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Abstract: Organometallic complexes, which include ligands
such as carbon monoxide (CO), carbenes, alkyls, phenyls,
p-bound alkynes, alkenes, cyclopentadienyls, and arenes,
have been extensively utilized in fields like materials
chemistry and catalysis. These complexes also offer oppor-
tunities for the development of new medications with
unique modes of action. Specifically, we are interested in
anticancer drugs that can enhance the effectiveness of
platinum treatments, broaden their range of action, reduce
adverse effects, and prevent resistance. The distinct physi-
ochemical properties of organometallic complexes have
made them valuable in homogeneous catalysis, including the
production of lead compounds and therapeutic possibilities.
Over the past 20 years, a small group of researchers world-
wide has explored the medical applications of these
compounds’ unique characteristics, such as their structural
diversity, potential for ligand exchange, and redox and
catalytic properties. The results have been remarkable, and
it is anticipated that numerous other organometallic com-
pounds will undergo clinical trials in the coming years in
addition to those already underway. In this brief study, we
outline the advantages that organometallic metal complexes
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1 Introduction

Compounds that possess a polarized M§8" — C8-single sigma
bond between carbon and metal are referred to as organo-
metallic compounds. Usually, the complex environmental
moiety that the organometallic fragment is attached to may
not be easily identified. However, recent years have seen
significant advancements in the field of speciation analysis.
The organometallic fragment must be freed from its envi-
ronmental binding and quantified in order to facilitate
speciation analysis in the environment. Due to their for-
mation or introduction, organometallic compounds can be
found in the natural environment. When introduced to the
environment, organometallic compounds can do so either
directly through use as goods with environmentally related
features (biocides, for example) or indirectly through extra
use for a different primary purpose (polymer stabilizers,
gasoline additives). As organometallic compounds, com-
pounds including arsenic, mercury, tin, and lead play
significant roles in the environment." The alkyl and aryl
derivatives of the major group elements predominate in
organometallic compounds. Since most research has been
done on these chemicals, the focus will be on them. An
exceptionally significant type of organometallic compounds
are metal carbonyl complexes; for structural and bonding
reasons alone, they are interesting. As starting points for a
variety of further metal complexes and clusters comprising
carbonyls as well as catalysts.* Numerous significant con-
ceptual breakthroughs, unexpected structures, and practical
catalysts for industrial and organic synthesis processes have
come from the organometallic sector. Asymmetric induction
at very high levels can be achieved by many catalysts,
selectively producing one enantiomer of a chiral product.
The field is beginning to make links with biochemistry with
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the discovery of enzymes that carry out organometallic
catalysis (e.g., acetyl CoA synthase). An understanding of the
chemistry of metal and metal oxide surfaces — two important
players in heterogeneous catalysis — has been aided by
concepts from organometallic chemistry. Because metal-
organic and organometallic compounds are increasingly
preferred as the precursors for depositing materials on
different substrates by thermal degradation of the metal
compound, the sector is also forging connections with the
chemistry of materials.®

Without question, chemists and the molecules they
create have made a huge contribution to the amazing
advancements in medicine. There are 82 non-radioactive
elements listed in the periodic table, of which more than 60
readily form covalent, air- and water-stable molecular
compounds that may have applications in medical chemis-
try. However, just ten of those more than sixty components
are present in the vast majority of medications. Remarkably,
there are remarkably few medications or drug possibilities
that don’t also contain platinum or another transition
metal.”® However, it is evident that the field of organome-
tallic chemistry — which is defined as the study of chemical
compounds with at least one metal-carbon bond, is currently
far more well-known for its numerous uses in catalysis than
for its use in medicine. While the subject of study pertaining
to the application of organometallic compounds for thera-
peutic purposes — known as medicinal organometallic
chemistry — has received increasing attention in recent
years, When weighed against the scientific fields of hio-
sensing or even catalysis, this one’s reputation and value are
still insignificant.'®" Our goal in writing this paper is to
show readers that organometallic compounds have amazing
physicochemical properties, which, in the context of
medicinal chemistry, are highly interesting and rather
unique. Amazing progress in this area of study has lately
been made, as will be discussed in more detail below, despite
the pharmaceutical business and academia showing only
“polite” curiosity. Certain organometallic drugs have even
progressed to clinical trials, and recent research has shown
metal-specific mechanisms of action.'*" Significantly, these
substances may be used as antibacterial, anticancer, anti-
malarial, or diagnostic agents in a variety of medical fields.
Since this has already been done recently, we won’t go into
every recent advancement in medicinal organometallic
chemistry in this contribution."**® We would want to draw
attention to the particular qualities or benefits (such as
structural diversity, ligand exchange potential, redox and
catalytic characteristics, etc.), that organometallics has over
only organic molecules and provide one or two specific
instances to illustrate them.
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2 Structural diversity

A carbon atom can have four distinct substituents in two
distinct enantiomers that cannot be superimposable. On
the other hand, there are thirty distinct stereoisomers in
an octahedral transition metal complex with six sub-
stituents! Clearly, let’s consider the core atom (carbon or
transition metal) to be only a template for the orientation
of its substituents in three-dimensional space. Typical
transition metal complexes have a greater variety of
structures than pure organic molecules. The racemization
is unlikely to happen in kinetically inert transition metal
complexes, similar to organic molecules; instead, the
ligand placement around the metal center needs to be
stereochemical stable. Not all transition metals satisfy
this criterion to the same extent, and the metal’s oxidation
state may also have an impact on conformational stability.
The most appropriate transition metals are often those in
the second and third rows with closed electron shells
because they are more commonly utilized in medicinal
inorganic chemistry when structurally stiff molecules are
needed, such as Ru(ll), Os(II), or Ir(IlT). Meggers and
colleagues have designed protein kinase inhibitors using
structurally inert Ru(II) complexes.'®*! These proteins are
ideal targets to change, such as signaling pathways within
cancer cells, because they are known to have numerous
critical activities in the body. The natural substance
staurosporin, which binds to the ATP binding site
competitively to inhibit kinases, served as the model for
this work. Figure 1 shows the structure of one Ru-based
metal complex 1(FL-411) as an example and illustrates how
metallo-pyridocarbazole complexes bind similarly to the
ATP binding site. Ru-containing degradation products are
generally thought to have low metal-based toxicity, and
these complexes’ synthetic chemistry is well-established,
providing access to a vast array of molecules. The creation
of selective kinase inhibitors, which should target one of
the 518 distinct kinases encoded in the human genome, is
greatly facilitated by this.” The exceptional selectivity of
the observed metal complexes — some of which have aslow
as pM affinity to one particular kinase in vitro — is well
supported structurally by the nearly twelve co-crystal
structures with metal complexes acting as inhibitors that
have been discovered thus far. The Ru complexes
mentioned above are easily investigated in vivo since they
are typically 5 stable to air and water and can even tolerate
exposure to mM concentrations of biological ligands like
glutathione. For example, the formation of a hyper-
dorsalized phenotype in Xenopus laevis embryos demon-
strates the effect of blocking the kinase GSK3 with complex
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2, which in turn switches on the wnt signaling pathway
in vivo.”® Remarkably, the combination DW12(Ru/Os)
exhibits nearly identical anti-proliferative action regard-
less of whether Os or Ru is the central atom.** This effec-
tively highlights the metal centers’ sole structural function
in these complexes.

In other areas of medicinal organometallic chemistry,
the idea of bio-isosteric replacement of organic groups with
metal complexes has also been applied. Firstly, organo-
metallic Ru complexes have been used by Gmeiner’s group
to target dopamine receptors. They discovered that the
ruthenium metallocene derivative (3, Figure 1) has special
D4-selective agonist qualities and has a nM affinity for
G-protein coupled receptors like dopamine and serotonin
receptors.”® Various organometallic complexes were
employed in our research as organometallic counterparts
of platensimycin, a fascinating naturally occurring sub-
stance possessing antibacterial properties. Platensimycin’s
antibacterial action is linked to fatty acid biosynthesis
suppression in bacteria, namely inhibition of the FabF and
FabH enzymes. Although several ferrocene derivatives
offered intriguing new perspectives on structure-activity
correlations (SAR).”?® The most active substance was
an arene chromium tricarbonyl derivative (4, Figure 1).%°
According to molecular docking studies, this substance fits
the FabF enzyme’s active pocket perfectly. However, pro-
teomic studies revealed a distinct mode of action for 4 that
is not associated with a single molecular target and differs
from the suppression of fatty acid production.®

3 Redox properties

We covered fully inert metal complexes in the previous
section, where the metal core served just as a structural
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component. However, as electron transfer processes are
commonly carried out by a wide variety of enzymes and
cofactors, including cytochromes and the Fe-S clusters,
many metal complexes will easily undergo them. The
possibility that this redox activity could be extremely
advantageous for the metal complex’s therapeutic potential
has only lately come to light. One well-known instance
is from the group of Jaouen. By utilizing the concept of a
“bio-isosteric” substitution of metallocene fragments for
phenyl rings, They created several variations of the popu-
lar anticancer medication tamoxifen.*! The ferrocene de-
rivatives, later dubbed “ferrocifens” (see compound 5 in
Figure 2 as an example), demonstrated certain additional,
noteworthy properties in addition to an activity comparable
to that of tamoxifen itself, but the majority of derivatives
were very inactive.’? The first-line treatment for breast
cancer is tamoxifen. By binding to the estrogen receptor a
subtype (ERa), the medication suppresses the transcription
of DNA mediated by estradiol in tumor cells. It follows that
only breast cancer types that overexpress the ER-will be
susceptible to the effects of tamoxifen and related sub-
stances. Regretfully, around one-third of breast cancer
patients do not meet this criterion, and those who do not
have overexpression of ER-actually face a much worse
prognosis. To the amazement of the researchers, some fer-
rocenes showed comparable efficacy against all strains
of breast cancer cell lines, including those that were
ER-negative. Extensive research demonstrated that the
activity is associated with the iron center’s reversible redox
behavior in these compounds. It was suggested that the
oxidation of Fe(II) to Fe(II) in the ferrocene core starts the
process of proton-coupled electron abstraction in the
organic component, which in turn causes the phenolic part
to oxidize to a quinone methide.* Quinone methides, which
are believed to interact with thiols and nucleobases in vivo,

Figure 1: a) The binding motif of octahedral
metal complexes and the natural product
staurosporine to the ATP binding site in kinases
(magenta). b) Two metal-based kinase in-
hibitors (1and 2) from Meggers’ lab, an agonist
that selectively targets the dopamine D4 sub-
type and contains a 6-ruthenocine (3), and a
homolog of platensimycin that contains chro-
mium (4). Six stereocenters are substituted for
a multi-cyclic organic group in position 4 by the
chromium tricarbonyl moiety in blue.
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are already formed in tamoxifen and has been suggested as
essential to the drug’s action. The quick and reversible
production of Fe(III) species (Figure 2) is assumed to function
as a “redox antenna” for the metallocene, therefore
providing ferrocenes with a different mechanism of action
apart from binding to estrogen receptors.>* Analogs of fer-
rocifen in Ru provide intriguing experimental support for
thisidea. Similar to tamoxifen, these compounds are inactive
against ER-negative cell lines but do show tamoxifen-like
action against ER-positive cancer cells. Although ruth-
enocene and ferrocene are extremely similar in terms of size
and structure overall, there are significant differences in
their electrochemistry, including a larger redox potential
and — most importantly — no reversibility for the electron
transfer reaction. Therefore, unlike the kinase inhibitors
mentioned above, where the idea of a merely structural role
for the metal ions is supported by swapping structurally
comparable metal ions, The ferrocifen case study illustrates
how important a metal’s redox activity is, and how changing
a compound’s redox characteristics through isostructural
replacement of metal ions can actually render it inactive.*

It appears that ferroquine 6, an analogue of the well-
known anti-malarial drug candidate chloroquine, is also
affected by the redox activity of iron in a ferrocene deriva-
tive (Figure 2). yet it appears that other factors also come into
play. The most advanced organometallic drug candidate at
the moment, ferroquine, is about to begin phase III clinical
trials. For more information on ferroquine, see this pretty
extensive recent article.*

4 Ligand exchange

Cisplatin is arguably the greatest illustration of how metal
complexes can exchange ligands “for medicinal purposes,”
as this capacity is well-known.*”*® This ability to interchange

-
OH Cl N

Figure 2: An effective and more adaptable substitute for ferroquine (6)
and the anti-tumor medication tamoxifen (ferrocifen, 5), a malaria
treatment option in clinical trials that doesn’t cause chloroquine resis-
tance to develop cross-resistance.
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ligands is not exclusive to coordination complexes. Ligand
exchange is also possible in organometallic compounds.
This has uses in many branches of medical chemistry, but
mostly in the synthesis of new chemotherapeutic drugs, as
will be seen below. In fact, it is believed that a ligand
exchange mechanism is responsible for at least some of
the antiproliferative activity of certain organometallic
compounds.?***! Although the mode of action of both
derivatives appears to utilize a similar ligand exchange
process, we will only address two examples in this section
where the organometallic anticancer drugs have distinct
cellular targets. As of now, in addition to the ferrocifens
already mentioned, organogold compounds,* Ru-arene
derivatives, and titanocene derivatives are the most
researched types of organometallic anticancer chem-
icals.**** The research teams for Sadler,*® (Scheme 1a) and
Dyson,*® (Scheme 1c) are developing these chemicals sepa-
rately. It’s interesting to note that, although having similar
structures and derivatives that can both (maybe) inter-
change ligands, these two kinds of half-sandwich “piano
stool” Organometallics function through a completely
distinct method. First, a water molecule is substituted for the
chloride anion in compounds of the type [(6-arene)Ru (en)
(CDI" (en = ethylenediamine), which is similar to the pro-
cedure for cisplatin (Scheme 1a). The newly created aqua
species then exhibits a strong affinity for the N7 location of
guanine nucleotides when hinding to nuclear DNA.*"~*° The
resemblance to cisplatin’s method of action ends here since
these derivatives only create monoadducts with DNA,
whereas cisplatin forms both bifunctional adducts and
DNA cross-links. It is noteworthy to emphasize that these
[(6-arene)Ru (en) (C1)]* compounds exhibit activity against
cell lines resistant to cisplatin, indicating that the detoxifi-
cation process is distinct from that of cisplatin.”® In contrast,
there are significant differences in the in vivo behaviors
of RAPTA-C and RAPTA-T (where PTA represents the
1,3,4-triaza-7-phosphatricyclo-[3.3.1.1] decane 10 ligand and
RA stands for Ruthenium-Arene; refer to Scheme 1c). They
can indeed lower the weight and quantity of lung metastases
in CBA mice with MCa mammary cancer while having
minimal impact on the main tumor. It’s interesting to note
that these compounds still exhibit ligand exchange, which
may be a factor in their cytotoxic activity, even in the absence
of hydrolysis. It has been shown that these Ru complexes
attach to serum protein even in blood plasma, where the
chloride content is high enough to prevent the hydrolysis
of the dichloride-containing RAPTA molecules.”® There is
compelling evidence from additional experimental observa-
tions that the hydrolysis phase is not necessary. RAPTA-
containing substances, whose carboxylate ligands have
taken the place of chloride ligands and which are resistant to
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hydrolysis (such as oxalo-RAPTA-C in Scheme 1c) yet exhibits
comparable in vitro activity to that of the original molecule
RAPTA-C! When all the data is considered collectively, It is
now believed that RAPTA complexes connect to proteins,
specifically cathepsin B (cat B), through several interactions
rather than DNA. most notably by attaching itself to a cyste-
ine’s sulfur atom in the enzyme’s active site (Scheme 1b). It
appears that the unique characteristics of the PTA ligand also
influence these significant variations. It is important to note
that organometallics’ capacity for ligand exchange has
applications outside of chemotherapeutic medicine. There-
fore, certain metal carbene compounds (such as those of Au,
Ag, Rh, and Ru) exhibit extremely promising antibacterial
potential >*>* Overall, the examples above make it abundantly
evident that organometallic compounds have exceptional
qualities that make them valuable tools in the creation of
medicinal chemistry. One such property is their capacity to
firmly engage targets via coordinative bonds.>***

In addition to the above-mentioned instances, the
capacity of organometallics to engage in ligand exchange
may result in further intriguing medical uses. In fact, a
biomolecule (such as DNA, protein, etc.) does not exchange a
“useless” ligand (such as Cl-, etc.) with another biomolecule
to produce a fresh metal adduct. Which will prevent
this specific biomolecule from functioning properly. The
released ligand may really be a molecule 12 with its
therapeutic action, such as carbon monoxide (CO).%5 In fact,
CO has a wide range of advantageous therapeutic effects as a
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tiny messenger molecule that is comparable to NO despite its
unfavorable image as the “silent killer.” Examples of these
include the prevention of organ graft rejection, the mitiga-
tion of inflammation, and the preservation of the heart after
reperfusion following cardiopulmonary bypass surgery.”* >
It goes without saying that the use of gaseous CO presents
clear challenges for both its safe handling and its targeted,
targeted administration to a particular area of the body.”®
Thus, CO-releasing molecules — often referred to as
CORM:s — offer an alluring substitute for the inhalation of CO
gas. But as Motterlini and Otterbein (2010) pointed out, there
is little likelihood that any of the CORMs that have been
documented thus far will make it to the clinic. These sub-
stances don’t have the drug-like qualities required to be
approved by pharmaceutical companies as medications
given this, Zobi et al.”’ Intended to employ vitamin B12, or
cyanocobalamine, as a biocompatible scaffold for CORMs
that contain rhenium. One of the main justifications for us-
ing these kinds of organometallic complexes is that
the oxidized product that remains after CO is
released — rhenium pertechnetate ReO4 — is among the least
hazardous of the rarest inorganic chemicals.”® Their two
Re-vitamin B12 bioconjugates (e.g., B12-ReBr,(CO),H,0,
Figure 3) were demonstrated to shield heart tissue from
ischemia-reperfusion injury and to have favorable half-lives
for biological/medical applications. All of the Re bio-
conjugates in this study had improved qualities over their
parent complexes, as stated by the scientists. They are more

o "
]
wRuS
"DNA"" [ NH—R'
NH

>

R

b) R
D) <&
é + "Protein"-SH .AFllu
o .l ~p —C. "Protein"-S" | \PCN>
-Cr I %
k\/ ~N & kN{/N
RAPTA Derivatives
c)

@@@

u\

k\/ ‘N

"

o l

k\/n

RAPTA-C RAPTA-T

Scheme 1: a) A simplified depiction of Ru I
arene ethylenediamine’s mode of action and
b) RAPTA derivatives, emphasizing how the
two categories of chemicals have distinct
biological objectives; c) RAPTA-C, RAPTA-T, and
oxalo-RAPTA-C structures.
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biocompatible, more water soluble, and more stable in
aqueous aerobic environments.>

Furthermore, these molecules appear to have a very
broad therapeutic potential. Given that the liver stores and
processes vitamin B12, one may believe that rhenium bio-
conjugates could be helpful in treating hepatic inflamma-
tion. Given that CO has been demonstrated to help prevent
organ rejection, they might also be administered to patients
receiving liver transplants.>’

5 Catalytic properties

The capacity of these derivatives to catalyze chemical
reactions is a physicochemical characteristic of organo-
metallic compounds that have undoubtedly been under-
appreciated to date for its promise in medicinal chemistry
and chemical biology. From this angle, the recent findings
of Sadler and associates involving half-sandwich “piano-
stool” ruthenium arene complexes unquestionably repre-
sent a breakthrough in the development of catalytic
medications. In fact, they discovered that even Ru organo-
metallic complexes like 7 (Scheme 2), which are compara-
tively hydrolytically inert, are extremely harmful to human
lung A549 and ovarian A2780 cancer cells.®” Reactive
oxidative species (ROS) have been linked to the mechanism
of action of these drugs. To explain the cytotoxic action of
these Ru complexes, the authors have hypothesized a redox
catalytic cycle involving glutathione attack on the azo link
of coordinated azo pyridine (Scheme 2). Notably, reducing
the azopyridine ligand by itself is challenging. However,
the ligand’s reduction potential becomes biologically
accessible upon coordination to the Ru center. It should be
noted that the creation of ROS has also been linked to the
ferrocenyl moiety of the antimalarial drug ferroquine (see
above). Overall, we firmly believe that the creation of
organometallic anticancer chemicals will enter a new frontier
thanks to these instances.®>*"
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Figure 3: a) Vitamin B12’s and its rhenium
complex, B12-ReBr,(C0O),H,0, schematic
structures; b) The B12-ReBr,(CO),H,0 struc-
ture as determined by DFT. For clarity, H atoms
are not included. Structured line drawing
produced with data from Dr. Fabio Zobi with
assistance from the Mercury Program.

6 Application of organometallic
complex in medicine chemistry

Organometallic complexes have a broad range of possible
medical uses and can comprise a variety of Chound ligands
(Table 1). even though there aren’t many instances of
therapeutic application. Here, the emphasis is on anti-
cancer organometallic compounds. It became clear that this
complex works in a different way than the platinum med-
ications and that DNA might not be the main target. Since
then, interest in the emerging topic of bioorganometallic
chemistry has grown quickly, owing to its potential for use
in various biotechnological applications as well as in
treatment and diagnostics.*®’%”””® The hydrophilicity and
hydrophobicity of the coordination complex’s faces can be
controlled by cyclopentadienyl ligands, carbon-bound
arenes, and p-bound arenes (which affect cell absorption
and targeting).”**

Recently, efforts have been made by our team and
others to develop novel organometallic anticancer com-
pounds that could potentially resolve clinical issues with
platinum-based medications, particularly the restricted
range of action, adverse effects, and resistance.®’ We have
extended the design ideas for organometallic Rh(III) and
Ir(Il1) Cp* complexes to Ru(Il) and Os(II) arene complexes.
For these organometallic complexes, investigations have
been conducted on the rate of hydrolysis, acidity of the aqua
adducts, interactions with nucleobases, hydrophobicity, and
cell accumulation.®#3

While metallodrugs present a promising avenue for
novel mechanisms of action, achieving clinical approval for
them will depend on improving our understanding of their
target sites and mechanisms of action at the molecular level
as well as minimizing the side effects that are frequently
linked to heavy metals. Such advancements are anticipated
to depend heavily on new techniques for tracking the
temporal and spatial speciation of metallodrugs in cells at
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Table 1: Here are a few instances of organometallic fragments and their
possible uses in medicine.

Hapticity/ Example Application Ref
Fragment
h'/M-CO  [Ru(Il) (Gly) (CO5)Cl] Organ rejection, tissue 263
[Mn(CO)3X&(polymer)] ischemia, vascular
(CORMs, Photo-CORMs) dysfunction, and
inflammation
M-CN Na, [Fe(CN) (NO)] Vasodilator (“Nipr- 64
ide”),
anti-hypertension
M-alkyl Methylcobalamin Vasodilator (“Nipr- &
Me2As(SG) (Darinaparsin)  ide”), anti-hyperten- 66
sion
Anticancer
M-phenyl  Phenylmercuric nitrate Antiseptic 67
M-carbene  Ag(l) (N-heterocyclic Antibacterial, 68
carbene) anticancer
M-alkynyl  [Pd(C"N"C) (C"CPh)] PF6 Photo-cytotoxic 69
[Pt (C"N"C) (C"C-L)] CF3SO3  DNA binding
h%/M-diene Ir(COD) (acac) Anticancer 0
h*’M-Cp  Ferroquine Antimalarial 677,72
Ferrocifens Anticancer
(Cp*)Rh(IIT)/Ir(111) Anticancer
h®/M-arene  Ru(II), Os(Il) arenes Anticancer 7376
Antimalerial

Scheme 2: Using compound 7 as an example, a
proposed redox catalytic cycle is presented to
explain the deadly action of inert Ru-arene
complexes. Plan taken from reference.3%°

physiologically relevant concentrations, as are contempo-
rary genomics and proteomics, which may ultimately
direct the application of metallodrugs in personalized
treatment.”®

6.1 Metallocenes
6.1.1 Ferrocenes

The ferrocenium cation [Fe (hs-CsHs),lp, is cytotoxic to
several cancer cell lines, although ferrocene, Fe (hs-CsHs),
(Figure 4a), is comparatively non-toxic.** Although the exact
mechanism of action of [Fe (hs-CsHs),] p remains unknown,
given that it has been demonstrated to produce hydroxyl
radicals in a physiological setting, It is conceivable that it
produces these radicals within cancer cells, causing damage
to the cell membrane and DNA (Figure 4).%’

6.1.2 Titanocenes
Dichlorotitanocene [Ti (hs-CsHs),Cl,] Since (Figure 5a) has a

cisdichlorido motif, which was predicted to result in a GG
crosslink akin to that created by cisplatin, it was initially
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Figure 4: The chemical structures of Pt (II)eguanidine complexes
functionalized with ferrocene, ferrocene, and a ferrocene-iminosugar
conjugate complex (a, b, and c, d).

investigated as an anticancer compound.® In contrast, it was
discovered that the structure of the molybdenum analog
linked to DNA was similar to that of cisplatin.®® Little
evidence suggests that DNA nucleotides are the target of
[Ti (hs-CsHs),Cly]. CClinical examinations of After phase II
trials and almost ten years, titanocene dichloride was finally
discontinued.®” Its weak hydrolytic stability and low water
solubility led to formulation issues that ultimately impeded
its development. Titanocene-based anti-cancer treatments
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Figure 5: The compounds that inhibit TrRx are the titanocene (a),
titanocene Y (b), enantiopure chiral titanocenes (R = Et, Ar = 2-MeOC6H4),
and titanocenee-Au(I)-ecarbene complex (d).
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Scheme 3: The creation mechanism of the new heterocyclic ferrocenyl
QM species is proposed.®*

are further restricted by their poor selectivity and ignorance
of their mode(s) of action. Nonetheless, it is evident that the
mechanism of action of commercial platinum medicines
differs significantly from that of titanocene derivatives, and
further investigation of this family of organometallic
complexes may result in a valuable clinical therapeutic
candidate (Scheme 3).

7 Conclusions

Though remarkable progress has been made lately in the
field of therapeutic organometallic chemistry, we believe
that these molecules’ full potential remains untapped.
Metal-based radiopharmaceuticals are one topic that was
left out of the previous discussion. All transition metals
have many isotopes throughout the periodic table, some of
which are useful for radiation and imaging. It appears that
the unique qualities of organometallic medication pros-
pects have, even outside the field of radiopharmaceuticals,
not yet been completely utilized. Organometallics offer a
significantly more varied stereochemistry than organic
molecules, as well as a wide range of structural variations,
from linear to octahedral and even beyond. The medicinal
chemist has control over kinetic parameters, such the rate
of ligand exchange, thanks to rational ligand design (see
above). In addition, they are generally uncharged with the
metal atom in a low oxidation state, kinetically stable,
somewhat lipophilic, and susceptible to a wide range of
common chemical transformations. When medicinal
chemists have access to organometallics’ full potential, We
anticipate more amazing findings that, when turned into
medications, will eventually help patients as well. We have
provided an overview of some recent developments in
the field of organometallic anticancer compound design.
The large range of target sites, which depends on the metal,
its oxidation state, and the kinds and quantity of coordi-
nated ligands, is noteworthy. Their anticancer properties
stem from a variety of processes, including disruption of
the redox equilibrium in cells, production of ROS, and
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assaults on proteins, enzymes, and DNA. It is crucial to
identify correlations between structure and activity for
organometallic compounds. Even little structural modifi-
cations can have a significant impact on activity.
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