytic cells,1 but excessive 

amounts of free radicals can lead to damage to biomolecules such as lipids, proteins, enzymes, 

and DNA in cells and tissues,2 which may result in cancer, diabetes, cardiovascular diseases, 

autoimmune diseases, myocardial infarction, neurodegenerative disorders, aging, and other 

variety of diseases because of their excellent reactivity.3-5 The antioxidants can minimize or 

inhibit the oxidative damage through interrupting the free-radical formation or terminating the 
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chain reaction. Thus, identification and development of novel antioxidants to prevent radical-

induced damage have attracted the attention of chemists and medical scientists. 

Quinolines are an important class of pharmaceutical compounds, which occur predominately 

in nature among the various heterocyclic compounds,6,7 and exhibit a broad spectrum of 

biological activities such as antioxidant,8 antiproliferation,9 antiinflammation,10 and anticancer.11 

The polyhydroquinolines possessing a bioactive 1,4-dihydropyridine moiety also have important 

biological properties.12-14 Although the antioxidant activities of quinolines and 1,4-dihydro-

pyridines15,16 have been extensively studied, the polyhydroquinolines are not well explored. The 

synthesis and antioxidant evaluation of new polyhydroquinolines, therefore, is included as part of 

our medicinal chemistry project aiming to identify a new class of antioxidants. 

It is well-known that lots of natural and synthesized antioxidants possessing phenolic 

hydroxyl groups can improve their antioxidant activities by reacting with free radicals.17 Vanillin 

and syringaldehyde, two phenolic hydroxyl containing compounds obtained from lignin, are 

widely used as additives in food, pharmaceutical and cosmetic industries due to their antioxidant 

activity besides the fragrant odor and non-toxicity.18-20 The synthesis of polyhydroquinolines 

with vanillin and syringaldehyde as starting materials is expected to afford better antioxidant 

properties. Starting from these considerations, we report herein the synthesis and in vitro 

antioxidant properties of 4-aryl-hexahydroquinolines using the aromatic aldehydes from lignin 

via an efficient, catalyst-free, and four-component MCR (multi-component-reactions) Hantzsch 

reaction under microwave irradiation. 

 

 

Results and Discussion 

 

Our study started from the preparation of the aromatic aldehydes from lignin according to the 

previously reported procedure18-20 with nitrobenzene oxidation as the standard method, providing 

vanillin and syringaldehyde as the major compounds (Scheme 1). 

 

 
 

Scheme 1. Preparation of aromatic aldehydes from lignin. 
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Scheme 2. Microwave-assisted synthesis of 4-aryl-hexahydroquinolines. 

 

Table 1. Microwave-assisted synthesis of polyhydroquinoline derivatives 5a-l through Hantzsch 

reaction in water 

 

Entry Product R1 R2 R3 R4 Yield 

(%)a 

1 5a OMe OMe H Et 96 

2 5b OMe H H Et 94 

3 5c H H H Et 95 

4 5d OMe OMe H Me 94 

5 5e OMe H H Me 95 

6 5f H H H Me 91 

7 5g OMe OMe Me Et 93 

8 5h OMe H Me Et 94 

9 5i H H Me Et 91 

10 5j OMe OMe Me Me 93 

11 5k OMe H Me Me 89 

12 5l H H Me Me 90 
aIsolated yield. 

 

Due to the biological importance of polyhydroquinolines, several procedures for their 

synthesis have been reported with good yields comprising the use of reflux,21 ionic liquids,22 

microwaves,23 I2,
24 ceric ammonium nitrate (CAN),25 organo-catalysts26 etc. If they could avoid 

the use of long reaction times, high temperatures, catalysts, or organic solvents, they would be 

applied extensively. Recently, the progress in the field of reactions in aqua media is gaining 

significance because of their operational simplicity and environmentally benign processes. 

Herein, we wished to develop a new eco-friendly procedure27-29 with our continuation to the use 
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of the microwave technology for MCR for efficient and catalyst-free synthesis of 

polyhydroquinolines in water (Schemes 2). According to green chemistry concept, water was 

used as the solvent. Ammonium carbonate was chosen as a solid ammonia source because it has 

low toxicity (LD50 1497 mg/kg) and melting point (58 oC) and resulted in high yields compared 

with ammonium acetate, ammonium chloride, or ammonium nitrate etc.28 The microwave 

irradiation can accelerate reaction rate, shorten reaction time, and improve product yields by 

transferring energy directly to the reactive species.30,31 Thus, the four-component reactions 

between the aromatic aldehydes, 1,3-cyclohexanediones, β-ketoesters, and ammonium carbonate 

were conducted in water under microwave irradiation without any catalysts in a short time 

providing the desired polyhydroquinolines in high yields. The workup procedure was very 

simple and gave the products after a single filtration in good purity. 

As indicated in Table 1, the reactions were performed in water at 60 °C within 5 min under 

microwave irradiation without catalysts and all of them yielded well (≥ 89%). All the compounds 

were characterized by IR, 1H NMR, 13C NMR, mass spectra and elemental analysis. 

In conclusion, we designed and developed a convenient, efficient, economically and 

environmentally benign procedure for the synthesis of polyhydroquinolines which will be 

studied below for their antioxidation activities. 

 

In vitro biological evaluation. 

The N,N-diphenyl-N′-picrylhydrazyl (DPPH) assay is a well-known method for determining 

antioxidant activity of plant flavonoids. So compounds 5a-c and 5g-i were first evaluated for 

antioxidant activity by DPPH assay. The reduction rate constant of DPPH radical for compounds 

5a, 5b, 5g and 5h was found good to moderate compared to the standard Trolox, while that for 

5c and 5i was found very poor (Figure 1). 

 
Figure 1. Radical scavenging activity of compounds 5a-c, 5g-i and Trolox in N,N-diphenyl-N′-

picrylhydrazyl (DPPH) assay. Results were expressed as reduction rate costant (k) of 

DPPH±S.D. Significance was calculated according to the Student’s t-test, p<0.05. 
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After the good reduction rate constant was observed for compounds 5a, 5b, 5g and 5h, the 

50% inhibitory concentrations (IC50) against DPPH and ABTS+ radicals were tested (Table 2). 

The values of IC50 for compounds 5a and 5g were lower than that for Trolox, while those for the 

compounds 5b and 5h were higher in reaction with DPPH radical. The IC50 of compounds 5b, 

5g, and 5h were lower than that of Trolox, while the compound 5a showed almost the same IC50 

as Trolox in the ABST+ radical cation scavenging assays.  

 

Table 2. Radical scavenging activity of compounds 5a-c, 5g-i and Trolox in DPPH and ABST+ 

assays 

Sample 
IC50 (μM) 

DPPH ABST+ 

5a 14.89 ± 0.68 1.74 ± 0.07 

5b 65.86 ± 2.45 0.76 ± 0.04 

5c —a — 

5g 7.48 ± 0.43 0.87 ± 0.02 

5h 41.50 ± 1.56 0.74 ± 0.02 

5i — — 

Trolox 37.35 ± 1.76 1.56 ± 0.05 
aNo test. 

 

As demonstrated in Figure 1 and Table 2, 5a and 5g showed the best antioxidation activities, 

and 5b and 5h provided moderate values, while 5c and 5i were proven very poor. Obviously, one 

could realize that the substituents of polyhydroquinolines on the aromatic ring have a major 

influence on their antioxidation activities. The presence of methoxy groups in aromatic groups 

increased their antioxidation properties. Without such methoxy group on the aromatic ring, 5c 

and 5i did not exhibit good activity; the antioxidation activity increased with one methoxy group 

in 5b and 5h and further enhanced when there are two methoxy groups in compounds 5a and 5g. 

The strong antioxidant activities of these compounds indicated their potential application in the 

drug development, and also provided an effective approach for value-added application of lignin. 

 

 

Conclusions 

 

A series of novel 4-aryl-hexahydroquinolines were obtained from lignin with a very 

environmentally benign procedure in good to excellent yields. Some compounds were screened 

for their in vitro biological activities showing good DPPH and ABST+ radical scavenging 

activities. Compounds 5a and 5g showed the best antioxidant activities against DPPH and 

ABST+ which suggest further studies to explore the potential chemotherapeutic treatment again 

tumors or other free radical induced diseases. In addition, it was realized that the methoxy groups 
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at the aryl substituents linked at the C-4 of the 4-aryl-hexahydroquinolines increased the 

antioxidation activities. 

 

 

Experimental Section 

 

General. Vanillin, syringaldehyde and p-hydroxybenzaldehyde were synthesized according to 

previously reported methods.18-20 Other reagents were obtained from Sinopharm Chemical 

Reagent Co, Ltd. All reactions were conducted in MAS (II) Sineo microwave reactors using 

external surface sensors. All synthesized compounds were characterized by infra-red (IR), 1H 

NMR, 13C NMR, mass spectrometry (MS) and elemental analysis (EA). Melting point was 

determined by SGW X-4 Micro Melting Point Apparatus. IR spectra were recorded with a 

Nicolet Magna-IR 550 spectrometer. Mass spectra were recorded on WATERS Q-TOF Premier 

Mass Spectrometer using electrospray ionization (ESI). 1H and 13C NMR spectra were recorded 

with a Bruker DRX-300 Advance spectrometer at 300 MHz and 75 MHz, respectively. 

Elemental analyses (C, H, N, S) were conducted using a PE-2400 (II) Elemental Analyser, and 

results were found to be in good agreement (± 0.2%) with the calculated values. 

 

Typical procedure to synthesize 4-aryl-4,6,7,8-tetrahydroquinolines 

A stirred aqueous mixture of aromatic aldehydes (5 mmol), 1,3-cyclohexanediones (5 mmol), β-

ketoesters (5 mmol) and anhydrous ammonium carbonate (5 mmol) was placed into an open 

microwave oven (300 W) at 60 °C for 5 min. The reaction mixture was cooled to room 

temperature to afford the product as a precipitate. The solid residue was filtered, washed with 

water and 5 mL of 50% ethanol, and then recrystallized from ethyl acetate/petroleum ether 

(50:50, v/v) to give products.  

Ethyl 4-(4-hydroxy-3,5-dimethoxyphenyl)-2-methyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline-

3-carboxylate (5a). (1.86 g, 96%). Mp: 227–229 °C. IR (KBr) v/cm-1: 3358, 3283, 3218, 2947, 

1679, 1606, 1482, 1461, 1379, 1219, 1183, 1112, 1079, 733; 1H NMR (300 MHz, DMSO-d6) 

δ/ppm: 9.08 (s, 1H, NH), 8.04 (s, 1H, OH), 6.36 (s, 2H, Ar-H), 4.83 (s, 1H, H4), 4.02 (quart, J 

6.3 Hz, 2H, OCH2CH3,), 3.66 (s, 6H, 2×OCH3), 2.50 (s, 3H, CH3), 1.70-2.51 (m, 6H, 3×CH2), 

1.19 (t, J 6.3 Hz, 3H, OCH2CH3); 
13C NMR (75 MHz, DMSO-d6) δ/ppm: 194.8, 167.1, 151.3, 

147.5, 144.3, 138.0, 133.9, 111.0, 105.0, 103.9, 59.0, 55.9, 36.8, 35.0, 26.2, 21.0, 18.2, 14.3; MS 

(ESI) m/z: 388.1 [M+H]+, 410.1 [M+Na]+, 426.1 [M+K]+; Anal. Calcd for C21H25NO6: C, 65.10; 

H, 6.50; N, 3.62; found: C, 65.29; H, 6.59; N, 3.51. 

Ethyl 4-(4-hydroxy-3-methoxyphenyl)-2-methyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-

carboxylate (5b). (1.68 g, 94%). Mp: 236–238 °C. IR (KBr) v/cm-1: 3392, 3297, 2997, 1672, 

1605, 1478, 1377, 1286, 1224, 1183, 1161, 1124, 1078, 726, 686; 1H NMR (300 MHz, DMSO-

d6) δ/ppm: 9.07 (s, 1H, NH), 8.63 (s, 1H, OH), 6.71 (s, 1H, Ar-H), 6.58 (d, J 8.1 Hz, 1H, Ar-H), 

6.48 (d, J 8.1 Hz, 1H, Ar-H), 4.80 (s, 1H, H4), 4.00 (quart, J 8.1 Hz, 2H, OCH2CH3), 3.68 (s, 3H, 

OCH3), 2.48 (s, 3H, CH3), 1.62-2.29 (m, 6H, 3×CH2), 1.16 (t, 3H, J 8.1 Hz, OCH2CH3); 
13C 
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NMR (75 MHz, DMSO-d6) δ/ppm: 194.7, 167.1, 151.1, 146.7, 144.5, 144.3, 139.0, 119.4, 115.0, 

111.9, 111.2, 103.9, 58.9, 55.4, 36.8, 34.7, 26.1, 20.9, 18.2, 14.2; MS (ESI) m/z: 358.1 [M+H]+, 

380.1 [M+Na]+, 396.1 [M+K]+; Anal. Calcd for C20H23NO5: C, 67.21; H, 6.49; N, 3.92; found: C, 

67.29; H, 6.44; N, 3.98. 

Ethyl 4-(4-hydroxyphenyl)-2-methyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate 

(5c). (1.55 g, 95%). Mp: 243–245 °C. IR (KBr) v/cm-1: 3440, 3282, 2960, 1677, 1605, 1481, 

1373, 1217, 1179, 1122, 1017, 837, 688; 1H NMR (300 MHz, DMSO-d6) δ/ppm: 9.04 (s, 2H, 

NH, OH), 6.92 (d, J 8.1 Hz, 2H, Ar-H,), 6.56 (d, J 8.1 Hz, 2H, Ar-H), 4.78 (s, 1H, H4), 3.98 

(quart, J 6.9 Hz, 2H, OCH2CH3), 2.46 (s, 3H, CH3), 1.62-2.26 (m, 6H, 3×CH2), 1.13 (t, J 6.9 Hz, 

3H, OCH2CH3); 
13C NMR (75 MHz, DMSO-d6) δ/ppm: 194.6, 167.0, 155.2, 151.0, 144.2, 138.5, 

128.2, 114.5, 111.4, 104.1, 58.9, 36.7, 34.5, 26.1, 20.8, 18.2, 14.1; MS (ESI) m/z: 328.2 [M+H]+, 

350.1 [M+Na]+, 366.1 [M+K]+; Anal. Calcd for C19H21NO4: C, 69.71; H, 6.47; N, 4.28; found: C, 

69.82; H, 6.40; N, 4.40. 

Methyl 4-(4-hydroxy-3,5-dimethoxyphenyl)-2-methyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline 

-3-carboxylate (5d). (1.76 g, 94%). Mp: 252–256 °C. IR (KBr) v/cm-1: 3413, 3275, 3208, 2947, 

1680, 1607, 1480, 1376, 1226, 1185, 1106, 770, 734; 1H NMR (300 MHz, DMSO-d6) δ/ppm: 

9.09 (s, 1H, NH), 8.03 (s, 1H, OH), 6.35 (s, 2H, Ar-H), 4.84 (s, 1H, H4), 3.66 (s, 6H, 2×OCH3), 

3.58 (s, 3H, CO2CH3), 1.70-2.28 (m, 9H, CH3, 3×CH2); 
13C NMR (75 MHz, DMSO-d6) δ/ppm: 

194.8, 167.6, 151.2, 147.5, 144.6, 137.8, 134.0, 111.0, 104.8, 103.5, 55.9, 50.6, 36.8, 34.8, 26.1, 

20.9, 18.1; MS (ESI) m/z: 374.1 [M+H]+, 396.1 [M+Na]+, 412.1 [M+K]+; Anal. Calcd for 

C20H23NO6: C, 64.33; H, 6.21; N, 3.75; found: C, 64.52; H, 6.29; N, 3.64. 

Methyl 4-(4-hydroxy-3-methoxyphenyl)-2-methyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-

carboxylate (5e). (1.63 g, 95%). Mp: 248–251 °C. IR (KBr) v/cm-1: 3302, 2954, 1681, 1612, 

1515, 1476, 1432, 1380, 1274, 1229, 1187, 1080, 729; 1H NMR (300 MHz, DMSO-d6) δ/ppm: 

9.06 (s, 1H, NH), 8.58 (s, 1H, OH), 6.70 (s, 1H, Ar-H), 6.57 (d, J 8.1 Hz, 1H, Ar-H), 6.46 (d, J 

8.1 Hz, 1H, Ar-H), 4.81 (s, 1H, H4), 3.68 (s, 3H, OCH3), 3.55 (s, 3H, CO2CH3), 1.68-2.28 (m, 

9H, CH3, 3×CH2); 
13C NMR (75 MHz, DMSO-d6) δ/ppm: 194.7, 167.5, 151.0, 146.8, 144.6, 

138.9, 119.2, 115.1, 111.8, 111.3, 103.6, 55.5, 50.5, 36.8, 34.6, 26.1, 20.8, 18.1; MS (ESI) m/z: 

344.1 [M+H]+, 366.1 [M+Na]+, 382.1 [M+K]+; Anal. Calcd for C19H21NO5: C, 66.46; H, 6.16; N, 

4.08; found: C, 66.54; H, 6.31; N, 4.01. 

Methyl 4-(4-hydroxyphenyl)-2-methyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate 

(5f). (1.43 g, 91%). Mp: 256–257 °C. IR (KBr) v/cm-1: 3498, 3303, 3216, 2949, 1650, 1590, 

1437, 1334, 1231, 1199, 1139, 1079, 980, 833; 1H NMR (300 MHz, DMSO-d6) δ/ppm: 9.03 (s, 

1H, NH,), 8.99 (s, 1H, OH), 6.90 (d, J 8.4 Hz, 2H, Ar-H), 6.55 (d, J 8.4 Hz, 2H, Ar-H), 4.79 (s, 

1H, H4), 3.53 (s, 3H, CO2CH3), 1.68-2.27 (m, 9H, CH3, 3×CH2); 
13C NMR (75 MHz, DMSO-d6) 

δ/ppm: 194.6, 167.3, 155.3, 150.9, 144.6, 138.3, 128.0, 114.6, 111.5, 103.9, 50.5, 36.8, 34.3, 

26.1, 20.8, 18.2; MS (ESI) m/z: 314.1 [M+H]+, 336.1 [M+Na]+, 352.0 [M+K]+; Anal. Calcd for 

C18H19NO4: C, 68.99; H, 6.11; N, 4.47; found: C, 69.08; H, 6.01; N, 4.36. 

Ethyl 4-(4-hydroxy-3,5-dimethoxyphenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-hexahydro-

quinoline-3-carboxylate (5g). (1.94 g, 93%). Mp: 238–240 °C. IR (KBr) v/cm-1: 3546, 3275, 
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3199, 3075, 2960, 1692, 1606, 1486, 1391, 1281, 1215, 1118, 1071, 1032, 778; 1H NMR (300 

MHz, DMSO-d6) δ/ppm: 8.98 (s, 1H, NH), 8.00 (s, 1H, OH), 6.37 (s, 2H, Ar-H), 4.77 (s, 1H, 

H4), 4.02 (quart, J 6.9 Hz, 2H, OCH2CH3), 3.65 (s, 6H, 2×OCH3), 1.97-2.47 (m, 7H, CH3, 

2×CH2), 1.19 (t, J 6.9 Hz, 3H, OCH2CH3), 0.93, 1.03 (2s, 6H, 2×CH3); 
13C NMR (75 MHz, 

DMSO-d6) δ/ppm: 194.3, 167.0, 149.4, 147.4, 144.3, 138.1, 134.0, 109.9, 105.2, 104.0, 59.0, 

55.9, 50.3, 35.3, 32.0, 29.3, 26.3, 18.2, 14.2; MS (ESI) m/z: 416.2 [M+H]+; Anal. Calcd for 

C23H29NO6: C, 66.49; H, 7.04; N, 3.37; found: C, 66.40; H, 7.16; N, 3.31. 

Ethyl 4-(4-hydroxy-3-methoxyphenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline 

-3-carboxylate (5h). (1.81 g, 94%). Mp: 235–237 °C. IR (KBr) v/cm-1: 3368, 3283, 3237, 2952, 

1697, 1586, 1477, 1392, 1378, 1268, 1203, 1146, 1068, 1030, 861, 783; 1H NMR (300 MHz, 

DMSO-d6) δ/ppm: 8.95 (s, 1H, NH), 8.57 (s, 1H, OH), 6.70 (s, 1H, Ar-H), 6.57 (d, J 8.1 Hz, 1H, 

Ar-H), 6.50 (d, J 8.1 Hz, 1H, Ar-H), 4.75 (s, 1H, H4), 3.99 (quart, J 6.9 Hz, 2H, OCH2CH3), 

3.67 (s, 3H, OCH3), 1.95-2.44 (m, 7H, CH3, 2×CH2), 1.16 (t, J 6.9 Hz, 3H, OCH2CH3), 0.88, 

1.01 (2s, 6H, 2×CH3); 
13C NMR (75 MHz, DMSO-d6) δ/ppm: 194.3, 167.0, 149.2, 146.7, 144.5, 

144.3, 139.0, 119.6, 114.9, 112.1, 110.2, 104.1, 58.9, 55.5, 50.3, 35.0, 32.1, 29.2, 26.4, 18.2, 14.2; 

MS (ESI) m/z: 386.1 [M+H]+, 408.1 [M+Na]+, 424.1 [M+K]+; Anal. Calcd for C22H27NO5: C, 

68.55; H, 7.06; N, 3.63; found: C, 68.41; H, 7.22; N, 3.46. 

Ethyl 4-(4-hydroxyphenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-

carboxylate (5i). (1.62 g, 91%). Mp: 224–225 °C. IR (KBr) v/cm-1: 3435, 3274, 3205, 2966, 

1676, 1608, 1484, 1379, 1215, 1170, 1078, 852, 769; 1H NMR (300 MHz, DMSO-d6) δ/ppm: 

9.00 (s, 1H, NH), 8.94 (s, 1H, OH), 6.92 (d, J 8.4 Hz, 2H, Ar-H), 6.55 (d, J 8.4 Hz, 2H, Ar-H), 

4.74 (s, 1H, H4), 3.97 (quart, J 6.9 Hz, 2H, OCH2CH3), 1.93-2.42 (m, 7H, CH3, 2×CH2), 1.13 (t, 

J 6.9 Hz, 3H, OCH2CH3), 0.86, 1.00 (2s, 6H, 2×CH3); 
13C NMR (75 MHz, DMSO-d6) δ/ppm: 

194.2, 167.0, 155.2, 149.1, 144.3, 138.4, 128.3, 114.4, 110.3, 104.1, 58.9, 50.3, 34.8, 32.1, 29.1, 

26.5, 18.2, 14.1; MS (ESI) m/z: 356.1 [M+H]+; Anal. Calcd for C21H25NO4: C, 70.96; H, 7.09; N, 

3.94; found: C, 70.90; H, 7.17; N, 3.81. 

Methyl 4-(4-hydroxy-3,5-dimethoxyphenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-hexahydro-

quinoline-3-carboxylate (5j). (1.87 g, 93%). Mp: 228–231 °C. IR (KBr) v/cm-1: 3379, 3300, 

2956, 1684, 1604, 1479, 1379, 1314, 1218, 1093, 1042, 920, 779; 1H NMR (300 MHz, DMSO-

d6) δ/ppm: 9.02 (s, 1H, NH), 8.02 (s, 1H, OH), 6.36 (s, 2H, Ar-H), 4.78 (s, 1H, H4), 3.65 (s, 6H, 

2×OCH3), 3.58 (s, 3H, CO2CH3), 1.97-2.47 (m, 7H, CH3, 2×CH2), 0.92, 1.02 (2s, 6H, 2×CH3); 
13C NMR (75 MHz, DMSO-d6) δ/ppm: 194.4, 167.5, 149.4, 147.5, 144.6, 137.9, 133.9, 109.9, 

104.9, 103.7, 55.9, 50.5, 50.3, 35.1, 32.0, 29.3, 26.2, 18.2; MS (ESI) m/z: 402.1 [M+H]+, 424.1 

[M+Na]+, 440.1 [M+K]+; Anal. Calcd for C22H27NO6: C, 65.82; H, 6.78; N, 3.49; found: C, 

65.71; H, 6.70; N, 3.63. 

Methyl 4-(4-hydroxy-3-methoxyphenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-hexahydro-

quinoline-3-carboxylate (5k). (1.65 g, 89%). Mp: 254–256 °C. IR (KBr) v/cm-1: 3291, 3242, 

2967, 1702, 1587, 1482, 1273, 1215, 1130, 1074, 861, 783; 1H NMR (300 MHz, DMSO-d6) 

δ/ppm: 9.01 (s, 1H, NH), 8.61 (s, 1H, OH), 6.69 (s, 1H, Ar-H), 6.57 (d, J 8.1 Hz, 1H, Ar-H), 6.48 

(d, J 8.1 Hz, 1H, Ar-H), 4.76 (s, 1H, H4), 3.66 (s, 3H, OCH3), 3.55 (s, 3H, CO2CH3), 1.96-2.47 
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(m, 7H, CH3, 2×CH2), 0.88, 1.01 (2s, 6H, 2×CH3); 
13C NMR (75 MHz, DMSO-d6) δ/ppm: 194.9, 

168.0, 149.7, 147.3, 145.2, 145.1, 139.3, 119.8, 115.5, 112.4, 110.7, 104.2, 56.0, 51.0, 50.8, 35.3, 

32.6, 29.7, 26.9, 18.7; MS (ESI) m/z: 394.1 [M+Na]+, 410.1 [M+K]+; Anal. Calcd for C21H25NO5: 

C, 67.91; H, 6.78; N, 3.77; found: C, 68.08; H, 6.67; N, 3.70. 

Methyl 4-(4-hydroxyphenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-

carboxylate (5l). (1.54 g, 90%). Mp: 288–290 °C. IR (KBr) v/cm-1: 3395, 3276, 3197, 2959, 

1685, 1608, 1483, 1377, 1218, 1113, 1082, 849, 768; 1H NMR (300 MHz, DMSO-d6) δ/ppm: 

9.01 (s, 1H, NH), 8.98 (s, 1H, OH), 6.91 (d, J 8.4 Hz, 2H, Ar-H), 6.55 (d, J 8.4 Hz, 2H, Ar-H), 

4.75 (s, 1H, H4), 3.52 (s, 3H, CO2CH3), 1.94-2.37 (m, 7H, CH3, 2×CH2), 0.84, 1.03 (2s, 6H, 

2×CH3); 
13C NMR (75 MHz, DMSO-d6) δ/ppm: 195.3, 167.7, 155.0, 149.8, 144.7, 138.5, 128.1, 

114.6, 110.2, 104.0, 55.4, 50.7, 34.6, 32.0, 29.0, 26.2, 18.1; MS (ESI) m/z: 342.2 [M+H]+, 364.2 

[M+Na]+, 380.1 [M+K]+; Anal. Calcd for C20H23NO4: C, 70.36; H, 6.79; N, 4.10; found: C, 

70.30; H, 6.70; N, 4.22. 

 

In vitro biological evaluation 

The compounds were evaluated for their in vitro free radical scavenging activity by the 2,2′-

diphenyl-1-picrylhydrazyl (DPPH) and 2,2′-azino-bis(3-ethylbenzothiazoline-sulfonic acid) 

diammonium salt (ABTS+) radical scavenging method.16,32-35 

 

DPPH radical scavenging assay 

This assay is based on the measurement of the scavenging ability of compounds towards the 

stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical and performed according to the reported 

method.16,32,33 Briefly, an ethanol solution (200 μL) of 100 μM diphenyl-picryl hydrazide 

(Aldrich, USA) was incubated at 30 °C with 1 μL of compound or Trolox solutions in deionized 

H2O. The final concentration of compounds was 100 μM. A decrease in absorbance was 

measured at 517 nm (Perkin Elmer Lambda 2 Spectrophotometer). The rate constant was 

calculated as the average value of 5 to 6 time-points (intervals) until the absorbance diminished 

by 50%. The radical scavenging activity was expressed as the reduction rate constant (k) of 

DPPH radical and calculated according to the Equation 1, where [DPPH]0 is the starting 

concentration and [DPPH]t is the concentration at the time ‘t’. 

 

    (1) 

 

The percentage of scavenged DPPH radical was plotted versus the concentration of 

antioxidants and the concentration of antioxidant required obtaining 50% inhibition (50% 

inhibition concentration, i. e., IC50) was obtained from the graph. 

 

ABST+ radical cation scavenging assay 

The concentration of 2,2′-azino-bis(3-ethylenzo-thiazoline-sulfonic acid) diammonium salt 

(ABST+) remaining after reaction with the antioxidants was determined according to previously 
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published procedure.16,34,35 The procedure to prepare the ABST+ stock solution was modified 

slightly. Sufficient amounts of the diammonium salts of ABTS+ (Sigma, USA) and K2S2O8 

(Sigma, USA) were dissolved in 2.0 mL water to achieve concentrations of 4.00 and 1.41 mM, 

respectively. This solution was kept in the dark for at least 16 h to form ABST+ radical, then 

didluted to 100 mL with 80% ethanol so that the solution had an absorbance value (Absref) of 

0.70 ± 0.05 at 734 nm (Perkin Elmer Lambda 2 Spectrophotometer). Various concentrations of 

compounds (10 μL) were added to ABST+ solution (200 μL) at ambient temperature to reach a 

stable absorbance (Absdetect). The percentage of ABST+ radical scavenged was calculated using 

Equation 2.  

 

    (2) 

 

The percentage of scavenged ABST+ radical was plotted versus the concentration of 

antioxidants and the concentration of antioxidant required obtaining 50% inhibition (50% 

inhibition concentration, i.e., IC50) was obtained from the graph. 
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