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INTRODUCTION

Polyfunctionally substituted heteroaromatics are bio-

logically interesting molecules, and their synthesis has re-

cently received considerable attention.1-3 In previous work

we have reported several synthese of azoles,4 azines,5 and

benzoazines,6 which are required as potential biodegradable

agrochemicals. Among these are the considerable biological

activities of pyridines and pipridinopyridines as antischis-

tosomal agents7 and antimetabolities.8 As a part of a biologi-

cal chemistry project in our laboratories, samples of certain

polyfunctionally substituted fused pyrimidines were re-

quired.

RESULTS AND DISCUSSION

Our initial strategy of the synthesis of newly fused 4-

amino-2-methyl-5,10-dioxo-1,5,10,11-tetrahydro-benz[g]-

quinoline-3-carbonitrile 1 was synthesised by cycloaddition

reaction of equimolecular ratios of an appropriate alkylidene

malononitrile and 1,4-naphthoquinone in ethanol containing

piperidine as catalyst. At first our theoretical conception of

the obvious cycloaddition reaction led to the formation of

compound 1�. But the experimental evidence that depends on

the different types of analysis to the reaction product proves

that the cycloaddition reaction leads to the formation of com-

pounds 19 through the electronic cyclization according to the

suggested mechanism (Scheme I illustrates the formation of

compound 1). By using the same pathway, we synthesised

4-amino-2-methyl-5,6,11-trioxo-1,4,4�a,5,6,11,12,12a-octa-

hydro-1,12-diazanaphthacene-3-carbonitrile 2
9 by cyclo-

addition reaction of benz[g]-1,2,3,4-tetrahydroquinoline

4,5,10-trione which was prepared in our laboratory as it has

been reported in an earlier publication10 with equimolar ra-

tios of an appropriate alkylidene malononitrile in ethanol

containing piperidine as catalyst.

The structures of the newly synthesised compounds 1,2

were confirmed by elemental analysis, IR, 1H-NMR and mass

spectral data [cf. Tables 1,2,3].

Also the activation exerted by the cyano group at C3 on

the exocyclic methyl group at C2 render it available for the

reaction with different diazonium salts of aromatic amine,

thus compound (3a-c) was synthesised by the reaction of dif-

ferent diazonium salts of aromatic amine with compound 1.

The structure of compound (3a-c) was confirmed by elemen-

tal analysis, IR, 1H-NMR spectra and mass spectra (cf. Tables

1,2,3).

Compound (4a-c) was prepared with the same pathway

by reaction of compound 2 with different diazonium salts of

aromatic amine which led to the formation of compound

(4a-c). The structure of compound (4a-c) was confirmed by

elemental analysis, IR, 1H-NMR spectra and mass spectra (cf.

Tables 1,2,3).

The activity of the methylene group render it avaliable

for the reaction of compound (3a-c) with ethyl cyanoacetate;

the reaction can lead to two different pathways giving com-

pounds (5a-c) or (5�a-c). The 1H-NMR spectrum of the prod-

uct in DMSO sign to the absence of the singlet for the ester

group thus the structure of compound (5a-c) was confirmed

by elemental analysis, IR, 1H-NMR and mass spectra (cf. Ta-

bles 1,2,3). Also compound (6a-c) was prepared by the same

pathways; the 1H-NMR spectrum of the product in DMSO

showed the absence of the singlet for the ester group. Thus

the reaction product (6a-c) was confirmed by elemental anal-

ysis, IR, 1H-NMR spectra and mass spectra (cf. Tables 1,2,3).

Thus the spectrum analysis does not support the structure

(6�a-c).

Compounds 1 and 2 undergo acidic hydrolysis by acetic

aid in the presence of a few drops of concentrated hydrochlo-
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ric acid in to the carboxylic group. Thus the structures of both

carboxylic compounds 4-amino-2-methyl-1H-benz[g]quino-

line-5,10-dione-3-carboxylic acid 7 and 4-amino-2-methyl-

1,2,3-trihydropiperidino[2,3-b]-benz[g]-1,2,3,4-trihydro-

quinoline-5,6,11-trion-3-carboxylic acid 8 were confirmed

by elemental analysis, IR, 1H-NMR and mass spectra (cf. Ta-

bles 1,2,3).

Compounds 7 and 8 react with different diazonium salts

of aromatic amine to give compounds (9a-c) and (10a-c). The

structures of compounds (9a-c) and (10a-c) was confirmed

by elemental analysis, IR, 1H-NMR and mass spectra (cf. Ta-

bles 1,2,3).

The activity of the methylene group in compounds

(9a-c) and (10a-c) render it available for the reaction of com-

pounds (9a-c) and (10a-c) with ethyl cyanoacetate; the reac-

tion leads to the formation of compounds (11a-c) and (12a-c)

but not (11�a-c) and (12�a-c) depending upon the 1H-NMR

spectra which showed the absence of signals signed to the es-

ter group. The structures of compounds (11a-c) and (12a-c)

were confirmed by elemental analysis, IR, 1H-NMR and mass

spectra (cf. Tables 1,2,3).

EXPERIMENTAL SECTION

Melting points are uncorrected. IR spectra were mea-

sured as Kbr pellets on a Pye-Unicam sp 1000 spectrophoto-

meter. 1H-NMR spectra were recorded in [2H6] dimethylsulf-

oxide at 200 MHz on a Varian Gemini NMR spectrometer us-

ing Mesi as internal reference. Mass spectra were obtained on

a Shimadzu GCMs-QP 1000 EX mass spectrometer at 70 eV.

Elemental analysis were carried out at the Microanalytical
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Center of Cairo University.

Synthesis of 4-amino-2-methyl-5,10-dioxo-1,5,10,11-tetra-

hydrobenzo[g]quinoline-3-carbonitrile 1

A solution of the appropriate acetamidine malononi-

trile was prepared in situ from the reaction of the acetamide

and malononitrile (0.01 mole) in ethanol (20 mL) containing

two drops of piperidine and treated with 1,4-naphthoquinone

(0.01 mol); the reaction mixture was heated under reflux for

8-10 hr. The solvent was then evaporated under reduced pres-

sure and poured onto ice/water acidified by HCl; the solid

product so formed was collected by filtration and crystallized

from ethanol.

Synthesis of 4-amino-2-methyl-5,6,11-trioxo-

1,4,4a,5,6,11,12,12a-octahydro-1,12-diazanaphthacene-3-

carbonitrile 2

A solution of the appropriate acetamidine malononi-

trile was prepared as above and treated with benz[g]1,2,3,4-

tetrahydroquinoline (0.01) mole. The reaction mixture was

heated under reflux for 8-10 hr. The solvent was then evapo-

rated under reduced pressure. Poured onto ice/water acidified

by HCl, the solid product so formed was collected by filtra-

tion and crystallized from ethanol.

Synthesis of azodye (3a-c) and (4a-d)

A solution of compounds 1 and or 2 (0.01 mol) in etha-

nol was reacted with diazonium salt of 2 different aromatic

amine (0.01 mol); the reaction product was cooled and col-

lected by filtration and crystallized from the proper solvent to

give the title compounds.

Synthesis of compounds (5a-d) and (6a-c)

A solution of compounds (3a-c) and or (4a-c) (0.01

mol) in ethanol (20 mL) was treated with ethylcyano acetate

(0.01 mol) in the presence of a few drops of piperidine; the re-

action mixture was heated under reflux for 10-12 h. The sol-

vent was then evaporated under reduced pressure and poured

onto ice/water acidified by HCl; the solid product so formed

was collected by filtration and crystallized from the proper

Synthesis of Fused Pyrimidines Incorporating Quinones J. Chin. Chem. Soc., Vol. 51, No. 4, 2004 771

Table 1.

Comp. No. Yield � mp. Crystal solvent Mol. Formula Mol. wt MS

1 65 270 EtOH C15H11O2N3 265.27 266 (M+1)

2 70 190 EtOH C18H14O3N4 334.15 338 (M+4)

3a 69 � 300 DMF C21H15O2N5 369.38 369

3b 75 � 300 DMF C21H15O3N5 385.38 385

3c 73 � 300 DMF C21H14O4N6 414.38 414

4a 69 � 300 DMF C24H18O3N6 438.44 438

4b 80 � 300 DMF C24H18O4N6 454.44 454

4c 84 � 300 DMF C24H17O5N7 483.44 483

5a 70 � 300 DMF C24H16O3N6 436.43 436

5b 76 � 300 DMF C24H16O4N6 452.43 452

5c 80 � 300 DMF C24H15O5N7 481.43 481

6a 85 � 300 DMF C27H19O4N7 505.49 505

6b 80 � 300 DMF C27H19O5N7 521.49 521

6c 83 � 300 DMF C27H18O6N8 550.49 551 (M+1)

7 71 230 EtOH C15H12O4N2 284.27 284

8 66 185 EtOH C18H15O5N3 353.33 353

9a 70 � 300 DMF C21H16O4N4 388.38 388

9b 68 � 300 DMF C21H16O5N4 404.38 404

9c 75 � 300 DMF C21H15O6N5 433.38 433

10a 69 � 300 DMF C24H19O5N5 457.44 457

10b 76 � 300 DMF C24H19O6N5 473.44 473

10c 70 � 300 DMF C24H18O7N6 502.44 502

11a 80 � 300 DMF C24H17O5N5 455.43 455

11b 83 � 300 DMF C24H17O6N5 471.43 471

11c 85 � 300 DMF C24H16O7N6 500.43 500

12a 84 � 300 DMF C27H20O6N6 524.49 526 (M+2)

12b 80 � 300 DMF C27H20O7N6 540.49 540

12c 83 � 300 DMF C27H19O8N7 569.49 569



solvent to give the title compounds (5a-c) and (6a-c).

Synthesis of 4-amino-2-methyl-1H-benz[g]quinoline-5,10-

dione-3-carboxylic acid (7) and 4-amino-2-methyl-1,2,3-

trihydropiperidino[2,3-b] benz[g]-1,2,3,4-trihydroquino-

line-5,6,11-trion-3-carboxilic acid (8)

A solution of 1 and or 2 (0.01 mole) in glacial acetic

acid (20 mL) containing a few drops of concentrated hydro-

chloric acid respectively was heated under reflux for 6-7 h.

The solvent was then evaporated under reduced pressure and

the residue treated with alkali solution of sodium hydroxide;

the solid product was collected by filtration and crystallized

from ethanol to give the title compounds.

Synthesis of azodye (9a-c) and (10a-c)

A solution of compounds 7 and or 8 (0.01 mol) in etha-

nol was reacted with diazonium salt of a different aromatic

amine (0.01 mol). The reaction product was cooled and col-

lected by filtration and crystallized from the proper solvent to

give the title compounds.

Synthesis of compounds (11a-c) and (12a-c)

A solution of compounds (9a-c) and or (10a-c) (0.01

mol) in ethanol (20 mL) was treated with ethylcyano acetate

(0.01 mol) in the presence of a few drops of piperidine; the re-

action mixture was heated under reflux for 10-12 h. The sol-
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Table 2.

(Calcd.) FoundComp.

No. IR (�max/cm-1)
C H N

1 2216 (C�N), 3400-3100 (NH,

NH2), 1640 (C�O).

(67.92)

67.90

(4.18)

4.15

(15.84)

15.80

2 2206 (C�N), 3350-3200 (NH,

NH2), 1640 (C�O).

(64.70)

64.65

(4.22)

4.10

(16.77)

16.66

3a 2220 (C�N), 3400-3100 (NH,

NH2), 1655 (C�O).

(68.29)

68.28

(4.09)

4.07

(18.96)

18.95

3b 2214 (C�N), 3450-3100 (NH,

NH2), 1650 (C�O).

(65.45)

65.43

(3.92)

3.91

(18.17)

18.16

3c 2210 (C�N), 3400-3150 (NH,

NH2), 1655 (C=O).

(60.87)

60.86

(3.41)

3.40

(20.28)

29.27

4a 2210 (C�N), 3400-3100 (NH,

NH2), 1645 (C�O).

(65.75)

65.74

(4.14)

4.13

(19.17)

19.15

4b 2208 (C�N), 3400-3100 (NH,

NH2), 1640 (C=O).

(63.43)

63.41

(3.99)

3.98)

(18.49)

18.47

4c 2215 (C�N), 3400-3100 (NH,

NH2), 1655 (C�O).

(59.63)

59.62

(3.54)

3.52

(20.28)

20.27

5a 2218 (C�N), 3400-3100

(NH2, NH), 1645 (C�O).

(66.05)

66.04

(3.69)

3.68

(19.26)

19.25

5b 2217 (C�N), 3450-3100

(NH2, NH), 1655 (C=O).

(63.72)

63.71

(3.56)

3.55

(18.58)

18.57

5c 2220 (C�N), 3400-3100

(NH2, NH), 1650 (C�O).

(59.88)

59.87

(3.14)

3.12

(20.37)

20.35

6a 2213 (C�N), 3450-3100

(NH2, NH), 1645 (C=O).

(64.16)

64.15

(3.79)

3.78

(19.39)

19.38

6b 2215 (C�N), 3400-3100

(NH2, NH), 1644 (C�O).

(62.19)

62.18

(3.67)

3.65

(18.80)

18.79

6c 2219 (C�N), 3400-3100

(NH2, NH), 1650 (C�O).

(58.91)

58.90

(3.29)

3.27

(20.36)

20.35

7 3500-3150 (NH2, NH, OH). (63.44)

63.42

(4.25)

3.23

(9.85)

9.84

8 3350-3100 (NH2, NH, OH),

1640 (C�O).

(61.19)

61.17

(4.28)

4.27

(11.89)

11.88

9a 3500-3100 (NH2, NH, OH),

1645 (C�O), 2206 (C�N).

(64.94)

64.93

(4.15)

4.13

(14.43)

14.42

9b 3500-3100 (NH, NH2, OH),

1650 (C�O), 2210 (C�N).

(62.38)

62.36

(3.99)

3.98

(13.86)

13.85

9c 3500-3100 (NH, NH2, OH),

1655 (C=O), 2215 (C�N).

(58.20)

58.19

(3.49)

3.47

(3.23)

3.22

10a 3500-3150 (NH, NH2, OH),

1645 (C�O), 2216 (C�N).

(63.02)

63.01

(4.19)

4.17

(15.31)

15.30

10b 3500-3100 (NH, NH2, OH),

1644 (C�O), 2220 (C�N).

(60.89)

60.88

(4.05)

4.03

(14.79)

14.78

10c 3500-3150 (NH, NH2, OH),

1645 (CO), 2217 (C�N).

(57.37)

57.36

(3.61)

3.60

(16.73)

16.72

11a 3500-3100 (NH, NH2, OH),

1640 (C�O), 2212 (C�N).

(63.29)

63.28

(3.76)

3.75

(15.38)

15.36

11b 3500-3150 (NH, NH2, OH),

1645 (C�O), 2213 (C�N)

(61.15)

61.13

(3.64)

3.63

(14.86)

14.84

11c 3500-3100 (NH, NH2, OH),

1640 (C=O), 2216 (C�N).

(57.60)

57.59

(3.22)

3.21

(16.97)

16.95

12a 3500-3150 (NH, NH2, OH),

1644 (C�O), 2218 (C�N).

(61.83)

61.81

(3.84)

3.82

(16.02)

16.01

12b 3500-3100 (NH, NH2, OH),

1645 (C�O), 2216 (C�N).

(60.00)

60.00

(3.73)

3.72

(15.55)

15.54

12c 3500-3100 (NH, NH2, OH),

1640 (C�C), 2214 (C�N).

(56.95)

56.94

(3.36)

3.35

(17.22)

17.20

Table 3.

Comp.

No.
1H-NMR (DMSO) � ppm

1 3.43 (s, 3H, CH3), 8.1-7.3 (m, 5H, aromatic protons

and heterocyclic hydrogen), 6.7 (s, 2H, NH2), 10.2 (s,

1H, NH).

2 3.44 (s, 3H, CH3), 5.73 (s, 2H, NH2), 8.01-7.48 (m,

7H, aromatic protons and heterocyclic hydrogen), 12,

41 (s, 2H, two NH).

7 3.42 (s, 3H, CH3), 8.11-7.25 (m, 5H, aromatic protons

and heterocyclic hydrogen), 6.65 (s, 2H, NH2), 10.22

(s, 1H, NH), 10.5 (s, 1H, OH).

8 3.45 (s, 3H, CH3), 8.2-7.47 (m, 7H, aromatic protons

and heterocyclic hydrogen), 5.75 (s, 2H, NH2), 10.55

(s, 1H, OH).

3a 5.7 (s, 2H, NH2), 8.1-7.2 (m, 11H, aromatic protons

and heterocyclic hydrogens), 12.25 (br. s., 2H, 2NH).

4a 5.76 (s, 2H, NH2), 8.01-7.1 (m, 15H, aromatic protons

and heterocyclic hydrogens), 12.24 (br. s., 1H, NH).

5a 5.75 (s, 2H, NH2), 8.1-7.01 (m, 14H, aromatic protons

and heterocyclic hydrogens).

6a 5.77 (s, 2H, NH2), 8.01-7.1 (m, 16H, aromatic protons

and heterocyclic hydrogens), 12.25 (brs. s., 1H, NH).
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3-6;6`; a, X = H

b, X = P-NO2

c, X = p-OH
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vent was then evaporated under reduced pressure and poured

onto ice/water acidified by HCl; the solid product so formed

was collected by filtration and crystallized from the proper

solvent to give the title compounds (11a-c) and (12a-c).

Received July 16, 2003.
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