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Abstract. Tetrabutylammonium hydrogen sulfate catalysed addition of indoles to electron deficient ole-
fins in water generated the corresponding Michael adducts in good to excellent yield. The Michael addi-
tion of indole occurred regioselectively at position 3 and the N-alkylated products have not been 
observed. The synthesized compounds were tested for their antibacterial activity against four micro-
organisms namely, E. coli NCIM 2931, S. aureus NCIM 5021, P. vulgaris NCIM 2813, P. aeruginosa 
NCIM 5029 by micro dilution method. These compounds showed MIC (Minimum Inhibitory Concentra-
tion) values in the range of 0⋅16–2⋅67 µM. 
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1. Introduction 

Organic reactions in water without the use of any 

harmful organic solvents are of great current interest, 

because water is an easily available, economical, 

safe, and environmentally benign solvent. Recently, 

some attempts to achieve organic reactions in aque-

ous media have been performed, and conesquently 

some successful examples have appeared in the lit-

erature.
1,2

 The development of an efficient and con-

venient synthetic methodology to accomplish C–C 

bond formation in water is of paramount signifi-

cance because of heightened importance in green 

chemistry. In this context, in recent years, much at-

tention has been focused on Lewis acid catalysed 

organic reactions in water. 

 The 3-substituted indole nucleus is prevalent in 

numerous natural products and is extremely impor-

tant in medicinal chemistry.
3
 The development of 

synthetic methods leading to indole derivatives has 

attracted much attention in organic synthesis be-

cause of their biological activities.2,3
 The conjugate 

addition of indoles to α,
 
β-unsaturated ketones con-

stitutes a key reaction in the total synthesis of com-

plex natural products such as hapalindole.4–6
 The 

hapalindole alkaloids were isolated from the blue-

green algae Hapalosiphon fontinalis. They exhibit 

potent antibacterial and antimycotic activities and 

have attracted the interest of both synthetic and 

pharmaceutical chemist.
7
 Various indole derivatives 

are components of drugs and are commonly found in 

molecules of pharmaceutical interest in a variety of 

therapeutic areas. Generally, 3-substituted indoles 

exhibit numerous biological activities. Therefore, a 

variety of methods have been reported for the prepa-

ration of this class of compounds. In animals, sero-

tonin (5-hydroxytryptamine) is a crucial neuro-

transmitter in the central nervous system. The potent 

physiological properties of these indole derivatives 

led to vast research of their use as medicines in the 

field of pharmaceutical chemistry. Among the suc-

cessful examples as drugs are sumatriptan, which is 

used in the treatment of migraine headaches, and 

pindolol, one of the β-adrenergic blockers, almo-

triptan and avitriptan acts as a 5-HT1D receptor ago-

nists. 3-acetyl indoles are drug fragments commonly 

found in molecules of pharmaceutical interest in a 

variety of therapeutic areas. Interesting examples in-

clude the analgesic, pravodoline and the antiemetic, 

Ramosetron.
8
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 The simple and direct method for the synthesis of 

3-alkylated indoles involves the conjugate addition 

of indoles to α, 
β-unsaturated compounds in the 

presence of either protic or Lewis acids. The Lewis 

acids employed include InCl3,
9
 Zr(OTf)2,

10
 SmI3,

11
 

CeCl3⋅7H2O–NaI.
12

 However, most of these Lewis 

acids are moisture sensitive and hence difficult to 

handle. Also their cost is of concern especially when 

considering the scale up of the reaction. Recently 

studies have been carried out to explore tetrabu-

tylammonium hydrogen sulfate (TBAHS) for its 

catalytic activity in organic synthesis. For example, 

TBAHS has been used as an efficient catalyst for 

acid catalysed reaction and as a phase transfer cata-

lyst in the synthesis of aryl vinyl ether,13
 glycosylation 

of hydroxamic acid,
14

 synthesis of dihydropyridi-

nes.
15,16

 Moreover, some important organic transfor-

mations, like selective oxidation of benzyl alcohols,
17

 

have been performed successfully in the presence of 

TBAHS. TBAHS, an acidic catalyst could prove 

ideal for synthetic applications in aqueous medium 

provided, the catalyst exhibits high selectivity. In 

continuation of our earlier work,18
 the Michael addi-

tion of indoles to olefins in water catalysed by 

TBAHS was explored. Thus the treatment of indoles 

with electron deficient olefins in the presence of 

catalytic amount of TBAHS leads to the formation 

of 3-alkylated indoles in good to excellent yield. 

 TBAHS is a readily available and economically 

feasible solid acid catalyst that offers several ad-

vantages. TBAHS, being acidic in nature was chosen 

as catalyst. Organic reactions that exploit TBAHS as 

catalyst in water could prove ideal for synthetic or-

ganic chemistry applications, provided the catalyst 

show high catalytic activity in water. 

2. Experimental 

Melting points are uncorrected. IR spectra were re-

corded on a Perkin Elmer FT-IR spectrophotometer. 
1
H and 

13
C NMR spectra were recorded in CDCl3 

using TMS as an internal standard on a JEOL spec-

trometer at 500 MHz and 125 MHz, respectively. 

Mass spectra were recorded on a Thermo Finnigan 

LCQ Advantage MAX 6000 ESI spectrometer. Ele-

mental analyses were recorded using a Thermo Fin-

nigan FLASH EA 1112 CHN analyzer. Column 

chromatography was performed on silica gel (100–

200 mesh, SRL, India). Analytical TLC was per-

formed on pre-coated plastic sheets of silica gel 

G/UV-254 of 0⋅2 mm thickness (Merck, Germany). 

2.1 Experimental procedure for compound 3b 

A mixture of indole (4⋅2 mmol), β-nitrostyrene 

(4⋅2 mmol) and Tetra-n-butylammonium hydrogen 

sulfate (50 mol%) was stirred in water (15 mL) at 

room temperature until completion of the reaction as 

evidenced by TLC analysis. The reaction mixture 

was extracted with ethyl acetate (2 × 30 mL) and the 

organic layers were separated carefully from the 

aqueous layer. The combined organic layers were 

dried over anhydrous Na2SO4 by which the water 

present after the extraction can be removed and fur-

ther, the organic layer is concentrated in vacuum. 

The crude was purified by column chromatography 

on silica gel (Merck, 100–200 mesh, ethyl acetate-

petroleum ether (10
 
:
 
90). 

 

2.1a 4-1H-Indol-3-yl)butan-2-one (3a): Colourless 

solid; m.p. 87–89°C; IR νmax(KBr) 3033, 1689, 

1588, 1357 cm
–1

; 
1
H NMR (500 MHz, CDCl3) δ 

8⋅10 (s, 1H), 7⋅60 (d, 1H, J = 7⋅4 Hz), 7⋅34 (t, 1H, 

J = 3⋅4 Hz), 7⋅19–7⋅26 (m, 1H), 7⋅13–7⋅13 (m, 1H), 

6⋅95 (d, 1H, J = 2⋅3 Hz), 3⋅07 (t, 2H, J = 2⋅85 Hz) 

2⋅85 (t, 2H, J = 3⋅4 Hz), 2⋅15 (s, 3H); 13
C NMR 

(125 MHz, CDCl3) δ 209⋅0, 138⋅4, 127⋅2, 122⋅1, 

121⋅6, 119⋅3, 118⋅7, 115⋅1, 111⋅3, 44⋅2, 30⋅1, 19⋅4; 

MS (EI) m/z 187 (M+
 + 1). Anal. Calcd. for 

C12H13NO: C 76⋅98, H 7⋅00, N 7⋅48. Found C 76⋅87, 

H 7⋅11, N 7⋅43. 
 

2.1b 3-(2-Nitro-1-phenylethyl)-1H-indole (3b): 

Pink solid; m.p. 91–93°C; IR νmax (KBr) 3400, 1536, 

1424, 1376; 
1
H NMR (500 MHz, CDCl3) δ 8⋅14 (s, 

1H), 7⋅46 (d, 1H, J = 8⋅4 Hz), 7⋅31–7⋅34 (m, 5H), 

7⋅25–7⋅33 (m, 1H), 7⋅20 (t, 1H, J = 7⋅6 Hz), 7⋅09 (t, 

1H, J = 8.4 Hz), 6⋅98 (d, 1H, J = 2⋅3 Hz), 5⋅19 (t, 

1H, J = 7⋅6 Hz), 5⋅05 (dd, 1H, J = 7⋅6 Hz, 12⋅2 Hz), 

4⋅94 (dd, 1H, J = 8⋅4 Hz, 12⋅2 Hz); 
13

C NMR 

(125 MHz, CDCl3) δ 139⋅3, 136⋅5, 129⋅0, 127⋅8, 

126⋅2, 122⋅7, 121⋅7, 120⋅0, 119⋅0, 114⋅4, 111⋅5, 

79⋅6, 41⋅6; MS (EI) m/z 267 (M+
 + 1). Anal. Calcd. 

for C16H14N2O2: C 72⋅17, H 5⋅30, N 10⋅52. Found C 

72⋅25, H 5⋅27, N 10⋅48. 
 

2.1c 3-[1-(4-Methoxyphenyl)-2-nitroethyl]-1H-

indole (3c): Colourless; m.p. 144–146°C; IR νmax 

(KBr) 3380, 1547, 1422, 1376; 
1
H NMR (500 MHz, 

CDCl3) δ 9⋅55 (s, 1H), 7⋅31 (d, 1H, J = 7⋅6 Hz), 7⋅27 

(d, 1H, J = 7⋅6 Hz), 7⋅14 (d, 2H, J = 9⋅2 Hz), 7⋅05 (t, 

1H, J = 7⋅6 Hz), 6⋅91–6⋅94 (m, 2H), 6⋅73 (d, 2H, 

J = 8⋅4 Hz), 5⋅00 (t, 1H, J = 8⋅5 Hz), 4⋅92 (dd, 1H, 

J = 7⋅6 Hz, 12⋅2 Hz), 4⋅80 (dd, 1H, J = 8⋅4 Hz, 
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12⋅2 Hz), 3⋅65 (s, 3H); 
13

C NMR (125 MHz, 

CDCl3): δ 158⋅7, 136⋅7, 131⋅5, 128⋅8, 126⋅8, 122⋅1, 

121⋅9, 118⋅7, 114⋅2, 113⋅8, 111⋅7, 79⋅8, 55⋅2, 41⋅6; 

MS (EI) m/z 297 (M+
 + 1). Anal. Calcd. for 

C17H16N2O3: C 68⋅91, H 5⋅44, N 9⋅45. Found C 

68⋅86, H 5⋅47, N 9⋅48. 

 

2.1d 5-Bromo-3-(2-nitro-1-phenylethyl)-1H-indole 

(3d): Colourless solid; m.p. 73–75°C; IR νmax(KBr) 

3431, 1549, 1454, 1375; 
1
H NMR (500 MHz, 

CDCl3) δ 8⋅17 (s, 1H), 7⋅55 (d, 1H, J = 6⋅3 Hz), 

7⋅25–7⋅32 (m, 6H), 7⋅17–7⋅21 (m, 1H), 7⋅03 (t, 1H, 

J = 5⋅1 Hz), 5⋅11 (t, 1H, J = 7⋅6 Hz), 5⋅00–5⋅04 (m, 

1H) 4⋅90–4⋅94 (m, 1H); 
13

C NMR (125 MHz, 

CDCl3) δ 138⋅8, 135⋅1, 129⋅1, 127⋅9, 127⋅7, 125⋅7, 

122⋅8, 121⋅5, 120⋅0, 119⋅0, 114⋅0, 113⋅3, 79⋅5, 41⋅4; 

MS (EI) m/z 345 (M+
 + 1), 347 (M

+
 + 2). Anal. 

Calcd. for C16H13BrN2O2: C 55⋅67, H 3⋅80, N 8⋅12. 

Found C 55⋅72, H 3⋅82, N 8⋅19. 

 

2.1e 5-Bromo-methoxyphenyl)-2-nitroethyl]-1H-

indole (3e): Pale orange solid; m.p. 146–148°C; IR 

νmax (KBr) 3388, 1545, 1457, 1378; 
1
H NMR 

(500 MHz, CDCl3) δ 10⋅19 (s, 1H), 7⋅32 (s, 1H), 

7⋅08 (d, 1H, J = 8⋅4 Hz), 7⋅02–7⋅04 (m, 3H), 6⋅91 (d, 

1H, J = 2⋅3), 6⋅65 (d, 2H, J = 8⋅4 Hz), 4⋅81–4⋅85 (m, 

2H), 4⋅69–4⋅7 (m, 1H), 3⋅54–3⋅58 (s, 3H); 13
C NMR 

(125 MHz, CDCl3) δ 162⋅8, 158⋅8, 135⋅4, 131⋅1, 

128⋅7, 127⋅8, 124⋅7, 123⋅2, 121⋅0, 114⋅2, 113⋅3, 

113⋅2, 79⋅7, 55⋅2; MS (EI) m/z 376 (M
+
 + 1), 378 

(M
+
 + 2). Anal. Calcd. for C17H15BrN2O3: C 54⋅42, 

H 4⋅03, N 7⋅47. Found C 54⋅38, H 4⋅15, N 7⋅42. 

 

2.1f 2-Methyl-3-(2-nitro-1-phenylethyl)-1H-indole 

(3f 

): Pale pink solid; m.p. 91–93°C; IR νmax (KBr) 

3383, 1548, 1458, 1375; 
1
H NMR (500 MHz, CDCl3) 

δ 7⋅87 (s, 1H), 7⋅38 (t, 1H, J = 8⋅0 Hz), 7⋅26–7⋅40 

(m, 6H), 7⋅11 (d, 1H, J = 7⋅45 Hz), 7⋅03 (d, 1H, 

J = 7⋅4 Hz), 5⋅11–5⋅22 (m, 3H), 2⋅34 (s, 3H); 13
C 

NMR (125 MHz, CDCl3): δ 139⋅6, 136⋅4, 133⋅0, 

128⋅9, 127⋅2, 122⋅1, 121⋅6, 119⋅3, 118⋅7, 115⋅1, 

111⋅3, 44⋅2, 30⋅1, 19⋅4; MS (EI) m/z 281 (M
+
 + 1). 

Anal. Calcd. for C17H16N2O2: C 72⋅84, H 5⋅75, N 

9⋅99 Found C 72⋅79, H 5⋅69, N 9⋅94. 

 

2.2g 5-Methoxy-3-(2-nitro-1-phenylethyl)-1H-

indole (3g): Pale pink solid; m.p. 105–107°C; IR 

νmax (KBr) 3446, 1548, 1481, 1378; 
1
H NMR 

(500 MHz, CDCl3) δ 8⋅03 (s, 1H), 7⋅30–7⋅33 (m, 

4H), 7⋅25–7⋅28 (m, 1H), 7⋅21 (d, 1H, J = 9⋅2 Hz), 

6⋅96 (d, 1H, J = 2⋅3 Hz), 6⋅85–6⋅87 (m, 2H), 5⋅14 (t, 

1H, J = 7⋅6 Hz), 5⋅03 (dd, 1H, J = 7⋅6 Hz, 12⋅2 Hz), 

4⋅92 (dd, 1H, J = 8⋅4 Hz, 12⋅2 Hz), 3⋅77 (s, 3H); 13
C 

NMR (125 MHz, CDCl3): δ 154⋅2, 139⋅2, 131⋅7, 

129⋅0, 127⋅8, 127⋅6, 126⋅6, 122⋅4, 114⋅0, 112⋅7, 

112⋅2, 100⋅9, 79⋅6, 55⋅9, 41⋅6; MS (EI) m/z 297 

(M+
 + 1). Anal. Calcd. for C17H16N2O3: C 68⋅91, H 

5⋅44, N 9⋅45. Found C 68⋅80, H 5⋅49. 

 

2.1h 1-Methyl-3-(2-nitro-1-phenylethyl)-1H-indole 

(3h): Pink solid; m.p. 83–85°C. IR νmax(KBr) 3060, 

2942, 1424, 1376; 
1
H NMR (500 MHz, CDCl3) δ 

7⋅47 (d, 1H, J = 7⋅6 Hz), 7⋅33–7⋅36 (m, 3H), 7⋅32 (d, 

1H, J = 3⋅05 Hz), 7⋅31 (s, 1H), 7⋅26 (m, 2H), 7⋅09 (t, 

1H, J = 6⋅9 Hz), 6⋅87 (s, 1H), 5⋅19 (t, 1H, 

J = 8⋅4 Hz), 5⋅05 (dd, 1H, J = 7⋅6 Hz, 12⋅2 Hz), 4⋅94 

(dd, 1H, J = 8⋅4 Hz, 12⋅2 Hz), 3⋅73 (s, 3H); 
13

C 

NMR (125 MHz, CDCl3) δ 139⋅4, 137⋅3, 129⋅0, 

127⋅85, 126⋅6, 122⋅3, 119⋅5, 119⋅0, 112⋅8, 109⋅6, 

79⋅6, 41⋅6, 32⋅9; MS (EI) m/z 281 (M
+
 + 1). Anal. 

Calcd. for C17H16N2O2: C 72⋅84, H 5⋅75, N 9⋅99. 

Found C 72⋅81, H 5⋅80, N 9⋅96. 

 

2.1i 3-(1H-Indole-3-yl)-1,3-diphenylpropan-1-one 

(3i): Pink solid; m.p. 106–108°C; IR νmax (KBr) 

3404, 1675, 1457, 1336; 
1
H NMR (500 MHz, 

CDCl3) δ 8⋅08 (s, 1H), 7⋅94 (d, 2H, J = 7⋅65 Hz), 

7⋅54 (t, 1H, J = 6⋅90 Hz), 7⋅43 (t, 3H, J = 7⋅6 Hz), 

7⋅35 (d, 2H, J = 7⋅6 Hz), 7⋅31 (d, 1H, J = 7⋅6 Hz), 

7⋅24–7⋅27 (m, 2H), 7⋅15 (q, 2H, J = 7⋅6 Hz), 7⋅02 (t, 

1H, J = 7⋅6 Hz), 6⋅97 (s, 1H), 5⋅08 (d, 1H, 

J = 6⋅9 Hz), 5⋅82 (dd, 1H, J = 6⋅8 Hz, 16⋅8 Hz), 5⋅73 

(dd, 1H, J = 7⋅6 Hz, 16⋅8 Hz); 
13

C NMR (125 MHz, 

CDCl3) δ 198⋅7, 163⋅6, 144⋅3, 137⋅1, 136⋅7, 133⋅1, 

128⋅7, 128⋅5, 128⋅2, 127⋅9, 126⋅7, 126⋅4, 122⋅2, 

121⋅5, 119⋅6, 119⋅5, 119⋅3, 111⋅2, 38⋅3, 45⋅3; MS 

(EI) m/z 326 (M
+
 + 1). Anal. Calcd. for C23H19NO: 

C 84⋅89, H 5⋅88, N 4⋅30. Found C 84⋅84, H 5⋅92, N 

4⋅27. 

 

2.1j 1-(4-Bromophenyl)-3-1H-indole-3-yl)-3-di-

phenylpropan-1-one (3j): Colourless; m.p. 174–

176°C; IR νmax(KBr) 3444, 1679, 1580, 1457; 
1
H 

NMR (500 MHz, CDCl3) δ 9⋅88 (s, 1H), 7⋅67 (d, 2H, 

J = 8⋅4 Hz), 7⋅46 (d, 2H, J = 8⋅4 Hz), 7⋅28 (d, 2H, J = 

8⋅4 Hz), 7⋅22 (d, 2H, J = 6⋅9 Hz), 7⋅12 (t, 2H, J = 

7⋅6 Hz), 7⋅02 (t, 1H, J = 7⋅6 Hz), 6⋅97 (t, 1H, 

J = 7⋅6 Hz), 6⋅92 (d, 1H, J = 2⋅3 Hz), 6⋅83 (t, 1H, J = 

7⋅6 Hz), 4⋅87 (t, 1H, J = 7⋅6 Hz), 3⋅67 (dd, 1H, 

J = 6⋅8 Hz, 16⋅8 Hz), 3⋅57 (dd, 1H, J = 8⋅4 Hz, 

16⋅8 Hz); 13
C NMR (125 MHz, CDCl3) δ 198⋅7, 

163⋅6, 144⋅3, 136⋅8, 135⋅8, 131⋅8, 129⋅7, 128⋅4, 
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128⋅0, 127⋅8, 126⋅5, 126⋅2, 121⋅7, 121⋅6, 119⋅1, 

118⋅8, 118⋅1, 111⋅5, 45⋅1, 40⋅1; MS (EI) m/z 404 

(M+
 + 1), 406 (M

+
 + 2). Anal. Calcd. for C23H18BrNO: 

C 68⋅33, H 4⋅49, N 3⋅46 Found C 68⋅37, H 4⋅43, N 

3⋅518. 

 

2.1k 3-[4-(Dimethylaminophenyl)-3-1H-indole-3-

yl]-1-phenylpropan-1-one (3k): Pale pink solid; m.p. 

167–169°C; IR νmax (KBr) 3424, 1674, 1520, 1336; 
1
H NMR (500 MHz, CDCl3) δ 10⋅75 (s, 1H), 7⋅95 

(d, 1H, J = 7⋅6 Hz), 7⋅58 (t, 1H, J = 7⋅6 Hz), 7⋅47 (t, 

1H, J = 7⋅6 Hz), 7⋅34 (d, 1H, J = 7⋅6 Hz), 7⋅24  

(t, 1H, J = 9⋅1 Hz), 7⋅13 (d, 1H, J = 8⋅4 Hz), 6⋅97  

(t, 4H, J = 7⋅6 Hz), 6⋅83 (t, 3H, J = 7⋅6 Hz), 6⋅54 (d, 

1H, J = 8⋅4 Hz), 4⋅72 (t, 1H, J = 6⋅9 Hz), 3⋅79 (dd, 

1H, J = 6⋅8 Hz, 16⋅8 Hz), 3⋅69 (dd, 1H, J = 7⋅6 Hz, 

16⋅8 Hz), 3⋅32 (s, 6H); 
13

C NMR (125 MHz, 

CDCl3): δ 199⋅1, 149⋅2, 137⋅4, 136⋅9, 133⋅5, 133⋅4, 

129⋅2, 128⋅6, 128⋅5, 126⋅9, 122⋅1, 121⋅3, 119⋅3, 

119⋅2, 118⋅6, 112⋅9, 111⋅7, 45⋅0, 40⋅8; MS (EI) m/z 

369 (M+
 + 1). Anal. Calcd. for C25H24N2O: C 81⋅49, 

H 6⋅56, N 7⋅60. Found C 81⋅42, H 6⋅59, N 7⋅57. 

 

2.1l 1-(4-Chlorophenyl)-3-(1H-indole-3-yl)-3-phe-

nylpropan-1-one (3l): Colourless; m.p. 92–94°C; IR 

νmax (KBr) 3444, 1679, 1585, 1455; 
1
H NMR 

(500 MHz, CDCl3) δ 7⋅98 (s, 1H), 7⋅84 (d, 2H, 

J = 8⋅4 Hz), 7⋅43 (d, 1H, J = 7⋅6 Hz), 7⋅38 (d,  

2H, J = 8⋅4 Hz), 7⋅33 (t, 3H, J = 6⋅8 Hz), 7⋅25 (t, 2H, 

J = 7⋅5 Hz), 7⋅13–7⋅17 (m, 2H), 7⋅01 (t, 1H, 

J = 8⋅4 Hz), 6⋅97 (s, 1H), 5⋅03 (t, 1H, J = 7⋅6 Hz), 

3⋅77 (dd, 1H, J = 6⋅9 Hz, 16⋅8 Hz), 3⋅67 (dd, 1H, 

J = 7⋅6 Hz, 16⋅8 Hz); 
13

C NMR (125 MHz, CDCl3): 

δ 197⋅5, 144⋅0, 139.5, 136⋅7, 135⋅5, 129⋅6, 128⋅5, 

127⋅8, 126⋅6, 126⋅4, 121⋅4, 119⋅5, 119⋅2, 111⋅2, 

40⋅2, 38⋅4; MS (EI) m/z 359 (M
+
). Anal. Calcd. for 

C23H18ClNO: C 76⋅77, H 5⋅04, N 3⋅89 Found C 

76⋅81, H 5⋅11, N 3⋅84. requires %. MS m/z 360 

(M+
 + 1), 362 (M

+
 + 2). 

 

2.1m 1-(4-Bromophenyl)-3-(2-methyl-1H-indole-

3-yl)-3-phenylpropan-1-one (3m): Brown solid; IR 

νmax (KBr) 3402, 2915, 1679, 1583; 
1
H NMR 

(500 MHz, CDCl3) δ 7⋅75 (s, 1H), 7⋅69 (d, 2H, 

J = 8⋅4 Hz), 7⋅48 (d, 2H, J = 8⋅4 Hz), 7⋅44 (d, 1H, 

J = 8⋅4 Hz), 7⋅34 (d, 2H, J = 7⋅6 Hz), 7⋅20–7⋅27 (m, 

3H), 7⋅15 (t, 1H, J = 7⋅65 Hz), 7⋅06 (t, 1H, J = 6⋅9 Hz), 

6⋅99 (t, 1H, J = 7⋅6 Hz), 5⋅05 (t, 1H, J = 6⋅9 Hz), 

3⋅92 (dd, 1H, J = 8⋅4 Hz, 16⋅8 Hz), 3⋅81 (dd, 1H, 

J = 6⋅1 Hz, 16⋅0 Hz), 2⋅38 (3, 3H); 
13

C NMR 

(125 MHz, CDCl3) δ 198⋅3, 144⋅0, 135⋅9, 135⋅5, 

131⋅8, 129⋅6, 128⋅4, 128⋅1, 127⋅5, 127⋅4, 126⋅1, 

120⋅9, 119⋅3, 119⋅1, 113⋅4, 110⋅5, 43⋅4, 37⋅0 12⋅2; MS 

(EI) m/z 418 (M+
 + 1), 420 (M

+
 + 1). Anal. Calcd. 

for C24H20BrNO: C 68⋅91, H 4⋅82, N 3⋅35. Found C 

68⋅94, H 4⋅77, N 3⋅29. 

 

2.1n 3-[4-(Dimethylamino)phenyl]-3-(2-methyl-1H- 

indole-3-yl)-1-phenylpropan-1-one (3n): Brown 

solid; m.p. 106–108°C. IR νmax (KBr) 3399, 1680, 

1613, 1519; 
1
H NMR (500 MHz, CDCl3) δ 7⋅87 (d, 

2H, J = 7⋅6 Hz), 7⋅77 (s, 1H), 7⋅47–7⋅52 (m, 2H), 

7⋅37 (t, 2H, J = 7⋅6 Hz), 7⋅23 (d, 2H, J = 8⋅4 Hz), 7⋅19 

(d, 1H, J = 7⋅6 Hz), 7⋅04 (t, 1H, J = 6⋅9 Hz), 7⋅01 (t, 

1H, J = 6⋅8 Hz), 6⋅66 (d, 2H, J = 8⋅4 Hz), 5⋅01 (t, 

1H, J = 6⋅9 Hz), 4⋅95 (dd, 1H, J = 7⋅6 Hz, 16⋅5 Hz), 

3⋅87 (dd, 1H, J = 6⋅8 Hz, 16⋅8 Hz), 2⋅88 (s, 6H), 

2⋅35 (s, 1H); 
13

C NMR (125 MHz, CDCl3) δ 199⋅6, 

149⋅0, 137⋅3, 135⋅6, 132⋅8, 132⋅5, 131⋅6, 128⋅5, 128⋅2, 

128⋅1, 127⋅6, 120⋅6, 119⋅4, 119⋅1, 114⋅0, 112⋅9, 

110⋅4, 44⋅0, 40⋅9, 36⋅0, 12⋅2; MS (EI) m/z 354 

(M
+
 + 1). Anal. Calcd. for C26H26N2O: C 81⋅64, H 

6⋅85, N 7⋅32 Found C 81⋅71, H 6⋅80, N 7⋅28. 

 

2.1o 3-(5-Methoxy-1H-indole-3-yl)-1,3-diphenyl-

propan-1-one (3o): Colourless solid; m.p. 141–

143°C; IR νmax (KBr) 3367, 1678, 1583, 1484; 
1
H 

NMR (500 MHz, CDCl3) δ 7⋅93 (d, 2H, J = 7⋅6 Hz), 

7⋅90 (s, 1H), 7⋅54 (t, 1H, J = 7⋅6 Hz), 7⋅43 (t, 2H, 

J = 8⋅4 Hz), 7⋅35 (d, 2H, J = 6⋅8 Hz), 7⋅24–7⋅27 (m, 

2H), 7⋅15–7⋅19 (m, 2H), 6⋅95 (d, 1H, J = 2⋅3 Hz), 

6⋅84 (d, 1H, J = 2⋅3 Hz), 6⋅79–6⋅81 (m, 1H), 5⋅02 (t, 

1H, J = 6⋅8 Hz), 3⋅79 (dd, 1H, J = 6⋅1 Hz, 16⋅0 Hz), 

3⋅69–3⋅74 (m, 4H); 
13

C NMR (125 MHz, CDCl3) δ 

198⋅7, 153⋅8, 144⋅2, 137⋅2, 133⋅1, 131⋅8, 128⋅6, 

128⋅5, 128⋅2, 127⋅9, 127⋅1, 126⋅4, 122⋅2, 119⋅1, 

112⋅3, 111⋅8, 101⋅5, 55⋅9, 45⋅2, 38⋅2; MS (EI) m/z 

356 (M
+
 + 1). Anal. Calcd. for C24H21NO2: C 81⋅10, 

H 5⋅95, N 3⋅94 Found C 81⋅17, H 5⋅88, N 3⋅98. 

2.2 Determination of the minimum inhibitory  

concentration (MIC) 

Antibacterial activity for 15, 3-alkylated indole de-

rivatives were performed against four Gram (+) ve 

and Gram (–) ve bacterial strains namely, E. coli 

NCIM 2931, S. aureus NCIM 5021, P. vulgaris 

NCIM 2813, P. aeruginosa NCIM 5029. The mi-

crodilution method recommended by NCCLS (Na-

tional Committee for Clinical Laboratory Standrds)21
 

was followed with smaller modification of method-

ology reported by Sarker et al22
 using 96 well plates. 
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Other researchers have used resazurin assay for dec-

ades to find out the bacterial and yeast contamina-

tion in milk.23,24
 Compounds were initially dissolved 

in 10% (v/v) dimethylsulfoxide (DMSO) at a con-

centration of 10 mg/ml of stock. 100 μL of the test 

compound was added into of the first row three 

wells (triplicates) which contained double the 

strength Mueller–Hinton broth. 100 μL of single 

strength Mueller–Hinton broth was added into other 

wells. Serial dilution of the test compound was done 

using multichannel pipette in such a way that all the 

wells had 100 μL of the test compound in serially 

decreasing concentration. 10 μL of the bacterial cul-

ture (5 × 106
 cfu/mL) was added into each well to 

obtain a final concentration of 5 × 10
6
 cfu/mL. One 

entire column had antibiotics as a positive control 

(Norfloxacin/Erythromycin). A column with all the 

solutions except the test compound, and a column 

with all the solutions except the bacterial culture 

acted as controls. The plates were prepared in tripli-

cate and incubated for 18 h at 37°C then 10 μL of 

0⋅01% resazurin solution was added and incubated 

for 2 h. The colour change was assessed visually and 

the highest dilution remained blue (inhibition of 

growth) indicating minimum inhibitory concentra-

tion. Growth of organism changed the colour from 

blue to pink. The principle for the colour reaction is 

given below: 

 

 

3. Results and discussion 

3.1 Synthesis 

In our study, the addition of indoles to electron defi-

cient olefines, reaction of indole with nitrotyrene in 

presence of 0⋅5 equivalent of tetrautylammonium 

hydrogen sulfate at room temperature gives the cor-

responding 3-alkylated indole in 80% yield (scheme 

1, entry 1). We have carried out the addition of a va-

riety of indoles with nitrostyrenes in good to excel-

lent yield (75–90%) (table 1, entries 2–8). 

 It has been observed that the electronic properties 

of the aromatic ring have an effect on the rate of this 

Michael reaction. The rate is accelerated by electron 

donating groups present on the indole nucleus. In-

dole substrate bearing an electron-withdrawing 

group afford the adduct in less yield compared to 

other indoles. With respect to the regioselectivity, it 

is observed that all the Michael acceptors gave  

exclusively the 1,4-adduct without any trace of 1,2-

adduct. Although some Michael adducts were  

obtained in good yield, the reaction times varied  

according to the nature of substitution pattern on the 

phenyl ring of nitrostyrene. The electron donating 

groups present in the phenyl ring of nitrostyrene led 

to formation of products with longer reaction times. 

 In order to extend the scope of this methodology, 

various 1,2-disubstituted vinyl ketones (chalcones) 

were used as Michael acceptor and the results are 

tabulated (table 1). In this case, however, reaction 

proceeds to completion at slightly elevated tempe-

ature (70°C). Chalcones having electron donating 

groups in the styryl ring gave the Michael adducts in 

shorter reaction time and good yield (entries 3k and 

3n). Chalcones with electron withdrawing group in 

the aroyl ring required slightly longer reaction time 

(entries 3j, 3l and 3m). However, the mono substi-

tuted vinyl ketone (entry 1) gave the Michael adduct 

at room temperature with excellent yield. The results 

are in good agreement with earlier reports.19
 

3.2 Minimum inhibitory concentration (MIC) 

The activity of the 15, 3-alkylated indoles was as-

sessed in terms of minimum inhibitory concentraion 

(MIC) by microdilution assay method against four 

bacterial strains using 96 well plates. MIC is defined 

as the maximum dilution of the test compound  

that inhibits the growth of the microrganism. 

 

 

 
 

Scheme 1. Michael addition of indoles with various 
electron deficient olefins. 
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Table 1. TBAHS catalysed Michael addition in water. 

Entry Indole Olefin Product Time (h) Yield (%)
      

 1 

 
 

 

1 90 

 2 

 

 

 

2.5 80 

 3 

 

 

 

3 82 

 4 

 

 

 

10 76 

 5 

 

 

 

5 78 

 6 

 

 

 

2 89 

 7 

 

 

 

3 85 

 8 

 

 

 

2 90 

 9 

 
 

 

5 88 

(Contd…) 
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Table 1. (Contd…) 

Entry Indole Olefin Product Time (h) Yield (%)
      

10 

 
 

 

6 83 

11 

 
 

2 89 

12 

 
 

 

6 82 

13 

 
 

 

3 86 

14 

 

 

1 90 

15 

 
 

 

3 87 

 

 

 

The compounds were dissolved in 10% DMSO (di-

methylsulfoxide) and mixed with Muller–Hinton 

broth. The plates were incubated initially for 18 h at 

37°C and then, 0⋅01% resazurin solution was added and 

incubated for two hours. Resazurin is a redox indica-

tor which remains blue in colour in its oxidized form 

and when reduced becomes pink coloured interme-

diate called resorufin. This reaction is irreversible. 

Pink coloured resorufin is further reduced to colour-

less dihydroresorufin, but this reaction is irreversi-

ble. In the presence of live bacterial cells, which 

mediate the reduction reaction due to the presence of 

oxidoreductase enzyme, the blue colour resazurin 

will turn into pink colour resorufin.20
 Highest dilu-

tion of the compound (growth inhibition) at which 

the blue colour remains is considered as the MIC of 

the compound. These compounds are active in the 

range of 0⋅16–2⋅76 μM concentrations and the re-

sults are given in table 2. Based on the tabulated re-

sults, it is concluded that these compounds showed 

potent inhibitory activity against Gram (–)ve organ-

isms (E. coli NCIM 2931, P. vulgaris NCIM 2813, 

P. aeruginosa NCIM 5029) when compared to the 

Gram (+)ve organism (S. aureus NCIM 5021).
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Table 2. Antibacterial activity of synthesized 3-alkylated indole derivatives against four bacterial 
starins. 

 Antibacterial activity (minimum inhibitory concentration) in µM 
 

 Compound E. coli S. aureus P. aeruginosa P. vulgaris  
Series no NCIM 2931 NCIM 5021 NCIM 5029 NCIM 2813 
 

I 3a 0⋅334 2⋅670 0⋅334 0.334 
 3b 0⋅939 0⋅469 1⋅878 1.878 
 3c 0⋅422 1⋅687 0⋅211 0.422 
 3d 0⋅362 0⋅362 0⋅362 0.362 
 3e 0⋅333 0⋅167 0⋅666 0.333 
 3f 0⋅223 1⋅784 0⋅223 0.223 
 3g 0⋅422 1⋅687 0⋅211 0.422 
 3h 0⋅446 1⋅784 0⋅223 0.446 

II 3i 0⋅768 1⋅537 0⋅384 0.384 
 3j 0⋅618 1⋅237 1⋅237 1.237 
 3k 0⋅654 1⋅307 0⋅163 0.654 
 3l 0⋅347 1⋅389 0⋅174 0.347 
 3m 0⋅598 1⋅195 0⋅598 0.590 
 3n 0⋅327 1⋅307 0⋅163 0.327 
 3o 0⋅352 1⋅407 0⋅176 0.352 
Erythromycin  0⋅0004 0⋅0122 0⋅0004 0⋅0004 
Norfloxacin  0⋅0027 0⋅0002 0⋅0053 0⋅0053 

 

 

4. Conclusion 

We have developed a simple procedure for Michael 

addition of indoles to a variety of electron deficient 

olefins using environmental friendly water as the re-

action medium. The Michael adducts were obtained 

in good to excellent yields. This protocol is both op-

erationally simple as the work up involves simple 

phase separation and economically feasible, as the 

reaction employs the low cost Tetrabutylmmonium 

hydrogen sulfate as catalyst and water as reaction 

medium. The synthesized 3-alkylated indoles 

showed low MIC values against a broad range of 

bacteria (both Gram (+)ve and Gram (–)ve) and 

hence can be possibly considered as antibacterial 

agents. Earlier studies have proved that the alkaloids 

containing 3-alkylated indoles as back bone and 

act as good antimycotic and antibacterial activity. 

These findings indicate that 3-alkylated indole de-

rivatives are promising broad spectrum antibacterial 

agents. 
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