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Abstract:A simple and efficient one-pot synthesis of novel thieno[3’,2’:5,6]pyrimido[1,2-a]quinoline-2-carboxylates (5a–

d) and their spirooxindole derivatives (12a–d) was accomplished. Thus, the Michael addition reaction of the cyclic

β -enaminone 3 with the corresponding α, β -unsaturated nitrile derivatives 4a–d in refluxing EtOH in the presence of

piperidine afforded 5a–d in good yields. On the other hand, spirooxindole derivatives 12a–d were synthesized by the

reaction of cyclic β -enaminone 3 with the corresponding 3-cyanomethylidene-2-oxoindoles 11a–d in refluxing EtOH.

Key words: Cyclic enaminones, α ,β -unsaturated nitriles, hexahydroquinolines, multicomponent reaction, spirooxin-

doles

1. Introduction

Hexahydroquinoline derivatives have received considerable attention as leading pharmaceutical compounds due

to their pivotal roles in various biological activities including anti-inflammatory, antibacterial, antihypertensive,

antitumor, and antimalarial properties.1−12 Furthermore, it is known that incorporation of isatin within the

molecules can enhance their pharmacological activities, as it constitutes the core structural element of many

natural products and biologically active molecules.13−19

In recent years, medicinal chemists have modified the quinoline scaffold to optimize its pharmacology.

However, a number of modifications have been made to the benzenoid ring; modifications to the pyridinone ring

are not common.

In light of the above-mentioned hypothesis, we assume that integration of the two scaffolds into a

spirooxindole incorporating thieno[3’,2’:5,6]pyrimido[1,2-a]quinoline-2-carboxylates can result in the discovery

of new active drugs.

2. Results and discussion

In conjunction with our ongoing research work on enamines20−30 and spiro-heterocyclic compounds,25,27,30

we report herein the synthesis of hexahydro-4H -thieno[3’,2’:5,6]pyrimido[1,2-a]quinoline-2-carboxylates and

their spiro derivatives via the Michael addition reaction of the cyclic β -enaminone with α, β -unsaturated nitrile

derivatives. Thus the cyclic enaminone incorporating thiophene moiety 3, required for the synthesis of the target
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compounds, was obtained through the reaction of dimedone (1) and the diethyl 5-amino-3-methylthiophene-

2,4-dicarboxylate (2) using a catalytic amount of trichloroacetic acid as a catalyst under solvent-free conditions

(Scheme 1). In the next step, Michael addition reaction of the cyclic enamine 3 with arylidenemalononitriles

4a–d in ethanol in the presence of piperidine at reflux for 3 h resulted in the formation of 5 in good yields

(Scheme 2). Moreover, we found that compounds 5 could be obtained via the three-component reaction of the

cyclic enamine 3, aldehyde, and malononitrile in ethanol in the presence of piperidine.

Scheme 1. Synthesis of enamine 3.

Scheme 2. Synthesis of thieno[3’,2’:5,6]pyrimido[1,2-a ]quinoline derivatives 5a–d.

The IR spectra of the hexahydro-4H -thieno[3’,2’:5,6]pyrimido[1,2-a ]quinoline-2-carboxylate 5a exhibited

characteristic absorption bands at ν = 3491 and 2200 cm−1 for NH and CN groups, respectively. The bands

at 1696 and 1660 cm−1 are assigned for CO groups. The 1H NMR spectra of 5a revealed the absence of

one of the two ester protons. In addition, it displayed two prominent signals at δ = 4.65 and 11.56 ppm

due to quinoline ring H 7 and pyrimidine-NH , respectively. The 13C NMR spectrum showed, in addition to

the aromatic carbon signals, characteristic peaks at δ = 35.5, 159.2, 161.7, and 194.8 ppm for C-7 and three

carbonyl groups, respectively. The mass spectrum of 5a showed a molecular ion peak at m/z = 487 supporting

the product formation.

The formation of 5 could be explained by the following plausible mechanism (Scheme 3). The reaction

occurs via an initial addition of enamine CH to the activated double bond in 4 to yield 6, which cyclizes into

7. Intermediate 7 tautomerizes into 8, which cyclizes readily into 5 through ethanol elimination (pathway A).

On the other hand, the other pathway, which results from initial addition of NH to the activated double bond

in 4 (pathway B), was excluded as previously reported.28,29
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Scheme 3. A plausible mechanism for the reaction of enamine 3 with arylidenemalononitrile derivatives 4.

Encouraged by the above-mentioned findings and in light of our interest in the synthesis of spiro-

heterocyclic compounds,25,27,30 we also report herein the synthesis of spiro-hexacyclic structures. Thus, we

managed to prepare novel spiro cyclic 2-oxoindole derivatives of thieno[3’,2’:5,6]pyrimido[1,2-a ]quinolone 12a–

d via the reaction of the cyclic enamine 3 with 3-cyanomethylidene-2-oxoindoles 11a–d in the presence of

piperidine as catalyst over 5 h (Scheme 4). Compounds 12 were characterized spectroscopically.

Scheme 4. Synthesis of spiro[indoline-3,7’-thieno[3’,2’:5,6]pyrimido[1,2-a ]quinoline] derivatives 12a–d.

In conclusion, cyclic enamines incorporating thiophene moiety, behaving like C -nucleophiles, affect simple

and facile Michael addition reactions with various arylidenemalononitriles and 3-cyanomethylidene-2-oxoindoles

regioselectively yielding different thieno[3’,2’:5,6]pyrimido[1,2-a ]quinoline-2-carboxylate and their spirooxindole

derivatives. Full characterization of these compounds is reported. The newly synthesized derivatives are

interesting due to their promising pharmacological and biological activities.

3. Materials and methods

Melting points were measured with a Stuart melting point apparatus and are uncorrected. The IR spectra were

recorded using a FTIR Bruker–vector 22 spectrophotometer as KBr pellets. The 1H and 13C NMR spectra
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were recorded in DMSO–d6 as solvent on a Varian Gemini NMR spectrometer at 400 MHz and 100 MHz,

respectively, using TMS as internal standard. Chemical shifts are reported as δ values in ppm. Mass spectra

were recorded with a Shimadzu GCMS–QP–1000 EX mass spectrometer in EI (70 eV) model. The elemental

analyses were performed at the Micro Analytical Center, Cairo University.

Diethyl 5-((5,5-dimethyl-3-oxocyclohex-1-en-1-yl)amino)-3-methylthiophene-2,4-dicarboxylate (3)

The enamine 3 was prepared according to the literature procedure.31−33

A mixture of dimedone (1) (1 g, 7.14 mmol) and diethyl 5-amino-3-methylthiophene-2,4-dicarboxylate

(2) (1.84 g, 7.16 mmol) was heated in an oil bath at 120 ◦C in the presence of trichloroacetic acid (0.2 g,

1.23 mmol) for 20 min. The oily residue was extracted with chloroform (25 mL). The solvent was removed

at reduced pressure and the crude solid was crystallized from ethanol to yield compound 3 as yellow crystals

(2.30 g, 85%), mp = 172–174 ◦C, IR (KBr): ν = 3457 (br, NH), 1712 (CO2Et), 1654 (CO) cm−1 , 1H NMR

(400 MHz, DMSO-d6): δ = 1.04 (s, 6H, 2CH3), 1.29 (t, 3H, J = 7.2 Hz, CH3), 2.17 (s, 2H, CH2), 2.49 (s,

2H, CH2), 4.27 (q, 2H, J = 7.2 Hz, CH2), 5.74 (s, 1H, dimedone =CH), 10.14 (br s, 1H, NH) ppm, 13C

NMR (100 MHz, CDCl3): δ = 14.2 (CH3), 14.4 (CH3), 17.7 (CH3), 28.2 (2CH3), 32.8 (C), 44.2 (CH2), 50.4

(CH2), 61.0 (CH2), 61.3 (CH2), 105.9 (CH), 113.5 (C), 114.9 (C), 146.2 (C), 153.5 (C), 156.1 (C), 162.3 (C),

166.8 (C), 198.6 (C) ppm, MS (EI, 70 eV): m/z (%) = 379 ([M+ ], 6), 364 (2), 334 (2), 318 (5), 304 (5), 261

(69), 83 (100), 67 (40), Anal. Calcd for C19H25NO5S: C, 60.14; H, 6.64; N, 3.69; S, 8.45. Found: C, 60.06; H,

6.51; N, 3.49; S, 8.29.

General method for the synthesis of compounds 5a–d and 12a–d:

A mixture of enamine 3 (1 mmol) and activated cinnamonitriles 4a–d or 3-cyanomethylene-2-oxoindole deriva-

tives 11a–d (1 mmol) was heated at reflux in ethanol (15 mL) in the presence of piperidine (0.2 mL) for 3 h.

The solvent was removed at reduced pressure and the crude products were crystallized from ethanol–dioxane

(2:1).

Ethyl 6-cyano-3,10,10-trimethyl-4,8-dioxo-7-phenyl-5,7,8,9,10,11-hexahydro-4H -thieno[3’,2’:5,6]

pyrimido[1,2-a]quinolone-2-carboxylate (5a)

Yellow crystals (0.42 g, 86%), mp > 300 ◦C, IR (KBr): ν = 3491 (br, NH), 2200 (CN), 1696 (CO2Et), 1660

(CO) cm−1 , 1H NMR (400 MHz, DMSO-d6): δ = 0.96 (s, 3H, CH3), 1.14 (s, 3H, CH3), 1.30 (t, 3H, J =

7.2 Hz, CH3), 2.56 (m, 4H, 2CH2), 2.74 (s, 3H, CH3), 4.31 (q, 2H, J = 7.2 Hz, CH2), 4.65 (s, 1H, CH),

7.18–7.30 (m, 5H, ArH), 11.56 (br s, 1H, NH) ppm, 13C NMR (100 MHz, DMSO-d6): δ = 14.4 (CH3), 14.7

(CH3), 25.5 (CH3), 30.9 (C), 35.5 (CH), 41.9 (CH2), 50.2 (CH2), 61.8 (CH2), 71.5 (C), 112.2 (C), 116.7 (C),

118.9 (C), 126.8 (CH), 127.8 (CH), 129.1 (CH), 140.9 (C), 145.2 (C), 146.4 (C), 149.5 (C), 151.3 (C), 155.6 (C),

159.2 (C), 161.7 (C), 194.8 (C) ppm, MS (EI, 70 eV): m/z (%) = 487 ([M+ ], 35), 410 (100), 382 (32), 326

(42), 298 (14), Anal. Calcd for C27H25N3O4S: C, 66.51; H, 5.17; N, 8.62; S, 6.58. Found: C, 66.48; H, 5.12;

N, 8.52; S, 6.49.
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Ethyl 7-(4-chlorophenyl)-6-cyano-3,10,10-trimethyl-4,8-dioxo-5,7,8,9,10,11-hexahydro-4H -thieno

[3’,2’:5,6]pyrimido[1,2-a]quinoline-2-carboxylate (5b)

Yellow crystals (0.44 g, 84%), mp > 300 ◦C, IR (KBr): ν = 3427 (br, NH), 2197 (CN), 1695 (CO2Et), 1664

(CO) cm−1 , 1H NMR (400 MHz, DMSO-d6): δ = 0.95 (s, 3H, CH3), 1.14 (s, 3H, CH3), 1.30 (t, 3H, J =

7.2 Hz, CH3), 2.56 (m, 4H, 2CH2), 2.74 (s, 3H, CH3), 4.28 (q, 2H, J = 7.2 Hz, CH2), 4.67 (s, 1H, CH),

7.21–7.34 (m, 4H, ArH), 11.58 (br s, 1H, NH) ppm, 13C NMR (100 MHz, DMSO-d6): δ = 14.38 (CH3),

14.66 (CH3), 25.46 (CH3), 30.9 (C), 35.4 (CH), 41.9 (CH2), 50.1 (CH2), 61.8 (CH2), 72.7 (C), 111.9 (C),

117.5 (C), 120.8 (C), 128.2 (CH), 129.3 (CH), 133.0 (C), 139.4 (C), 144.3 (C), 145.2 (C), 146.8 (C), 149.5 (C),

153.2 (C), 155.9 (C), 162.0 (C), 194.8 (C) ppm, MS (EI, 70 eV): m/z (%) = 524 ([(M+2)+ ], 5), 522 ([M+ ],

15), 521 (40), 410 (100), 382 (36), 326 (45), 298 (16), Anal. Calcd for C27H24ClN3O4S: C, 62.12; H, 4.63; Cl,

6.79; N, 8.05; S, 6.14. Found: C, 62.05; H, 4.57; Cl, 6.66; N, 8.01; S, 6.03.

Ethyl 6-cyano-7-(4-methoxyphenyl)-3,10,10-trimethyl-4,8-dioxo-5,7,8,9,10,11-hexahydro-4H -thi-

eno[3’,2’:5,6]pyrimido[1,2-a]quinoline-2-carboxylate (5c)

Yellow crystals (0.42 g, 81%), mp > 300 ◦C, IR (KBr): ν = 3434 (br, NH), 2202 (CN), 1716 (CO2Et), 1663

(CO dimedone), 1610 (CONH) cm−1 , 1H NMR (400 MHz, DMSO-d6): δ = 0.95 (s, 3H, CH3), 1.14 (s, 3H,

CH3), 1.30 (t, 3H, J = 7.2 Hz, CH3), 2.54 (m, 4H, 2CH2), 2.74 (s, 3H, CH3), 3.68 (s, 3H, CH3), 4.31 (q,

2H, J = 7.2 Hz, CH2), 4.58 (s, 1H, CH), 6.81–7.11 (m, 4H, ArH), 11.59 (br s, 1H, NH) ppm, 13C NMR

(100 MHz, CDCl3): δ = 14.4 (CH3), 14.7 (CH3), 25.5 (CH3), 30.9 (C), 35.4 (CH), 41.9 (CH2), 50.2 (CH2),

55.3 (CH3), 61.8 (CH2), 77.9 (C), 110.3 (C), 114.5 (CH), 117.7 (C), 121.5 (C), 127.9 (CH), 133.1 (C), 144.9

(C), 145.3 (C), 146.0 (C), 149.5 (C), 155.9 (C), 156.3 (C), 159.1 (C), 161.1 (C), 194.9 (C) ppm, MS (EI, 70 eV):

m/z (%) = 517 ([M+ ], 88), 410 (100), 382 (38), 326 (9), 298 (5), Anal. Calcd for C28H27N3O5S: C, 64.97;

H, 5.26; N, 8.12; S, 6.19. Found: C, 64.85; H, 5.21; N, 8.03; S, 6.06.

Ethyl 7-(benzo[d ][1,3]dioxol-5-yl)-6-cyano-3,10,10-trimethyl-4,8-dioxo-5,7,8,9,10,11-hexahydro-4H -

thieno[3’,2’:5,6]pyrimido[1,2-a]quinoline-2-carboxylate (5d)

Yellow crystals (0.44 g, 83%), mp > 300 ◦C, IR (KBr): ν = 3436 (br, NH), 2199 (CN), 1715 (CO2Et), 1664

(CO) cm−1 , 1H NMR (400 MHz, DMSO-d6): δ = 0.94 (s, 3H, CH3), 1.14 (s, 3H, CH3), 1.30 (t, 3H, J = 7.2

Hz, CH3), 2.57 (m, 4H, 2CH2), 2.74 (s, 3H, CH3), 4.25 (q, 2H, J = 7.2 Hz, CH2), 4.58 (s, 1H, CH), 5.95

(s, 2H, OCH2O), 6.66–6.81 (m, 3H, ArH), 11.50 (br s, 1H, NH) ppm, 13C NMR (100 MHz, DMSO-d6): δ

= 14.4 (CH3), 14.7 (CH3), 25.4 (CH3), 30.9 (C), 35.4 (CH), 41.9 (CH2), 50.2 (CH2), 61.8 (CH2), 71.6 (C),

101.2 (CH2), 106.5 (C), 107.3 (CH), 108.7 (CH), 116.9 (C), 120.2 (CH), 121.3 (C), 134.9 (C), 144.9 (C), 145.3

(C), 146.2 (C), 147.1 (C), 148.2 (C), 149.5 (C), 155.6 (C), 159.8 (C), 161.6 (C), 194.9 (C) ppm, MS (EI, 70 eV):

m/z (%) = 531 ([M+ ], 100), 410 (78), 382 (34), 326 (10), 298 (17), Anal. Calcd for C28H25N3O6S: C, 63.27;

H, 4.74; N, 7.90; S, 6.03. Found: C, 63.18; H, 4.65; N, 7.81; S, 5.91.

Ethyl 6’-cyano-3’,10’,10’-trimethyl-2,4’,8’-trioxo-4’,5’,8’,9’,10’,11’-hexahydrospiro[indoline- 3,7’-

thieno[3’,2’:5,6]pyrimido[1,2-a]quinoline]-2’-carboxylate (12a)

Yellow crystals (0.44 g, 83%), mp > 300 ◦C, IR (KBr): ν = 3258, 3191 (2NH), 2201 (CN), 1732 (CO2Et),

1694 (CO), 1658 (CO) cm−1 , 1H NMR (400 MHz, DMSO-d6): δ = 1.05 (d, 6H, 2CH3), 1.31 (t, 3H, J = 7.2
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Hz, CO2CH2CH3), 2.09–2.41 (m, 2H, CH2), 2.75 (s, 3H, CH3), 2.83–3.28 (m, 2H, CH2), 4.33 (q, J = 7.2

Hz, CO2CH2CH3), 6.80–7.17 (m, 4H, ArH), 10.54 (br s, 1H, NH), 11.45 (br s, 1H, NH) ppm, MS (EI, 70

eV): m/z (%) = 528 ([M+ ], 16), 467 (30), 444 (67), 415 (11), 371 (16), 149 (53), 97 (66), 71 (100), 57 (86),

Anal. Calcd for C28H24N4O5S: C, 63.62; H, 4.58; N, 10.60; S, 6.07. Found: C, 63.51; H, 4.44; N, 10.55; S,

6.02.

Diethyl 3’,10’,10’-trimethyl-2,4’,8’-trioxo-4’,5’,8’,9’,10’,11’-hexahydrospiro[indoline-3,7’-thie-

no[3’,2’:5,6]pyrimido[1,2-a]quinoline]-2’,6’-dicarboxylate (12b)

Yellow crystals (0.45 g, 78%), mp > 300 ◦C, IR (KBr): ν = 3436, 3281 (2NH), 1729, 1664 (2CO2Et) cm
−1 ,

1H NMR (400 MHz, DMSO-d6): δ = 0.94 (t, 3H, J = 7.2 Hz, CO2CH2CH3), 1.02 (m, 6H, 2CH3), 1.29 (t,

3H, J = 7.2 Hz, CO2CH2CH3), 2.05–2.39 (m, 2H, CH2), 2.77 (s, 3H, CH3), 3.17–3.29 (m, 2H, CH2), 3.86

(q, J = 7.2 Hz, CO2CH2CH3), 4.31 (q, J = 7.2 Hz, CO2CH2CH3), 6.72–7.10 (m, 4H, ArH), 10.29 (br s,

1H, NH), 12.04 (br s, 1H, NH) ppm, MS (EI, 70 eV): m/z (%) = 575 ([M+ ], 2), 561 (4), 502 (57), 474 (13),

80 (100), 64 (83), Anal. Calcd for C30H29N3O7S: C, 62.60; H, 5.08; N, 7.30; S, 5.57. Found: C, 62.53; H,

5.01; N, 7.22; S, 5.54.

Ethyl 6’-cyano-1,3’,10’,10’-tetramethyl-2,4’,8’-trioxo-4’,5’,8’,9’,10’,11’-hexahydrospiro[indoline-3,7’-

thieno[3’,2’:5,6]pyrimido[1,2-a]quinoline]-2’-carboxylate (12c)

Yellow crystals (0.43 g, 79%), mp > 300 ◦C, IR (KBr): ν = 3437 (NH), 2205 (CN), 1715 (CO2Et), 1691

(CO), 1659 (CO) cm−1 , 1H NMR (400 MHz, DMSO-d6): δ = 1.05 (d, 6H, 2CH3), 1.29 (t, 3H, J = 7.2 Hz,

CO2CH2CH3), 2.05–2.35 (m, 2H, CH2), 2.75 (s, 3H, CH3), 2.82–3.25 (m, 2H, CH2), 3.17 (s, 3H, N-CH3),

4.31 (q, J = 7.2 Hz, CO2CH2CH3), 6.94–7.28 (m, 4H, ArH), 11.54 (br s, 1H, NH) ppm, MS (EI, 70 eV):

m/z (%) = 542 ([M+ ], 38), 481 (27), 459 (100), 458 (99), 431 (22), 385 (23), 192 (22), 146 (29), 83 (65), 64

(67), Anal. Calcd for C29H26N4O5S: C, 64.19; H, 4.83; N, 10.33; S, 5.91. Found: C, 64.08; H, 4.72; N, 10.21;

S, 5.83.

Diethyl 1,3’,10’,10’-tetramethyl-2,4’,8’-trioxo-4’,5’,8’,9’,10’,11’-hexahydrospiro[indoline-3,7’-thieno

[3’,2’:5,6]pyrimido[1,2-a]quinoline]-2’,6’-dicarboxylate (12d)

Yellow crystals (0.44 g, 75%), mp = 250–252 ◦C, IR (KBr): ν = 3444 (NH), 1722, 1663 (2CO2Et), 1607 (CO)

cm−1 , 1H NMR (400 MHz, DMSO-d6): δ = 0.85 (t, 3H, J = 7.2 Hz, CO2CH2CH3), 1.01 (m, 6H, 2CH3),

1.29 (t, 3H, J = 7.2 Hz, CO2CH2CH3), 2.01–2.39 (m, 2H, CH2), 2.78 (s, 3H, CH3), 3.16 (s, 3H, N-CH3),

3.26–3.29 (m, 2H, CH2), 3.83 (q, J = 7.2 Hz, CO2CH2CH3), 4.29 (q, J = 7.2 Hz, CO2CH2CH3), 6.84–7.20

(m, 4H, ArH), 12.25 (br s, 1H, NH) ppm, 13C NMR (100 MHz, CDCl3): δ = 13.6 (CH3), 14.4 (CH3), 14.7

(CH3), 25.8 (CH3), 31.0 (C), 33.9 (CH3), 43.0 (CH2), 48.5 (C), 50.2 (CH2), 61.1 (CH2), 61.7 (CH2), 87.2

(C), 107.5 (C), 119.6 (CH), 120.2 (C), 122.1 (CH), 122.7 (C), 122.9 (C), 128.8 (CH), 133.0 (CH), 144.5 (C),

145.1 (C), 146.4 (C), 146.9 (C), 149.1 (C), 155.9 (C), 161.9 (C), 167.0 (C), 178.4 (C), 194.1 (C) ppm, MS (EI,

70 eV): m/z (%) = 589 ([M+ ], 14), 516 (100), 488 (16), 460 (8), 83 (20), Anal. Calcd for C31H31N3O7S: C,

63.14; H, 5.30; N, 7.13; S, 5.44. Found: C, 63.09; H, 5.23; N, 7.07; S, 5.37.
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