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The synthesis of biologically active 1,4-dihyripyridine derivatives using a Calotropis gigantea leaf powder and ZnO NPs used as
catalyst under solvent-free conditions at room temperature via grinding method has been established in a single-stage, mild,
and environmentally friendly green process. The procedure is fast and effective and produces high yields. Three cancer cell
lines were used to assess the cytotoxic activity of 1,4-dihyropyridine derivatives. The cytotoxicity of 1,4-dihyropyridine
compound 1f (HepG2, LC50-0.50μM, MCF-7, LC50-0.64μM, and HeLa, LC50-0.52μM) was found to be highly active. The
synthesized derivatives demonstrated their safety by causing substantially less cytotoxicity in normal cell lines HEK-293, LO2,
and MRC5 with IC50 > 100 g/mL. As a result, compound 1f could serve as a high-impact molecule for the production of
anticancer drugs in the future.

1. Introduction

Green synthesis of nanoparticles has received a lot of atten-
tion in recent years as a simple, inexpensive, and environ-
mentally friendly alternative to chemical and physical
synthesis methods. Cancer is a term used to describe a group
of more than 100 diseases that include the irregular and
uncontrolled division of cells and affect major body organs
[1, 2]. Cancer has surpassed tobacco as the second leading
cause of death worldwide, accounting for 1 in every 6 deaths

in 2018, with a total of 9.6 million deaths. Different forms of
cancers have affected both men and women [3]. Resistance
to current multidrug chemotherapy is their slow cure rate,
as well as their dreadful and toxic side effects on patients
[4]. As a result, exemplary efforts are needed to identify
newer, more efficient, and less toxic chemotherapeutic
agents for the treatment of cancers [5].

TQ has antioxidant, anti-inflammatory, and cancer-
fighting chemical structures which are shown in Figure 1.
TQ has been shown to be effective in the treatment of
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symptoms in a variety of disease models, including cancer,
diabetes, asthma, encephalomyelitis, and arthritis [6]. Thy-
moquinone serves as a potent antioxidant in normal tissues,
inhibiting superoxide radical synthesis and lipid peroxida-
tion while also increasing the activities of antioxidant
enzymes such as SOD, catalase, GSH, GST, and quinone
reductase [7].

TQ is a naturally occurring phytochemical compound
that is the main constituent of Nigella sativa (black seed)
volatile oil and was first isolated in 1963 by El-Dakhakhny
[8]. Both in vitro and in vivo, this monoterpene was found
to have potent anticancer properties [9–11]. TQ induces apo-
ptosis in vitro through p53-dependent and p53-independent
pathways, while causing no toxicity in normal cells, accord-
ing to recent research [12, 13]. TQ, as a short-chain ubiqui-
none derivative, can act as a prooxidant and thus cause
oxidative stress by triggering the development of reactive
oxygen species (ROS) [14], which has been related to its
proapoptotic effect in colon cancer and leukaemia cells [15,
16]. TQ has recently been shown to suppress metastasis in
CPT-11-R LoVo colon cancer cells by inhibiting NF-κB and
activating JNK and p38, as well as to prevent epithelial–mes-
enchymal transformation in cancer cells by inhibiting the
PI3K/AKT signalling axis [17, 18]. In addition, in vivo tests
revealed that TQ has a low overall toxicity [19, 20], making
it a viable candidate for clinical applications [21]. TQ has
been shown to improve the effectiveness of many chemother-
apeutic agents in vitro and in vivo, including in cancers that
are immune to them, such as cisplatin in lung cancer and
many solid tumours [22, 23]. Many researchers have written
on the possible utility of ZnO nanoparticles in the treatment
of cancer in recent years in the biological field. It has been
investigated as an effective catalyst for several organic trans-
formations [17–21], such as the Mannich reaction and the
Knoevenagel condensation reaction, in the synthesis of cou-
marin, due to various advantages associated with its eco-
friendly nature.

Calcium channel blockers, cardiovascular, antihyperten-
sive, antitumor, anti-inflammatory, analgesic, neuroprotec-
tant, platelet antiaggregator, anti-ischemic, anti-Alzheimer,

antimicrobial, and insecticidal are some of the biological
functions of 1,4-DHP structures which are shown in
Figure 1 [24–30].

Aside from their biological significance, 1,4-DHPs are
useful sources of hydride for reductive amination and syn-
thetic intermediates for the production of biologically signif-
icant molecules [31]. Since Hantzsch’s first classical study on
the synthesis of 1,4-DHPs by multicomponent reactions
(MCR) in 1882 [32], there has been a lot of interest in
improving and developing new methods to generate thera-
peutically relevant molecules [33]. MCR has been focusing
on the development of highly diverse and functionalized
molecules in recent years [34–43]. In certain cases, these
synthetic hybrids with partial natural compound structures
are more active than their parent compounds [44, 45]. To
our knowledge, no thymoquinone-linked 1,4-dihydropyri-
dine derivatives have been identified using the grindstone
method in the presence of ZnO NP catalyst. As a result,
the natural product TQ can be considered a promising anti-
cancer active compound that is ideal for using the Hantzsch
method to create new potent anticancer agents.

2. Materials and Methods

2.1. General Methods. All the melting points were deter-
mined in open capillary tubes and are uncorrected. The
FT-IR spectra were recorded the KBr disk technique on a
Shimadzu 8201pc (4000–1000 cm−1). The 1H-NMR and
13C-NMR spectra were recorded on a Bruker DRX-
300MHz. For SEM research, a Scanning Electron Micro-
scope (SEM) model VP-1450 (LEO, Co., Germany) was
used. An LEO 912 AB transmission electron microscopy
(TEM) instrument was used for the study. Mass spectra were
recorded by Perkin Elmer GCMS model Clarus SQ8 (EI).
The elemental analysis (C, H, and N) was performed using
an elemental analyser model (Varian EL III). TLC was used
to verify the purity of each compound using silica-gel,
60F254 aluminium sheets as adsorbent, and iodine used for
visualization.
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Figure 1: Biologically active compounds of thymoquinone and 1,4-dihydropyridine derivatives.
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2.1.1. Preparation of the Calotropis gigantea Leaf Extract.
The extract for the reduction of zinc ions (Zn2+) to zinc
nanoparticles (ZnO) was made by combining 60 g of washed
dried fine cut leaves with 200mL of sterile distilled water in a
250mL glass beaker. After that, the mixture was boiled for
60 minutes or until the aqueous solution’s colour changed
from watery to light yellow. The extract was allowed to cool
to room temperature before being filtered onto filter paper.
To be used in future research, the extract was kept in the
refrigerator.

2.1.2. Preparation of Zinc Nanoparticles. A stirrer-heater was
used to boil 60mL of C. gigantea leaf extract to 70-80
degrees Celsius for the synthesis nanoparticle. As the tem-
perature reached 70 degrees Celsius, 5 grammes of zinc
nitrate was applied to the solution. This mixture is then
reduced to a deep yellow paste by boiling it. This paste was
then deposited in a ceramic crucible and heated for 3 hours
at 350 degrees Celsius in an air-heated furnace. For charac-
terization purposes, a light-yellow powder was obtained
and carefully collected and packed. To obtain a finer nature

Calotropis gigantea

400°C

Zinc Nitrate
solution

ZnO nano particles

Scheme 1: Synthesis of ZnO nanoparticles from C. gigantea.

Figure 2: SEM image of ZnO nanoparticle.

(a) (b)

Figure 3: (a, b) TEM images of ZnO NPs with different magnifications.
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for characterization, the substance was mashed in a mortar-
pestle. Scheme 1 depicts the synthesis of ZnO-NPs.

2.1.3. General Procedure for the Synthesis of Diethyl 1-
(2-Isopropyl-5-methyl-3,6-dioxocyclohexa-1,4-dien-1-yl)-2,6-
dimethyl-4-phenyl-1,4-dihydropyridine-3,5-dicarboxylate (1a).
A reaction mixture consisting of ethyl acetoacetate
(0.01mol, 1.3mL), benzaldehyde (0.01mol, 1.06mL), and
3-aminothymoquinone (0.01mol, 1.80 g) with green catalyst
ZnO NPs was mixed in a mortar and ground for up to 15-
20min at room temperature. Subsequently, the product was
washed with excess ice-cold water, and then, the product
was filtered and washed with water and dried to afford the
crude product. The crude precipitate dissolved in DMF and
centrifuged to separate the catalyst and later the catalyst
was washed several times with EtOH, then dried, and reuti-
lized three times for the same reaction. Then, the product
was confirmed via TLC. The precipitate was recrystallized
with ethanol. The product was obtained in excellent yield.
The same method was followed for the synthesis of com-
pounds 1b–j.

(1) Synthesis of Diethyl 1-(2-Isopropyl-5-methyl-3,6-dioxocy-
clohexa-1,4-dien-1-yl)-2,6-dimethyl-4-phenyl-1,4-dihydropyri-
dine-3,5-dicarboxylate (1a). The results are as follows: dark
red solid, yield 85%; mp 46°C; IR (kBr) (cm-1); 3028 (Ar-
H), 2948, 2820 (C-H str of CH3), 1745 (C=O in ester),
1650, 1620 (C=O); 1H NMR (300MHz, DMSO-d6): 7.26-
7.23 (m, 5H, Ph), 6.29 (s, 1H, -CH in TQ), 4.93 (s, 1H,
CH-Ph), 4.16 (m, 4H, -(CH2)2), 2.52 (m, 1H, CH in TQ),

2.26 (s, 6H, 2,6-CH3), 1.73 (s, 3H, -CH3), 1.22 (t, 6H,
(-CH3)2), 1.06 (d, J = 6:7Hz, CH3);

13C NMR (300MHz,
DMSO-d6): 187.21, 178.53, 167.25, 153.57, 144.69, 144.41,
143.82, 142.73, 133.84, 128.65, 127.76, 125.77, 102.38, 61.79,
43.53, 21.02, 15.44, 14.26, 14.18; EI-MS: 491 (M+, 20%); ele-
mental analysis (C29H33NO6): calculated: C, 70.86; H, 6.77;
N, 2.85%; found: C, 70.84; H, 6.75; N, 2.83%.

(2) Synthesis of Diethyl 4-(4-Chlorophenyl)-1-(2-isopropyl-5-
methyl-3,6-dioxocyclohexa-1,4-dien-1-yl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarboxylate (1b). The results are as
follows: white solid, yield 76%; mp 168°C; IR (kBr) (cm-1);
3041 (Ar-H), 2963, 2871 (C-H str of CH3), 1755 (C=O in
ester), 1630, 1640 (C=O), 840 (C-Cl); 1H NMR (300MHz,
DMSO-d6):7.37-7.17 (m, 4H, Ph-Cl), 6.32 (s, 1H, -CH in
TQ), 4.95 (s, 1H, CH-Ph), 4.16 (m, 4H, -(CH2)2), 2.53 (m,
1H, CH in TQ), 2.28 (s, 6H, 2,6-CH3), 1.74 (s, 3H, -CH3),
1.28 (t, 6H, (-CH3)2), 1.08 (d, J = 6:9Hz, CH3);

13C NMR
(300MHz, DMSO-d6):187.22, 178.54, 167.26, 153.58,
144.70, 143.83, 142.74, 142.50, 133.85, 131.30, 130.40,
128.70, 102.39, 61.80, 43.51, 21.03, 15.45, 14.27, 14.19; EI-
MS: 526 (M+, 20%); elemental analysis (C29H32ClNO6): cal-
culated: C, 66.22; H, 6.13; N, 2.66%; found: C, 66.20; H, 6.11;
N, 2.64%.

(3) Synthesis of Diethyl 4-(2-Chlorophenyl)-1-(2-isopropyl-5-
methyl-3,6-dioxocyclohexa-1,4-dien-1-yl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarboxylate (1c). The results are as fol-
lows: white solid, yield 89%; mp 184°C; IR (kBr) (cm-1); 3034
(Ar-H), 2960, 2871 (C-H str of CH3), 1741 (C=O in ester),
1665, 1623 (C=O), 840 (C-Cl); 1H NMR (300MHz,
DMSO-d6):7.65-7.18 (m, 4H, Ph-Cl), 6.34 (s, 1H, -CH in
TQ), 4.96 (s, 1H, CH-Ph), 4.19 (m, 4H, -(CH2)2), 2.54 (m,
1H, CH in TQ), 2.29 (s, 6H, 2,6-CH3), 1.75 (s, 3H, -CH3),
1.29 (t, 6H, (-CH3)2), 1.09 (d, J = 6:9Hz, CH3);

13C NMR
(300MHz, DMSO-d6): 187.23, 178.55, 167.27, 153.59,
144.71, 143.84, 143.70, 142.75, 133.86, 131.40, 128.71,
127.10, 126.70, 126.41, 102.40, 61.81, 38.40, 21.04, 15.46,
14.28, 14.20; EI-MS: 526 (M+, 20%); elemental analysis
(C29H32ClNO6): calculated: C, 66.22; H, 6.13; N, 2.66%;
found: C, 66.20; H, 6.11; N, 2.64%.

(4) Synthesis of Diethyl 4-(4-Hydroxyphenyl)-1-(2-isopropyl-
5-methyl-3,6-dioxocyclohexa-1,4-dien-1-yl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarboxylate (1d). The results are as
follows: white solid, yield 80%; mp 204°C; IR (kBr) (cm-1);
3098 (OH),3032 (Ar-H), 2964, 2865 (C-H str of CH3),

Table 1: Catalyst recyclability.

Entry Catalyst use Yield (%)

1 1st 80

2 2nd 90

3 3rd 88

4 4th 86

5 5th 83

6 6th 91

7 7th 90

8 8th 92

9 9th 89

10 10th 86
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D
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Figure 4: Recyclability of ZnO nanoparticle.
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1764 (C=O in ester), 1652, 1638 (C=O); 1H NMR (300MHz,
DMSO-d6):7.06-6.63 (m, 4H, Ph-OH), 6.35 (s, 1H, -CH in
TQ), 5.37 (s, 1H, OH), 4.97 (s, 1H, CH-Ph), 4.20 (m, 4H,
-(CH2)2), 2.55 (m, 1H, CH in TQ), 2.30 (s, 6H, 2,6-CH3),
1.76 (s, 3H, -CH3), 1.30 (t, 6H, (-CH3)2), 1.10 (d, J = 6:5
Hz, CH3);

13C NMR (300MHz, DMSO-d6): 187.24,
178.56, 167.28, 155.50, 153.60, 144.72, 143.85, 142.76,
137.71, 133.87, 130.40, 115.81, 102.41, 61.82, 43.52, 21.05,
15.47, 14.29, 14.21; EI-MS: 508 (M+, 20%); elemental analy-

sis (C29H33NO7): calculated: C, 68.62; H, 6.55; N, 2.76%;
found: C, 68.60; H, 6.53; N, 2.74%.

(5) Synthesis of Diethyl 4-(2-Hydroxyphenyl)-1-(2-isopropyl-
5-methyl-3,6-dioxocyclohexa-1,4-dien-1-yl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarboxylate (1e). The results are as
follows: yellow solid, yield 90%; mp 112°C; IR (kBr) (cm-1);
3089 (OH), 3069 (Ar-H), 2958, 2825 (C-H str of CH3),
1762 (C=O in ester), 1662, 1658 (C=O); 1H NMR

Figure 5: Optimization of reaction condition (1a-1j).

Grinding

RT
ZnO NPs catalyst

Scheme 2: Synthesis of thymoquinone connected 1,4-dihyropyridine derivatives (1a-1j).
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Scheme 3: Proposed mechanism pathway for the ZnO NP catalyzed synthesis of 1,4-dihydropyridine derivatives.

Table 2: Cytotoxic activity of synthesized compounds (1a-1j) (μM).

Cpds
HepG2 MCF-7 Hela (Cervical)

GI50 (μm) TGI (μm) LC50 (μm) GI50 (μm) TGI (μm) LC50 (μm) GI50 (μm) TGI (μm) LC50 (μm)

1a 33.2 18.3 >100 — — >100 — — 100

1b 22.2 13.1 36.8 26.1 25.1 >100 61.0 79.2 >100
1c 26.3 15.3 29.9 34.9 33.7 29.4 51.3 77.2 66.7

1d 01.0 0.25 14.0 0.89 09.3 25.0 08.9 16.8 55.9

1e 25.9 28.2 12.8 34.4 19.3 26.3 44.2 62.1 >100
1f 19.1 0.88 0.50 28.6 11.8 0.64 31.6 44.7 0.52

1g 1.10 1.52 0.90 24.0 57.4 1.18 47.9 41.9 0.93

1h 11.3 1.08 10.0 22.9 55.3 0.95 62.9 71.3 >100
1i 19.3 1.35 >100 55.6 66.0 9.30 59.0 59.3 65.0

1j 10.3 15.3 16.8 16.0 39.3 18.0 3.3 48.3 58.3

Doxorubicin (standard) 0.01 0.13 0.58 0.02 0.21 0.74 0.05 0.41 0.88
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(300MHz, DMSO-d6):7.09-6.83 (m, 4H, Ph-OH), 6.29 (s,
1H, -CH in TQ), 5.30 (s, 1H, OH), 4.98 (s, 1H, CH-Ph),
4.21 (m, 4H, -(CH2)2), 2.56 (m, 1H, CH in TQ), 2.31 (s,
6H, 2,6-CH3), 1.77 (s, 3H, -CH3), 1.31 (t, 6H, (-CH3)2),
1.11 (d, J = 6:6Hz, CH3);

13C NMR (300MHz, DMSO-d6):
187.25, 178.57, 167.29, 156.10, 153.61, 144.73, 143.86,
142.77, 133.88, 130.41, 127.12, 122.61, 121.14, 102.42, 61.83,
37.52, 21.06, 15.48, 14.30, 14.22; EI-MS: 508 (M+, 20%); ele-
mental analysis (C29H33NO7): calculated: C, 68.62; H, 6.55;
N, 2.76%; found: C, 68.60; H, 6.53; N, 2.74%.

(6) Synthesis of Diethyl 4-(4-Hydroxy-3-methoxyphenyl)-1-
(2-isopropyl-5-methyl-3,6-dioxocyclohexa-1,4-dien-1-yl)-2,6-
dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (1f). The
results are as follows: white solid, yield 74%; mp 118°C; IR
(kBr) (cm-1); 3089 (OH),3069 (Ar-H), 2961 (O-CH3),
2918, 2865 (C-H str of CH3),1742 (C=O in ester), 1663,
1713 (C=O); 1H NMR (300MHz, DMSO-d6):7.09-6.83 (m,
4H, Van), 6.36 (s, 1H, -CH in TQ), 5.35 (s, 1H, OH), 4.99
(s, 1H, CH-Ph), 4.22 (m, 4H, -(CH2)2), 3.83 (s, 3H,
-OCH3), 2.57 (m, 1H, CH in TQ), 2.32 (s, 6H, 2,6-CH3),
1.78 (s, 3H, -CH3), 1.32 (t, 6H, (-CH3)2), 1.12 (d, J = 6:9
Hz, CH3);

13C NMR (300MHz, DMSO-d6): 187.26,
178.58, 167.30, 153.62, 147.42, 145.70, 144.74, 143.87,
142.78, 135.80, 133.89, 122.71, 115.50, 114.51, 102.43,
61.84, 56.10, 21.07, 15.49, 14.31, 14.23; EI-MS: 538 (M+,
20%); elemental analysis (C30H35NO8): calculated: C, 67.02;
H, 6.56; N, 2.61%; found: C, 67.00; H, 6.54; N, 2.59%.

(7) Synthesis of Diethyl 1-(2-Isopropyl-5-methyl-3,6-dioxocy-
clohexa-1,4-dien-1-yl)-2,6-dimethyl-4-(3-nitrophenyl)-1,4-
dihydropyridine-3,5-dicarboxylate (1g). The results are as fol-
lows: white solid, yield 95%; mp 256°C; IR (kBr) (cm-1); 3041
(Ar-H), 2960, 2875 (C-H str of CH3), 1707 (C=O in ester),
1630, 1652 (C=O), 1540 (-NO2);

1H NMR (300MHz,
DMSO-d6):8.12-7.59 (m, 4H, PH-NO2), 6.37 (s, 1H, -CH
in TQ), 5.00 (s, 1H, CH-PH), 4.23 (m, 4H, -(CH2)2), 2.58
(m, 1H, CH in TQ), 2.34 (s, 6H, 2,6-CH3), 1.79 (s, 3H,

-CH3), 1.33 (t, 6H, (-CH3)2), 1.13 (d, J = 6:9Hz, CH3);
13C

NMR (300MHz, DMSO-d6): 187.27, 178.59, 167.31,
153.63, 147.90, 145.21, 144.75, 143.88, 142.79, 134.20,
133.90, 121.80, 121.12, 120.91, 102.44, 61.85, 42.52, 21.08,
15.50, 14.32, 14.24; EI-MS: 537 (M+, 20%); elemental analy-
sis (C29H32N2O8): calculated: C, 64.64; H, 7.16; N, 5.22%;
found: C, 64.62; H, 7.14; N, 5.00%.

(8) Synthesis of Diethyl 4-(4-(Dimethylamino)phenyl)-1-(2-
isopropyl-5-methyl-3,6-dioxo cyclohexa-1,4-dien-1-yl)-2,6-
dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (1h). The
results are as follows: yellow yield 79%; mp 184°C; IR (kBr)
(cm-1); 3072 (Ar-H), 2968, 2875, 2953, 2966 (C-H str of
CH3),1761 (C=O in ester), 1665, 1623 (C=O); 1H NMR
(300MHz, DMSO-d6):6.95-6.64 (m, 4H, Ph), 6.38 (s, 1H,
-CH in TQ), 5.01 (s, 1H, CH-Ph), 4.24 (m, 4H, -(CH2)2),
3.06 (s, 6H, -(CH3)2), 2.59 (m, 1H, CH in TQ), 2.35 (s, 6H,
2,6-CH3), 1.80 (s, 3H, -CH3), 1.34 (t, 6H, (-CH3)2), 1.14 (d,
J = 6:9Hz, CH3);

13C NMR (300MHz, DMSO-d6): 187.29,
178.61, 167.33, 153.65, 148.10, 144.77, 143.90, 142.81,
133.99, 133.92, 128.10, 112.01, 102.46, 61.87, 41.73, 21.10,
15.52, 14.34, 14.26; EI-MS: 535 (M+, 20%); elemental analy-
sis (C31H38N2O6): calculated: C, 69.64; H, 7.16; N, 5.24%;
found: C, 69.62; H, 7.14; N, 5.22%.

(9) Synthesis of Diethyl 1-(2-Isopropyl-5-methyl-3,6-dioxocy-
clohexa-1,4-dien-1-yl)-2,6-dimethyl-4-(4-oxo-4H-chromen-3-
yl)-1,4-dihydropyridine-3,5-dicarboxylate (1i). The results
are as follows: white solid, yield 70%; mp 128°C; IR (kBr)
(cm-1); 3065 (Ar-H), 2948, 2871 (C-H str of CH3), 1750
(C=O in ester), 1713, 1625 (C=O); 1H NMR (300MHz,
DMSO-d6): 8.08-6.90 (m, 5H, Chromene-3-carbaldehyde),
6.39 (s, 1H, -CH in TQ), 5.02 (s, 1H, CH-Ph), 4.25 (m,
4H, -(CH2)2), 3.00 (m, 1H, CH in TQ), 2.36 (s, 6H, 2,6-
CH3), 1.81 (s, 3H, -CH3), 1.35 (t, 6H, (-CH3)2), 1.15 (d,
J = 6:8Hz, CH3);

13C NMR (300MHz, DMSO-d6):
187.28, 183.01, 178.60, 167.32, 157.20, 153.64, 151.60,
144.76, 143.89, 142.80, 135.20, 133.91, 125.80, 123.91,
123.42, 116.10, 115.31, 102.45, 61.86, 43.71, 21.09, 15.51,
14.33, 14.25; EI-MS: 560 (M+, 20%); elemental analysis
(C32H33NO8): calculated: C, 68.68; H, 5.94; N, 2.50%;
found: C, 68.66; H, 5.92; N, 2.48%.

(10) Synthesis of Diethyl 1-(2-Isopropyl-5-methyl-3,6-dioxo-
cyclohexa-1,4-dien-1-yl)-4-(4-methoxyphenyl)-2,6-dimethyl-
1,4-dihydropyridine-3,5-dicarboxylate (1j). The results are as
follows: white solid, yield 89%; mp 152°C; IR (kBr) (cm-1);
3070 (Ar-H), 2961 (O-CH3), 2960, 2851 (C-H str of CH3),
1747 (C=O in ester), 1743, 1630 (C=O); 1H NMR
(300MHz, DMSO-d6):7.12-6.87 (m, 4H, Ph-OCH3), 6.40
(s, 1H, -CH in TQ), 5.03 (s, 1H, CH-Ph), 4.25 (m, 4H,
-(CH2)2), 3.83 (s, 3H, OCH3), 3.01 (m, 1H, CH in TQ),
2.37 (s, 6H, 2,6-CH3), 1.82 (s, 3H, -CH3), 1.36 (t, 6H,
(-CH3)2), 1.18 (d, J = 6:4Hz, CH3);

13C NMR (300MHz,
DMSO-d6): 187.30, 178.62, 167.34, 157.60, 153.66, 144.78,
143.91, 142.82, 136.70, 133.93, 130.00, 114.20, 102.46,
61.87, 55.80, 43.59, 21.11, 15.53, 14.35, 14.27; EI-MS: 522
(M+, 20%); elemental analysis (C30H35NO7): calculated: C,
69.08; H, 6.76; N, 2.69%; found: C, 69.06; H, 6.74; N, 2.67%.

Table 3: In vitro cytotoxicity of synthesized derivatives (1a-1j) on
normal cellsa.

Compounds MRC5 HEK-293 LO2

IC50 (μm) IC50 (μm) IC50 (μm)

1a 56.36 69.06 67.48

1b 77.21 62.12 70.17

1c 76.66 51.14 79.10

1d 58.25 76.14 66.24

1e 70.76 57.09 56.01

1f 89.24 88.17 80.24

1g 59.61 66.24 68.54

1h 66.32 67.01 58.22

1i 74.41 75.44 65.70

1j 71.14 52.71 70.12
aEach compound was tested in triplicate. All error bars representmean ± SD
from three independent experiments.
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2.1.4. Cytotoxic Activity. The cytotoxicity test was carried out
according to a protocol established by the National Cancer
Institute in the United States [46].

3. Results and Discussion

3.1. Characterization of Silver Nanoparticles

3.1.1. Scanning Electron Microscopy (SEM). SEM image has
showed individual zinc particles as well as a number of
aggregates. The SEM image revealed a spherical-shaped
nanoparticle with a diameter of 12-27 nm. Figure 2 shows
the formation of aggregated molecules in the 12m range.

3.1.2. Transmission Electron Microscopy (TEM). To learn
more about the size and morphology of the ZnO NPs, a
TEM study was performed. TEM images of ZnO NPs at dif-
ferent magnifications are shown in Figures 3(a) and 3(b).
The average particle size of ZnO NPs can be seen in the
TEM images in the range of 16–27 nm.

3.1.3. Catalyst Recovery Studies. Figure 4 demonstrates the
recovery of the catalyst with a small loss of catalytic activity
after at least 12-15 run times. By optimising the reaction
conditions, the application of the catalyst was examined.
Table 1 shows the yield of a number of aldehydes used in
the condensation reaction with the ZnO-NP (1 mole per-
cent) catalyst at room temperature in a solvent-free setting.

3.2. Chemistry. All the newly synthesized thymoquinone
derivatives were characterized by FT-IR, which showed var-
ious functional groups. The 1H-NMR spectra of compounds
(1a-1j) indicate frequency observed at 7.16-7.07 and 6.79-
5.54, corresponding to the NH-CH and CH-Ph protons.
The 13C-NMR spectra exhibit the peak at 144.42-118.76
and 40.60-40.53, corresponding to the NH-CH and CH-Ph

carbon, respectively. Optimization of reaction condition
(1a-1j) is shown in Figure 5. The synthetic pathway of thy-
moquinone derivatives is shown in Scheme 2. The possible
mechanism for the coupling of aldehydes, dimedone, and
amines in the presence of ZnO NPs as an effective catalyst
is shown in Scheme 3. To the best of our knowledge, ZnO
NPs catalyze the reaction by electrophilic activation of the
carbonyl groups of aldehydes and ethyl acetoacetate; this
makes them susceptible to nucleophilic attack.

3.2.1. Cytotoxic Activity. The cytotoxic activity of the newly
prepared compounds 1a-1j is tested using the US NCI pro-
tocol, which was previously recorded [46]. The values for
growth inhibition at 50% (GI50), tumour growth inhibition
(TGI), and lethal concentration (LC50) were calculated.
The compounds 1f have a significant activity against HepG2,
LC50-0.50μM, MCF-7, LC50-0.64μM, HeLa, and LC50-
0.52μM. Doxorubicin was used as a standard drug. Using
the MTT assay, the compounds were tested for cytotoxicity
in human embryonic kidney cells (HEK-293), lung cells
(MRC-5), and liver cells (LO2). Since most of the com-
pound’s IC50 values are greater than 100, the assay results
indicated that these compounds had no significant effect
on normal kidney cell growth. As a result, compound 1f
can be used as a lead compound for the production of more
potent agents for cancer cell lines HepG2 (liver), MCF-7
(breast), and HeLa (cervical). Table 2 shows the effects of
cytotoxic screening of compounds (1a-1j), and Table 3
shows the cytotoxicity screening of normal cell lines.

3.3. Structure-Activity Relationship. The aim of a structure-
activity relationship study (SAR) was to discover a correla-
tion between a dynamic molecule’s chemical structure and
its cytotoxic activity. The chemical group/atom that plays
a critical role in modulating the cytotoxic activity of

Electron donating substitution at
ortho position is essential for activity

Bulky substituents favored region

OEt

Ethyl substitution will provide better
target selectivity and specificity

O

N

�ymoquinone core is essential
for acitivity

O

Aliphatic hydrophobic enchance
the activity

OO

H3CO

EtO1, 4-Dithydropyridine moiety
enhances the activity

OH

Figure 6: SAR of highly active compound.
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compounds within a particular system can be identified
using SAR analysis. Using the 1,4-dihydropyridine deriva-
tive’s cytotoxic behaviour findings, the data of the selected
1,4-dihydropyridine derivatives (1a-1j) showed that com-
pound 1f is the most effective (HepG2, LC50-0.50μM,
MCF-7, LC50-0.64μM, HeLa, and LC50-0.52μM) control
doxorubicin. The fundamental SAR could be assessed
and is shown in Figure 6.

It was discovered that the compound 1f has a high cyto-
toxic activity against cancer cell lines due to the presence of a
1,4-dihydropyridine ring fused to a vanillin. The presence of
a OH moiety on a phenyl ring attached to a 1,4-dihydropyr-
idine skeleton caused this. The remaining compounds have
only moderate cytotoxic activity against all of the cancer cell
lines.

4. Conclusion

We have developed an environmentally friendly new
method for the high yield synthesis of 3-amino thymoqui-
none connected 1,4-dihyropyridine derivatives (1a-1j) using
ZnO as nanoparticle catalyst. Three cancer cell lines and
normal cell lines were used to assess the cytotoxic activity
of the 1,4-dihyropyridine derivatives. MTT assay was per-
formed using doxorubicin as the standard drug on human
embryonic kidney cell (HEK293), liver cell (LO2), and lung
cell (MRC5). Compound 1f (HepG2, LC50-0.50μM, MCF-
7, LC50-0.64μM, HeLa, and LC50-0.52μM) was found to
be highly active when compared with other compounds.
Therefore, compound 1f could provide as a high momen-
tous molecule for further development of an anticancer
drug.
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