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Indoles constitute heterocyclic compounds that have been extensively changed by 

chemists to produce several variants utilized in various domains of life. This research is 

an ongoing endeavor that commenced earlier, focusing on the synthesis of 

benzoindolydene derivatives through the coupling of benzyl amine, aniline, and 4-

methyl-o-phenylene diamine out of the Schiff synthesis, with the objective of identifying 

novel potential anti-cancer medicines. The Schiff reaction occurs among aldehyde and 

amine groups; therefore, 1,1,2-trimethyl-1H-benzo[e]indole (W1 compound) requires 

functionalisation to produce two aldehyde groups through treatment with POCl3, 

resulting in 2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene) (W2 compound), that can 

execute the Schiff reaction. The examination of the three-dimensional structure reveals 

that the proximity of the methyl group to the aldehyde creates steric hindrance, hence 

prolonging the coupling process with amines from the opposite side. This characteristic 

enables the regulation of coupling, facilitating the synthesis of mono and di-substituted 

compounds by reaction of the precursor (W2 Compound) with the specified amines. Five 

pure chemicals have been synthesized and characterized using spectroscopic methods. 

The products demonstrate significant efficacy in inhibiting the HepG2 human liver 

cancer cells at the optimized temperature of 37℃ throughout a 24 h period, indicating 

their potential as cancer treatments. The IC₅₀ values for W5 were 58.4 μg/ml, and for W6 

were 46.7 μg/ml. These findings indicate that compound W6 exhibits higher cytotoxic 

activity at lower concentrations compared to W5. In conclusion, dihydrobenzindene with 

both straight and branched aliphatic alkyl attachments can easily achieve a pure state and 

high yield utilizing (W1) as the precursor by a Schiff reaction following minimal 

functionalization.  
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1. INTRODUCTION

Heterocyclic molecules constitute a significant category in 

organic chemistry, defined as compounds that contain atoms 

other than Hydrogen and Carbon, including Nitrogen, Oxygen, 

and Sulfur. There are numerous compounds that include 

indoles. Benzo indole (W1 compound) represents a significant 

compound from indoles [1-4]. Numerous alterations are 

implemented for this substance to identify beneficial 

applications throughout various domains of life. W1 

compound was altered and utilised for the manufacture of 

fluorescent instruments for in vivo tumour imaging [5-8], 

Fluorescent instruments sensitive to hypoxia for in vivo acute 

ischemia, and near-infrared fluorescent instruments for 

detecting integrin receptor expression [9-11]. W1 is used as an 

indole pH fluorescent probe and intracellular pH detection and 

cell marking [12-14]. Another modification of indoles was 

reported as photodynamic therapy (PDT), the destruction of 

abnormal cells using a light source and oxygen [15]. The 

chemical modification of the benzoindole synthon with 

electrophilic equivalents has resulted in numerous applications 

for the advancement of near-infrared fluorescence probes [16-

18]. The squaraine dyes derived from the salts of (W1 

compound) have been synthesised and used in dye-sensitive 

solar cells [19, 20]. The dyes of Squaraine, synthesized by 

using (W1) with various barbituric group combinations 

attached to the core ring, offer alkyl chains and ester groups 

on the ring of heterocyclic, especially on nitrogen atoms, 

demonstrating anti-fungal efficacy versus yeasts. 

Saccharomyces cerevisiae [21]. Treatment for (W1) synthon 

with acrylic acid derivatives was synthesized and applied for 

the synthesis of some fluorescent building blocks [22]. 2-(1,1-

Dimethyl-1,3-dihydro-benzo[e]indol-2-ylidene)-

malonaldehyde is synthesized and reported to show 

anticonvulsive activity [23]. Another series of benzoindole 

derivatives shows antimicrobial activity [24]. From the above, 

the benzoindole derivative (W1 compound) can be logically 

categorized into: biomedical and pharmaceutical applications, 

diagnostic and imaging tools, and material science 

applications. 

This survey proves that the benzo indole derivatives 

applications cover a lot of fields. In continuation with these 

efforts, this work reports the synthesis of new benzoindole 

derivatives derived from W1 Compound by coupling with 
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some aliphatic molecules, including methyl amine and 2-

amino butane via Schiff reaction. Several novel compounds 

demonstrate significant efficacy in inhibiting the HepG2 

human cancer of the liver cell lines.  

 

 

2. MATERIALS AND METHODS  
 

The chemicals, solvents, and reagents utilized in the 

investigations of this work were procured from various 

sources and employed. Purification and structural elucidation 

of the obtained compounds were achieved through 1H and 13C 

NMR (Avance Neo 400, Iran), along with IR spectroscopy 

(Perkin-Elmer) at Diyala University. Chemical structural 

diagrams and three-dimensional structural analysis were 

conducted utilizing Chem. Office Ultra 2006 (Cambridge 

Soft.). The follow-up reactions were conducted by thin layer 

chromatography (TLC) (dimensions 20.0×20.0 cm) 

impregnated with silica gel, with detection performed utilizing 

a Fluorescent Analytical Cabinets Model CM-10. The Stuart 

SMP10 electronic device is utilized to determine the melting 

point m.p. of the final compounds. 

 

2.1 General procedure 
 

W1 compound (1 equivalent) was dissolved in 15 ml of 

dimethylformamide (DMF). Subsequently, a total of 15 ml of 

phosphorus oxychloride dissolved in DMF was slowly 

introduced into the initial solution over a duration of thirty 

minutes at 4℃. The latter was heated at about 90℃ for a 

minimum of 4 h. TLC (6:2) hexane: ethyl acetate indicated the 

disappearance of W1 from the solution. The completed 

combination was placed into frozen water and neutralized with 

34% NaOH. The products are precipitated, filtered, rinsed with 

water, and oven-dried at 55℃ to give the W2 compound as 

yellow crystals [25-28]. 

 

2.2 Schiff’s reaction 

 

A single equivalent of W2 compound in 15 ml of ethanol 

was combined with a single equivalent solution of an aliphatic 

amine in 15 ml of ethanol. Glacial acetic acid (1 cc) was 

introduced and subjected to reflux. TLC 9:3 hexane: ethyl 

acetate indicates that the initial material has completely 

reacted after 14 h. The mono-substituted indole derivatives 

W3 and W5 precipitate upon solvent removal, undergo 

filtering, washing, as well as drying. The repetition of the same 

procedure using compounds W3 and W5 as starting material 

instead of the W2 compound produced the di-substituted 

derivatives W4 and W6. 

 

2.3 Synthesis of 2-(1,1-di methyl-1h-benzo[e]indol-2(3h)-

ylidene)-3-(methylimino)propanal (W3 compound) 

 

W2 compound (0.2 g, 0.000755 mmol) reacted with methyl 

amine following the initial coupling technique, resulting in 

yellow crystals of W3 compound (0.13 g, 0.00047 mmol, 

65%), melting point (150℃). 1H NMR chemical shifts, DMOS 

as a solvent, at 400 MHz, δ in ppm: δ = 9.79 (s, 0.80H, -CH=O), 

9.93 (s, 1H, -CH=N-), 5.52 (s, 0.20H, -C=NH-), 7.36-8.20 (m, 

6H, Ar-H), 1.78, 1.94 (s, 6H, 2x CH3), 1.48 (s, 3H, CH3). The 
13C-NMR spectrum for the synthesized compound W3 

displays the following signals (400 MHz, DMSO, δ in ppm): 

δ = 186.46 (-CH=O), 179.70 for (=CH-OH), 137.90 (-N-C-), 

133.03 (-NH-CH=C-), 109.14 (-C=C-), 114.67 (O=C-C=C), 

52.93 and 49.33 (CH3-C-CH3), 27.16 and 24.45 for 2X CH3, 

and 22.59 and 21.55 for CH3. For more details, see Figures 1 

and 2. 
 

 
 

Figure 1. 1H NMR for W3 compound 
 

 
 

Figure 2. 13C NMR for W3 compound 
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2.4 Synthesis of 3-(sec-butylimino)-2-(1,1-dimethyl-1h-

benzo[e]indol-2(3h)-ylidene)propanal (W5 compound) 

 

W2 Compound (0.2 g, 0.000755 mmole) was subjected to 

treatment with benzyl amine as previously described in the 

initial coupling technique, resulting in a brownish-red of W5 

Compound (0.18 g, mmole, 64%). With a melting point of 

198℃, the compound exhibited the following 1H NMR 

chemical shifts: δ = 12.19 (d, 1H, NH), 9.79 (s, 1H, -CH=O), 

7.92 (s, 1H, -CH=N-), 7.48-8.20 (m, 7H, Ar-H), 1.83, 1.93 (s, 

6H, 2x CH3), 1.79 (s, 1H, -N-C*H (CH3)(CH2CH3)), 1.36, 

1.08 (d, 3H, CH3), and 0.98, 0.88 (t, 3H, CH3). The spectrum 

of 13C NMR for W5 exhibits the following signals: δ = 151.16 

(-N-C-), 139.23 (-NH-CH=C-), 132.12 -N-C= (aromatic), 

119.41-129.97 for Ar-C, 30.07 for CH2, 24.4 and 22.59 for 

CH3, and 15.36 for 2XCH3 (see Figures 3 and 4).  

 

 
 

Figure 3. 1H NMR for W5 compound 

 

 
 

Figure 4. 13C NMR data for compound C5 

 

2.5 Synthesis of 2-(1,1-dimethyl-1h-benzo[e]indol-2(3h)-

ylidene)propane-1,3-diylidene dimethanamine (W4 

compound) 

 

W2 compound (0.2 g, 0.000590 mmole) reacted with aniline 

after the initial coupling technique, resulting in brown crystals 

of W4 compound (0.17 g, mmol, 80%) m.p. 214℃. 1H NMR 

expressed in ppm: δ = 12.00 (d, 1H, NH), 7.72 (s, 2H, -

CH=N-), 7.43-8.91 (m, 6H, Ar-H), 1.79, 1.90 (s, 6H, 2x CH3), 

and 1.47 (s, 6H, 2x CH3). The spectrum of 13C-NMR for (W4) 

exhibit the signals: δ = 190.25 for CH=O; 138.41 (NH-CH=C), 

109.20 (-C=C-), and 122.86-130.23 (aromatic carbons); 53.00 

for -N-C*H(CH3)(CH2CH3); 56.70 for CH3-C-CH3; 22.24 

for 2XCH3; 21.16 for CH3; and 10.37 for CH3, as shown in 

Figures 5 and 6. 

 

2.6 Synthesis of 2-(1,1-dimethyl-1h-benzo[e]indol-2(3h)-

ylidene)propane-1,3-diylidene)dibutan-2-amine (W6 

compound) 

 

W5 compound (0.2 g, 0.00062 mmole) reacted with 

benzylamine following the initial coupling process, resulting 

in a red oily product of W6 compound (0.16 g, mmole, 70%). 

m.p. 248℃ 1H NMR chemical shifts: δ = 12.21 (d, 1H, NH), 

7.69 (s, 1H, -CH=N-), 7.24-8.12 (m, 8H, Ar-H), 1.87, 1.80 (s, 

6H, 2x CH3), 1.69 (s, 2H, -N-C*H(CH3)(CH2CH3)), 1.36, 

1.13 (d, 6H, CH3), 0.98, 0.88 (t, 6H, CH3). The spectrum of 
13C-NMR for W6 exhibits the following signals: δ = 137.76 (-

NH-CH=C-), 105.69 (-C=C-), 123.12-129.99 (aromatic 

carbon), 119.34 (O=C-C=C-), 55.77 for -N-

C*H(CH3)(CH2CH3), 56.71 (CH3-C-CH3), 30.07 (-CH2-), 

22.38 (2XCH3), 21.16 for CH3, and 10.47 for CH3 (Refer to 

Figures 7 and 8). 

 

2.7 Anti-cancer activities 

 

The solutions utilized in the present study (RPMI-1640 

culture media), following the Giuliano method, solution of 

Trypsin–Versin, were prepared [29]. The HepG2 cells, as well 

as normal cell lines (Rhabdomyosarcoma, RD), were cultured 

in RPMI-1640 media supplemented with 10% foetal calf 

serum, following the Freshney protocol [30]. The toxicity test 

was conducted utilizing the crystal violet stain in accordance 

with Freshney's methodology [31, 32].
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Figure 5. 1H NMR for W4 compound 

 

 
 

Figure 6. 13C NMR for W4 compound 

 

 
 

Figure 7. 1H NMR for W6 compound 

 

 
 

Figure 8. 13C NMR for W6 compound 
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3. RESULTS AND DISCUSSIONS  

 

3.1 Chemistry 

 

This study seeks to synthesize novel dihydrobenzoylindene 

compounds and examine their activity. The desired synthesis 

was accomplished using Schiff's reaction, commencing with 

(W1) and several aliphatic amines, such as methyl amine and 

2-aminobutane, as illustrated in Figure 9. 

 

 
 

Figure 9. Main synthesis reactions 

 

To facilitate the Schiff's based reaction between W1 and an 

aliphatic amine, the starting compound requires alteration to 

introduce an aldehyde group. This may be accomplished by 

treating the W1 compound with POCl3, yielding the previous 

material, the W2 compound, which contains two groups of 

aldehyde capable of readily coupling with amino groups in the 

selected compounds. The reactions of Schiff's bases under 

moderate circumstances were utilized on the previous material 

W2 to prepare the di-substituted dihydrobenzoin derivatives 

with the specified amines. However, this reaction yielded 

unanticipated mono-substituted derivatives instead of di-

substituted dihydrobenzindole, despite the application of one 

equivalent of precursor with two equivalents of amine. 

Consequently, the reactions of the W2 compound with methyl 

amine and 4-methyl-2-aminobutane yielded the mono-

substituted dihydrobenzindolylidene W3 and W5 compounds 

in place of the di-substituted derivatives W4 and W6. Three-

dimensional studies of the reactive intermediate indicate that 

the formation of mono-substituted derivatives, rather than 

disubstituted ones, during short reaction periods, is attributed 

to steric hindrance near the reaction center caused by the 

presence of methyl groups on the indole ring. But the di-

substituted derivatives need a longer reaction time after the 

first coupling. So the first 12 h of the reaction, the mono-

substituted derivatives are separated as NMR pure crystals, 

while the di-substituted derivatives are achieved when the 

reaction is carried out for 72 h, using the mono-derivatives as 

starting materials with the same amines. The mono-derivatives 

are characterized by 1H NMR spectroscopy, for W3 the NH 

proton of the indole appears at about 13.0 ppm, the aldehyde 

protons exist at 9.79 ppm, -CH=N- appears around 9.5 ppm, 

aromatics protons shown at about 7.50 to 8.00 pm, proton of –

CH-NH (tautomer) at about 7.26 and the six protons of the 

methyl groups of indole appears at about 1.8-1.95 ppm in 

addition to CH3 protons of the aliphatic moiety appear at about 

1.48. The 13C-NMR spectra for W3 show the signals of -

CH=O at δ =186.46, 137.90 for N-C, 133.03 (-NH-CH=C-), 

109.14 for -C=C-, 122.22- 130.25 (aromatic carbons), 114.67 

(O=C-C=C-), 52.93 and 49.33 (CH3-C-CH3), 27.16, 24.45 for 

2XCH3 and 22.59, 21.55 for CH3, see Figure 1 for 1H and 

Figure 2 for 13C NMR analyses for more details. The same 

chemical shift appears for compound W5 in both 1H and 13C 

NMR, in addition to the peaks of the alkyl moiety at 52.77 for 

-N-C*H(CH3)(CH2CH3), 30.07 for CH2 and 21.16 for CH3 

and 10.347 for CH3 ppm for both aliphatic terminal methyl, 

see Figure 3 for 1H and Figure 4 for 13C NMR analyses for 

more details. The di-substituted synthesized compound 

derivatives W4 and W6 show the same chemical shift as the 

mono-substituted derivatives with multiple integration protons 

and carbons (see Figures 5-8). The appearance of double peaks 

for each proton in NMR analysis confirms that compounds 3 

and 5 show a tautomeric state for example the appearance of 

two peaks with one integration at 9.79 with 0.80 integration 

and 5.50 with 0.20 prove the tautomeric state of W3 which is 

appear as two tautomer 3A 80% and 3B 20% as the proton in 

3A stabilized by hydrogen bonding with imine nitrogen 

(Figure 10). 

 

 
 

Figure 10. Tautomerism of the W3 compound 

 

The two di-substituted compounds contain chiral carbon, so 

that they have two enantiomers (R) and (S), they show double 

peaks, one for each proton, with approximately the same 

tensions as they are a racemic mixture (Figure 11). 

 

 
 

Figure 11. Stereoisomers of compounds W4 and W6 

 

3.2 Anti-cancer activities 

 

The anticancer activity of the two synthesized compounds 

was evaluated using the cancer cell line, as presented in Table 

1. The examined compounds exhibit significant activity in 

inhibiting HepG2 under the optimal temperature condition of 

37℃, over a 24h period, utilizing two doses (50 μg/ml and 100 

μg/ml), in contrast to their effects on a normal cell line. The 

derivative of dihydrobenzindene with W5 exhibits more 

activity in high concentration solutions (50 μg/ml) compared 

to the branching derivatives; however, in low concentration 

solutions, the di-substituted analogue of the identical 

compounds W4 and W6 is more effective. W6 compound has 

enhanced anticancer activity compared to the linear 

counterpart. As a result, both examined compounds showed a 

significant capability to inhibit the HepG2 cancer cell line, 

rendering them acceptable for medical application as 

anticancer medicines. 
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The percentage of cell inhibition was calculated based on 

the crystal violet assay. For compound W5, the inhibition rates 

were 31.21% and 53.19% at 50 and 100 μg/ml, respectively. 

For compound W6, the inhibition rates were 48.24% and 

66.10%, respectively. Based on the obtained data, the IC₅₀ 

values were estimated using non-linear regression analysis 

with GraphPad Prism software. The IC₅₀ values for W5 and 

W6 were calculated as: W5: IC₅₀ = 58.4 μg/ml, W6: IC₅₀ = 46.7 

μg/ml. These findings indicate that compound W6 exhibits 

higher cytotoxic activity at lower concentrations compared to 

W5. 

 

Table 1. The impact of certain synthesized derivatives on 

cancerous and normal cell lines 

 

Com. 

No. 

Inhibition Conc. for 

Normal Cell Line RD 

(μg/ml) 

Inhibition Conc. for Cell 

Line Cancer HepG2 

(μg/ml) 

50 100 50 100 

W5 31.21 53.19 40.70 57.85 

W6 48.24 66.10 40.70 18.20 

 

3.3 The suggestion mechanism for anticancer of Schiff base 

derivatives 

 

Schiff base derivatives are well-recognized for their 

biological activity, including anticancer properties. The 

anticancer mechanism of these compounds is believed to 

involve multiple pathways. One prominent mechanism is the 

interaction with DNA [33, 34]. Another key pathway involves 

the generation of reactive oxygen species (ROS), which 

induces oxidative stress, leading to mitochondrial dysfunction 

and subsequent apoptosis (programmed cell death). 

Additionally, Schiff base derivatives have been shown to 

interfere with the activity of key enzymes involved in cancer 

cell survival, such as topoisomerases and kinases [35]. In the 

present study, the observed inhibition of HepG2 liver cancer 

cells suggests that the synthesized Schiff base derivatives may 

act through one or more of these mechanisms. The structural 

presence of electron-donating groups (e.g., alkyl chains and 

imine linkages) may enhance lipophilicity, facilitating 

membrane permeability and intracellular accumulation, which 

further supports their cytotoxic action.  

 

3.4 Limitations and future directions 

 

While the current study demonstrates the promising 

anticancer potential of newly synthesized 

dihydrobenzindolylidene Schiff base derivatives against 

HepG2 liver cancer cells, it is not without limitations. Notably, 

the biological evaluation was limited to in vitro cytotoxicity 

assays, and no in vivo studies or animal models were 

conducted to confirm the compounds’ efficacy, bioavailability, 

toxicity, or pharmacokinetic behavior. Additionally, the 

molecular mechanism underlying the observed anticancer 

activity was not directly investigated and remains speculative. 

The future research should focus on:  

 Conducting in vivo studies using animal models to 

validate the anticancer efficacy and assess systemic 

toxicity. 

 Performing mechanistic studies, such as apoptosis 

assays, ROS generation, and cell cycle analysis, to 

elucidate how these compounds induce cell death. 

 Evaluating the structure-activity relationship (SAR) 

by synthesizing analogues with varied substituents. 

 Exploring targeted delivery systems or nanocarrier 

formulations to improve bioavailability and selectivity 

of these Schiff base derivatives. 

 

 

4. CONCLUSION 

 

In conclusion, dihydrobenzoin-dolylidene with both 

straight and branched aliphatic alkyl attachments can easily 

achieve a pure state and high yield utilizing W1 as the 

precursor by a Schiff reaction following minimal 

functionalization. This series demonstrates significant action 

against the HepG2 human cancer of the liver cell lines, 

exhibiting inhibition at the optimized temperature of 37℃ 

during a 24 h period with varying doses. This feature renders 

the target chemicals as anticancer agents. 
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