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ABSTRACT There are many heterocyclic molecules used in the field of medical application as anticancer agents, but 
unfortunately cancer cells can be familiar with known agents day by day. There is a continuous demand to develop or 
synthesis new analogs. This work aims to synthesize new heterocyclic molecules able to overcome this problem using a 
simply accessible methodology, economic resources, and chemically stable products. 1,1,2-trimethyl-1H-benzo[e]indole 
(1) was chosen as starting material which was easily modified by treatment with phosphoryl chloride to reach the synthon 
2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene) malonaldehyde (2). Schiff’s reaction was applied on the latter to yield a 
series of three monosubstituted and two di-substituted malonaldehyde derivatives. The structures and purities of the target 
compounds were confirmed by spectroscopy. The synthesized compounds showed good activity in a human liver cancer 
cell line HepG2 inhibition at 37°C within 24 h using two concentrations which make them suitable for medical application.

INTRODUCTION

In general, heterocyclic compounds are an important class of 
organic chemistry, which can define as compounds that have 
other atoms besides carbon and hydrogen such as oxygen, 
nitrogen, and sulfur. Dihydrobenzoindolydene(1,1,2-
Trimethyl-1H-benzo[e]indole, 1) is an important heterocyclic 
derivative that was converted and modified to many others 
compounds used in a lot of applications in all fields of life 
including medical and industrials applications. (1) was 
used as starting materials for the synthesis of fluorescent 
probes for imaging tumors in vivo,[1-5] and in the synthesis 
of ahemicyanine-based near-infrared (NIR) fluorescent 
probe which is used for the detection of exogenous and 
endogenous CO in various biological samples such as cells, 
tissue, and in vivo.[6-8] The conjugation of coumarin with 
indole form an intramolecular charge transfer (ICT) platform 
is an effective method to construct new fluorescent pH 
probes for acidic microenvironments.[9-11] Three conjugated 
pyrazole-indole hybrids have been reported which serve as 

an interesting source of photosensitizing compounds with 
anticancer activity.[12] Chun-Lin and his coworker used 
designed a novel benzoindolicsquaraine (BIS) dye molecule 
that exhibits a high-performance NIR emission and two-
photon excited fluorescence are both desirable features 
for bioimaging. Treatment of the dihydrobenzoindolydene 
synthon with electrophilic counterparts has led to many 
applications for the development of NIR fluorescent 
probes.[13-15] Organic squaraine dyes based 1,1,2-Trimethyl-
1H-benzo[e]indolium salts have been synthesized and 
applied as dye-sensitized solar cells.[16,17] Squaraine dyes 
derived from (1) with some combinations of barbituric 
groups joined to the central ring, having ester groups and 
alkyl chains in the nitrogen atoms of heterocyclic rings were 
reported and show antifungal properties against the yeast 
Saccharomyces cerevisiae.[18] Treatment of 1,1,2-trimethyl-
1H-benzo[e]indole with acrylic acid, acrylamide or tert-
butyl acrylate in an autoclave or a microwave reactor 
at 180–200°C afforded benzo[e]pyrido[1,2-a]indole 
derivatives, various chemical transformations of the latter 
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in ppm): δ = 14.22 (d, 1H, NH), 9.45 (s, 2H, -CH=N-), 7. 
24–8.94 (m, 16H, Ar-H), and 1,79, 1.83 (s, 6H, 2× CH3). 
The 13C-NMR spectra for compound 4 show the signals 
(400 MHz, DMSO, δ in ppm): δ = 157.53 for N-C, 148.37 
for NH-CH=C, 139.93 for  -C=NH-, 138.10 for  -N-C= 
(aromatic), 108.74 for (-C=C-), 118.48–132.52 for Ar-C, 
114.12 for O=C-C=C, 56.71 for CH3-C-CH3, and 20.82 for 
2× CH3.
(N,N’E,N,N’E)-N,N’-(2-(1,1-Dimethyl-1H-benzo[e]
indol-2(3H)-ylidene)propane-1,3-diylidene)
bis(1-phenylmethanamine) (6)

Compound 5  (0.20  g, 0.000564 mmole) was reacted 
with benzylamine according to second Schiff’s procedure to 
yield red crystals of 6 (0.13 g, mmole, 66%) m.p. (140°C). 
1H NMR chemical shifts at (400 MHz, DMSO, δ in ppm): 
δ = 12.27 (d, 1H, NH), 9.23 (s, 1H,  -CH=N-), 7. 24-8.52 
(m, 16H, Ar-H), 4.478 for (2H, -NH-CH2-C), 4.24 for (2H, 
=N-CH2-C-), and 1,78,1.87 (s, 6H, 2× CH3). The 13C-NMR 
spectra for compound 6 show the signals (400 MHz, DMSO, 
δ in ppm): δ = 169.59 for C=CH, 156.41 for N-, 149.23 
for NH-CH=C, 142.15 for  -C=NH-, 140.08 for  -N-C= 
(aromatic), 106.58 for (-C=C-), 117. 69- 1321.25 for Ar-C, 
114.10 for O=C-C=C, 45.23 for CH3-C-CH3, 42.45 for CH2 
benzyl and 23.03 for 2× CH3.

HepG2 Cell Line Investigation

Solutions used in this experiment (Culture Media RPMI-
1640, Trypsin–Version solution, Crystal Violet Stain, and 
Trypan blue stain) were prepared according to the Giuliano 
method.[29] The HepG2 cell line and normal cell line 
(Rhabdomyosarcoma) (RD) were grown in RPMI-1640 
medium equipped with 10% calf fetal serum according to 
the Freshney method.[27,30] The cytotoxicity assay was carried 
out using the crystal violate stain according to the method of 
Freshney.[31] The target compounds were dissolved in DMSO 
and diluted by serum-free media (SFM) to prepare different 
concentrations range of (50, 100) µg/mL. Two types of cell 
lines were used human liver cancer (HepG2), and normal 
human (RD) (RPMI-1640) cell lines. The tumor cells (1 × 105 
cell/mL) were seeded in a 96-well microplate and incubated 
for 24 h at 37°C, and then the old media was changed with 
new SFM containing concentrations of each compound. The 
plate was incubated for 24 h in a humidified incubator at 37°C 
containing 5% CO2. After incubation, the culture medium was 
discarded and 100 μL of crystal violate was added to each and 
reincubated for 20 min at 37°C. The results were read using 
the ELISA with a wavelength of 492 nm. The inhibiting ratio 
was calculated according to the equation:

Percentage of cell inhibition = (Absorbance reading of 
control cells − Absorbance reading of treated cells for each 
concentration/absorbance reading of control cells) × 100

CONCLUSION

Five new derivatives of dihydrobenzoindolydene were 
synthesized from 1,1,2-trimethyl-1H-benzo[e]indole after 
functionalization with POCl3 and coupling with three 
aromatic molecules including aniline, benzylamine, and 

4-methyl-o-phenylenediamine through Schiff reaction. This 
reaction subjected stearic hindrance and property already 
overcame by controlling the time of reactions (The later 
was easily modified by treatment with phosphoryl chloride 
to reach the synthon 2-(1,1-dimethyl-1H-benzo[e]indol-
2(3H)-ylidene)malonaldehyde. Schiff’s reaction was applied 
on the synthon to yield a series of mono-substituted and 
di-substituted malonaldehyde derivatives). This property is 
directed and used to synthesize both mono and disubstituted 
derivatives. The synthesized compounds show a good 
ability to inhibit of HepG2 cancer cell line, which make 
them useful as potential anticancer agents.
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