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Abstract: A simple and efficient method for the synthesis of a novel series of 2, 3, 5 trisubstituted 

indoles in high yields is discribed from an one-pot, three-component reaction of p-aniline, the 

phenylglyoxals and barbituric acid or dimedon in HOAc. 
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Introduction  

Multi-component reactions (MCRs) play an important role in organic chemistry. The 

significant contribution of MCRs to the state of the art of modern organic chemistry and 

their potential use in complex organic syntheses
1
. Indole and its derivatives are known as 

important intermediates in organic synthesis and pharmaceutical chemistry
2
. These 

compounds exhibit various physiological properties and pharmacological activities
2
 such as: 

beneficial estrogen metabolism promoter
3
, inhibitor for human prostate cancer cells and 

radical scavengers
4
. Therefore, development of facile and practical approaches to the 

synthesis of these classes of compounds has been investigated by a number of organic and 

pharmaceutical chemists. Although these are efficient process and have been used widely for 

the preparation of substituted indoles
5-8

, some of these methods involve two or more 

sequential synthetic steps, the use of harsh reaction conditions that give low yields and 

drastic condition for catalyst preparation. These limitations of the current available synthetic 

approaches to substituted indole derivatives prompted us to develop an alternative synthesis 

of indole derivatives. Here, we report a new, simple and general synthetic method of 

substituted indoles.  

Experimental 

All chemicals were purchased from Merck, Fluka and Aldrich and used without further 

purification. The products were characterized by their melting point and spectral data. All 

yields refer to isolated products. 
1
H NMR and 

13
C-NMR spectra  were  recorded on a Bruker  
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DRX-400 and 500 in DMSO-d6 relative to TMS as an internal standard. IR spectra were run 

on a shimadzu IR- 470 spectrometer. Elemental analyses were performed of using a Heraeus 

CHN-O-Rapid analyzer. 

General procedure for the preparation of compounds (4a–j) 

A mixture of aniline (1 mmol), phenylglyoxal (1 mmol) and dimedone or barbituric acid            

(1 mmol) in HOAc (10 mL) was refluxed for 4 h. After cooling, the precipitated solid was 

isolated by filtration and it was purified by recrystallisation in ethanol. 

6-Hydroxy-5-(5-nitro-3-(4-nitrophenyl)-1H-indol-2-yl)pyrimidine-2,4(1H,3H)-

dione (4a) 
Brown solid; mp 365 

o
C dec. 

1
H NMR (DMSO) (400 MHz): δ = 7.6(1H, d, J = 8.8), 7.91        

(2H, d, J = 8.8), 8.07 (1H, dd, J = 8.8, 2), 8.23(1H, d, J = 2), 8.34 (2H, d, J = 8.8), 10.95       

(2H, s), 12.44 (1H, s). 
13

C NMR (DMSO): δ = 83.21, 108.4, 112.48, 117.21, 118.33, 124.5, 

128.11, 129.64, 138.13, 138.85, 140.33, 141.39, 146.91, 150.84, 162.3. IR (KBr) ν = 3750, 

3125, 1726, 1627, 1511, 1338 cm
-1

. Anal. Calcd (%) for C18H11N5O7: (409.31): C, 52.82; H, 

2.71; N, 17.11; Found: C, 52.94; H, 2.75; N, 17.02. MS: m/z (%) = 409 (42) [M+]. 

6-Hydroxy-5-(5-methyl-3-(4-nitrophenyl)-1H-indol-2-yl)pyrimidine-2,4(1H,3H)-

dione (4b) 
Light green solid; mp 360 

o
C dec. 

1
H NMR (DMSO) (400 MHz): δ = 2.35( 3H, s), 7(1H, dd,            

J = 7.2, 1), 7.04(1H, d, J = 1), 7.22( 1H, d, J = 7.2), 7.86(2H, d, J = 8.8), 8.27(2H, d, J = 8.8,), 

10.91(2H, s), 12.18(1H, s). 
13

C NMR (DMSO): δ = 21.67, 84.48, 105.76, 111.67, 119.72, 

124.33, 124.97, 127.3, 128.35, 130.57, 134.51, 135.76, 140.33, 145.95, 150.97, 162.45. IR 

(KBr) ν= 3745, 3420, 1721, 1628, 1598, 1337 cm
-1

. Anal. Calcd (%) for C19H14N4O5: (378.34): 

C, 60.32; H, 3.73; N, 14.81; Found: C, 60.36; H, 3.75; N, 14.92. MS: m/z (%) = 378 (61) [M+]. 
 
5-(3-(4-Chlorophenyl)-5-methyl-1H-indol-2-yl)-6-hydoxypyrimidine-2,4(1H,3H)-

dione (4c) 
 
Cream solid; mp 362 

o
C dec. 

1
H NMR (DMSO) (400 MHz): δ = 2.33(3H, s), 6.92(1H, dd,          

J= 8, 1), 6.98(1H, d, J= 1), 7.27(1H, d, J= 8), 7.45(2H, d, J= 8.4), 7.6(2H, d, J= 8.4), 10.72           

(2H, s), 11.3(1H, s). 
13

C NMR (DMSO): δ= 21.41, 83.82, 105.8, 116.31, 117.4, 124.82, 

127.98, 128.75, 129.22, 130.45, 133.22, 134.35, 135.7, 139.3, 150.8, 162.38. IR (KBr)           

ν= 3735, 3345, 1686, 1578, 1387, 1080 cm
-1

. Anal. Calcd (%) for C19H14ClN3O3: (367.79): C, 

62.05; H, 3.84; N, 11.43; Found: C, 61.92; H, 3.75; N, 11.55. MS: m/z (%) = 367 (52) [M+]. 

5-(3-(4-Chlorophenyl)-5-nitro-1H-indol-2-yl)-6-hydroxypyrimidine-2,4(1H,3H)-

dione (4d) 
Brown solid; mp 360 

o
C dec. 

1
H NMR (DMSO) (400 MHz): δ= 7.55(1H), 7.55(2H, d, J= 8), 

7.65(2H, d, J= 8), 8.03(1H, dd, J= 8, 1.2), 8.16(1H, d, J= 1.2), 10.93(2H, s), 12.24(1H, s). 
13

C NMR (DMSO): δ = 83.38, 105.72, 112.08, 116.53, 117.59, 129.04, 129.25, 129.9, 

131.27, 133.29, 139.54, 140.02, 141.21, 150.81, 162.41. IR (KBr) ν= 3738, 3225, 1695, 

1609, 1484, 1337cm
-1

. Anal. Calcd (%) for C18H11ClN4O5: (398.76): C, 54.22; H, 2.78; N, 

14.05; Found: C, 54.11; H, 2.82; N, 13.93. MS: m/z (%) = 398 (37) [M+]. 

5-(5-Chloro-3-phenyl)-1H-indol-2-yl)-6-hydroxypyrimidine-2,4(1H,3H)-dione (4e) 
 
Brown solid; mp 365 

o
C dec. 

1
H NMR (DMSO) (400 MHz): δ= 6.92(1H, t, J= 8), 7.16(1H, 

dd, J= 8.8, 3), 7.28(1H, d, J= 3), 7.45(1H, d, J= 8.4), 7.86(2H, t, J= 8), 8.31(2H, d, J= 8.8), 
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10.94(2H, s), 11.94(1H, s). 
13

C NMR (DMSO): δ= 83.98, 105.51, 113.51, 119.34, 121.97, 

123.63, 124.43, 127.74, 128.79, 129.76, 131.43, 136.22, 139.59, 150.86, 162.45. IR (KBr)         

ν= 3721, 3223, 1676, 1595, 1450, 1345 cm
-1

. Anal. Calcd (%) for C18H12ClN3O3: (353.8): C, 

61.11; H, 3.42; N, 11.88; Found: C, 61.23; H, 3.47; N, 11.74. MS: m/z (%) = 353 (48) [M+]. 

6-Hydroxy-5-(5-nitro-3-phenyl-1H-indol-2-yl)pyrimidine-2,4(1H,3H)-dione (4f)  
 
Light green solid; mp 360 

o
C dec. 

1
H NMR (DMSO) (400 MHz): δ= 7.36( 1H, t, J= 7.6), 7.47           

(2H, t, J= 7.6), 7.55( 1H, d, J= 8.8), 7.65( 2H, d, J= 7.6), 8.02( 1H, dd, J= 8.8, 2), 8.15( 1H, d,           

J= 2), 10.91(2H, s), 12.18(1H, s). 
13

C NMR (DMSO): δ= 83.56, 105.13, 112, 116.35, 117.39, 

127.39, 128.64, 129.17, 130.12, 132.38, 140.02, 140.84, 141.13, 150.85, 162.31. IR (KBr)               

ν= 3730, 3405, 1696, 1607, 1469, 1333 cm
-1

. Anal. Calcd (%) for C18H12N4O5: (364.31): C, 

59.34; H, 3.32; N, 15.38; Found: C, 59.42; H, 3.38; N, 15.25. MS: m/z (%) = 364 (70) [M+]. 
 
2-(5-Chloro-3-(4-chlorophenyl)-1H-indol-2-yl)-5,5-dimethylcyclohexa-1,3-diene-

1,3-diol (4g) 
 
Cream solid; mp 290 

o
C dec. 

1
H NMR (DMSO) (500 MHz): δ= 1.07(3H, s), 1.12(3H, s), 

2.2-2.43( 4H, br), 7.24(1H, d, J= 1.73), 7.04(1H, dd, J= 8.5, 2), 7.34(1H, d, J= 8.45), 7.42            

(2H, d, J= 8.56), 7.54(2H, d, J= 8.57), 10.25(1H, s, OH)(exchange with D2O), 11.53(1H,           

s, NH). 
13

C NMR (CDCl3): δ= 28.93, 29.13, 32.47, 106.34, 108.58, 113.47, 119.27, 122.14, 

124.13, 129.21, 129.3, 131.48, 132.76, 132.8, 135.55, 136.58. IR (KBr) ν= 3380, 3110, 

1608, 1465, 1317, 1019 cm
-1

. Anal. Calcd (%) for C22H19Cl2NO2: (400.3): C, 66.01; H, 4.78; 

N, 3.5; Found: C, 66.12; H, 4.83; N, 3.41. MS: m/z (%) = 399 (100) [M+]. 
 

2-(3-(4-Chlorophenyl)-5-nitro-1H-indol-2-yl)-5,5-dimethylcyclohexa-1,3-diene-1,3-

diol (4h) 
 
Green solid; mp 300 

o
C dec. 

1
H NMR (DMSO) (500 MHz): δ= 1.08(3H, s), 1.14(3H, s), 

2.41(2H, br), 2.57(2H, br), 7.47(2H, d, J= 8.53), 7.50(1H, d, J= 8.83), 7.57(2H, d, J= 8.55), 

7.97(1H, dd, J= 8.75, 2.2), 8(1H, d, J= 2), 10.5(1H, s, OH) (exchange with D2O), 12.12(1H, 

s,  NH). 
13

C NMR (CDCl3): δ= 28.84, 29.14, 32.54, 107.83, 109.04, 112.44, 116.96, 117.78, 

129.45, 129.47, 129.64, 132.08, 133.42, 138.56, 140.38, 141.36. IR (KBr) ν= 3460, 3055, 

1613, 1472, 1318, 1027 cm
-1

. Anal. Calcd (%) for C22H19ClN2O4: (410.9): C, 64.31; H, 4.66; 

N, 6.82; Found: C, 64.19; H, 4.73; N, 6.88. MS: m/z (%) = 410 (90) [M+].   
 
2-(5-Chloro-3-(4-nitrophenyl)-1H-indol-2-yl)-5,5-dimethylcyclohexa-1,3-diene-1,3-

diol (4i) 
 
Yellow solid; mp 350 

o
C dec. 

1
H NMR (DMSO) (500 MHz): δ= 1.11(3H, s), 1.13(3H, s), 

2.32(2H, br), 2.55(2H, br), 7.08(1H, d, J= 2), 7.12(1H, dd, J= 8.5, 2), 7.39(1H, d, J= 8.5), 

7.72(2H, d, J= 8.5), 8.22(2H, d, J= 8.5), 10.27(1H, s, OH) (exchange with D2O), 12(1H, s, 

NH). 
13

C NMR (CDCl3): δ= 28.87, 29.26, 32.49, 108.38, 109.14, 113.87, 119.82, 123.31, 

124.52, 124.65, 127.99, 131.25, 135.24, 136.1, 140.41, 146.71. IR (KBr) ν= 3360, 3075, 

1599, 1507, 1325, 1022 cm
-1

. Anal. Calcd (%) for C22H19ClN2O4: (410.9): C, 64.31; H, 4.66; 

N, 6.82; Found: C, 64.42; H, 4.71; N, 6.91. MS: m/z (%) = 410 (92) [M+]. 
 
5,5-Dimethyl-2-(5-methyl-3-(4-nitrophenyl)-1H-indol-2-yl)-cyclohexa-1,3-diene-

1,3-diol (4j) 
 
Orange solid; mp 350 

o
C dec. 

1
H NMR (DMSO) (500 MHz): δ= 1.11(H, s), 1.15(3H, s), 2.30       

(5H, s), 2.53(2H, s), 6.88(1H, s), 6.94(1H, dd, J= 8.3, 0.8), 7.26(1H, d, J= 8.2), 7.75(2H, d, J= 8.87), 
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8.19(2H, d, J= 8.77), 10.25(1H, s, OH) (exchange with D2O), 11.43(1H, s, NH). 
13

C NMR 

(CDCl3): δ= 22.16, 28.75, 29.45, 32.5, 46.7, 52.4, 109.16, 109.27, 111.98, 120.29, 124.61, 

125.24, 127.54, 128.33, 130.47, 133.53, 136.2, 141.08, 146.19, 172.54, 197.47: IR (KBr) ν= 

3380, 3120, 1611, 1503, 1337, 1022 cm
-1

. Anal. Calcd (%) for C23H22N2O4: (390.4): C, 70.75; H, 

5.68; N, 7.17; Found: C, 70.62; H, 5.71; N, 7.27. MS: m/z (%) = 390 (81) [M+]. 

Results and Discussion 

Our studies were initiated by heating a solution of phenylglyoxals 3a–c, anilines 2a-c and 

barbituric acid in the presence of glacial acetic acid under reflux for 4 hour (Scheme 1).  
 

Scheme 1. Indole synthesis of aniline, phenylglyoxal and barbituric acid 

 Then the trisubstituted indoles 4g–j were synthesized by refluxing of phenylglyoxals 

3a–c, anilines 2a-c and dimedon in same condition (Scheme 2).  

 

Scheme 2. Indole synthesis of aniline, phenylglyoxal and dimedon 

 After completion and simple filtration, products 4a-j were obtained in >83% yields. The 

results are presented in Table 1. Phenylglyoxals were synthesized by oxidation of 

acetophenones with selenium dioxide in the presence of dioxin or ethyl alcohol as solvent
9
. 

Table 1. Trisubstituted Indoles prepared from anilines 2a-c, phenylglyoxals 3a-c and 

barbituric acid or dimedon.
 

Entry X (glyoxal) X’ (aniline) 4 Yield  % 

1 NO2 NO2 4a 86 

2 NO2 CH3 4b 91 

3 Cl CH3 4c 89 

4 Cl NO2 4d 85 

5 H Cl 4e 85 

6 H NO2 4f 83 

7 Cl Cl 4g 86 

8 Cl NO2 4h 85 

9 NO2 Cl 4i 89 

10 NO2 CH3 4j 92 

 The structure of compounds 4a-j was proved on the basis of the mass spectra, elemental 

analysis and 
1
H and 

13
C NMR spectrum. The mass spectra of these  compounds displayed  
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molecular ion peaks at appropriate m/z values. The elemental analysis of these compounds 

proved the structure of compounds. Since synthesized structures have tautomeric forms, 

some of 
1
H NMR and 

13
C NMR spectrums are broad and are not seen (Scheme 3). 

 
Scheme 3. Tautomeric forms of 4a-j 

 Furthermore we think that rotation of dimedone or barbituric acid ring is effective 

(Scheme 4). For instance the 
1
H NMR spectrum 4b exhibited a broad resonance at 10.91 for 

two protons of NH barbituric acid and this did not exhibit a resonance for OH. 

 

Scheme 4. Rotation of barbituric acid/ dimedon ring of 4a-j 

 The 
13

C NMR spectrum 4b exhibited a broad and weak resonance at 162.45 ppm for 

carbonyl group. Also the 
1
H NMR spectrum 4h exhibited a broad resonance at 10.5 for OH 

(disappeared after addition of a few drops of D2O) and two broad and weak resonances at 

2.41 and 2.57 for CH2 dimedon. The 
13

C NMR spectrum 4h did not exhibit resonances for 

CH2, COH and CO dimedon. 
1
H and 

13
C NMR spectrums repeated at 20, 50, 70, 90 and          

100 
o
C but there was not appear the resonance for not seen resonances. The tautomerism of 

barbituric acid and substituted barbituric acids has been extensively investigated
10

. 

 In conclusion, we have successfully developed a novel, direct and efficient and 

environmentally friendly one-pot three-component coupling reaction to syntheses 2, 3, 5 

trisubstituted indoles in high yields by employing the anilines, the phenylglyoxals and 

barbituric acid/ dimedon. The simplicity of this experiment and work up are noteworthy. 
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