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ABSTRACT: The development of effective therapeutic strategies for various
remedial conditions often involves the exploration of synergistic interaction between
two pharmacophores. The most frequent methods for multidrug therapy combining
two or more active ingredients into a single, and creating hybrid molecular entities
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that can modulate numerous targets interaction gives a synergistic effect. As a result,
the structural activity relationship is becoming more and more common in the form
of hybrid molecules (multiple ligand approach) such as chalcone-isatin, ferrocene-
isatin as well as ferrocene-chalcone combinations possesses multiple biological
properties such as antitubercular, anticancer, antibacterial, Antimalarial, anti-
inflammatory which having synergistic activity due to their combination as well as
their substitutions like electron donating and withdrawing group. The evaluation of
synergistic drug combinations offers promise in overcoming challenges such as drug
resistance, dose-dependent toxicity, and suboptimal treatment responses. To
determine the significance of the notion of molecular hybridization, the
pharmacological potency of the hybrid molecules is compared to those of their
separate counterparts. This review underscores the promising role of chalcone-isatin,
ferrocene-isatin and ferrocene-chalcone hybrids as versatile agents with a broad
spectrum of physiological activities. These compounds offer a myriad of
opportunities for innovative drug design and development, making them a
captivating area of research in modern pharmacology and medicinal chemistry as
well as they give a synergistic effect on different target systems.

INTRODUCTION: The molecules must be
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Since it is always advantageous to modify a known

specifically designed in order to optimise various
properties. The most popular chemical entities to
work on for developing modified scaffolds with
much improved and amazing properties in the area
of biology as well as medicinal science are the
hybrid molecules, obtained by the combination of
structural features of two differently active
fragments.
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pharmacophore for the development of a new drug,
hybrid molecules are obtained by combining
structural features of two known pharmacophores.
Combining two molecular entities displays peculiar
characteristics and is derived from the naturally
occurring variety of scaffolds with various
biological profiles *.

The synthesis of hybrid molecules and the
assessment of these compounds as potent drugs and
diverse pharmacological agents have been steadily
increasing during the last twenty years. Significant
work has been put into creating novel tactics to
combat medication resistance and increase
specificity 2. Heterocyclic compounds are a
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significant class of chemical compounds with
notable biological and pharmacological effects * *.
The hybridization of the chalcone and ferrocene
nucleus  moiety  with  other  anticancer
pharmacophores such as is a tin represents a
promising strategy to develop novel anticancer
agents with high efficacy as well as other biological
activities such as antitubercular, anthelmintic,
antibacterial, analgesic, and anti-inflammatory.
Each sort of pharmacological entity is broken down
into two main subsections, one of which includes
just synthetically created pharmacophoric groups
and the other of which include hybrids
manufactured from natural product
pharmacophores. The purpose of this review was to
provide a concise summary of the most recent
research on the synthesis and assessment of hybrid
molecules for various drug classes and to assist the
entire  scientific community (both seasoned
researchers and newcomers) in creating and
developing better pharmacological entities. Hybrid
molecules not only have more advantageous
properties such as enhanced activity and improved
specificity, but also could overcome drug
resistance. Overall, chalcone and isatin conjugation
as well as ferrocene and chalcone conjugation has
resulted in the creation of substances with
enhanced biological activities and fewer difficulties
when compared to their distinct use >°.

Chalcone: According to their chemical makeup,
chalcones, also known as 1,3-diaryl-2-propen-1-
ones, are open-chain flavonoids in which the two
aromatic rings are connected by a three-carbon, o—
B-unsaturated carbonyl system. Many chalcones
that are found in nature have polyhydroxylated aryl
ring '. The Greek word Chalcos, which means
bronze, is where the word Chalcone comes from.
Chalcones can exist in both cis and trans isomeric
forms, with the trans form having the advantage
thermodynamically. However, since removal of
this structural component results in a loss of
bioactivity, it is likely that the common, a- B-
unsaturated ketone moiety is what is responsible
for the diverse biological activities seen. New
bioactive chalcone-like compounds have been
created by modifying both rings while leaving this
moiety alone Multiple functional group-
containing chalcones displayed a broad range of
biological activity, including antibacterial °*,
antimalarial ** 3, antitumor ***°, anti-inflammatory
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1%, antiprotozoal ', anti-HIV *®, anti — oxidant ** %,

and antiulcer properties.  Additionally,
antioxidant, antibacterial, anticancer, and anti-
malarial properties of chalcones and their
analogues had been discovered %23,

Synthetic pathway for Chalcone:

Heck Coupling: As shown in Fig. 1 ?* creation of
chalcones by combining aryl boronic acids and aryl
vinyl ketones over the creation of C-C bonds.
Under catalytic circumstances, aryl vinyl ketones
are combined with aryl iodides or aryl boronic
acids to create chalcone derivatives in exceptional
yi9|d5 (Pd (ODAC)z, PhsP, K,COs, DMF) Using
palladium catalysts, aryl halides were carbonylative
vinylated with styrene in the presence of carbon
monoxide to produce chalcones *°.

Suzuki-Miyaura Coupling:  Another  more
noteworthy metal-catalysed cross-coupling process
is the Suzuki-Miyaura coupling, which produces
chalcones from two chemical components that are
electrically divergent 2°. According to a number of
chalcones were produced by combining cinnamoyl
chloride with different aryl boronic acids while
using Pd (PPhs)s, Cs,COg3, and anhydrous toluene
in an argon environment. However, the yields were
only average ?’.

Friedel-Crafts Acylation: This approach, which is
extremely uncommon, was utilised to produce 3
highly substituted chalcones. Using Friedel-Crafts
acylation with a Lewis acid catalyst, Shotter et al.
(1978) created chalcones. Chalcones are produced
via cinnamoyl chloride's acylation of aromatic
ethers in the presence of a potent Lewis acid
catalyst, AICI; %,

Witting Olefination: Chalcones were produced in
THF over 30 hours at reflux or for three days in
benzene at reflux wusing triphenyl benzoyl
methylene  phosphorane and  benzaldehyde
(Ramirez and Dershowitz 1957). Additionally, Xu
et al. (1995) reported employing Witting
olefination over a5- or 6-minute reaction period to
synthesise chalcones with exceptional yields .

Sonogashira Isomerization Coupling: In a
boiling mixture of trimethylamine and THF, under
inert gas conditions, over 16-24 hours, coupling of
terminal alkynes with aryl halides while using a
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palladium catalyst paired with a co-catalytic
quantity of Cul *.

Julia—Kocienski Olefination: A novel Julia
coupling reagent, heteroaryl sulfonyl
phenylethanone, and aromatic aldehydes were
condensed in a basic media to produce a variety of

E-ISSN: 0975-8232; P-ISSN: 2320-5148

chalcones. Undec-7-ene (DBU) and 1,8-
Diazabicyclo (benzo[d]thiazol-2yl-sulfonyl) for the
creation of chalcones by Julia-Kocienski
olefination, phenylethanone is the ideal base and
Julia reagent pair (in Fig. 1) .
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FIG. 1: SYNTHETIC PATHWAYS OF CHALCONE

Isatin: Isatin (1-indole-2,3-dione), a nitrogen-
containing heterocyclic molecule also known as
indole quinine and indenedione, stands out as a
privileged moiety with a variety of biological
activities and is regarded as a bio-active
heterocyclic moiety. Isatin is a structural mixture of
a nitrogen-containing five-membered ring and a
six-membered benzene ring. One ring is aromatic
while the other is anti-aromatic, despite the fact
that they are both on the same plane. Two different
rings and a single carbon atom are shared by
"spiro” polycyclic molecules. The well-known
natural chemical isatin, also known as indoline-2,3-
dione or indole 1H-2,3-dione, is present in plants of
the genus Isatis and Couropita guianancis aubl 3%
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%% There has been a lot of interest in the research as
well as pharmacology of isatin derivatives in recent
years due to their various activities and privileged
electronic properties. The isatin derivatives have a
variety of pharmacological activities, including
anticancer activity against various cancers 3* %,
antibiotic, antidepressant properties ¢, anxiolytic,
sedative, anticonvulsant properties %', antibacterial,
antifungal, and antidiabetic effects *®.

Chemical Properties of Isatin: Isatin itself can
generate hybrid molecules because of its flexible
locations, which are capable of a wide range of
reactions. While the -NH group in isatin can be N-
alkylated, N-arylated or N-acylated, the reactivity
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of the carbonyl group at position C-2 can be
investigated for the production of spirocyclic
compounds, such as indigo and indirubins. Indole
reacts with an alkyl halide in the presence of
sodium hydride to produce N-alkylated indole,
whereas it reacts with an alkyl lithium in the
presence of lithium aluminium hydride to produce
3-alkyl indole [Route 1]. In DMF solvent [Routes 2
and 8], the first -NH position may be alkylated or
acetylated with the aid of a base. In the presence of
silver salts, the second position can be transformed
into O-alkylated Regio isomers by using an alkyl
halide [Route 3]. In ** % some of the most typical
reactions to isatin are depicted. At the fifth position
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of [Route 4], the common electrophilic substitution
process, such as halogenation, nitration, or
sulphonation, takes place. Isatin can be made from
anthranilic acid, but it can also be transformed back
into the acid by oxidation in the presence of
hydrogen peroxide or chromium trioxide/acetic
acid [Route 5]. Another is alkene production via
the Witting reaction employing phosphonium ylide
at the third position of isatin [Route 6]. Indole
reacts with an alkyl halide in the presence of
sodium hydride to produce N-alkylated indole,
whereas it reacts with an alkyl lithium in the
presence of lithium aluminium hydride to produce
3-alkyl indole [Route 7] as shown in Fig. 2 **
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FIG. 2: CHEMICAL PROPERTIES OF ISATIN

Synthetic Pathway for Isatin: The method
involved cyclization of N,N-diphenyloxalimidoyl
dichloride in the presence of concentrated sulphuric
acid [Route 1]. The isatin compound was also
obtained from O-nitro benzoyl chloride which
converted into cyanide with the help of potassium
thiocyanate and then into acid via hydrolysis.
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Further, the nitro group is reduced into amino and
then cyclization takes place to form isatin [Route
2]. The Sandmeyer process involves a condensation
reaction between primary arylamine and chloral
hydrate in the presence of hydroxylamine and
sodium sulphate [Route 3]. The next method is the
conversion of ethyl-2-aminobenzoate to phenyl 2-
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(2-aminophenyl)-2-oxoacetate, which undergoes
cyclization to form isatin [Route 4]. The other
method includes the conversion of p-amino toluene
into oxindole derivatives on heating with
dichloroacetic acid which on further oxidation and
hydrolysis, give isatinderivatives [Route 5]. Isatin
derivatives were also synthesized by treating
azalactones of ortho-nitro benzaldehydes with 10%
sodium hydroxide under reflux [Route 6] *. The
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functionalization of aniline with oxalyl chloride to
get chlorooxalylanilide, which upon cyclization in
the presence of Lewis acid gives isatin. The uses
aniline as starting material, converted into 2-0xo-2-
(phenylamino) acetyl chloride by reacting with
phosgene chloride, which further undergoes
hydrolysis to vyield isatin [Route 7] *. The
synthesis  includes  cyclization  from  2-
aminobenzoyl cyanide synthesized from the

other method i.., Stolle process uses N- different starting materials [Route 8] in Fig. 3 **.
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FIG. 3: SYNTHETIC PATHWAYS OF ISATIN
Ferrocene: Ferrocene has cyclopentadienide physiologically active organic pharmacophores

ligands that form a C,Hs bond with the ion such
that the iron is located in the complex's centre,
forming a sandwich structure **. A lipophilic,
electron-donating substance without any hydrogen
bond acceptor or donor properties is ferrocene. The
kind of the substituents on the ferrocene ring has a
significant impact on this process, which the
ferrous ion can go through reversible oxidation-
reduction “*. The activity profiles of the
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have been significantly improved by the addition of
metal complexes. The ferrocenyl (Fc) moiety is
thought to be the most desirable of all the
metallocene’s because of its distinctive qualities,
including non-toxicity, neutrality, and chemical
stability. Due to its high and unexpected stability,
Wilkinson and Fischer “° did not separately propose
the right structure until shortly after. Woodward
gave the new compound the name "ferrocene™
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because of its similarity in reactivity to benzene.
Ferrocene and its derivatives are highly well-liked
compounds for biological applications and for
conjugation with biomolecules due to the stability
of the ferrocenyl group in aqueous, aerobic
environments, the accessibility of a wide variety of
derivatives, and its attractive electrochemical
properties.

Synthetic Pathways of Ferrocene: The Grignard
reagent is treated with iron chloride (I1), ferrocene
was formed [Route 1]. Cyclopentadiene is treated
with sodium metal to form cyclopentadienides,
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which on reacting with FeCl, formed ferrocene
[Route 2]. Cyclopentadiene treated with iron
chloride in the presenceof a strong base, ferrocene
was obtained [Route 3]. Using laboratory method
of preparation ferrocene, cyclopentadiene treated in
presence of strong base and the further intermediate
reacted with iron chloride (I1) [Route 4].

Cyclopentadienides in presence of sodium and
xylene formed intermediate, then it treated with
FeCl, and THF to formed ferrocene [Route 5] in
Fig. 4 %7
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FIG. 4: SYNTHETIC PATHWAYS OF FERROCENE

Chalcone-isatin/Chalcone-ferrocene / Ferrocene-
isatinsynergistic Conjugates with Different
Biological Activities: In this account, "hybrid
molecules” are defined as chemical entities with
two (or more) structural domains that serve
different biological functions. "Chimeric structure™
is another possible name, but "hybrid" is preferred.
"Dual activity" or “synergistic activity” refers to a
hybrid molecule's capacity to act as two different
pharmacophores “®. The hybrid molecule's two
halves may or may not be targeting different
biological targets. Contrast these hybrid
compounds with prodrugs. Chalconeand ferrocene

International Journal of Pharmaceutical Sciences and Research

moiety hybridization with other pharmacophores
like isatin represents a promising strategy to
develop novel anticancer agents with high efficacy
because hybrid molecules not only have more
advantageous properties such as enhanced activity
and improved specificity, but also could overcome
drug resistance.

Chalcone hybrids have been created in large
quantities and tested for their anticancer activity
recently. Some of them showed good in-vitro and
in-vivo potency, indicating their promise as
possible anticancer medicines .
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Antitubercular Activity: Singh et al, in
2018examined a number of novel piperazyl-alkyl-
ether link 7-chloroquinoline-chalcone/ferrocenyl
chalcone moiety were produced and tested for their
anti-mycobacterial activity against the mc? 6230
strain of Mycobacterium Tuberculosis.

The results of the Quantitative Structure - activity
Relationship (SAR) revealed that (in Fig. 5A), the
activities were influenced by the type of aryl ring in
the chalcone and the size of the alkyl chain utilised
as a spacer. Most of these combinations were
inactive among the conjugates that had a methyl
substitution on chalcone ring. Fluoro's substitution
of a methyl group with just an electron-
withdrawing substituent did not significantly
increase activity. But even at shorter chain lengths,
the anti-mycobacterial activity was significantly
enhanced by the addition of an electron-donating
methoxy group at the C-4 position of chalcone ring,
with compounds 1la (n=2) and 1b (n=4) exhibiting
MICsy values of 15 and 41 pg/mL, respectively.
Also at longer chain lengths, the activities were lost
when a further methoxy group was added to the
aromatic ring using 2,3,4-trimethoxybenzaldehyde
as an aldehyde equivalent. Remarkably, the anti-
tubercular actions were generally improved by the
substitution of the ferrocene nucleus for the
aromatic ring, with conjugates 2a (n=4), 2b (n=5),
and 2c¢ (n=6) showing MICs, values of 29, 14, and
22 pug/mL, respectively. The most effective
compound (in Fig. 6 [1, 2]) in the series was the
ferrocenyl-chalcone hybrid 2b with pentyl chain as
spacer, which had a Minimum Inhibitory
Concentration (MIC) of 14 pg/ Ml >,

Singh et al., in 2017 examined ferrocenylchalcone,
created by incorporating a ferrocene scaffold into
the chalcone core, either dramatically increases the
biological activity. It is possible to attribute the
dependency of activity on the formal oxidation
potential for the improvement in biological effects
brought about by the addition of a ferrocene core *%.
Cu-promoted azide-alkyne cycloaddition processes
were used to synthesise 4-aminoquinoline-
ferrocenylchalcone conjugates, were then tested for
their anti-tuberculosis properties >*. The SAR of the
result revealed that (Fig. 5 [B]) having the types of
substituentson the quinoline ring and the length of
the alkyl chain utilised as a spacer were both found
to affect the activity profile of the produced
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conjugates. The MICgyg value for conjugates having
a piperazine ring at the C—4 position of quinoline
was 55uM and the activity decreased with
increasing chain length. Except for the compounds
which had MICgyg values in the range of 55-60uM,
the antitubercular activity were reduced when the
piperazine ring was replaced with an aminophenol.
When compared to conjugates with cyclic linkers,
the activity profiles were significantly improved by
the addition of an acyclic, flexible amino-alcohol
chain on the quinoline ring (piperazine and
aminophenol). Containing MICgyy values ranging
from 38 to 55uM, the conjugates with an amino—
ethanol as a linker demonstrated strong anti—
tuberculosis action. The activity profiles were
further enhanced by the substitution of
aminopropanol for aminoethanol, with MICgg
values falling between 30-40uM. The most
effective of the produced conjugates, with a MICgg
value of 30uM, was conjugates compounds, which
had the quinoline ring substituted with
aminopropanol in the best possible way and a
pentyl chain length added as a spacer. The most
potent antitubercular activity of compounds such as
3a (37£3uM), 3b(37+£3uM), 3c(37£3uM) and
3d(30+3uM) had the most potent onces (in Fig. 6
[3]). Comparing the activity profiles of the
conjugates  with  acyclic  flexible  chains
(aminoethanol/ aminopropanol) and those with
cyclic substituents (piperazine/aminophenol), it
was found that the former had better activity
profiles .

Kumar et al., in 2013 examined 1H1,2,3-Triazole-
Tethered Spiroisatin, Ferrocene, and Isatin
Conjugates were synthesised and assessed for their
anti-mycobacterial activity against Mycobacterium
Tuberculosis.

According to the Quantitative Structure - activity
Relationship (SAR) results revealed that (in Fig. 5
[C]), adding a ferrocene nucleus significantly
improves the activities profiles both for N-
alkylazidospiroisatins and N-alkylazidoisatins. The
lengths of the alkyl chain, the kind of substitution
at the C-5 positioning of the isatin, and whether a
ketocarbonyl or ketal unit is present at the C-3 of
anisatin rings are also found to be unrelated to the
activity profiles. The compound 4a and 4b exhibits
strong activity with MIC ranges of 144-287uM and
137-274uM, respectively. Further introduction of
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the ferrocene ring increases the activity such
compound 5a and 5b gives off strong activity
within the MIC ranges such as 194uM and 189
MM. The compound such as 4a, 4b, 5a and 5b had
the most potent activity (in Fig. 6 [4,5]) *°. Kumar
et al, in 2013 examined the antitubercular
structure—activity interactions within the isatin—
ferrocene triazole conjugate family, 16 distinct
triazoles had been synthesised using a Cu—mediated
azide—alkyne cycloaddition technique. The SAR of
the result revealed that(fig 5 [D]), the ferrocene
nucleus was introduced among precursor N-alkyl
azidoisatin, with a preference for halogen (F, Cl)
substituent at C-5 position of isatin and propyl
chain length as a spacer, and antitubercular
evaluation experiments showed a considerable
improvement in activity. The inclusion of a fluoro-
substituent at the C-5 position of the isatin ring
increased the activity profiles when compared
between N-alkyl azido-isatins linked via an ethyl
linker. When N-alkyl azido-isatins with propyl
linkers were compared in a similar way, it was
discovered that with the chloro substituent had the
best activity profile out of all the test compounds.
With the addition of the ferrocene nucleus to the
series, the antitubercular efficacy had improved,
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with hybrids and that include fluoro and chloro
substituents at the C-5 positions, respectively, as
well as a propyl linker, demonstrating superior
activity among the isatin—ferrocene hybrids (158-
167uM). Using Cu-mediated azide-alkyne
cycloaddition processes, the present article presents
the synthesis of isatin-ferrocene and introduction of
chalcone group to forms isatin-ferrocenylchalcone
hybrids and their assessments as anti-TB
compounds which was irrespective of the
substituent at C-5 position. When their
antimycobacterial activity was tested, it was
discovered that the activity profile was dependent
on the isatin ring's C-5 substituent and the length of
the alkyl chain, with an affinity for halogen
substituents (F, Cl) and a longer chain length (n =
3) in the case of isatin-ferrocene hybrids. Without
regard to the presence of C-5 substituents or the
length of the alkyl chain, the antimycobacterial
activity of the synthesised isatin-
ferrocenylchalcone hybrids was enhanced by the
addition of a chalcone nucleus. The compounds
such as 6a (107-214uM), 7a (109-218uM), 7b
(105-211uM) had potent antimycobacterial activity
(in Fig. 6 [6, 71) *°.

FIG. 5: DESIGNED SAR OF ISATIN-FERROCENE-CHALCONE HYBRIDSFOR ANTITUBERCULAR ACTIVITIES
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FIG. 6: POTENT DERIVATIVES OF ISATIN-FERROCENE-CHALCONE HYBRIDS FOR ANTITUBERCULAR

ACTIVITIES

Anticancer Activity: Sharma et al., in 2020
investigated Tetrahydro-g-carboline, or (THSC),
had been shown to be anti-cancer, anti-plasmodial,
and anti-fungal. With the intention of examining
their anti-proliferative properties, tetrahydro-g-
carboline and chalcones/ferrocenylchalcones were
combined in a single framework against the triple-
negative MDA-MB-231 and estrogen-responsive
MCF-7 cell lines.

According to the SAR of the study (in Fig. 7 [E]),
the type of chalcone core (aryl/ferrocenyl), the type
of substituent (on aryl ring) and the length of the
alkyl chain were all shown to affect the activity.
When conjugates were compared using SAR, it
became clear that aryl chalcone-based conjugates
had superior anti-proliferative effects on both cell
lines examined. The longer even alkyl chain
compounds of the ferrocenylchalcone-THAC
conjugates with the exception of were shown to be
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inactive against both cell lines. MCF-7 cells
responded favourably to the conjugates with odd
alkyl chain lengths. Adding ferrocenyl core to the
developed hybrids might be justified by the fact
that it would increase their anti-proliferative
effectiveness, as shown by ferrocifens and
ferrocephenols. With special qualities including
simplicity in production, stiffness, metabolic
stability, and H-bonding interactions in biological
environments, 1H-1,2,3 triazoles hold particular
importance as linkers.

In THSC-chalcone conjugates, the length of the
alkyl chain barely had an impact on the activities,
however the type of the substituent on the phenyl
ring of the chalcone primarily had a key role in
improving the cytotoxicity on breast cancer cell
lines. When compared to compounds with mono-
methoxy substituents, which were inactive on both
breast cancer cell lines, compounds with tri-
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methoxy substituents on the phenyl ring
demonstrated notable cytotoxicity’s on breast
cancer cells. The drug that used a pentyl chain as a
spacer had MDA-MB-231 cells, making it roughly
3 times as effective as tamoxifen. The anti-
proliferative properties of mono-methoxylated
conjugates were totally absent in MCF-7 cells.
Among all the produced conjugates, the
compounds with electron-withdrawing  fluoro
substitution at the phenyl ring were determined to
be the most active compound such as 8a(n=2) and
9a(n=5) displaying ICs, of 19.00 and 31.62uM.
Confirming the impact of alkyl chain lengths on the
activities of fluoro-substituted conjugates, the
conjugates with butyl and hexyl chain lengths were
ineffective against both cells. The most potent
compounds such as 8a and 9a (in Fig. 8 [8,9]) °".

Singh et al., in 2018 investigated a variety of 1H-
1,2,3-triazole-tethered uracil-ferrocenyl chalcone
conjugates were created using Huisgen'sazide-
alkyne cycloaddition procedure in order to test their
in vitro anti-proliferative effectiveness on human
leukaemia (CCRF-CEM) and human breast cancer
(MDAMB-468) cell lines. The structural activity
relationship of the result exposed that(in Fig. 7[F]),
a closer look showed that cytotoxicity depended on
the length of the alkyl chain used as a spacer, with
a preference for longer chain lengths, whilst the
type of substituents used to modify uracil at the C-5
position did not appear to affect the activity
profiles.

After 72 hours against the CCRF-CEM cells, the
conjugates with longer alkyl chain lengths of
compounds 10b (n = 5); 10c (n = 6); 10d (n = 8);
10e (n = 5); 10f (n = 6)and 10g (n = 6) added as a
spacer inhibited cell proliferation by about 70%.
The majority of the conjugates were inert even after
72 hours, according to a comparable examination
of their cytotoxic effects against MDA-MB-468 the
exceptions were conjugates compounds 10b and
10f, which both had pentyl chains and reduced cell
growth by 59 and 62 %, respectively. The cytotoxic
characteristics of seven of the most powerful
conjugates (in Fig. 8 [10]), namely 10a, 10b, 10c,
10d, 10e and 10g against a normal kidney cell line
(LLC-PK1, ATCC CL-101) were also assessed
approximately 57% to 98%, and the results were
compared with doxorubicin *®, Singh et al., in 2018
examined that, the antiproliferative effects of 1H-
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1,2,3-triazole-tethered isatin-ferrocene, ferrocenyl-
methoxy-isatin, and isatin-ferrocenylchalcone
conjugates against MCF-7 (ER) and MDA-MB-231
human breast cancer cell lines. The SAR of the
results revealed that (in Fig. 7 [G]), the synthesised
hybrids reported stimulation of cytoprotective
enzymes, however activity was lost when the
chalcone moiety was added. When compared to
MDA-MB-231 cell lines, the 1H-1,2,3-triazole-
tethered isatin ferrocene conjugates 11a, 1le, 11f,
and1lh (in fig 8 [11]) shown greater potency
against MCF-7 cell lines, with ICs, values of 31.62,
53.48, 57.10, and 34.99 pM, respectively *°.
Ammar et al., in 2017examinedone of the leading
to adverse effects of chemotherapy was drug
resistance, which can develop after using the
chemotherapeutic agent for a long time ®°.

Structural activity relationship suggested that the
phenyl rings in chalcones were typically replaced
with heterocyclic rings and polyaromatic groups ®-
%2 various substituents were added to the phenyl
moieties ®, and the chalcone was cycled to produce
stiff analogues ®. It was discovered that the
chalcones' double bond of the enonemoiety is
necessary for their anticancer activity ° .
According to SAR of the result revealed that (in
Fig. 7 [H]), the introduction of the acetyl group
with the replacement of the amino group increases
the activity of potent carcinoma cell line MCF-7,
HepG-2, and HCT-116, and MCF-12A normal
breast cell line as compared with the acetamide

group.

Furthermore, no substitution or replacement of
amino group diminished the activity. He performed
the tested compounds showed favourable activity
against MCF-7 breast cells with 1Cs ranging from
2.88 to 51.08uM. Compounds 12a, 13a and 14a
revealed higher antitumor activity (ICso values
ranging from 2.88, 9.95 and 7.93uM) against the
MCEF-7 cell line when compared with the standard
drug Imatinib (1Cso 12.29uM).For the HepG-2 lung
cell line, compounds also showed higher activity
(ICs50 9.23, 10.20, 5.22 and 7.70uM), in comparison
to Imatinib (ICso 11.16uM).The same compounds,
13a-15a, showed potent activity against the HCT-
116 cell line for colon in which the 1Csy were 9.38,
11.4, 2.95 and 8.65uM, respectively. Compounds
were the most active, with 1Csq ranging from 2.88
to 18.12uM for the three cell lines, while
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compound 14a also showed moderate activity Compound 15b was shown to be the most potent
against HepG-2, MCF-7 and HCT-116 with 1Csy  against both HepG-2 andHCT-116 cell lines, while
13.95, 31.66 and 11.78uM, respectively. compound 15a is the most potent against MCF-7
Furthermore, compound 10 showed high activity  (in Fig. 8 [12-15]) ®".

against HepG-2 cells with 1Csp 12.84uM.

EEREFREL

FIG. 8: POTENT DERIVATIVES OF ISATIN-FERROCENE-CHALCONE HYBRIDS FOR ANTICANCER ACTIVITY
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Antimalarial Activity: Singh et al., in 2017
described the synthesized 4-amino
quinolinechalcones/ ferrocenyl-chalcone conjugates
were evaluated for their anti-plasmodial activities
against the chloroquine-resistant and mefloquine
sensitive W2 strain of P. falciparum.

An interesting SAR was revealed by the results
analysis (in Fig. 9 [I]), with activity mostly based
on the length of the alkyl chain between the 4-
aminoquinoline and chalcone and reliant on the
type of substituent at the aryl ring of the chalcone.
The amount of methylene between the two
pharmacophoric ~ fragments  elevated  anti-
plasmodial activities. In contrast, a drop in 1Cso was
seen with an increase in alkyl chain length from
ethyl to pentyl when an electron-withdrawing
substituent (R=F) was added to the C-4 position of
chalcone ring B. With the most active conjugate of
compound 16a (n=5), with an 1Csy of 0.78uM, the
replacement of fluoro with an electron-donating
methoxy group at the C-4 position did not change
antiplasmodial activity. Finally, compound was
created by substituting ferrocene for the aryl ring of
the chalcone. The antimalarial effectiveness
assessed, and it was discovered that activity was
dependent on the length of the alkyl chain linker.
Exploration of SAR demonstrated that activities are
dependent on the length of the alkyl chain used as a
spacer, however the type of the substituent at
chalcone did not appear to have an impact on
activity. The most effective and non-cytotoxic
compound 16b (in Fig. 10 [16]), with an ICs, value
of 0.41uM. It had the ideal combination of hexyl
chairéglength as a linker and an unsubstituted phenyl
ring ™.

Singh et al., in 2017 investigated the anti-
plasmodial activity of the synthesised 4-
aminoquinoline-ferrocenylchalcone conjugates
against the chloroquine-resistant W2 strain of P.
falciparum were tested. The SAR demonstrates that
(in Fig. 9 [J]), the type of the substituents added to
the quinoline ring and the length of the alkyl chain
added as a linker between two pharmacophores
have a significant impact on the activities. The 1Cs
values for the piperazine-linked conjugates in the
range of 2.55-5.08uM. Compound 17a (n=2) was
the strongest in this sequence, while activity
appears to be unaffected by the length of the
inserted alkyl chain. With the exception
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respectively, replacing the piperazine ring with 4-
aminophenol did not increase antiplasmodial
efficacy. This indicates that antiplasmodial activity
improves with lengthening the alkyl chain. As seen
for conjugates, the activity profiles were improved
by the addition of amino-alcohols as substituents
on the quinoline core. The activity of the
conjugates among the amino-ethanol substituted
scaffolds decreased as the chain length increased,
whereas the activity increased as the chain length
increased. The conjugates were shown to be the
most potent among the investigated compounds,
with activity that were essentially independent of
the length of the alkyl chain linker, according to a
similar ~ comparison among  aminopropanol
substituted compounds, conjugate of compound
18a which had the best ratio of amino-propanol as a
substituent and an n-pentyl chain linker was the
most effective of the evaluated compounds. The
compounds such as 17a and 18a had most potent
antimalarial activity (in Fig. 10 [17, 18]) ®.

Kumar et al., in 2014 examined the antimalarial
characteristics of the synthesised p-lactam-
ferrocenylchalcone conjugates against the CQ-S
3D7 and CQ-R W2 strains of P. falciparum.

The SAR of the study reveals (shown in fig 9 [K]),
the antimalarial effectiveness of B-lactam nucleus
was greatly increased by the addition of the
ferrocene nucleus. While the length of the linker
and the presence of mono- and bis-
ferrocenylchalcones appeared to play a supporting
function, SAR exposed a high dependency of
activity profiles at the N1 substituent of the [-
lactam ring.

Going to rely on the type of substituent present at
the B-N-1 lactam's position, while the amount of
mono- and bis-ferrocenylchalcone and the length of
the alkyl chain used as a linker had only a minor
impact. When comparing the mono-ferrocenyl-
chalcone-p-lactam conjugates against the 3D7
strain, it was found that the presence of N-alkyl
substituents, such as cyclohexyl and cycloheptyl,
improved the activity profiles compared to N-aryl
substituents. Of the compound 19a proved to be the
most potent, with an 1Csy value of 5.8 1uM. Another
ferrocenyl chalcone unit was added, but no
improvement was noticed. Similar comparisons of
the Dbis-ferrocenylchalcone-B-lactam  conjugates
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against the 3D7 strain showed that the activities
were only dependent on the substituent at the N-1
position of the b-lactam ring, and no improvement
was shown with the addition of more
ferrocenylchalcone units. The conjugates which
have a N-aryl substituent at the N-1 position of the
pB-lactam ring, have similar activity profiles and are
less powerful than their N-alkyl counterparts.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

The N-cyclohexyl substituent in compound 20a
made it the most effective of the sequence, with an
I1Csp value of 4.80uM, respectively, the compounds
20a and 20b with the best configuration of N-alkyl
(Cyclohexyl) moiety, and the involvement of bis-
ferrocenylchalcone unit demonstrated to be the
%IOSt potent among the series (in Fig. 10 [19-20])

FIG. 10: POTENT DERIVATIVES OF ISATIN-FERROCENE-CHALCONE HYBRIDS FOR ANTIMALARIAL ACTIVITY
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Antibacterial Activity: Yagnam et al., in 2021
examined that, 1H-1,2,3-triazole tethered isatin-
ferrocene-thiazolidinedione conjugates were tested
in-vitro for antibacterial activity. The Structure
Activity Relationship (SAR) analysis (in Fig. 11
[L]) showed that all synthetically produced new
triazole conjugates and aryl compounds had
outstanding antimicrobial activity toward all of the
test organisms, and their values were comparable to
those of the widely used drugs streptomycin and
fluconazol. When compared to the newly produced
novel triazole conjugates, the hybrid aryl molecule
had significantly reduced activity. The compound's
substituted isatin ring group and the combination of
the triazole and ferrocene moiety may be
responsible for the compound's observed enhanced
biological activity. The compounds 21a, 21b, 21c
and 21d (in Fig. 12 [21]) demonstrated MIC values
of 4 pg /ml against bacterial strains. The difference
in MIC values between Gram-negative and Gram-
positive bacteria may be caused by the lengthening
of the alkyl chain. There was a tendency for the
chalcones to inhibit Gram-positive bacteria more
than Gram-negative bacteria’*.

Singh et al., in 2019 examined 1H-1,2,3-triazole-
linked isatin-ferrocene, ferrocenylmethoxy-isatin,
and isatin-ferrocenyl chalcone conjugates were
made via  copper-promoted azide-alkyne
cycloadditions. The growth inhibitory activity of
the produced conjugates viz against T. vaginalis
was assessed.

The SAR revealed that (shown in Fig. 11 [M]) the
type of a substituent at the C-5 and N-1 positions of
the isatin ring, as well as the kind of linker
employed, were shown to affect the synthesised
substance's activity. The kind of a substituent at the
C-5 and N-1 positions of the isatin ring, as well as
the type of linker employed, were discovered to
affect the synthesised substance's activity. The
activities were improved overall when N-CH3 was
switched out for N-benzyl, with conjugate 22b
showing a growth inhibition of about 94%. The
generated hybrids lost activity when the ferrocenyl-
chalcone moiety was induced, particularly in the
case of N-benzyl substituted scaffolds. The N-
methylated equivalents showed strong inhibition,
proved to be the most effective. An intriguing
structure-activity relationship with dependency on
the substituent at N-1 of the isatin ring was

International Journal of Pharmaceutical Sciences and Research

E-ISSN: 0975-8232; P-ISSN: 2320-5148

discovered by comparing the obtained activity
profile information using ferrocene-methoxy isatin
conjugates. It is clear that the compounds
containing N-CH3 failed to stop the growth.
Regardless of the kind of substituent at the C-5
position of the isatin ring, the replacement of N-
CHs; with N-benzyl resulted in an improvement in
activity with inhibition efficiency in the range of
84.43-87.63uM. The ICsg values of the most potent
conjugates  discovered  through  percentage
inhibition experiments were assessed
(concentration in which inhibited 50% parasite
growth) Conjugates 22a, 22b, 22c, 23a and 23b
displayed ICsy values that were greater than the
typical FDA-approved medication at 28.9, 30.1,
28.3 and 27.0uM (shown in Fig. 12 [22,23]) .

Singh et al., in 2018 evaluated the antibacterial
efficacy of isatin-ferrocenyl chalcone and 1H-
1,2,3-triazole-tethered isatin-ferrocene conjugates
against the human mucosal pathogen Trichomonas
vaginalis.

The structure-activity relationship (SAR) revealed
that (in Fig. 11 [N]) displayed an intriguing
interaction, with the type of substituent at the isatin
ring's C-5 location and the extent of the alkyl chain
used as a linker influencing activity. According to
the activities of moiety having unsubstituted (R =
H) indicates that the impact appeared to improve as
the chain length increased from n = 2 to n = 4,
however the activity decreased as the chain length
increased further. The activity was reduced when a
methyl substituent was added to the isatin ring's C-
5 position, with the exception of (n = 2) or even (n
= 4). Depending on length of the alkyl chain linker,
the introduction of the electron-withdrawing
substituents fluoro and chloro generally increased
the growth inhibition effect against T. vaginalis.
The most effective test compound with 100%
growth inhibition were the conjugates of
compounds 24a (R =F, n =4) as well as 24b (R =
Cl, n = 2), which had the best configuration of
electron-withdrawing groups at the C-5 location of
the isatin ring. With the exception of situations at
which octyl (n = 8) chain was used, the activity of
the 1H-1,2,3-triazole-tethered conjugates was
found to be independent of the type of substituent
occurring at the C-5 positioning of the isatin ring
and the magnitude of the alkyl chain used as the
spacer. The conjugates of series 25a-d (shown in
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Fig. 12 [24,25]) showed growth inhibition rates of
64.70, 49.16, 52.70, and 35.3 %, respectively,
demonstrating that the addition of the octyl chain
length lowered the antitrichomonal actions .

Mondal et al., in 2017 investigated the synthesis of
some novel isooxazoline derivatives from
chalconisedisatin derivatives and screened them for
their biological activities against gm (+ve) and gm
(-ve) bacteria, in continuation of our research on
the synthesis of biologically active heterocyclic
compounds. From various substituted chalconised
indole-2,3-dione that was created from various
chalconisedisatins, 1- 3-dihydro-2H-indole-2-one
were synthesised.

According to SAR of the result revealed (in Fig. 11
[O]), methoxy (-OCH3) substitution on phenyl ring
at para position and hydroxy (-OH) group gives
potent activity. Chloro (-Cl) gives potent
antimicrobial, analgesic and anthelmintics as well
as Nitro(-NO2) gives potent anthelmintics. The
Isooxazoline analogs possess indole nucleus this
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indole nucleus having most potent activity
regarding antibacterial activity. Antibacterial
activity by using the cup plate method, in-vitro was
performed against Pseudomonas mirabilis (ATCC-
224), Pseudomonas aeruginosa (ATCC-32), E. coli
(ATCC-3), and Staphylococcus aureus were
evaluated for resistance to the chemicals (ATCC-
44). Ampicillin was a commonly used antibacterial
medication for comparing the results. With the
above-mentioned sequence of bacteria, the
computed zone of inhibition produces more results
such as compounds 26a (11, 09, 10.5, 10.5uM),
26b (10.5, 07, 10.8, 12uM), 26¢ (11.5, 09, 11,
11.7uM) compare with the reference Ampicillin
(22, 21, 23, 26uM). Mondal et al. studied
compounds 26d, 26e and 26f (shown in Fig. 12
[26]) among them have excellent activity
exclusively against gm (-ve) bacteria but not
against gm (+ve), which are weak. The compounds
such as 26a, 26b, as well as 26¢ have good activity
against gm (+ve) and gm (-ve) bacteria *.

inl=r 1H-12 3-triazole-tetherad
izatin-farrocenes incressas e
activity it is indepedent of C-5

FIG. 11: DESIGNED SAR OF ISATIN-FERROCENE-CHALCONE HYBRIDS FOR ANTIBACTERIAL ACTIVITY
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Ahmed et al., in 2014 synthesized new class of
organic chalcone-based sulfones and bis-sulfones
based on ferrocenyl and tested for their
antibacterial activity. Structure  Activity
Relationship (SAR) analysis showed that (in Fig.
11 [P]) compounds with 3-NO2 substituted on the
B ring of sulfones based on 20-hydroxychalcone
have greater antibacterial effect than those with 4-
methyl, 4-Chloro, and 3, 4, 5-trimethoxy
substituents.

Compared to other substituents like 4-methyl and
3-nitro, compounds with 4-chloro on the B ring had
better antibacterial action against S. aureus in the
case of 20-aminochalcone-based sulfones. In
comparison to other substituents, such as 4-Chloro,
3-NO2 containing compounds, the 4-methyl
substitution on the B ring of bis sulfone has
improved  antibacterial  action against P.
aeruginosa. 3,4,5-trimethoxy substituted on the A
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ring and 3,4-dimethyl substituted on the B ring in
ferrocenyl chalcone based sulfone had increased
antibacterial activity against nearly all tested stains.
Chalcone-based  sulfones and  bis-sulfones’
antibacterial properties also demonstrated the
impact of substituents on chalcone nuclei.
Excellent antibacterial action was demonstrated by
3-NO2 substituted 20-hydroxychalcone sulfones, 4-
chloro substituted 20-aminochalcone sulfones,
3,4,5-trimethoxy, and 3,4-dimethyl substituted
ferrocenyl chalcone sulfones.

The investigated compounds' antibacterial activity
was in the following order: bis-sulfones > 20-
hydroxychalcone sulfones > 20-aminochalcone
sulfones. The most effective antibacterial
compounds against most of Gram-positive and
negative bacteria were compounds 27a, 28b, and
28c (in Fig. 12 [27, 28]) ™.

19

FIG. 12: POTENT DERIVATIVES OF ISATIN-FERROCENE-CHALCONE HYBRIDS FOR ANTIBACTERIAL

ACTIVITY
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Anti-inflammatory Activity: Rohini et al., in
2019 investigated a novel, environmentally
sustainable, and effective synthesis method. Under
microwave irradiation, chalcone linked isatin
derivatives on Schiff bases are also produced. The
anti-inflammatory effects of a number of new
Chalcone linked isatin derivatives, including
cyclooxygenase inhibition,  were  studied.
According to the SAR of the study (in Fig. 13 [Q]),
the substantial anti-inflammatory properties of
compounds 29a and 29b might be attributable to
the substituted chalcone nucleus that is connected
to the Indole ring system's third position. The
chance that these recently created chalcone linked
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isatin derivatives may be useful as a starting point
for the design and synthesis of enhanced anti-
inflammatory drugs is increased by study results.
Compound 29a and 29b shown maximum
inhibition of 70.44%; 74.01% respectively, whereas
the rest of the compounds tested exhibited a
minimum inhibition compared to the standard
Diclofenac sodium, which showed a reduction in
oedema volume by 93.76 % in a carrageen-induced
rat hind paw oedema model, compound 29a and
compound 29b (in Fig. 14 [29]) showed the highest
levels of inhibition at 70.44 % and 74.01 %,
respectively .

izatin ine
actwity

Introduton of chaleons with
r=azes anti-inflamma tooy
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ring at 3™ positionincreases
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anti-inflammatory activity
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FIG. 13: DESIGNED SAR OF CHALCONE LINKED ISATINHYBRIDS FOR ANTI-INFLAMMATORY ACTIVITY

FIG. 14: POTENT DERIVATIVES OF CHALCONE LINKED ISATIN DERIVATIVES HYBRIDS FOR ANTI-

INFLAMMATORY ACTIVITY

International Journal of Pharmaceutical Sciences and Research

2891



Patil et al., IJPSR, 2024; Vol. 15(10): 2875-2894.

CONCLUSIONS: Chalconederived / Isatin
derived / Ferrocene derived combinations exhibited
promising in-vitro and in-vivo activity against both
drugsusceptible and drugresistant cancers as well as
other biological activities such as antibacterial,
antimalarial, anti-inflammatory. Thus, on a critical
overview of chalcone-isatin, chalcone-ferrocene,
isatin-ferrocene moiety is a useful template for the
development of novel agents it has found that some
structural activity relationship for improving the

biological activities. Promising treatment may
result from the hybridization of different
pharmacophores. A hybrid moiety's potency

entirely depends on adding and removing the
various substituents like electron donating and
electron withdrawing groups relating to the
increasing and decreasing the activity is created by
analysing structural activity relationships towards
the desired activity. Furthermore, heterocyclic
nucleus moiety especially provides desirable
activity as well as a favourable location for the
substitution, so structural activity relationships
disclose information regarding the intended
activity.
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