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KEYWORDS ABSTRACT:
Objectives: To synthesize and characterized new 1-(5-substituted-1H-indol-3-yl)-3-(p-substituted-benzyl)
Indole prop-2-en-1-one derivatives and screen their in-vitro anticancer activity.
Derivative,

Methods: By reacting 2-amino-5-substituted-benzaldehyde with derivatives of 1-chloropropan-2-one,1-(5-

Antl-cgncer substituted-1H-indol-3-yl)-3-(p-substituted-benzyl)prop-2-en-1-one indole chalcone compounds were
S, synthesized. Based on FT-IR, H! and C® NMR, MS spectrum investigations, the newly synthesized
Human compounds were described. Using the MTT assay, all the synthesized compounds were tested for their
Colorectal ability to inhibit the growth of human colorectal cells (HCT-116).
C?”' Results: According to FT-IR, H! and C*¥ NMR spectrum data, the indole substituted chalcone compounds
Irlno_tecan, (SBS1-7) were successfully synthesized by condensation method. A dose-dependent suppression of cell
|.n-VItI'O Cell growth was produced by all synthesized substances. The ICso values for all synthesized compounds were
line. obtained from range 10.70 to 553.94 uM. Among the synthesized chalcone compounds SBS3 and SBS4
were showed to be the most potent anticancer activity.
Conclusions: These findings suggested that chalcone derivatives having indole ring may serve as promising
new targets for the development of anticancer drugs.
1. Introduction years old [2]. Person age [3], a history of chronic

disorders such inflammatory bowel disease [4], crohn's
disease [5], and a sedentary lifestyle, as well as obesity
[6], poor nutritional habits [7], smoking, and alcohol
use [8] are all linked to an increased risk of developing
colon related cancer (CRC). Therefore, a continuously
aging population, poor modern eating habits, and an
increase in risk factors like smoking, low physical
activity, and obesity are all contributing to an increase
in the incidence of CRC in developed countries [9].

One of the primary objectives of medicinal chemistry is
to create of new anticancer therapeutics. Major issues

Cancer has emerged as one of the most difficult
conditions for people to treat among all the illnesses
that affect them, and as of now, there are no practical
and widely applicable treatments. Colon cancer is
caused by genetic mutations and their functional effects,
which cause the normal colonic epithelium to transform
into malignant tumors, including polyposis and
nonpolyposis, including dysplasia and metaplasia [1].
According to research, the average age of invasive
cancer diagnosis in developed nations is around 70
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with cancer treatment include cytotoxicity and
genotoxicity of anticancer medications to normal cells,
which raises the possibility of causing subsequent
malignancy. A dose of an anticancer medicine required
to Kill tumor cells is frequently toxic to normal tissue
and causes several side effects, which in turn reduces
the effectiveness of the treatment. Therefore, one of the
most urgent health issues is the need for new, effective,
selective, and less toxic anticancer medicines [10]. The
creation and discovery of innovative, selective
anticancer medicines free of many of the unfavorable
side effects of traditional anticancer treatments have
been the focus of intense research in recent years. It will
take some time to complete the synthesis of a newer
class of anticancer drugs [11].

The structural characteristics of nitrogen-containing
heterocyclic, also known as N-heterocyclic, have
become widely used in medicinal chemistry. Indole
motifs have drawn a lot of attention among the many N-
heterocyclic since they can be found in medicines,
proteins, amino acids, and other bioactive substances
[12]. The indole and its derivatives are a significant
class of heterocyclic compounds with a variety of
biological effects. The literatures reveal that compounds
containing indole possess biological properties such as
anticonvulsant [13], antiproliferative and proapoptotic
[14], anti-inflammatory and antipyretic activities [15],
activity against vaccinia virus and cowpox virus [16],
analgesic and antiulcer [17], antimicrobial [18], anti-
infective [19], antibacterial, antifungal, and anti-HIV
[20].

The present work synthesizes and characterizes a new
series of indole chalcone derivatives and their
anticancer efficacy against cancer cell lines has been
assessed using the MTT technique.

2. Materials and Methods
2.1 Materials

Analytical reagent grade materials were used for all of
the solvents, reagents, and catalysts. The following
items were purchased from Himedia (Mumbai, India):
Dimethyl sulfoxide (DMSO), Fetal bovine serum
(FBS), I-glutamine, Dulbecco's modified eagle's
medium (DMEM), Trypsin EDTA, Penicillin,
Amphotericin B, and Streptomycin. Trypan blue and 3-
(4,5-Dimethylthiazol-2-yl1)-2,5-diphenyltetrazolium

bromide (MTT) were bought from Sigma Aldrich. The
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supplier of Irinotecan (CAS no. 9768244-5) was
Biopharma LLP in India. The methods described in the
literature were used to create all derivatives.

2.2 General Characterization Techniques

The uncorrected melting points (MP) were calculated
using electrical melting point apparatus and expressed
in degrees Celsius (°C). On a Bruker FT-IR
spectrometer, the compounds' IR spectra were captured
using KBr disc. The Bruker apparatus was used to scan
the H! and C'* NMR. Chemical shifts are measured
using DMSO as the solvent and are represented in d
(ppm) in relation to TMS as the internal standard. The
mass spectra were captured on an Agilent 7890A gas
chromatography operational with mass spectroscopy.
By employing silica gel glass plates as the stationary
phase, benzene and ethanol (9:1) as the mobile phase,
and thin layer chromatography to determine the purity
of the chemicals. lodine vapor or UV light (254 nm)
were used to see the spots.

2.3 Chemistry

2.3.1 Synthesis of 1-(5-subsituted-1H-indol-3-yl)-3-
(p-subsituted-benzyl)prop-2-en-1-one

The general synthesis scheme of 1-(5-subsituted-1H-
indol-3-yl)-3-(p-subsituted-benzyl)prop-2-en-1-one was
shown in Figure 1. The 5 grams K>CO3 and 5 grams 2-
amino-5-substituted-benzaldehyde (a) combination was
agitated at room temperature in 50 ml dry acetone for
an hour. The reaction was started by adding 4 ml of 1-
chloropropan-2-one (b) dropwise to the reaction
mixture at 0-5 °C. The mixture was then agitated at
room temperature for 30 minutes before refluxed. Thin-
layer chromatography (TLC) was performed to check
the completion of reaction. After the mixture was
placed into crushed ice, the solid precipitate that was
created, one-(5-substituted-1H-indol-3-yl)ethan-1-one
(c). This precipitated was further filtered and re-
crystallized in ethanol. One of the commercially
available aromatic aldehydes, 4-substituted
benzaldehyde (d), was combined with 1-(5-substituted-
1H-indol-3-yl)ethan-1-one (c) (0.6 gm), in methanol
and the mixture was agitated in an ice bath for 15
minutes. Then, 3.5 ml of aqueous sodium hydroxide
(NaOH) was gradually added to this solution, and it was
agitated for 5 hours at room temperature. The substance
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for the reaction was poured into the frigid water. The
precipitated solid 1-(5-substituted-1H-indol-3-yl)-3-(p-
substituted-benzyl)prop-2-en-1-one (e) was collected on
a paper filter and crystallized from ethanol to get the
target compounds (SBS1-7) after the pH was adjusted
up to 7 using hydrochloric acid (HCI) solution.

2.3.2 Spectral data of synthesized compounds (SBS1-
7)

(e)
SBS1: R;=H R, = CcH,SO;H
SBS2: R;=H R, = SO;H
SBS3: R, =CH; R, = CcH,SOH
SBS4: R, =CHj; R, = SO;H

2.3.2.2 Spectral data of (E)-4-(3-(1H-indol-3-
yl)acryloyl)benzene sulfonic acid (SBS2). MP (231-
234°C), % Yield (72%), IR v (cm-1): 3407 (N-H), 3111
(C-H Alkene), 2528 (S-H), 1728 (C=0), 1669 (C=C).
H! NMR (DMSO) d ppm: 4.2 (s, 1H, OH), 11.96 (s,
1H, NH), 7.03-7.78 (m, 4H, Ar-H), 7.68-8.04 (m, 4H,
Ar-H), 2.57 (s, 3H, methyl), 7.60-8.06 (m, 2H,
ethylene). C13 NMR (DMSO) 21.7, 111.0, 113.9, 120.1,
120.8, 126.2, 127.3, 128.9, 129.9, 130.8, 134.1, 137.9,

K,CO;, Acetone

CH;

Reflux
N
H
(c)
[e]
H
NaOH, 25°C
R>
(d)
MeOH

Rz
SBS5: R, = CcH,SO;H R, = CHj
SBS6: R, =CH, R, = CH;
SBS7: R, = CcH4SO;H R, = CqH,SOzH

Figure 1: General synthesis of 1-(5-substituted-1H-indol-3-yl)-3-(p-substituted-benzyl)prop-2-en-1-one (e)

2.3.21 Spectral data of (E)-4’-(3-(1H-indol-3-
yDacryloyl)-[1,1°-biphenyl]-4-sulfonic acid (SBS1).

MP (222-224°C), % Yield (61%), IR v (cm-1): 3406
(N-H), 3060 (C-H Alkene), 2540 (S-H), 1725 (C=0),
1626 (C=C). H: NMR (DMSO) d ppm: 4.2 (s, 1H, OH),
11.96 (s, 1H, NH), 7.03-7.78 (m, 4H, Ar-H), 7.68-8.04
(m, 8H, Ar-H), 2.56 (s, 3H, methyl), 7.60-8.06 (m, 2H,
ethylene). C* NMR (DMSO) 21.7, 111.0, 113.9, 120.1,
120.8, 126.2, 126.8, 127.3, 128.6, 129.8, 130.4, 130.8,
134.4, 136.8, 145.1, 146.6, 189.7. ESI: m/z value
403.09.
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145.1, 189.7. ESI: m/z value 327.06.

2.3.2.3 Spectral data of (E)-4'-(3-(5-methyl-1H-indol-
3-yhacryloyl)-[1,1'-biphenyl]-4-sulfonic acid (SBS3).
MP (198-203°C), % Yield (63%), IR v (cm-1): 3408 (N-
H), 3058 (C-H Alkene), 2539 (S-H), 1723 (C=0), 1623
(C=C). H* NMR (DMSO) d ppm: 4.2 (s, 1H, OH),
11.96 (s, 1H, NH), 7.03-7.78 (m, 4H, Ar-H), 7.68-8.04
(m, 8H, Ar-H), 2.56 (s, 3H, methyl), 7.60-8.06 (m, 2H,
ethylene). C* NMR (DMSO) 21.3, 111.6, 113.9, 116.8,
119.2, 126.8, 127.3, 127.8, 128.9, 129.8, 130.4, 130.8,
136.8, 143.7, 145.1, 146.6, 189.7. ESI: m/z value
418.11.
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2.3.2.4 Spectral data of (E)-4-(3-(5-methyl-1H-indol-
3-yhacryloyl)benzene sulfonic acid (SBS4). MP (202-
204°C), % Yield (67%), IR v (cm-1): 3407 (N-H), 3037
(C-H Alkene), 2468 (S-H), 1747 (C=0), 1630 (C=C).
H! NMR (DMSO) d ppm: 4.2 (s, 1H, OH), 11.96 (s,
1H, NH), 7.27-7.78 (m, 4H, Ar-H), 7.15-8.04 (m, 10H,
Ar-H), 2.34 (s, 3H, methyl), 7.60-8.06 (m, 2H,
ethylene). C* NMR (DMSO) 47.7, 116.6, 113.9, 119.2,
126.8, 127.3,127.8, 128.9, 129.8, 130.4, 130.8, 136.0,
143.7, 145.1, 145.8, 189.7. ESI: m/z value 341.07.

2.3.25 Spectral data of (E)-4-(3-(3-oxo0-3-(p-
tolyl)prop-1-en-1-yl)-1H-indol-5-yl)benzene sulfonic
acid (SBS5). MP (161-163°C), % Yield (70%), IR v
(cm-1): 3408 (N-H), 3058 (C-H Alkene), 2539 (S-H),
1723 (C=0), 1623 (C=C). H! NMR (DMSO) d ppm:
4.2 (s, 1H, OH), 11.96 (s, 1H, NH), 7.03-7.78 (m, 4H,
Ar-H), 7.68-8.04 (m, 8H, Ar-H), 2.56 (s, 3H, methyl),
7.60-8.06 (m, 2H, ethylene). C** NMR (DMSO) 47.7,
115.5, 111.6, 113.9, 116.8, 118.6, 119.2, 126.8, 127.3,
127.7, 128.9, 130.4, 130.8, 136.0, 143.7, 145.1, 189.7.
ESI: m/z value 417.10.

2.3.2.6 Spectral data of (E)-3-(5-methyl-1H-indol-3-
yl)-1-(p-tolyl)prop-2-en-1-oneacid (SBS6). MP (173-
175°C), % Yield (68%), IR v (cm-1): 3400 (N-H), 3085
(C-H Alkene), 2541, 1741 (C=0), 1623 (C=C). H!
NMR (DMSO) d ppm: 4.2 (s, 2H, OH), 11.96 (s, 1H,
NH), 7.27-7.78 (m, 5H, Ar-H), 7.68-8.04 (m, 4H, Ar-
H), 7.60-8.06 (m, 2H, ethylene). C* NMR (DMSO)
1115, 111.6, 113.9, 116.8, 119.2, 126.8, 127.3, 127.8,
128.4, 128.6, 128.9, 129.8, 130.8, 136.0, 139.9, 143.7,
145.1, 145.8, 189.7. ESI: m/z value 275.35.

2.3.2.7 Spectral data of (E)-4'-(3-(5-(4-sulfophenyl)-
1H-indol-3-yl)acryloyl)-[1,1'-biphenyl]-4-sulfonic
acid (SBS7). MP (152-155°C), % Yield (57%), IR v
(cm-1): 3400 (N-H), 3085 (C-H Alkene), 2541 (S-H),
1741 (C=0), 1623 (C=C). H! NMR (DMSO) d ppm:
4.2 (s, 2H, OH), 11.96 (s, 1H, NH), 7.27-7.78 (m, 5H,
Ar-H), 7.68-8.04 (m, 4H, Ar-H), 7.60-8.06 (m, 2H,
ethylene). C* NMR (DMSO) 47.7, 111.5, 111.6, 113.9,
116.8, 118.6, 119.2, 126.8, 127.3, 127.8, 128.4, 128.6,
128.9, 129.8, 130.4, 130.8, 132.7, 136.0, 136.8, 140.8,
143.7, 145.1, 146.6, 189.7. ESI: m/z value 527.09.
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2.4 In Vitro Anticancer Activity
2.4.1 Cell lines and cell culture

In our investigation, human colorectal cell lines (HCT-
116) were utilized. Human colorectal cell lines (HCT-
116) were provided by NCCS (the National Centre for
Cell Science, Pune, India). In 75 cm? culture flasks,
HCT-116 cell lines were grown in DMEM media
supplemented with 1% L-Glutamine, 10% Fetal Bovine
Serum, streptomycin (1 g/L), penicillin (1 U/mL), and
amphotericin B (0.25 g) antibiotics. All cells were
maintained at 37°C throughout the tests using a
humidified carbon dioxide incubator (5% CO, + 95%
O,; Panasonic, Japan). Trypan blue at 0.4% was used to
determine the cell viability ratios prior to the
application of chalcone chemicals. We did not start the
studies if the viability ratios were less than 90%. [21]

2.4.2 Sample preparation

In DMSO, stock solutions (100 M) of synthetic indole
molecules were made. To create working concentrations
(1, 5, 25, 50, and 100 M), the stock solution of indole
compounds was serially diluted with DMSO and
DMEM. In the experiment, DMSO served as the
positive control while Irinotecan served as the standard
medication. The recommended vehicle controls were
made with a maximum DMSO content of 0.004%.

2.4.3 Cell viability analysis (MTT Assay)

The synthesized indole derivatives were examined
utilizing the MTT assay technique for their anticancer
activity against HCT-116 cell lines. Active
mitochondria changed the pale yellow tetrazolium salt,
MTT, into a dark blue formazan, which was identified
by UV spectroscopy (Shimadzu 1800) [22]. Confluent
cells were sown in 96-well plates with 5 x 10 2 cells in
each well after being taken from the flasks using
trypsin-EDTA solution. At 37°C, the plates were
incubated for 24 hours. The cancer cells were then
treated with DMSO (for the positive control group) and
various doses of indole compounds (SBS1-7) in DMSO
(1, 5, 25, 50, and 100 M), and the cells were then
incubated for 24 hours at 37°C in a humidified
incubator with 5% CO; and 95% O,. After incubating
the plates for 24 hours with indole compounds, MTT
solution added to each well. The absorbance was then
measured using a UV Spectrophotometer (Shimadzu
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1800) at a wavelength of 570 nm. The tests were
repeated thrice.

The following formula was used to compute the
proportion of viable cells:

Cell Viability
Test absorbance — Blank absorbance

- Vehicle control absorbance — Blank absorbance

To get the ICsp values, the percentages of cell viability
were plotted against the logarithmic concentrations of
indole produced compounds using a non-linear
regression curve.

2.5 Statistical Analysis

All quantitative data were given as mean + standard
deviation (SD). The one-way analysis of variance
(ANOVA) followed by Tukey’s multiple comparisons
test was used to identify statistical significant
differences for continuous variables. The 1Cs, and log
ICso values were determined by using % cell viability
values of compounds by nonlinear curve fit (Dose
Response) method. All analysis was done by OriginPro
statistical software. All p-values < 0.05 were considered
as statistical significant.

3. Result and discussion

3.1 Chemistry

The new 1-(5-substituted-1H-indole-2-yl) ethan-1-one
was obtained from aldol condensation reaction of 2
amino-5-substituted Benzaldehyde and 1-chloropropan-

X100

commercially available aromatic aldehydes. For the
synthesis of chalcones, the most common route is the
base catalyzed Claisen-Schmidt reaction involving
condensation of a benzaldehyde derivative with an
acetophenone derivative in methanol with sodium
hydroxide catalyst [23-25]. Physical data for all
synthesized chalcones derivatives are shown in Table 1.

The indole substituted chalcones derivatives (SBS1-7)
were characterized by elemental analysis, FT-IR, H!
and C® NMR spectroscopy techniques. Anticancer
activity against HCT-116 was investigated in these
newly synthesized (SBS1-7).

In the FT-IR spectra of 1-(5-substituted-1H-indol-3-yl)-
3-(p-substituted-benzyl)prop-2-en-1-one, C=0
stretching vibration was observed at 1723 c¢cm—1. The
synthetic chalcones SBS1-7 showed characteristic
bands between 1723 and 1747 cm—1 (C=0 stretching at
chalcone) and between 1623 and 1669 cm—1 (C=C
stretching at chalcone).

The most characteristic signals in H* NMR spectra
of the indole substituted chalcones were observed at
11.96 ppm (s, 1H, NH at indole ring) and at 7.60-8.06
ppm (a- H and B-H of chalcone moiety). The carbonyl
carbon was observed at about 189.7 ppm in the C=
NMR spectra of SBS1-7.

3.2. Anticancer Activity.

The synthesized substituted chalcone compounds
(SBS1-7) were tested in-vitro anticancer activity against
the HCT-116 cancer cell lines at five different

Table 1: Physical data of all synthesized test compounds (SBS1-7)

S. Compound Molecular R1 R2 Molecular % Melting

No. Formula Weight Yield Point
(°C)

1 SBS1 Ca3H17NO4S H CsHsSOzH 403.45 61 222-224
2 SBS2 Ci7H13NO4S H SOsH 327.35 72 231-234
3 SBS3 C24H15NO4S CHs CsHsSOzH 417.48 63 198-203
4 SBs4 CisH1sNO4S CHs SOsH 341.38 67 202-204
5 SBS5 C24H15NO4S CsHsSOzH CHs 417.48 70 161-163
6 SBS6 Ci19H17NO CHs CHzs 275.35 68 173-175
7 SBS7 C29H21NO7S; CesHaSO3H CsHaSO3H 559.61 57 152-155

2-one. A series of indole substituted chalcones (SBS1-
7) were synthesized by condensation of 1-(5-
substituted-1H-indole-2-yl) ethan-1-one and various

1476

concentrations (1, 5, 25, 50, and 100 pM) by using the
MTT assay. The cell viability percentage of synthesized
compounds was determined.
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The effects of the synthesized chalcone compounds
(SBS1-7) on cell viability as determined 24 hours after
exposure are shown in Figure 2. The log ICs values of

On HCT-116 cell lines, the synthesized chalcone
compounds (SBS1-7) exhibit anticancer activity (p <
substances resulted in a dose-

0.05). All synthesized

Table 2: In-vitro cell viability results for synthesized compounds

Compound HCT-116 Cell Line
1Cs0 (UM) Standard Error Log ICso (UM) Standard Error
SBS1 135.42 17.86 2.13 0.05
SBS2 247.45 88.11 2.39 0.15
SBS3 10.7 0.94 1.02 0.03
SBs4 13.83 1.19 1.14 0.03
SBS5 553.94 698.61 2.74 0.54
SBS6 59.84 3.25 1.77 0.02
SBS7 482.71 437.20 2.68 0.39
STD (lIrinotecan) 12.21 1.07 1.08 0.03
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HCT-116 Cell Viability (%)

8

3
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HCT-116 Cell Viability (%)
3

control  1um Sum 25um  50um  100um
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HCT-116 Cell Viability (%)
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Figure 2: The Cell viability (%) of HCT-116 cells following the exposure of various concentrations of the
compounds [SBS1-7] and untreated control cell for 24 h [* p < 0.05. ** p < 0.001]

the synthesized chalcone compounds (SBS1-7) were
determined by using inhibition percentage values by
OriginPro statistical software. The log 1Cso values of the
synthesized chalcone compounds were shown in Table

2.
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dependent suppression of cell proliferation. All the
MM concentrations significantly

reduced the viability percentage of HCT-116 cells (p <

compounds at 100

0.001).
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Compounds SBS3 and SBS4 were found to be the most
potent against HCT-116 cell lines among the
synthesized chalcone compounds. According to
structure activity relationships indole substituted
chalcone compounds showed more potent activities
than the unsubstituted indole chalcone compounds.
Overall indole chalcone compounds show anticancer
activity. These findings implied the potential use of
indole modified chalcone as lead molecules in the
synthesis of new, highly effective anticancer drugs.

4. Conclusion

The in-vitro anticancer activity of synthesized 1-(5-
Substituted-1H-Indol-3-yl)-3-(p-substituted-
benzyl)prop-2-en-1-one chalcone compounds was
assessed using the MTT assay. The indole substituted
chalcone compounds exhibit high anticancer activity
against HCT-116 cell lines (p < 0.001). These findings
suggested that chalcone derivatives having indole ring
would be beneficial in the future for development of
new anticancer drug.
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