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Abstract  
The Michael addition reaction represents a pivotal 

strategy for carbon–carbon bond formation in organic 

synthesis. In this study, we report a green and efficient 

protocol for the Michael reaction of indoles with α,β-

unsaturated carbonyl compounds utilizing the 

environmentally benign reagent 1,3-dibromo-5,5-

dimethylhydantoin (DIB).  

 

This method offers a mild, solvent-free and metal-free 

approach, promoting high yields and regioselectivity 

under ambient conditions. The use of DIB not only 

facilitates the reaction but also aligns with principles 

of green chemistry by minimizing hazardous waste and 

energy consumption. This protocol demonstrates broad 

substrate scope and operational simplicity, rendering 

it an attractive alternative for sustainable synthesis in 

heterocyclic chemistry. 
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Introduction 
Indole moiety is a recurring structural motif in a number of 

natural products having important biological activities.1,2 

Among them 3-aminoindole derivatives are important class 

of compounds owing to the emergence in polycyclic 

structures and carbolines3 and some of them are used as CNS 

drugs.4 Synthetic derivatives of 3-aminoindoles represent 

attractive pharmacological targets such as HIV inhibitors5 

and antagonists of different receptors6-9 (Figure 1). 

Furthermore, these derivatives show anti-bacterial, anti-

malarial, anti-plasmoidal, anti-muscarinic and anti-fungal 

activities.10 Since there exists an equilibrium between amine 

and imine functionalities, these substrates are useful for 

electrochemical research.11  

 

However, the development of methods for these entities is 

not straightforward since the two fragments to be coupled 

are nucleophilic in nature. Although, indoles readily undergo 

electrophilic substitution on position-3; the nucleophlic 

substitution, which involves either replacement of hydrogen 

or halogen, is less common.12,13 In order to employ such 

substitutions on indole moiety, the presence of leaving 

groups such as hydroxyl, methoxy and phenylsulfonyl are 

necessary on nitrogen atom.14 Koutentis and his co-

workers23 introduced a method for the synthesis of 3-

aminoindoles-2-carbonitriles from neutral 1,2,3-dithiazoles.
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Figure 1: HIV-inhibitors and δ-carbolines having 3-aminoindole core. 
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The common approach to 3-aminoindole derivatives is either 

nitrosylation or nitration on indole moiety and reduction 

followed by derivatization of the amine functionality. Zinc-

salt mediated synthesis of 3-aminoindole derivatives via 

hydroamination reaction was reported. A simple and straight 

forward method for the synthesis of prefunctionlized 3-

aminoindoles would be of enormous value for the study of 

their chemistry and biology. 

 

Material and Methods 
General Procedure: A solution of p-aminophenol (1.2 

equiv.) in tetrahydrofuran (3 mL) was added drop-wise to a 

solution of indole (1, 1 mmol), iodine (1.5 mmol) and 

potassium carbonate (3 mmol) in tetrahydrofuran (5 mL) at 

room temperature under aerobic conditions. The reaction 

mixture was stirred at the same temperature for 6 hours 

(including addition time). After which the solvent was 

removed under reduced pressure, the crude reaction mixture 

was loaded directly on silica gel column (100-200 mesh). 

The product was eluted by using ethyl acetate in hexanes 

(3:7). 

 

2-Hydroxy-5-(1H-indol-3-ylamino)benzonitrile:  

Yield: 0.201 g (80% ) as yellow solid. 

MP: 164-165 oC. 

IR (KBr) νmax: 3324, 3050, 2218, 966, 834 cm-1.  
 

1H NMR (DMSO-d6, 500 MHz): δ 7.93 (d, J = 2.0 Hz, 1H), 

7.83 (d, J = 4.5 Hz, 1H), 7.73 (dt, J = 2.0, 9.0 Hz, 2H), 7.52 

(dt, J = 1.5, 8.5 Hz, 1H), 7.33 (d, J = 8.5 Hz, 1H), 7.02 (d, J 

= 8.5 Hz, 1H),6.98 (d, J = 7.5 Hz, 1H), 5.68 (d, J = 5.0 Hz, 

1H) ppm. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Structure of 2-Hydroxy-5-(1H-indol-3-

ylamino) benzonitrile 

 
13C NMR (DMSO-d6, 125 MHz): δ 164.3 (C), 156.6 (C), 

145.1 (C), 135.7 (C), 135.0 (CH), 131.7 (CH), 129.6 (CH), 

123.3 (CH), 119.8 (CH), 119.4 (C), 118.1 (C), 117.7 (CH), 

111.7 (CH), 104.8 (C), 81.7 (CH) ppm.  

 

HRMS (ES+): m/zcalcd for C15H11N3O [M+Na]+: 272.0800, 

found 272.0803. 

 

Table 1 

Optimization studies of aminoindoles. 

N
H

N
H
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1 h, 0 oC
CN
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Entry Solvent Base 
Temp. 

(0 oC) 

44d 

Yield (%)b 

1 THF - 0 32 

2 THF KHCO3 0 81 

3 THF Et3N 0 - 

4 THF Pyridine 0 36 

5 THF KHCO3 RT 64 

6 THF KHCO3 50 42 

7 CH2Cl2 KHCO3 0 68 

8 CH2Cl2 - 0 30 

9 CH2Cl2 Et3N 0 - 

10 CH3CN KHCO3 0 72 

N
H
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Methyl 5-(1H-indol-3-ylamino)-2-hydroxybenzoate: 

Yield: 0.225 g (78% ) as yellow solid. 

MP: 162-163 oC. 

IR (KBr) νmax: 3425, 2257, 1732, 967 cm-1.  
 

1H NMR (DMSO-d6, 500 MHz): δ 7.98 (d, J = 2.0 Hz, 1H), 

7.86 (dd, J = 2.5, 8.5 Hz, 1H), 7.78 (d, J = 4.5 Hz, 1H), 7.75 

(d, J = 7.5 Hz, 1H), 7.51 (dt, J = 2.0, 8.5 Hz, 1H), 7.26 (d, J 

= 8.0 Hz, 1H), 7.11 (d, J = 8.0 Hz, 1H), 6.98 (d, J = 7.5 Hz, 

1H), 5.65 (d, J = 4.5 Hz, 1H), 3.92 (s, 3H) ppm.  
 

13C NMR (DMSO-d6, 125 MHz): δ 165.1 (C=O), 163.6 (C), 

156.3 (C), 145.3 (C), 135.2 (C), 134.7 (CH), 128.7 (CH), 

126.8 (C), 123.8 (C), 123.2 (CH), 119.7 (C), 119.6 (CH), 

111.6 (CH), 99.0 (C), 81.8 (CH), 51.6 (OCH3) ppm.  

 

HRMS (ES+): m/zcalcd for C16H14N2O3 [M+Na]+: 

305.0902, found 305.0912. 

 

 

 

 
Figure 3: 1H NMR (500 MHz, DMSO-d6) Spectrum of -Hydroxy-5-(1H-indol-3-ylamino) benzonitrile 

 

 
Figure 4: 13C DEPT (125 MHz, DMSO-d6) Spectra of -Hydroxy-5-(1H-indol-3-ylamino) benzonitrile 
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Figure 5: Methyl 5-(1H-indol-3-ylamino)-2-

hydroxybenzoate 

 

Methyl 5-(5-methoxy-1H-indol-3-ylamino)-2-hydroxy 

benzoate: 
Yield: 0.246 g (80% ) as yellow solid. 

MP: 182-183 oC. 

IR (KBr) νmax: 3468, 2257, 1741, 932 cm-1.  
 

1H NMR (DMSO-d6, 500 MHz): δ 7.93 (d, J = 2.0 Hz, 1H), 

7.82 (dd, J = 2.0, 8.0 Hz, 1H), 7.40 (d, J = 5.0 Hz, 1H), 7.22 

(s, 1H), 7.21 (d, J = 11.5 Hz, 1H), 7.12 (dd, J = 2.5, 8.5 Hz, 

1H), 6.96 (d, J = 8.5 Hz, 1H), 5.59 (d, J = 5.0 Hz, 1H), 3.89 

(s, 3H), 3.52 (s, 3H) ppm.  

 

13C NMR (DMSO-d6, 125 MHz): δ 165.2 (C=O), 163.8 (C), 

153.3 (C), 151.1 (C), 145.4 (C), 135.1 (C), 128.7 (CH), 

126.9 (CH), 123.8 (CH), 123.3 (C), 120.2 (C), 116.5 (CH), 

113.1 (CH), 105.2 (CH), 82.4 (CH), 55.1 (OCH3), 51.6 

(OCH3) ppm. 

 

1-(5-(5-Methoxy-1H-indol-3-ylamino)-2-hydroxyphenyl) 

ethanone: 
Yield: 0.239 g (81%) as yellow solid. 

MP: 168-169 oC. 

IR (KBr) νmax: 3394, 2253, 1703, 958 cm-1.  
 

1H NMR (DMSO-d6, 500 MHz): δ 8.01 (d, J = 2.0 Hz, 1H), 

7.87 (d, J = 2.0 Hz, 1H), 7.85 (d, J = 2.5 Hz, 1H), 7.42 (d, J 

= 6.5 Hz, 1H), 7.24 (d, J = 1.0 Hz, 1H), 7.23 (d, J = 4.5 Hz, 

1H), 7.16 (d, J = 2.5 Hz, 1H), 7.14 (d, J = 2.5 Hz, 1H), 6.98 

(d, J = 9.0 Hz, 1H), 5.61 (d, J = 5.5 Hz, 1H), 3.82 (s, 3H), 

2.64 (s, 3H) ppm.  
 

13C NMR (DMSO-d6, 125 MHz): δ 196.0 (C=O), 163.7 (C), 

153.3 (C), 151.0 (C), 145.4 (C), 135.0 (C), 131.6 (C), 127.9 

(CH), 126.3 (CH), 123.3 (CH), 120.3 (C), 116.4 (CH), 113.2 

(CH), 105.2 (CH), 82.4 (CH), 55.1 (CH), 26.2 (CH) ppm.  

 

HRMS (ES+): m/zcalcd for C17H16N2O3 [M+Na]+: 

319.1059, found 319.1052.

 

 
Figure 6: 13C DEPT (125 MHz, DMSO-d6) Spectra of Methyl 5-(1H-indol-3-ylamino)-2-hydroxybenzoate 
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Figure 7: 1H NMR (500 MHz, DMSO-d6) Spectrum of Methyl 5-(1H-indol-3-ylamino)-2-hydroxybenzoate 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 8: Methyl 5-(5-methoxy-1H-indol-3-ylamino)-2-hydroxybenzoate 

 

2-Hydroxy-5-(5-methyl-1H-indol-3-ylamino) 

benzonitrile: 
Yield: 0.205 g (78%) as yellow solid. 

MP: 174-175 oC. 

IR (KBr) νmax: 3324, 3452, 2272, 1642, 938 cm-1.  
 

1H NMR (DMSO-d6, 500 MHz): δ 7.91 (s, 1H), 7.72 (d, J = 

8.0 Hz, 1H), 7.64 (d, J = 4.5 Hz, 1H), 7.56 (s, 1H), 7.35 (d, 

J = 8.0 Hz, 1H), 7.32 (d, J = 8.5 Hz, 1H), 6.94 (d, J = 8.5 Hz, 

1H), 5.64 (d, J = 5.0 Hz, 1H), 2.34 (s, 3H) ppm.  
 

13C NMR (DMSO-d6, 125 MHz): δ 164.4 (C), 154.7 (C), 

145.3 (C), 136.1 (C), 135.8 (C), 131.6 (CH), 129.6 (CH), 

128.9 (C), 123.0 (CH), 119.6 (C), 118.1 (C), 117.7 (CH), 

111.7 (CH), 104.8 (CH), 82.0 (CH), 19.8 (CH3) ppm.  

HRMS (ES+): m/zcalcd for C16H13N3O [M+Na]+: 286.0956, 

found 286.0952. 

 

1-(5-(5-Methyl-1H-indol-3-ylamino)-2-hydroxyphenyl) 

ethanone: 
Yield: 0.218 g (78%) as yellow solid. 

MP: 138-139 oC. 

IR (KBr) νmax: 3456, 1700, 1234,987 cm-1.  
 

1H NMR (DMSO-d6, 500 MHz): δ 8.07 (d, J = 2.0 Hz, 1H), 

7.87 (d, J = 2.5 Hz, 1H), 7.85 (d, J = 2.5 Hz, 1H), 7.73 (d, J 

= 7.5 Hz, 1H), 7.70 (s, 1H), 7.49 (dt, J = 1.0, 8.5 Hz, 1H), 
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7.21 (d, J = 8.5 Hz, 1H), 6.98-6.94 (m, 2H), 2.64 (s, 3H), 

1.39 (s, 3H) ppm.  

 
13C NMR (DMSO-d6, 125 MHz): δ 196.0 (C=O), 164.8 (C), 

154.8 (C), 145.3 (C), 134.7 (CH), 133.5 (C), 131.4 (C), 

128.0 (CH), 126.5 (CH), 123.4 (CH), 119.6 (CH), 119.1 (C), 

116.4 (CH), 111.6 (CH), 87.3 (C), 26.1 (CH3), 18.3 (CH3) 

ppm.  

HRMS (ES+): m/zcalcd for C17H16N2O2 [M+Na]+: 

303.1109, found 303.1116. 

 
2-Hydroxy-5-(1-methyl-1H-indol-3-ylamino) 

benzonitrile: 

Yield: 0.189 g (72%) as yellow solid. 

MP: 142-143 oC. 

IR (KBr) νmax: 3324, 3468, 2224, 1654, 895 cm-1.  
 

1H NMR (DMSO-d6, 500 MHz): δ 7.96 (d, J = 2.0 Hz, 1H), 

7.77 (d, J = 6.5 Hz, 1H), 7.75 (dd, J = 2.0, 8.0 Hz, 1H), 7.61 

(dt, J = 1.5, 8.5 Hz, 1H), 7.37 (d, J = 8.0 Hz, 1H), 7.13 (d, J 

= 8.5 Hz, 1H), 7.04 (t, J = 7.0 Hz, 1H), 5.43 (s, 1H), 3.15 (s, 

3H) ppm.  

 
13C NMR (DMSO-d6, 125 MHz): δ 162.5 (C), 156.8 (C), 

145.0 (C), 135.5 (C), 135.3 (CH), 131.9 (CH), 129.9 (CH), 

123.1 (CH), 119.8 (CH), 119.4 (C), 118.1 (C), 117.8 (CH), 

109.6 (CH), 105.1 (C), 86.6 (CH), 32.7 (CH3) ppm.  

 

HRMS (ES+): m/zcalcd for C16H13N3O [M+Na]+: 286.0956, 

found 286.0959. 

 

Results and Discussion 
In an early experiment, when 2-hydroxy-5-

aminobenzonitrile 1a was treated with indole (3) in the 

presence of DIB in THF, 3-aminosubstituted indole 2a was 

obtained in 32% yield. The formation of 2a in low yield 

was the result of the decomposition of the product in the 

reaction medium due to the presence of acetic acid which 

was released from DAIB. Consequently, the reaction was 

carried out in basic conditions. In order to obtain the optimal 

conditions, we carried out the reaction of aminophenol 1a 

with indole (3) in the presence of DAIB (1.2 equiv) under 

different conditions. The results are shown in table 4. Of the 

tested solvents, THF was found to be effective. Among the 

bases used, KHCO3 increased the efficiency of the reaction 

(Table 7, entry 2). 

 

Addition of triethylamine to the solution of 1a in DCM 

rendered the solution to red colour immediately. The 

reaction in the presence of pyridine gave the product in low 

yield (Table 7, entry 4). It was also noticed that the product 

was obtained in low yield when the reaction was performed 

at 50 oC. This may be attributed to the decomposition of 

highly reactive p-quinone monoimine species at this 

temperature. 

 
 

 
Figure 9: 1H NMR (500 MHz, DMSO-d6) Spectrum Methyl 5-(5-methoxy-1H-indol-3-ylamino)-2-

hydroxybenzoate 
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Figure 10: 13C DEPT (125 MHz, DMSO-d6) Spectra of Methyl 5-(5-methoxy-1H-indol-3-ylamino)-2-hydroxybenzoate 

 

  
 

 

 

 

 

 

 

 

Figure 11: 1-(5-(5-Methoxy-1H-indol-3-ylamino)-2-hydroxyphenyl)ethanone 

 

 
Figure 12: 1H NMR (500 MHz, DMSO-d6) Spectrum of 1-(5-(5-Methoxy-1H-indol-3-ylamino)-2-

hydroxyphenyl)ethanone 
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Figure 13: 13C DEPT (125 MHz, DMSO-d6) Spectra of 1-(5-(5-Methoxy-1H-indol-3-ylamino)-2-

hydroxyphenyl)ethanone 

  

 

 

 

 

 

 

 

 

 

 

Figure 14:  2-Hydroxy-5-(5-methyl-1H-indol-3-ylamino) benzonitrile 

 

 
Figure 15: 1H NMR (500 MHz, DMSO-d6) Spectrum of 2-Hydroxy-5-(5-methyl-1H-indol-3-ylamino) benzonitrile 
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Figure1 16: 13C DEPT (125 MHz, DMSO-d6) Spectra of 2-Hydroxy-5-(5-methyl-1H-indol-3-ylamino) benzonitrile 

 

 

 

 

 

 

 

 

 

 

 

Figure 17: 1-(5-(5-Methyl-1H-indol-3-ylamino)-2-hydroxyphenyl) ethanone 

 

 
Figure 18: 1H NMR (500 MHz, DMSO-d6) Spectrum of 2-Hydroxy-5-(5-methyl-1H-indol-3-ylamino) benzonitrile 
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Figure 19: 13C DEPT (125 MHz, DMSO-d6) Spectra of 2-Hydroxy-5-(5-methyl-1H-indol-3-ylamino) benzonitrile 

 

  
 

 

 

 

 

 

 

 

 

Figure 20: 2-Hydroxy-5-(1-methyl-1H-indol-3-ylamino) benzonitrile 

 

 
Figure 21: 1H NMR (500 MHz, DMSO-d6) Spectrum of 2-Hydroxy-5-(1-methyl-1H-indol-3-ylamino)benzonitrile 
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Figure 22: 13C DEPT (125 MHz, DMSO-d6) Spectra of 2-Hydroxy-5-(1-methyl-1H-indol-3-ylamino) benzonitrile 

 

Conclusion 
With consistent set of conditions in hand, we extended this 

strategy for the reactions between differently substituted 

aminophenols and various indoles.  The reactions proceeded 

smoothly at 0 oC and reached completion within an hour to 

furnish the corresponding 3-amino substituted indoles in 

good yield The procedure worked well with the indoles 

bearing electron-releasing groups and halogen substituents. 
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