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1. Introduction 

 One of the efficient and influencing methods in 

sustainable and diversity-oriented synthesis of 

compounds is multicomponent reactions (MCRs) [1]. 

Experts in biological, chemistry and modern organic 

synthesis have paid special attention to MCRs [2-5]. 

MCRs processes, in which three or more reactants are 

combined in a single chemical step to produce products 

that incorporate substantial portions of all the 

components [6]. 

 

 

 

 

MCRs demonstrate several benefits over classic methods 

in many ways such as synthetic efficiency, reduction of 

isolation and purification steps, ease of operation, 

minimization of costs, energy, time and waste production. 

In the past decade, a lot of multicomponent reactions have 

been reported, yet developing novel MCRs that meet 

almost all of the advantages above is still in the 

burgeoning phase [7-13].  
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Abstra c t  
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Fused heterocyclic compounds are key structural 

scaffolds in a broad variety of natural products, drug 

molecules, and functional materials. Among them, fused 

pyrroles and their derivatives have been related to an 

extensive range of pharmacological activities, such as 

anti-asthmatic [14], antitumor [15], antibacterial [16], 

anti-inflammatory [17], antioxidant [18] and thus play a 

significant role in drug discovery [19]. These compounds 

can have intrinsic biological activity and also constitute 

the structural feature of many biologically active 

compounds. Some synthetic methodologies have been 

used for the construction of these important derivatives 

[20-24]. These approaches usually require catalysts [25] 

under harsh reaction conditions, multistep and tedious 

workup procedures. Consequently, it is desirable and 

important to develop simple, catalyst-free, mild 

conditions and environmentally friendly methods for the 

construction of acenaphtho[1,2-b]indolone derivatives. 

So the novelty of this work is the synthesis of new highly 

functionalized indole skeleton via one-pot catalyst-free 

reaction and potential biological activity of the products. 

Some of the recent significant reactions for the synthesis 

of complex molecules from acenaphthoquinone has been 

shown (Fig. 1). Product (a) was synthesized from the 

reaction of 5,5-dimethylcyclohexane-1,3-dione, 

arylamines, active methylene compounds and 

acenaphthoquinone [26]. Product (b) was synthesized 

from the reaction of azomethine ylides and 

acenaphthoquinone [29]. Product (c) was synthesized 

from the reaction of cyclic enaminones, and 

acenaphthoquinone [28] in the presence of Et3N. Product 

(d) was synthesized from the reaction of 3,5-bis[(E)-

arylmethylene]tetrahydro-4(1H)-pyridinones, sarcosine 

and acenaphthoquinone [29].  

 

 

Fig. 1 Summary of previous studies of compounds based on 

acenaphthylene-1,2-dione 

2. Experimental procedure 

acenaphthoquinone, barbiturates, aniline derivatives and 

Ethanol were used to prepare the samples. All of the 

chemicals used in this work were purchased from Merck 

and Aldrich chemical companies. Melting points were 

measured on an Electrothermal 9100 apparatus. IR 

spectra were measured with Bruker Tensor 27 

spectrometer; absorbencies are reported in cm-1. 1H and 

13C NMR spectra were measured with a Bruker DRX-300 

AVANCE spectrometer at 300 MHz. NMR spectra were 

obtained in solutions of DMSO-d6. Mass spectra were 

recorded on an Agilent Technologies 5975C VL MSD 

with Tripe-Axis Detector mass spectrometer operating at 

an ionization potential of 70 eV. The detailed synthesis 

procedure is as follows:  

A mixture of acenaphthoquinone 1 (0.1822 g, mmol) 1,3-

dimethyl barbituric acid 2 (0.1561 g, 1 mmol) and 4-

methoxyaniline 3 (0.1232 g, 1 mmol) using EtOH (94%) 

as solvent under reflux condition for 2 h. After 

completion of the reaction, (monitored by TLC using n-

hexane : EtOAc (1:1) as eluent), the reaction mixture was 

cooled to room temperature and the solid was washed 

with ethanol (10 mL) to obtain the product 4a. 
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5-((6bS,11bR)-6b-hydroxy-10-methoxy-7,11b-dihydro-

6bH-acenaphtho[1,2-b]indol-11b-yl)-1,3-

dimethylpyrimidine-2,4,6(1H,3H,5H)-trione (4a): Gray 

solid, Yield 0.407 g (92%). Mp: 316-318 oC, IR (KBr) 

(ῡmax/cm-1): 3442, 3293, 2954, 1692, 1648, 1495, 1147. 

1H NMR (300 MHz, DMSO-d6) δ: 3.09 (s, 3 H, NCH3), 

3.15 (s, 3 H, NCH3), 3.66 (s, 3 H, OCH3), 6.53 (d, 3JHH = 

8.4 Hz, 1 H, ArH), 6.55 (d, 3JHH = 8.4 Hz, 1 H, ArH), 7.43 

(s, 1 H, ArH), 7.43-7.90 (m, 8 H, CH, OH, ArH), 7.96 (s, 

1 H, NH). 13C NMR (75 MHz, DMSO-d6) δ: 27.8, 29.9, 

56.1, 71.0, 90.9, 110.8, 111.8, 114.1, 120.1, 120.6, 122.9, 

124.4, 126.3, 128.9, 129.4, 131.2, 131.9, 136.6, 138.8, 

142.4, 143.3, 151.1, 153.9, 159.4, 161.8 (C=O). MS (EI, 

70 eV): m/z (%):= 443 (M+, 0.2), 425 (M-18, 31), 368 (5), 

312 (29), 283 (100), 240 (58), 201 (15), 141 (43), 106 

(24), 56 (22). Anal. Calcd for C25H21N3O5 (443.45): C, 

67.71; H, 4.77; N, 9.48. Found: C, 67.9; H, 4.5; N, 9.1. 

 

5-((6bS,11bR)-6b-hydroxy-10-nitro-7,11b-dihydro-6bH-

acenaphtho[1,2-b]indol-11b-yl)-1,3-

dimethylpyrimidine-2,4,6(1H,3H,5H)-trione (4b): Gray 

powder, Yield  0.357 g (78%). Mp: 244-245 oC, IR (KBr), 

(ῡmax/cm-1): 3422, 2955, 2861, 1676, 1437, 1368, 1130, 

768 cm-1. 1H NMR (300 MHz, DMSO-d6) δ: 2.47 (s, 3 H, 

NCH3), 2.77 (s, 3 H, NCH3), 5.45 (s, 2 H, NH, OH), 7.60-

8.04 (m, 9 H, Ar) 13C NMR (75 MHz, DMSO-d6) δ: 28.6, 

53.2, 68.7, 101.0, 114.4, 120.4, 121.7, 128.9, 129.2, 

130.7, 130.9, 132.7, 137.9, 144.4, 152.0, 168.2 (C=O). 

Anal. Calcd for C24H18N4O6 (458.12): C, 62.88; H, 3.96; 

N, 12.22. Found: C, 62.3; H, 3.6; N, 11.9. 

 

5-((6bS,11bR)-10-bromo-6b-hydroxy-7,11b-dihydro-

6bH-acenaphtho[1,2-b]indol-11b-yl)pyrimidine-

2,4,6(1H,3H,5H)-trione (4c): Gray solid, Yield 0.366 g 

(79%). Mp: 247-248 oC, IR (KBr) (ῡmax/cm-1): 3423, 

2992, 2864, 1769, 1443, 1374, 1264, 762 cm-1. 1H NMR 

(300 MHz, DMSO-d6) δ: 5.33 (s, 2 H, NH, OH), 7.45-

8.43 (m, 9 H, Ar), 11.10 (s, 1 H, NH), 11.18 (s, 1 H, NH). 

Anal. Calcd for C22H14BrN3O4 (464.27): C, 56.91; H, 

3.04; N, 9.05. Found: C, 56.7; H, 3.5; N, 9.4. 

 

5-((11bR)-6b-hydroxy-10-methyl-7,11b-dihydro-6bH-

acenaphtho[1,2-b]indol-11b-yl)pyrimidine-

2,4,6(1H,3H,5H)-trione (4d): Gray solid, Yield 0.315 g 

(79%). Mp: 312-314 oC, IR (KBr) (ῡmax/cm-1): 3376, 

2928, 1709, 1597, 1148, 782, 675. 1H NMR (300 MHz, 

DMSO-d6) δ: 1.90 (s, 3 H, CH3), 6.48-7.95 (m, 9 H, Ar), 

8.17 (s, 1 H, NH), 10.22 (s, 1 H, NH), 11.10 (s, 1 H, NH). 

13C NMR (75 MHz, DMSO-d6) δ: 18.08, 71.1, 91.7, 

108.0, 114.2, 114.6, 116.8, 121.7, 122.9, 124.2, 126.2, 

126.8, 128.9, 129.5, 130.2, 130.4, 130.7, 132.0, 135.9, 

136.7, 138.8, 138.9, 143.2, 149.9, 150.6, 161.2, 163.8 

(C=O). Anal. Calcd for C23H17N3O4 (399.40): C, 69.17; 

H, 4.29; N, 10.52. Found: C, 68.8; H, 4.1; N, 10.2. 

 

5-((6bS,11bR)-8-chloro-6b-hydroxy-7,11b-dihydro-6bH-

acenaphtho[1,2-b]indol-11b-yl)-1,3-

dimethylpyrimidine-2,4,6(1H,3H,5H)-trione (4e): White 

powder, Yield 0.366 g (82%). Mp: 245-246 oC, IR (KBr) 

(ῡmax/cm-1): 3423, 2956, 2863, 1698, 1445, 1375, 1127, 

777 cm-1. 1H NMR (300 MHz, DMSO-d6) δ: 2.77 (s, 3 

H, NCH3), 2.92 (s, 3 H, NCH3), 5.44 (s, 2 H, NH, OH), 

7.53-8.17 (m, 9 H, Ar). 13C NMR (75 MHz, DMSO-d6) δ: 

28.2, 28.5, 53.1, 72.0, 91.8, 110.0, 111.7, 114.6, 121.4, 

121.7, 128.4, 129.1, 130.5, 132.7, 136.5, 142.4, 152.3, 

156.3, 166.3 (C=O). Anal. Calcd for C24H18ClN3O4 

(447.87): C, 64.36; H, 4.05; N, 9.38. Found: C, 64.8; H, 
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4.5; N, 9.1. 

 

5-((6bS,11bR)-9-chloro-6b-hydroxy-7,11b-dihydro-6bH-

acenaphtho[1,2-b]indol-11b-yl)-1,3-

dimethylpyrimidine-2,4,6(1H,3H,5H)-trione (4f): White 

powder, Yield 0.367 g (82%). Mp: 265-266 oC, IR (KBr) 

(ῡmax/cm-1): 2956, 2863, 1683, 1445, 1605, 1126, 756 cm-

1. 1H NMR (300 MHz, DMSO-d6) δ: 2.70 (s, 3 H, NCH3), 

2.92 (s, 3 H, NCH3), 5.44 (s, 2 H, NH, OH), 7.53-8.18 (m, 

9 H, Ar). Anal. Calcd for C24H18ClN3O4 (447.87): C, 

64.36; H, 4.05; N, 9.38. Found: C, 64.0; H, 4.2; N, 9.6. 

 

5-((6bS,11bR)-6b-hydroxy-8-methyl-7,11b-dihydro-

6bH-acenaphtho[1,2-b]indol-11b-yl)pyrimidine-

2,4,6(1H,3H,5H)-trione (4g): Gray powder, Yield 0.315 

g (79%). Mp: 312-314 oC, IR (KBr) (ῡmax/cm-1): 3376, 

2928, 1709, 1597, 1148, 782, 675 cm-1. 1H NMR (300 

MHz, DMSO-d6) δ: 1.90 (s, 3 H, CH3), 6.48-7.95 (m, 9 

H, Ar), 8.17 (s, 1 H, NH), 10.22 (s, 1 H, NH), 11.10 (s, 1 

H, NH). 13C NMR (75 MHz, DMSO-d6) δ: 18.08, 71.1, 

91.7, 108.0, 114.2, 114.6, 116.8, 121.7, 122.9, 124.2, 

126.2, 126.8, 128.9, 129.5, 130.2, 130.4, 130.7, 132.0, 

135.9, 136.7, 138.8, 138.9, 143.2, 149.9, 150.6, 161.2, 

163.8 (C=O). Anal. Calcd for C23H17N3O4 (399.40): C, 

69.17; H, 4.29; N, 10.52. Found: C, 69.6; H, 4.7; N, 10.1. 

 

5-((6bS,11bR)-10-amino-6b-hydroxy-7,11b-dihydro-

6bH-acenaphtho[1,2-b]indol-11b-yl)pyrimidine-

2,4,6(1H,3H,5H)-trione (4h): White powder, Yield  

0.360 g (90%). Mp: 312-314 oC, IR (KBr) (ῡmax/cm-1): 

3428, 3285, 1649, 1628, 1495, 1148 cm-1. 1H NMR (300 

MHz, DMSO-d6) δ: 4.37 (s, 1 H, OH), 6.27 (d, 2JHH = 7.4 

Hz, 2 H, Ar), 7.58-7.96 (m, 7 H, Ar), 8.15 (s, 1 H, NH), 

10.66 (s, 1 H, NH), 10.25 (s, 2 H, NH2). 
13C NMR (75 

MHz, DMSO-d6) δ: 27.5, 28.9, 53.6, 71.20, 91.9, 110.8, 

111.8, 114.1, 120.1, 120.6, 122.9, 124.4, 126.3, 128.9, 

129.4, 131.2, 131.9, 136.6, 138.8, 142.4, 143.3, 149.0, 

152.9, 156.2, 165.3 (C=O). Anal. Calcd for C22H16N4O4 

(400.39): C, 66.00; H, 4.03; N, 13.99. Found: C, 66.4; H, 

4.5; N, 13.7. 

 

5-((6bS,11bR)-10-chloro-6b-hydroxy-7,11b-dihydro-

6bH-acenaphtho[1,2-b]indol-11b-yl)-1,3-

dimethylpyrimidine-2,4,6(1H,3H,5H)-trione (4i): White 

powder, Yield 0.372 g (83%). Mp: 223-224 oC, IR (KBr) 

(ῡmax/cm-1): 3425, 2954, 2861, 1678, 1440, 1131, 759 cm-

1. 1H NMR (300 MHz, DMSO-d6) δ: 2.78 (s, 3 H, NCH3), 

2.94 (s, 3 H, NCH3), 5.46 (s, 2 H, NH, OH), 7.53-7.87 (m, 

7 H, Ar), 8.18 (s, 1 H, Ar). 13C NMR (75 MHz, DMSO-

d6) δ: 28.2, 28.5, 53.1, 72.0, 91.8, 110.0, 111.7, 114.6, 

121.4, 121.7, 128.4, 129.1, 130.5, 132.7, 136.5, 142.4, 

152.3, 156.3, 166.3 (C=O). Anal. Calcd for C24H18ClN3O4 

(447.87): C, 64.36; H, 4.05; N, 9.38. Found: C, 64.7; H, 

4.4; N, 9.0. 

3. Results and discussion  

The reaction of acenaphthoquinone 1, barbituric acid 2, 

and arylamines 3 in equimolar ratio in refluxing EtOH 

afford fused acenaphthoindolopyrimidine derivatives 4a-

i in high yield. (Scheme 1).  

When the reaction was carried out in refluxing methanol, 

acetonitrile, or water, the products were obtained in lower 

yields. The effects of solvents were examined for this 

reaction, and the results are summarized in Table 1. 

Initially, this reaction was carried out in EtOH at room 

temperature, In this case, target compound 4a was 

observed but with low yield (Table 1, entry 1). The same 

reaction has also monitored at reflux. The result showed 

that reaction completed in 2 h with excellent yield as 

compared to another solvents (Table 1, entry 2). Next in 

different solvents such as MeOH, CH3CN and H2O were 

employed (Table 1, entries 3–7), and results show that all 
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were successful but with low yields. As a result, EtOH 

was determined to be the appropriate solvent. 

In refluxing EtOH, reaction not only occurred over a 

shorter period of time but also provided a higher yield 

than that obtained by using any of the other examined 

solvents such as MeOH, CH3CN, and H2O (Table 1, 

entries 3-7). 

 In order to optimize the reaction condition of different 

solvents for the model product 4a, using reaction mixture 

of acenaphthoquinone 1 (1 mmol), 1,3-dimethyle 

barbituric acid 2 (1 mmol) and 4-methoxyaniline 3 (1 

mmol) under refluxing ethanol condition. Results are 

summarized in Table 2, showed that the best conversion 

was obtained using ethanol as solvent in reaction 

medium. The yields were excellent without formation of 

any side products, and products are obtained in very good 

purity. To the best of our knowledge, there is no report on 

the synthesis of these products (4a-i). 

 

 

 

 

 

 

 

Scheme 1. Synthesis of acenaphtho[1,2-b]indol-6b-ol derivatives 4a-i 

 

Table 1. Synthesis of acenaphtho[1,2-b]indol-6b-ol derivatives under different conditionsa 

 

 

 

 

 

 

aConditions: 4-methoxyaniline (1 mmol), acenaphthoquinone (1 mmol), and N,N-dimethylbarbituric acid (1 

mmol), solvent 5 mL. 

 bYield of isolated 4i. 

 cThe best condition. 

 

Mechanistically, the formation of the product is a 

sequence of reactions involving Knoevenagel 

condensation I of acenaphthoquinone with barbituric acid 

by loss of water molecule, followed by Michael addition 

II of arylamines on electron deficient C-atom, it produces 

open chain intermediate II. This intermediate is 

converted into III through the imine-enamine 

tautomerization, followed by N-cyclization via attack to 

the C=O of acenaphthoquinone produces 4. A reasonable 

mechanism for the formation of targeted products is 

outlined in (Scheme 2). 

The structures of model compound 4a was confirmed by 

IR ,1H ,13C NMR and Mass spectra. The IR spectra of 4a 

showed absorption bonds due to the NH and OH groups 

at 3442 and 3293 cm–1. Stretching frequencies related to 

C=O, C=C, C-O functional groups appeared at 1692, 

1648, 1495, 1147 cm–1, respectively. The mass spectrum 

of 4a did not show a molecular ion (M+) at m/z = 443, but 

the presence of a m/z = 425 peak is confirmation of 

Entry Solvent Temperature(°C) Time(h) Yield(%)b 

1 EtOH r.t. 15 50 

2 EtOHc 80 2 92 

3 MeOH 65 6 trace 

4 CH3CN r.t. 12 51 

5 CH3CN 80 6 54 

6 H2O r.t. 15 22 

7 H2O 80 12 54 
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product resulting in a [M – 18] peak from the loss of 

water. The 1H NMR spectrum of 4a exhibited two signals 

recognized as arising from the NCH3 groups ( = 3.09 and 

3.15 ppm) and a singlet due to the OCH3 group ( = 3.66 

ppm), and two doublet ( = 6.53 and 6.65 ppm, 3JHH = 8.4 

Hz, 2H, ArHortho), and aromatic region of the spectrum ( 

= 7.43-7.90 ppm) for the methine proton and aromatic 

moieties. The sharp singlet due to the NH group ( = 7.96 

ppm), which were determined by D2O exchange. The 1H-

decoupled 13C NMR spectrum of 4a showed 25 distinct 

resonances, which confirmed the proposed structure. 

Resonances due to the NCH3, OCH3, CH, OH-C-C, C-

OH, and 3C=O appeared at  = 27.8, 29.9, 56.1, 71.0, 

90.9, and 153.9, 159.4, 161.8, respectively. 
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Table 2. Synthesis acenaphtho[1,2-b]indol-6b-ol derivatives 4a-i 

Entry CH acid Aryl amine Product Yield (%) Time (h) 

 

1 

 
 

 

 

 

92 

 

 

2 

 

2 

 
 

 

 

78 

 

8 

 

3 

 
 

 

 

79 

 

3 

 

4 

 
 

 

 

79 

 

3 

 

5 

 
 

 

 

82 

 

3 

 

6 

  

 

 

 

82 

 

 

3 

 

7 

 
 

 

 

 

79 

 

 

2 

 

8 

 

  

 

 

90 

 

 

2 

 

9 

 
  

 

83 

 

3 
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Scheme 2. Proposed mechanism for the synthesis of acenaphtho[1,2-b]indol-6b-ol derivatives. 

4. Conclusion 

In this paper, we have developed a simple methodology 

for the synthesis of acenaphthoindolopyrimidine 

derivatives via three component reaction between aniline 

derivatives, acenaphthoquinone, and barbiturates through 

sequential Knoevenagel/Michael/intramolecular N-

cyclization sequences in EtOH media. The advantages of 

this route include catalyst-free reaction conditions, higher 

yields, short reaction time and simple workup. 
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