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ABSTRACT. Cancer is one of the most deadly diseases worldwide, challenging the world for effective treatment 
of the diseases, to tackle this problem a vast amount of therapeutic candidates are being investigated. Indole-
benzimidazole structures have recently gained considerable attention, because compounds containing these structure 
exhibit a very good anticancer property. Two series of novel indole-benzimidazole hybrids molecules viz., 2-(5-
substituted-1H-indol-3-yl)-5-substituted-1H-benzo[d]imidazole 5(a-f) and 2-(5-substituted-1-(3-methylbut-2-
enyl)-1H-indol-3-yl)-5-substituted-1H-benzo[d]imidazole 6(a-f) were synthesized and characterized by 
spectroscopic techniques. The twelve target molecules have been investigated for their in-vitro cytotoxic activity 
against human ovarian carcinoma cells (SKOV-3), human prostate cancer cells (PC-3), human cervical cancer cells 
(HeLa) and human acute monocytic leukemia cells (THP-1) using MTT assay. Compound; 2-(5-bromo-1H-indol-
3-yl)-5-methyl-1H-benzo[d]imidazole (5e) was interesting with IC50 (μM) values of 23.69 (SKOV-3), 73.05 (PC-
3), 64.66 (HeLa) and 39.08 (THP-1), respectively. 
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INTRODUCTION 
 
Nitrogen-heterocycles play a vital role in medicinal chemistry and they have been intensively 
used as scaffolds for drug development [1]. Among nitrogen heterocyclic compounds indole 
nucleus is continuously drawing the interest of many researchers for the development of newer 
drug moiety [2]. Owing to its wide range of activities, a large number of indole derivatives have 
been synthesized and screened for their anticancer [3-14], antitumor [15-18], anti-inflammatory 
[19], antibacterial [20], antifungal [21], anti-malarial [22] and anticonvulsant activities [23]. In 
particular, N-1 and C-3-substituted indole derivatives have been found to play an important role 
in many biologically active compounds especially with anti-inflammatory [24, 25], anticancer  
[26-28], antineociceptive  [29, 30], antipsychotic activity [31].  

Benzimidazoles are a class of aromatic, bicyclic, heterocyclic chemical compounds that share 
the basic structure of 6-membered benzene united to 5-membered imidazole. These are the 
important class of heterocyclic scaffolds which have diverse biological activities and clinical 
applications, compounds carrying benzimidazole nucleus have been reported to have antiviral  
[32-34], anticancer [35], antibacterial [36], antimalaria [37], antifungal [38], antihelminthic [39], 
antiprotozoal (Entamoeba histolytica and Trichomonas vaginalis) and anticancer activities  [40]. 

Moreover the presence of extra hetrocyclic ring to the position 3 of indole ring represents an 
important class of marine alkaloids, most of these marine alkaloids exhibit significant biological 
activities [41]. For example, marine alkaloids containing hetrocyclic ring at 3-position of indole 
is presented in Figure 1. Aplicyanins were isolated from the ascidian Aplidium cyaneum and 
meridianins were isolated from the tunicate Aplidium meridianum, the former contain a 3-(2- 
amino-1,4,5,6-tetrahydropyrimidin-4-yl)-5-bromoindole nucleus while the later contain 3-
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(pyrimid-4-yl) brominated and/or hydroxylated indole nucleus. These compounds are found to be 
cytotoxic to the human tumor cell lines MDA-MB-231 (breast adenocarcinoma), A549 (lung 
carcinoma), HT-29 (colorectal carcinoma) and cytotoxicity towards murine tumor cell lines and 
potent inhibitors of several protein kinases, respectively [42-44] 
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B: R1 = OH, R2 = R4 = H, R3 = Br
C:  R1 = R3 = R4 = H, R3 = Br
D: R1 = R2 = R4 = H, R3 = Br
E: R1 = OH, R2 = R3 =  H, R4 = Br
F: R1 = R4 = H, R2 =  R3 = Br 
G: R1 = R2 = R3 = R4 = H

 
Figure 1. Structure of Aplicyanins A-F and Meridianins A-G. 
 

Inspired by a wide range of biological activities and the favorable drug-like properties of 
indoles and benzimidazole, we envisioned that the combination of these two bioactive 
components especially benzimidazole ring at C-3 position of indole would afford compounds with 
a potential anticancer activity, therefore we designed and synthesized compounds containing both 
moieties in a single molecular frame and screened for their anticancer activities against the human 
ovarian carcinoma cell (SKOV-3), human prostate cancer cell, (PC-3), human cervical cancer cell 
(HeLa) and human acute monocytic leukemia cell lines (THP-1). 

 

EXPERIMENTAL 
 
Materials and methods 
 
All the chemicals used were of synthetic grade procured from Sigma Aldrich. Completion of the 
reactions was monitored by analytical thin layer chromatography (TLC) using E-Merck 0.25 mm 
silica gel plates using ethyl acetate/hexane as solvent system, visualization was accomplished with 
UV light (256 nm) and iodine chamber. All the synthesized compounds were purified by column 
chromatography (silica gel 100-200 mesh) using a mixture of hexane and ethyl acetate. Melting 
points were measured in open capillary tubes and were uncorrected. All the 1H and 13C spectra 
were recorded in CDCl3 or DMSO-d6 solvent (400 MHz for 1H and 100 MHz for 13C) relative to 
TMS internal standard. Infrared (IR) spectra were recorded using FT-IR Bruker Alpha 
spectrometer. The electron ionization mass spectra were recorded on Agilent 1100. 
 
Chemistry 
 
Synthesis of novel indole-benzimidazole hybrids viz., 2-(5-substituted-1H-indol-3-yl)-5-
substituted-1H-benzo[d]imidazole 5(a-f) and 2-(5-substituted-1-(3-methylbut-2-enyl)-1H-indol-
3-yl)-5-substituted-1H-benzo[d]imidazole 6(a-f) have been accomplished by adopting known 
synthetic routes. Formylation of indole/ substituted indole using POCl3 in dry DMF gave 1H-
indole-3-carboxaldehyde (2a,b), reaction of (2a,b), with 3,3-dimethylallyl bromide in the 
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presence NaH gave substituted 1-(3-methylbut-2-enyl)-1H-indole-3-carboxaldehyde (3a,b) in 
good yield (Scheme 1). 

 
Reagent and conditions: a) POCl3, dry DMF; 0 oC; NaOH(aqua), 40 oC; b) 3,3-dimethylallyl 
bromide, NaH, dry DMF, 0 oC 

 

Scheme 1. Synthesis of 5-substituted-1H-indole-3-carbaldehyde (2a,b) and 5-substituted-1-(3-
methylbut-2-enyl)-1H-indole-3-carbaldehyde (3a,b). 

 

The target molecules were achieved by the reaction of substituted/unsubstituted phenylene 
diamine (4) in the presence of p-toluene sulfonic acid (PTSA) in anhydrous DMF under refluxing 
conditions with 5-substituted-1H-indole-3-carboxaldehyde (2a,b) yields 2-(5-substituted-1H-
indol-3-yl)-5-substituted-1H-benzo[d]imidazole 5(a-f). Compound 4 under the same reaction 
conditions reacts with 5-substituted-1-(3-methylbut-2-enyl)-1H-indole-3-carboxaldehyde (3a,b) 
to give 2-(5-substituted-1-(3-methylbut-2-enyl)-1H-indol-3-yl)-5-substituted-1H-benzo[d] 
imidazole 6(a-f) in good yield (Scheme 2). 
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Scheme 2. Synthesis of 2-(5-substituted-1H-indol-3-yl)-5-substituted-1H-benzo[d]imidazole 
5(a-f) and 2-(5-substituted-1-(3-methylbut-2-enyl)-1H-indol-3-yl)-5-substituted-1H-
benzo[d]imidazole 6(a-f). 
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Synthesis and characterization of the intermediates and target compounds  
 
General procedure for the synthesis of 5-substituted 1H-indole-3-carboxaldehyde (2a,b)   
 
To a solution of substituted indoles (1a,b) (42.6 mmol) in dry DMF (187.4 mmol) in an ice-salt 
bath POCl3 (47.1 mmol) was subsequently added with stirring over a period of 30 min. After 
completion of addition, the temperature rose to 40 oC and stirred the syrup for 1.5 h at that 
temperature. At the end of the reaction (as indicated by TLC) 25 g crushed ice was added to the 
reaction mixture. The obtained solution was transferred into 250 mL RB flask, NaOH (470 mmol) 
dissolved in 50 mL water was added with constant stirring and the resultant suspension was heated 
rapidly to the boiling point and allowed to cool to room temperature, after which it was placed in 
refrigerator overnight. The precipitate was filtered off, washed thrice with 100 mL water, yielding 
5-substituted 1H-indole-3-carbaldehyde (2a,b).  
 
1H-Indole-3-carboxaldehyde (2a). Yield: 92%, brownish yellow solid, Mp: 196-198 oC; IR (KBr, 
cm−1): 3442 (N-H), 1632 (C=N), 1229; 1H NMR (DMSO-d6, 400 MHz): δ 7.14 (t, J = 7.2 Hz, 
1H), 7.22 (t, J = 7.2 Hz, 1H), 7.34 (d, J = 8 Hz, 1H), 7.52 (s, 1H), 7.62 (d, J = 8 Hz, 1H), 8.12 (s, 
1H), 9.52 (s, 1H);  13C NMR (DMSO-d6, 22.4 MHz): δ 111.4, 118.0, 119.4, 120.5, 122.4, 127.7, 
131.82, 137.2, 182.7; ESI-MS: m/z 146.20 [M+H]+; anal. calcd. for C9H7NO: C, 74.47, H, 4.86, 
N, 9.65%, found: C, 74.44, H, 4.91, N, 9.64%. 
 
5-Bromo-1H-indole-3-carboxaldehyde (2b). Yield: 90%, cream colored solid, Mp: 192 oC; IR 
(KBr, cm−1): 3312 (N-H), 1643 (C=N), 1229; 1H NMR (DMSO-d6, 400 MHz): δ 7.34 (d, J = 8.8 
Hz, 1H), 7.43 (d, J = 8.4 Hz, 1H), 7.75 (s, 1H), 8.25 (s, 1H), 8.32 (s, 1H), 9.94 (s, 1H); 13C NMR 
(DMSO-d6, 22.4 MHz): δ 113.0, 114.8, 117.3, 123.1, 125.6, 135.2, 136.7, 144.4, 183.9. ESI-MS: 
m/z 245.95 [M+Na]+; anal. calcd. for C9H6BrNO: C, 48.25, H, 2.70, N, 6.25%, found: C, 48.22, 
H, 2.76, N, 6.24%. 

 
General procedure for the synthesis of substituted 1-(3-methylbut-2-enyl)-1H-indole-3-
carboxaldehyde (3a,b) 
 
To a solution of substituted 1H-indole-3-carbaldehydes (2a,b) (2.20 mmol) in dry DMF (5 mL) 
was added NaH (2.64 mmol, 60% oil dispersion) and the resulting mixture was stirred for 10 min 
in an ice bath. 3,3-dimethylallyl bromide (2.20 mmol) was added and the resulting mixture stirred 
for 15 min at 0 oC. The mixture was diluted with EtOAc (20 mL), washed five times with distilled 
water (50 mL). The organic layer was dried over anhydrous Na2SO4, filtered and the solvent was 
removed under reduced pressure to get crude residue which was purified by column 
chromatography (silica gel 100-200 mesh) using 8:2 (hexane : EtOAc) as eluents affording 3a,b. 
 
1-(3-Methylbut-2-enyl)-1H-indole-3-carboxaldehyde (3a). Yield: 87%, brownish yellow crystals, 
Mp: 79-81 oC; IR (KBr, cm−1): 1640 (C=N) 1224;  1H NMR (CDCl3, 400 MHz): δ 1.85 (s, 3H), 
1.86 (s, 3H), 4.74 (d, J = 7.2 Hz, 2H), 5.44 (t, J = 7.2 Hz, 1H), 7.28-7.41 (m, 4H) 7.76 (s, 1H), 
9.99 (s, 1H); 13C NMR (CDCl3, 22.4 MHz): δ 17.9, 25.4, 44.6, 110.0, 117.7, 117.9, 121.8, 122.7, 
123.6, 125.5, 137.3, 137.5, 138.7, 184.3; ESI-MS: m/z 214.20 [M+H]+; anal. calcd. for C14H15NO: 
C, 78.84, H, 7.09, N, 6.57%, found: C, 78.80, H, 7.16, N, 6.55%. 
 
5-Bromo-1-(3-methylbut-2-enyl)-1H-indole-3-carboxaldehyde (3b). Yield: 89%, pale pink solid, 
Mp: 95-98 oC; IR (KBr, cm−1): 1654(C=N), 1162; 1H NMR (CDCl3, 400 MHz): δ 1.85 (s, 3H), 
1.86 (s, 3H), 4.71 (d, J =7.2 Hz, 2H), 5.42 (t, J =7.2 Hz, 1H), 7.25 (d, J = 9.6 Hz, 1H), 7.43 (dd, 
J = 2.0, 8.8 Hz, 1H), 7.73 (s, 1H), 8.47 (d, J = 2.0 Hz, 1H), 9.96 (s, 1H); 13C NMR (CDCl3, 22.4 
MHz): δ 12.7, 20.1, 39.4, 106.0, 110.8, 111.7, 119.0, 121.1, 121.4, 130.3, 132.6, 132.8, 133.8, 
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178.6; ESI-MS: m/z  314.01 [M+Na]+; anal. calcd. for C14H14BrNO: C, 57.55, H, 4.83, N, 4.79%, 
found: C, 57.53, H, 4.90, N, 4.77%. 
 
General procedure for the synthesis of 2-(5-substituted-1H-indol-3-yl)-5-substituted-1H-
benzo[d]imidazole (5a-f)  
 
5-Substituted-1H-indole-3-carbaldehyde (1.5 mmol) (2a,b) and o-phenylenediamine (1.5 mmol) 
(4a-c) were thoroughly dissolved in dry DMF (10 mL), 40 mol % of PTSA (103.2 mg, 0.6 mmol) 
was added and the solution was refluxed at 100 °C for appropriate time. After completion of the 
reaction (monitored by TLC), the solution was allowed to room temperature and extracted with 
ethyl acetate; the combined organic layer was dried over anhydrous Na2SO4, the solvent was 
evaporated under reduced pressure, the crude product was purified by column chromatography 
using silica gel (100-200 mesh), hexane : ethyl acetate (7:3) as eluents and recrystallized from 
ethanol to afford the target compounds (5a-f). 
 
2-(1H-Indol-3-yl)-1H-benzo[d]imidazole (5a). Yield: 74%; Mp: 106-108 oC; IR (KBr cm-1): 3424 
(N-H), 3048, (C-H aromatic) 1613(C=N); 1H NMR (DMSO-d6, 1H NMR (DMSO-d6, 400 MHz): 
δ 11.67(s, 1H, NH), 8.50-8.16 (m, 2H, Ar-H), 7.56-7.48 (m, 2H, Ar-H),7.22-7.13 (m, 4H, Ar-H); 
13C NMR (CDCl3, 100 MHz): δ 150.1, 138.2, 137.8, 136.6, 130.3, 129.2, 123.2, 122.3, 121.2, 
120.3, 118.5, 114.3, 110.2; 106.4; anal. calc. (%) for C15H11N3: C, 77.23; H, 4.75; N, 18.01; found: 
C, 77.16; H, 4.78; N, 17.98. 
 
2-(1H-Indol-3-yl)-5-methyl-1H-benzo[d]imidazole (5b). Yield: 72%; Mp: 210-212 oC; 1H NMR 
(DMSO-d6, 400 MHz): δ 11.81 (s, 1H, NH), 8.46 (d, J = 8.4, 1H, Ar-H), 8.24 (d, J = 2.4, 1H, Ar-
H ) 7.54-7.47 (m, 2H Ar-H), 7.38 (s, 1H, H-2′), 7.26-7.20 (m, 2H ArH), 7.05 (d, J = 7.6 1H, Ar-
H), 1.92 (s, 3H); 13C NMR (DMSO-d6, 100 MHz): δ 171.9, 151.8, 148.4, 138.2, 136.5, 131.1, 
127.2, 127.1, 124.7, 121.0, 119.3, 112.1, 105.0, 21.2; anal. calc. (%) for C16H13N3: C, 77.71; H, 
5.30; N, 16.99; found: C, 77.63; H, 5.33; N, 16.97. 
 
5-Chloro-2-(1H-indol-3-yl)-1H-benzo[d]imidazole (5c). Yield: 70 %; Mp: 94-96 oC;  1H NMR 
(DMSO-d6, 400 MHz): δ 12.60 (s, 1H, benzimidazole NH), 11.67 (s, 1H, indole NH), 8.49 (d, J 
= 6.8 Hz, 1H, Ar-H), 8.24 (d, J = 2.8 Hz, 1H, Ar-H) 7.96 (s, H-2′), 7.58-7.50 (m, 3H Ar-H), 7.25-
7.14 (m, 3H, Ar-H); 13C NMR (DMSO-d6, 100 MHz): δ 162.3, 162.2, 150.9, 136.5, 126.5, 125.3, 
125.0, 122.3, 121.3, 121.1, 120.4, 112.0, 111.8, 106.1; anal. calc. (%) for C15H10ClN3: C, 67.30; 
H, 3.77; Cl, 13.24; N, 15.70; found: C, 67.16; H, 3.79; N, 15.68. 
 

2-(5-Bromo-1H-indol-3-yl)-1H-benzo[d]imidazole (5d). Yield: 68 %; Mp: 146-148 oC; IR (KBr 
cm-1) 3407 (N-H), 3079, (C-H aromatic), 1652(C=N); 1H NMR (DMSO-d6, 400 MHz): δ 12.53 
(s, 1H benzimidazole NH), 11.84 (s, 1H indole NH), 8.73 (d, J = 2 Hz, 1H, Ar-H), 8.21 (d, J = 
2.8 Hz, 1H, Ar-H) 7.96-7.51 (m, 2H, Ar-H), 7.49 (s,1H, H-2′), 7.37-7.15 (m, 3H Ar-H); 13C NMR 
(DMSO-d6, 100 MHz): δ 160.1, 147.2, 136.4, 130.3, 130.1, 128.2, 126.4, 124.3, 123.1, 122.8, 
121.8, 120.6, 112.9, 110.7, 105.5, anal. calc. (%) for C15H10BrN3: C, 57.75; H, 3.23; Br, 25.60; N, 
13.46; found: C, 57.62; H, 3.27; N, 13.44. 
 
2-(5-Bromo-1H-indol-3-yl)-5-methyl-1H-benzo[d]imidazole (5e). Yield: 70 %; Mp: 110-112 oC;  

IR (KBr cm-1): 3424 (N-H), 3228(N-H), 1655(C=N); 1H NMR (DMSO-d6, 400 MHz): δ 11.81 (s, 
1H,  NH), 8.66 (d, J = 1.6 Hz, 1H, Ar-H), 8.17 (d, J = 2.4 Hz, 1H, Ar-H) 7.47 (d, J  = 8.8 Hz, 1H 
Ar-H), 7.43 (s, 1H, H-2′),  7.34 -7.31 (m, 2H Ar-H), 6.97  (d, J = 8 Hz, 1H, Ar-H), 2.41(s, 3H); 
13C NMR (DMSO-d6, 100 MHz): δ 162.3, 148.4, 135.2, 130.5, 130.5, 127.3, 126.8, 124.7, 123.4, 
123.3, 122.7, 120.8, 113.5, 110.9, 106.1, 21.2; anal. calc. (%) for C16H12BrN3: C, 58.91; H, 3.71; 
Br, 24.50; N, 12.88; found: C, 58.01; H, 3.72; Br, 24.50; N, 12.86. 
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2-(5-Bromo-1H-indol-3-yl)-5-chlorol-1H-benzo[d]imidazole (5f). Yield: 66 %; Mp: 134-136 oC;  
1H NMR (CDCl3, 400 MHz): δ 12.69 (s, 1H benzimidazole NH), 11.89 (s, 1H indole NH), 8.68 
(d, J = 2 Hz, 1H, Ar-H), 8.22 (d, J = 2.8 Hz, 1H, Ar-H), 7.96 (s, 1H, H-2′), 7.67-7.16 (m, 4H, Ar-
H); 13C NMR (CDCl3, 100 MHz): δ 162.2, 150.3, 142.3, 135.2, 127.8, 126.8, 124.8, 123.3, 121.3, 
114.0, 113.1, 105.8; anal. calc. (%) for C15H9BrClN3: C, 51.98; H, 2.62; Br, 23.05; Cl, 10.23; N, 
12.12; found: C, 51.89; H, 2.61; N, 12.08. 
 
General procedure for the synthesis of 2-(5-substituted-1-(3-methylbut-2-enyl)-1H-indol-3-yl)-5-
substituted-1H-benzo[d]imidazole (6a-f) 
 
Substituted 1-(3-methylbut-2-enyl)-1H-indole-3-carboxaldehyde (1 mmol) (3a,b) and o-
phenylenediamine (1 mmol) (4a-c) were dissolved in dry DMF (10 mL), 40 mol % of PTSA (68.2 
mg, 0.4 mmol) was added and the solution was refluxed at 100 °C for appropriate time. After 
completion of the reaction (monitored by TLC), the solution was cooled to room temperature and 
extracted with ethyl acetate; the combined organic layer was dried over Anhydrous Na2SO4, the 
solvent was evaporated under reduced pressure, the crude product was purified by column 
chromatography using silica gel (100-200 mesh) and hexane : ethyl acetate (7:3) as eluents and 
recrystallized from ethanol to afford target compounds (6a-f). 
 
2-(1-(3-Methylbut-2-enyl)-1H-indol-3-yl)-1H- benzo[d]imidazole (6a). Yield: 79%; Mp: 142-144 
oC; IR (KBr cm-1): 3443 (N-H), 3095, (C-H aromatic), 2966 (C-H, aliphatic), 1625(C=N);  1H 
NMR (CDCl3, 400 MHz): δ 8.24 (d, J = 7.61, 1H, Ar-H), 7.89 (s, 1H, H-2′), 7.58-7.56 (m, 2H Ar-
H), 7.31-7.15 (m, 5H Ar-H), 5.19 (t, J  = 6.8 Hz, 1H), 4.48 (d, J = 6.8 Hz, 2H), 1.65 (s, 3H), 1.62 
(s, 3H); 13C NMR (CDCl3, 100 MHz): δ 149.1, 138.2, 137.8, 136.6, 129.3, 129.2, 125.5, 122.3, 
121.2, 121.2, 120.3, 120.3, 118.5, 114.3, 110.2, 110.2, 105.2, 44.3, 25.5, 17.9; MS m/z: 302 [M 
+ H]+; anal. calc. (%) for C20H19N3: C, 79.70; H, 6.35; N, 13.94; found: C, 79.12; H, 6.33; N, 
13.92. 
 
5-Methyl-2-(1-(3-methylbut-2-enyl)-1H-indol-3-yl)-1H- benzo[d]imidazole (6b). Yield: 77.2%; 
Mp: 138-140 oC;  1H NMR (CDCl3, 400 MHz): δ 8.35 (d, J = 1.6 Hz, 1H, Ar-H), 7.72 (s, 1H, H-
2′), 7.51-7.04 (m, 6H Ar-H), 5.26 (t, J = 6.8 Hz, 1H), 4.56 (d, J = 7.2 Hz, 2 H), 2.46 (s, 3H), 1.72 
(s, 3H), 1.69 (s, 3H); 13C NMR (CDCl3, 100 MHz): δ 148.2, 138.3, 135.2, 132.0, 129.0, 128.9, 
128.90, 127.2, 123.0, 122.9, 118.2, 118.2, 114.5, 105.9, 44.4, 25.6, 21.6, 18.0; MS m/z: 302.21 
[M + H]+; anal. calc. (%) for C21H21N3: C, 79.97; H, 6.71; N, 13.32; found: C, 79.88; H, 6.72; N, 
13.29. 
 
5-Chloro-2-(1-(3-methylbut-2-enyl)-1H-indol-3-yl)-1H- benzo[d]imidazole (6c). Yield: 62%; 
Mp: 204-206 oC; 1H NMR (CDCl3, 400 MHz): δ 8.20 (d, J = 7.6, 1H, Ar-H), 7.80 (s, 1H, H-2′), 
7.50-7.12 (m, 6H Ar-H), 5.26 (t, J = 6.8 Hz, 1H), 4.49 (d, J = 7.2 Hz, 2 H), 1.70 (s, 3H), 1.66 (s, 
3H); 13C NMR (CDCl3, 100 MHz):  δ 150.5, 138.0, 136.7, 128.8, 128.7, 127.5, 125.6, 122.5, 121.4, 
121.3, 120.2, 120.2, 118.4, 110.3, 105.4, 44.3, 25.5, 17.9; MS m/z: 336.25 (M + H) +; anal. calc. 
(%) for C20H18ClN3: C, 71.53; H, 5.40; Cl, 10.56; N, 12.51; found: C, 70.89; H, 5.41; N, 12.48. 
 
2-(5-Bromo-1-(3-methylbut-2-enyl)-1H-indol-3-yl)-1H-benzo[d]imidazole (6d). Yield: 78%; Mp: 
238-240 oC; IR (KBr cm-1) 3423 (N-H), 3084, (C-H aromatic) 2924 (C-H aliphatic); 1H NMR 
(CDCl3, 400 MHz): δ 8.37 (s, 1H, Ar-H), 7.55 (s, 1H, H-2′), 7.27-7.06 (m, 6H,  Ar-H), 5.17(t,  J 
= Hz, 1H), 4.53 (d, J = 5.2Hz, 2 H), 1.69(s, 3H), 1.65(s, 3H); 13C NMR (CDCl3, 100 MHz): δ 
148.5, 138.4, 129.1, 125.9, 122.3, 118.2, 114.7, 111.6, 44.5, 30.9, 25.63, 18.0; MS m/z: 
382.1/380.1 (M+ + H)  (for 81Br/79Br, 100%, 99%);  anal. calc. (%) for C20H18BrN3: C, 63.17; H, 
4.77; Br, 21.01; N, 11.05; found: C, 62.88; H, 4.76; N, 11.02. 
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 2-(5-Bromo-1-(3-methylbut-2-enyl)-1H-indol-3-yl)-5-methyl-1H-benzo[d]imidazole (6e). Yield: 
72%; Mp: 240-242 oC;  1H NMR (CDCl3, 400 MHz): δ 8.35 (d, J = 1.6 Hz, 1H, Ar-H), 7.72 (s,1H, 
H-2´), 7.51-7.04 (m, 5H, Ar-H), 5.27 (t, J = 7.2 Hz, 1H), 4.57 (d, J = 7.2 Hz, 2 H), 2.46 (s, 3H), 
1.72 (s, 3H), 1.69 (s, 3H);  13CNMR (CDCl3, 100 MHz): δ 148.2, 138.3, 135.2, 132.0, 129.0, 128.9, 
128.9, 127.2, 123.0, 122.9, 118.2, 118.2, 114.5, 101.9, 44.4, 25.6, 21.6, 18.0; anal. calc. (%) for 
C21H20BrN3:  C, 63.97; H, 5.11; Br, 20.26; N, 10.66; found: C, 63.12; H, 5.12; N, 10.63. 
 
2-(5-Bromo-1-(3-methylbut-2-enyl)-1H-indol-3-yl)-5-chloro-1H-benzo[d]imidazole (6f). Yield: 
73%; Mp: 250-252 oC; IR (KBr cm-1) 3424 (N-H), 3096, (C-H aromatic) 2969 (C-H aliphatic);  
1H NMR (CDCl3, 400 MHz): δ 8.35 (s, 1H, Ar-H), 7.72 (s, 1H, H-2´), 7.50-7.03 (m, 5H, Ar-H), 
5.26 (t, J = 6.8 Hz, 1H), 4.56 (d, J = 7.2 Hz, 2 H), 1.72 (s, 3H), 1.69 (s, 3H); 13C NMR (DMSO-
d6), 100 MHz): δ 148.2, 138.3, 135.2, 132.0, 129.0, 12.8, 127.2, 118.2, 114.5, 105.8, 44.4, 25.6, 
18.0; anal. calc. (%) for C20H17BrClN3: C, 57.92; H, 4.13; Br, 19.27; Cl, 8.55; N, 10.13; found: C, 
57.78; H, 4.11; N, 10.09. 

RESULTS AND DISCUSSION 
 
In-vitro cytotoxic activity 
 
The anti-proliferative/cytotoxic activities of indole-benzimidazole hybrids molecules 5(a-f) and 
6(a-f) were evaluated against four different types of human cancer cell lines, viz., human ovarian 
carcinoma cells (SKOV-3), human prostate cancer cells (PC-3), human cervical cancer cells 
(HeLa) and human acute monocytic leukemia cells (THP-1) using the MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] assay, according to the method of 
Mossman [43] and the IC50 values determined are summarized in Table 1. The cytotoxic 
investigations were carried out at IICT, Hyderabad in association with Dr. J.V. Rao, Scientist, 
Biology Division.  
 
Table 1. In-vitro cytotoxicity of target molecules (5a-f) and (6a-f) against SKOV-3, Hela, PC-3 and THP-1 

human cancer cells by MTT assay was expressed in both μg/mL and μM. 
 

Entry Compounds Cytotoxicity IC50 μg/mL (μM). 
SKOV-3 PC-3 Hela THP-1 

1 5a 23.45±0.91   
(100.64) 

29.11±1.75  
(124.91) 

39.21±3.26 
(168.28) 

37.01±0.31 
(158.84) 

2 5b 17.92±1.02 
(72.46) 

47.93±1.62   
(193.82) 

40.40±2.11 
(163.37) 

26.66±1.94 
(107.80 

3 5c 26.69±2.83 
(99.70) 

47.19±3.08   
(176.27) 

41.44±1.89 
(154.81) 

23.23±3.07 
(86.77) 

4 5d 40.31±2.61   
(129.13) 

28.85±2.85 
(92.42) 

33.32±1.32 
(106.74) 

28.25±2.36 
(90.49) 

5 5e 7.73±1.96 
(23.69) 

23.83±1.72 
(73.05) 

21.09±1.65 
(64.66) 

12.75±0.39 
(39.08) 

6 5f 29.86±1.52 
(86.14) 

27.67±3.89 
(79.86) 

32.46±2.67 
(93.64) 

51.01±0.24 
(147.16) 

7 6a N.A 
(N.A) 

40.29±1.07   
(133.68) 

N.A 
(N.A) 

38.94±0.52 
(129.20) 

8 6b N.A 
(N.A) 

39.01±0.25   
(123.65) 

89.34±2.18                
(283.19) 

42.59±1.56 
(135.00) 

9 6c 93.74±3.58 
(279.12) 

78.28±1.54   
(233.09) 

N.A 
(N.A) 

75.03±1.93 
(223.41) 

10 6d 56.02±1.59 
(147.31) 

62.57±0.53   
(164.53) 

N.A 
(N.A) 

92.31±0.26 
(242.74) 
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11 6e N.A 
(N.A) 

73.63±0.21   
(186.73) 

N.A 
(N.A) 

84.27±0.13 
(213.71) 

12 6f 60.49±1.62 
(145.85) 

91.22±1.21   
(219.95) 

N.A 
(N.A) 

67.43±2.64 
(162.58) 

13 5FU* 0.49±0.06 
(3.82) 

1.46±0.14      
(11.25) 

1.28±0.07 
(9.84) 

0.54±0.08 
(4.15) 

*5-Fluorouracil (standard drug molecule) was employed as positive control. 
 

Exponentially growing cells were treated with different concentrations of 5(a-f) and 6(a-f) 
compounds for 24 h and cell growth inhibition was analyzed through MTT assay. 

IC50 is defined as the concentration, which results in a 50% decrease in cell number as 
compared with that of the control cultures in the absence of an inhibitor and were calculated using 
the respective regression analysis. The values represent the mean ± SE of three individual 
observations. 

From the results obtained (Table 1), it is clear that majority of the indole-benzimidazole 
hybrids (5a-f) and (6a-f) reduce the cancer cell viability significantly with IC50 values ranging 
from 25 μM to 150 μM. MTT assay reveals that compounds 5b, 5c, 5d, 5e and 5f are active with 
an IC50 values less than 100 μM. Compound 5e was the lead against all the tested cell lines with 
an IC50 values ranging between 23.69-73.05 μM. The IC50 values of 5e against SKOV-3, PC-3, 
HeLa and THP-1 were 23.69, 73.05, 64.66 and 39.08 μM, respectively. Compound 6c was found 
to be weak against SKOV-3 (279.12 μM) and PC-3 (233.09 μM). Concerning Hela, compound 
6b (283.19 μM) and for THP-1 cell lines compound 6d (242.74 μM) were the weak candidates. 
25% (3 out of 12 compounds) and 41% (5 out of 12 compounds) were inactive against SKOV-3 
and Hela, respectively. From the results of Table 1 the series of 2-(5-substituted-1H-indol-3-yl)-
5-substituted-1H- benzo[d]imidazole 5(a-f) were found to be more active than the series 2-(5-
substituted-1-(3-methylbut-2-enyl)-1H-indol-3-yl)-5-substituted-1H-benzo[d]imidazole 6(a-f). 
 
Cell lines and cell culture 
 
The human ovarian carcinoma cells (SKOV-3), human prostate cancer cell (PC-3), human 
cervical cancer cells (HeLa) and human acute monocytic leukemia cells (THP-1) were obtained 
from the National Centre for Cellular Sciences (NCCS), Pune, India. The cells were cultured in 
their respective media, i.e., SKOV-3 cells in Dulbecco's Modified Eagle Medium (DMEM); HeLa 
cells in Eagle's Minimum Essential Medium (EMEM) and remaining two cell lines PC-3 and 
THP-1 in Roswell Park Memorial Institute media (RPMI-1640), supplemented with 10% heat-
inactivated fetal bovine serum (FBS), 1 mM NaHCO3, 2 mM L-glutamine, 100 units/mL penicillin 
and 100 μg/mL streptomycin. The cells were cultured in a 5% CO2 incubator, kept at 37 °C in a 
humidified atmosphere. 
 
Test concentrations 
 
Initially, stock solutions of each test substances were prepared in 100% dimethyl sulfoxide 
(DMSO, Sigma Chemical Co., St. Louis, MO) with a final concentration of 8 mg/mL. Exactly 25 
μL of stock was diluted to 1 mL in culture medium to obtain experimental stock concentration of 
200 μg/mL. This solution was further serially diluted with media and exactly 100 μL of each 
diluent was added to 100 μL of cell suspension (total assay volume of 200 μL) to obtain the 
concentrations of 10 to 100 μg/mL, and incubated in 5% CO2, at 37 °C for 24 h. Bioassays were 
repeated three times and their mean values were used to determine the IC50 values using the 
respective regression analysis. 
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Cytotoxicity 
 
Cytotoxicity was measured using the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl 
tetrazolium bromide] assay, according to the method of Mossman [45]. Briefly, the cells (2 x 104) 
were seeded in each well containing 0.1 mL of medium in 96 well plates. After overnight 
incubation at 37 °C in 5% CO2, the cells were treated with 100 μL of different test dilutions with 
five replicates each. The test concentrations were maintained ranging from10 to100 μg/mL, which 
is equivalent 10 to 100 ppm. The cell viability was assessed after 24 h, by adding 10 μL of MTT 
(5 mg/mL) per well. The plates were incubated at 37 °C for additional three hours. The medium 
was discarded and the formazan blue, which formed in the cells, was dissolved with 100 μL of 
DMSO. The rate of color formation was measured at 570 nm in a spectrophotometer (Spectra 
MAX Plus; Molecular Devices; supported by SOFTmax PRO-5.4). The percent inhibition of cell 
viability was determined with reference to the control values (without test compound). The data 
were subjected to linear regression analysis and the regression lines were plotted for the best 
straight-line fit. The IC50 (inhibition of cell viability) concentrations were calculated using the 
respective regression equation. 
 
Structure activity relationship studies (SARS) 
 
The SAR study reveals that, hydrophobic substituent (Br) and electron releasing group (methyl) 
at position 5 of indole and benzimidazole rings respectively enhances the cytotoxic activity. 
Brominated analogues were active with respect to indole motif and the order of activity with 
respect to substituents on 5th position of benzimidazole was methyl > chloro > hydrogen.  
 

CONCLUSION 
 
In conclusion, we have successfully synthesized 12 indole-benzimidazole hybrids molecules. 
These hybrids were screened for their in-vitro anticancer activity. Among the indole-
benzimidazole hybrids evaluated for cytotoxic activity, 5e exhibited better inhibition 
concentration against all the screened cell lines. Compounds without prenyl group exhibited better 
activity than prenylated compounds. 

REFERENCES 
 

1. Li Petri, G.; Raimondi, M.V.; Spanò, V.; Holl, R.; Barraja, P.; Montalbano, A. Pyrrolidine in 
drug discovery: A versatile scaffold for novel biologically active compounds. Top Curr. 
Chem. 2021, 379, 1-46. 

2. Akkoç, M.K.; Yüksel, M.Y.; Durmaz, I.; Atalay, R.Ç. Design, synthesis, and biological 
evaluation of indole-based 1,4-disubstituted piperazines as cytotoxic agents. Turk. J. Chem. 
2012, 36, 515-525. 

3. Pingaew, R.; Mandi, P.; Prachayasittikul, V.; Thongnum, A.; Prachayasittikul, S.; Ruchirawat, 
S.; Prachayasittikul, V. Investigations on anticancer and antimalarial activities of indole-
sulfonamide derivatives and in silico studies. ACS Omega 2021, 6, 31854-31868. 

4. Hassan, A.S.; Moustafa, G.O.; Awad, H.M.; Nossier, E.S.; Mady, M.F. Design, synthesis, 
anticancer evaluation, enzymatic assays, and a molecular modeling study of novel pyrazole–
indole hybrids. ACS Omeg. 2021, 6, 12361-12374. 

5. Yu-Bin, B.; An-Ling, Z.; Jiang-Jiang, T.; Jin-Ming, G. Synthesis and antifungal activity of 2-
chloromethyl-1H-benzimidazole derivatives against phytopathogenic fungi in-vitro. J. Agric. 
Food Chem. 2013, 61, 2789-2795. 

6. Pecnard, S.; Hamze, A.; Pozzo, J.L.; Alami, M.; Provot, O. Synthesis of oxazino [4,3-a] 
indoles and biological applications. Eur. J. Med. Chem. 2021, 224, 113728.  



Salah Hamza Sherif and Y.L.N. Murthy 

Bull. Chem. Soc. Ethiop. 2023, 37(5) 

1218

7.  Hawash, M.; Kahraman, D.C.; Ergun, S.G.; Cetin-Atalay, R.; Baytas, S.N. Synthesis of novel 
indole-isoxazole hybrids and evaluation of their cytotoxic activities on hepatocellular 
carcinoma cell lines. BMC Chem. 2021, 15, 1-4. 

8. Rzepka, Z.; Bębenek, E.; Chrobak, E.; Wrześniok, D. Synthesis and anticancer activity of 
indole-functionalized derivatives of betulin. Pharmaceutics 2022, 14, 2372. 

9. Hassan, A.S.; Moustafa, G.O.; Awad, H.M.; Nossier, E.S.; Mady, M.F. Design, synthesis, 
anticancer evaluation, enzymatic assays, and a molecular modeling study of novel pyrazole–
indole hybrids. ACS Omega 2021, 6, 12361-12374. 

10.  El-Sharief, A.M.; Ammar, Y.A.; Belal, A.; El-Sharief, M.A.; Mohamed, Y.A.; Mehany, A.B.; 
Ali, G.A.; Ragab, A. Design, synthesis, molecular docking and biological activity evaluation 
of some novel indole derivatives as potent anticancer active agents and apoptosis inducers. 
Bioorg. Chem. 2019, 85, 399-412. 

11. Li, A.L.; Hao, Y.; Wang, W.Y.; Liu, Q.S.; Sun, Y.; Gu. W. Design, synthesis, and anticancer 
evaluation of novel indole derivatives of ursolic acid as potential topoisomerase II inhibitors. 
J. Mol. Sci. 2020, 21, 2876. 

12. Karadayi, F.Z.; Yaman, M.; Kisla, M.M.; Keskus, A.G.; Konu, O.; Ates-Alagoz, Z. Design, 
synthesis and anticancer/antiestrogenic activities of novel indole-benzimidazoles. Bioorg. 
Chem. 2020, 100, 1-20. 

13.  He, Z.X.; Huo, J.L.; Gong, Y.P.; An, Q.; Zhang, X.; Qiao, H.; Yang, F.F.; Zhang, X.H.; Jiao, 
L.M.; Liu, H.M.; Ma, L.Y. Design, synthesis and biological evaluation of novel 
thiosemicarbazone-indole derivatives targeting prostate cancer cells. Eur. J. Med. Chem. 
2021, 210, 112970. 

14. Fresneda, P.M.; Molina, P.; Bleda, J.A. Synthesis of the indole alkaloids meridianins from the 
tunicate Aplidium meridianum. Tetrahedron 2001, 57, 2355-2363. 

15. Gunasekera, S.P.; McCarthy, P.J.; Kelly-Borges, M. Hamacanthins A and B, new antifungal 
bis indole alkaloids from the deep-water marine sponge, Hamacantha sp. J. Nat. Prod. 1994, 
57, 1437-1441. 

16. Gupta, L.; Talwar, A.; Chauhan, P.M. Bis and tris indole alkaloids from marine organisms: 
New leads for drug discovery. Curr. Med. Chem. 2007, 14, 1789-1803. 

17. Gurkan-Alp, A.S.; Mumcuoglu, M.; Andac, C.A.; Dayanc, E.; Cetin-Atalay, R.; Buyukbingol, 
E. Synthesis, anticancer activities and molecular modeling studies of novel indole retinoid 
derivatives. Eur. J. Med. Chem. 2012, 58, 346-354. 

18. Hall, A.; Billinton, A.; Brown, S.H.; Chowdhury, A.; Giblin, G.M.; Goldsmith, P.; Hurst, 
D.N.; Naylor, A.; Patel, S.; Scoccitti, T.; Theobald, P.J. Discovery of a novel indole series of 
EP1 receptor antagonists by scaffold hopping. Bioorg. Med. Chem. Lett. 2008, 18, 2684-2690.  

19. Kuo, C.C.; Hsieh, H.P.; Pan, W.Y.; Chen, C.P.; Liou, J.P.; Lee, S.J.; Chang, Y.L.; Chen, L.T.; 
Chen, C.T.; Chang, J.Y. BPR0L075, a novel synthetic indole compound with antimitotic 
activity in human cancer cells, exerts effective antitumoral activity in-vivo. Cancer Res. 2004, 
64, 4621-4628. 

20. Li, Y.F.; Wang, G.F.; He, P.L.; Huang, W.G.; Zhu, F.H.; Gao, H.Y.; Tang, W.; Luo, Y.; Feng, 
C.L.; Shi, L.P.; Ren, Y.D. Synthesis and anti-hepatitis B virus activity of novel benzimidazole 
derivatives. J. Med. Chem. 2006, 49, 4790-4794. 

21.  Madadi, N.R.; Penthala, N.R.; Brents, L.K.; Ford, B.M.; Prather, P.L.; Crooks, P.A. 
Evaluation of (Z)-2-((1-benzyl-1H-indol-3-yl) methylene)-quinuclidin-3-one analogues as 
novel, high affinity ligands for CB1 and CB2 cannabinoid receptors. Bioorg. Med. Chem. Lett. 
2013, 23, 2019-2021. 

22. Madadi, N.R.; Penthala, N.R.; Janganati, V.; Crooks, P.A. Synthesis and anti-proliferative 
activity of aromatic substituted 5-((1-benzyl-1H-indol-3-yl)methylene)-1,3-dimethyl- 
pyrimidine-2,4,6 (1H, 3H, 5H)-trione analogs against human tumor cell lines. Bioorg. Med. 
Chem. Lett. 2014, 24, 601-613. 



Synthesis of indole-benzimidazole hybrid molecules and their in-vitro cytotoxic activities  

Bull. Chem. Soc. Ethiop. 2023, 37(5) 

1219

23. Khan, M.S.; Dhar, N.; Husain, A. Indole derivatives with anticonvulsant activity against two 
seizure models. Pharmacophore 2012, 3, 55-61. 

24. Mashayekhi, V.; Haj Mohammad Ebrahim Tehrani, K.; Azerang, P.; Sardari, S.; Kobarfard, 
F. Synthesis, antimycobacterial and anticancer activity of novel indole-based 
thiosemicarbazones. Arch. Pharm. Res. 2021, 44, 1-13. 

25. Moir, E.M.; Yoshiizumi, K.; Cairns, J.; Cowley, P.; Ferguson, M.; Jeremiah, F.; Kiyoi, T.; 
Morphy, R.; Tierney, J.; Wishart, G.; York, M. Design, synthesis, and structure–activity 
relationship study of bicyclic piperazine analogs of indole-3-carboxamides as novel 
cannabinoid CB1 receptor agonists. Bioorg. Med. Chem. Lett. 2010, 20, 7327-7330. 

26. Na, Y.M.; Le Borgne, M.; Pagniez, F.; Le Baut, G.; Le Pape, P. Synthesis and antifungal 
activity of new 1-halogenobenzyl-3-imidazolylmethylindole derivatives. Eur. J. Med. Chem. 
2003, 38, 75-87. 

27. Navarrete-Vázquez, G.; Cedillo, R.; Hernández-Campos, A.; Yépez, L.; Hernández-Luis, F.; 
Valdez, J.; Morales, R.; Cortés, R.; Hernández, M.; Castillo, R. Synthesis and antiparasitic 
activity of 2-(trifluoromethyl) benzimidazole derivatives. Bioorg. Med. Chem. Lett. 2001, 11, 
187-190. 

28. Hung, N.C.; Lhoste, J.M.; Lavelle, F.; Bissery, M.C.; Bisagni, E. Synthesis and antitumor 
activity of 1-[[(dialkylamino) alkyl] amino]-4-methyl-5H-pyrido [4,3-b] benzo [e]-and-benzo 
[g]) indoles. A new class of antineoplastic agents. J. Med. Chem. 1990, 33, 1519-1528. 

29. Chen, M.; Su, S.; Zhou, Q.; Tang, X.; Liu, T.; Peng, F.; He, M.; Luo, H.; Xue, W. Antibacterial 
and antiviral activities and action mechanism of flavonoid derivatives with a benzimidazole 
moiety. J. Saudi Chem. Soc. 2021, 25, 101194. 

30.  Pierce, L.T.; Cahill, M.M.; Winfield, H.J.; McCarthy, FO. Synthesis and identification of 
novel indolo [2, 3-a] pyrimido [5, 4-c] carbazoles as a new class of anti-cancer agents. Eur. J. 
Med. Chem. 2012, 56, 292-300. 

31. Rajanarendar, E.; Reddy, K.G.; Ramakrishna, S.; Reddy, M.N.; Shireesha, B.; Durgaiah, G.; 
Reddy, Y.N. Synthesis and in vitro and in vivo anticancer activity of novel 3-methyl-5H-
isoxazolo [5′,4′: 5,6] pyrido [2,3-b] indoles. Bioorg. Med. Chem. Lett. 2012, 22, 6677-6680. 

32. Islam, M.K.; Baek, A.R.; Sung, B.; Yang, B.W.; Choi, G.; Park, H.J.; Kim, Y.H.; Kim, M.; 
Ha, S.; Lee, G.H.; Kim, H.K. Synthesis, characterization, and anticancer activity of 
benzothiazole aniline derivatives and their platinum(II) complexes as new chemotherapy 
agents. Pharmaceuticals 2021, 14, 832.  

33. Rashid, M.; Husain, A.; Mishra, R.; Karim, S.; Khan, S.; Ahmad, M.; Al-wabel, N.; Husain, 
A; Ahmad, A; Khan, S.A. Design and synthesis of benzimidazoles containing substituted 
oxadiazole, thiadiazole and triazolo-thiadiazines as a source of new anticancer agents. Arab. 
J. Chem. 2019, 12, 3202-3224. 

34. Schuck, D.C.; Jordão, A.K.; Nakabashi, M.; Cunha, A.C.; Ferreira, V.F.; Garcia, C.R. 
Synthetic indole and melatonin derivatives exhibit antimalarial activity on the cell cycle of 
the human malaria parasite Plasmodium falciparum. Eur. J. Med. Chem. 2014, 78, 375-382. 

35. Zhao, S.Y.; Yang, Y.W.; Zhang, H.Q.; Yue, Y.; Fan, M. Synthesis and cytotoxicity of novel 
3-amino-4-indolylmaleimide derivatives. Arch. Pharm. Res. 2011, 34, 519-526. 

36. Singh, P.; Kaur, M.; Holzer, W. Synthesis and evaluation of indole, pyrazole, chromone and 
pyrimidine based conjugates for tumor growth inhibitory activities–Development of highly 
efficacious cytotoxic agents. Eur. J. Med. Chem. 2010, 45, 4968-4982. 

37. Singh, P.; Mittal, A.; Bhardwaj, A.; Kaur, S.; Kumar, S. 1-Toluene-sulfonyl-3-[(3′-hydroxy-
5′-substituted)-γ-butyrolactone]-indoles: Synthesis, COX-2 inhibition and anti-cancer 
activities. Bioorg. Med. Chem. Lett. 2008, 18, 85-89. 

38. Sisa, M.; Pla, D.; Altuna, M.; Francesch, A.; Cuevas, C.; Albericio, F.; Álvarez, M. Total 
synthesis and antiproliferative activity screening of (±)-aplicyanins A, B and E and related 
analogues. J. Med. Chem. 2009, 52, 6217-6223. 



Salah Hamza Sherif and Y.L.N. Murthy 

Bull. Chem. Soc. Ethiop. 2023, 37(5) 

1220

39. Tiwari, R.K.; Singh, D.; Singh, J.; Yadav, V.; Pathak, A.K.; Dabur, R.; Chhillar, A.K.; Singh, 
R.; Sharma, G.L.; Chandra, R.; Verma, A.K. Synthesis and antibacterial activity of substituted 
1,2,3,4-tetrahydropyrazino [1,2-a] indoles. Bioorg. Med. Chem. Lett. 2006, 16, 413-416. 

40. Tohid, S.F.; Ziedan, N.I.; Stefanelli, F.; Fogli, S.; Westwell, A.D. Synthesis and evaluation of 
indole-containing 3,5-diarylisoxazoles as potential pro-apoptotic antitumour agents. Eur. J. 
Med. Chem. 2012, 56, 263-270. 

41. Gompel, M.; Leost, M.; Joffe, E.B.; Puricelli, L.; Franco, L.H.; Palermo, J.; Meijer, L. 
Meridianins, a new family of protein kinase inhibitors isolated from the ascidian Aplidium 
meridianum. Bioorg. Med. Chem. Lett. 2004, 14, 1703-1707. 

42. Wang, P.; Liu, J, Xing, H.; Liu, Y.; Xie, W.; Zhao, G. Synthesis and anticancer activity of 
novel 5-(indole-2-yl)-3-substituted 1,2,4-oxadiazoles. Drug Discov. Ther. 2012, 6, 133-139. 

43. Jia, Y.; Wen, X.; Gong, Y.; Wang, X. Current scenario of indole derivatives with potential 
anti-drug-resistant cancer activity. Eur. J. Med. Chem. 2020, 200, 112359. 

44. Zhuang, S.H.; Lin, Y.C.; Chou, L.C.; Hsu, M.H.; Lin, H.Y.; Huang, C.H.; Lien, J.C.; Kuo, 
S.C.; Huang, L.J. Synthesis and anticancer activity of 2,4-disubstituted furo [3,2-b] indole 
derivatives. Eur. J. Med. Chem. 2013, 66, 466-479. 

45. Mossman, T. Rapid colorimetric assay for cellular growth and survival: Application to 
proliferation and cytotoxicity assays. J. Immunol. Methods 1983, 65, 55-63.  

 


