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Abstract 

An efficient four-component reaction between aromatic aldehydes, 1,3-dioxane-4,6-dione, arylamines and 

acetone for the synthesis of dispiro[tetrahydroquinoline-bis(1,3-dioxane-4,6-dione)] derivatives in the 

presence of L-ascorbic acid as an efficient organocatalyst, is described. The remarkable advantages offered by 

this protocol are an inexpensive catalyst, good yields, a broad substrate scope, mild conditions and, a simple 

and easy work-up procedure. This method affords the end products through a combination of the 

Knoevenagel, Michael, Diels-Alder and an intramolecular reaction.  
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Introduction 

 

Hydroquinoline ring is an important structural feature in many pharmaceutical agents and drug molecules.1-3 

Some hydroquinoline structures are potent tetrahydroquinoline-derived antibiotics extracted from Janibecter 

limosus.4 Particularly, tetrahydroquinoline derivatives have exhibited a wide range of interesting biological 

activitives, for example, antiproliferation,5 antifungal,6 antihyperalgesia,7 anticancer, 8,9 antituberculosis,10 

neuronal nitric oxide synthase (nNOS) inhibition,11 5-HT2C receptor agonism,12 anti-Inflammatory, 13 and anti-

HIV activity.14 Tetrahydroquinolines including Meldrum's acid structure can provide attractive building blocks 

for  the synthesis of natural products. They are also the starting materials for the synthesis of exotic amino 

acids that are used to modify the physical properties and biological activities of peptides, peptidomimetics, 

and proteins.15,16 Therefore, the development of new methods for the synthesis of hydroquinoline ring 

compounds is of continuous interest to synthetic as well as medicinal chemists. 

 Multicomponent reactions with features such as easy operation, high efficiency, high selectivity and 

atomic economy are considered to be the closest to the ideal synthesis process and have been widely used in 

the fields of the total synthesis of natural products, heterocyclic compounds and combinatorial chemistry.17,18 

Diastereoselective synthesis of dispiro[tetrahydroquinoline-bis(2,2-dimethyl[1,3]dioxan-4,6-dione)] derivatives  

through a three-component reaction of amines, aromatic aldehydes, and Meldrum's acid has been reported in 

the presence of various Brønsted acids such as acetic acid,19 benzoic acid,20 trichloroacetic acid,21 citric acid,22 

salicylic acid,23 phthalic acid.24 4-(sulfobutyl)tris(4-sulfophenyl)phosphonium hydrogen sulfate can also achieve 

good catalytic effect in this reaction25 (Scheme 1). However, many of these methodologies are associated with 

limitations such as low yields, long reaction times, high catalyst loading, and environmentally unfavorable 

solvents. Therefore, an efficient, and enviromentally friendly method for the synthesis of hydroquinoline 

compounds is certainly desirable. 

 

 
 

Scheme 1. Reported synthesis of dispiro[tetrahydroquinoline-bis(2,2-dimethyl-1,3-dioxane-4,6-dione)] 

derivatives.  

 

 Ascorbic acid, also known as vitamin C, is a polyhydroxy compound with acidic and reducing properties. In 

recent years, it has received considerable attention as a green, mild and inexpensive catalyst for various 

organic transformations, such as multicomponent reactions,18,26,27 the degradation of cyanidin-3-O-β-

glucoside,28 benzaldehyde formation,29 and ipso-hydroxylation of arylboronic acid.30 Due to its wide 

applicability as an efficient organocatalyst, L-ascorbic acid is herein reported as an effective catalyst for the 

synthesis of dispiro[tetrahydroquinoline-bis(1,3-dioxane-4,6-dione)] derivatives via a four-component reaction 

involving an initial Knoevenagel reaction, followed by a Diels-Alder, Michael addition and finally an 

intramolecular reaction (Scheme 2). 
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Scheme 2. The new four-component synthesis of dispiro[tetrahydroquinoline-bis(1,3-dioxane-4,6-dione)] 

derivatives. 

 

 

Results and Discussion 
 

To obtain the optimized reaction conditions, the reaction of 2,2-butylidene-1,3-dioxane-4,6-dione (1a), benzal- 

dehyde (2a), aniline (3a) and acetone (4) was chosen as a model reaction. In our initial screening experiments, 

the effects of solvents were investigated. Different solvents including water, ethanol, methanol, acetone and 

acetonitrile were used without any catalyst (Table 1, entries 1-5). Results show that the yield only reached 

37% in CH3CN under catalyst-free conditions (Table 1, entry 5). After screening different catalysts such as I2, 

H3PO3, a gluconic acid aqueous solution (50 wt%, GAAS), Phthalimide and ascorbic acid, it was found that the 

best yield was obtained in the presence of 20 mol% L-ascorbic acid in CH3CN (Table 1, entries 6-10). 

Encouraged by these lead results, the model reaction was performed at different concentrations of malic acid 

resulting in different yields Finally, we determined 20 mol% L-ascorbic acid was sufficient to push the reaction 

to completion. Higher amounts of the catalyst did not improve the results to any greater extent. Optimal 

results for the reaction conditions of 2,2-butylidene-1,3-dioxane-4,6-dione (1a, 2 mmol), benzaldehyde (2a, 4 

mmol), aniline (3a, 1 mmol) and acetone (4, 2 mmol) as reactant in CH3CN furnished 5a in 82% yield. 

  

Table 1. Optimization of reaction conditions for the synthesis of 5aa 

 

Entry Solvents/10 mL Catalysts/mol% Time(h) Yield (%)b 

1 H2O 0 32 16 

2 CH3CH2OH 0 32 24 

3 CH3OH 0 32 32 

4 CH3COCH3 0 32 30 

5 CH3CN 0 32 37 

6 CH3CN I2/20 24 55 

7 CH3CN H3PO3 24 40 

8 CH3CN cGAAS(50 wt%)/2 24 45 
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Table 1. Continued 

Entry Solvents/10 mL Catalysts/mol% Time(h) Yield (%)b 

9 CH3CN Phthalimide/20 24 48 

10 CH3CN Ascorbic acid/20 20 82 

11 CH3CN Ascorbic acid/15 30 75 

12 CH3CN Ascorbic acid/25 24 80 

a Reaction conditions: 2,2-butylidene-1,3-dioxane-4,6-dione (1a, 2 mmol), 

benzaldehyde (2a, 4 mmol), aniline (3a, 1 mmol) and acetone (4, 2 mmol) 

at room temperature; b Isolated yield; c Gluconic acid aqueous solution 

(GAAS). 

 

 Under optimized conditions, a number of substrates including different aldehydes and arylamines have 

been investigated. Aromatic aldehydes bearing either electron-withdrawing functional groups, such as F and Cl 

substituents, or electron-donating groups, such as CH3 and CH3O, are tolerated leading to good yields. Good 

results were also obtained using arylamines with either electron-withdrawing, such as F, or electron-donating 

groups such as CH3 and CH3O substituents. 2,2-Pentylidene-1,3-dioxane-4,6-dione (1b) and 2,2-dimethyl-1,3-

dioxane-4,6-dione (1c) could also be used to produce 5i-5j in high yields. All the results are summarized in 

Table 2. 

 

Table 2. Synthesis of dispiro[tetrahydroquinoline-bis(1,3-dioxane-4,6-dione)] derivativesa 

 
 

aReaction conditions: 1,3-dioxane-4,6-dione (1a, 2 mmol), different aldehydes(2, 4 mmol), 

arylamines(3, 1 mmol), acetone(4, 2 mol), 20 mol% L-ascorbic acid in 10 mL CH3CN at room 

temperature; b Isolated yield. 

Entry Compounds 1 Ar1 Ar2 Time(h) Product Yields (%)b 

1 1a 2a (C6H5) 3a (C6H5) 20 5a 82 

2 1a 2b (4-FC6H4) 3a (C6H5) 15 5b 74 

3 1a 2c (4-ClC6H4) 3a (C6H5) 16 5c 77 

4 1a 2d(4-CH3C6H4) 3a (C6H5) 24 5d 65 

5 1a 2e (4-CH3OC6H4) 3a (C6H5) 24 5e 63 

6 1a 2a(C6H5) 3b (4-FC6H4) 24 5f 72 

7 1a 2a (C6H4) 3c(4-CH3OC6H4) 30 5g 70 

8 1a 2a (C6H4) 3d(4-CH3C6H4) 20 5h 76 

9 1b 2a (C6H5) 3a (C6H5) 20 5i 82 

10 1c 2a (C6H5) 3a (C6H5) 18 5j 85 
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 The structure of 1',2',4',5',7'-pentaphenyl-1'H-dispiro[1',5',7',8'-tetrahydroquinoline-5,3':6',5''-bis(2,2-

pentylidene-1,3-dioxane-4,6-dione)] (5i) was also established by X-ray crystallography (Figure 1) and by NMR 

spectroscopy. 

 

 
 

Figure 1.  X-ray crystal structure of 5i. 

 

 A plausible mechanism for the synthesis of 1',2',4',5',7'-pentaphenyl-1'H-dispiro[1',5',7',8'-

tetrahydroquinoline-5,3':6',5''-bis(2,2-butylidene-1,3-dioxane-4,6-dione)] 5a is depicted in Scheme 3. The 

product 5a was obtained through the combination of a Knoevenagel condensation, a Diels-Alder, a Michael 

addition and an intramolecular reaction.24 For the formation of benzylidene Meldrum's acid 6, 31 L-ascorbic 

acid promoted the enolization of 1a by forming hydrogen bonds with the -OH of 1a, thus increasing the 

nucleophilic character of the methylene carbon of 1a. Meanwhile, it also increases the electrophilic character 

of the carbonyl of 2a by forming hydrogen bonds with the carbonyl oxygen of 2a. After the condensation 

reaction, benzylidene Meldrum's acid 6 is obtained. For the formation of 2-amino-1,3-butadiene 10, acetone 

undergoes a condensation with aniline to give imine 7 which tautomerizes to enamine 8. Compound 8 then 

reacts with phenyl aldehyde to form the reactive 2-amino-1,3-butadiene 10. Further to form product 5a, 2-

amino-1,3-butadiene 10 acts as an activated 1,3-diene, and a concerted [4 + 2] cycloaddition can take place 

with benzylidene Meldrum's acid 6 as dienophile (Diels-Alder) to furnish enamine 11. enamine 11 with 

benzylidene Meldrum's acid generates 12 by Michael addition, then forming Compound 13 with phenyl 

aldehyde by addition reaction, which then undergoes intramolecular reaction leading to 5a. 
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Scheme 3.  Proposed mechanism for the formation of 5a. 

 

 

Conclusions 
 

In conclusion, an efficient four-component reaction between aromatic aldehydes, 1,3-dioxane-4,6-dione, 

arylamines and acetone for the synthesis of dispiro[tetrahydroquinoline-bis(1,3-dioxane-4,6-dione)] 

derivatives in good yields was reported catalyzed by L-ascorbic acid. The operation and work-up procedures 
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are straightforward and no column chrommatography purification is needed as well. These advantages will 

make this method a valid contribution to existing methodologies for hydroquinoline containing ring 

compounds. 

 

 

Experimental Section 
 

General. 1,3-dioxane-4,6-dione was prepared according to literature.32,33 The other chemicals were purchased 

from Aladdin, Aldrich and Fluka Chemical Companies and without further purification. Melting points were 

measured on XT-4 digital micro melting point apparatus and are uncorrected. 1H NMR spectra were recorded 

on a BRUKER AVANCE 400 MHz spectrometer using CDCl3 as the solvent and TMS as the internal standard. 13C 

NMR data were collected on a BRUKER AVANCE 100 MHz instrument with CDCl3 as the solvent and TMS as the 

internal standard. The analytical MS of the compounds was performed on Agilent LC-MSD Trap VL Apparatus. 

The crystal structure was determined by Siemens P4 four circle diffractometer. 

 

Typical one-pot procedure for the synthesis of 5a. To a 25 mL tube equipped with a stirring bar were added 

acetone (4, 2.0 mmol), 2,2-butylidene-1,3-dioxane-4,6-dione (1a, 2 mmol), benzaldehyde (2a, 4 mmol), aniline 

(3a, 1 mmol) and L-ascorbic acid (0.2 mmol) in 10 mL CH3CN. After the reaction was stirred vigorously for 20.0 

h at room temperature, CH3CN was recycled by filtration. The residue was washed with water and the residue 

was purified by recrystallization from absolute EtOH and drying to afford the pure product. 

1',2',4',5',7'-Pentaphenyl-1'H-dispiro[2',4',5',7',8'-tetrahydroquinoline-5,3':6',5'']bis(2,2-butylidene-1,3-

dioxane-4,6-dione)] (5a). White solid, mp 222-224 °C (Yield: 82%). 1H NMR (400 MHz, CDCl3):  (ppm): 0.45-

0.58 (3H, m), 0.67-0.90 (3H, m), 1.05-1.19 (2H, m), 1.30-1.47 (8H, m), 2.56 (1H, dd, 3JHH 17.6, 6.0 Hz, H'-8'), 

2.64-2.70 (1H, m, H''-8'), 3.99 (1H, dd, 3JHH 11.6, 5.6 Hz, H-7'), 4.62 (1H, s, H-4'), 4.66 (1H, s, H-5'), 5.23 (1H, s, 

H-2'), 6.04 (2H, t, 3JHH 9.2 Hz, 2CH, HAr), 6.71 (2H, dd, 3JHH 14.8, 7.6 Hz, 2CH, HAr), 6.97-7.56 (m, 21 H, 21 CH, 

HAr); 13C NMR (100 MHz,CDCl3):  (ppm): 22.3, 22.7, 22.8, 32.9(C-8'), 38.5, 38.6, 38.6, 38.7, 47.9 (C-4'), 50.8(C-

5'), 53.0 (C-7'), 53.4, 62.0 (C-3'), 62.1(C-6'), 70.3(C-2'), 102.2 (C-4'a), 114.1[(O)2C(CH2)2], 114.3[(O)2C(CH2)2], 

126.5, 127.0, 127.2, 127.9, 128.0, 128.0, 128.2, 128.3, 128.4, 128.4, 128.7, 128.7, 129.2, 129.3, 129.5, 130.9, 

131.2, 131.5, 135.2, 136.3, 137.3, 138.5, 142.4, 144.6 (C-8'a), 162.2(C=O), 164.4(C=O), 168.4(C=O), 169.8(C=O); 

ESI+MS m/z=826.3[M+H]+.  

1'-Phenyl-,2',4',5',7'-tetra(4-flurophenyl)-1'H-dispiro[2',4',5',7',8'-tetrahydroquinoline-5,3':6',5'']bis(2,2-

butylidene-1,3-dioxane-4,6-dione)] (5b). White solid, mp 221-223 °C (Yield: 74%). 1H NMR (400 MHz, CDCl3):  

(ppm): 0.59-0.70 (3H, m), 0.78-1.01 (3H, m), 1.11-1.28(2H, m), 1.38-1.49 (8H, m), 2.48-2.60 (2H, m, H'-8', H''-8), 

3.94 (1H, dd, 3JHH 10.8, 6.8 Hz, H-7'), 4.55 (brs, 2H, H-4' and H-5'), 5.20 (s, 1H, H-2'), 6.05-6.12 (2H, m, 2CH, HAr), 

6.50-6.56 (2H, m, 2CH, HAr), 6.76-7.53 (17H, m, 17CH, HAr). 13C NMR (100 MHz, CDCl3) :  (ppm): 22.3, 22.4, 

22.8, 22.9 32.9 (C-8'), 38.6, 38.8, 38.9, 39.0, 47.0 (C-4'), 49.8 (C-5'), 52.1 (C-7'), 61.9 (C-3'), 62.1 (C-6'), 69.5 (C-

2'), 101.6 (C-4'a), 114.4 [(O)2C(CH2)2], 114.6[(O)2C(CH2)2], 114.8, 114.9, 115.0, 115.0, 115.1, 115.1, 115.2, 115.3, 

115.5, 115.7, 126.9, 128.7, 130.2, 130.3, 130.7, 130.7, 130.8, 130.9, 131.0, 131.0, 131.9 (d, 3JCF 3.1 Hz, CAr-F), 

132.5, 132.6 (d, 3JCF 3.1 Hz, CAr-F), 132.7, 132.9 (d, 3JCF 3.1 Hz, CAr-F), 132.9, 133.0, 133.9 (d, 3JCF 3.1 Hz, CAr-F), 

142.6, 144.0 (C-8'a), 160.8 (d, JCF 264.5 Hz, CAr-F), 161.2 (d, JCF 264.5 Hz, CAr-F), 162.1 (C=O), 163.3 (d, JCF 264.5 

Hz, CAr-F), 163.6 (d, JCF 264.5 Hz, CAr-F), 164.3 (C=O), 168.2 (C=O), 169.6 (C=O); ESI+MS m/z=898.3 [M+H]+.  

1'-Phenyl-,2',4',5',7'-tetra(4-chlorophenyl)-1'H-dispiro[2',4',5',7',8'-tetrahydroquinoline-5,3':6',5'']bis(2,2- 

butylidene-1,3-dioxane-4,6-dione)](5c). White solid, mp 218-220 °C (Yield: 77%). 1H NMR (400 MHz, CDCl3):  

(ppm): 0.60-0.70 (3H, m), 0.79-1.01 (3H, m), 1.12-1.27 (2H, m), 1.40-1.49 (8H, m), 2.51 (1H, brs, H'-8'), 2.53 (1H, 
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brs, H''-8'), 3.91 (1H, dd, 3JHH 10.0, 7.2 Hz, H-7'), 4.52 (2H, brs, H-4' and H-5'), 5.18 (1H, s, H-2'), 6.03-6.09 (2H, 

m, 2CH, HAr), 6.80-6.84 (2H, m, 2CH, HAr), 6.91-7.48 (17H, m, 17CH, HAr); 13C NMR (100 MHz, CDCl3):  (ppm): 

22.4, 22.4, 22.8, 23.0, 32.7 (C-8'), 38.6, 38.8, 39.0, 39.1, 47.2 (C-4'), 49.8 (C-5'), 52.2 (C-7'), 61.6 (C-3'), 61.6 (C-

6'), 69.6 (C-2'), 101.1 (C-4'a), 114.5 [(O)2C(CH2)2], 114.7 [(O)2C(CH2)2], 127.1, 128.2, 128.3, 128.6, 128.8, 128.9, 

128.9, 130.0, 130.4, 130.6, 130.8, 132.1, 132.3, 132.7, 133.2, 133.5, 133.7, 134.1, 134.4, 134.4, 135.4, 136.5, 

142.8, 143.7 (C-8'a), 162.0 (C=O), 164.2 (C=O), 168.0 (C=O), 169.4 (C=O); ESI+MS m/z=962.2 [M+H]+.  

1'-Phenyl-2',4',5',7'-tetra(4-methylphenyl)-1'H-dispiro[2',4',5',7',8'-tetrahydro–quinoline-5,3':6',5''-bis(2,2-

butylidene-1,3-dioxane-4,6-dione)] (5d). White solid, mp 230-231 °C (Yield: 65%). 1H NMR (400 MHz, CDCl3):  

(ppm): 0.48-0.67 (3H, m), 0.72-0.79 (1H, m), 0.85-0.94 (2H, m), 1.09-1.26 (2H, m), 1.28-1.52(8H, m), 2.15 (3H, 

s, ArCH3), 2.21 (9H, s, 3ArCH3), 2.48-2.64 (2H, m, H'-8', H''-8'), 3.92 (1H, dd, 3JHH 11.6, 5.6 Hz, H-7'), 4.54 (1H, s, 

H-4'), 4.55 (1H, s, H-5'), 5.16 (1H, s, H-2'), 5.92-5.96 (2H, m, 2CH, HAr), 6.53 (2H, t, 3JHH 6.8 Hz, 2CH, HAr), 6.84-

7.42 (17H, m, 17CH, HAr); 13C NMR (100 MHz, CDCl3):  (ppm): 20.9 (ArCH3), 21.0 (ArCH3), 21.0 (ArCH3), 21.0 

(ArCH3), 22.3, 22.3, 22.7, 22.9, 33.0 (C-8'), 38.4, 38.6, 38.6, 38.7, 47.6 (C-4'), 50.3 (C-5'), 52.6 (C-7'), 62.2 (C-3'), 

62.2 (C-6'), 70.1 (C-2'), 102.6 (C-4'a), 114.0 [(O)2C(CH2)2], 114.2 [(O)2C(CH2)2], 126.3, 128.3, 128.4, 128.5, 128.7, 

129.0, 129.0, 129.2, 129.3, 130.8, 131.1, 131.4, 132.1, 133.2, 134.2, 135.7, 136.5, 136.7, 137.5, 137.9, 142.8, 

144.6 (C-8'a), 162.3 (C=O), 164.6 (C=O), 168.6 (C=O), 170.0 (C=O); ESI+MS m/z=882.4 [M+H]+.  

1'-Phenyl-2',4',5',7'-tetra(4-methoxylphenyl)-1'H-dispiro[2',4',5',7',8'-tetrahydro–quinoline-5,3':6',5''-bis(2,2-

butylidene-1,3-dioxane-4,6-dione)] (5e). Yellow solid, mp 196-198 °C (Yield: 63%). 1H NMR (400 MHz, CDCl3): 

 (ppm): 0.57-0.73 (3H, m), 0.78-1.01 (3H, m), 1.12-1.46 (10H, m), 2.46-2.61 (2H, m, H'-8', H''-8'), 3.66 (3H, s, 

ArCH3O), 3.70 (3H, s, ArCH3O), 3.72 (6H, s, 2ArCH3O), 3.92 (1H, dd, 3JHH 12.0, 6.0 Hz, H-7'), 4.51 (2H, brs, H-4', 

H-5'), 5.14 (1H, s, H-2'), 5.98-6.03 (2H, m, 2CH, HAr), 6.29-6.34 (2H, m, 2CH, HAr), 6.57-7.46 (17H, m, 17CH, 

HAr); 13C NMR (100 MHz, CDCl3):  (ppm): 22.3, 22.3, 22.8, 22.9, 33.1 (C-8'), 38.5, 38.7, 38.8, 38.9, 47.1 (C-4'), 

49.8 (C-5'), 52.1 (C-7'), 55.1 (CH3O), 55.2 (CH3O), 55.2 (CH3O), 55.4 (CH3O), 62.2 (C-3'), 62.3 (C-6'), 69.9 (C-2'), 

102.8 (C-4'a), 112.6 [(O)2C(CH2)2], 113.5, 113.6, 113.7, 114.0, 114.1, 114.1, 114.2, 126.3, 127.2, 128.4, 128.4, 

129.5, 129.7, 130.2, 130.4, 130.7, 132.1, 132.1, 132.5, 142.2, 144.6 (C-8'a), 158.7 (CAr-O), 158.8 (CAr-O), 159.1 

(CAr-O), 159.3 (CAr-O), 162.4 (C=O), 164.6 (C=O), 168.7 (C=O), 170.2 (C=O); ESI+MS m/z=946.4 [M+H]+.  

1'-(4-Fluoropentaphenyl)-2',4',5',7'-tetraphenyl-1'H-dispiro[2',4',5',7',8'-tetrahydroquinoline-5,3':6',5'']bis( 

2,2-butylidene-1,3-dioxane-4,6-dione)] (5f). White solid, mp 224-227 °C (Yield: 72%). 1H NMR (400 MHz, 

CDCl3):  (ppm): 0.45-0.58 (3H, m), 0.67-0.74 (1H, m), 0.82-.90 (2H, m), 1.06-1.20 (2H, m), 1.23-1.46 (8H, m), 

2.52 (1H, dd, 3JHH 17.2, 5.6 Hz, H'-8'), 2.60-2.69 (1H, m, H''-8'), 3.98 (1H, dd, 3JHH 12.0, 6.4 Hz, H'-7'), 4.61 (1H, s, 

H-4'), 4.64(1H, s, H-5'), 5.16 (1H, s, H-2'), 6.04 (2H, t, 3JHH 8.4 Hz, 2CH, HAr), 6.72 (2H, ddd, 3JHH 15,6 Hz, 4JHH 

6.4Hz, 5JHH 1.2Hz, 2CH, HAr), 6.82-7.54 (20H, m, 20CH, HAr). 13C NMR (100 MHz, CDCl3):  (ppm): 22.2, 22.3, 

22.7, 22.8, 33.0 (C-8'), 38.5, 38.5, 38.6, 38.8, 47.8 (C-4'), 50.8 (C-5'), 53.0 (C-7'), 61.8 (C-3'), 62.0 (C-6'), 70.4 (C-

2'), 102.8 (C-4'a), 114.2 [(O)2C(CH2)2], 114.4 [(O)2C(CH2)2], 127.1, 127.2, 128.0, 128.0, 128.0, 128.1, 128.4, 

128.5, 128.5, 128.6, 128.7, 129.0, 129.3, 129.4, 130.9, 131.2, 131.5, 135.0, 136.1, 137.1, 138.4, 140.7(d, 2JCF 3.2 

Hz, CAr), 142.3, 143.8 (C-8'a), 160.8 (d, 1JCF 244.6 Hz, CAr), 162.2 (C=O), 164.5 (C=O), 168.3 (C=O), 169.7 (C=O); 

ESI+MS m/z=844.3 [M+H]+.  

1'-(4-Methoxylphenyl)-2',4',5',7'-tetraphenyl-1'H-dispiro[2',4',5',7',8'-tetrahydro–quinoline-5,3':6',5''-

bis(2,2-butylidene-1,3-dioxane-4,6-dione)] (5g). White solid, mp 202-204 °C (Yield: 70%). 1H NMR (400 MHz, 

CDCl3):  (ppm): 0.44-0.58 (3H, m), 0.67-0.74 (1H, m), 0.82-0.89 (2H, m), 1.06-1.18 (2H, m), 1.26-1.45 (8H, m), 

2.53 (1H, dd, 3JHH 17.2, 5.2 Hz, H'-8'), 2.62-2.70 (1H, m, H''-8'), 3.67 (3H, s, ArOCH3), 3.98 (1H, dd, 3JHH 12.0, 5.2 

Hz, H-7'), 4.60 (1H, s, H-4'), 4.64 (1H, s, H-5'), 5.17 (1H, s, H-2'), 6.01-6.06 (2H, m, 2CH, HAr), 6.68-6.74 (2H, m, 

2CH, HAr), 6.96-7.55 (20H, m, 20CH, HAr); 13C NMR (100 MHz, CDCl3):  (ppm): 22.2, 22.2, 22.7, 22.8, 32.9 (C-

8'), 38.5, 38.6, 38.6, 38.7, 47.9 (C-4'), 50.7 (C-5'), 53.1 (C-7'), 55.1 (OCH3), 62.0 (C-3'), 62.1 (C-6'), 70.4 (C-2'), 
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101.9 (C-4'a), 114.1 [(O)2C(CH2)2], 114.3 [(O)2C(CH2)2], 127.0, 127.9, 127.9, 127.9, 128.0, 128.3, 128.3, 128.4, 

128.4, 128.7, 128.7, 129.1, 129.3, 129.5, 130.8, 131.2, 131.5, 135.3, 136.3, 137.3, 138.6, 142.9 (C-8'a), 157.6 

(CAr-O), 162.2 (C=O), 164.5 (C=O), 168.4 (C=O), 169.8 (C=O); ESI+MS m/z=856.3 [M+H]+.   

1'-(4-Methylphenyl)-2',4',5',7'-tetraphenyl-1'H-dispiro[2',4',5',7',8'-tetrahydro-quinoline-5,3':6',5''-bis(2,2-

butylidene-1,3-dioxane-4,6-dione)] (5h). White solid, mp 221-223 °C (Yield: 76%). 1H NMR (400 MHz, CDCl3):  

(ppm): 0.44-0.58 (3H, m), 0.67-0.74 (1H, m), 0.81-0.88 (2H, m), 1.05-1.18 (2H, m), 1.26-1.43 (8H, m), 2.17 (3H, 

s, ArCH3), 2.54 (1H, dd, 3JHH 17.2, 5.6 Hz, H'-8'), 2.61-2.70 (1H, m, H''-8'), 3.98 (1H, dd, 3JHH 12.0, 5.6 Hz, H-7'), 

4.61 (1H, s, H-4'), 4.64 (1H, s, H-5'), 5.20 (1H, s, H-2'), 6.01-6.06 (1H, m, 2CH, HAr), 6.68-6.74 (1H, m, 2CH, HAr), 

6.92-7.55 (20H, m, 20CH, HAr); 13C NMR (100 MHz, CDCl3):  (ppm): 21.0, 21.0, 22.2, 22.7, 22.8, 32.8 (C-8'), 

38.4, 38.5, 38.6, 38.6, 47.9 (C-4'), 50.7 (C-5'), 53.0 (C-7'), 62.0 (C-3'), 62.1 (C-6'), 70.2 (C-2'), 101.9 (C-4'a), 114.1 

[(O)2C(CH2)2], 114.3 [(O)2C(CH2)2], 127.0, 127.1, 127.9, 127.9, 128.0, 128.2, 128.3, 128.4, 128.4, 128.6, 128.7, 

129.2, 129.3, 129.5, 130.8, 131.2, 131.5, 135.3, 136.0, 136.3, 137.3, 138.6, 141.8, 142.7 (C-8'a), 162.2 (C=O), 

164.4 (C=O), 168.6 (C=O), 169.8 (C=O); ESI+MS m/z=840.4 [M+H]+.   

1',2',4',5',7'-Pentaphenyl-1'H-dispiro[2',4',5',7',8'-tetrahydroquinoline-5,3':6',5'']bis(2,2-pentylidene-1,3-

dioxane-4,6-dione)](5i). White solid, mp 220-221 °C (Yield: 82%). 1H NMR (400 MHz, CDCl3):  (ppm): 0.09-

0.35 (4H, m), 0.55-0.71 (4H, m), 0.96-1.28 (12H, m), 2.56 (1H, dd, 3JHH 17.2, 5.6 Hz, H'-8'), 2.61-2.69 (1H, m, H''-

8'), 4.00 (1H, dd,3JHH 11.6, 5.6 Hz, H-7'), 4.63 (1H, s, H-4'), 4.66 (1H, s, H-5'), 5.23 (1H, s, H-2'), 6.04 (2H, t, 3JHH 

13.6, 7.6 Hz, 2CH, HAr), 6.70 (2H, dd, 3JHH 16.4, 8.0 Hz, 2CH, HAr), 6.75-7.35 (21H, m, 21CH, HAr); 13C NMR (100 

MHz, CDCl3):  (ppm): 21.6, 21.8, 21.8, 23.7, 32.8 (C-8'), 36.5, 36.9, 37.7, 37.7, 47.8 (C-4'), 50.8 (C-5'), 53.1 (C-

7'), 62.1 (C-3'), 62.3 (C-6'), 70.3 (C-2'), 102.3 (C-4'a), 105.7 [(O)2C(CH2)2], 105.9 [(O)2C(CH2)2], 126.5, 127.0, 

127.1, 127.8, 127.8, 127.9, 128.0, 128.3, 128.3, 128.3, 128.4, 128.6, 128.8, 129.4, 129.5, 130.82, 131.4, 131.6, 

135.3, 136.5, 137.4, 138.5, 142.3, 144.8 (C-8'a), 162.1 (C=O), 164.4 (C=O), 168.4 (C=O), 169.7 (C=O); ESI+MS 

m/z=854.4 [M+H]+.  

1',2',4',5',7'-Pentaphenyl-1'H-dispiro[2',4',5',7',8'-tetrahydroquinoline-5,3':6',5'']bis(2,2-methyl-1,3-dioxane-

4,6-dione)] (5j). White solid, mp 246-248 °C (Yield: 85%). 1H NMR (400 MHz, CDCl3):  (ppm): 0.35 (3H, s, CH3), 

0.37 (3H, s, CH3), 0.59 (3H, s, CH3), 0.61 (3H, s, CH3), 2.56 (1H, dd, 3JHH 17.6, 6.0 Hz, H'-8'), 2.61-2.69 (1H, m, H''-

8'), 4.02 (1H, dd, 3JHH 12.0, 6.0 Hz, H-7'), 4.64 (1H, s, H-4'), 4.66 (1H, s, H-5'), 5.25 (1H, s, H-2'), 6.03 (1H, d, 3JHH 

7.6 Hz, 1CH, HAr), 6.06 (1H, d, 3JHH 7.6 Hz, 1CH, HAr), 6.69 (1H, d, 3JHH 7.6 Hz, 1CH, HAr), 6.73 (1H, d, 3JHH 8.0 Hz, 

1H, 1CH, HAr), 6.98-7.57 (21H, m, 21CH, HAr). 13C NMR (100 MHz, CDCl3):  (ppm): 28.0 (CH3), 28.2 (CH3), 28.5 

(CH3), 28.6 (CH3), 32.7 (C-8'), 47.6 (C-4'), 50.8 (C-5'), 53.1 (C-7'), 61.6 (C-3'), 61.8 (C-6'), 70.1 (C-2'), 102.1 (C-4'a), 

105.3 [C(CH3)2], 105.5 [C(CH3)2], 126.6, 127.1, 127.2, 127.9, 128.0, 128.0, 128.1, 128.4, 128.4, 128.5, 128.5, 

128.7, 128.8, 129.4, 129.4, 129.5, 130.8, 131.3, 131.6, 135.2, 136.2, 137.2, 138.5, 142.3, 144.6 (C-8'a), 161.9 

(C=O), 164.1 (C=O), 168.2 (C=O), 169.5 (C=O); ESI+MS m/z=774.3 [M+H]+.  

X-ray diffraction experiment: the X-ray diffraction measurements were made onSiemens P4 four circle 

diffractometer, using CuKa (λ= 1.54180Å). A colourless prismatic crystal of the title compound, of dimensions 

0.18 ×0.16 × 0.12 mm3, was mounted on a glass fibre and used for data collection. 
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