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I N T R O D U C T I O N

Cancer remains the world as one of the utmost painstaking
illnesses globally and is the second principal cause of human
transience [1,2]. The cancer responsible number of fatalities
has amplified from around 5.7 million in 1990 to 9.6 million
or about one in six deaths in 2018. In 2020, 16-20 cancer deaths
have been registered every 1 minute globally and based on the
present forecasts, it is believed that cancer deaths will continue
to escalate to an estimated 11.4 million dying in 2030 [3]. The
load of the most frequent forms of cancer is in downward order
of breast (female), lung and bronchus, prostate (both male
and female), colon and rectum, melanoma of the skin, bladder,
non-Hodgkin lymphoma, kidney and renal pelvis, endometrial,
leukemia, pancreatic, thyroid and liver cancer [4]. Rapidly
separating cells, for instance, skin, breast and uterine cells are
at greater peril of changes contrasted and cells, which cons-
traint partition and this way are progressively inclined to create
cancer. Breast cancer (BC) is one of the furthermost happening
tumours prompting critical dreariness and mortality among

Breast cancer is the most foremost cause of the most cancer demises
in women. In normal cells, BRCA1 and BRCA2 make certain the
stability of DNA and also preclude hysterical cell progression.
Metamorphosis of these genes is related to the expansion of hereditary
breast and ovarian cancers. Bearing in mind the lacunae of consistent
and prospective medications to remedy the lifetime intimidating most
breast cancers, the present work has attention on molecular docking
evaluation to ascertain the prospective binding sites and binding
energies of 1-substituted-2-methyl-4-nitroimidazoles, nine protonated
4-nitroimidazolium cations and five aromatic carboxylate anions.
Doxorubicin and vinorelbine were also docked with breast cancer
protein (PDB code: 3K0K) and the protein binding sites of these
standard drugs were also identified. The results exposed that among
the docked 4-nitroimdazoles, 4-nitroimidazolium cations and organic
anions were found efficient in binding interactions and in wrecking
the protein liable towards breast cancer.
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females [5,6]. An understanding of cancer disease statistical
data points intended for 2016-2017 uncovered an expected
numeral of passings of 41,070 concluded BC amongst men
and women in the United States [7]. The circumstance is more
dreadful in India than in other countries, wherever breast cancer
accounts 25-32% of altogether malignant growth cases. As
per the ICMR (Indian Council of Medical Research) study
description of 2016 and expected newfangled aggregate of
malignant growth inpatients was 14.5 million out of 2016,
which will prone to stretch nearby 17.3 million by 2020 [8].

Amongst the vital clinical procedures for the cure of breast
cancer involves specifically restricting the binding of estrogen
to estrogen receptor alpha (ER-α) and beta (ER-β) and brought
about the discerning of SERMs (selective estrogen receptor
modulators). Estrogen has been accounted for to assume a crucial
job in the development and advancement of mammary organs.
Communication of estrogen together with ER-α and ER-β
invigorates the expansion of mammary cells. Michigan cancer
foundation-7 (MCF-7) cells, being ERα subordinate, are seen
as delicate to SERMs while Monroe Dunaway Anderson-
Metastasis breast cancer-231 (MDA-MB-231) cells, which are
ER-β subordinate are described by the skiving of immune-
histochemical articulation of estrogen, progesterone and HER2
(human epidermal growth factor receptor 2) receptors [9-12].
Triarylethylenes subordinates, alike tamoxifen (TAM), raloxi-
fene and toremifene are endorsed SERMs by US FDA (Food
and Drug Administration) together with critical anti-BC
likeness [13]. TAM, a rival, is the chief-line medication utilized
for the cure of breast cancer. Be that as it may, just 70% of
ER-α cases react to TAM, although 30-40% sufferers through
adjuvant TAM treatment in the long run relapse [14-16].
Moreover, TAM negatively affects the endometrium generating
endometrial tumour and causes hot flashes, nausea, while ralo-
xifene causes hot flashes, joint or muscle pain, white vaginal
discharge, melancholy, insomnia and dizziness and toremifene
causes hot flashes, white vaginal discharge and vomiting [17].

Imidazoles and their derivatives have pulled in incredible
interests in medicinal chemistry on account of their flexible
pharmacological characteristics, for instance, antifungal, anti-
bacterial, antituberculosis, anticancer and sedative properties
[18-23]. For example, two naturally available imidazolium salts
based alkaloids namely Lepidiline A and B (Fig. 1) were
isolated from the Lepidium meyenii Walpers (Brassicaceae)
roots and revealed their prospective cytotoxic activity in
contradiction of the human cancer cell lines [24]. For example,
in antibreast cancer activity, 2,1,3-benzothiadiazole (BTD)
moiety containing imidazole and imidazolium subordinates
[25], pyrene-imidazolium derivatives [26], imidazolium-based
amino acid ionic liquids [27], 1-(carboxyalkyl)-3-(12-mercapto-
dodecyl)-1H-imidazolium ionic liquids with different inorganic
anions (Br–, BF4

–, PF6
–, ClO4

– and NTf2
–) [28], 3-methyl-1-

sulfonic acid imidazolium chloride [29], 1-butyl-3-methyl
imidazolium chloride and tetrafluoroborate and 1-methyl-3-
octyl imidazolium chloride [30], benzothiazole amide func-
tionalized imidazolium ionic liquids [31], 1-((indol-3-yl)methyl)-
1H-imidazolium salts [32] were also investigated. Given this
background, they are evidenced the importance of imidazole(ium)
derivatives results to a large extent against breast cancer cells.

NN NN

Lepidiline A Lepidiline B

Cl Cl

Fig. 1. Representative structures of lepidiline A and lepidiline B

A series of 4-nitroimidazole derivatives (1a, 3a-i) and their
protic 4-nitroimidazolium derivatives are synthesized and
characterized. 4-Nitroimidazolium salts with five different
aromatic carboxylate based organic anions [33-35]. The current
research focuses on the molecular docking studies of the
previously synthesized nine 4-nitroimidazoles and their
protonated 4-nitroimidazolium salts, as well as five aromatic
carboxylate based organic anions, with the ultimate goal of
developing strong anti-breast cancer drugs using a bio-
computational technique (PDB code: 3K0K).

E X P E R I M E N T A L

4-Nitroimidazoles (1a, 3a-i) and their 4-nitroimidazolium
salts were employed in this study. 4-Nitroimidazolium salts
were synthesized with five different aromatic carboxylate
based organic anions [33-35]. Sigma Aldrich Chemical Co.
Ltd., Mumbai, provided the 2-methyl-4(5)-nitroimidazole (1a).
PubMed was used to get the structures of standard breast cancer
medications such as doxorubicin and vinorelbine [36,37].
RCSB provided the 3D crystal structure of the breast cancer
type 1 (BRCA1) susceptibility protein (PDB code: 3K0K) [38].

Molecular docking: The 1-click docking tool was used
to simulate binding interactions of compounds 1a, 3a-i, protic
4-nitroimidazolium cations and aromatic carboxylate anions
and the docking poses and binding modes were displayed
[39,40].

R E S U L T S A N D   D I S C U S S I O N

The molecular docking study was simulated to inspect the
binding sites, binding mode and binding energies of 2-methyl-
4(5)-nitroimidazole (1a), nine 4-nitroimidazole derivatives
(3a-i), nine protic based 4-nitroimidazolium cations [3a-H]+-
[3i-H]+, five different aromatic carboxylate organic anions (Fig.
2) and the standard drugs (doxorubicin and vinorelbine) with
the breast cancer type 1 (BRCA1) susceptibility protein (PDB
code: 3K0K).

Binding affinity: The binding affinities for the molecule
1a are -3.5 kcal/mol, the 1-benzylated 4-nitroimidazoles 3a-f
have from -4.8 to -5.2 kcal/mol and the 1-butylated 4-nitro-
imidazoles 3g-i have from -3.9 to -4.2 kcal/mol, according to
molecular modelling data (Table-1). Because of the substitution
of 4-methylbenzyl and 4-nitrobenzyl groups in 1a, 4-nitro-
imidazoles 3e & 3f have a higher affinity (-5.2 kcal/mol). The
kcal/mol range of the protic 4-nitroimidazolium salts [3a-H]+-
[3i-H]+ is -4.0 to -5.2 (Table-2). The cation [3h-H]+ shares the
same binding affinity as its parent molecule 3h. 4-Nitroimida-
zolium cations [(3a,b,d,g,i)-H]+ have binding affinities of
-0.1 to -0.4 kcal/mol, while the remainder of the cations have
binding affinities of -0.1 to -0.3 kcal/mol. When compared to
their parent 4-nitroimidazoles, five cations [(3a,b,d,g,i)-H]+
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Fig. 2. Representative structures [33-35] of (a) 4-nitroimidazoles, (b) 4-nitroimidazolium cations, (c) aromatic carboxylic anions were used
for docking studies in this work

interacted considerably with the targeted breast cancer protein
(3a, b, d, g & i). Aromatic carboxylate anions have binding
affinities of -4.0, -5.0, -4.7, -5.0 and -4.6 kcal/mol for DAB,
DNB, FA, NMP and mCPBA, respectively (Table-3). The
anions DNB and NMP bind to the protein more strongly than
the other anions. Doxorubicin and vinorelbine, two common
chemotherapy drugs, have the same binding affinity for the
protein (-6.8 kcal/mol) (Table-3).

Hydrophobic binding interactions: The number of hydro-
phobic binding contacts, binding residues, binding distance,
implicated ligand and protein atoms and standard medications
of 4-nitroimidazoles, protic 4-nitroimidazolium cations,
aromatic carboxylate anions and standard pharmaceuticals are
all shown in Tables 1-3. 2-Methyl-4(5)-nitroimidazole (1a)
has two hydrophobic interactions with the VAL-92A and VAL-

93A breast cancer protein residues, with distances of 3.79 and
3.94, respectively (Fig. 3). The organic anions DNB and
mCPBA have a hydrophobic interaction, 4-nitroimidazole 3a,
3i, 4-nitroimidazoleium cation [3g-H]+ & anion DAB have a
pair of hydrophobic binding contacts and the cation [3i-H]+

has three hydrophobic binding interactions with the protein
PHE-14A (Figs. 3-5). Vinorelbine, a routinely prescribed drug,
has a hydrophobic interaction with the PHE-14A protein
location. The LYS-54A residue of the breast cancer protein
has been discovered to interact with doxorubicin (Fig. 6). It
also revealed three interactions, with vinorelbine interacting
with the protein’s LEU-53A residue being one of them. The
hydrophobic interaction of imidazole 3b, 3e, 3h and cations
[(3a-c,e,f)-H]+ with the residue LYS-54A has been demons-
trated. Imidazoles 3b, 3e and cations [(3a,e,f)-H]+ exhibited a
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TABLE-1 
HYDROPHOBIC BINDING INTERACTIONS OF 4-NITROIMIDAZOLES (1a, 3a-i) 

Atom 
Imidazole(s) 

Binding 
affinity Binding index Protein residue Amino acid Distance (Å) 

Ligand Protein 
1 92A VAL 3.79 2065 924 

1a -3.5 
2 93A VAL 3.94 2065 932 
1 14A PHE 3.74 2076 123 

3a -4.8 
2 14A PHE 3.44 2072 125 
1 32A ILE 3.90 2076 318 
2 53A LEU 3.65 2076 523 3b -4.9 
3 54A LYS 3.48 2078 530 
1 31A LEU 3.81 2074 310 
2 52A THR 3.76 2065 513 
3 54A LYS 3.90 2078 531 

3c -5.1 

4 54A LYS 3.55 2076 530 
3d -4.8 1 56A PHE 3.39 2076 560 

1 31A LEU 3.88 2077 310 
2 53A LEU 3.68 2076 523 3e -5.2 
3 54A LYS 3.46 2078 530 
1 56A PHE 3.76 2071 560 

3f -5.2 
2 191A LEU 3.58 2071 1872 
1 51A ARG 3.83 2065 494 
2 56A PHE 3.62 2065 560 3g -3.9 
3 126A ASN 3.65 2072 1274 
1 53A LEU 3.74 2073 523 
2 53A LEU 3.80 2072 520 3h -4.0 
3 54A LYS 3.49 2073 530 
1 6A VAL 3.95 2065 59 
2 11A PRO 3.98 2073 97 
3 14A PHE 3.74 2074 125 

3i -4.2 

4 14A PHE 3.68 2065 127 
 

TABLE 2 
HYDROPHOBIC BINDING INTERACTIONS OF PROTONATED 4-NITROIMIDAZOLIUM CATIONS 

Atom Imidazolium 
cation(s) 

Binding 
affinity Binding index Protein residue Amino acid Distance (Å) 

Ligand Protein 
1 31A LEU 3.96 2077 310 
2 32A ILE 3.63 2075 318 
3 53A LEU 3.74 2077 523 

[3a-H]+ -4.9 

4 54A LYS 3.74 2075 530 
1 52A THR 3.68 2065 513 
2 53A LEU 3.71 2075 520 
3 53A LEU 3.76 2077 523 

[3b-H]+ -5.0 

4 54A LYS 3.75 2075 530 
1 52A THR 3.68 2065 513 
2 53A LEU 3.69 2075 520 
3 53A LEU 3.83 2077 523 

[3c-H]+ -5.0 

4 54A LYS 3.62 2075 530 
1 51A ARG 3.69 2077 494 
2 56A PHE 3.55 2065 560 
3 93A VAL 3.77 2077 932 

[3d-H]+ -5.2 

4 191A LEU 3.68 2065 1872 
1 31A LEU 3.87 2075 310 
2 53A LEU 3.64 2076 523 [3e-H]+ -4.9 
3 54A LYS 3.76 2079 530 
1 31A LEU 3.70 2075 310 
2 53A LEU 3.59 2077 523 [3f-H]+ -5.1 
3 54A LYS 3.90 2078 530 
1 11A PRO 3.87 2065 97 
2 14A PHE 3.76 2075 128 [3g-H]+ -4.1 
3 14A PHE 3.71 2074 129 

[3h-H]+ -4.0 1 191A LEU 3.79 2073 1872 
1 11A PRO 3.94 2065 97 
2 14A PHE 3.85 2075 124 
3 14A PHE 3.48 2073 127 

[3i-H]+ -4.4 

4 14A PHE 3.88 2074 129 
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TABLE-3 
HYDROPHOBIC BINDING INTERACTIONS OF AROMATIC CARBOXYLATE ANIONS AND STANDARD DRUG 

Atom Organic anion/ 
Standard drug 

Binding 
affinity Binding index Protein residue Amino acid Distance (Å) 

Ligand Protein 
1 14A PHE 3.43 2068 125 

DAB -4.0 
2 14A PHE 3.83 2067 127 
1 6A VAL 3.90 2068 59 

DNB -5.0 
2 14A PHE 3.50 2070 125 

FA -4.7 1 191A LEU 3.51 2069 1872 
1 56A PHE 3.52 2068 560 

NMP -5.0 
2 191A LEU 3.61 2069 1872 
1 6A VAL 3.72 2065 59 

mCPBA -4.6 
2 14A PHE 3.93 2070 127 
1 53A LEU 3.79 2069 523 
2 53A LEU 3.60 2071 523 
3 53A LEU 3.33 2092 520 
4 54A LYS 3.62 2068 530 

Doxorubicin -6.8 

5 128A PRO 3.75 2079 1295 
1 6A VAL 3.76 2087 59 
2 11A PRO 3.90 2105 97 
3 14A PHE 3.51 2089 125 
4 30A ASN 3.63 2101 296 
5 31A LEU 3.81 2100 310 

Vinorelbine -6.8 

6 53A LEU 3.64 2072 523 
 

contact with LEU-53A of the breast cancer protein, whereas
3h, [3b-H]+ and [3c-H]+ showed two interactions (Figs. 3 and 4).
These forms of protein interactions have not been observed in

the docked organic anions. Doxorubicin interacts with the protein
PRO-128A, while vinorelbine interacts with the proteins VAL-
6A, PRO-11A, ASN-30A and LEU-31A (Fig. 6). Imidazole

TABLE-4 
HYDROGEN BOND BINDING INTERACTIONS OF 4-NITROIMIDAZOLES (1a, 3a-i) 

Distance (Å) Atom 
Imidazole(s) 

Binding 
index 

Protein 
residue Amino acid 

H-A D-A 
Donor angle 

Donor Acceptor 
1 51A ARG 2.13 3.16 177.77 497 [Ng+] 2070 [N2] 

1a 
2 51A ARG 2.39 3.25 140.30 500 [Ng+] 2074 [O2] 
1 7A SER 2.70 3.48 140.06 66 [O3] 2080 [O2] 
2 8A GLY 2.05 2.99 155.87 69 [Nam] 2079 [O-] 3a 
3 54A LYS 3.04 3.76 129.20 533 [N3+] 2080 [O2] 
1 7A SER 2.19 3.03 145.93 66 [O3] 2080 [O-] 
2 8A GLY 2.85 3.73 146.62 69 [Nam] 2081 [O2] 3b 
3 54A LYS 2.47 3.48 172.72 533 [N3+] 2070 [N2] 
1 7A SER 3.07 3.71 125.64 66 [O3] 2070 [N2] 
2 8A GLY 2.22 3.18 158.39 69 [Nam] 2070 [N2] 
3 9A LEU 2.26 3.21 157.55 74 [Nam] 2081 [O2] 

3c 

4 54A LYS 3.29 3.94 124.04 533 [N3+] 2070 [N2] 
1 165A ASP 3.48 4.00 117.16 1626 [O3] 2070 [N2] 
2 187A ARG 2.23 3.02 131.97 1825 [Ng+] 2080 [O-] 
3 187A ARG 2.51 3.24 127.74 1822 [Ng+] 2080 [O-] 

3d 

4 188A GLU 3.15 3.86 133.31 1840 [O3] 2080 [O-] 
1 7A SER 2.23 3.07 146.43 66 [O3] 2081 [O2] 
2 8A GLY 2.74 3.62 147.18 69 [Nam] 2080 [O-] 3e 
3 54A LYS 2.29 3.29 174.14 533 [N3+] 2070 [N2] 
1 51A ARG 2.21 3.16 158.83 490 [Nam] 2073 [O-] 
2 51A ARG 2.73 3.52 133.05 500 [Ng+] 2069 [N2] 
3 51A ARG 2.05 3.02 156.14 497 [Ng+] 2069 [N2] 

3f 

4 53A LEU 2.24 3.18 157.34 516 [Nam] 2082 [O2] 
1 51A ARG 2.56 3.25 124.02 500 [Ng+] 2070 [N2] 
2 187A ARG 2.09 3.11 168.22 1825 [Ng+] 2077 [O2] 3g 
3 188A GLU 3.35 3.67 102.70 1840 [O3] 2077 [O2] 
1 7A SER 1.96 2.84 152.83 66 [O3] 2076 [O-] 
2 8A GLY 2.09 3.07 166.22 69 [Nam] 2077 [O2] 3h 
3 54A LYS 2.16 3.16 172.48 533 [N3+] 2070 [N2] 
1 7A SER 3.36 4.05 130.77 66 [O3] 2076 [O-] 
2 8A GLY 1.89 2.87 165.46 69 [Nam] 2077 [O2] 3i 
3 54A LYS 2.40 3.15 130.49 533 [N3+] 2076 [O-] 
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Fig. 3. Docking poses and binding modes of 4-nitroimidazoles (1a, 3a-i) and representation mode of interaction
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Fig. 4. Docking poses and binding modes of 4-nitroimidazolium cations [3a-H]+-[3i-H]+

3i, anion DNB & mCPBA interacted with VAL-6A, imidazole
3i, cation [3g-H]+ & [3i-H]+ interacted with PRO-11A and
imidazole 3c, 3e, cation [3a-H]+, [3e-H]+ & [3f-H]+ interacted
with LEU-31A (Figs. 3-5). In comparison with traditional
medications, docked compounds, cations and anions have been
shown some new hydrophobic interactions with the breast
cancer protein. Imidazole 3b & cation [3a-H]+ exhibited an
interaction with ILE-32A, imidazole 3g & [3d-H]+ revealed
an interaction with ARG-51A, imidazole 3c, cation [3b-H]+

& [3c-H]+ shown an interaction with THR-52A and 3d, 3f, 3g,
cation [3d-H]+ & anion NMP have exposed an interaction with
PHE-56A (Figs. 3-5). The hydrophobic interactions of imidazole
3f, cation [3d-H]+, [3h-H]+, anion FA & NMP, imidazole 3g
has an interaction and the cation [3d-H]+ has an interaction

with the breast cancer protein residues LEU-191A, ASN-126A
and VAL-93A, respectively (Figs. 3-5).

Hydrogen bond interactions: Tables 4-6 summarize the
hydrogen bond (H-bond) interactions, binding residues, H-A
and D-A distances, donor angle, donor atoms and acceptor atoms
of docked 4-nitroimidazoles, 4-nitroimidazolium cations,
organic anions and conventional pharmaceuticals. 4-Nitro-
imidazoles 3a-c, 3e, 3h and 3i have a significant hydrogen
bonding interaction with the breast cancer protein residues
SER-7A and GLY-8A (Fig. 3). Only 4-nitroimidazolium cations
[3g-H]+ and [3i-H]+ have been demonstrated to interact with
GLY-8A via hydrogen bonding (Fig. 4). The organic anions
DAB, DNB and mCPBA showed an interaction with the residue
GLY-8A (Fig. 5). Among the docked standard drugs, the

Asian Journal of Organic & Medicinal Chemistry  169



DAB

DNB

NPM
FA

mCPBA

Fig. 5. Docking poses and binding modes of aromatic carboxylate anions (DAB, DNB, FA, NMP & mCPBA)
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Fig. 6. Docking poses and binding modes of the standard drugs (doxorubicin and vinorelbine)
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doxorubicin only showed an interaction with SER-7A and both
the drugs shown an interaction with GLY-8A (Fig. 6). Among
them 4-nitroimidazoles, the 3f only has a hydrogen bonding
interaction with LEU-53A (Fig. 3). Four 4-nitroimidazolium
cations [3a-H]+, [3d-H]+-[3f-H]+, two anions FA and NMP and
the conventional medicine doxorubicin, on the other hand, have
only exhibited an interaction with the protein’s LEU-53A. The

4-nitroimidazoles (3a-c, 3e, 3h and 3i), as well as 4-nitroimida-
zolium cations [3g-H]+ and [3i-H]+ and organic anions DAB
and DNB, have exhibited hydrogen bonding interactions with
the protein residue LYS-54A (Figs. 3-5). Doxorubicin has two
interactions with LYS-54A and vinorelbine has one as well
(Fig. 6). 4-Nitroimidazolium cations [3a-H]+, [3e-H]+ and [3f-
H]+, as well as the organic anion FA, only showed a hydrogen

TABLE-5 
HYDROGEN BOND BINDING INTERACTIONS OF 4-NITROIMIDAZOLIUM CATIONS 

Distance (Å) Atom Imidazolium 
cation(s) 

Binding 
index 

Protein 
residue Amino acid 

H-A D-A 
Donor angle 

Donor Acceptor 
1 53A LEU 2.97 3.91 157.44 516 [Nam] 2081 [O2] 

[3a-H]+ 
2 126A ASN 2.01 2.97 155.58 2067 [N2] 1273 [O2] 

[3b-H]+ 1 51A ARG 2.38 3.10 126.43 2067 [N2] 493 [O2] 
[3c-H]+ 1 51A ARG 2.41 3.08 122.31 2067 [N2] 493 [O2] 
[3d-H]+ 1 53A LEU 2.36 3.27 151.24 516 [Nam] 2082 [O2] 

1 53A LEU 2.71 3.66 158.32 516 [Nam] 2081 [O-] 
[3e-H]+ 

2 126A ASN 1.97 2.95 160.28 2067 [N2] 1273 [O2] 
1 53A LEU 3.00 3.94 156.46 516 [Nam] 2083 [O-] 

[3f-H]+ 
2 126A ASN 2.10 3.05 153.26 2067 [N2] 1273 [O2] 
1 8A GLY 2.50 2.96 107.91 69 [Nam] 2078 [O2] 
2 9A LEU 2.30 3.00 124.65 2070 [N2] 77 [O2] 
3 9A LEU 2.13 3.06 154.36 74 [Nam] 2078 [O2] 

[3g-H]+ 

4 54A LYS 2.91 3.31 104.36 533 [N3+] 2077 [O-] 
1 51A ARG 2.86 3.82 156.19 497 [Ng+] 2077 [O-] 
2 51A ARG 3.02 3.87 143.32 490 [Nam] 2077 [O-] [3h-H]+ 
3 51A ARG 2.16 3.05 142.64 500 [Ng+] 2078 [O2] 
1 8A GLY 2.59 3.02 105.80 69 [Nam] 2078 [O2] 
2 9A LEU 2.16 3.12 157.63 2070 [N2] 77 [O2] 
3 9A LEU 2.12 3.07 158.10 74 [Nam] 2078 [O2] 

[3i-H]+ 

4 54A LYS 2.80 3.19 103.60 533 [N3+] 2077 [O-] 
 

TABLE-6 
HYDROGEN BOND BINDING INTERACTIONS OF AROMATIC CARBOXYLATE ANIONS AND STANDARD DRUG 

Distance (Å) Atom Organic anion/ 
Standard drug 

Binding  
index 

Protein 
residue Amino acid 

H-A D-A 
Donor angle 

Donor Acceptor 
1 6A VAL 2.57 3.14 115.25 2071 [Npl] 56 [O2] 
2 8A GLY 2.93 3.64 128.95 69 [Nam] 2071 [Npl] 
3 10A THR 2.99 3.87 146.52 2077 [Npl] 86 [O2] 
4 30A ASN 2.39 3.06 124.19 299 [Nam] 2076 [O.co2] 

DAB 

5 54A LYS 3.16 3.69 114.30 533 [N3+] 2071 [Npl] 
1 8A GLY 2.23 3.15 151.02 69 [Nam] 2076 [O2] 
2 9A LEU 2.48 3.10 119.16 74 [Nam] 2075 [O-] 
3 30A ASN 2.30 3.00 126.11 299 [Nam] 2079 [O2] 

DNB 

4 54A LYS 2.33 3.06 128.09 533 [N3+] 2078 [O-] 
1 51A ARG 2.00 2.87 140.62 497 [Ng+] 2076 [O3] 
2 51A ARG 2.30 3.08 131.63 500 [Ng+] 2076 [O3] 
3 53A LEU 3.04 3.95 152.27 516 [Nam] 2074 [O.co2] 

FA 

4 126A ASN 3.27 3.66 107.21 2075 [O.co2] 1273 [O2] 
1 53A LEU 3.28 4.02 131.66 516 [Nam] 2080 [O2] 

NMP 
2 125A THR 3.27 4.03 138.77 1266 [O3] 2077 [O.co2] 
1 8A GLY 3.22 4.01 137.55 69 [Nam] 2073 [O2] 

mCPBA 
2 9A LEU 2.06 2.96 149.09 74 [Nam] 2074 [O3] 
1 7A SER 2.32 3.11 140.04 66 [O3] 2101 [O3] 
2 8A GLY 2.17 3.06 147.68 69 [Nam] 2101 [O3] 
3 53A LEU 2.30 3.28 164.15 516 [Nam] 2087 [O3] 
4 54A LYS 2.29 3.25 158.32 533 [N3+] 2099 [O2] 
5 54A LYS 2.79 3.76 166.05 525 [Nam] 2103 [O3] 
6 126A ASN 2.79 3.74 162.12 2105 [O3] 1273 [O2] 

Doxorubicin 

7 126A ASN 2.65 3.27 119.31 2095 [N3] 1273 [O2] 
1 8A GLY 2.69 3.66 163.46 69 [Nam] 2110 [O3] 

Vinorelbine 
2 54A LYS 3.56 4.07 113.91 533 [N3+] 2097 [Nar] 
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bond interaction with the protein residue ASN-126A. There
are no hydrogen bonding contacts between ASM-126A and any
of ten 4-nitroimidazole derivatives (1a, 3a-i) and the medi-
cation doxorubicin has two hydrogen bonding interactions with
ASM-126A (Figs. 3-6). The cations [3g-H]+ and [3i-H]+ showed
two contacts with LEU-9A, as did the imidazole 3c, anion
DNB and mCPBA. Imidazole 1a, 3g, cations [3b-H]+, [3c-H]+

& FA anion demonstrated an interaction and 3f & [3h-H]+

shown three interactions with ARG-51A of the protein (Figs.
3-5). Imidazole 3d has shown an interaction with ASP-165A
and GLU-188A, two interactions with ARG-187A and 3g has
an interaction with ARG-187A & GLU-188A. The anion DAB
interacts with the residues VAL-6A, THR-10A and ASN-30A,
while the DNB anion interacts with ASN-30A and the NMP
anion interacts with THR-125A (Fig. 5).

πππππ-Cation binding interactions: Among the simulated
4-nitroimidazoles, cations and anions, the six 4-nitroimidazoles
3a-e & 3h had a high π-cation interaction with the breast cancer
protein via the aromatic imidazolyl group (Table-7, Fig. 3). 4-
nitroimidazole 3a, 3b, 3e & 3h showed a π-cation contact while
3c showed two π-cation interactions with the residue LYS-
54A of the breast cancer protein (Fig. 3). Only the residue
LYS-54A (3.60) has a π-cation interaction with the typical
medication vinorelbine (Fig. 6). With ARG-187A, 4-nitroimi-
dazole 3d has shown new two π-cation interactions (Fig. 3).

Salt bridge binding interactions: Only two organic anions
NMP and mCPBA have shown additional salt bridge inter-
actions with the breast cancer protein through the carboxylate
group among docked 4-nitroimidazoles, 4-nitroimidazoilum
cations and organic anions (Table-8). The breast cancer protein
residues ARG-51A (5.00) and ARG-187A interact with the
anion NMP (4.52 & 4.92) (Fig. 5). Through a salt bridge, LYS-
54A (4.29) interacts with the anion mCPBA (Fig. 5).

Conclusion

As anticancer agents, ionic salts or liquids are gaining
popularity. As a result, ten 4-nitroimidazole derivatives (1a,
3a-i), nine protonated 4-nitroimidazolium cations ([3a-H]+-

TABLE-7 
π-CATION BINDING INTERACTIONS OF 4-NITROIMIDAZOLES 

Imidazole(s) Binding 
index 

Protein 
residue 

Amino 
acid 

Distance (Å) Offset Ligand group Ligand atom(s) 

3a 1 54A LYS 3.82 1.27 Aromatic 2066, 2067, 2068, 2069, 2070 
3b 1 54A LYS 3.82 1.96 Aromatic 2066, 2067, 2068, 2069, 2070 
3c 1 54A LYS 3.61 0.85 Aromatic 2066, 2067, 2068, 2069, 2070 
 2 54A LYS 3.95 1.60 Aromatic 2072, 2073, 2074, 2075, 2076, 2078 

3d 1 187A ARG 5.74 1.30 Aromatic 2072, 2073, 2074, 2075, 2076, 2078 
 2 187A ARG 4.61 1.91 Aromatic 2066, 2067, 2068, 2069, 2070 

3e 1 54A LYS 3.68 1.86 Aromatic 2066, 2067, 2068, 2069, 2070 
3h 1 54A LYS 3.61 1.93 Aromatic 2066, 2067, 2068, 2069, 2070 

Vinorelbine 1 54A LYS 3.60 0.98 Aromatic 2079, 2080, 2081, 2082, 2083, 2084 

 

TABLE 8 
SALT BRIDGE BINDING INTERACTIONS OF NMP AND mCPBA 

Organic anion(s) Binding index Protein residue Amino acid Distance (Å) Ligand group Ligand atom(s) 
1 51A ARG 5.00 Carboxylate 2072, 2073 
2 187A ARG 4.92 Carboxylate 2076, 2077 NMP 
3 187A ARG 4.52 Carboxylate 2072, 2073 

mCPBA 1 54A LYS 4.29 Carboxylate 2074, 2073 
 

[3i-H]+) and five aromatic carboxylate counter anions (DAB,
DNB, FA, NMP, & mCPBA) were successfully docked and
executed in this study to examine the binding affinity, binding
modes and binding interactions with the (PDB code: 3K0K).
Three 4-nitroimidazoles (3c, 3e and 3f), four 4-nitroimidazo-
lium cations ([3b-H]+, [3c-H], [3d-H]+ and [3f-H]+) and two
organic anions (DNB and NMP) were shown to have a higher
binding affinity (-5.0 to -5.2 kcal/mol) with the breast cancer
protein. These classes of 4-nitroimidazoles and their 4-nitro-
imidazolium cations, as well as organic anions, have greater
interactions with the breast cancer protein, according to the
findings. Finally, those 4-nitroimidazolium salts were found
to be effective anticancer competitors in the treatment of human
breast cancer.
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