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ABSTRACT

Cancer cells often have a high demand for antiapoptotic proteins in order to resist
programmed cell death. Heterocyclic compounds present themselves as a fundamental
division of organic chemistry. Most clinically effective antitumor agents are inhibitors of
DNA, RNA or protein synthesis, enzyme inhibition and/or interfere with the metabolism of
other cell components, frequently lacking or displaying poor selective antitumor activity.
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. The S-heterocyclic core (Thiophene) has been reported to possess
significant importance in various fields from medicinal chemistry. Many diverse
biologically active products were prepared, several of which exhibited antimicrobial,
analgesic, anti-inflammatory, antioxidant, antitumor, local anesthetic, anticoagulant and
antithrombotic activities. Many N-heterocyclic compounds that are broadly distributed in
Nature, possess physiological and pharmacological properties and are constituents of many
biologically important molecules, including many vitamins, nucleic acids, pharmaceuticals,
antibiotics, dyes and agrochemicals, amongst many others. The base pairs of DNA and
RNA (Guanine, cytosine, adenine, and thymine) are also made up of N-heterocyclic
compounds, namely purines, pyrimidines, etc. These nitrogen-containing heterocyclic
molecules with distinct characteristics and applications have gained prominence in the
rapidly expanding fields of organic and medicinal chemistry and the pharmaceutical
industry. Finally, many of these compounds have higher activity against cancer cells using
the standard MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)assay.

KEYWORDS: Heterocyclic compounds; Breast cancer; Hepatocellular carcinoma;
Nitrogen and/or Sulfur-based heterocycles.


mailto:eladlkhaled74@azhar.edu.eg
mailto:khaled.eladl@hu.edu.eg

40 Az. J. Pharm Sci. Vol. 62, September, 2020

INTRODUCTION

Heterocycle-containing molecules are extensively studied for their synthesis and
their applications not only in medicinal chemistry, but also in optics, electronics and
material sciences. Therefore, in the last decade, considerable efforts have been performed
in designing and carrying out innovative synthetic protocols in heterocyclic chemistry to
optimize more eco-sustainable approaches. These processes, also called green chemistry,
have been applied not only in the field of medicinal chemistry, but also to natural products,
polymer syntheses, material sciences, nanotechnology, essential oil extraction and
biochemical processes (Driowya et al., 2016).

A vast number of heterocyclic derivatives observed in natural products have been
reported. On the other side, they find increasing applications such as superconductors,
optoelectronics, light emission diodes LEDs, and non-linear optical (NLO) chromophores.
Besides, their pharmacological profiles as antimicrobial, antifungal, anti-inflammatory,
anti-proliferative and antioxidant agents have led to an enduring interest in the development
of various methods for their synthesis (Shams, et al., 2011).

Heterocyclic compounds present themselves as a fundamental division of organic
chemistry. Defined by IUPAC as “cyclic compounds having as ring atoms of at least two
different elements”, heterocycles’ ring structures are in essence composed by elements
other than carbon, where the most frequent substituents are oxygen, nitrogen and sulfur.
According to the heteroatom(s) present in the ring structures, heterocycles can be classified
as oxygen, nitrogen or sulfur based and, within each class, compounds are organized based
on the size of the ring structure size determined by the total number of atoms. The type and
size of ring structures, together with the substituent groups of the core scaffold, impact
strongly on the physicochemical properties. Among the various clinical applications,
heterocyclic compounds have a considerable active role as anti-bacterial, anti-viral, anti-
fungal, anti-inflammatory, and anti-tumor drugs (Martins et al., 2015).

Most clinically effective antitumor agents are inhibitors of DNA, RNA or protein
synthesis, enzyme inhibition and/or interfere with the metabolism of other cell components,
frequently lacking or displaying poor selective antitumor activity. These traditional
antitumor agents often poorly discriminate between tumor and normal non-tumor cells,
especially those with high proliferative potential. A number of novel technologies,
including antibody-drug conjugates, transporter-related tumor targeting of small anticancer
drugs, prodrugs of anticancer agents, targeting of agents to defined (Cancer) tissues, or
specific delivery systems for anticancer drugs, have recently become subject of extensive
investigations to improve anticancer selectivity (Thomas et al., 2017).

Functional groups containing heteroatom-heteroatom bonds (X—X, where X =N, O,
S, and P) have been identified in natural products isolated from a variety of sources (Fig.
1). The diverse structures and reactivities of these motifs have captured the attention of
chemists and chemical biologists. Indeed, many metabolites containing such linkages are
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used clinically; including the N-nitrosourea-containing chemotherapeutic streptozotocin
(1)(is a naturally occurring alkylating antineoplastic agent that is particularly toxic to the
insulin-producing beta cells of the pancreas in mammals), the isoxazolidinone-containing
antibiotic D-cycloserine (2) (is an antibiotic used to treat tuberculosis), and the nitro group-
containing antibiotic chloramphenicol (3). X—X bond containing functional groups can be
essential for the activity of natural products. For example, the N-nitrosourea substituent of
streptozotocin is a precursor to diazomethane, which alkylates DNA. Similarly the presence
of both diazo groups in lomaiviticin A (4) are required for efficient generation of DNA
double strand breaks. The N-hydroxyl groups of siderophores e.g. aerobactin (5) are crucial
for chelating insoluble ferric iron and the N-O glycosidic linkage in calicheamicin (6) is
one of the most structurally complex natural products that has been developed into
an anticancer agent that is critical for optimal binding to DNA. The N-N bond of piperazic
acid imparts increased conformational rigidity compared with L-proline, potentially
impacting the activity of piperazic acid containing nonribosomal peptides, such as
kutzneride 1 (7) (Fig. 2)(Waldman, et al., 2017).
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Figure (1): X—X bond containing functional groups
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The S-heterocyclic core (Thiophene) has been reported to possess significant importance in
various fields from medicinal chemistry to material science including pharmaceuticals,
dyes, and agrochemicals. Many diverse biologically active products were prepared, several
of which exhibited antimicrobial, analgesic, anti-inflammatory, antioxidant, antitumor,
local anesthetic, anticoagulant and antithrombotic activities. The 2-amino-thiophene
derivatives enrolled as special and important intermediates in organic syntheses providing
several types of heterocyclic systems of useful applications. For the synthesis of thiophen-
2-amines, the subsequent introduction of the amino group into an existing thiophene moiety
was found to be difficult and thus remained a challenging task. Gewald method was known
as the most well-established approach for the preparation of 2-aminothiophenes, which
involved the three-component reaction of a-ketone, an activated nitrile and elemental sulfur
in the presence of basic catalyst. Activated nitriles used so far in such classical reaction
were cyanoacetic acid esters, malononitrile, cyanoacetohydrazides and benzoyl
acetonitrile,affordingthe corresponding 3-alkoxycarbonyl-, 3-cyano-, 3-carbamoyl-, and 3-
benzoylthiophen-2-amines respectively. The research article aimedto synthesize some
thiophene derivatives based upon newly prepared 5-acetyl-4-([4-acetylphenyl]amino)-2-
aminothiophene-3-carbonitrile (8) of expected antitumoragents (Schemes 1-3) against two
human tumor cell lines namely; hepatocellular carcinoma (HEPG-2)and mammary gland
breast cancer (MCF-7)(Table 1). A molecular modeling study was carriedout to predict the
reactive sites in the thiophene moiety and the biological reactivityagainst the tested tumor
cell lines(Khalifa & Algothami, 2020).
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Scheme 1:Preparation of 5-acetyl-4-((4-acetylphenyl)amino)-2-aminothiophene-3-
carbonitrile (8)
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Table (1): Effect of the synthesized compounds (12a-c) on the growth of tumor cell lines
under investigation comparing with positive control (Doxorubicin)

In vitre Cytotoxicity ICso (uM)

Compd.
HEPG2 MCF-7
Doxorubicin 4.50+0.3 4.17+0.2
12a 13.78+1.3 15.81+1.4
33.78 +2.9 42 .96+3.2
12b
16.29 +1.5 17.47+1.7

12¢

Benzothiazole derivatives (Scheme 4) have attracted a great deal of interest due to
their anticancer; antitumor; anticonvulsant; antiviral; antibacterial; antimicrobial; and
fungicidal activities. They are also useful as anti-allergic, anti-inflammatory and
anthelmintic agents and as appetite depressants, intermediates for dyes, plant protectants,
histamine H2antagonists and photographic sensitizers. On the other hand, careful literature
survey revealed that thiazole, thiophene and pyrazole ring systems have occupied a unique
position in the design and synthesis of novel biologically active agents with remarkable

analgesic and anti-inflammatory activities in addition to their well-documented potential
antimicrobial activities (Bondock, et al., 2010).
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Scheme (4): Synthetic route fordifferent thiazoles



44 Az. J. Pharm Sci. Vol. 62, September, 2020

Nitrogen-based heterocyclic chemistry is an important and unique class among the
applied branches of organic chemistry, with a significant amount of research dedicated to
the development of novel molecules and composites. Many N-heterocyclic compounds that
are broadly distributed in nature, possess physiological and pharmacological properties and
are constituents of many biologically important molecules, including many vitamins,
nucleic acids, pharmaceuticals, antibiotics, dyes and agrochemicals, amongst many others.
The base pairs of DNA and RNA (Guanine, cytosine, adenine, and thymine) are also made
up of N heterocyclic compounds, namely purines, pyrimidines, etc. These nitrogen-
containing heterocyclic molecules with distinct characteristics and applications have gained
prominence in the rapidly expanding fields of organic and medicinal chemistry and the
pharmaceutical industry. Furthermore, the electron-rich nitrogen heterocycle is not only
able to readily accept or donate a proton, but it can also easily establish diverse weak
interactions (Martins et al., 2015).

A glance at the FDA databases reveals the structural significance of nitrogen-based
heterocycles in drug design and engineering of pharmaceuticals. Nearly 75% unique small-
molecule drugs contain
a nitrogen heterocycle. The N-heterocyclic skeletons feature significantly various classes of
therapeutic applications and are used as the building blocks of a number of new drug
candidates, due to the ability of the nitrogen atom to easily form hydrogen bonding with
biological targets. A vast number of nitrogen-containing heterocyclic compounds are
known to exhibit a wide range of pharmacological activities including anticancer, anti-HIV,
antimalarial, anti-tubercular, anti-microbial and diabetic activities. A measure of their
importance in the design of nitrogen heterocycles can be seen by the over 97,400
publications on nitrogen heterocycles that have appeared between 2009 and early 2020, as
illustrated in (Fig. 3), of which 12,615 publications have been reported in the year
2019(Kerru, et al., 2020).
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Figure (3):Publications on nitrogen-based heterocycles from2009 to early 2020

Reactions of cyanoacetic acid hydrazide with  numerous reactants
(Nucleophiles and electrophiles) are used in synthesis of a variety of polyfunctional
heterocyclic compounds of biological interest(Fig. 4). Cyano-acetohydrazide has a
hydrazine component. Hydrazines and their derivatives constitute an important class of
compounds that has found wide utility in



organic synthesis. The chemistry of the carbon—nitrogen double bond (Schemes5&6)of
hydrazoneis becoming the backbone of condensation reactions in benzo-fused N-
heterocycles,which also constitute an important class of anticancer agents. Many
derivatives exhibited potent anticancer activities against liver and breast cancer cell lines
Ithas been claimed that a number of hydrazide
hydrazone(Fig. 5)derivatives possess interesting bioactivity. Reaction of cyanoaceto-
hydrazide withvarious reactants results in unique properties, many of which are still

compared to doxorubicin(Tables 2&3).
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unknown(Hosseini & Bayat, 2018).

Fig. (4): Summary of various heterocyclic compounds synthesized using
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Scheme (5): Sulfonamide with pyridine moiety (C=N bond) as anti-liver cancer

Table (2):In vitro anticancer screening of the synthesized compounds 15, 16, 17 against

compounds

human liver cancer cell line HepG2

Cpd. no, Compound concentration (pM) ICq; (pM)
5 12.5 23 50
Surviving fraction (mean + SE*
Doxorubicin 0.721 + 0.020 0.546 + 0.020 0.461 = 0.010 0,494 + 0.030 36.3
215a 0.891 + 0.085 0.719 £ 0.028 0.464 = 0.067 0.417 £ 0.030 35.3
25h 1.048 + 0.073 0.726 + 0.068 0.547 +£0.247 0367 +£0.116 358
26a 0.881 + 0.054 0.778 + 0,056 0.361 +0.023 0.242 + 0.025 28.0
26h 0.837 + 0.027 0.530 = 0.058 0.349 = 0.042 0.293 + 0.026 26.0
273 0.748 + (.049 0.556 + 0.009 0.312 + 0.044 0321 £0.023 25.5
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Also, hydrazide-hydrazones and their derivatives are important class of compounds
which are used in organic synthesis. As antibiotic resistant organisms have become more
common place, the pipeline for the discovery of new antimicrobial agents has decreased.
The pharmacological profiles are their antimicrobial; anti-tubercular; anticonvulsant; anti-
inflammatory; antidepressant; analgesic and antitumor (Fig. 4&5)activities. Few
hydrazones act as orally effective drugs for the treatment of iron overload disease or genetic
disease-thalassemic. We focused our work on developing novel poly-functionalized
heterocyclic compounds with potential bioactivity (Jadeja et al., 2015).
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Scheme (6):1,2-Dihydropyridines as anti-breast cancer compounds

Table (3):In vitro anticancer screening of synthesized compounds 20b, 20f against human
breast cell lineMCF7

Cpd. no. Compound concentration (ph) 1C; (pM)

10 25 50 10D
Surviving fraction (mean £+ SE)*

Doxorubicin ~ 0.721 + 0.020  0.546 + 0.020 0461 +0.010 0494 + 0.030  32.02
30b 0925 +0.032 0647 +0.024 0681 +£0.023 0641 +0015 255
30f 0818+ 0044  0723+0012 0622+0014 0553+ 0065 20,6
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Many pyrazole derivatives (Scheme 7)have attracted considerable attention in the
recent years for their diverse biological activities. They are also acknowledged for their
anticancer activities(Table 4). Moreover, the chemistry of fused pyrazolo- and thieno-
pyrazole derivatives has drawn great attention due to their pharmacological importance.
Such excellent pharmacology encouraged us to synthesize novel pyrazole derivatives with
evaluation of their antitumor activities (Mohareb et al., 2012).
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Table (4):1n vitro anticancer screening of synthesized compounds 31-36

Compound Glsy (mol L_.}

] MCF-7 NCI-H460 SF-268
3da 0.01 =0.001 0.01 = 0.008 0.02 = 0.001
34b 160 =36 00+=24 185 = 6.0
35a 506129 3488 44 8 £ 6.6
ash 0.1=0.02 0.4 =001 0.4 = 0.08
asc 124+82 10.1+28 82+ 1.8
35c 6.2+ 1.6 42+ 1.8 27+0.6
3sd 0.2 =001 0.1 = 0.06 0.3 =005
A6a 0.02 £ 0.008 0.03 £+ 0.008 0.01 £ 0.004
36h 2000 = 3.6 220+24 31.5+80
36e 0.03 = 0.006 0.01 = 0.006 0,03 = 0,005
36d 1.9+09 06=18 0.8 = 0.08

Doxorubicin 0.04 = 0008 0.09 =+ 0.008 0.09 = 0.007

Pyridine derivatives are currently an important group of organic compounds that are
used as bactericides, fungicides, and anticancer agents. Furthermore, 2-pyridones represent
a unique class of pharmacophores (Fig. 6), found in various therapeutic agents. Pyridine
and its substructures are widely scattered anddominantly found in natural products,
pharmaceuticals, vitamins, and other functional as well as essential materials(Hosseini &
Bayat, 2018).Pyridines have been reported as biologically interesting molecules and
precursors for the synthesis of triazolo[1,5-a]pyridines. Several methods have previously
described the synthesis of triazolo[1,5-a]pyridines from 1,6-diaminopyridines. Moreover,
triazolo[1,5-a]pyridine systems are reported to be useful compounds as pharmaceuticals,
fluorescent brighteners, completing agents, herbicides, cyan dye mixture for thermal color
proofing, and as jet-printing ink agents. Recently, derivatives of this ring system are
prepared from N -arylmethylidene-2-cyanohydrazide. Triazolo[1,5-a]pyridines have also
been prepared by ring transformation of triazolo[4,3-a]pyridineand from 2-thioxopyrones
(Basyouni, 2003).
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Fig. (6): 2-Pyridones as a pharmacophore for various pyridine heterocyclic compounds

There are numerous reports available in the literature, which indicate the potential.
6-(4-Hydroxy-2-methyl-phenyl)-2-(p-sulfamylphenyl)-4,5-dihydropyridazine-3(2H)-one
showed high activity against HL-60 (TB) (Leukemia), anticancer effects of
pyridazinonesSR (Leukemia), NCIH522 (non-small-cell lung cancer), and BT-549 (Breast
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cancer), the p-methoxydichloropyridazone displayed a good inhibition of tumor growth in
mice for the resistant MAC16 cell line. Some diphenylpyridazine derivatives (Particularly
NSC 351478) (Fig. 7)were effective in the treatment of P388 leukemia in mice. The
substituents at position 2 of the pyridazinone ring do not fall into a clear pattern; alterations
at this position can have major effects on the activity of the resulting compounds.
Hydrazides are very useful starting materials for the construction of several heterocyclic
compounds such as 1,3,4-oxadiazoles, 1,3-thiazoles, 1,3,4-thiadiazoles, 1,24-
triazoles,1,2,4-triazolo[3,4-b]-1,3,4-thiadiazoles  1,2,4-triazolo[3,4-b]-1,3,4-thiadiazines,
pyrroles and pyrazoles(Shaker & Marzouk, 2016).
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Fig. (7):Anticancer pyridazine derivatives

Quinolines and their derivatives with specific substituents at appropriate positions
have attracted much interest in synthetic and medicinal chemistry. They have a wide range
of chemotherapeutic activity including antimicrobial, antimalarial, antitumor, anti-
inflammatory and antiparasitic activity. Among quinolines, 2-chloro-3-formylquinolines38
(Scheme 8) are versatile precursors and have been used as building blocks for synthesis of
annulated quinolines(Scheme 9)with potential biological activity. Several quinoline
derivatives showed potent anticancer activities against breast cancer cell lines (Table
5)(Bondock, 2015).
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Table (5): Cytotoxicity (1Csp) of the tested compounds against MCF-7 cell lines

Compounds ICa, (pug/ml)™®
MCF-7

40 2045 = 2.18

41a 6.67 4+ 1.18

41h 0.010 %= O0.006

42 22.05 + 10.22

42¢ 33.60 %= 4.60

Tetrahydroquinolines are important building blocks in synthetic heterocyclic
chemistry and their use in the preparation of pyrazole[3,4-b]Jquinolines and
benzo[b]naphthyridine derivatives has been reported recently. Pyrazolo[3,4-b]quinoline
derivatives are used as pharmaceutical agents and as inhibitors of oncogenic Ras
(RAS proteins are essential components of signalling pathways that emanate from cell
surface receptors). Interesting pharmacological properties have also been associated with
benzo[b]naphthyridine derivatives, which possess antitumor, trypanocidal and DNA
binding properties and are antimicrobial agents (Elkholy, 2007).

Thiazoles are aromatic five-membered heterocyclic compounds that contain sulfur
and nitrogen at position 1 and 3, respectively. They are involved in many of the natural
products for example; the thiazolium nucleus is a component of vitamin thiamin (B1) and
thiamine pyrophosphate (TPP) (Abdel-Galil, et al., 2018).

One of the most powerful heterocyclic compounds is 1,3-thiazole ring, which
exhibited potent anticancer activity against various types of cancer. Also,
pyrazolylthiazoles(Scheme 10)showed anticancer activity against human malignant
hepatoma HepG2, MCF-7, and human lung cancer. The outcomes showed that some of the
tested samples revealed powerful activity against human breast cancer cell line(Table
6)(Abbas, et al., 2017).

Thiazoles and their derivatives have attracted continuing interest over the years
because of their varied biological activities, recently found application in drug development
for the treatment of allergies; hypertension; inflammation; schizophrenia; bacterial; HIV
infections; hypnotics and more recently for the treatment of pain, as fibrinogen receptor
antagonists with antithrombotic activity and as new inhibitors of bacterial DNA gyrase B
(Gouda, et al., 2010).
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Table (6): Cytotoxicity (I1Csp) of the tested compounds against MCF-7 cell lines

Compound 1C 5 (pg/mL) Compound [T (pg/mL)
44a e+ .22 45d 090+ 1.22
14c B.11=0.82 45e 1000 =111
44d 833087 45f 8.65 = 0.90
44e 8.77= .00 45g £.10 = 0.80
452 32.10+£3.32 438 3132+ 3.50
45¢ 2R.00 L 3.00 Tamoxifen 200 =094

Thiazole derivatives have gained considerable attention because of their broad biological
activities that include antidiabetic, antimicrobial, anti-inflammatory, anticancer, anti-
Alzheimer, antihypertensive, antioxidant and
hepatoprotective activities. In addition, many thiazole-containing drugs such as Abafungin,
Alagebrium, Acotiamide, Amiphenazole, Brecanavir, Cefepime, Carumonam and
Cefmatilen are commercially available. Different thiazolylpyrazoles (Scheme 11) showed a
weak hepatoprotective effect (Table 7) against CCls-induced liver damage suggesting their
usage as a candidate starting materials for the synthesis of more potent hepatoprotective
drugs(Abu-Melha et al., 2019).

Table (7): Cytotoxic activity of the synthesized thiazolylpyrazoles against HepG-2, HCT-
116 and MCF-7 cell, expressed as 1Csp values and compared to doxorubicin the standard
drug.
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Compounds so (ng/
HepG-2 HCT-116 MCF-7
d6c 13.1 £ 04 254 +13 139 409
46d 114 +02 14.8 + 0.6 736 £ 04
46g 74402 118 + 05 377 % 0.2
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Scheme (11): Synthesis of thiazolylpyrazoles47a-h
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