Acta Scientific Pharmaceutical Sciences (ISSN: 2581-5423)
Volume 6 Issue 1 January 2022

Research Article

Green Synthesis of Uracil Derivatives, DNA Binding Study and
Docking-based Evaluation of their Anti-cancer and Anti-viral Potencies

Vadivelan Rengasamy1, Mohd Suhail2* and Arvind Jain1
1

Department of Chemistry, School of Basic and Applied Sciences, Galgotias

University UP, India
2

Department of Chemistry, Jamia Millia Islamia, (A Central University) New Delhi,

India

Received: November 22, 2021

Published: December 22, 2021

© All rights are reserved by , Mohd Suhail.,
et al.

*Corresponding Author: Mohd Suhail, Department of Chemistry, Jamia Millia

Islamia, (A Central University) New Delhi, India.

Abstract
In the last few decades, the world has faced a lot of major diseases such as cancer, AIDS and COVID-19. With the advent of disease,

different medicines were also worked on but not every medicine could work against more than one major disease. Thus, the world
needs such medicine that could act alone against different diseases with different mechanisms at the same time. In this condition,

uracil derivatives also known as nucleoside derivatives came as a ray of hope, and have played an important role to cure many

diseases. Hence, new twelve uracil derivatives were synthesized by a highly efficient one-pot inexpensive method successfully. It is

fully confirmed that one-pot synthesis not only produces a maximum yield of products but also gives insights into green chemistry
due to the reduction in byproducts, waste, energy and cost. Moreover, as per literature data, uracil derivatives (i) bind with DNA in

the cancer-curing step, and (ii) interrupt the replication process of the virus during antiviral activity. Hence, DNA binding study was
also done experimentally, whose results suggest that the reported compounds bind to DNA through intercalation modes. Only three
out of twelve drugs were found to have a greater affinity towards DNA, which were selected for the docking study so that the binding pockets of DNA for the selected drugs, can be evaluated. The docking results exposed the formation of DNA-compound adduct.
Furthermore, by following the same docking method, the interactions taking place between newly synthesized uracil derivatives and
their literature data-based target, were studied. It revealed that newly synthesized drugs may also exhibit antiviral activity.
Keywords: Uracil Derivatives; DNA Binding Study; Docking Study; Anti-cancer; Antiviral

Introduction
Diseases are common to us. Some diseases such as cancer and

AIDS have engulfed the world. These diseases are very dangerous
and have become the leading cause of death in developed and un-

der developed countries. In the same way, COVID-19 has also stood
up in front of the world, and made its place inside the world. In

this condition, the world needs a single medicine that can act alone

against different major diseases. Although several drugs have been
synthesized for the treatment of such fatal diseases, the drug that

has attracted the scientists of the entire world, is uracil derivatives
which have shown tremendous effect against not only cancer [1-

8] but also viruses such as HIV [9-11], hepatitis B and C [12,13],

the herpes viruses [14], and so forth. As per literature data [10,11],

uracil derivatives can be classified as nucleoside reverse transcriptase inhibitors that interrupt the main function of the reverse tran-

scriptase (RTs) enzyme of HIV. Actually, uracil derivatives block the

action of viral reverse transcriptase enzyme, which is necessary for

HIV to replicate. Besides, uracil derivatives have also shown their
versatility by acting against SARS-CoV-2 [15-17]. Hence, the importance of such drugs can not be ignored in the current pandemic situation. Like uracil derivatives, there are several nucleotide analog

drugs, including remdesivir, favipiravir, ribavirin, galidesivir, and
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EIDD-2801. These drugs efficiently inhibit SARS-CoV-2 replication

[18]. 5-Fluorouracil or 5-chlorouracil were the first pharmacologi-

cal active uracil derivatives [1-8]. Although 5-fluorouracil is avail-

able for the treatment of cancer, we are not fully equipped with
drugs that can treat cancer effectively at late stages and without

demonstrating any side effects [19,20]. The presently available an-

ticancer drugs show serious side effects, e.g., poor solubilities, narrow therapeutic windows and intensive cytotoxicities to normal

tissues [21]. Besides, some anticancer drugs have solubility and

bioavailability issues; making them less effective [21,22]. There-

fore, the search for new agents for the treatment of different major
diseases is an urgent need today.

The versatility of uracil derivatives has made them privileged

structures. Their antioxidant property [23] has made them an an-

ticancer agent. Recently, chemists paid more attention to uracil
analogs, some pharmacologically important analogs are shown

in figure 1. In the development of derivatives possessing better
pharmacological and pharmacokinetic properties (increased bio-

activity, selectivity, metabolic stability, absorption, and lower toxicity) many modifications of uracil have been performed so for
to tackle toxicity problems. Uracil and its derivatives are the important key starting material for the preparation of many organic

Figure 1: Some pharmacologically important uracil derivatives.
inhibition of DNA function is required to cure or control the disease
[30]. Therefore, the study of the interaction of the newly synthe-

sized compounds with DNA was very exciting and significant not

only to access their biological potential but also in understanding
the mechanism of interaction. UV–vis. spectroscopy is perhaps the
simplest and most commonly used method for the investigation
of the stability of DNA and its interactions with small ligand mol-

ecules [31]. The study of interactions could be notified by moni-

toring the changes in the absorption properties of the drug or the

DNA molecules. Besides, the comparative study of the position of
absorption bands of free DNA and drug bounded DNA, indicates
an interaction between the DNA and the ligand molecules [32-36].

Another most important thing to be kept in the mind was the

molecules, drug substances and drug intermediates [24,25]. Tega-

inhibition of replication of HIV by uracil derivatives, which they

rivatives is an important and useful task in organic chemistry. In

above into consideration, one-pot synthesis of uracil derivatives

fur-uracil is a chemotherapy drug used in the treatment of cancer,
primarily bowel cancer [26]. Thus, the synthesis of new uracil de-

recent years, the synthesis of uracil derivatives has been reported.
By keeping literature-based facts into consideration, efforts were

do by means of interfering in the main function of reverse tran-

scriptase (RTs) enzyme [10,11]. Hence, keeping the facts described
was done successfully. Besides, in the docking study, DNA as well

as RTs, were selected as the target for newly synthesized uracil de-

made to discover a new environment-friendly protocol for the

rivatives.

produces a maximum yield of products but also gives insights into

Material and methods

[27]. The possibility of performing multistep reactions under one-

Loba Chem, Survival Technology and Rankem Laboratories, and

synthesis of uracil derivatives. This protocol involved one-pot and
one solvent with low cost. It is because one-pot synthesis not only

green chemistry [27]. Besides, green chemistry approaches are sig-

Experimental section

All the reagents and chemicals were obtained from the highest

nificant due to the reduction in byproducts, waste, energy and cost

grade available from Sigma Aldrich, Acros organics, Spectrochem,

well as an ecological point of view.

Silica gel 60 F254 plates eluting with specific solvents and samples

pot synthesis could enhance their efficiency from an economic as
As per literature data, uracil derivatives interact with DNA dur-

ing the cancer-curing step [8,28,29]. It is because DNA is the pharmacological target of many anticancer drugs that are currently in
clinical use or advanced clinical trials. Besides, cell functions (transcription and replication) can be regulated by targeting DNA. It all

seems logical, intuitively appealing, and conceptually straightforward. The small ligand molecules act as a drug when alteration or

were used without purification. TLC was performed on Merck TLC
were made visual with a UV lamp, Silica gel (60-120 mesh) was

used for column chromatography. Melting points were measured
with an Electrothermal 9100 apparatus. High-resolution mass
spectra were recorded on Bruker spectrometer. The measurement

was run in positive ion mode. 1H-NMR was obtained using Bruker

(400 MHz) spectrometer in DMSO and CDCl3 with tetramethylsi-

lane as an internal standard. Chemical shifts are reported in parts
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per million (δ), coupling constants (J values) are reported in hertz

(4.52 g, 0.05 M) was added to the reaction mixture and heated at

Synthesis of compounds 1-4

i.e. Moc-L-Valine was added to the reaction mixture in the pres-

(Hz) and spin multiplicities are indicated by s (singlet), d (doublet),
t (triplet), q (quartet), m (multiplet).

Synthesis of N-alkylated compounds of 6-chlorouracil (1)
Charged 6-chlorouracil (10.0g, 0.06 M) and diisopropylethyl-

amine (18.52g, 0.14 M) were dissolved in 50 mL DMF and the mix-

ture was stirred for 10 min at room temperature then halogenated
1-(bromomethyl)benzene (0.06 M) was added to the reaction mixture and stirring was continued for 8 hrs at room temperature. Af-

ter completion of the reaction, 150 mL water was added into the

mixture and the precipitated product 1 was filtered, dried and obtained 14.37g, 89% yield.

Synthesis of compound (2)
Compound 1 (10.0 g, 0.04 M) was dissolved in 100 ml acetone

followed by potassium carbonate (12.84g, 0.09 M) and the reaction

mass was stirred for 15 min at room temperature, then methyl iodide (11.99 g, 0.08 M) was added and left the reaction mass at stirring overnight. After completion of the reaction, water was added

to the mixture and the precipitated product (2) was collected by
filtration method, dried and obtained 9.74 g, 92.0% yield.
Synthesis of Compound 3 or 4

Charged compound 2 (9.0 g, 0.03 M) was dissolved in 45 mL

DMF followed by the addition of potassium carbonate (9.25 g, 0.06

M). Then piperazine (3.60 g, 0.04 M) or piperidine-3-amine (6.83
g, 0.039 M) was added, and the reaction mixture was heated at

80°C. After the completion of the reaction, the mixture was cooled
to room temperature by the addition of water slowly. After that dichloromethane was used for the extraction. The organic layer was
separated and dried over sodium sulphate. Finally, the solvent was

removed under reduced pressure for the formation of compounds
3 (9.16, 85%) or 4 (9.81 g, 87%).

One-pot synthesis of target compounds (A-L)
Charged 6-chlorouracil (7.75 g, 0.05M) and potassium carbon-

ate (9.14 g, 0.06 M) were dissolved in 50 mL DMF in 250 mL RBF,
followed by the halogenation using 1-(bromomethyl) benzene (10
g, 0.05M). The reaction mixture was stirred for 8 hrs at room temperature. Then, methyl iodide (15.02 g, 0.10 M) and potassium car-

bonate (7.31 g, 0.0529 M) were added to the reaction mixture and

stirring was extended overnight at the same temperature. After
that, the charged piperidin-3-amine (9.10 g, 0.05 M) or piperazine

80 ˚C for 8hrs to obtain charged compound 3 or 4. Finally, the (S)2-((methoxcarbonyl)amino-3-methylbutanoic acid (9.22g, 0.05 M)
ence of coupling reagent HATU (40.23 g, 0.10 M) and triethylamine
(10.71 g, 0.10M) and the reaction mixture was stirred for 20 min at
room temperature. After the completion of the reaction, water was

added and the product was extracted in ethyl acetate, an organic

layer that was dried over sodium sulphate. After that, the solvent

was removed under reduced pressure. The desired products were
purified by column chromatography to get title compounds (A-L).

Charged compound 3 (9.0 g, 0.02 M) or 4 (9.0 g, 0.028 M) was

initially dissolved in 90 mL dichloromethane, after the addition of
HATU (16.12 gm, 0.0423 moles) followed by Moc-L-Valine (5.20
gm, 0.02968 moles), TEA (5.72 gm, 0.0565 moles) was added, and
the reaction mass was stirred at room temperature till the comple-

tion of the reaction. The organic layer obtained after the addition of
water, was dried with sodium sulphate. Finally, the title compounds
were obtained by removing the solvent under reduced pressure.
Chemistry

The synthesis of the target uracil derivatives was performed ac-

cording to Scheme 1 (Figure 2). A simple and successful protocol has

been developed for the synthesis of uracil derivatives. According to
literature data, generally in benzylation and methylation reactions,

bases like sodium hydride in dimethylformamide have been used
which is highly dangerous in the context of safety and environmental pollution. Besides, it also results in poor yield and impure
compounds. It was observed that the reaction was completed at a
faster rate, but less conversion was observed when an organic base
was used. On the other hand, the percentage of yield was increased

when the inorganic base was used. Hence, throughout the reactions in our simple protocol, we used a low-cost, ecofriendly and

safe inorganic base potassium carbonate in dimethylformamide

solvent in one pot during four steps which is one of the major advantages of our protocol. In addition, we got higher percentage
yields of products. Initially, we synthesized N-substituted uracil
analogs in high yields by simple N-benzylation and N-methylation

of 6-chlorouracil with benzyl halides and methyl iodide respectively, under catalyst-free conditions in DMF solvent. After that, the

chlorine atom of N-substituted uracil derivatives was substituted
with piperazine or 3-aminopiperidine. In the last step, with similar

conditions and solvent, amino acid coupling reactions were done
in the presence of coupling reagent HATU (1-bis(dimethylamino)
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methylene-1H-1,2,3-triazolo [4,5-b]pyridinium-3-oxid hexafluorophosphate) for the formation of target compounds A-L. The whole
synthesis was done with one solvent in one pot that results in the

reduction of industrial waste, effluent generation and overall good
yields (49-60%) of final products. A reasonable mechanism for the
formation of uracil derivatives is shown in Scheme 2 (Figure 3).
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DNA binding study

For DNA binding study, absorption titration experiments were

performed with fixed concentrations of the compounds. The com-

pounds were dissolved in a mixture of 1% DMSO and 99% Tris–

HCl buffer (10-2 M, pH 7.4). Stock solutions of newly synthesized

compounds, as well as calf-thymus DNA (Ct-DNA), were prepared,

stored at 4°C, and used after no more than one week. Initially, a
UV absorption spectrum of Ct-DNA in buffer solution was recorded
that showed two absorption bands at 230 nm and 260 nm with

absorbance ratio = 1.8, which indicated the free nature of DNA

[37]. UV absorbance at 260 nm after 1: 40 dilutions with a known

molar absorption coefficient value of 6600 M−1 cm−1 determined
the concentration of DNA. Absorption titration experiments were

performed in the absence and presence of different concentrations
(0.2 – 1.4 × 10-3) of Ct-DNA. The intrinsic binding constant (Kb) was

determined with help of Eq. 1, which was initially known as Benessi–Hilderbrand equation and then modified by Wolfe., et al. [38].
Figure 2: Scheme 1 for the novel synthesis of uracil derivatives.
Reagents and conditions: (a) K2CO3/DMF, Stirring, R.T, 8 hrs
(b) K2CO3/DMF, CH3I, R.T,24 hrs (c) K2CO3/DMF/

3-aminopiperidine, heat, 80˚C, 8 hrs (d) K2CO3/DMF/

Piperazine, heat, 80 ˚C, 8 hrs (e) HATU, TEA, Moc-L-Valine/
DMF, R.T, 20 min.

…………………. (1)

Where, absorption coefficients, ε a , ε f , and

εb

correspond to

Aobs/[compound], extinction coefficient for the compound and the

extinction coefficient for the compound in the fully bound form, respectively. The binding constants for the different compounds (Kb)
were determined by the slopes and the intercepts of the plots of .

Docking study
To predict the interactions of newly synthesized drugs with var-

ious macromolecules at the supramolecular level, molecular docking is a useful tool. In this section, we have described the various
interactions of newly synthesized drugs with DNA as well as the

reverse transcriptase enzyme. To predict the mode of binding with
DNA, only three target compounds (F, G and H) were selected be-

cause of their high experimental DNA binding affinity. On the other
hand, all target compounds were selected to predict the mode of
binding with RTs.

The software used in the docking study was MarvinSketch,

Autodock tool [39], Discovery studio, Autodock vina [40], PyMOL
and LigPlot [41]. The crystalline structure of DNA [42] and the

reverse transcriptase enzyme of HIV [43] with pdb codes 1bna
Figure 3: Proposed mechanism for the synthesis of uracil
derivatives.

and 2rf2, respectively were obtained from the protein data bank

[https://www.rcsb.org/]. The currently presented docking study
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involved the following steps.

(newly synthesized drugs) were drawn using MarvinSketch. After

Receptor purification and preparation
The crystalline structures of the receptors obtained from the

protein data bank, were made pure for the docking purpose using

discovery studio (Figure 4). There were many unwanted things to
be removed that were associated with the main receptors (RTs and

that, the confirmation of the 3D structure of the ligands was done
with the help of Discovery studio.
Docking and data analysis

After the preparation of the receptors and ligands, both were

docked using the Autodock tool, and then binding affinities were

observed using Autodock vina. PyMOL was used to find out the total number of hydrogen bonds and the residues involved in it, while

the LigPlot was used to find out hydrophobic interactions between
the receptor and ligands.

Results

The proposed structures of A-L were well supported by analyti-

cal and spectroscopic data. The compounds A-L were found as solids with good yields, stable to air, and quite soluble in ethylacetate,

methanol, ethanol, DMSO, DMF. The characteristic signal from the
CH3N- group in the 1H NMR spectrum was observed as a singlet at

~ 2.90-3.10 ppm, alkenic proton of uracil ring CH- was observed
at 5.00-5.35 ppm, benzylic proton -CH at 4.86-5.37 ppm, aromatic
Figure 4: The crystalline structure of computationally cleaned
receptors for newly synthesized drugs.

DNA) such as undesirable residues, water molecules, and other
non-required ligands.
Ligand preparation

Having prepared the receptor file, the structures of ligands
Benzyl halide

Product

Overall
Yield (%)

protons Ar-H appeared in the range of 7.00-8.10 ppm, piperazine

protons resonates at 1.50-3.80 ppm, methyl protons appeared in
the range of 2.90-3.40 ppm, and methoxy protons -OCH3 appeared

in the range of 3.40-3.75 ppm. The 1H NMR spectra of target compounds (A-L) are shown in supplementary information). Elemen-

tal analyses and ESI-MS spectra illustrated the compositions of the

synthesized compounds. The mass spectra of A-L showed the peaks

at m/z values of 490.24, 490.24, 490.24, 517.23, 472.24, 552.16,
476.23, 476.23, 538.15, 458.23, 503.22 and 476.23 corresponding

Benzyl halide

Product

57
A

Overall
Yield (%)

52
B
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Table 1: The chemical structures of initial and final coupled products.
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to A, B, C, D, E, F, G, H, I, J, K and L. The HR-mass spectra of target

compounds A-L are also given in supplementary information. The
chemical structures of initial and final coupled products are given
in table 1.

Methyl-(S)-1-((R)-1-(1-(3-(2-fluorobenzyl)-1-methyl-2,6-dioxo-1,2,3,6-tetrahydropyrimidin-4-yl)piperidin-3-ylamino)3-methyl-1-oxobutan-2-ylcarbamate (A)
Yield: 57%, mp; 194-195˚C; White solid powder; Anal. Calcd:

C (58.89), H (6.55), N (14.32%), Found: C (58.88),H (6.59), N
(14.31%); 1H-NMR (DMSO-d6, 400 MHz): δ = 0.71-0.75 (dd, 6 H,-

CH3), 1.3-1.5 (m; 2 H, -CH2), 1.72-1.77 (m, 3 H, -CH2), 2.3-2.4 (t, 1 H,
-CH2), 2.6-2.7 (t, 1 H, -CH2), 2.85-2.95 (d, 1H), 3.05 (s, 3 H, -N-CH3),

3.1-3.2 (d, 1 H, -CH2), 3.47 (s, 3 H, -O-CH3), 3.70-3.74 (t, 2 H, -CH2),
4.99-5.01 (q, 2 H, -CH2), 5.26 (s, 1 H, -CH), 7.04-7.16 (M, 4 H, Ar-H,

-NH), 7.25 (q, 1 H, Ar-H), 7.94-7.96 (d, 1 H, -NH); ES-MS (m/z) Calc.
for C24H32FN5O5: 489.24, found [M+H]+: 490.24.

Methyl-(S)-1-((R)-1-(3-(4-fluorobenzyl)-1-methyl-2,6-dioxo-1,2,3,6-tetrahydropyrimidin-4-yl)piperidin-3-ylamino)3-methyl-1-oxobutan-2-ylcarbamate (B)
Yield: 52%, mp; 230-231˚C; White solid powder; Anal. Calcd:

C (58.87), H (6.57), N (14.29%), Found: C (58.88),H (6.59), N
(14.31%); 1H-NMR (DMSO-d6, 400 MHz): δ = 0.72-0.76 (dd, 6 H,CH3), 1.29-1.50 (m; 2 H, -CH2), 1.74-1.78 (m, 3 H, -CH2), 2.3-2.4 (m,

1 H, -CH2), 2.46-2.468 (s, 3 H, CH2), 2.59-2.69 (m, 1 H, -CH2), 2.8-2.9

(d, 1 H, -CH2), 3.07-3.15 (s and broad, 4 H, -N-CH3 and -CH), 3.48
(s, 3 H, -O-CH3), 3.71-3.75 (t, 2 H, -CH2), 4.93-4.97 (q, 2 H, -CH2),

5.24 (s, 1 H, -CH), 7.07-7.11 (m, 3 H, Ar-H and -NH), 7.19-7.22 (m,
2 H, Ar-H), 7.97 (d, 1 H, -NH); ES-MS (m/z) Calc. for C24H32FN5O5:
489.54, found [M+H]+: 490.24.

Methyl-(S)-1-((R)-1-1-(3-(3-fluorobenzyl)-1-methyl-2,6-dioxo-1,2,3,6-tetrahydropyrimidin-4-yl)piperidin-3-ylamino)3-methyl-1-oxobutan-2-ylcarbamate (C)
Yield: 51%, mp; 203-204 ˚C; White solid powder; Anal. Calcd:

C (58.89), H (6.58), N (14.33%), Found: C (58.88),H (6.59), N
(14.31%); 1H-NMR (CDCl3, 400 MHz): δ = 0.89- 0.90 (d, 6 H,-CH3),

1.48-2.02 (m; 4 H, -CH2), 2.47-2.86 (m, 3 H, -CH2),3.13-3.49 (m, 4

122

oxo-1,2,3,6-tetrahydropyrimidin-4-yl)piperidin-3-ylamino)3-methyl-1-oxobutan-2-ylcarbamate (D)
Yield: 59%, mp; 216-217 ˚C; White solid powder; Anal. Calcd:

C (55.81), H (6.22), N (16.25%), Found: C (55.80), H (6.24), N

(16.27%); 1H-NMR (DMSO-d6, 400 MHz): δ = 0.65-0.72 (dd, 6 H,-

CH3), 1.19-1.15 (t; 1 H, -CH2), 1.29-1.42 (m, 2 H, -CH2), 1.64-1.73 (m,

3 H, -CH), 2.464-2.468 (m, 1 H, -CH2), 2.60-2.65(m, 1 H, -CH2), 2.83-

2.86 (m, 1 H, -CH2), 3.02-3.08 (m, 1 H, -CH2), 3.30 (s, 3H, -CH3), 3.47
(s, 3 H, -CH3), 3.66-3.70(t, 2 H, -CH2), 5.03-5.16(q, 2 H, -Ar-CH2),

5.29 (s, 1 H, -CH), 7.06-7.09 (d, 1 H, -NH), 7.42-7.45 (d, 2H, Ar-H),
7.19-7.93 (d, 1 H, -NH), 8.12-8.15 (d, 2H, Ar-H) ppm; ES-MS (m/z)
Calc. for C24H32N6O7: 516.55, found [M+H]+: 517.23.

Methyl-(S)-1-((R)-1-1-(3-benzyl-1-methyl-2,6-dioxo-1,2,3,6tetrahydropyrimidin-4-yl)piperidin-3-ylamino)-3-methyl1-oxobutan-2-ylcarbamate (E)
Yield: 49%, mp; 219-220 ˚C; White solid powder; Anal. Calcd: C

(61.15), H (7.01), N (14.84%), Found: C, (61.13), H (7.05), N (14.85);
H-NMR (CDCl3, 400 MHz): δ = 0.89-0.92 (t, 6 H,-CH3), 1.50-1.64 (m;

1

2 H, -CH2), 1.77-2.07 (m, 4 H, -CH2), 2.5 (broad, 1 H, -CH), 2.76-2.88
(broad, 2 H, -CH), 3.30-3.34 (s, 4 H, -N-CH3 and -CH), 3.69-3.76 (m,

4H, -OCH3 and -CH), 4.06-4.08 (m, 1H, -CH-NH), 5.0-5.04 (ss, 1H,

-CO-CH-NH), 5.28-5.34 (m, 3H, -Ph-CH2 and =CH-), 7.20-7.22 (d, 2H,
Ar-H), 7.27-7.30 (t,1H, Ar-H), 7.34-7.38 (t, 2H, -Ar-H) ppm; ES-MS
(m/z) Calc. for C24H33N5O5: 471.55, found [M+H]+: 472.24.

Methyl-(S)-1-((R)-1-(1-(3-(4-bromobenzyl)-1-methyl-2,6-dioxo-1,2,3,6-tetrahydropyrimidin-4-yl)piperidin-3-ylamino)3-methyl-1-oxobutan-2-ylcarbamate (F)
Yield: 56%, mp; 210-212 ˚C; White solid powder; Anal. Calcd:

C (52.34), H (5.84), N (12.71%), Found: C (52.37), H (5.86), N

(12.72%); 1H-NMR (DMSO-d6, 400 MHz): δ = 0.70-0.76 (dd, 6 H,-

CH3), 1.31-1.44 (m; 2 H, -CH2), 1.75-1.80 (m, 3H, -CH2), 2.65 (m,
2H, -CH2), 2.83 (t, 1 H, -CH2), 3.30(s, 3 H, -CH3), 3.47 (s, 3H, -CH3),

3.70-3.73 (t, 2H, -CH2), 4.86-5.001(q, 1H, -Ar-CH2), 5.24(s, 1H,

-CH), 7.11-7.12 (d, 2H, Ar-H), 7.45-7.47 (d,2H, A-H), 7.95-7.96 (d,
1H,-NH) ppm; ES-MS (m/z) Calc. for C24H32BrN5O5: 550. 45, found
[M+H]+: 552.16.

H, -N-CH3 and -CH), 3.48 (s, 4 H, -O-CH3 and -CH)), 4.04 (broad, 1 H,

(S)-Methyl-1-(4-(3-(2-fluorobenzyl)-1-methyl-2,6-dioxo-

(m, 1 H, Ar-H). ES-MS (m/z) Calc. for C24H32FN5O5: 489.54, found

Yield: 56%, mp; 161-164 ˚C; White solid powder; Anal. Calcd:

-CH), 4.99-5.03 (d, 1 H, -CH), 5.11 (broad, 1 H, -CH), 5.23-5.33 (d,

2H, -Ar-CH2), 5.84 (s, 1H, -CH-), 6.90-7.003 (m, 3 H, Ar-H), 7.26-7.33

[M+H]+: 490.24.

Methyl-(S)-1-((R)-1-1-(3-(4-nitrobenzyl)-1-methyl-2,6-di-

1,2,3,6-tetrahydropyrimidin-4-yl)piperazin-1-yl)-3-methyl1-oxobutan-2-ylcarbamate (G)
C (58.07), H (6.33), N (14.71%), Found: C, (58.09), H (6.36), N

(14.73%); 1H-NMR (DMSO-d6, 400 MHz): δ = 0.80-0.95 (d, 3 H,

-CH3), 1.12-1.34 (m, 2 H, -CH2), 1.92-1.94 (m, 1 H, -CH2), 2.81-2.88
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(S)-Methyl-1-(4-(3-(4-nitrobenzyl)-1-methyl-2,6-dioxo-

4H and 2H, -OCH3, -CH2 & -CH), 4.22-4.26 (m, 1H, -CH), 5.10 (s, 2 H,

1,2,3,6-tetrahydropyrimidin-4-yl)piperazin-1-yl)-3-methyl-

476.23.

C (54.95), H (6.00), N (16.70%), Found: C (54.97), H (6.02), N

-CH2), 5.39 (s, 1 H,-CH), 7.17-7.22 (m, 3 H, Ar-H), 7.31-7.33 (m, 2H,
Ar-H); ES-MS (m/z) Calc. for C23H30FN5O5: 475.22, found [M+H]+:

(S)-Methyl-1-(4-(3-(4-fluorobenzyl)-1-methyl-2,6-dioxo1,2,3,6-tetrahydropyrimidin-4-yl)piperazin-1-yl)-3-methyl1-oxobutan-2-ylcarbamate (H)

1-oxobutan-2-ylcarbamate (K)
Yield: 60%, mp; 205-206 ˚C; White solid powder; Anal. Calcd:

(16.72%); 1H-NMR (CDCl3, 400 MHz): δ = 0.93-0.97 (dd, 6 H,-CH3),

1.27-1.30 (d, 1H, -CH), 1.91-1.96 (q, 1 H, -CH), 2.81 (s, 5 H, -N-CH3,

CH2), 2.90 (broad, 3H,) 3.33(s, 3 H, -O-CH3), 4.41-4.45 (q, 1H, -CH),
5.21 (s, 2H, Ar-CH2), 5.42-5.47 (t, 2 H,), 7.38-7.40 (d, 2 H, -Ar H), (d,

Yield: 57%, mp; 217-219 ˚C; White solid powder; Anal. Calcd:

2 H, -Ar-H), ppm; ES-MS (m/z) Calc. for C23H30N6O7: 502.52, found

1.92 (m, 1 H, -CH2), 2.65-2.69 (m, 4 H, -CH2), 2.84 (broad, 4 H, CH2),

(S)-Methyl-1-(4-(3-(3-fluorobenzyl)-1-methyl-2,6-dioxo-

C (58.09), H (6.32), N (14.72%), Found: C, (58.09), H (6.36), N
(14.73%); 1H-NMR (DMSO-d6, 400 MHz): δ = 0.85 (d, 6 H,-CH3),

[M+H]+: 503.22.

3.13 (s, 3 H, -N-CH3), 3.35 (broad, 6H, -O-CH3& -CH2), 3.53 (broad,

1,2,3,6-tetrahydropyrimidin-4-yl)piperazin-1-yl)-3-methyl-

(m, 3 H, Ar-H, and -NH); ES-MS (m/z) Calc. for C23H30FN5O5: 475.51,

C (58.09), H (6.34), N (14.73%), Found: C (58.09), H (6.36), N

4 H, -CH2), 3.66 (broad, 2 H, -CH2), 4.22-4.26 (t, 1 H, -CH), 5.04 (s,

2 H, Ar-CH2), 5.37 (s, 1 H, -CH), 7.14-7.18 (t, 2 H, Ar-H), 7.30-7.34

found [M+H]+: 476.23.

(S)-Methyl-1-(4-(3-(4-bromobenzyl)-1-methyl-2,6-dioxo1,2,3,6-tetrahydropyrimidin-4-yl)piperazin-1-yl)-3-methyl1-oxobutan-2-ylcarbamate (I)
Yield: 58%, mp; 234-233 ˚C; White solid powder; Anal. Calcd:

C (51.51), H (5.62), N (13.04%), Found: C (51.50), H (5.64), N
(13.06%); 1H-NMR (DMSO-d6, 400 MHz): δ = 0.83-0.86 (t, 6 H,-CH3),

1.91-1.96 (m; 1 H, -CH2), 2.69 (s, 3H, -CH3), 2.85-2.90 (broad, 4H,

-CH), 3.13 (s, 3 H, -CH3), 3.35(s, 4 H), 3.53 (s, 3H), 3.66 (broad, 2H),

4.23-4.27(t, 1H), 5.03 (s, 2H, -Ar-CH2), 5.37(s, 1H, -CH), 7.20-7.22

(d, 2H, Ar-H), 7.28-7.30 (d, 1H, -NH) 7.51-7.53 (d,2H, Ar-H) ppm;
ES-MS (m/z) Calc. for C23H30BrN5O5: 536.42, found [M+H]+: 538.15.

(S)-Methyl 1-(4-(3-benzyl-1-methyl-2,6-dioxo-1,2,3,6-tetrahydropyrimidin-4-yl)piperazin-1-yl)-3-methyl-1-oxobutan-2-ylcarbamate (J)
Yield: 51%, mp; 173-174 ˚C; White solid powder; Anal. Calcd:

C (60.39), H (6.82), N (15.32%), Found: C (60.38), H (6.83), N
(15.31%); 1H-NMR (DMSO-d6, 400 MHz): δ = 0.78-0.81 (t, 6 H,-CH3),

1.84-1.92 (m; 1 H, -CH2), 2.65 (s, 2H,), 2.79-2.82 (broad, 4 H, -CH),
3.10 (s, 3 H, -CH3), 3.31 (s, 3H, -OCH3), 3.60-3.66 (broad, 2H,) 4.174.21(t, 1H), 5.02 (s, 2H, -Ar-CH2), 5.33 (s, 1H, -CH) 7.18-7.23 (m,

3H, Ph), 7.27-7.31 (t,2H, Ph)ppm; ES-MS (m/z) Calc. for C23H31N5O5:
457.52, found [M+H]+: 458.23.

1-oxobutan-2-ylcarbamate (L)
Yield: 60%, mp; 220-222 ˚C; White solid powder; Anal. Calcd:

(14.73%); 1H-NMR (DMSO-d6, 400 MHz): δ = 0.71-0.76 (dd, 6 H,-

CH3), 1.3-1.5 (m; 2 H, -CH2), 1.74-1.79 (m, 3 H, -CH2), 2.30-2.46 (m,

4 H, -CH), 2.59 (m, 1 H, -CH2), 2.80-2.9(m, 1 H, -CH2), 3.08 (s, 3 H,
-N-CH3), 3.48 (s, 3 H, -CH3), 3.74-3.75 (t, 2 H, -CH2), 4.92-5.04 (d, 2

H, -Ar-CH2), 5.25 (s, 1 H, -CH), 6.99-7.05 (m, 3 H, -Ar-H), 7.09-7.11

(d, 1 H, -NH), 7.29-7.34 (q, 1 H, -Ar-H), 7.95-7.96 (d, 1 H, -NH) ppm.
ES-MS (m/z) Calc. for C23H30FN5O5: 475.521, found [M+H]+: 476.23.

DNA binding study

The absorption spectra of compounds (F, G, and H; 2.0 × 10-3 M)

in both absence and presence (0.2 –1.4 × 10-3 M) of Ct-DNA is given

in figure 5. The absorption spectra of compounds exhibited peaks
in the range of 200-300 nm. The compounds A-L showed two absorption bands, the first band appeared at 235-260 nm and the second band appeared at 269 -296 nm, respectively. The band shift-

ing was observed in the region of 200-300 nm with the addition

of DNA. Almost in all cases of A-L, both types of shifting in bands
(hypochromism and bathochromism) i.e. very small and large was
observed. Moreover, the appearances of isosbestic points in titration experiments also showed the interaction of compounds with

Ct-DNA. UV–vis data for compounds A-L (Table 2). The values of
DNA binding constants of these compounds varied from 6.0 × 105

to 9.0 × 107 M-1. The order of DNA binding constants for compounds

A-L was G>H>F>B>C>A>L>I>D>J>E. It was very interesting to note
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(A)

(C)

Figure 5: Absorption spectra of compound (a) F (b) G and

(c) H [2.0 × 10-3 M], in the absence and presence of DNA. The

concentration of DNA (a-f) were 0, 0.2, 0.4, 0.6, 0.8, 1.2 and 1.4
× 10-3 M.

that the compounds containing halogen groups (fluro, bromo) (A,

B, C, F, G, H, I and L) had the highest affinity for DNA (higher Kb
values). On the other hand, compounds containing the nitro group

had a better affinity towards DNA, than other compounds. These
results are in the agreement with the earlier reported work [44].

(B)

Compounds

λmax free
(nm)

λmax
bound
(nm)

∆λmax
(nm)

% Hypochromisma

Kbb (M-1)

A

260, 290

262,292

2

1.0

6.1 × 107

C

235, 294

236, 295

1

5.2

6.7 × 107

235, 267

235, 282

20

244, 298

2

B

D
E
F

G

H
I
J

L

a

236, 267
245, 295
236, 272
236, 269
234, 259
242, 296
257, 291
245, 296

238,269

246, 296
238, 274
236, 279
234, 279
259, 293
246, 297

2

1
2

10
20
2
0

2.3

7.1 × 107

1.0

4.6 × 106

7.1

9.0 × 107

2.3
6.8

6.0 × 105
7.8 × 107

48

8.0 × 107

0.5

5.8 × 107

3.1
2.9

4.9 × 107
8.8 × 105

Table 2: UV absorption, wavelength shifts, % hypochromism and binding constants of A-L.

% Hypochromicity (H%) = [Af-Ab)/Af] × 100, where Af and Ab represent the absorbance of free and bound compounds. b Binding
constants.
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Docking study
The order of binding affinities of the selected compounds was

found G > H > F. The 3D and 2D-docked models of F, G and H are
shown in figure 6-11. It is clear from the docked models that all

the compounds preferred DNA minor grooves. The various docking parameters like binding affinity, number of H-bonds and residues involved in H-bonding, and in hydrophobic interactions are

given in table 3. During the docking studies, it was observed that
the carbonyl oxygen of the amide group and oxygen of the ethoxy

group of DNA were the common moieties involved in H-bonding.
The number of hydrogen bonds formed was 3 to 4. The DNA residues; guanine and cytosine were involved in hydrogen bonding.

Furthermore, DNA residues like dt8, dc9, dg10, dc13, dg14, dc15,

Figure 6: 3D-Docking images of compound F with CT-DNA. (a)

shows the interaction via minor groove, (b) Closest view within
the groove and (c) indicate polar interactions.

Figure 7: 2D-Docking images of compound F with CT-DNA. (a and b) shows the moieties of DNA
involved in hydrophobic interactions.

Figure 8: 3D-Docking images of compound G with CT-DNA. (a)

shows the interaction via minor groove, (b) Closest view within
the groove and (c) indicate polar interactions.

Figure 9: 2D-Docking images of compound G with CT-DNA.

(a and b) shows the moieties of DNA involved in hydrophobic
interactions.
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Figure 10: 3D-Docking images of compound H with CT-DNA.
(a) shows the interaction via minor groove, (b) Closest view
within the groove and (c) indicate polar interactions.

Target
(pdb
code)

Drugs

F

DNA
(1bna)

G

H

Binding
affinity
(kJ/mol)

-3.8

-4.7

-4.0

Figure 11: 2D-Docking images of compound H with CT-DNA.

(a and b) shows the moieties of DNA involved in hydrophobic

No of
H-bonding rsidues
H-bonds (Bond length in A°)

4

3

4

A/DG:10/H01::O of carbonyl of uracil ring
(3.30).
A/DG:14/H06::O of carbonyl of uracil ring
(3.32).
B/DG:14/OP2::NH of
3-aminopiperidine moiety (3.25).
B/DG:14/PO2::NH of other amine group
(3.39).

B/DG:14/HO2::O of carbonyl of ester
group (3.46).
B/DC:15/H01:: O of carbonyl linked to
piperazine ring (3.38).
B/DG:14/H02:: O of carbonyl linked to
piperazine ring (3.39).

B/DG:14/H01::O of carbonyl
linked to piperazine ring ((3.48).
B/DG:14/H01:: O of carbonyl
linked to piperazinering(3.52).
B/DG:14/H02::O of carbonyl
of ester group (3.30).
B/DG:16/HO1::O of carbonyl
of ester group (3.31).

interactions.

Target::drug hydrophobic residues
dt8::C12&C13
dc9::C8,C13&C18
dg10::C13&C18
dc13::Br
dg14::C3,C4,C7&O4
dc15::C8,C9&C14
dg16::C8.

dt8::C6,C7,C16&O2
dc9::O1
dg10::O1
dc13::C4&C5
dg14::C4,C11&C13
dc15::C11&C17

dt8::C4
dc9::C1,C4,C6,C7&C17
dg10::C3&C16
dg14::C10&C12
dc15::C1,C4,C16&O4
dg16::C4
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A

RTs
(2rf2)

-3.8

2

.159/A/GLN`197/2HE2::O of -CONH2
group (2.7)
.648/A/GLU`194/OE1::O of -CONH2 (3.4).

B

-2.4

1

.274/A/LYS`104/HZ2::O of -CO- group
(2.7)

C

-2.5

1

.274/A/LYS`104/HZ2::O of -CO- group
(2.7)

D

-2.4

1

E

-2.5

1

F

-2.5

1

.648/A/ASP`320/OD2::O of -CO- group
(3.6)

1

.648/A/GLU`194/OE2::O of -CO- group
(3.6)

G
H
I

J

K

L

-3.1
-2.6
-2.5

-2.8

-2.9

-2.9

2
1

3

3

Nil

.274/A/LYS`104/HZ2 ::O of -CO- group
(2.6)
.274/A/LYS`104/HZ2::O of -CO- group
(2.7)

Asp192::C1,C8,C9,C17&C18
Glu194::C13,C22,C24&O1
Gln197::O4

Asp192::C2,C4,C8&C18
Glu194::C11,C12&C16
Lys104::C2,C17 & O2
Leu193::C6
Asp192::C1,C3,C6&C17
Glu194::C11,C15&C23
Lys104::C1,C17&O2

Asp192::C2,C4,C8&C18
Glu194::C11,C12&C16
Lys104::C18,C23,O2&N5

Asp192::C6,C7,C8,C9,C13&C18
Glu194::C12,C13,C16&C21
Lys104::C8,C23,N4&O2

Asp192::C2,C4&C8
Glu194::C8,C12,C13&C16
Lys104::C18,C23&O2

Asp192::C5,C8,C13&C18
Ser322::C2&C3
Lys102::C15,C21,C22&O5
Asp320::C1&C6

.274/A/LYS`104/HZ1::O of -CONH- group
(2.7)
.648/A/GLU`194/OE2::O of -CONH- group
(3.3)

Asp192::C1,C16&N3
Glu194::C1,C6,C20,C23&O1
Lys104::C13 & O4

.271/A/ASP`192/O:: O of -CO- group (3.4)
.648/A/ASP`320/OD2:: O of -COO- group
(3.4)
.648/A/ASP`320/OD2:: O of -CONH- group
(3.5)

Asp192::C11,C15,C16,C17,
C22,O2,N2&N3
Ser322::C8&C9
Lys104::O2

Nil

Asp192::C1,C3,C4&C7
Glu194::C2,C3,C9,C11,C14,C15,
C22&N2
Leu104::C1

.274/A/LYS`104/HZ1:: O of -COO- group
(2.4)

.274/A/LYS`104/HZ2:: O of -CONH- group
(2.0)
.648/A/GLU`194/OE2:: O of -COO- group
(3.2)
.271/A/ASP`192/O:: O of -NO2 group (3.4)
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Asp192::C16,C17,C21,O2
N2&N3
Glu194::C2,C5,C14,C18,C23&O1
Lys104::C12 & C14

Asp192::C1,C2,C3,C6,C7,C12&O7
Glu194::C23
Lys104::O4

Table 3: The docking results of newly synthesized drugs with DNA and RTs.
RTs: Reverse transcriptase; dc: cytosine; dg: guanine; dt: thiamine.
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and dg16 were involved in hydrophobic interactions. During the
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In the case of RTs of HIV, it was perceived that all newly synthe-

process of DNA interaction, it was observed that all the target com-

sized drugs attack on that side of the receptor where the residue,

of DNA binding and theoretical docking results were found in good

and H; 1 in the case of B-G and I; 3 in the case of J and K, while L did

pounds oriented themselves in such a fashion that their benzene
rings were inside minor grooves. Overall, the experimental results
covenant with each other.

Lys is present specifically. The number of hydrogen bonds formed
by newly synthesized drugs with RTs enzyme, was 2 in the case of A

Figure 12: The attachments of newly synthesized drugs with RTs.
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Figure 13: The hydrophobic interactions of newly synthesized drugs with
RTs.

not form any hydrogen bond (Figure 12). Another observable point

the binding affinity of G towards DNA was greater than that of oth-

-2.4 to -3.8 k cal/mol (Table 3). Besides, the common residues of

of the compounds [45]. It was also observed that the absorption

was the binding affinities of compound A-L with RTs of HIV. The average of the binding affinities of newly synthesized drugs (A-L) was

newly synthesized drugs involved in the hydrophobic interactions
with RTs enzyme were Lys, Glu, Leu, Asp, Ser (Figure 13).

Discussion

The values of DNA binding constants of newly synthesized drugs

indicate good interaction with DNA. As per the results of the DNA

binding study and docking study of the selected three compounds,
the compound G would exhibit better anticancer activity because

er newly synthesized drugs. The small shifting occurs due to intra

ligand π → π*, while the large shifting due to n → π* transitions
peaks underwent bathochromism and hypo-chromicities (Figure

5) with the addition of different concentrations of DNA [0.2 - 1.2 ×
10-3 M]. It indicates the formation of DNA-compound adducts via in-

tercalative mode (non-covalent) [46]. It can be concluded from the

DNA binding results that the compounds A-L intercalated through
the minor groove with Ct-DNA [47]. Literature data indicate that

the compound, forming a complex with DNA minor groove, is sta-

bilized mainly by hydrogen bonds and hydrophobic interactions
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[48]. This fact is well established by DNA titration experiments and

in the protein synthesis and replication, is present. Besides, an-

newly synthesized drugs with DNA molecules. Covalent (i.e. a labile

RTs was greater than that of other newly synthesized drugs, it pre-

docking studies (Figure 6-11). Moreover, the observation of isosbestic points in mixed solutions also indicates the interaction of the
ligand is replaced with a nitrogen atom of DNA base, such as N7 of

guanine) and non-covalent (i.e. intercalation, electrostatic interac-

tion, and groove binding) interactions are the two possible ways
through which a compound can bind with DNA. Normally, in ab-

sorption spectra, the changes like hypochromism and bathochromism resulted when compounds bind to DNA via intercalation, and

other notable point was the binding affinities of newly synthesized
drugs. As per the docking results, the binding affinity of A towards
dicts that drug A would bind with RTs more tightly as compared
to other newly synthesized drugs. Hence, drug A would be a more
effective drug than other newly synthesized drugs.

Conclusions

We developed a new, efficient, low-cost, eco-friendly, highly

the extent of hypochromism depends on the strength of intercala-

scalable one-pot method for the synthesis of new uracil derivatives.

drug and the base pairs of DNA [52,53]. While, in electrostatic in-

treatment of not only cancer and but also AIDS. Besides, a trial of

tion [36,44,49-52]. Basically, the interactive mode involved a strong

stacking interaction between the aromatic chromophore of the

teraction when the drug interacts with DNA, lower hypochromicity

with no bathochromic shift [54] or hyperchromic shift is observed

[55]. The hyperchromic effect was not observed in the absorbance

of DNA, which occurs due to the covalent adducts formed between
drugs and DNA. If hyperchromism was observed, it would be the
indication of breakage of the secondary structure of DNA [56].

On the other hand, as per the docking results, all newly synthe-

sized drugs showed their attachment with different residues. The
most important residue that was common in the case of newly syn-

thesized drugs, and plays a key role in the synthesis of viral protein,

was Lys (Lysine) specifically. A huge association between lysine

Based on literature data, DNA binding study and docking studies, it
can be concluded that these compounds may play a key role in the

these drugs may also be taken against SARS-Cov-2, because uracil
derivatives have also been used against the same as per the introductory part of the article.
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