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ABSTRACT

The majority of heterocycle compounds and
typically common heterocycle fragments present in
most  pharmaceuticals  currently  marketed,
alongside with their intrinsic versatility and unique
physicochemical properties, have poised them as
true cornerstones of medicinal chemistry. Apart
from the already marketed drugs, there are many
other being investigated for their promising activity
against several malignancies. In particular,
anticancer research has been capitalizing on the
intrinsic versatility and dynamic core scaffold of
these compounds. Nevertheless, as for any other
promising  anticancer  drugs,  heterocyclic
compounds do not come without shortcomings. In
this review, we provide for a concise overview of
heterocyclic active compounds and families and
their main applications in medicine. We shall focus
on those suitable for cancer therapy while
simultaneously addressing main biochemical modes
of action, biological targets, structure-activity
relationships as well as intrinsic limitation issues in
the use of these compounds. Finally, considering
the advent of nanotechnology for effective selective
targeting of drugs, we shall discuss fundamental
aspects and considerations on nanovectorizatiom
of such compounds that may improve
pharmacokinetic/pharmacodynamic properties of
heterocycles. N-heterocyclic compounds are a
natural and rich source of pharmacologically
active molecules displaying anti-cancer properties
through various antiproliferative mechanisms.
Some of these N-heterocyclic compounds are
already being utilized or evaluated in clinical
settings for cancer treatment, highlighting their
potential significance in discovering new anti

cancer agents. This study aims to gather
information from articles published between 2019
and 2021 on the recent advancements in N-
heterocyclic  derivatives such as indazole,
triazolopyrimidine, pyrazolopyrimidine,
quinoxaline,  benzimidazole,  benzodiazepine,
indole, and quinoline as promising anticancer
agents, including  their  structure-activity
relationships and mechanisms of action.

KEYWORDS-cancer therapy, heterocyclic
compounds, oxygen and nitrogen-based
heterocycles, drug delivery, nanomedicine,

eterocycles, five-membered heterocycles,
antibiotics, antibacterials, nitrogen heterocycles,
oxygen heterocycles, sulfur heterocycles, biological
activity, drug design, drug discovery.

INTRODUCTION

Cancer is an extremely challenging and
significant public health issue worldwide,
posing a serious threat to human life and
societal progress. According to the World
Health Organization, cancer is the second
leading cause of death worldwide, causing
the loss of eight million lives. Each year,
one out of every six people dies due to
cancer, and the burden of this disease
continues to rise annually

Given the large number of cells that divide
each day, the appearance of abnormal cells
can occur either spontaneous or as a result
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of a transformation induced by a
carcinogen. The cancerization process
involves a succession of genetic alterations
that can be caused after contact with the
carcinogen physical, chemical or microbial
. According to various studies, multiple
factors can induce the development of
abnormal cells in humans such as smoking

Carcinoma is the abnormal growth of
normal cells that typically grow beyond
their  original  boundaries,  invade
surrounding areas, spread to other organs,
and result in metastasis, which is one of
the main causes of cancer-related death,
the second most commoncause of deaths
across the globe . Around 10.0 million
cancer-related  fatalities (9.9 million
excluding squamous cell carcinoma) and
19.3 million new cases of cancer (18.1
million  excluding  squamous  cells
carcinoma) were estimated globally by
2020. Up to 25% of cancer cases are
caused by cancer-causing illnesses such as
hepatitis as well as human papillomavirus
infections. The most common
malignancies in both genders are breast,
lung, stomach, colorectal, thyroid, liver,
and ovarian. The most fatal cancers are
lung

Steroids are natural products that have
good capacity to penetrate cells and bind
to nuclear and membrane receptors. They
are a large group of chemical substances
that share a 17 carbon-atom skeleton
composed of four fused rings (three six-
membered rings and one five membered
rings) [5]. They vary from one another in
the nature of attached groups, their posi
tion, and the configuration of the steroid
nucleus. Minor modifications of the
chemical structure of steroids can produce

significant differences in their biological
activities. This diversity in biological
action might be due to the presence of
various functional groups attached to the
tetracyclic core which serve as substrates
for different targets. The rationale for
employing hydrophobic steroid units lies
in their capacity to interact with cell
membranes and thus enhance biological
efficacy of such hybrid molecules.

» Five-Membered Heterocycles Used
in the Design of Antibacterial
Drugs

Heterocyclic compounds contain at least
two distinct atoms (either as ring atoms or
as members of the ring) in the ring. The
actual ring is referred to as a heterocycle.
The total number of ring atoms and the
type is crucial since it determines the ring
size. Three-membered rings are the minor
shape conceivable. The most significant
rings in the antibiotic design are
heterocycles, with five and six members
[22]. The five-membered heterocycles
used in antibacterial drug design contain
one to four heteroatoms as follows:

1. One heteroatom (nitrogen, oxygen, or
sulfur);

2. Twoheteroatoms (oxygen and nitrogen;
sulfur and nitrogen atoms);

3. Three heteroatoms (three nitrogen
atoms, e.g., triazoles, and one sulfur
and two nitrogen atoms, e.g.,
thiadiazoles);

The most common heterocycles
with five atoms in the molecular structure
of approved antibiotics are presented in
Table 2 and are individually addressed in
the following sections
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4.Five-Membered
Containing Nitrogen Atoms

Heterocycles

Five-membered heterocycles are believed
to originate from the cyclopentadienyl
compound. They possess properties such
as conjugated dienes or acyclic amines, but
with a nitrogen atom replacing the “-CH="
group. The characteristics of these
compounds are closely linked to the non-
participatory  electron pair of the
heteroatom. They have a planar pentagonal
structure, with the six electrons distributed
over the five sp2 hybridized atoms. Each
carbon atom contributes one electron, and
the heteroatom donates two electrons to
the aromatic sextet, which confers the
aromaticity of the heterocyclic system. The
two non-participating electrons of the
nitrogen will contribute to the aromatic
sextet and are delocalized throughout the
heterocycle [1]. These heterocycles are
less susceptible to being deprotonated at
the nitrogen or carbon atom through the
action of nucleophiles. Weak nucleophiles
will react with the cation produced by
electrophiles, leading to addition or ring-
opening reactions. The most reactive
compound in this class in terms of
compound reactivity is pyrrole. The
resonance structures’ unevenly distributed
energy causes greater reactivity [1].
According to an analysis conducted by
Vitaku E. et al. (2014) on FDA-approved
small compounds, N-heterocycles form the
majority of the structural skeletons of
pharmaceutical drugs on the market,
accounting for about 84% of all molecules,
and 59% of them contain at least one
nitrogen heterocycle

Heteroatom | Nitrogen | Oxygen | Sulfur | Nivogen | Oxygen | Sulfur

Aziriding | Oxirane | Thiirane | Azirine | Oxirene | Thiirene

H
oy N0 | BN O] S
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Five-Membered
Containing Oxygen Atoms

Heterocycles

5.1. Furan 5. Five-Membered Heterocycles
Containing Oxygen Atoms 5.1. Furan The
word furan, which indicates bran, is
derived from the Latin furfur [24]. Furan is
an aromatic five-membered heterocycle
with a centrally positioned sp2 hybridized
oxygen atom that is planar and pentagonal
(Table 2). Furan’s ring atoms all lay in a
plane, forming a pentagon with minor
distortion. The bond length between C-3
and C-4 is more extended than between C-
2 and C-3 and between C-4 and C-5.
Therefore, the C-C bond length averages
the single and double bond lengths, while
the C-O bond is shorter by 0.05 A. The C-
C bond length is approximately the same
(1.33 A). The places next to the
heteroatom were previously denoted as
and ’. Furyl is the name attributed to the
monovalent residue [1,22,24]. The word
furan, which indicates bran, is derived
from the Latin furfur [24]. Furan is an
aromatic five-membered heterocycle with
a centrally positioned sp2 hybridized oxy
gen atom that is planar and pentagonal
(Table 2). Furan’s ring atoms all lay in a
plane, forming a pentagon with minor
distortion. The bond length between C-3
and C-4 is more extended than between C-
2 and C-3 and between C-4 and C-5.
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Therefore, the C-C bond length averages
the single and double bond lengths, while
the C-O bond is shorter by 0.05 A. The C-
C bond length is approximately the same
(1.33 A). The places next to the het
eroatom were previously denoted as a and
o’. Furyl is the name attributed to the
mono valent residue [1,22,24].
Oneofthetwopairsofnon-
participatingelectronsisinansp2hybridizedo
rbital, while the other pair is in a orbital.
These two pairings are in separate orbitals.
The ring’s bonds are comparable to those
in the pyrrolic ring, and the heterocycle
displays six delocalized electrons [1].
Furan reacts with electrophilic reagents
similarly to benzene, frequently with
substitution. However, depending on the
reagent and reaction circumstances, it can
also react via addition and/or ring-opening
[22]. Furan is faster than benzene to
participate in electrophilic substitution
reactions because it is a heterocycle with
excess electrons. Therefore, furan is more
reactive than thiophene but less reactive
than pyrrole in reactivity [1,22]. Thus,
furan is less stable than thiophene due to
its lower resonance energy [24]. One of the
two pairs of non-participating electrons is
in an sp2 hybridized orbital, while the
other pair is in a m orbital. These two
pairings are in separate orbitals. The ring
bonds are comparable to those in the
pyrrolic ring, and the heterocycle displays
six delo calized electrons [1]. Furan reacts
with electrophilic reagents similarly to
benzene, fre quently with substitution.
However, depending on the reagent and
reaction circum stances, it can also react
via addition and/or ring-opening [22].
Furan is fast

» Five-Membered Heterocycles
Containing One Sulfur Atom

Tiophene Thiophene is a five-membered
unsaturated aromatic heterocycle often
referred to as furan’s sulfur analog (Table
2) [1]. The sulfur atom’s presence has a
specific impact on the aromatic nature of
the compound as well as its characteristics
and reactions. In the electron system,
sulfur’s “electron pairs” are strongly
delocalized and behave as highly reactive,
similar to a benzene derivative [160].
Thiophene exhibits an electron cloud,
making it similarly reactive to benzene.
Due to the weakly electronegative sulfur
atom, it is the least reactive to the action of
electrophilic agents when compared to
furan and pyrrole. However, compared to
benzene, its elec trophilic substitutions
occur significantly more quickly [1,161].
The bioisosterism link between thiophene
and benzene is explained by the discovery
of thiophene as an impurity in benzene and
the remarkable similarity between the two
chemicals’  physicochemical  features.
Therefore, thiophene can be effectively
used to replace the benzene nucleus in the
structure of molecules of medicinal
interest as a bioequivalent [160]. Chemical
structures known as structural alerts or
toxicophores can be bioactivated to
produce reactive metabolites. Le Dang N.
et al. (2017) indicated that the thiophene
structural alert is unclear. Currently, it is
known that thiophenes can be bioactivated
by epoxidation. Different oxidative
metabolic ~ processes can  convert
thiophenes into elec trophilic, unstable
intermediates such as S-oxides, epoxides,
and sulfenic acids. Toxicity can result from
the oxidative metabolism of thiophenes,
which produces reactive, electrophilic
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intermediates [139]. Thiophene is found in
various natural compounds, such as biotin
(vitamin H) [1]. The biological activity of

thiophene and its derivatives include
antiviral, antifungal, antibac terial,
antileishmanial, antimicrotubule, anti-

inflammatory, antioxidant, anticancer, and
anti-HIV effects. Because of these effects,
thiophene is a critical structural component
in several therapeutically relevant drugs

> five-membered
containingbsulfur
atom

heterocycles
and nitrogen

1,3-Thiazolidine is a saturated five-
membered heterocycle with sulfur and
nitrogen in positions 1 and 3, respectively
(Table 2); it is considered an analog of
oxazolidine [161]. When thiazolidines are
present in an acidic or basic aqueous
solution, they hydrolyze to form aldehyde
and amino thiol. The production of an
iminium thiolate zwitterion intermediate
has led researchers to conclude that the
reaction involves breaking the C-S
Cefoxitin (2nd generation). Among beta-
lactamase—resistant 7-o-methoxy cephalo
sporins  (cephamycins) is  cefoxitin,
(6R,7S)-3-(carbamoyloxymethyl)-7-

methoxy-8-oxo-7 [(2-thiophen-2-
ylacetyl)amino]-5-thia-1-azabicyclo

[4.2.0]oct-2-ene-2-carboxylic acid [29], a
compound that contains a thiophene
heterocycle in the side chain from the C6
position (Figure 27c). One of the first
cephamycins available was cefoxitin (as
sodium salt) [123]. The ability of cefoxitin
(and in general) to kill resistant bacterial
strains is due to the 7-a-methoxyl
substituent’s protection against hydrolysis
by beta-lactamases. Even though cefoxitin
is less effective than celothin against

Gram-positive.

Reactivity of Five membered pi-
Excessive Heterocyclic ring

Reactivity towards electrophilic substitution

Pyrrole, furan and thiophene are all much more reactive than benzene toward
electrophilic substitution.

berzene thophere fuwan pimle

Thiophene is 100 times more reactive than benzene and pyrrole is the
most reactive. Furan is less reactive than pyrrole because oxygen is
more electronegative than nitrogen,

e Role of the Heterocycles to
Design Anti-Cancer Agents

Worldwide cancer is regarded as a great
threat to mankind. It leads to abnormal
growth of the tissues by uncontrolled cell
divisions. It was well established that
cancer is a disease associated with
unsuppressed growth and the spread of
anomalistic cells
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Heterocyclic
Compounds

[1]. It is quite unfortu nate that, till now,
there is no specific potent medicine with a
100% success rate for cancer treatments.
Though, a large number of drugs have
been used for the treatment of various
cancers. In some instances, these available
drugs are causing side effects

[2]. Efforts have been made to design new
drug molecules or modify the existing
drugs to reduce the side effects of these
drugs

[3]. On the other hand, more than half of
the commercially available drugs consist
of different heterocyclic skeletons

[4]. Along with other biological activities,
various synthetic hetero cyclic scaffolds
also showed significant anti-cancer
activities

[5]. Interestingly, it has been observed that
the majority of the commercially available

anti-cancer drugs possess heterocyclic
moiety either as the main structural unit or
as an important subunit

[6]. Under this purview, during the last
three decades, the screening of anti-cancer
efficacy of various heterocyclic scaffolds
has increased rapidly. Several naturally
occurring, semi-synthetic and synthetic
heterocyclic compounds have passed in
clinical or preclinical anticancer trials

[7]. Few of them showed significant anti-
tumor activities and thus they are available
in the market as promising drugs

[8]. This thematic issue titled ‘Role of the
heterocycles to design anti-cancer agents’
has covered a large number of literature
related to the potent anti-cancer activities
of structurally diverse heterocyclic
scaffolds. This thematic issue highlights an
up-to-date literature on the follow ing
selected seven topics contributed by the
eminent research groups. The first
contribution titled ‘Heterocyclic
compounds: Importance in anticancer drug
discovery’ by Kumar and Goel deals with
the role of various heterocyclic skeletons
in the design and developments of anti-
cancer drugs

[9]. O-heterocycles are very common in
natural products and in drug molecules. In
the second contribution titled ‘Naturally
occurring O heterocycles as anticancer
agents’ Prof. Biswanath Das and his
research group nicely presented a wide
range of naturally occurring O
heterocycles with potential anti-cancer
activities
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[10]. Dr. Sasadhar Majhi, in the third

contribution titled ‘Discovery,
development, and design of anthocyanins-
inspired anticancer agents-a

comprehensive review’ describes the latest
developments in the synthesis and
chemical  derivatization of  various
anthocyanin motifs having promising anti-
cancer activities

[11]. Pyrans and pyran annulated
heterocycles have been found to possess
significant anticancer activities

[12]. The fourth contribution titled
‘Current developments in the pyran-based
analogues as anticancer agents’ by Prof.
Chawla and her group summarizes the
anti-cancer effica cies of various pyran
based scaffolds reported in recent times
[13]. Various triazole derivatives have
been found to possess significant
pharmacological efficacies. On many
occasions, it was found that the triazole
moiety acts as the main building block for
the synthesis of novel anticancer drugs.
The fifth contribution titled ‘Design and
develop ment of triazole derivatives as
prospective anticancer agents: A review’
by Dr. Harshita Sachdeva and her research
group describes the latest developments in
the synthesis of various triazole derivatives
with promising anticancer efficacies [14].
The sixth contribution titled ‘Synthesis and
anti-cancer applications of benzimidazole
derivatives — Recent Studies’ by Dr. Ram
Singh and his research group highlights
the latest developments on the synthesis of
structurally diverse benzimidazole
derivatives having promising anticancer
activities

[15]. The last contribution of this thematic
issue titled ‘A comprehensive review on
journey of pyrrole scaffold against
multiple therapeutic targets’ by Mir et al.
describes the role of various pyrrole
derivatives as anticancer, antibacterial,
antiviral,  antitubercular and  anti
inflammatory agents

[16]. I am very much thankful to all the
contributors for their valuable efforts to
build up this special thematic issue for
Anti-Cancer  Agents in  Medicinal
Chemistry (ACAMC). | am grateful to the
senior journal manager and the entire
editorial team of ‘Anti-Cancer Agents in
Medici nal Chemistry’, especially Ms.
Sumaiya Azhar, Ms. Sahar Iftakhar and
Ms. Ambreen Irshad for their continued
support. No words are suffi cient to
express my gratitude to Prof. (Dr.) Simone
Carradori (Editor-in-Chief) for continued
support and guidance. | am also thankful to
the respective reviewers for their efforts
and suggestions to improve the quality of
this special issue.

Classification of
Compounds

Heterocyclic

Based on the electronic arrangement, we
can classify Heterocyclic compounds into
two types:

1. Aliphatic Heterocyclic Compounds
2. Aromatic Heterocyclic
Compounds.

Aliphatic Heterocyclic Compounds

Aliphatic heterocyclic compounds are
those cyclic heterocycles that do not
contain any double bond.
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The properties of aliphatic heterocyclic

compounds are mainly affected due to ring
strain. S s aniaceaenls

l

Examples of aliphatic  heterocyclic
compounds are Aziridine, Ethylene Oxide,
Thiirane, Oxetane, Azetidine, Thietane, Antormdn gl
Tetrahydrofuran (THF), Dioxane,

Pyrrolidine, Piperidine, etc. ——-J—

Aromatic Heterocyclic Compound Fanmes i
|

(foore
(Throughnoormual gl

Reoplrsahiblons | | Nl | | e

Aromatic heterocyclic compounds, as the
name suggests, are cyclic aromatic

1
compounds. :

Aiesoges A progesin

Aromatic Heterocyclic compounds obey
Huckels Rule, i.e.

i Senialige | | AOze | | dorseod g
It ShOUId be CyCIIC' [ﬂhlhl[ﬂmsTSh [ﬂhlh"ﬂ(\‘\]l ]ﬂh|h|[m)[|7BHSD]\
It should be planar.
Fi ) Chsationof ol tamer g 1]
It should not contain any sp3 hybridised
atoms.
Conclusion

It must have (4n+2) m electrons.

In this study, a new series of
indazolylthiazole moieties was effectively
generated and described in a new range of
novel pyridine, pyran, furan, thiophene,
and pyrazole-carrying compounds. The
newly synthesized compounds showed

Aromatic Heterocyclic compounds are
analogous to Benzene.

Examples: Furan, Pyrrole, Thiophene,
Indole, Benzofuran, Carbazole, Quinoline,

Isoquinoline, Imidazole, Oxazole, . _
Pvrazole. Pvridazine. Pvrimidine. Purine great potency as selective anticancer drugs
e'S(/: i Y ’ ’ against both HepG-2 and Caco-2 cell lines,

with high Sl values and low IC50 values.
The antitumor activity of the synthesized
derivatives included obvious tumor cell
damage and stimulated a clear alteration of
the cell morphology in a dose-dependent
manner. Among the tested compounds,
derivatives 6 and 4 revealed potent
antitumor activity, where derivative 8
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showed the highest antitumor activity
toward both tested tumor cells with Sl
values of approximately 26 and 1C50
values of 5.9 ug/mL, attributed to the
presence of a thiazolylpyrazole moiety,
with acetonitrile, in the pyrazole ring. The
gene expression level study confirmed
apoptosis induction through upregulation
of the p53 gene (2—eightfold) in both
treated HepG-2 and Caco-2 cells. On the
other hand, compound 3 revealed
significant broad-spectrum antibacterial
activity against Streptococcus mutans
(MIC of 11.2 pg/mL) and Pseudomonas
aeruginosa (MIC of 18.29 pg/mL),
comparable to that of ampicillin MIC
(13.5 pg/mL) and ciprofloxacin
(18.7 pg/mL), which could be attributed to
the incorpo rated thiazolopyridine ring.
The newly prepared compounds revealed
low to medium antifungal activity against
Candida albicans with a maximum
antifungal activity through compound 3
(36% clotrimazole activity). Many
synthesized compounds revealed
antibiofilm formation activities (58.5-79%
inhibition) against the three applied
pathogens.  Collectively, the results
confirmed the effectiveness of newly
synthesized compounds as promising
antitumor  drugs  with  antimicrobial
activity. The current study results
encourage our research team to go deeper
into the exact antitumor/antimicrobial
mechanisms of the newly prepared potent
derivatives and explore the structural—
functional relationship.

References

1. Bray, F, Ferlay, J., Soerjomataram, I.,
Siegel, R. L., Torre, L. A, & Jemal, A. (2018).
Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for

36 cancers in 185 countries. CA: A Cancer Journal

for Clinicians, 68, 394-424.
https://doi.org/10.3322/caac.21492
2. Goodman, L. S., Wintrobe, M. M,

Dameshek, W., Goodman, M. J., Gilman, A, &
McLennan, M. T. (1946). Landmark article Sept.
21, 1946: Nitrogen mustard therapy. Use of methyl-
bis(beta chloroethyl)amine hydrochloride and
tris(beta-chloroethyl)amine  hydrochloride  for
Hodgkin's disease, lymphosarcoma, leukemia and
certain allied and miscellaneous disorders. By
Louis S. Goodman, Maxwell M. Wintrobe, William
Dameshek, Morton J. Goodman, Alfred Gilman and
Margaret T. McLennan. JAMA, 1984(251), 2255-
2261. https:// doi. org/ 10. 1001/ jama. 251. 17.
2255

3. DeVita, V. T, Lawrence, T., & Rosenberg,
S.A. (2022). DeVita, Hellman, and Rosenbergs
cancer: Principles & practice of oncology. Part IlI:
Cancer therapeutics (12th ed., pp. 218-386).
WOLTERS KLUWER.

4. O’Leary, B., Finn, R. S., & Turner, N. C.
(2016). Treating cancer with selective CDKA4/6
inhibitors. Nature Reviews Clinical Oncol ogy, 13,
417-430.
https://doi.org/10.1038/nrclinonc.2016.26

5. Rose, M., Burgess, J. T, O’Byrne, K.,
Richard, D. J., & Bolder son, E. (2020). PARP
inhibitors: Clinical relevance, mecha nisms of
action and tumor resistance. Frontiers in Cell and
Developmental Biology, 8, 564601. https:// doi.
org/ 10. 3389/ fcell.2020.564601

6. Finn, R. S., Martin, M., Rugo, H. S,
Jones, S., Im, S.-A., Gelmon, K., Harbeck, N.,
Lipatov, O. N., Walshe, J. M., Moulder, S.,
Gauthier, E., Lu, D. R., Randolph, S., Diéras, V., &
Slamon, D. J. (2016). Palbociclib and letrozole in
advanced breast cancer. New England Journal of
Medicine, 375, 1925-1936. https:// doi. org/ 10.
1056/NEJM0a1607303

7. Yardley, D. A. (2013). nab-Paclitaxel
mechanisms of action and delivery. Journal of
Controlled Release Official Journal of the
Controlled Release, 170, 365-372. https:// doi. org/
10. 1016/j. jconr el.2013.05.041

8. Khongorzul, P, Ling, C. J., Khan, F. U.,
Ihsan, A. U., & Zhang, J. (2020). Antibody—drug
conjugates: A comprehensive review. Molecular
Cancer Research, 18, 3-19. https:// doi. org/ 10.
1158/ 1541-7786.MCR-19-0582

Anveshana’s International Journal of Research in Pharmacy and Life Sciences
EMAILID:anveshanaindia@gmail.com,WEBSITE:www.anveshanaindia.com

58


pack://file%3a,,root,SECURE,tmp,.tmpint,c12b030f-7d43-4dac-9e25-86dee64339d7.docx/customXml/item1.xml
pack://file%3a,,root,SECURE,tmp,.tmpint,c12b030f-7d43-4dac-9e25-86dee64339d7.docx/word/numbering.xml
https://doi.org/10.1038/nrclinonc.2016.26

RERF

AIJRPLS

VOLUME 9, ISSUE 2 (2024, Apr/May/Jun)

(1SSN-2456-3889) ONLINE

Anveshana’s International Journal of Research in Pharmacy and Life Sciences

9. Thomas, A., Teicher, B. A., & Hassan, R.
(2016). Antibody-drug conjugates for cancer
therapy. The Lancet Oncology, 17, €254 e262.
https://doi. org/

10. 1016/S1470-2045(16)30030-4 10. Santos,
R., Ursu, O., Gaulton, A., Bento, A. P., Donadi, R.
S., Bologa, C. G., Karlsson, A., Al-Lazikani, B.,
Hersey, A., Oprea, T. I., & Overington, J. P. (2017).
A comprehensive map of molec ular drug targets.
Nature Reviews Drug Discovery,

11. Abdallah, A. E. et al. Design, synthesis
and molecular modeling of new quinazolin-4(3H)-
one hased VEGFR-2 kinase inhibitors for potential
anticancer evaluation. Bioorg. Chem. 109, 104695
(2021).

12. Zhao, M. et al. Thiophene derivatives as
new anticancer agents and their therapeutic
delivery using folate receptor-targeting
nanocarriers. ACS Omega 4, 8874-8880 (2019).
13. Kiiciikgiizel, SG. & Senkardes, S. Recent
advances in bioactive pyrazoles. Eur. J. Med.
Chem. 97, 786-815 (2015).

14, Kumar, V., Kaur, K., Gupta, G. K. &
Sharma, A. K. Pyrazole containing natural
products: Synthetic preview and biological signifi
cance. Eur. J. Med. Chem. 69, 735-753 (2013).

15. Sharma, S., Kumar, D., Singh, G., Monga,
V. & Kumar, B. Recent advancements in the
development of heterocyclic anti-inflam matory
agents. Eur. J. Med. Chem. 200, 112438 (2020).

16. Pathania, S., Narang, R. K. & Rawal, R.
K. Role of sulphur-heterocycles in medicinal
chemistry: An update. Eur. J. Med. Chem. 180,
486-508 (2019).

17. Garcia-Valverde, M. & Torroba, T. Special
issue: Sulfur—nitrogen heterocycles. Molecules 10,
318-320 (2005).

18. Singh, P. K. & Silakari, O. The current
status of O-heterocycles: A synthetic and medicinal
overview. ChemMedChem 13, 1071-1087 (2018).
19. De Vasconcelos, A. et al. Cytotoxic and
apoptotic effects of chalcone derivatives of 2-acetyl
thiophene on human colon adenocar cinoma cells.
Cell Biochem. Funct. 31, 289-297 (2013).

20. Schmitt, C. et al. Design and synthesis of a
library of lead-like 2,4-bisheterocyclic substituted
thiophenes as selective Dyrk/CIk inhibitors. PLoS
ONE 9, e87851 (2014).

21. Al-Said, M. S., Bashandy, M. S., Al-
Qasoumi, S. I. & Ghorab, M. M. Anti-breast cancer
activity of some novel 1,2-dihydropyridine,

thiophene and thiazole derivatives. Eur. J. Med.
Chem. 46, 137-141 (2011).

22. Sable, P. N., Ganguly, S. & Chaudhari, P.
D. An efficient one-pot three-component synthesis
and antimicrobial evaluation of tetra substituted
thiophene derivatives. Chin. Chem. Lett. 25, 1099-
1103 (2014).

23. Harit, T. et al. Synthesis, characterization,
antimicrobial activity and theoretical studies of
new thiophene-based tripodal ligands. J. Mol.
Struct. 1133, 74-79 (2017). 11. Ozkay Y, Isikdag I,
Incesu Z, Ciftci GA. Synthesis of 2 substituted-N-
[4-(1- methyl-4, 5-diphenyl-1H-imidazole-2 yl)
phenyl] acetamide derivatives and evaluation of
their anticancer activity. European Journal of
Medicinal Chemistry,2010; 45(8): 3320-3328.

24. Sharma D, Narasimhan B, Kumar P,
Judge V, Narang R, Clercq ED, Balzarini J.
Synthesis, antimicrobial and antiviral evaluation of
substituted imidazole derivatives. European
Journal of Medicinal Chemistry, 2009; 44(6):
2347-2353.

25. Gholap SS. Pyrrole: An emerging scaffold
for construction of valuable therapeutic agents.
European Journal of Medicinal Chemistry, 2016;
110(14): 13-31.

26. Idhayadhulla A, Surendra Kumar R,
Nasser Abdul JA, Manilal A. Synthesis of some new
pyrrole and pyridine derivatives and their
antimicrobial, anticancer activities. International
Journal of Biological Chemistry, 2013; 7(1): 15-26.
217. Mohamed MS, Abouzeid AGM and Abd-
El Hameed RH. Evaluation of the anti-
inflammatory activity of novel synthesized pyrrole,
pyrrolopyrimidine and  spiropyrrolopyrimidine
derivatives. Pharmacophore, 2012; 3 (1): 44-54.
28. Joshi S D, Kulkarni V H, Prem Kumar S
R, Basha J. Synthesis, anti-tubercular and
antibacterial activities of novel N’ (substituted)-2-
(2,5-dimethyl-1H-pyrrol-1-yl) phenyl) benzamide
derivatives.  Indo  American  Journal  of
Pharmaceutical Research, 2019; 8(1).

29. Saini MS and Dwivedi J. Synthesis and
biological significances of 1,2,4-triazole and its
derivatives: A review. International Journal of
Pharmaceutical Sciences and Research. 2013;
4(8): 2866-2879.

30. Behalo MS, Aly AA, Wasfy AF and Rizk
MM. Synthesis of some novel 1,24-triazole
derivatives as potential antimicrobial agents.
European Journal of Chemistry, 2013; 4 (2): 92-97.

Anveshana’s International Journal of Research in Pharmacy and Life Sciences
EMAILID:anveshanaindia@gmail.com,WEBSITE:www.anveshanaindia.com

59


pack://file%3a,,root,SECURE,tmp,.tmpint,c12b030f-7d43-4dac-9e25-86dee64339d7.docx/customXml/item1.xml
pack://file%3a,,root,SECURE,tmp,.tmpint,c12b030f-7d43-4dac-9e25-86dee64339d7.docx/word/numbering.xml

RERF

AIJRPLS

VOLUME 9, ISSUE 2 (2024, Apr/May/Jun)

(1SSN-2456-3889) ONLINE

Anveshana’s International Journal of Research in Pharmacy and Life Sciences

31 Akhter MW, Hassan MZ, Amir M.
Synthesis and pharmacological evaluation of 3-
diphenylmethyl-6 substituted-1,2,4-triazolo[3,4-b]-
1,3,4-thiadiazoles: A condensed bridgehead
nitrogen heterocyclic system. Arabian Journal of
Chemistry, 2014;7(6): 955-963. 20. Bekircan O and
Gumrukcuolu N. Synthesis of some 3,5- diphenyl -
4H-1,2,4-triazole derivatives as antitumor agents.
Indian Journal of Chemistry, 2005; (44B): 2107
2113.

32. Sharma, G.V.M.; Ramesh, A.; Singh, A.;
Srikanth, G.; Jayaram, V.; Duscharla, D.; Jun,
J.H.; Ummanni, R.; Malhotra, S.V. Imidazole
derivatives show anticancer potential by inducing
apoptosis and cellular senescence. Med. Chem.
Commun. 2014, 5, 1751-1760.

33. Hou, J.; Zhao, W.; Huang, Z.-N.; Yang, S.-
M.; Wang, L.-J.; Jiang, Y.; Zhou, Z.-S.; Zheng, M.-
Y.; Jiang, J.-L.; Li, S.-H.; et al. Evaluation of Novel
N -(piperidine-4-yl)benzamide Derivatives as
Potential Cell Cycle Inhibitors in HepG2 Cells.
Chem. Biol. Drug Des. 2014, 1-9.

34. Khan, I.; Ibrar, A.; Abbas, N.
Triazolothiadiazoles and triazolothiadiazines-
Biologically attractive scaffolds. Eur. J. Med.
Chem. 2013, 63, 854-868.

35. Husain, A.; Rashid, M.; Shaharyar, M.;
Siddiqui, A.A.; Mishra, R. Benzimidazole clubbed
with triazolo-thiadiazoles and triazolo-
thiadiazines: New anticancer agents. Eur. J. Med.
Chem. 2013, 62, 785-798.

36. Husain, A.; Rashid, M.; Mishra, R.;
Parveen, S.; Shin, D.S.; Kumar, D. Benzimidazole
bearing oxadiazole and triazolo-thiadiazoles
nucleus: Design and synthesis as anticancer
agents. Bioorg. Med. Chem. Lett. 2012, 22, 5438
5444,

37. Kamel, M.M.; Megally Abdo, N.Y.
Synthesis of novel 1,2,4-triazoles,
triazolothiadiazines and triazolothiadiazoles as
potential anticancer agents. Eur. J. Med. Chem.
2014, 86, 75-80.

38. Mekhail, T.M.; Markman, M. Paclitaxel in
cancer therapy. Expert Opin. Pharmacother. 2002,
3, 755-766.

39. Vrignaud, P.; Sémiond, D.; Lejeune, P.;
Bouchard, H.; Calvet, L.; Combeau, C.; Riou, J.F;
Commercon, A.; Lavelle, F; Bissery, M.C.
Preclinical antitumor activity of cabazitaxel, a
semisynthetic taxane active in taxane-resistant
tumors. Clin. Cancer Res. 2013, 19, 2973-2983.

40. Devriese, L.A.; Mergui-Roelvink, M.;
Wanders, J.; Jenner, A.; Edwards, G.; Reyderman,
L.; Copalu, W.; Peng, F; Marchetti, S.; Beijnen,
J.H.; et al. Eribulin mesylate pharmacokinetics in
patients with solid tumors receiving repeated oral
ketoconazole. Investig. New Drugs 2013, 31, 381-
389.

41. Yadagiri, B.; Holagunda, U.D.; Bantu, R.;
Nagarapu, L.; Kumar, C.G.; Pombala, S.; Sridhar,
B. Synthesis of novel building blocks of
benzosuberone bearing coumarin moieties and
their evaluation as potential anticancer agents.
Eur. J. Med. Chem. 2014, 79, 260-265.

42. Sato, T.; Yamawaki, K. Cefiderocol:
Discovery, Chemistry, and In Vivo Profiles of a
Novel Siderophore Cephalosporin. Clin. Infect. Dis.
2019, 69, S538-S543. [CrossRef]

43. FDAFETROJA(Cefiderocol) for
Injection, for Intravenous Use. Available online:
https://www.accessdata.fda.gov/drugsatfda_
docs/label/2019/209445s000Ibl.pdf (accessed on 23
June 2023).

44, Wu, J.Y.; Srinivas, P.; Pogue, J.M.
Cefiderocol: A Novel Agent for the Management of
Multidrug-Resistant Gram-Negative Organisms.
Infect. Dis. Ther. 2020, 9, 17-40. [CrossRef]

45, Yamano,Y. In Vitro Activity of Cefiderocol
Against a Broad Range of Clinically Important
Gram-Negative Bacteria. Clin. Infect. Dis. 2019,
69, S544-S551. [CrossRef] [PubMed]

46. Ito, A.; Sato, T.; Ota, M.; Takemura, M.;
Nishikawa, T.; Toba, S.; Kohira, N.; Miyagawa, S.;
Ishibashi, N.; Matsumoto, S.; et al. In Vitro
Antibacterial Properties of Cefiderocol, a Novel
Siderophore  Cephalosporin, against Gram-
Negative Bacteria. Antimicrob. Agents Chemother.
2017, 62, e01454-17. [CrossRef] [PubMed]

47. Shionogi Use of Cefiderocol in the
Management of  Gram-Negative Infections
(PERSEUS). Available online:  https://www.

clinicaltrials.gov/study/NCT05789199?term=cefide
rocol&rank=2 (accessed on 27 June 2023).

48. ElSolh, A. Ceftobiprole: A New Broad
Spectrum Cephalosporin. Expert. Opin.
Pharmacother. 2009, 10, 1675-1686. [CrossRef]
[PubMed]

49. Giacobbe, D.R.; Rosa, FG.D.; Bono,
V.D.; Grossi, PA.; Pea, F; Petrosillo, N;
Rossolini, G.M.; Tascini, C.; Tumbarello, M.; Viale,
P.; et al. Ceftobiprole: Drug Evaluation and Place

Anveshana’s International Journal of Research in Pharmacy and Life Sciences
EMAILID:anveshanaindia@gmail.com,WEBSITE:www.anveshanaindia.com

60


pack://file%3a,,root,SECURE,tmp,.tmpint,c12b030f-7d43-4dac-9e25-86dee64339d7.docx/customXml/item1.xml
pack://file%3a,,root,SECURE,tmp,.tmpint,c12b030f-7d43-4dac-9e25-86dee64339d7.docx/word/numbering.xml

\&;( ALJRPLS VOLUME 9, ISSUE 2 (2024, Apr/May/Jun)  (ISSN-2456-3889) ONLINE
- Anveshana’s International Journal of Research in Pharmacy and Life Sciences

in Therapy. Expert Rev. Anti-Infect. Ther. 2019, 17,
689-698. [CrossRef] [PubMed]

50. Morosini, M.-l.; Diez-Aguilar, M.;
Canton, R. Mechanisms of Action and
Antimicrobial Activity of Ceftobiprole. Rev. Esp.
Quim. 2019, 32, 3-10.

Anveshana’s International Journal of Research in Pharmacy and Life Sciences

EMAILID:anveshanaindia@gmail.com,WEBSITE:www.anveshanaindia.com
61


pack://file%3a,,root,SECURE,tmp,.tmpint,c12b030f-7d43-4dac-9e25-86dee64339d7.docx/customXml/item1.xml
pack://file%3a,,root,SECURE,tmp,.tmpint,c12b030f-7d43-4dac-9e25-86dee64339d7.docx/word/numbering.xml

